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Ultra-sonic streamflow measurement
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Faster with current :

L, =(C+Vv-Ccos@)-T,,



Ultra-sonic streamflow measurement
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Slower against current:

L., =(C—Vv-cos¢)-Tg,,



Ultra-sonic streamflow measurement
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Integrating rising bubble technique
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sIntegrating rising
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Bubble gauging
Digital picture corrected for distortions

Area = 10.1728 m?




Discharge & Streamflow measurements

- Dilution gauging

4)- Measurement
Injection

Principle:

-) Adding of known amount of tracer to the stream
Method 1: Constant rate injection
Method 2: Sudden injection

-) Measurement of concentration downstream
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Discharge & Streamflow measurements

- Dilution gauging, constant rate injection

Mass-balance of the concentrations
when AQ<<Q:
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Discharge & Streamflow measurements

- Dilution gauging, constant rate injection
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Discharge & Streamflow measurements

- Dilution gauging, mixing requirements

04 C .BZ

I—0,95 = o \/6 3

tIl- Measurement
Injection AQ




Discharge & Streamflow measurements

- Dilution gauging, sudden injection
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Discharge & Streamflow measurements ¢= Measurement
Injection ®

- Dilution gauging, sudden injection
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Moving boat discharge measurements:

Discharge measurement
whilst crossing a river in a boat

Clage s 0 [

Measurement of:

1) position in the stream (two methods)
2) stream depth (echo depth sounder)
3) velocity (e.g. current meter)



Moving boat discharge measurements
Method 1

- Positioning by measuring angle between boat and cross section
(at time interval At)
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Moving boat discharge measurements
Method 1

- Positioning by measuring angle between boat and cross section
(at time interval At)

calculation steps:

V, =V, *¥COSc

AL =v, * At
vV, =V, *Sina
AA=AL *d
AQ =AA*K *v

Que =K *ZAQ



Moving boat discharge measurements

Method 2

- Positioning relative to beacons on the shore

(at time interval At)
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DISCHARGE STRUCTURES

Principles free (critical) flow
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Cat gorles discharge structures
«S.»: | -Thm/sharp crested: weirs?
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-Compound measuring structures?

standard weirs.




Examples sharp crested weirs:

V-notch Rectangular suppressed notch

Sie

v

V notch installed with training walls

Rectangular compressed notch



Broad crested weir
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Compound structures




Discharge measurement
over a spillway

Q — Cbh 3/2
C for circular weirs = 2.03(h/R)%"’
C for parabolic weirs = 1.86h%°*

(a) CIRCULAR (b) PARABOLIC



Drowned condition sharp weirs

0.385

hn
_Q,|1-| 2
R [hlj

Q = discharge when submerged

Q, = discharge under free-flow conditions at the same upstream head h,

h, = tail water level, relative to the vertex of the notch

h = elevation of the upstream water surface relative to the vertex of the notch

n = exponent of the basic flow equation, for example 1.5 for rectangular weirs and

2.5 for V-notches



Theory of errors:

Nature of errors

Random errors
Systematic errors

Spurious errors



Theory of (random) errors:

Why
1) Indication of accuracy
2) Find most critical parameter

Measure of error: O (standard deviation)

Propagation of errors from mathematical relations

General:



Theory of (random) errors:

| oq)’ aq)
Independent relations: oy :(a_jj o, +(an ,
2 2% _ 2
e.g. for: q(x) =ax+b Oq =& 70y

CI(X, y) =a,X+a,y

Independent relation
2 24 _ 2 24 _ 2
Gq = 611 O, + a2 O

y or

dependent relation

2 24 2 24 2
o, =8 *o, +a, *o, +2a4a,0,



Theory of (random) errors:

e.qg. for:
q(x, y) =a*x’*y°
o, = (a.b.xb‘l.yC )2 o+ (a.c.xb.y‘:‘1 )2 Yol

O'q 2

definition relative errors; - =T

2 2,2 2.2
r,-=br” +cr,




Example errors:

Discharge over a crested weir:
2 3/2
Q :(gj C.gll2.b.h3/2

rc=3%
b=8.50m (width)
h=0.30m (level above weir)

Give a realistic value for the relative error in Q



Example errors:

2 3/2
Q _ (gj C.gll2.b.h3/2

) 3

2 2 2 2
=1 +1, +(§) *T
rc=3%
b=8.50m (width)
h=0.30m (level above weir)
0.01 0.01
rQ 4+ (ﬁ *100)° + (= )2 *( *100)2

.2 = (3)? +(0.11)2 + (4.5)°



Example errors:

One way to reduce errors: repetition
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Heat as a tracer
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Heat as a tracer

* Why heat

» Distribute Temperature Sensing
» Examples (qualitative)

» Examples (quantitative)

e Propagation of errors

'i"U Delft Heat as a tracer 2|24
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Why heat

e Not conservative
BUT

» easy to measure at high resolution (with DTS)

'i';U Delft Heat as a tracer 3|24
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Distribute Temperature Sensing

» Fiber optic cable
e Laser pulse (~ ns)
» Reflections

» Time of flight
v=c/n=(3x108)/1.5=2x108m/s

'i"U Delft Heat as a tracer 424
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Distribute Temperature Sensing

Rayleigh Component
A Equals Incident Wavelength
Y
% /4'/ "Stokes" Component
- "Anti-Stokes* Component
O | stongly Temperature Dependent Weakly Temperature Dependent
c ~~
Brillouin Bands
/4
77"
Raman Bands

Heat as a tracer 5|24
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Distribute Temperature Sensing

e up to 30 km long

e resolution: 1m
3min
° accuracy: 0.1°C
'i"U Delft Heat as a tracer 6 | 24




Examples (qualitative)

» Determination of seepage in a polder

Amstelveen i 2

Seepage

\ i

pumping station

Bovenkerkerpolder
-5.2 m MSL

Amet&l -074 m MSL

'i';U Delft Heat as a tracer 7124
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Examples (qualitative)

» Determination of seepage in a polder
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Examples (qualitative)

Source unknown

1 2 3456 7 8 9 10 111213 14 15 16 1718 19 20 21 22 23 24 25 26

Gemaal Koppeling Overstort Koppeling Koppeling Overstort Koppeling

Source unknown

'i"U Delft Heat as a tracer 9|24




Examples (quantitative)
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Examples (quantitative)

e Maisbich
Lateral Long Short Latent Sensible
in/outflow wave wave Heat Heat
|

Water

Advection Advection

'i';U Delft Heat as a tracer 11|24




Examples (quantitative)

e Maisbich
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Examples (quantitative)

Mass balance
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Examples (quantitative)

Temperature £C)

g5 90 95

100 105 M0 115 120 125 130 135
Distance (m)
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Propagation of errors
Q To T, Ty +T,

U,

Q_d ) Tu1 o Tu2
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Propagation of errors
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