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ABSTRACT ~

Flow measurement in sewers is often based on
measurement of water level Wiﬂ1conversion to
Jdischarge using assumed wvalues of roughiness
coefficient and empirical formulae. Thls is
adequate for operaticnal purpeses but when

research data are needed, the theoretical rela-
tionship must he ~onfirmed by actual measurements.
Dilution gauting technigques are available for

such imeasurement but normally require operator
attendance. High flows in storm sewers are short-
livei and not easily created artificially: they

can only be gauged by the dilution method if the
operatiocn is automatically triggered by rising
water level. Suitable equipment is available but
has not previously been assembled for the specific
purpose of estimating ‘instantaneous flows at short
time inte *31lé. A prototype apparatus has been
developuu .. the Institute, installed in storm
sewers at Stevenage and Bracknell, and found to be
mechanically and electrically feasible. Gauging
results are, however, mixed. Comparlson with ,
theoretical and flume-measured flows at the two
sites has highlighted various practical problems
which lead to pessimistic conclusions regarding

the viability of automatic dilution gauging as .
routine approudch to stage-discharge c.qu.bruL.L o Of
high flows in storm sewers. n '
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1. INTRODUCTION

The accurave measurement of discharge from a sewered catchment is
best achieved by a conventional flume or weir at the outfall. B8ut,
©van when the cutfall is not too far from the point of interest, the
construction of a gauging structure is often impracticable and always
oxpensive, However, research engineers frequently need to measure
discharge within the existing pipe or culvert system. As it is
rarely feasible to construct a suitable in-pipe control structure
{unless this is done during the original laying of the sewer), the
usual approach is simply to measure water level in an accessible
section and to assume a unique relationship between that level and
the discharqge. The relationship is usually based on traditional
formulae but these require pipe slope data and the estimation of
roughness coefficients. Slopes may change at the point of measurement
and roughncss estimates can be rather subjective. 1In recent years
enginecers have returned to direct methods of fluw measurement but with
the aim of calibrating the stage-discharge relationship rather than
providing o continuous record

Dilution gauging is a well established technigue of flow measurement
(B.5.1., 1964; W.R.A., 1970). and has been used for stage-discharge
calibration of sewers (Blakey, 1969). The usual method, however,
requires the manual addition of tracer to the flow followed by manual
sampling at a downstream site. 1In foul sewers it is possible to
predict when any particu’ar discharge will occur and manual methods are
satisfactory. 1In comblned and separate storm sewers it is unlikely
that a gauging team can arrange 'to be in position when large flows occur
as such flows are due to ralnfall and rise within minutes rather than’

hours.

It is rarely possible to introduce sufficiently large artificial flows
+o achieve a useful calibration so that there is obviously a need for

a fully automatic Jilution gauging apparatus to come into operation
whénever natural discharges of any predetermined magnitude are exceeded.

Such systems have been developed elsewhere (n5tably, in this country,
by Tucker 1974, '1975) but a fully automatic and portable package
designed specifically for calibration of the stage-discharge relation-

ship is not yet commercially or otherwise available. This report

describes the development and testing of a prototype apparatus by the
Institute of Hydrology for the Hydraulics Research Station under

contract No. EM/3/75. .
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. - DILUTION GAUGING METHOD 1IN STORM SEWERS

The theory of the dilution gauqging technique is weli known., 1n the
constant rate injection method, {racer solution is introduced at a

into the river. 1€ Cl is the concentration of- tracer

. . ) - ‘ ) Vi + 1]
iniectea at the rate q, €. i1s the concentration of tracer sampled from

constant rate

-

pipe flow Q@ .ind CO is the background concentration of tracer, then,

if the flow is constant (steady state) lonag enough for the equilibrium
to he reached (time te 'plateau') and mixing is thorough, conscervation

BN R L
te o . *
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Injection can also take the form of a pulse, with sampling timed to
encompass the passage of the pulse at the Jownstream sito. This
nethoa, used by Tucker (144, 1470), will give an average value of Q
during the sampling period which snay typically be five minutes.

- Because storm sewer flows are rarely constant the continuous injection

technigque with 'grab' or instantancous sampling at reqular intervals
is more appropriate for the required purpose of relating specific
measurements of level and discharge.

The above equation is valid only in steady stite conditions, so a

ccorrection must be made for changing fliows.,

Gilman (1975, 1977) has propousced a residence time model which may hoe
used to derive formulae for the estimaticn of the errors in gauged

flows through a given hydrograph. 1t rzlies on a knowledge of (i)

residence time distribution, which may b determined from the response
to an instaneous input of tracer, and {(ii) the manner in which this
distribution varies with discharge.

Price (1976) has proposed a diffusion model based on dispersion thedry.

i} The model uses Amein and Fang's implicit method (1970) to solve the

St Venant equations for long waves in open channels in conjunction
with the dispersion {or diffusion) equation. Like Gilman's method,
the model may be used to produce estimates of the error in calculated
discharae from the above equation. Both models rely on the change in
flow rate being smooth and slowly=-varying. The term 'slowly-varying'
is a relative one, and the change in flow rate may be taken to be
relative t¢ the mean residence time (or the average travel time in the
reach) . The likely order of magnitude of the mean residence time for
sewer gauging is of the order of 3 minutes as compared to one hour in
river gauging; and. thus much greater changes in flow-rate may be
tolerated in the dilution gauging of storm sewers. Fortunately, large
concentrations of tracer (or tracer-like elements) are unlikely to be
present in the background flow. Sometimes a single measure of background

o 1 ’ i
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installed near the outfall of the
and the second set at the outfall of the Wildridings catchment at
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suffice but it is better to sample throughout the
the background concentration varies markedly

The thorough mixing of tracer with the pipe flow is not usually the

storm sewers that it is in rivers. The turbulent flow

Thie:

should not be difficult to satisfy.

3. INSTRUMENTATION . N

g
vrototype apparatus have been installed. The first was
Shephall catchment at Stevenage in 1977,
in 1978 is common to
installations,

The lavoat, shown in Fiagures | and 2,
and features:

Three sanplers - Automatic Niquid Samplers Ltd

ii. Mariotte bottle
iii. Magnalateh valve and switching circuit

Level measurement device

iv.
Va Recording device - Microdata logger.
fi

Sampler . FIGURE 1

24 samplas Mariotte _

i 2 hours Inpat Rottle

Pl
¢ Output Pluy Upstream instrumentation

Magnalatch
Oritice

Vdalve

. rL ; B! e ,
e . .

Valve Switclung
Citcuit

Downstream _ e .

1: - UPSTREAM  INSTRUMENTATION |
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e |
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FIGURL 2. DOWNSTREAM  INSTRUMINTATION
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2.1 Samplers

i

The samp,lers chosen were the Automatic Liquid Samplers Ltd. (dBE
vacuum samplers with 249 bottles (Figures 34 4Y. This sampler has
proved to be reliablic an many applications. An o important reascin for its
selection is that by using cne of the clocks available a sampling
interval 'of Z% minutes could be obtained. This was considered desirable
in the rapidly changing flow situation which occurs in many storm
sewers.  This could not be obtained by any other sampler that diag not
require mains power. (N.B. The upstream or background sampler is sct
i to a five minute interval.) The sampler reguires very little eiectgigal
- _ power: the smail, rechargeable batteries need only be replaced after
three or four gauaings.
: + IR

./ One disadvantage is the need for individual sampling linew which, 7. .

Y when hundled together, represent a significant. intrusion inte Chee €1ow |
of water and at high velocities need to be anchored securely 1o ensures
good sampling.

; i s B

An important criterion in the design of the samplers was that ali the

camplers should 'he interchangeable as far as possible, and so with

this in mind all the samplers include identical moditicat:ions. The
samplers normally provide input and cascade plugs (DIN conAcéctions).

Each sampler was modified to include two additional plugs, namely,

the loaager and output pluas. The different pluas rédrform the fellawing

functions.

L INPUT PLUG: This plug is used for the remote operation of the sampler.
Whenever there is a short circnit or rlosed switch across this

plug and the switch inside the sampler is set to 'external!, .
L . o .
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the sampler can either 'hold' itself on regardless of the change
in water level or stop-and-start depending on the water level.

CASCADE PLUG: This is a standard plug, which is connected to the input
plug of a second sampler, and can be used to start the operation
of the second sampler once the last sample has beecn taken from the

first sampler. #Hence any number of samplers can be chained together

in this way.

LOGGER PLUG: This is a medification to the basic sampler and provides
a two-volt signal between tne 1lst and <ith sampie; this is sent to
the Microdata logger and thus records the time of start and end
of sampling. fThe signal is provided only when the sampler is in
cperation.

OUTPUT PLUG: This plug is also a modification to the original sampler
and prrovides for coperations to be performed in parallel with the
sampler. This is done by providing a closed switch whenever the
sampler is in operation. At the upstream site this is used for
the injectivi wf 1racer wnencever the samplier 15 optratitnal. At
the downstream site it is used to trigger the upstream sampler
by connection to its input plug.

3,2 Mariotte bottle

The constant rate injection device ics the Marictte bottle. The method
of operation of the Mariotte bottle can be seen in Figure 5. The
Mariotte bottle is simple with no moving parts and there is little

that can compete with its accuracy. Provided the orifice diameter,

the head h, and the viscosity of the @ 1id do not vary, it will provide
1 constant and consistent flow rate. Because the apparatus is
installed underground there is minimal temperature variation and
viscosity changes are insignificant.

foiter Cap N . . Arr inlst FIGURE 5
— ———— 1
; p——
PL Mariotte bottle
|
|
|
e Gight Tutie
|
o |
h{ Magnalatch Valve
1 .
[ N o Onitice

to The conslanl  head 1
q - The ctonstani dischatge

FIGURE 5  MARIDTTE BOTTLE

o Ca
~

w

The head, h, must be constant if the bottle is to reproduce a constant
flow rate, so care must be taken that the Magnalatch valive added to
the Mariotte bottle to control the flow does not move. If the valve
or the orifice has to be shifted then the flow rate from the bottle
shouid be re-established. | ;

The bottle constructed was of a reduced capacity {only 15 litres)
compared to the norm21 IH 50-litre bottle which is far too large to
operate in the confined space cf a manhole. The 15-litre bottle -
provides enough solution for a two-hour gauging, the duration of

operation of two downstream samplers working in series.
i

To make the Mariotte bottle as 'standard' as possible, it was constructed
with a sight tube. This was later found to be a mistake because the o
bottle is sufficiently transparent to check the lzvel of the contents "
1r4 +he tybe Anly made the bnttle more fracile and prone to leaks.

The flow rate from the bottle can be checked by weighing a timed
release. When this is done it is important that the discharge from
the Mariotte bottle should have stablised. (The flow from the bottle
is constant only when the bottle is bubbling - that is, when air is
entering through the air inlet to replace the liguid released.)

3.3 Magnalatch valve

t

The valve originally chosen to switch on the injection of tracer from
the Mariotte bottle was a simple solenoid valve. It proved to be most .,
unsuitable however as it consumed a heavy current which heated the . o
valve and the water, and a constant flow rate could not be maintained.

The Magnalatch“valve draws no current petween switching. A pulse
on one input will open the valve and a pulse on a second input will

 close the valve., The valve is very economical on power, does not heat

up and remains locked open unaffected by small changes in the power
supply. The only disadvantage is the small amount of electronics
required to provide the switching pulses. The circuit for-the control
of the valve is given in Appendix II. | 3 G ’

3.4 Water level measurement o

I
‘i . i
Lo

Some water level measurcment’Ge 753 "wil) be necded whenever dilution
gauging calibration is carriod“&drﬁg“iﬁ’many cases, a suitab'e instrument
will :lready exist. At Stevenage there is an air displacem: .t (Arkon)
gauc + producing i graphical record. .. But there werc some ¢ .ubts
concerning its accuracy and a Manning dipper - a water surface hunting
device - was installed in parallel. This, too, posed problems but,
btween the two instruments, a consistent record of water level was achieved.
Because the dipper is simply one of several alternative level measurement
devices which are needed before and/or after the dilution gauging
calibration is performed, it is not normally to be regarded as part

of the apparatus. In the Stevenage system, however, it providés the
trigger which activates the system. At Bracknell, the installation was
immediately upstream of a standing-wave flume (constructed by Kent
Instruments) . Depth was already being measured in the existing stilling

i
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Ceireuit is

hasin to';_ ~hiich was added a float switch for triggering the dilution gauging
apparatus -

3.5 Recox-Ading device - Micredata logger
The recorc@ ing device is nceded mainly to record water level, but a

further ac@vantage is that other information such as the triggering of

the smples can be recorded with good synchronisation in time. This may
not e essSential in a final design when it may be possible to align stage
and flow iy drographs by reference to their peak: and troughs. However,
exXperionce  has shown that it is desirable to have indeps ndent assurance
of relative timing, |

J The logger-  is manu facturcd by Microdata and stores data on cassette

tapes, 1t records voltage levels on up to tweive chaunels at a ,
predotonnxnod scanning interval (ONC Wlnuld ferc}.  viaay feur channels

are used i.33n this :I.ppllc,at.lmu, wates level deing recori:d on three

channels (one 'coarse' potentiometer ang two 'fine! ones) while the fourth

records a two-volt signal (turned on by the opening of line 1”and turned

ff by e mpening ©f Tine 24) to indicate the npovating time nf the
sampler,

!
g

4. INSTRUMENT OPERATIC

rhe diluti <on gauging equipment is actlvatm. by oa clot;ing switch at

the downst ream site. The closing switch is provided from within the
dipper 4t Stevenage and by a float switch suspended into the stilling
pasin aLBracknell At Stevenage the switch within the dipper is

closed by & cam fixed to its coarse potentiometer. The coipleted
comnected te the input plug ¢© the No. 1 dow]fueam sampler.

The samplexs can be r)perattxz in two modw,. hey can be operdted 50

that once t-he level trigger has hee' shut and the samg 1-‘rs activated,

then the gauging will continue re.gardluqs of any fall in flow (it will

be 'held') oy alternatively, the gauging can be swits ned so that it is
only Ihope ration when the level is above the trigme¥ing level ('normal').
There (sa ‘*hold'/'normal' switch on the outside of the sampler for this
purpose (Figure 3}, Experience suggests that tit first option .is the mére

appropriste e

Once the samplet downstream has been activated, the output plug will
provide a © losed circuit, and since this is connected (via cable laid
up the pipe) to the input plug of the sampler, upstream, .it too. will
start oper&tion., Once the upstream sampler has started,;its citput

| plug will provide a short circuit and. the Magnalatch valv sthchlng

._cxrcultmll open the valve on the Marlotte vess;l fur the uajectlon

‘» .
,\ ‘. Y] 3

. 11\ Sy
n

e : :
L Vi .‘r

‘ }u . . AT S ) '_s“f_'

nont

of tracer. In this way the instruments are chained so that all are
operating together. '

Whenever two samplers at the downstream site are in use, the cascade
plug from the first sampler can be connected to the input plug of the
second; when the first sampler has finished the second sampler then

automatically commences operation. Alternatively, the two downstream
samplers can be operated in parallel to provide a check on the mixing

ot the tracer.

Figqure 6 is a view of the downstream installation at Bracknell, The
samplers are mounted over the throat of the standing-wave fiune, and thc
sampler tubes are brought back to a posltlon on the walls 3 m upstream

wi the throat.
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5. FIELD TRIALS uncharacteristically low tracer concentrations, This problem was
jdentified as being associated with the adsorption of the iodide
tracer on to particulate matter in the samples. The quantity of
suspended matter varies greatly from one event to another and also
hol Kesults from 1276 experiments during an event. The 'first flush' e’fect may explain why the results
' during the rising limb in storm A5.5 are erroncous while the falling
puring 1976, one sct of apparatus was installed at Stevenage.  Mechanical limb seems more reasonable.
details of £ixing brackets and shelving used for the installation of
e puipnent will vary from site to site and are omitt ed here except To investigate ﬂ“‘ adsorption phenomenon further, an adsorption test
Lo sLress the importance of anchoring the sampling tubes firmly to the was carried out on a sample which contained a greater than usual guantity
walls and invert of the pipe. 1In any procedure involving highly of suspended matter; The results of this test are shown in Figure 7.
semrytp rhemica] analveis it 18 obvionslyv o important to observe
mtionlois standards of cleanliness and procedure in the field, i
apendix’ TV details the procedure currently beina uged and has been ,
subjeet o continual refinement in the light of experience. Laboratory
analysis procedures are not described in this report but the success 1.004- —— ———
2 Ll by st ab o oa PHTPIRY L.Al.la\_-u_n.. weie i Tha :.“,3‘2“ Wit 3:'}'4"' oirhe """’."f.l"“ . 1 '
feetion suyyiied the necessary expertise and cquipment . W 45
. - . gz ao} . 2
" ! ] g
c SThe Shephall catchment at Stevenage is a 162 ha catchment, 35% of - ) =
whieh je careidered o have an impervious surface. Water level is . : 85 |
measured, Ly both the Arken and dipper instruments, ar the last .f..i aol °
manhole boefore the cutfall Lo the Bragbury Brook. The twe downstrean -é%- o o
semplors, 1 series wele also sited here.  The injecticn i the sodium g g - r— Toave |m1.m {,mmfl) ‘-811::; (qmrl) Ic.mm _]
R 1,;7:31'(30.:"101111" Lon as tracer took place al Lhe next Dalboie, 45/ W upstread. : ~ mﬂ_' K zws T a;;nmmﬁﬁ_.__""m\um Sampie \ o]
. ‘ . _ o y ‘-"_-'-_3 | A 560 | approx 0 | sample j % 3 :
.+ The equipment was installed and began working in August 1976. The first Z|E e 3 75 approx 1117 sample ‘ \ 4
’ "‘.;::"E“fwo monthis of field trials were occupied by debugqging the instruments. . R LI approx_ 20 sample —
‘_\;\}md cstablishing ficld procedures. During November and Decemboer, however, b0k
" R Sfive qaugings were achinved. The results are shown as Figures A5,1 to " 59k
AZ.5 it Appendix B. Each figqure shows the cbserved water level taken
. from the Arkon recorder.:.: Despite earlier concern it appears that the 001 - 51 - 0 05 .
| two depth recorde ers. dre 1 good agrecment up te 200 mm (the five uverits Time T {m days) ’ I
;¢ - are witliin this range.  The stage hydrograph has heen converted to '
 theoretical discharge using the stage V discharge rating curve doeveloped FIGUF!E 4 ADSORPTION Ttbll '
© ! by Colyer (1976A) and, on cach figure, the plotted points !.’Elatl_ to ' v _ ,,‘:,;,,,.
dilution gauging results. S | S o . j,l ' o ' | -
- This test shows that. Lhere“‘i'fi..",':;,)}{:-rucial_nlu adsbrption of iodi-de on |
. In two cases (Pigures A5.2 » A5.5 in Appendix V) ¢ correction has been suspended matter in the typical samples centaining relatively large
made to the dilution gauged discharges based on the models pr.osed by solids concentrations. Some of the iodide fall-off occurring late in
SGilman.(1276) and Price (1977). The estimated error was calculated from ‘ba*nplcs, 1 and 2 could also be due to partial, oxidation of the iodide,
the theoretical discharge in both cases. Note the agreement in error a.reaction which can be aggravated by sunlight, These preliminary findings
P pxedntmh between the two models. From thls point on, the Gilman model sj’i'oulld not be ihterpre-ted as suggesting that -“a‘dsorption of iodide is a
onty has been used in estimation of the corrected discharge. In the 1977 " universal problem for its use in dilution gauging. Neal and Truesdalc B
“and 1978 results, a correction has been made by the method (@scribed, but o £1976) have conc]udod that sorption of iodide on riverine sediments should .
the error values are not shown. The results presented in the five figures = n'f-}‘ generally cause significant error in the dilution gauging of natural '
are inconsistent but, on the whole, show fair agreement between the water courses. A 150 U filter is being .incorporated to reduce the e
M theoretical and dilution gauged flows. In one case (Figure Ab5.1l), the quantity of suspended matter in the samples. This will not screen all o il
dilution figures are marginally lower but in the others the theoretlcal *he sediment and. carc must be taken té ensure Lhat this filter does not
discharge could be underestimated. There are such cbvious érrors in sult in cross-contamination between samples,.
"Figures AS5.4 (the whole event) and A5.5 (the risisng limb), however, that )
~ ' . there is.clearly a substantial problem. All the obviously erroneous * . Tiw. chief conclusion from the’1976 experiments was that lithium chlorlde_ |
resuits c:p:)ear to be overestimates of the flow recuiting irom ; . - fmight be a more suitable tracer than sodium iodide for dilution gauging R
e : W ! ’ oy
ol . w;,‘su 5 .‘,'
1 b t-‘w "J s ! . B . IO S
) b L / . R
“ ' Py - 4 ‘ . s SV w'i‘ i Lo




- in storm sewers.

Lh pecond stl ot apparalus was
‘Bracknell, where the downstream gauging site is just upstream of a standing

- The absolute values are in error,

_(C) Due tc the faco

A more rigorcus examination of the tracer preblem was
therefore initiated.

5.2 Results from 1977 experiments

During 1977, the Stevenage experiment was continued as previnusly, but
with the added feature of a standing wave flume sited at the outfall
(some 100 m dewnstream of the 'dilution gauging site). This allowed
greater confidence to be put on compariscn between dilution gauged and

observed flows.

. . - . - . _ o . - - . .
instailed in the wWildridings catchment @t

he catchment is

wave flume and the injection nwoint is 77 m upstream.
approXimately 11 ha in area and thus has a shorter response time than

the Stevenage catchment.

The question of tracer suitability was studied in detail by the Institute's
Hydrochemistry Section but not as a part of the HRS contract. Reported
by Neal and Jordan (1978), this work supports the preliminary findings

e ure

mentioncd in the rrevicus soction, and it was decided henceforth

lithiwm ckloride as a tracer.

Satisfactory zautings wore okl tained for five ovents atr Srevenage
(Figures A5.C to AS5.10 in Appendix V) and for two events at Bracknell
(Figures A5.11 and a5.12). The reliability of the instrumentation was
slightly worse than the previous year. In cach case, the oilutmn
gauging estimates have been compared with flume-measured discharges.

A number of conclusions may be drawn from the results:

(a) In the majority of cases, the dilution gauging results produce a
consistent profile which matches the profile of the observed hydrograph.
and the reszduals tend to be a constant
proportion of the measured discharge at all pcunts during an event,

This suggests either an incorrect estimate of the tracer 1n1cction rate
(which directly affects the estimated discharge) or contammaticm of

the downstream c,ampleq in a systematic manner.’

(1 The injection rate is estimated by taking a S-minute eample nf '

injected tracer when the Mariotte bottle is full. This proved

satjsfactory when sodium iodide was used as tracer and also under .

lahoratory conditions using water. - However, tliere is now evidence to
suggest that the column’of lithium chloride solution has a chemical
effect ©ither on the brass nozzle assembly of the Mariotte bottle or on
the incside of the Magnalatch valve. The observed injection rate has

varied through the experimental period for the Stevenage system (a

similar plenomenon has been ohsecrved at Bracknell) and has tended to

decrease with time.

+ that adsorptit..n manifests itself in a random fashion
suggest that the adsorption rrnblems

*te yeogtzles

‘luri ..JGLAutJ¢L, o SUL..“:., A_a'

‘associated with the use of sodium iodide in 1976 appear to have been
“eradicated by the change to lithium chloride.

o

(d) Results from Bracknell demonstrate that the choice of distance
betweer, dosing and sampling can be delicate. Errors due to gauging

in varying flow vary linearly with the product of the mean residence
time in the reach and the decay rate of the recession (or the growth
rate of the rising limb). In the case of the Stevenage experiment, the
catchment jis approximately 150 ha and the decay rate is such that errors
due to gauging in varying flow are not high. 1In Bracknell, on the other
hand, the catchment is about 10 ha and relatively high decay rates result
in considerably higher errors despite the fact that the gauging reach is
shorter (77 m rather than 137 m). 1In the Bracknell case, these errors
arc about as high as might be tolerable for acceptable accuracy of
measurement, and yet the mixing length is minimal. 1In catchments of the
size of Bracknell, it will prove necessary to pay careful attention to
the 1ength of gauging reach to ensure a satisfactory trade—off betweel"

Sixing and accuracy.
!

The 1977 experiments demonstrated two main areas for urgent attention.
Firstly, the mixing of the tracer needed to be examined by putting the
two downstream samplers in parallel. Secondly, the field procedures with
particular respect to the estimation of the injection rate and the
possibility of contamination in the sampling tubes, needed to be

 examined in greater detail. |

5.3 Results from 1978 exp"'.s‘-?i'inents

Dilution gauging continued at the two sites during 1978. The main

feature of the year's programme was the marked reduction in reliability
of the apparatus. The sets of instrumentation contain so many inter-
dependent components that a considerable loss of data might have been

expected (breakdown of one component is enough to invalidate the results.

The increase in system malfunction compared to the previous two years
has two possible explanations. Firstly, the equipment (particularly
the electronics) has aged - the two sets have now reached a state where
a complete overhaui is a minimum requirement ({including replacement of
all circuitry). 1In fact, these two sets of equipment have been -
installed for two and three years respectively, almost without a break
which, bearing in mind the harsh environment, could be the maximum
expected life of the 1netrumentation The second likely ‘cause of 'the

- decrease in reliability is assoc.iated with the experience of the staff
involved in the system maintenance.‘

The equipment is complex, and it

is vital that the maintenance should be undertaken by staff who are
committed (in terms of priorities). and experienced (at least in the
tvpe of work and preferably in dilution gauging itself). Such staff
requirements could nct be met during this year and the quality of the

data sufferea accordmgly. , l
y ) R ) \ b

A

The major alteration in staff practice has ccncerned the sampling lines.
A close inspection shéwed that the lines retained a lot of particulate
matter (and some even became. blocked) even after a single gauging. A _'
more vigorous approach to this aspect of maintenance was adopted, andr
the tubes were flushed wit:h a high-pressure water- Jet after each ;

i3

[ R
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research,

gauging. The cause of the decreasing injection rate was identified as
corrosion of the inside of the Magnalatch valve, but the method of
estimation (see App IV) was confirmed to be satisfactory.

The difficulties described ahove have resulted in only one satisfactory
gauging {(Figure AS5.13) from the Stevenage experiment and two satisfactory
gaugings (Fiagures A5.14 and A5.15) from Bracknell. The reduced number

of satisfactory gaugings is anfortunate because these successful gaugings
suggest that the problems of the previous two years have been eradicated.
In particular, the use of the two samplers in parallel was found to be

an 1mprovement.. It had been rare to need more thian 24 samples at
2-minute intervals whereas the pairing of samples (Figs A5.13, A5.15)
gives increased confidence in the resultis.

6. CONCLUSTONS o

The primary aim of the rocvaieh anld development werk dosoribed o this
report was to produce a portable apparatus which could be deployed to
define the stage-discharge relationship in existing storm sewers. It

was hoped that it would then be possible to 'rescue', for hydrological
records of water level which had previously relied on an assumed
roughness coefficient for theoretical conversion to flow.., This would
require the apparatus te have been thovcughly tested against traditional
flow measurement systems and fo have been proved accurate and reliable in
different situations. We have failed to do this for the following

reasons:

(i) pilution gauging is a specialist activity. Even with manual methods
it is important to follow rigorous procedures, applied in a cramped and
harsh environment, to cnsurc no contamil.ition, Considerations of m'ixing,
constancy of injection rate, storage of .:mples, and the analyses
themselves, all require:expert attention which is not always available.

(ii) The electronic system of chaining each operation in series
worked well at first but showed an increasing failure rate with time
due both to corrosive detericration and to diminished enthusiasm on
the part of the servicing technician. -

Despite these drawbacks, which suggest to us that automatic dilution
gauglng 15 unlikely to be marketable as a viable package for use by
the englm.er in the street’', it is possible to obtain good results
under the ideal circumstances of having thoroughly cleared equipment
serviced by a dedicated technician. One further modification to
improve the confidence with which these results are interpreted might
be to log accurately the time of each sample. Although the number of
successful gaugings was rather small, it would seem that, i1f all the

L

\

\

f

necessary resources of equipment and expertise are available, 1t is
possible to establish a stage discharge relationship which is preferable
to that based on assumed roughness values. :
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APPENDIX 1

EQUIPMENT SUPPLIERS

ii

iii

iv

Sampler
Automatic Liquid Samplers Ltd

Automatic Liquid Samplers Ltd

Unit 11
Berdcon Industrial Estate
Borden, Hants GK34 9HH

Magnalatch valve

Skinner 12V Magnalatch valve
Arca Controls Ltd

Queens Engineering Works
Bedford MK40 4JR

Mariotte Bottle

from Insiitute of liydrology workshop

4BE sampler '

,"7 7’ i
Pulse generating circuit for Magnalatch valve

from Institute of Hydrology workshop

Ve
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APPENDIX 11 Circuit diagrams

1. Pulse Generating Circuit for the Magnalatch valve.

This circuit {Figure A2.1) is used to control the injection from the
Mariotte. The circuit has two inputs, a 12 volt power supply and

a switch input provided by the output plug of the upstream sampler.
Whenever the output plug provides a short circuit (that is when the
sampler is opexrational) this circuit sends a pulse to open the
Magnalatch valiwe. Conversely whenever the output plug goes to open
circuit a pulse« to shut the valve is transmitted.
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FIGURE A 2.1 PULSt GINLRATING CIRCUIT FOR MAGNALATCH
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2. Sampler Circuit

This circuit (Figure A2.2} controls the operétion and triggering of

Cswitch Avo
Cas supp

.each of the ":3e

samplers.

The input and cascade plugs, the control

yttom microswitch are standard fixtures in the samplers

o output and logger plugS.

the HOLD switch {(marked M-T

£2.2) and the relay were appended by the IH Instrument
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APPENDIX 111 Cagpital cost of equipment

Estimated capital costs for dilution gauging and equipment - October 19276.

£
3 x Nerthants sampler complete 3 % 36b 1080
+ surcharge for non-standard clocks : 2 x 10 30
vk Maristte hottle (IR Worveshor) arnprox. 100
Magnalatch valve 10
Switching circuit for Magnalatch (IH Workshep) 20
Fv+tra hnttles for exchanoe of samnles 30
Sparc nickel-cadmium batteries ' 20
Cables and extra connectirng plugs ‘ 20
TOT Al L3210

- . - - S - I PR U N R o
i Uiresiaol LRO L WU o L e 24

system.

‘‘‘‘‘‘

i

_batch of solution should be made up such that its concentration is as

After the solutidugi mixed, the bottle, together with all its tubing, by

the downstream site with concenuvated tracer solution.

21

APPENDIX IV Fie!d procedure

1. Preparation for field visit

i.1 Check list ¢f equipment

A. new set of bottles for each sampler, thorougnly rinsed, dried
andé capped. .

B. caps for bottles in the field, rinsed and dried.
C. fully recharged nickel-cadmium batteries fcr the samplers. .
D. bucket and rope to lower equipment into manhole.

E. replacement tracer in 15 litre container, with appropriate
tubing. Sy : .

. F. container of fresh water for washing sampling tubes, with
freshwater tubing.

G. Allen key and screw driver to adjust triiygering level.

H. plastic container and watch to test the injection rate of
Marictte bottle. |

1.2 Preparation of tracer.

The tracer should be prepared in the laboratory at the correct concentra-
tion and taken into the field in bulk. The concentration to which the
solution is prepared is dependent upon the maximum flow one expects to,,

measure. te

Bungs seal much better than the’ screw tdﬁs normally provided on
containers. To ensure adequate mixing in the Mariotte bottle, each new

lose as puc51ble to the concentratlon of the previous batch
should be washedﬁaown thoroughly The tubing should never be
disconnected from the bottie and the free end of the tubing always

closed. It cannot be emphasised too strongly that the tracer container
and its tubing should not come in contact with any other equipment.

2. rield Operation
2.1 The downstream site

Work should alwayc be carried ovt at the downstream site first. ‘If the
upstream site were serviced firdtj.there is some danger of contamlnatlng o

./.
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i

of the second sampler if there is one.
O.. .check that the
and activate sampler by raising trigger.
S. connect 'output"pluq to the upstream sitec

D. rinse the sampling lines and the tupes within the sampler with

fFroch water.,

F. rinse hands before touching the ingstrumentation.

replace campler batteries if reqguired.

H. adjust triggering level.

I. load the samplers with fresh bottles.

0. cvacuate the bottles.

K. check that the 'hold'/'normal' switch is in the desired position.

L. check that the

M. check that the

N. check that the

O. check that the

switch. inside sampler is in ‘pxternal' position.

sampling lines: are

'inpug‘.Lalug_ia.ponne¢§ed Lowth

{

‘cascade* plug.is‘connected to the

Ty

connec 1;‘,ed Sty tld

. B

e Laamp‘l or.

2 -
(Presuming that the cquipmeni has previously been activated i.e. there
are samples to be taken away) ‘

A rinse hands th.roughly, especially if there has been any contact
- with the tracer container. ,
B. remove the bhottles from the eanpler, caspipg ecach bottle as soon
as it is disconnected.
/ ' . . . . N ‘_‘ o ) ) ’ .!' N .lil"
o C. remove the bottles from the manhole. 5

E. force air through all the lines, particularly the lines within
Lhe Sampler, Lo minimhlisea dilution to tihe next Sampic.

TN
fr

e depth recorder.,

P. check that the 'logger' plug is connected to the logger.

R. disconnect the upstream site by removing the 'cutﬁut' ﬁlﬁg

1f the equipment hasinot been activated since the last visit'only-

sampler rotor arm is down.

* e

" items K through to § from the above list should be necessary.

- bung is gently replaced.

‘input‘ plhg

23

2.2 The upstream site

The upstream site should only be entered after work has been completed

The sampler at the upstream site should be treated in an

downstreanm.
Care must be

identical fashion to the samplers at the downstream site.
taken that the samples once removed from the manhole do not become

confused with samples from the downstream sampler.

The refilling of the Mariotte bottle with fresh solution requires the
utmost care to avoid contamination of the surroundings with concentrated
solution. In transport the container of fresh solution and its tubing

should not he allowed contact with any other equipment.

The container should not be lowered into the manhole. The bung on the
Mariotte vesscl should be removed and washed immediately in the sewer
f1ow and put aside.  Freeh eclution should then be added from the
container outside the manhole through the interconnecting tube, allowirg

all solution to drain from the tube.

- After sealing the bottle, solution should be run out until the bottle

The injection rate should be tested by collecting a timed

1s bubbling.
When

quantity of solution, which should be retained for later analysis.
replacing the bung in the top of the Mariotte hottle there will be a
tendency to force councentrated solution out of the air inlet, This can
be. avoided by opening the valve and letting solution run out while the
1f this is not done then the solution will

spread easily and contaminate the site.
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. " APENDIX V
) Figires il lustratjih'-j dilution
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