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SUMVARY

The design and construction of four experimental channels at

Q asshol me reservoir in Teesdale, U K are "briefly descri bed.
Basic calibration procedure is detail ed.

The problem of obtaining valid replication between channels is
exam ned usi ng published data obtained for previous experinents
inthe channels. It is concluded that replication nmay be obtai ned
by careful experinental design

The limtations of the existing configuration of pipework and
channel design are discussed and sol uti ons suggest ed.

Finally a list of the main conponents of the channels and suppliers
is appended for convenience. Alternative materials and suppliers

could well be found for nost itens.



I NTRCDUCT! ON

Experi mental channels were required in order to conduct controlled
experinents which were not feasible in the variable regi ne of natural

streans.

DESI GN

Four channels were constructed in order to replicate experinents
or to conduct various experinents sinultaneously. Each channel consists
of four 3 mlong sections constructed of a tinber frane with fibre gl ass
skin. A snooth-walled interior especially on the side walls was required
tomnimsewll drag. Amninumw dth of 1 mwas required, to reduce the
need to correct hydraulic paraneters for wall drag. Each channel is of
obl ong section 0.47 m deep.

Addi ti onal and wi der channel s woul d have been preferable but cost,
manoeverability, space and water supply restricted the design.

Ideally the channels should be of variable gradient to simulate
the various natural streamchannel gradients and to obtain greater control
over the hydraulic parameters of the channels. However, cost and the
need to conplete the channels rapidly resulted in each channel bei ng of
fixed gradient. The gradient (0.014) is simlar to that of natural
streans in Teesdal e.

A guar ant eed wat er supply of 6 nillion gallons per day (0.32 nt
sec) is available as conpensation fl ow fromQasshol me Reservoir to
the River Lune; with this discharge a maxi rumwater velocity of 100 cm

sec and depths of 10 cmwere possible in each channel.



In each 12 mchannel only 9 mis usable for experinments. Approximately
3 mare required for a stilling pool and baffle systemat the upstream
end to stabilise the flowand for a tailgate at the downstreamend to
control water-|evel.
Water is supplied froma manifold to each channel via pipes.
D scharge was control |l ed through val ves. After passing through each
channel water runs directly into the Lune as conpensation flow Metal
mesh traps at the foot of each channel retain experinental material.
Adj ust ment of individual channel valves allows less than 1.5 mg.d.
(0.08 n? sec™ ') through each channel. Additional water, surplus to

requi rements, runs to waste as overflow froma nanifol d.

COVPONENTS

Alist of the main conponents, a plan view and section of the pipe

wor k and channel s are appended (Appendix 1. and Figs. 1 & 2).

CONSTRUCTI ON

The scaffol ding support framework for the channels and pi pework
was built by contractors during Cctober and Novenber 1979. The assenbly
of the channel s and pi pework was concl uded by nenbers of the F.B A
and occupied 2 - 3 nenbers of staff from Cctober to January. The antici pated
time-scale for operations is given in Table 1 and the actual sequence of

events is sumarised in Table 2.

CAL| BRATI ON

The di scharge through each channel had to be calibrated agai nst

i ndividual valve settings. In practical terns it will always be quicker



and nore exact to calibrate channels for individual experinments. However
an order of magnitude di scharge rmay be obtai ned for known val ve settings

as descri bed bel ow.

Channel s are grouped hydrodynanically in two groups.
(1) Channel 1 and 2 numbered sequentially away fromthe wal I .

(2) GChannel 3 and 4 nunbered sequentially away fromthe wall.

i.e. [ Dovnstream

wall

manifolag lk—~—--—~—-—~

As the length of pipe differed between the two groups, 1 and 2, 3 and

4 were calibrated separately. Adjusting valves on 1 affects the discharge
in2, but not in3 and 4. Further, the relationship between val ve
settings on channels is non-linear. e.g. Channels 1 and 2 set with val ve
turns at 9 and 8 respectively will have simlar discharges. However,

this is not true for high and | ow di scharges e.g. to obtain constant

"equal " di scharge of 0.25 - 0.30 nf sec’*, Channel 1 would be set on

18 val ve turns and Channel 2 on 36 val ve turns.



Calibration equations and an exanpl e are given bel ow. Tail gates
were adjusted to give local current speeds of 1.00 m sec! with maxi num
| ocal water depth not exceeding 0.10 mfor maxi numdi scharge. Velocity
is afunction both of valve settings, tailgate adjustment and bed roughness
so that conplete calibration is not practical. Mean velocity is nost
appropriately determned for each experinent using the relationship
[ % where D is the depth {equal to cross-sectional area as chanhels

1 m wide).

Chamel 1

Q = 0.0186 log T5+0869 T = 0.93

Channel 2

1.7010 2

Q@ = 0.0200 log T r = 0.93

Channel 3

Q = 0.0240 log T1+7963 2 = 0.97

Chammel 4

1.7234 2 0.9

Q = 0.0239 log T
T = ¥umber of 180° turns on valves

- @ = discharge as m3390—1



Exanpl e cal cul ated val ve setting for discharge

Required 0.01 nf sec’! in Channel 2.

9
: ——t— = log T = 0.67
(0:01 1.701

0.02 /

Antilog = 4.63 val ve turns
O the nonogram (Fig. 4) read 0.01 on colum @ matches. 4.63 turns on
val ve using interpol ati on. Approximate valve setting (T;) on Channel 1

is also indicated as is the appropriate discharge Q

D scharge neasurenments were nade as foll ows:

(1) LowPlows. The stilling pool above the baffle was seal ed of f from

channel downstream W en the val ve was opened to a known setting the
vol ume of water accumulated in the rectangul ar pool over a given timne

peri od gave the discharge fromthe val ve.

(2) HghFlows. Awsalt dilution gulp injection method (Church, 1975)

was used to estimate discharges over a gravel bed at high val ve settings.
However this nmethod is not suitable when fish are present in the channels.
Wien fish are present the velocity is obtained by current-netering at
0.6Dinthe vertical. Velocities at this depth are generally representative
of the depth-nean velocity and may be used to estimate sectional discharge.
The channel width is divided into 10 subsections and velocity and cross-
sectional area are deternined for each section. The product of velocity

and cross-section area summed across the channel w dth gives the di scharge.



If it is assumed that the distribution of current speed with depth
is log-nornal in turbulent flowthen the von Karnan-Prandt| equation
can be used to estimate velocity at any point in the vertical as follows;
1nz=-§: U, + 1n 2
where Z is the height above the bed, X is von Karman's constant (0. 40)
U is the shear velocity and z, is a characteristic roughness |ength of
the bed material usually taken as dgs/ 3°, where dgs is the grain-size
dianeter of the bed material at the 65 percentile on a cunul ative frequency
curve. Froman initial measure of velocity at a given hei ght above the
bed and an estimate of z, velocity can be determned for any val ue of

Z.
EXPERI MENTAL GRAVEL

G avel used as bed naterial has been obtained fromboth private

and conmerci al sources (See Appendi x 1).
PERFCRVANCE

Wth all four channels in use some 0.04 to 0.05 nf sec’* can be
fed into each channel. The maxi numtheoretical supply 0.08 msec
cannot be supplied with the present pipework and nmani fol d syst embecause
of frictional |osses to pipe-bends and constrictions. If only one
channel is operated discharges of up to 0.10 n? sec’! may be achi eved with
secti onal averaged Froude nunbers up to 1.0. Supercritical flowis
difficult to sustainwith a stable bed and can be obtained only in the

lower 2 mof the channel by lowering the tailgate. Strictly uniform



fl owwhere the water surface slope is parallel to the bed slope is also
unattai nabl e as the bed sl ope cannot be varied. Velocities of up to
Q65 m sec’* are possible using all four channels and up to 1.0 msec™
using only one channel. Maxi mum average depth is 0.10 m

The mai n reason for using four channels is to replicate biologica
experiments. The crucial question remai ns whet her each channel is
hydraulically simlar to its neighbours. Possible sources of variation
bet ween channel s are, velocity, depth, substratum water tenperature
especi al ly as influenced by shadi ng whi ch increases fromchannel 1
to channel 2. In addition any biological material introduced to the
channel s should be of conmparable quality. CGtaway & darke (1981, and
unpubl . report, 1981) report on two investigations concerned with the
downst ream di spl acement of brown trout (Salno trutta L.) and Atlantic
salnmon (S. salar L.) fry by increases in discharge. To test the degree
of replication obtainabl e data have been taken for Gtoway & d arke
(1981) experinents 2 and 3 concerned with trout. In both experiments
significant correlations were found between the average nunber of trout
fry moving out of the four channels and the average velocity. Al though
the velocities used in each channel were not identical they are broadly
conparabl e at each velocity increnent. A one-way anal ysis of variance
(Freund, 1962) suggests that at the level p <0.001 there is no significant
difference in the velocities between channels so that hydraulically the
channel s were simlar. A two-way analysis of variance (D xon & Massey,
1969) was conducted on the instantaneous rate of trout fry | eaving the
channel s each day over a nine day or 10 day experinental period. This
gave a 9 x 4 or 10 x 2 matrix . The null hypothesis was that there was

no significant difference in either (i) row or (ii) colum data.



Acceptance of this hypothesis would indicate that (i) there is no variation
inthe rate of emgration day to day, (ii) that results are conparabl e
between channel s. For experinent 2 the analysis (9 x 4 matrix) indicated
that there was no significant difference fromday to day in the instantaneous
enmigration rate hut that individual channel data were conparabl e.
For trout experinent 3 (9 x 4 matrix) there was no significant difference
inthe daily emgration rates and individual channel data were not
conparabl e at the significance level p<0.001. In experinent 2, using
a l0x 2 matrix so as to include only data for velocities above a critica
threshold (0.20 msec™?) and fromonly the two channels used to obtain high
di scharge, the differences in emgration rate were found to be significant
whi | st the individual channel data sets were conpati bl e.

The conbi nations of data that can be analysed in this nmanner are
| egion as the experinental design and results expressed as instantaneous
emgration rates are quite conplicated. The anal yses do suggest that
infuture experiments particular attention should be paid to obtaining

valid replication between individual channels.

WATER TEMPERATURE AND DI SSCLVED OXYCGEN

A thernograph was installed 5 mdown channel nunber 4 (Fig. 1)
at the end of Cctober 1980 and run until the end of May 1981. In addition
nmercury thernometer readi ngs were obtai ned occasionally at the infall,
5 mdownstream and the outfall of each channel. There was no tenperature

di fference between channel s or along the channel |ength.



Intragravel water tenperatures at 7 - 8 cmdepth over the period
Novenber - May were not significantly different fromthe surface water
t enper at ur es.

Mean nmont hly tenperatures and the standard devi ation based on
daily tenperatures are given in Table 3. D ssolved oxygen concentration
was deternm ned by Wnkler analysis for sanples obtained on 25 April 1980

(Table 3) .

DI SQUSSI ON

The experinmental channels have proved val uable for controlled
bi ol ogi cal experiments which could not be conducted in the unregul at ed
flowregime of the natural streans. At present, physical experinents
on siltation are being conducted. Experinents on sedinent stability and
sedinent transport are curtailed at present by the inability to vary
the gradient of the channels. This linmtation reduces the value of
exi sting investigations and constrains the range of the hydraulic
"“climate" that can be investigated.

The configuration of the present pipework for water supply and the
necessity of using a nanifold to collect water froma gaugi ng plate
is unsatisfactory. The restricted space avail able for pi pework neans
that |ong radius bends could not be used in the pi pework. Consequently
frictional |osses to 90° bends and constrictions results in | ess water
bei ng delivered to the channels than is available. In addition using the
present pi pe configuration each channel cannot be operated independently

and conpl ete calibration is inpossible.
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To correct these short-comngs consideration should he given to

bui I ding one or nore additional variable gradient experinental channels

(of 30 mlength) with direct piped water-supply to each channel or to a

central manifold with an inproved pi pework configuration. This cannot

be done at the sane |ocation. The additional channels woul d need to be

positioned at a suitable adjacent site.

It should be noted that a relatively |arge guaranteed water supply

is available at this site, a supply which is unlikely to be easily or

cheaply supplied el sewhere. Full advantage should be taken to utilise

this "unique" supply efficiently.
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TABLE 1,
Qctober November
4th week tat wegk_Jii
Platforn  2/11/79 WWA
& maniifold indicates no
. complete. pipework
.aa available.
Awsling  5/11/79 FBA
pipe fron T
orders pipse
N.W.A. N N
. .delivery time
Baffle 3-4 weeks.
material Gravel ordered.
ordered &
designs
roughed
out.
January January
3rd week 4th-week
Calibration
of valves
to give
required
discharge, =
veloeity, 3

depths.

November
3rd week

November
2nd week

Yo progress possible, fieldwork

assumes priority.

Nbvembe:

4th week

Gravel should be delivered
before end of month i.oe.,

before any snow.

February February
18t wesk 2nd week

February
3rd week

.GRASSHOLME CHANNELS - ANTICIFATED ORDER OF EVENTS -~ TIMING WAS -OF NECESSITY ADJUSTED

January
1st week

Decenmber
4th week

December
3rd week

December
18t week 2nd wesk

December

'

Pipework arrives & ¥o progress anticipated

ingtalled. Scaffolding until 2nd week in

mads good by January.
Grayston's.Baffles

& traps measured

and commissioned

locally.

Febiuary March March*® March - Maxrch
Ath week 1st week 2nd week

3rd week 4th week

Oversplll period allowing for delays,settling down permod for
gravel, minor moalfzcatlonso -

Janvary
2nd week

Baffles
arrive and
channels
filled with
gravel

Allenétype experiments begin approx. March 1st.



TABLE 2. Approximate Sequeﬁce of Erection ~ Channel Construction.

2.11.79

| 19.11.79 -

20.11.79

30.11-79 ’

6.12.79
13/14.12'.79
7.1.80
8.1.80
14.1.80
18.1.80
24,1.80
25.1.80
28.1.80
29.7.80

Ehtimate obtéined for pipework. Delivery date
Planﬁing permission obitained.

Baffies installed in channels.

Tailgates installed.

N.W.A. supply valves.

Scaffolding constructed.

Pibework délivered to Grassholme

Channel sections positioned on scaffolding.
Gravel delivered.

Gravel put in channels.

Chute brought from Windermere.

End plates-bolted on charmels and manifold
Chute put in position.

Channels operational.

3-_12079.



TABLE 3. Temperature and Dissolved Oxygen

LY

Temperature :
090 - : Diesolved Oxygen 25 April 1980. : "‘_
X Concentration mg 1'-1 Pemperature 0°C

Nov 1980 6.26  0.65 i 12.71 6.5
Dec 3.85 0.37 i 11.34 11.0
Jan 1981 2,79 0.74 iii  13.32 11.0
Fgb 3.32 0.3 i 13.00 11.0
March 4.2% 1.08 i1 12.67 11.0
A.pri], 6.80 0.48 iii 11.76 11.0
Hay 8.1 0.5

(i) = infall to chamnel, (ii) = % m dowmstream, (iii) = outfall.



APPENDI X 1.

Conponents used in Channel Construction

1. Scaffold platformfor channel support - 12 mlong x 6 mw de and
1.4 m hi gh.

2. Scaffold support for manifold and chute - 3mlong, 1.5 mw de
and 2 mhi gh.

3. Scaffold to support pipework 9 mlong, 1.5mwi de and 0.60 m hi gh.
Al scaffolding and hoard wal ks on hire from G ayston G oup, Harwood
Wir ks, Thornaby, Stockton, develand TS17 7SL.

4. 20 Ghannel sections 3 mlong x 1 mw de x 0.48 mdeep. The nanifold
was constructed by adapting one 3 mchannel section. End plates
of mld steel, 3 mmthick, were bolted on each end to encl ose
1.44 m capacity. Two square outlets (30 cm) were cut in the base
and reinforced with steel plates. Channel sections supplied by
Poly-glass Ltd., 11 South Ed., Morecanbe, Lancashire LA4 5KB.

5. Steel chute to feed manifold. 2 mwide, 1.10 mlongwith 0.40 m
high side walls. Aflange 10 cmhigh and 2 mlong is welded on to
the underside to fit over a scaffold bar to |ocate the chute in
its correct position. Mnufactured at Wndernere |Iron WrKks,

W ndernere, Cunbri a.

6. Four steel mesh traps 1 mhigh, 0.5 mwi de and 1 mdeep required

to trap experinental naterial noving downstream Manufactured by

Barnard Castle I ron Wrks, Barnard Castle, Co. Durham



10.

11.

12.

Tailgates and steel end plates at inflow of each channel built
by Barnard Castle Iron Wrks.

Rubberi sed Hair Sheet to use as upstreambaffles to steady flow -
Hairl ok Ltd., Magna Works, Cathie Rd., Bedford, Bedfordshire.
Gavel. Tilcon Ltd., Northern Region Comrercial Ofice Quarri es,
Sherburn H I'l, Durham DH6 1PS. 20 tonnes narine gravel 0 nm-
40 mm (rounded pebbl es). 10 tonnes River Tyne gravel - courtesy
of Tom Buffey NWA

Pi pework. Tube 12 inch ( 30 cn) diameter Aass B - M astic
Constructions Ltd., Tyseley Ind. Estate, Seeleys Rd., Geet,

Bi rm ngham B11 2LP. (Supplied fromlocal depot at B.1.P. Ltd.
see bel ow).

Speci alist Pipework. British Industrial Plastics Ltd., Aycliffe
Ind. Estate, Darlington, DL5 6AN

1 x 6 mlength 8 inch straight

1 x 6 mlength 12 inch straight

2x12 inch/D90 LRB/ X - CS

2 x 12 inch x 8 inch D WR' x - F

2x8 inchh DACS - F

2x8 inch x 8 inchh DET/X - X - F

2x8 inch/ D90 LRB/X - F

4 x 8 inch 90° El bows

Al flanges to Table 'E Al pipe dass B.

4 Valves 8 inch (20 cnm) on loan fromN WA
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