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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procgdures used to develop this document and those intended for its further maintenance-gre
described|in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed\for the
different fypes of ISO documents should be noted. This document was drafted in accordance with the
editorial fules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention|is drawn to the possibility that some of the elements of this document may.be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patént rights. Detailq of
any patenf rights identified during the development of the document will be in the.Introduction andjor
on the IS{ list of patent declarations received (see www.iso.org/patents).

Any tradg name used in this document is information given for the convenience of users and does not
constitutg an endorsement.

For an expllanation on the meaning of ISO specific terms and expressiohsrelated to conformity assessmgnt,
as well as|information about ISO’s adherence to the World Trade Organization (WTO) principles in the
Technical Barriers to Trade (TBT) see the following URL: www:iso.org/iso/foreword.html

The cominittee responsible for this document is Technical Committee ISO/TC 113, Hydrometry,
Subcommjttee SC 2, Flow measurement structures.
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Introduction

Flow gauging structures are commonly used for the measurement of open channel flows. To operate
satisfactorily, these structures require a head difference to be generated between the upstream and
downstream water levels. At structures designed to operate in the modular flow range, an upstream
head measurement is used to interpret flow rates. At structures designed to operate in both the
modular and drowned flow ranges, the upstream head measurement is augmented by a second
measurement which senses tailwater conditions. The former type tends to require higher head losses
over the structure.

In
of
for
be
me

Fecent years, greater emphasis has been placed on environmental issues, including the free
Fish in watercourses. It is acknowledged that flow measurement structures, with their re
a head loss between upstream and downstream conditions, may inhibit the movement of
Come important, therefore, to consider ways of aiding fish migration without seriously affe
asurement accuracy.

migration
juirement
Fish. It has
cting flow
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Hydrometry — Low cost baffle solution to aid fish passage
at triangular profile weirs that conform to ISO 4360

egm face of

tripngular profile flow measurement structures to aid the passage of fish.

2 | Normative references

Thie following documents are referred to in the text in such a way that someZor all of thejir content
constitutes requirements of this document. For dated references, only thé edition cited applies. For
unfdated references, the latest edition of the referenced document (including'any amendment§) applies.

ISQ 772, Hydrometry — Vocabulary and symbols

3 | Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 772 and the followihg apply.
ISQ and IEC maintain terminological databases for usg,in standardization at the following addiresses:

—| ISO Online browsing platform: available at http://www.iso.org/obp

—| IEC Electropedia: available at http://www.electropedia.org/

3.1
diadromous fish
fish that migrate between fresh water and sea water to complete their life cycle

3.7
potamodromous fish
fish that migrate wholly-within fresh water to complete their life cycle

3.3
baffle
wdll or block attached to the downstream face of the structure to aid fish passage

3.
aerobicswimming
<fish> sustainable swimming using red muscles, which incur no oxygen debt

3.5
anaerobic swimming
<fish> time limited swimming using white muscles, which incur oxygen debt

3.6
riverine species
fish species typically found in and adapted to a flowing water environment

© IS0 2016 - All rights reserved 1
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3.7

structural head difference

SHD

difference in elevation between the crest of the triangular profile weir and the downstream water level
at a flow equivalent to Q95 exceedance

Note 1 to entry: Qgs is the flow that is exceeded for 95 % of the time.
Note 2 to entry: See Figure 2.

3.8
streaminlg flow
flow which occurs when Hz/H1 = 0,60, where

Hy idthe head on the downstream side of the baffle;
H1 i the head on the upstream side of the baffle
39

plunging|flow
flow which occurs when Hy/H1 is less than 0,50, where

Hy idthe head on the downstream side of the baffle;

—n

H1 i the head on the upstream side of the baffle

Note 1 to eptry: Values between 0,50 and 0,60 can be in hysteresis.

4 Symbols
Symbol Term Unit
b Breadth of the weir crestperpendicular to the flow direction m
h Gauged head relativeto the crest (upstream head is inferred if no sub-|m
scriptis used)
H Total head rélative to the crestlevel m
H1 Head onhetupstream side of the baffle m
H> Head(on the downstream side of the baffle m
L Distance from the crest to the front of the first baffle m
L1 Distance from the crest to the centre of the first baffle m
Ly 'Rounded up’ value of Lg m
L,y Maximum apron length m
Qo5 Flow that is exceeded for 95 % of the time m3-s-1
T Height of the first baffle m
Ts Height of subsequent baffles m
c Slot offset distance immediately downstream from the reflection m
d Distance between baffles, centre to centre m
p Height of the weir crest above the upstream bed level m
q Slot width m
a A spreadsheet tool associated with this document is used to design the layout of the baffles in accordance with this
document. A link to the spreadsheet is given. http://standards.iso.org/iso/tr/19234
When opening the spreadsheet, be sure to click on the “Enable Macros “dialogue box.
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Symbol Term Unit
f Offset distance between the position of slots in successive baffles m
SHD Crest level above Q95 downstream water level m
zL Intermediate variable used in the spreadsheet? to determine local
coordinates (left hand side) for determining the slot location
ZR Intermediate variable used in the spreadsheet? to determine local coor-
dinates (right hand side) for determining the slot location
dL Intermediate variable used in the spreadsheeta for calculating cutting
lengths for the baffles — left hand side baffle
dR Intermediate variable used in spreadsheet? for calculating cutting

lengths for the baffles - right hand side baffle

dofument. A link to the spreadsheet is given. http://standards.iso.org/iso/tr/19234

When opening the spreadsheet, be sure to click on the “Enable Macros “dialogue box.

A spreadsheet tool associated with this document is used to design the layout of the baffles in,accdrdande with this

5

Principles

Baffles are placed in parallel rows on the downstream slopifig'face of a triangular profile weir. There
is @ slot in each row of baffles that runs at an angle progréssively across and down the weir|face. This

ob

ique channel can be reflected from side to side in narrower channels forming a V-shapdd pattern

in pplan view, see Figures 1 and 3. The baffles retard, flow, maintain a consistent depth of yater, and
preévent water velocities increasing down the weiryThe oblique channel formed by the slots provides a
papsage route with greater flow depth and lower.velocities than over the baffles. The baffles also break
the often significant hydraulic jump that typically occurs down the face of weir and moves it further up

the¢ weir face where its intensity is greatly reduced.

Thie solution creates conditions that fish-are able to exploit to find passage over a wide rangg of flows.

Fis

slgpe, taking advantage of the retarded velocity flows created by the baffles.

h may exploit the low velocity channel or, when flow tops the baffles, they may swim straight up the

Thie difference in elevation between the invert of the weir crest and the top of the first baffle downstream
is pf critical importance. The“dimensions and location should be determined in such a manner that it
dops not affect the coefficient of discharge of the triangular profile weir by more than 1 %. [Che range
of level measurement-of the gauge will determine the distance of the first baffle downstrgam from
the crest. Howeveriif the range is set too high, the first baffle will be set so far downstream that fish

wi
tes
re
to

1 not be able,to/pass over the final section of low depth and high velocity flow. The solution was
ted in the laboratory with structures that operate up to a maximum head of 0,49 m at field|scale. It is
ommended that the first baffle should not be set any further downstream than a distance ¢quivalent
h maximum head of 0,49 m.

©lI
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a) Baff]les installed on a weir shown b) Flow condition on a weir with baffles
under dry conditions under running condition

Figure 1 — Examples of baffle installations on triangular profileweirs

6 Installation

6.1 Sitg selection and application

6.1.1 Restriction
The bafflg application is restricted to the use
— on twjo dimensional triangular profile flow gaugig weirs as set out in ISO 4360;

— on wdirs with a downslope 1:5 (Vertical: Horizontal) (20 % gradient in percentage or 11,31 degr¢es
slope[with horizontal).

6.1.2 Background

The technjique was originally developed to improve fish passage on triangular profile gauging weirs hut
also addr¢ssed gradients up to4:4(25 %, 14 degrees) Baffles can be fitted to both single and compound
triangular profile weirs. In the’case of compound structures, the baffles are normally fitted to the
lowest weir structure. Where there are two lower weir structures at the same level, consideratjon
should befgiven to using®the structure that has better access for maintenance and/or is least likely to|be
affected by debris.

6.1.3 Prelimihary survey

A prelimipary survey should be made of the physical and hydraulic features of the site, to check thaf it
conforms [Or can be made to conform) to the requirements necessary for balfle installation.

Particular attention should be paid to the following features for gauging weirs.
a) The downstream slope is confirmed as being nominally a 1:5 slope.

b) The concrete face of the slope should be smooth and in good condition without signs of spalling,
cracking or leaks.

c¢) Knowledge of the location and depth of reinforcement bars in the concrete, if present, is
advantageous.

4 © IS0 2016 - All rights reserved


https://standardsiso.com/api/?name=501ec3f4d1bbb7544ffdf2abc2a17180

d)

f)
g)
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The mean approach velocity in the downstream stilling basin or natural river channel should be no
more than those given in Table 1 at Q1¢ for migratory salmonids; Q29 for brown trout, grayling, and

coarse fish; and Q7 for eels.

Where present, the tailwater stilling basin should be a minimum of 3,0 m in length downstream
from any truncation, or from the bottom of the weir slope.

Where present, the stilling basin should have a minimum depth of 0,3 m below tail river bed level.

Where no stilling basin is present, there should be a minimum depth of 0,3 m for 3 m distance
immediately downstream from any truncation, or from the bottom of the weir slope and the water

h)

j)

velocities should not exceed those given in (d) above.

Where the downstream face is truncated and forms a vertical drop to the dowmnstrea
basin or river bed, additional works may be required to extend the downstream -slope

the appropriate baffle layout [see (i) below].

A truncated weir (for hydrometric purposes) may be used downstream of the last baf

m stilling
o achieve

fle where

salmonids are the only species present. Where other species are present, the downslope should

continue to the floor from the stilling basin, but may be at a maximum slope of 1:2 b

last baffle.

The water level on the downstream side of the most downstheam low cost baffle shou
that streaming flow occurs in the free slot (for 0,2 mbaffles this means 0,12 m of

Hy/H1 = 0,60) at Q95 exceedance.

fish species

Table 1 — Maximum acceptable mean approach velocities in the stilling basin for di

eyond the

d be such
water, i.e.

fferent

Migratory salmonids Brown trout and Coarse fish Eels
graylings
M«*a_n approach velocity in stilling 19 0,7 0.5 0,3
basin, m/s
If fhe site does not possess the chatacteristics necessary for satisfactory installation, the site|should be

rej

cted unless suitable improvements are practicable to achieve those characteristics.

SHD

> L

NS

Key
1
2
3

downstream water level at Qg5
downstream bed level
stilling basin

2300

Figure 2 — Sketch illustrating the definition of structural head difference (SHD)
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6.1.4 Limitations

a)

b)

f)

g)

Baffles are not recommended to be used on rivers with high levels of large size bed load material.
Baffle resilience may be a limitation on rivers that carry high levels of large and aggressive bed
load material, for example large cobbles, that might damage the baffles.

There is no limit to the maximum width of the weir that baffles can be installed on. However safe
access for maintenance may be a problem on wide structures.

The rjlaximum structural head difference (SHD) across a structure successfully employed todate
is 2,8|m for migratory salmonids and 0,7 m for coarse fish. It is anticipated that coarse fish(passage
will be effective up to 1,5 m.

The sgructure should not be less than 1,5 m wide. Ideally the structure should not he|less than. 3 m
wide pince the fish passage experience to date is based on structures not less tha®’3 m wide. If is
not pfacticable to use more than one reflection on weirs less than 3 m wide.

Therq are limitations on the width of structure together with maxim@im allowable structujral
head difference (SHD). Guidance is provided in Table 2. The limitationi$ that only one reflectjon
with 0,25 m or 0,3 m slots is allowable on small structures. A reflection occurs where the oblique
channel meets, or comes close to meeting, a side-wall and turns back’across the weir slope. Thé¢re
may e multiple reflections on larger weirs with long downstream slopes. Figure 3 indicates the
meanfng of a reflection.

Table 2 — Baffle width and structural head drop constraints

Width Maximum SHD
m m
1,5 0,64
2 0,64
3 0,96
4 1,28

The s|ot width (g) should always-be set equal to the value specified for the target species (250 mim
or 300 mm). If the layout weuld cause the slot to be too close to the sidewall or be reduced in width
becayse it reaches the sidewall, then a reflection should be provided so that the desired slot width
can bg maintained.

A strycture with adarge modular flow range (experiencing modular flow at high upstream heagls)
requifes the lecation of the first baffle to be set too far downstream from the crest to make it
effectlive forfish passage. Field experience has shown that structures with modular flow rangg of
up to|0,5.mvare able to pass coarse fish species with a moderate but acceptable level of efficiency.
Highgrcheads (and associated higher velocities) make weirs less suitable for baffle installatjon
where—coarse—fitsh—are e—target—spectes—tor+ Fvigpassage: ere—tstittte—fietd—e =trtetice
where salmonids are the only target species, but it is expected that a modular range exceeding
0,5 m and up to 0,75 m may be considered for small salmonids (< 0,5 m in length), and up to 1,0 m
may be considered for large migratory salmonids (> 0,5 m in length).

U U J1IUV =4 = C CICT CIU T [ JC

6.2 General arrangement

The baffles used on a gauging station are all 0,2 m high and 0,08 m thick, Figure 5. The distance (L) to
the front face of the first baffle is set in accordance with Formulae (1) and (2) below. This is based on
the maximum head for which modular flow is required. Thereafter, baffles are set at 0,4 m centres (d)
i.e. 0,32 m from the back face of the upstream baffle to the front face of the next downstream baffle.

© ISO 2016 - All rights reserved
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The free slot (g) in the baffles is set at the appropriate value, which is 0,25 m for coarse fish, trout and
grayling, and 0,3 m for migratory salmonids. The slot at the first and most upstream baffle is set next
to either wingwall to enable fish to have the best chance of escaping upstream once out of the direct
influence of the baffles. This is because the lowest water velocities will be against the wall of the gauge
where friction creates a lower velocity boundary stream.

At each successive baffle, the free slot is offset by a distance (f) of 0,2 m in order to create the low
velocity oblique channel across the weir face for smaller individual fish to exploit. The distance of the
off-set (f) remains the same whether the free slot width is set at either 0,25 m or 0,3 m.

w

hore the weirhas sufficient crest ]nngfh’ Le iswide annng]’\’ the nh]iqnn channeloffreeslats

on
fis

wi
acy
off
ne
oc

Th
sid
sty
for
ob
us

nere the weir is not wide enough, the low velocity channel may be reflected to createa V or
set distance (c) of 0,48 m (coarse fish) or 0,53 m (migratory salmonids) to the’edge of the

tur due to alignment of the slots in the baffles upstream and downstredam from the turning

the fish. Itis unnecessary to provide further baffles beyond this point since they would unn
struct the approach to the low velocity channel. The baffle arrangement design can be aut
e of the associated spreadsheet tool. See http://standards.iso.org/iso/tr/19234

may form

e continuous channel diagonally across the downstream weir face. The downstream entry point for
h into the low velocity channel will change with rising river discharge and downstream wdter level.

W pattern

oss the slope (one reflection or multiple reflections). At points of reflection, it(is,necessaryf to use an

slot in the

kt baffle downstream. This avoids any ‘short-circuiting’ of the stream flow)over the baffles that might

point

e most downstream baffle is set so that there is a minimum water depth of 0,12 m on the dojvnstream
e of the baffle at a low river discharge equivalent to Q95 exceedance, inducing and ensuring a
eaming flow (Hz/H1 = 0,60) through the free slot that acts agian-entrance to the low velocity channel

ecessarily
mated by
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Figure-3'— General arrangement of the baffles

6.3 Suitability for fislCspecies

The baffl¢ system was developed with the objective of providing a moderately effective aid to fijsh
passage af sites where there are high velocities and shallow flows. These are typically found on sloping
weirs, sudh as triangular profile style weirs that seriously compromise or prevent passage by fish.

The baffl¢s-aid passage for a wide range of species and sizes of fish by attenuating velocity incredse,

maintainibe=water r]nhi—]n oR i—]/\n nnnnnnnn dnraox A HRega ]n wvaolacits Streatine {-‘ln A-BECeSSFotEe-aeFdSS

vvotCT T pTrT WO oo prov I o Saan v\,Au\,ALJ ot TS TTO VY otteosTouatt—TeT

and up the weir face for smaller fish. Evidence suggests that many the riverine species of fish can exploit
the baffles to gain passage where otherwise it would be difficult or impossible. They do this in different
ways. Smaller species and individuals exploit the low velocity channel through the slots in the baffles
and larger fish swim over the baffles.

Powerful swimming fish that include diadromous species such as salmon and sea trout as well as
potamodromous species that include trout have been shown to pass over weirs using baffle installations.

Migrating salmonids including sea trout as small as 290 mm and salmon up to 1 200 mm have been
shown to successfully pass an otherwise impassable sloping weir (1:5 slope) 2,8 m high that was
previously impassable. It has also been noted that salmonids and brown trout (around 150 mm to
300 mm) have successfully passed over a weir fitted with baffles that was previously impassable.
Brown trout 80 mm to 298 mm were monitored passing a low cost baffle weir with 24 % gradient on

8 © IS0 2016 - All rights reserved
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the river Ribble River tributaries with up to 82 % efficiency. There was a 50 % probability of passage
for brown trout at 113 mm, and 90 % probability of passage for brown trout at 222 mm [4].

Trials with potamodromous coarse fish species have indicated that a range of species and sizes of fish
have successfully used baffles with a 0,7 m head drop over a triangular profile weir[5]. Chub (213 mm
to 489 mm), dace (198 mm to 250 mm), and roach (175 mm to 290 mm) have all successfully passed low
cost baffles at various efficiencies ranging from 33 % to 66 %, but generally more than 50 %. Brown
trout (210 mm to 400 mm) have passed at an efficiency of more than 80 %. The expectation is that most
species of riverine coarse fish, and certainly those above 200 mm in length, will be capable of using
baffles to gain passage. An exception is for perch for which the limited evidence suggests that they were
notsuccesstut:

ThEre is currently no evidence to show that smaller species and/or weak swimmers such as loach,
minnows, bullhead, brook lamprey, and small eels (< 300 mm) can make use of such afaeility,

Figh may make a considerable effort to pass obstructions and will usually be atrisk of dev¢loping an
oxygen debt at structures such as sloping weirs, even with baffles to aid passage. Successfyl passage
will also depend on the approach conditions being satisfactory and benigiso that fish may|approach
the area of the obstruction with little effort using the aerobic swimming;.as opposed to ut}lizing the
energetic anaerobic swimming mode required to enable them to pass.up over the obstruction.

6.4 Location of the first baffle

A ¢ritical dimension for the low cost baffle design is the distance from the crest of the weir to the first
baffle on the downstream slope of the weir. The locationishould be as close to the crest as gossible in
ordler to minimize velocities during the final stages ofifish ascent, but should also be far enqugh away
that it does not impact the modular flow condition @yer the triangular profile weir. Field gxperience
to |date has been based on a baffle height of 200*mim, with the first baffle set no more than 1,24 m
donstream from the crest (i.e. crest to baffle-Gentre), allowing modular flow for upstrean heads up
to 0,5 m. Setting the first baffle further downstream than this could allow larger modular flpw ranges
(higher heads), but may reduce fish passage,efficiencies.

Laporatory studies were undertaken. to,establish the distance of the uppermost baffle from the crest as
a flinction of upstream head and baffle sizel8].

Thiree inter-related variables are.considered:

—| head over the weir up(to which accurate modular flow performance is required, H;
—| distance from thé-crest line to the front face of the first baffle, L;

—1| size (height)fithe first baffle, T.

Thie three indeépendent variables all have dimensions of length. The degree to which the baffles affect
the¢ coefficient of discharge is presented in terms of the two non-dimensional variables H/L and H/T,
Figure 4-Formulae (1) and (2) were developed as part of the laboratory study. They define thg distance
frqnrthe crest to the first baffle that will cause a reduction of no greater than 1 % in the g¢oefficient
of disehargefora—trianguwlar-prefite-wetr—Thefirstisapolyromialequationfitted—+to—thetaboratory

results.

H/L = 0,001(H/T)2 - 0,002 6H/T + 0,417 9 1)

Atlow values of H/L and H/T, it is possible for the crest level of the baffle calculated from Formula (1) to
approach and exceed the level of the weir crest. These conditions were not tested in the laboratory and
are clearly inadmissible because the flow control would transfer from the weir to the baffle. The linear

© IS0 2016 - All rights reserved 9
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relationship shown in Formula (2) ensures that the crest level of the baffle is always below the crest
level of the weir.

H/L=0,1667 H/T (2)

Setting the first baffle position using the two equations shown as lines (1) and (2) in Figure 3 will limit
the change in the coefficient of discharge of the triangular profile weir to less than 1 %.

2,57 .
|
Y
2,0 A "
O |
1,54 o -
o L o
104 2 A7 < \
AA * 1
|
Ae =
0,5+ L
®
0,0 T T T T T T 1
0 5 10 15 20 25 30 35
X
Key
X ratio df head over weir to height of first baffle H/T A 0,96 to 0,97
Y ratio df head over weir to distance to first baffle H/L o 0,95 to 0,96
e >099 <o 0,94 to 0,95
m 098 tl 0,99 A 0,93 to 0,94
¢ 097t¢90,98
NOTE Values shown in the key axe/observed multipliers on the modular coefficient of discharge. Formulael(1)

and (2) arq shown as solid lines [8].

Figure 4 — Hydrometric effects of near-crest baffles

D
e

Figure 4 $hows dimensionless results, suggesting that any value of baffle height (T) could be us
However, fonsidering work undertaken by Rhodes and Servais (2008)[6] and the results of field testing
[5], it is repommended that only 200 mm high baffles be used.

6.5 Baffle dimensions

The principle baffle dimensions are shown in the drawing below in Figure 5. All baffles will conform to
these dimensions with a tolerance of + 4 mm. All baffles will be 0,2 m high (T), and 0,08 m thick.

6.6 Baffle material and construction

Baffles can be made from hardwood, stainless steel or recycled plastic. The advantage of recycled
plastic is that it is robust, waterproof and once a mould has been fabricated it is cheap to produce and
the baffles are of a consistent quality and dimensions.

10 © IS0 2016 - All rights reserved
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