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1 INTRODUCTION

Concern for protecting Hows to meet in-river needs has been highlighted by the NRA Report on
Determination of Minimum Flows (Project XXXX. 1995). The Report recommends the setting
of River Flow Objectives (RF0). defined as flow regimes . and the promotion of an Ecological
Objective (EQ) for each sector of river, upon which the RFO should be based. However, there is
little information in the scientific literature to guide the decision-making process in defining
ecological targets or in the determination of flows to sustain;restore these targets.

Currently, PHysical HABitat SIMulation (PHABSIM) is in use in several countries, but only in
the USA has it gained widespread acceptance in practice. Hydrological indices remain popular,
especially when they are supported bv local' ecological information. This study was initiated in
1990 - during a prolonged drought - to develop an approach to setting Hows to meet ecological
targets, focussing on the River Wissev, Norfolk but also considering the transferability of the
information gained to other chalk' streams in Anglian Region. A primary aim of the study has
been to evaluate information on macroinvertebrate populations for setting How targets.

2, THE BASIS FOR SETTING ECOLOGICALLY-ACCEPTABLE FLOWS

The Ecological Objective for each sector of river is the fundamental building block for
establishing RFOs. The EQ may comprise several season- or month-specific targets which may
be particular life-stages of rare, indicator', or desirable' species. Ideally, a flow to meet a desired
target should be defined using not only the magnitude of the How but aiso information on the
timing, duration and frequency of this flow. The approach for defining tne Ecologically
Acceptahle Flow Regime <€AFR) (Figure 1B). developed tor the River Babinglev (Petts. 1995).
a base-flow dominated river, has been applied to the River Wissev. The approach integrates:

J seasonally variable flows to meet specified ecoiogicai targets.
J a minimum threshold tlow to sustain biota during drought conditions, and
J high flows to maintain physical habitat diversity.

Different types of river will require different approaches to a assess in-river flow needs. A major
difference exists between 'lowland' and 'upland' settings: in the former, the ecological health of a
river depends mainly on water retention times and may be related to flow using water-qualitv
models, whilst in the latter, the suitability of habitat for aquatic fauna relates to hydraulic
conditions - velocity, depth, shear stress etc.- and related variables, especially channei-bed
sediments. This study focussed on the latter type of streams.



A) ECOLOGICAL ANALYSIS B) FLOW TIME SERIES
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iMgure 1~ Methodology for the determination of Ideologicall Acc,ePtabIe How Regimes EHAFR,S), based on integrated investigation of hydrolq%y
an ecologY. A) The Wissey study and B) the input of theWissev sliuly to determining the Ecologically Acceptable”Row Regimé (HAFR) following
Ihe Nabinglc) récommendations (IV/Hs.



Four groups of methods may he advanced to assess flow needs in these hydraulic-dependent
streams (Figure 1A): (i) simple hydrological indices, (ii) analyses of relationships between long-
term flow and biological data series, (iii) space-time substitution based on detailed field survey,
and (iv) PHABSIM. Most established approaches are based on fish - usually a salmonid as the
target species. However, an approach based upon macroinverterate data may have some
advantages (Table 1).

Table

d1 Reasons for advancing a macroinverterate-based, in-river, flow assessment
methodology.

Mac_roilnvertebrate communities play a vital role in the functioning oJ aggatic ecosystems,
particularly In the processing o orgamc matter, and have akey role in food webs.

Macrojnverterate communities are highly sensitive to the hydraulic conditions that are |
determmeg byﬁow an channeﬁ form, oy / L

M%croinverte,brates are present in most aguatic habiltats: the %[e relatively abundant and easy
and iexpensive to surve@, and their taxonomy 1s well established. _
|

Macroinvertebrate distribuHons reflect both re\gion?l and local environmgnte%l controls but at the
meso-sc?le ??A/Ithln a [eacn) are representative of local conditions and often occupy narrow
ranges of preferred habitat.

Most macrainvertebrates have a.one- tvvo-vear life cycle but at the meso-scale are able to track |
suﬂa%@%ygrauhc conémons gurlns How recession uR/(?er (?roug t conditions. l

In the UK. daAa on macroinvertebrates is collected routinely durin biologrical Wat r-pualitv
assessment and there are records of Invertebrate community composition over a period ot 20-30 l
years on many rivers.

3. THEWAY FORWARD

This study advanced a two-stage process for determining in-river How needs, following the
recommendations of the Bahingley Report;

.. The description of the river based on hoth the collation of existing information and held
surveys: classification of the river system into sectors (Table 2) and reaches: and assessment of
ecologicat targets (Table 3V

i.  The experimental assessment of relationships between biota and flows, using
representative sites within each sector of interest. Given the lack of experience in using
instream flow methods on UK rivers, an integrated and iterative approach was used <Figure [A),
involving a tool-box of methods.



Table 2 Sectors along the River Wissev

Five.sectors were defi
<I\>S in-river biota and J\]/

Sector 1 er Wissev to North Pickenham. Ditc moderately eutro spring-fed
?tream haractew)sed bP/ |sturﬁance t?lerant riverine ?Iora and an | overlgned’ mF\)/en rate
auna. Channel 1s cut into non-alfuvia! clay

Sector North Pijckenham to the Watton Brook confluence. This sector.is degraded both
Ph%ﬁcaﬁlgd chaRnet ant! management) an ttemkm ?Swattham STW |schar%3andt

h f (i) hydrol i lity, (ii hol f
Sdrt%%rtlaﬁ R Bltsta(t)s (1) hydrology, (ii) water quality, (iii) geomorphology,

lect by emstream lora an una an rtpananatte% ats
Sector 3: Between the Watton Brqok and Stanford Stream confluences. De |te th oor
uetjtt of fjg from the Watton Bro% this sector IS Rgrtmumr&/ Important esp h/qbgl
% g ?}comgrlsm a wide ranga? Dn rl\iera ripariad habitats. The rich.ffora an
vers ”tt rfebrate community %re typical of fast-flowing, calcareous streams dttha |ver5|t¥
et1|tats Do mant ISh species: eeI with bro trout fstocked% and dace (coarse Tish
se ect|v ely removed).
Sector 4. Stanford St%eam confluegce to Oxborough Ano her im ortan(] sector with similar |
ut dominate

characteristic o sector 3 deeper In-river habitajs wi runs a dsha low.
Fine g{aveﬁ ?f es. D(Hmnant FIS spemesyeeT Ith brown trout éstocke)ant,t ace Fcoarse Fish
are s ect|vely remove

ector 5: Oxborough and downstrea canalized, fnland river, with typical diverse
?auna and flora. Dominant FIS?] Species: ee{nwnﬁdace p ean chub. d

Table3  Indicator Species and Ecological Targets for the River Wissey: Sectors 3 and 4.

Fish |
Adult Pr wn trout BSaImo trutta) !

Juyenile brown trout
t¥u|'t ace Wendsens leuciscus ) ]
Juveme ace ]

Targets A M
0 sustajn~Sujtap|e hapitat within @il reaches of both seﬁtors (Desirable coIoEqu:FI FIoYv
10 sustain suitaple papitat withjn one reacEt e In each sector Accem cological Flow >
To sustain sultanle tat Within one reac téBe In one sector (Threshold Ecological Flow).

Flow-sensitive macroinvertebrate taxa

. p—

Baetidae EImida
Epﬁemendae S’mu? Idae

Targets
%10 sustajn sujtaple or all four indicator taxa

To sustain SUItaBIG P Bltat ¥OI‘ one Indicator taxa

?unable habitat' has bgen deFmﬁt as ftw h|rgs of the habitat ava|Iabde B er a standardllow
flow - where t (f 'standard' Iov(\j 0w IS g)eFme as the h|ﬁtor|cal gauge 7-dav low-tlow for the
month concerned that IS equaled or inceeded twice every three years



31  Standard Methods

Hvdrological indices can be obtained from the literature, mainly from work in USA (see Petts
and Maddock, 1994). As experience increases, the scientific basis for hydrological indices will
be strengthened. During the Wissey investigations, a range of indices was considered.

PHABSIM is a set of computer models, developed in the United States, that are used to reiate
changes in discharge to habitat availability for target species or life stages (see Petts and
Maddock, 1994 Stalnaker. 1994). In the Wissey study, seven representative sites in sectors 3
and 4. and habitat suitability curves for brown trout, as published for UK conditions, but not
specifically Chalk streams, were used.

3.2 AnApproach based upon Macroinvertebrate Communities

Macroinvertebrate-flow relationships can be developed for each sector or river of interest. A
Manual has been prepared, describing the recommended procedures, as an output from this
study.

3.2.1 The River Wissey

Results of the Wissey study, based on data from 7 representative sites in sectors 3 and 4 <Table
2). and analyses of the abundance of the more frequent taxa (occuring in >20% of the sampiesi
and environmental variables, revealed:

»  hoth seasonally and between years, the primary variables explaining the distribution of
invertebrate taxa were How and macrophyte growth, these two variables determining the
spatial pattern of velocities, depths and silt accumulation:

«  season-specific relationships must be developed:

«  data from a single spatial survey of a range of hydraulic hahitats may be used to estimate
changes with flow between years:

«  family-level identification gives almost identical results to species ievel:

« methods for developing habitat preference curves (eg Figure 2A) have been evaluated and.
for the Wissey. multiple regression on three variables (velocity, depth and macrophyte
cover) was demonstrated to be most appropriate:



suitability surfaces (eg Figure 2B) have been developed to provide a look-up guide to
assess flow-related habitat quality based on point measurements of velocity and depth
within a representative reach.

%urez Habitat preference curves and surfaces fﬁr ope IR Qator tax Baetd nthe
ey W|sse3/ Sector 3. A) Habitaf preference ufves S wmg Itat smba % dISC ar e
re#?tlonshdg f? FSlteSI [S)ector3 B) Suitanility surface, ‘showing habitat suitability un
ditrerent depth/velocitv combinations.

32.2 Transferability of the Wissey Results

Flow-biota relationships established for the River Wissey were tested on a dataset comprising 9
other chalk streams: Cam. Gavwood. Heacham. Ingol. Kennett. Lark. Nar. >Sapiston and Thet. At
several sites, the hydaulic data was outside the range encountered on the Wissey whilst water-
qualitv differences between rivers, especially with regard to trophic status, had a significant
influence on the macroinvertebrate communities. Following a detailed analysis. it was concluded
tet: I -

* habitat suitability relationships for one river cannot (normally) be transferred to another
river.

habitat suitability relationships developed from a single spatial survey in one sector ibased
on a minimum of 20 samples) may be used to predict summer flow-related between-vear
changes of the fauna in that sector: such a spatial survey should include a range of

representative mesohabitats covering a wide range of velocity-depth-macrophyte-substrate
combinations - i.e. by focussing on representative reaches within each sector:

o difficulties arise in developing relationships for winter and spring because of sampiing
difficulties under high flows and the apparent weak partitioning of taxa between
mesohabitats, resulting in weak or insignificant correlations.



4 APPLICATION OF INFORMATION TO SETTING MINIMUM FLOWS

4.1 Principles

Using the tool-box of methods (Figure 1A) a range of flows may be defined to meet different
ecological targets for each sector, or series of sectors, of ariver. Application of the results from
any method involves subjectivity:

 the choice of target species:

determination of the amount of habitat loss that is. or is not, acceptable: and

» the choice of acceptable frequencies of environmental stress.
This applies to both simple (hydrological indices) and more complex (PHABSIM) approaches.
It must also be remembered that methods focus on suitable habitat and not abundance or biomass
of biota. Nevertheless, the results of the approach (eg Table 4) inform the decision-making
process and ensure that ecological impacts of hydrological change are fully considered.

The setting of an EAFR requires the determination of the typical dry-year flow recession for the
catchment and consideration of four flows:

« winter flow to maintain channel form and habitat diversity:

» end-of-summer flow to protect aquatic biota (flow-sensitive invertebrates or juvenile

trout being the recommended targets):

o spring flow to support spawning by cyprinids:

* autumn flow to support spawning by salmonids.
The winter flow must include the bankfull' or channel-forming’ discharge as well as flushing
Hows to sustain in-channel and riparian habitats. In chalk catchments, the natural flow regime is
naturally requlated and high-flows (higher than the 10th percentile flow) are not significantly
influenced by groundwater abstractions. It is recommended that the gauged 5th percentile flow
can be used as an index of high-flow needs.

The last three of the above seasonal flows may be defined as four benchmarks:
) A Threshold Ecological Flow (TEF) to sustain refuges for hiota. Below this
values itable habitat foriﬂ P ets C|es WOM be eélmm%tedg This benchmari mav be
regarde as the exceptiona m|n| ow during rare droughts

n Acceptable Ecolo |caI FI AEF) is the norm | low flow. The AEF will
astam smtable%ﬁ)ﬁta ?orthe oIoglca tar% vv?tmsn one reac type in each sector,

ii0 A Desirahle coIo |c IFIow DEF) to sustain connectivity between the different
ﬁaches thro ﬁou theEI rlver usder |?1vest|gat|on sustammgysunabfe hagna within
reaches o e rver un r |nvest|ga lon.

|v% An Optimum Ecolo |caI Flow S(REFR Eﬂrowde the aX| um hab|tﬂ t for the
tgetsgemesorto maximize ver3|t er natur ond|t|ons owtgpwayoccurs
(1 }j but 1t 15 |mportant In s stammﬁ eeco galca mtegnt ryer w
fauna Li lations may "be dependent on an occassional strong~year class (i.e. hig
successtul reproduction; recruitment, growth).



These flows define four types of annuai How regime: wet year regime (OEF + DEF): normal
low-flow year (DEF + AEF); drought year (AEFV. severe drought vear (TEF). Acceptable
frequencies must be given to each of these regimes which can then be combined to establish the
EAFR and set control rules. In practice, the complexity of the procedure should be appropriate
to the ecological target: a simple procedure for small streams of no special interest (using only
an end-of-summer flow to protect invertebrates and the winter flow) and. at the other extreme, a
more complex procedure for high-quality salmonid fisheries.

4.2 Application to the River Wissey

The aim of the Wissey study was to establish the in-river needs to protect the ecosystem which
has special conservation value. Given the emphasis on environmental needs the precautionary
principle was followed in establishing the benchmark flows (Table 4). Using these benchmark
flows, three EAFRs have been defined (Table 5) to illustrate the effect of different Ecological
Objectives. Each EAFR includes (a) the historical dry-year flow recession and (b) a wet-year
regime. The latter is defined as the 7-day low-flow in October that is equalled or exceeded once
in every three years linked to flows in previous months by the flow recession, with maximum
How in February supporting the habitat and channel maintenance flows. The frequencies given
to the wet year, normal low-flow year, drought year, and severe drought year regimes are: 3.33
years. 2 years, 5 years and 20 years. The severe drought regime has a TEF of 0.3 cumecs. On the
Wissey. severe drought with gauged flows falling to 0.3 cumecs and below has occured in four of
ihe 38 years of record (1976. 1989. 1990. 1991).

4.2.1 The Ecologically Acceptable Flow Regimes

The three EAFRs (Table 5) are described below. They each comprise four annuafflow regimes: —
wet year with a frequency of 1:3. a normal low-flow year having a frequency of 1:2. a one-in-
five year drought regime, and a severe drought regime having a frequency of 1:20 years.

a)  To sustain the Sectors 3 and 4 as a self-maintaining system with a diverse invertebrate
community. The EAFR combines the wet year, normal low-flow. drought and severe drought
regimes defined using the flow recession and the DEF, AEF and TEF for inverterate habitat.

b)  To sustain the Sectors 3 and 4 as a self-maintaining system with naturally reproducing
dace populations, and a diverse invertebrate community. The EAFR uses the data for aj above
plus the DEF, AEF and TEF to protect dace spawning habitat in May, and in determining the
EAFR due regard was given to the flow requirements of adult dace.



¢j  To sustain the Sectors 3 and 4 as a seif-maintaining system with naturally reproducing
trout and dace populations, and a diverse invertebrate community. This EAFR is developed from
the four regimes (wet year, normal low-flow. drought, severe drought) which incorporate the
information used in a) and b) above plus the following benchmarks: adult trout DEF, AEF, TEF:

spawning AEF; and juveniles AEF (as well as paying due regard to spawning DEF and TEF, and
OEF for each.

Tablﬁ Summarel of in-river flow determinations for end-of-summer flows at the
Northwold gauging station.

drolo caI Indice
)a-sy Iand ZOI%Sof man daily flow -

Minimum flow to prevent m%rke habitat degradation: 0.19 cumecs
Minimum flow toSBro tect fish hapitat 0.38 cumecs
bg Aquatic baseflow Index (September median flow) Q.79 cumecs
C 95th %’ile flow (gauged "1956-88 0.58 cumecs
PHABSIM:
a)  Juvenile trout
HaBltatS| mPcant reguceg hroueqhout both sectors 0.20 cumecs
Ha |tat3|in| lcant?re ﬁ In oné sector 0.30 cumecs
Optimum "nabitat occurs through the two sectors 0.85 cumecs
b Adult trout
) HalateT|m| ted hrougho%t B ectors 0.30 cumecs
Ha ltat avalghjel one of both sectors 0.40 cumecs
Habitat gnnoereea N 7/%eosgotgrpal under 1ow flow 0,55 cumecs
Habitat avaJabfe in a?l reacﬁes 0.90 cumecs
d Adult dace
) HaBltat more than 67% of normal under low flow
inon rea%ho b?th sectors 0.40 cumecs
Optimum habitat tor adults 141 cumecs
HISTORICAL ANALYSES: Macroinvertebrates
/ 0ss of famifjes 0.40 cumecs
0SS 0 a{n f 0.30 cumecs
>25/o loss of families 0.20 cumecs
MACROINVERTEBRATE-FLOW RELATIONSHIPS:
Significant loss of habitat for most sensitive taxa (Simuiiidae)
In both sectors 0.53 cumecs
Significant loss of habitat for all four indicator taxa (Simuiiidae. Baetidae.
Ephemeridae. Elmiaae) in both sectors 0.34 cumecs



able5 . EAFRS (flow duratron percentllesg1 to meet d|fferent Ecologlcal Objectrve?
rte lver WlsseP( Percentl e(f flows e% or greater than Assumes"high flows
unaffected Dy.abstrac ? yt the yration oft ese flows WOUId be reduced If wrn ef surface
fater apstractions are allowed: rules for such abstractions are [gergen mtere port, and the hmpac
maximum winter sur ace -water abstractrons on t e estup mean flow IS given In the Ilast
two rows of the fab trou\ =(ace. t. spn=spawning,” juv=juvenile
Inerts.=:invertebrates. inv.H =historical analyses of mverterates

Flow (cumecs entiles  Invertebrates _Invertebrates,  Benchmark
(* ) 1956- §§ qgauged and lace Dace, a(r)t? rout Frt_clt
4,33 5 5
3.5 10 10 10 HMF
QEF (T.ad.
15 37 32 QEF (D.ad:
DEF (T.spn
10 14 48 47 AEF (D.spn
0.9 52 69 DEF (T.ad.
AEF (T.spn
0.8 h4 12
0.7 64 18 AEF (D.ad.)
0.6 96 10 86
0.5 92 86 93 DEF (Inverts.)
0.4 92 98 AEE (T.ad.
AEF (D.ad.
DEF (Inv.H.)
0.35 97.5 9.3 AEF (Inverts.) 1
TEF (T.spn). " |
0.3 98 100 AEF Tg&lV] |
TEF (T.ad,
AEFdnv.H.)
0.2 100 TEF(T.Ju\Q |
_ TEF(InV.H) |
Estimated mean (cumecs) 19 134 ! \5
Runoff (mm) 218 | 154 | 172
* Mean gcumecs) 1 1.07 1.29 ~
* Runoft (mm | | 123 1 150 !

4.2.2 Hydrological Indices
The recommended flows provide support for the following hydrological indices:
*  Flows at or below 10% of mean daily flow cause severe ecological degradation.

' recommended Threshold Ecological Row during rare (1:20-vear drought) equates to
159 of o daily flow ’ g rare ( ght) eq

» The recommended Threshold Ecological Flow during a 1.5 year drought, equates to 20% of
the mean daily flow: J galoy gnt, eq o

The recommended Acceptable Ecological Flow - the 'normal* summer low-flow_having a
trequency ol 1”% years - equates to 30% of the mean \ganynow arm the 95{]] | percentile flow: ’

« The recoanendeg esrra colﬁ |caf Raw for erhd -0f-sum eradpproxrm s t0 45% of
pe mean da||y oW an or Océ Pert at |segua'med reXfee eq once ever
reg ars aY)era %s used ere as the standar Ow against which ecological impacts of

ower OWS have essed



CONCLUSIONS

The Reports arising from the Wissey investigations provide a detailed insight into the links
between river ecology and flows, and include a manual to guide future studies. Despite the lack
of information from other rivers, and the lack of experience in applying EAFRs. the information
gained enables the following conclusions and recommendations to be made.

cologically Acceptable Flow Regime (EAFR) can be defined and its derivation
should BL\e a%un(ﬂ% blgck for \R/ater [eSoUrces glanmng and )setﬁng ﬁow controil rules.

. ebeneﬂt of achieving a River Row Objective must be evaluated together with the
gt T enefltso water- qu|a|||t9|mprovements and physmn]lnabnat restoration sacentralhpart
ment Managemenr Planning

. The simplest (approach for defining t he EAFR s fo use e)the normal dr?/ summer flow
recessmn n an en of-summer minim m low, and (n| a t-vear ( c nne mamten nce)
f-summer minimum_flow can P usin ¥ roo ical In |ces
[nacr mverter ef|OWJe| t|onsh| S, Of PI-IABSIM or |sh as appro riate tot scale of the
oW gr? em an e desire d EC oglcal Ob!ectlve e more conag ex approaches
Ic%?{ |0r33t lows to protect spawnlng itat (in the autumn tor salmonids and s ring for

. Hydrological indices of the end-of su mer flow have heen defined for the Wissey and
these pro%de a ﬂrst approxeima tion ofnm -river ow nee Por other Chal[< streams. Y

o Inverﬁbrate Pata hﬁve bfeen used. to define the end- of -summer minimum flows, bu}
mvertebnate ow_relations or oge river cannot he transf erre to ot er streams, eve |
P arently o S|m| lar type. . Daf amaé1 obtained from historical records or from s% or spﬁﬁm]c

Zdylaeo ection, S|m le Sli b|?|t surface may be used to ass ss In- rle jtat
enoa j ow ore ﬂ Eex approaches have eer] eveiogﬁ establish nveJ sect
gem Ic fauna- relationships.  Such data are especially valuable Tor streams and rivers
cking a major |s eries interest.

] HAESIM studies are spown to provide useful information on fish habitat and should be
used where there are important fisheries.

. Comparison of the results obtained using the different methods (Table 6 V|des the
?aesgpg%ag#ﬁiehnes on flow management for tn]g Wissey an(Fsupports th(e nger ap? ication of

J The resEQItS al} Wéi etermination facc ptaple maximum abstractions (annual volumes):
uno nvnonmenta needs = Maximum abstractions

Thus, for the Wissey. if flows are to be sustained to protect trout, dace and in erer
gumecs or 1:7 yhe acce H%a%le maximum abst gc?lons equate to a%out4 noFf
ased upon |stor|cal gauged tlows (average 218 mmS

For com[%arlson if flowsI are 10 be sustalneijd 0 protect ipvertebrates and Qoayse fish, the

acce maﬁmum level of abstractions could be Increased to an amount equivalent to about
65 mm of runo

10



Table 6 Comm}rrign of b%nchmarks flows derived usrng drfgerent methods. Flow in

umctcs. ure ave been used to recommend control rules but note that for each
enchmark f\ w the hrgﬂest value has been taﬁen t ereby protectrngaﬂ rsnterests.
nd-of- summer

l DEF AEF TEFS  TEF20
Sector-hased invertebrate-flow relationships 10.84 053 034
Historical analyses of invertebrate records for sector ! 040 030  0.20
PHABSIM - dace 10.50 040  0.33
PHABSIM - hrown trou 090 060 040 030
Hvdroloqrcal Indices (45,30, 20. and 15/10% of 085 057 038 030/
mean daily flow) 0.19

_ Winter flows

rOEF DEF  AEF  TEF5
Sci tor-based invertehrate-flow relationships 2502 150*  0.903
Historical analyses of invertebrate records for sector j _
PHABSIM - dace 142" 1003
PHABSIM - bFown trout j3.002 2.002 1401 0.90°

\rdr? o\%cal indices (Q10: 100 and 45% of mean ,3.502 1.90 0.85

dailvtlg l)

INovember 2February ; May

MF" 10 protect In-river neeqs \}/ ré)O atrg ow-dependent rules, the yolume available for
bstraction may be increased above that defined"using a simple “averagelvalue of in-river needs.

The rulesveo osed forthe River Wisse rncIude

I asulmr%rer ncorporatrngas ecial rule to protect channel maintenance flows.

il drought pyear H Fs for both winter and srimm?{ and
[ 0

. The information Tahle 6) also be used to recommend low_ contro| rules
inclu drn% 'hands-of] ? g;HOF ) for surfadlce we}er abstractron Ircense%e marntarnedfows

rv* MFs otect t rver ro raresvere WS
eraeg asd nt |stor|ca auaq[e OWSE { e rules aIIocaJe 163 mm of runof[form
rrvcr neeas an ow 5 mm to De dbstracte 172 mm and 46 mm, respectively, ased

__upc- average.” conditions)..

‘ Current practice uges the 95th percentile flow statistic Q9£n')) for settin fI ws to protect
|n rwr needs. " This study has demonstrated that Q95 over-estimates In-ri er low nee dg
r)( abrs but%ossy nder-estimates the volu FS required In ‘normal’ and. wet years.
mntr 0t be used ? }/ear roun rnrmum end-

of-sninmer minimum flow in-norma owyears

On «- River Wrssex 95 = 058 cume sF (Lurvalenr to 6
r.'vimate the mini acceptable en nhmer low |
commen e o summer minimum for the 1.5 low-

an at require urrng the 1.3 wet year ).

ow but may guide the setting of the

7 mm of rdnoff ). This is SPrOW to
rtra normal’ year, hut rs higher than
low year (0.40 cumecs) and lower
0.90 cumecs

. urther rese?]r needed beforew ap oacn an be a plred to.different types of river,
esp o a vt 0se with flas redrmes butt es tso eWrss y Investigations suéBes t that the
appr ach haswr e application for defining EAFRS



