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RUNOFF MEASUREMENTS FROM SMALL AGRICULTURAL WATERSHEDS

P. Pathak , V.V.N. Murty , and 8.M. Miranda

IITRODUCTION

.

Por planning and execution of s0il and water oconservation works, the
watershed is a recognised unit. The watershed is an indspendent hydrologic
unit and as such measures like runoff collection and recycling, soil loss
control, provision of grasswaterways, etc. are planned on a wvatershed bhasis.
Collection of basic hydrologic data from experimental watershed is wniver-
sally acoiptod as a pre-requisite for the study of the laws governing many
hydrologic phanomena and their inter-relationship. The hydrologic informa-
tion collected in relatively small watershsds generally consists of rainfall,
runoff and soil loss. 1In research projects on agricultural watersheds where
runoff observations are taken it is important to emphasige that thse useful-
ness of such studies entirely depends on the reliability of data which in
turn depends upon the accuracy of measuresents, prooessing and campilation
of the full records and ocbservations.

In this write-up an attempt is made to outline the proooduru'both
for measurements and analyses of runoff data from small agricultural vater-
sheds. The watersheds under consideration have an area \Ppto 12 hectares and
the land use in the watersheds is predominantly for agricultural purposes.
The contents of the report will provide an understandigg of the fundmmentsl
principles, methods and problems that are likely to be encountered in the

field. The standard techniques for measuring runoff with precalibrated



devices, their design specifications, construction, indtallation and
maintenance have been separately discussed. The method of processing
and comyilation, sources of errors and accuracy standards to be folldwed
have b on clearly specified. The methods outlined and the analyses au.
relevant to the ICAR-ICRISAT collaborative projects vizs Faming Systems

1 and 2 being undertaken at different research stations in India.



Various methods are available for measuring the rumoff depending
upon the specific needs of the lomtions. Mach method has its owm '
characteristics which favour its adoption under vertain conditions of
asasurenents and limits its use wiies ‘othur sets of .unditions. Any
selected method should .sasure runoff agourate., at low, medium and high
rates of discharge. This section provides information on some commonly
used runoff measuring devices, their constructional details, iastallation
and limitations., It aleso provides guidance an the selection of gaging
station and measuring devices.

SELECTION OF GAGING STATION AND MEASURING DEVICES

he location of gaging station is one ot the primary consideration
for obtaining accurate runoff messuremants. The site must be located such
that the gaged runoff represents tho entire flow from the watershed or of
concerned area. Some of the other important considerations are minimm 3.5
setres straight approach channel, less chances of turbulence and eddy
currents formetions near the upstream of the gaging station, stable cross
section of the channel and less chances of tailwater. All these conside-
rations helve in maintasining a stable relationship between the depth of
water and the rate of flow which ir axtremely importent for acocurate
runoff measurement.

Belection of a device for measuring runoff depends on such factors
as the expected peak runoff rate, distribution of runoff volume, absence
or presance of woody trash or other floating materials in the flow, extend
of back water submergence, material availability and economics. A flow
chart to assist in selecting s runoff measuring device is showm in Pig. 1,
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The primary key to the flow chart is maxisum discharge rate to be selected.
The flow chart provides patihs based on the abeence or preseance of dedeis,
type of flow in the approach channel whether ponding is allowed, whether
backwater problems are anticipated and finally the flow characteristics.
Although this flow chart is a quick reference the other prectical oconsi-
dexations should be checked carsfully to ensure selection of the Dbest
seasuring device for the flow aondtua;n encountered.

PRECALIBRATID DEVICES FOR MEABURING RUNCFPF
™he precalibrated devices are most commonly used for measuring
runoff at the research station because of the high accuracy. Some of the

most cammonly used precalibrated devices are:

1. B=-Type flume
(1) RS Flume
(11)92 flume

2. Parshall flume

3. Weirs : sharp crested 90° Vv notch weir.

i TYPR FLUME

H cype flume are most commonly used for messuring runoff from smsall
axeas. Presently three types of flumes NS, N and KL are available, which
have different -p.citicationc to suit varying ranges of flows. These fiumes
ntucal-uuuommiﬁanduomuckmaulmtmmmlotw
give a trapescidal throat opening which increases with depth of the flume.
The shape of the flume provides the following distinct advantages whioch
favour its use under a variety of flow conditions.

1. The increases of throat opening with the rise of stage
facilitates accurate mesasurement of both low and high
flows.

2. 7The converging section of the flume makes itself cleaning
because of increased velocity and conseauently the flume is
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suitable for messuring (low with sediment in suspension
with lowv bed loads.

3. It is simple in construction, rigid and stadble in operation
and requires the leas* amount of maintenance without

affecting its rating.

4. Its insta..ation is simple and is 0t {n any way affected .
by the steepness of the channel gradient.

General Limitations: These flumes have been basically designed for free

flow oconditions and consequently are not recommended under submerged flow
conditions. They are also not recommended for flows carrying excessive
amounts of coarse bed load.
N8 FIUME
™Hheee flumes are designed to measure small flow rgtes ranging from
.08 £t3/sec to .8 £t2/sec (0.0014 to 0.0227 m’/sec) with a high degree of ‘
accuracy. The detailed dimensions capacities and construction tolerances
of the flume are shown in Fig. 2. The Appendix Table 1 gives ratings for
flumes of various sises. Construction details are given with the discu-
ssion on H fiumes. The following points are important during the fabrication
of the flume.
(1) The slanting opening must be bound by straight edges and
!;aw precisely the dimennions shown on the drawings.
(2) The opening must lie in a plane with an inclination of the
exact degree shown on the drawings.
H PLUNE
H flume are used to measure runoff where the maximum runoff ranges
from 0.3 to 30 £t /sec (0.009 to 0.85 m’/sec). The dimensions and flow

ocapacities are shown in Fig. 3. Appendix Table 2 gives ratings for H

"1 L » ' "‘q ' =t
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Construction specifications for the K flume are:s

(1)

(2)

(3)

(4)

(3)

Prepare detailed drawings, using the proportional disensions
shown in Pig. 3 (In case of HS flume Pig. 2).

As for possible use only new materials of the good quality in
constructing H flume. These materials must be free from defects.
Use Mild steel sheets without any form of distortion (1/8° )
thick).

Fabricate the flume by following the good commercial practice
in all details of construction., Make all joints watertight and
strong.

Make the vertical sides of the flume from one sheest. The bottos
plate Bust not contain more than one joint and no portion of this
4o0int should lie near to the cutlet opening. Any necessary joint
in the bottom plate must be transverse to the longitudinal axis .
of the flums and sust be made so that the joint is substamtially
flush., Make all dimensions for which tolerances are not indicated

on the drawings within 1/4 inch (0.64 ca) of those given on the
aravings.

(6) Cut all plate edges straight and sharp. Do not wrap the plates

n

(8)

or distort tham by cutting.

Form the slanting ocutlet opening so that its disensions are
precisely those shown on the drawing. The slopes on this drawing
must be rigidly adhered to. Bdges of the opening must be

straight and smooth.

Clamp the plates rigidly in position and get the proper dimsnsions
and slopes before making the final connections. Maks the side
plates perpendicular to the bottom of the flume. All cross

sections of the flume must be symmetrical about the longitudinal
axis. Mo projections should occur on the inside of the f11 e.



(9) Carry out all operetions’ affecting the dimsnsions of the
outlet opening and the straightness of its edges., /follow
good mechine shop prectices in all operations. The min.ﬂ
flume should not have acasep tool marks or dents,

(10) BDefore usi: : inspect the flume to « nfirm its compliance with
the plans and epecifications.

Installation of HS and H Flumes : Whenever possible installations of these

flumes should be made with approach boxes depressed below the natural ground
surface as shown in Pig. 4, vhere the watershed or plot slope is smsll and
the flow dispersed, gutters may be necessary to collect the runoff at the
bottom of the slope and chamnel it into the approach box (Fig. 5). The more
ocommon type approach box is shown in Pig. 6. Here the runoff has concentrated
naturally into a small stream channel upstresm from the flume.

Metal flumes are bolted to the concrete approach with gaskets to make
4 wmtertight joint. The concrete cut off wall extends below the concrete
approach at the upstresm face of the flume to provide substantial support
and to prevent seepage below the flume. Levelling bolts on the downstream
supporting wall are used to fasten and adjust the flume to this level, The
flume floor must be level., 1f silting is & problem a 1 on 8 sloping false
floor can be set into concentrate '~w flows and thereby reduce silting, The
difference in calibration of a flume with a flat floor and that with a sloping
false floor is .lcu than one present,
Submergence effect on H flumes: Flumes should be installed with free outfall
or no submargence wherever possible. In the submergence situstion the free
discharge head B can be computed by using the following equation:
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FI€ 5 : INSTALLED H FLUME WITH APPROACH DOX




a4

4
H - 1 g
1+ .00175 ( d2/d)) 44 ===
wher e
H - free {..a head in feet

d1 - actual head with submergence in feet.
d2 - tail water depth above flume zero head

. - 2.71828 ...

0.15 <€ dy/4y << 0.90

In laboratory the submergence of 3 percent has less than 1 percent
effect on the free discharge head. A 50 percent submargence has less than
a ) percent effect. Care should be taken while using these values because
normally they do not hold true in field situation.

PARSHAL PLUME

The Parshal flume is a particular form of venturi flums. The main
advantage of this flume is its relatively low lose of head. The head loss
is only about a fourth of that needed to operate a weir having the same crest
length, This flume i{s particularly suited to measurs flows from channels
with low qradient because it can operate under high degree of submergence
without loss of accuracy. Some of the important advantages of this flume
are:

{1) It can operate with relatively small head loss.

(2) It is relatively insensitive to velocity of approach.

(3) It has the capacity of making good measurements with no
sutmergence, moderate submergence, or even with considerable
submergence downstream and

(4) Its velocity of flow is sufficientl
Y high to virtually eliminate
_ ®edimant deposition within the structure during the operaties.
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Some of msain disadven of Parshal flumes are:

(1) They are usually more expensive than weirs and some of the flumes.

(2) They require accurats workmanship for satisfactory construction
v performance.

(3) The sccuracy of low flow msasurements is limited.

The pian, ssovation anu disensions of a Parshall flume is shown in
Fig. 7. The width of the throat (W) is used to designate the size of the
flume. Table 1l gives the dimensions and capacities of the flume for various
throat width. This flume is normally constructed of sheet metal, masonry
or reinforced concrete., The use of shest metal is generally confined to sme-
ller sizes. In general sheet metal of 1/8" thi~k can be usad for fabrication
of the flumes. Pleces of desired dimensions are cut smoothly and welded
together to ol.auln a flume of required specifications. Rainforcement of
angle iron should be riveted on all the edges, under the bottom and along
the vertical sides to maintain the structural shape.

Reinforced concrete flumes are constructed in all the sizes. The
floor of converging section should be perfectly level and the sides should
be psrfectly vertical. The crest is formed by fixing an angle iron in the
proper posi.ion so that a sharp anc level crest is oh-ained.

Capacity and Ratings of carshal Plumes: A wid( ange of flows can be

msasured by Parshal flumes. 7The stage discharge relationship under free
flow conditions as obtained in the hydraulic laboratory for small size
flume (1 inches throat size to 10 ft) is

1.522 0.026 e (2)

Q=4 Wi,
Q = discharge cubic flat per second

% = throat width or lemgth of crest (si: of flume) feeot

Ha = Upper-pampehead,2/3 (W/2 + 4) feet back from the crest, feet.
T™he rating of different sizes of Parshall flumé under \:hg free flow

conditions is given in Appendix table 3. Where submergence exceeds
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prescribed limits, it is necessary to apply s negstive connection to free
flow discharge. Under the situation the tail water level is also measured
near the downstrean end of the throat section (Fig. 7 it is labelled !lh). .
T™his zero reference, Hb is the crest. The discharge rate under the ;uhllr-
genced flow condition could be det.. mined by:

c, i - )M

- S G RGN D S W W S D B S W - - ‘J)

I-(log K /H ¢ C,) 172

Qvn

This equation is reasonably accurate (2 to 5 percent) for sulmergence
values upto (W /H) = 0.96. Values of submerged flow cosfficients and
sxponents for Parshall tlunu(cl, H,» Hor By C, and n.‘,) are given in Table 2.
The table also provides the transition submergence Se which is defined as
the value of submergence at vhich the change from free flow to submerged flow

oocurs.

Table 2 : Submerged flow coefficients and exponents for Parshall flumes

| <‘.‘1 C2 " n, st
1l inch “0.299 0.00044 1,55 1,000 0.56
2 inches 0.812 0.0044 1.55 1.000 0.61
3 inches 0.915 0.0044 1.55 1.000 0.64
6 inches 1.66 0.0044 1.58 1.080 0.58
9 inchas 2.51 0.0044 1.53 1.060 0.63
12 inches .l 0.0044 1.82 1.000 0.62
18 inches 4.42 0.0044 1.54 1.115 0.64
24 inches $.9¢ 0.0044¢ 1.55 1,140 0.66
30 inches 7.22 0.0044 1.5558 1,150 0.67
3 fest 8.60 0.0044 1.56 1.160 0.68

4 fout 11.16 0.0044 1.57 1.185 0.70
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Salection of Parshall Plwme Sise gnd Crest Zlewation: Beceuse of considersble
ovaxlap in flume discharges, it 18 possible to pass & given disciiarge through
any one of several standard sise flumes. The choice of the proper sise
therefore requires full consideration of other factors in addition to capacity
For example a differet throst width W, will be reguired if 20 ft’/ue is
be discharged with 2.5 feet of depth rather than with 1 foot of depth. In the
interests of econamy the smallest practical sise should be selected.

In selecting a flume size it is necessary to use the "trial and
error”® system On several sises believed adequate. The final selection is
sade primarily on the basis of original waterwvay or channel dimensions.
Selection of flume size and vertical placement in the channel, as required
in the field can be best described by this example.
Example: Aseume the s8ize and setting must be determined for a parshall flume
to messure flows upto 20 ft)/sec for free flow conditions in s waterway of
moderate grade whers the expected water depth at this discharge is 2.5 feet
and the general topography near waterway in relatively flat.

An examination of Appendix table ) shows that the following flumes
will sach handle a discharge of 20 ft’/sec with the head shown;

Flume sise (throat width)feet Upper head Na, feet
6 0.89
S 1.00
4 1.18
) 1.38
2 1.60

Por the 4 foot flume Ha is 1.1 (Appendix Tuble 3). Por free flow
the maximum submergence can be 70 peroent (Table 2), thatuﬂnuuoub/ll‘
= 0,70 tharefoce

D

‘m‘ '.1“%‘..1!00%
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This vumoruba.-uacoummnmaxmmmm
waterway bottom to the flume crest (Pig. 8). At a 70 perosnt submergence
the water surface in the flume throat at the K, gauge is essentially level
with the surface in the downstream channel. Referring to same figure this
2.9 feet depth will occur at D. Dimansion A is equal to D minus .b’ in thie
case 2.5 minus 0.8]1 or 1.69 feet and is the distance that the crest should
1ie above the waterwvay bottam. This determines the vertical placement

or setting for a maximm flow of 20 ft.’/uc at 70 perosnt submarpence.

T™he flume itself normally is an ocbstruction in the channel and will
produce a beckwater effect that will extend upstream from the flume and
raise the headwater elevation. This difference in elevation of the flow
upstrean from the structure with and without the flume in place is tihwe
head 1088 caused by the flume. The head 10ss values for flume ) foot. to
6 feot wide can be determined from Pig. 9.

Starting at the base of the diagram (Fig. 9) follow the 70 percemt
subaargence line vertically upward to the slanting 20 tt’/uc discharge line
From the intersection project a horisontal line to the right from this point
to interesect the slanting throat width line for W = 4 feet. Finally from
this point project vertically downward to the head loss scales to determine
that the haad loss L, is 0.43 foot. From Fig. 8 the watar surface slevetion
of the approaching flow will then be D + L = 2.5 ¢ 0.43 = 2,93}, feet measwe
above the watexrway bottom.

Following the same analysis but with a 3 feet flumms,

'b = 0,97 foot
A = 1.53 feet

L = 0.54 foot

and the depth of water in the upetream waterway would be 3.04 feet,



Siailarly for a 2 feet flume,

B = 1.37 feet
O = 1.2) leat
L = 0,71 foot
and the depth of water in the wpetream channel would be 3.21 feet.

Thus the upetream depths for 4, ) and 2 feet flumes would be 2.9),
3.0 and ).2] feet respectively. If watqxway is enough deep and general
topography of upstream can allow the depth 3.2]1 feet (special considerationd
1ike area which will be freguantly submmrged and overflowing of water from
sides; etc) the 2 fest flume might be chosen because of its lower first cost.
Nowever, when the width of waterway is considered in terms of constructing
wingwalls to provide a ronoverflowing transition section on each side of the
flume the J or 4 fest wide flume might De chosen to simplify construction or
reduce the coet of installation.

It is wsually desirable to set the flume slightly higher than (noxmally
highaer b: 20 percent) absolutaly .ecessary, rather than lower. The higher
setting helps compenrate for unknown or changing downstream factors which
uwually increase submergence., These factors each of which tends to raise
the dowmstresm watsrlevel, include deposits of sediment, deterioration of the
sides of waterwvay, and growth of weeds, tree roots, moss and othsr biological
organisms. Setting the flums higher than necessary however will increase
the wvelocity of flow leaving the structure and may make it necessary to
provide the antiscour protection at the downstream end of the flums.

If the Parshall flume is never to be operatsd above the allowmble
submergence limit (for free flow), there is no need to construct the portion
of the flums dowmstream from the end of the crest. In this situmtion only
the upstream portion of the flume is constructed. The crest of the flum

“ ' se* "ove the wmterwvay bottom. This will assure that the flow



profile over the crest section is not modified by back water tm_ the down-
streas vaterway. Erosion protection downstress from the flume may need to be
oconsidered for good service life.

In ths case where the expected submergence is higher than ngo-mo
limit for free flow condition more careful analysis should be dons. The
crest elevation should bas determined quite accurately. In this situation the
oonstruction on downstream of flume is also done.

WEIRS

Weirs are one of the simplest and quite reliable structures that can
be used in many situations to measure the runoff, The critical parts sre
easily inspected and any improper operations can be easily detected and
quickly corrected. Weirs can be used most effectively whenswer thare is a
f£all of about 0.6 foot or more available in waterway and also where sub-
Bergence on the upstream is not very much undesirable. They are genarally
clasaified on the basis of width of the crest and shape of the weir opening,
Were Only one of the most cosmonly used weir will be desoribed,

SHARP CRESTID TRIANGUIAR WEIR OR V NOTCH WEIR

| V-notch weirs have been extensively used for msssuremsnt or runoff

especially from small areas. They have been accurately rated in the
laboratory under specific conditions of crest charattsristics, their
placement in the channel or waterway, approach waterway conditions and
the flow conditions and the relationship is expressed in the form of
discharge formulas. The weir crest ganerally consists of a mstal blade
with sharp edge. The distinct advantage of the triangular weir is the

suitability for measurement of low flows with a high degres of accurecy.



The most cosmonly used triangular weirs are 90° V notch and 120° V notch.
The former is mere sensitive and accurate in the ssasurement of low flows
than the later, which has a wider range of capacity.

The Jetail plan of 1.2 fee 90° V notch is shown in Fig. 10, The
weir blades are normal’ - gonstructed of angle '~on MN” x A" x 4" or non
corrodable metal plate 4" thick. The installation and construction of
approach channal should be strictly done according to the points as
discussed under “"seBting of V-notch weirs”. The Appendix Table 4 gives
ratings for sharp crest 90° v notch. A 90° v notch with recorder, recorder
shelter and stilling well for mesasuring the runoff from-.a field scale plot
is shown in Pig. 1ll.

EBETTING OF 9 NOTCH WEIRS

Extensive experiments on weirs and long experience with their use
dictate that the following conditions are necessary for accurate measure-
ment of flow with sharp crested V notch weir:

(1) The upstream face of the bulkhead should be smooth and in a
vertical plane perpendicular to the axis of the channel.

(2} The upstream face of the weir plate should be smooth,
stiaiqht and flush with *he upstream face of the bulkhead.

(3) The thickness of the weir blade should not be more than 1/4"
(about 6 mm).

(4) The upstream corner of the notch must be sharp thsy should be
machined or filed perpendicular to the upstream face, frese
of scratches and not smooth off with abrasive cloth or paper.
Knife edges should be avoided because they are difficult to
maintain.

(5)The down stream edges of the notch should be relieved by
chamfering if the plate is thicker than prescribed creet
width (1 to 2 sm). This chamfer should be at an angle of
45° or more to the surface of the crest.
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(6)

(7)

(8)

(9)

(10)

(11)

The distance of the lowe@t crest point from the bottom of
approach channel (weir pool) should preferably be 'not less
than twice the depth of watsr above the lowest @rest point
and no case less than 1 foot.

The distance from the sides of weir to the sides of the
approach channel should preferably be no less than twice
the depth of water above lowest crest point and never less
than 1 foot,

The overflow sheet (nappe) should touch only ths upstreams
edges of the crast.

The measurement of head on the weir should be taken as the
difference in eslevation between ths lowest crest point and
water surface at a point upstresm fram the weir a distance
of four times the maximm head on the crest.

The croes sectional area of the approach channel should

De at least 8 times that of the overflow sheet at the crest

for a distance upstrean 15 times i:h. depth of the sheet.
If the weir pool is smaller than defined by the abowe
criteria the velocity of approach may be too high and the
staff reading too low. The head should be corrected by

using appropriate method.
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WATER LEVEL. RECORDERS AND THEIR INSTALLATION

™he precalilrated structures provides & stable cross section ihur.&n
the rate of flow can be detaxrmined Af the stage is known, The frequency of
flovw determinations is dictated by the pn;po-o and conditions of the study.
™he accurate detarmination of runoff volume, psak runoff rate and other
related information from mmall areas inveriably needs the continuous record
of stage. The stage lavel recorders are commonly used for this purpose.

It produces a graphic record of the stage of flow over the control with
respect to time which is acoepted as highly reliable. In small areas where
thare is rapid fluctuations of water level it is not practically possibie to
collect data oa runoff with othsr types of non recording geuges.

Rany types of stage lewel recorders are commercially available ¢to
provide continuous stage records. The drum type recorders (a float type
recording gauge) are most commonly used in runoff studies on small water-
sheds and plots whare visits are scheduled to the site daily of scmetimes
weekly.

Several types of the recorders have besn developed after intensive
research in the laboratory and field and fabricated on commercial scale in
other comtries. The recorders PW-1 developed by J.P, Preiz and sons Co,
Baltimore, Maryland, USA are under extensive use in India by Agricultusal
Research Institutions. These recorders are nov commercially manufactured
by the Belfort Instrument Caompany, 4 North Central Ave. Bsltimore, Maryland
21202 USA. In India few firms at Dehira Dun are manufacturing the stage

level recordexs.
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S-F¥-1 STAGE LEVEL RECORDERS

™his type of recorder (Fig. 12) mechanically convert the vartical
movement of a counter weighted float resting on the surface of a liquid
into a curvilinear, inke¢l record of the height of the surface of the liquid
relative to a datum plane and with respect to time. The time ME of
this recorder oconsists of s weekly - winding spring driven clock supported
on a vertical shaft to which the chart drum is firmly secured vegtically.
The gauge element consists of a float, counter weight graduated float pulley
The movement of the float is transmitted to a cam and with th. help of a
set of gears it moves the pen on the chart in the vertical direction. They
have reversing mechanism and can thersefore record an unlimited range of
stage on 5" wide chart.

Stage Matio Selection Each recorder normally have two sets of stage ratio

change gears. The float wheel gear for the 1:112 ratios is cut into tha
float whesl shaft resr projection and the float wheel gear for the 5:12
ratios, is norsally fastened with (5-40) 1/8" set screw to the same rear
projection, clear of the engagement of the 1;12 (See Fig. 13). The Cam
shaft gear for the 5:12 is normally delivered mountsd to the recorder base.
Mormally for small watersheds or plots 5:12 stage ratio is used.

Time scale gears: The chart cylinder is driven through a pair of gears

extarnal to the mechanism train proper. There are two shaft extensions above
the upper plate. The plainly marked gears are available for 6, 8, 12, 2¢,
29, 48, 96, 1086, 144, 176, 192 and 195 hxrs for one rewvolution of cylinder.

1f on gear it is marked 65 that means the cylinder takes one revolution in
6 hrs,if it is 24 § it will take 24 hrs for one rewolution. MNormally for
amall vatersheds 245 gear sets are used, Only where it is not possibly to
visit daily gears with higher number can be used or vhere more accuracy is
neaded gear.sets with lower number ocan be used.
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™he detail iaformation about the general operation and maint »nance
of ths recorder are given in instrustion book which supplied along with
recosders .
IHPTALIMIION OF STAGR LAVEL RECONRERS

Before installing the stage level recorder at the gauging site the
resogdar should be checked for appropriate gear sets for etage ratio and
time required for one revolution. The gauging site equipped with a stage
level recorder has the following essential components viz stilling well,
intakes, and recorder shelter.

Stilling Well: The well over which the stage level recorder is installed

is essentially a stilling well in which the float and counter weight of

the recorder rise and fall in response toc the fluctuation of the water leve
without being affected by surges Or waves which might result inaccurate
msasuremsnt. Regardless of the type of runoff control used, the well shoul.
be located to one side of the weterway 80 it will not interfere with the
flow pattern over the spillway. As far possible the well should be located
near to the measuring flow section of the precalibrated structure. The
relative pogition of the nug_::dm depends upon the type of the measuring
structure for example in the V notch weir, it is 5-10 feet from the centre
of the crest. The sise of well will depend upon the required stability,
dapth ,type of material and space required by float and counter weight.
Constructional details of a brick masonry well is shown in Pig.15, Insteed
of brick masonry the galvanised iron and concrete pipes can also be used in
oonstructing the stilling well. They should be built on solid foundations
with water proof bottams. This can be achieved by providing 6" thick
ooncrete floor on which the well is constructed. In aresa of swelling type
soils like Vertisols much larger foundations are needed., Pollowing
important considerations should be taken while constructing the stilling

walls.
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(1) T™he bottom of the wall should be ninimm 8" inches lower
then the lowest intakes.

(2) mmummnmwmmwm
st be watartight.

(3) The inside diameter of the wall-should not e less than
the diamster of recorder pulley * alf diamster of
float ¢+ half dismeter of countsr weight ¢ J* (for M-1
recorder approx 9" diameter is required).

(4) “The inside surface of the weall should be ssooth either
by plastering or bypmevbding the thia metal sheet,

(3) The depth of the well should be about ¢" more than the
doubls of the maximm expected head to provide a full
rangsd of scale without danger of submerging the ocounter
veight of the recorder.

(6) The sise of well should not be too large vhich may oreate
osrtain danger of lag betwesn the rise or fall of water
level at the comtrol and in the well.

Intakes: The connection betwesn the stilling well and the water flow in
precalibrated structure is acocmplished by means of imtake pipes. These
intakes can be one or more galvanised pipes, a seriers of rectangular
slots or ssveral 1 inch diameter holes. A general guide to the sise and
number of intakes required is that their total cross sectionmal area should
bs at laast one perveant of the croas sectional area of the stilling well.
Anothexr guide is to limit the head loes in the intake for the axpected
maxiss rate of change in stage ¢to 2 given maximum amount such as 0,02 foot.
In case of the runoff monitoring on amall watersheds normally first
cxitacia are & taken because of rapidly fluctwmting flow. Only in situm-
tion where the stilling well are quite far amgy from the main waterway the

ssoond criteria mey be considered.
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In géneral mors than one intake should be provided at d4iffereat
slevations. This gives two distinct advantages, firstly it safequards
against omplete clogying of th- intake by moving or deposited sediment,
Secondly it facilitates better water conpection with the rise or fall -
of flow. in addition to this 1t 18 always better to have two intekes at
the lowest level because of high chances of being closed dus deposited
soil particles.

Recorder Melters Por protection from rain, sun and other elesents, it
is necessary to provide a housing for the stage recorder. The type of
shelter may vary from a small box covering the well opening and recorder,
which operates on & hings, to a good sised compartment which contains
the well and facilitates the entry of the obserwver.

™e box type shelter is most commonly used because of ease of
oonstzruction and less cost. Pig. 14 shows the recorder shelter which
have been satisfactorily used at ICRISAT for last seven years, This
sise shelter is sufficient to cover the top of the well and provide
sufficient space for lifting of the stage recorder cover and changing
chart. Materials used for construction are GI sheet and tisber. 1In ares

vhere thefts are big problem the metalic shelter box with inside locking
systam say be weed,
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it or charte covering pericds during which runoff ococurred:

(1) Include chart number and dates in the space provided for this.

(2) Enter dates, watch time at times of placemsnt, inspection and
removal .

(3) how the level of spillway crest and lowest intaks.

(4) Indicate the times scals and90WPe height ratio used in the proper
place on the marginal tabs. Thie is needed only on ceaters where
they are using recorders with different time scales and gauge
height ratios.

(3) Check to ses how placement and reamovel marks agree with the
watch tims. If they d0 not agres within 10 minustes, apply &
time correction. 7o determine this correction, assume a
straight 1liae wariation between placement or inspectian and
removal.

Por example : At the time of removal of the chart following cbeer-

vation ware taken:

(1) Time difference between the watch and the recorder time
= 40 minutes less.

(1) Total petiod for which chart was kept on recorder = 30 hrs
(444) Total period of runoff = 6 hrs.
Then the correction to be applied to runoff periocd will be —2 %S

= § ainutes by adding to the original 6 hours.

{6) Check the discrepancies between the chart line and index pointer
and for failure of the pen to reverse at ths edges of the printed
portion of the chart., If the pen reverses below the limits of
the printed part of the chart about the same extent at both the
upper and lower reversals, apply & constant correction to each
traverse. This ocoxrection for the traverse upward across the chart
is plus whereas that for the dowmmrd traverse is minus. Where
the lower reversal is correct and the upper reversal falls short,
& graduated correction is correct theoretically. As tabulations

_are to be made anly to the nearest 0.01 foot (0.3 am) a graduated
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correction would not be feasible and a canstant oorrection
should be applied through a given renge in stage. If the
upper reversal falls 0.01 foot short, the eatire correction
should be applied only to the uppar half of the chart. It
the upper reversal is 0.02 !oot' (0.6 om) short, » correction
of 0.0l would be applied from 0.25 to 0.7% and 0,02 would be

applied from 0.75 to 1.25., MNote any correction that must be
applied to the stage.

(7) Add notes to show whan the stage i» rising or falling.

QU IR T lilvmxm

Buipment should be serviced on a specified schedule set up to
maintain continuous operation. Timing will depend upon the way the
recorder wes used. lNormally after svery two years the full servicing
of recorder is required. Yearly oiling of clock and some mechanism is
recommended.
Plumes, Weirs and Stilli.~ well : The structure and upstreas pond area
mast be kept free of weeds and trash and sediment must be removed as it
accumulates. The level of crest should be checked periodically with
refezrence to the elevation of the gauge zero. The crest should be
examined for nicks or dents that might reducs messuremsnt &CCUracy.
These imperfections should be corrected carefully. Flumes sust be main-
tained in original condition and in accordance with design specifications,
levels and slopes of installation must be checked periodically and must

be corrected if necessary.



If constructed properly stilling wells will require little servicing
The well, intake pipes and silt trap (1f used) should be free of silt. When
the well is cleared or the intake pipe is uiclogged, the recorder styles
should be raised from the chart. Otherwvise surge in the well may cause
excess ink on the chart to soften the paper causing the pen to tear it. ’
After every flow event intakes should be checked and nhecessary silted soil
should be removed,

ADJUSINENTS AND CHECKING Or STAGE LEVEL RECORDER (Pw-1):

Most of the researcH stations normally have limitsd number of
recorders. If any of reccider developes » minor problems, some of
iaportant runoff events ma'* be missed because of the fact that the recorder
repair is normally not possible in the local market., It {s therefore nece-
Ssiry that observer must dewvelop the capabilities for minor repair and
adjustments which can be easily done.

F¥-]l recorders are normally calibrated at the factory and when in
proper adjustment. The following relationships exist:

(1) The total pen travel between upper and lower reversals is
about S5 inches (12.7 cm) and both reversals occur st the
edge of tha printed portion of the chart,

(2) Cam follower pin is horiszontal.

(3) The pen arm is parallel to the cam follower arm.

(4) T™he pen arm is tilted inward just enough so the pen will not
fall away from the chart near the upper reversal (Note: A
slight change in tilt of the pen arm will cause a shift in
position of the reversals).

(5} The clock spindle washer is of the proper thickness to place

the centerline of the chart and the pen shaft in the same
horizontal oplane.
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Soms of the probjems with stage level recerd (FW-1) with
ness YN uotments: 0

(1)

(2)

Pig. 16» shows the one of the o:rwonh problem with recesders
that is the pen does not follow the time lime. To e8v N
close the pen follows the time line place the pen of the
chart, and rotate the float wheel through uwpper and lower
reversals. Deviation from the time line Detween the upper
and lower reversals indisates sither a bent spindle or improper
thickness of clock spindle wvasher.

Pirst adjustment: lossen the drus bottom nut, rotate the
spindle 90° tight the nut and repeat the check. Continue
this process (maximum three times till you get the agyesment
betwesan the pen and time line.

Second adjustment: 1If the pen traces does not agree with time
line even after the first adjustment this indicates that

the spindle is bent and should be straightened carefully or
replaced. After this repest the check.

Third adjustaent: After the second adjustaent if the pen
does agres with time line repeat the first sdjustment and

if the arc described by the pen is the same for two or

more positions of t).: drum but still does not follow a time
line, it indicates improper thickness of washer between the
base anc the gear. When the arc tfalls to the right of the
time line at the top of the chart (Pig. 16a) the clock spindle
washsr is too thick., When the arc falls to the left, the
washer is too thin. Change the washer as indicated and check
until agreement with the time line is good.

Pig. 16b shows the lower reversal problem of pen occurisg
above or below the lowest graduation or printed line. 1If
this lower reversal occur above or below the lowest graduation
bring pen to this line by sdjusting screw (at the end of
pen arm). This will make the cas follower arm parsllel to the
pen arm. After adjusting the screw zecheack the lower reversal,
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(3) Frig. 16C shows the upper reversal problea of the pen ococcurring above
or below the upper graduation or printed line. 1f the upper
reversal occuring below the upper greduationg,decrease the
rffertive Llength »f pwn arm by filing back the pen arm shoulder
againest which the pen 1s set. If the upper reversal occuring *
above the upper graduation increase the effective length of pen
arm by adding thin non corrosive msetal bands to the pen arm back
of the pen. Never try to change the lenqgqth of the pen arm by
bending it. Changing the length of pen arm will change the
position of the lowar reversal, which must be adjusted by screw
and before checking the upper reversal.

Some of the jroln.-l associated with ga station indicated the
runolf charts: -geing —

(1) rig. 17s shows the stepping curve instead of smooth during
the rising or falling part of the hydrograph. Check in the
stilling basin whether the float and counter weight are
freely moving at the different depths. If they are not moving
freely move (slightly) the recorder in such way that the float
moves frealy at the different depths. Even after adjusting
the position of recorder if float is unable move freely
reconstruct the stilling well with large diameter.

(2) Pig. 17b shows the Clogging of the lowest intake pips. RMemove
the deposited silt and recheck the pen marking on the chart.



Table ) : Sample computation of rwnoff from runoff chart.

Watershed : BN}

lll' a=“!' 5!==E‘ :"l - ';ES!!
Tise interval height arge from discharge . time Aoov- RIARES
in mte. in ft zating for time interval wulated
table in intarval in in
cu. ft/sec in ou.ft/ ou.ft cu, ft
B - E—

7.5
7.%2 4 0.30 0.68 0.33 79.2 79.2 1l)total
8,00 4 0.%0 2.7} 1.69 406.0 496.0 runoft
8.02 2 0.80 5.66 4.19 303.4 9209.4 = 9.6
8.04 2 0.92 7.0} 6. M4 761.4 17%0.8 2) Peak
6,12 6 0.82 $.88 6.45 3098.4 4849.2 rano ff
.18 6 1.00 8.00 6.9 2498.4 7M47.6 rate ®
8.21 k] 1.06 8.7 8.3 1500.4 885%.0 0.007 o
8.24 ) 1.00 8.00 8.8 1508.4 10364,.4 .}..c/h.‘
6.28 4 0.80 $.66 6,83 1639.2 12003.4
8.38 10 0.7% 5.12 .9 3234.0 152)7.6 3) Tocal
8.44 6 0.86 6.3} 5.72 2061.0 17298.6 om0t !
8.48 4 0.90 6.80 6.5 1575.6 10874.2 duration
8.54 6 0.70 4.60 $.70 20%2.0 20926.2 e 4 hrs
9.02 8 0.40 1.9) 3.26 1567.2 224913.4 4 .t"
9.10 8 0.20 0.66 1.29 - 621.6 23115.0
9.20 10 0.10 0.22 0.44 264.0 23379.0
9.44 24 0.06 0.10 0.16 230.4 23)609.4
0.20 36 0.04 0.0% 0.07 162,.0 23771.4
0.40 20 0.02 0.02 0.0) 42,0 23813.4
1,00 20 0.02 0.02 0.02 36.0 - 23849.4
1.30 30 0.01 0.01 0.01 27.0 23876.4
2.00 30 0 0 0.00% 9.0 2388%.4

- o Vs b0 P




(2)

(3)

(4)

(9

(6)

Gauge haight in column 3 are converted into discharge rates

in cu.ft/sec with help of appropriate rating tables and recorded
in column 4. For this example the rating table for 2 feet
parshal flume appendix table 3 will be used.

The average discharge rates in cu.ft/sec for time intervals
obtained by averaging successive discharge rates, are recorded
in column 5. For example for the first tims interval of four
minutes the average diecharge is 9—'3-6—‘; = 0.33 cu.ft/mec. like
wise for other tims intervals it may be calculated.

The runoff volumes in cu.ft for the time intervals are cbtained
by the relationship: Column S x column 2 = 60 and {s pecorded
in column 6, For example the runoff volume during figst time

interval is .33 x 4 x 60 = 79,2 cuft/sec.

Column 7 gives the cumulative values of runoff in cu.ft and
is ocbtained by adding the values in column 6. The last value
gives total runoff.

T™he last column of remarks may be used to record total runoff
duration in hours, peak runoff rste in cu.m/sec/ha and total runoff
volume in sm. The pesak runoff rate is obtained first in cu.ft/
sec by looking to the maximum value is column 4. This wvalue is
further divided by total area of watershed to get the psak runoff
rate in cu.ft/sec/ha. This can further convertediinto cu.s/sec/ha.
by multiplying it by .0283. FPor this particular example the
peak rate is 0,007 cu.m/sec/ha (See table 3). To get ths total
runoff in wm.,6 take the last value of column 7 which is total
runoff in cuft, -#ultiply this by conversion factor, which can be

calculated by iz’ , where A is watershed area in ha.

Checking runoff data: The primary gurpose of checking is to
Plek up and correct the errors induced during the processing
ol du orighine) daka. Exror of varying deqree way creep in due

to inaccurate marking of peaks, picking of points, reading and
recording stage values, converting stage into discharge from
the rating table, and calculating runoff for the time interval.



. o

™he effect of ervors in marking the points especially on storm

whare recession side of tne hydrograph is long, on accuracy, have
boen found to be of high sagnitude followed by mistakes in cal-
culating the runoff for the time interwal.

C:—.Aation., The storm runoff thus obtained is ceompiled separately to

give storm values of runoff, monthly runoff and annual runoff.

One ocolumn

nay added with these compilations for recoxding corresponding rainfall

valuss., The proforms shown in table € may be used for compilation of runoff
data.
Table ¢
Watershed No. t Year t
Area t Land ¢ wvater \
Mgt treatsent
Dally Ralnfall  Runof?  Wunofl Poak
§.%0. Date Rainfall W.Mn1.° in (v of runofft
in m intensity - total rate
m/hr seasonal in cu.weec/
rainfall ha

* W.X.I. Waight Mean Intensity
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Table 2 : Rating tables for B flume
(Discharge in cubic feet per second)

FLONE 0.5 POOT DERP

mead (f%) 0.00 0.01 0.02 0.03 0.04 0.08 0.06 0.07 0.0e 0.09
° ° (1) 0.0004 ©0.0009 0.0016 0.002¢ 0.0035 0.0047 0.0061  0.0080
0.1 ~e=—e .0101  .0122 .0146 ' . -173 .0202 .0233  .0267  .0304 0343 ..308
0.2 0431  .0479 .0530 M .08eS .0643 .0704  .0767  .0@34 .0%0% 0979
0.3 cmem—e 1057  .1139 1224 ¥ ang .1407 .1508  .1607  .1713 1823 1938
0.4 .208 .17 .230 264 257 .m .288 . 300 .38 .3

L2 yuA® 0.73 FOOT DN

'-II.II.IIQ

(1) 0.0006 0,0013 0.0022 0.002 0©0.0046¢ .0061 0.0000 0.0101
Gl ~vome 0124 0131 0179 .0210 0242 0278 .0317 0338 0403 0431
R e 0301 0553 0612 0672 0733 .0002 .0872 0948 1023 1104
03 e 119 .12 i3 . o8 1356 . 187 177 188 199 11
Gl cvmas 24 -2 50 «26) amn -291 - 308 21 3N 353
0.8 wvwa. 370 388 403 .424 44) 2 482 $02 323 S4e
G ~omes 256 - 500 €11 635 59 83 . 708 734 760 706
NT cewen (1% ] .41 069 -89 s 37

(111)

— — — — — ———
Q0 weovm= () 0.0007 .0017 0.00a7 0.0040 0.00%¢ 0.007S 0.0097 0.0122
G&Rl o= ,01%0 o179 o211 0246 .0204 0324 037 .0e13 0082 .0818
W o 07N 0830 0692 .0758 .0827 .0900 097 .10%8 .1138 .1226
083 womee 132 M1 151 .181 .17 183 194 +206 .218 .232
Ch e 34 257 an . 283 . 300 ns L3} 1 367 . 364 .3
.“ WA 0! .‘ .x QG“ O.a ‘“ uc Ogu oi lﬁ
6.6 e .9W 2 (Y7 .568 .92 717 763 . 768 .7 823
WY weeem. 00 L) 09 .99 969 1.000 1.05% 1.088 1.09¢ 1.12d
L = ll..,r“ 1.20 .23 a7 1.3 1.34 1.5 1.4 1.65 2.4
0D wvvwe 3,83 LW 1.6 < 1.% 1.7 1. 1. .07 1.2
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fating tables for Parshall flumes Mlscharge in cubic feet par second)

~able 3.
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FIANME 1 foot throat (contd)
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FIOME 4 Best throat
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