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Executive Summary

This study forms part of an integrated assessment of the environmental impact of past and
poteniial future abstraction regimes on the Rivers Bray and Barle by National Rivers
Authority (NRA) South Western Region. A survey conducted by Halcrow & Partners (1991),
commissioned by NRA South West, identified reaches of the River Bray at Leehamford and
the River Barle at Perry Weir as being ranked within 20 sites in the region requiring
assessment due to the impact of local abstraction at low flows on migratory fish species. The
reaches lying downstream of the Leehamford absiraction on the River Bray and the Perry
Weir abstraction on the River Barle were ranked tenth and cleventh in the 199] Halcrow Low
Flow Study. Both the Bray and the Barle were ranked as first class migratory fish rivers. The
impacts of the abstraction noted at tow flows include "drying out or virtually so, of significant

reaches of nursery area, and/or: reach or weir impassable to migratory fish at times, and/or:
major smolt or kelt entrainment at times".

The objective of this study is to assess the impact of the existing licensed abstraction regimes
upon the availability of physical habitat to individual life-stages of selected target species. The
methodology used for this assessment is the Instream Flow Incremental Methodology (IFIM),
(Bovee, 1982), which is implemented using the Physical Habitat Simulation (PHABSIM)
computer model. To meet the study objectives NRA South Western Region staff proposed that
a PHABSIM study reach should be sclected on the River Barle, between the Perry Weir
abstraction and the confluence with the River Exe, approximately lkm downstream. On the

River Bray the study reach was to be chosen to represent habitat types present in the vicinity
of the Lechamford abstraction.

In liaison with NRA South Western Region target specics for IFIM habitat simulations were
selected as brown trout (adult, fry, juvenite and spawning), salmon (parr, young of year and
spawning) and three macroinvertebrate target species; the freshwater shrimp Gammarus pulex
and the stoneflies Leuctra fusca and Isoperla grammatica. For life-stages of trout generalised
habitat suitability curves from the U.S.Fish & Wildlife, and habitat utilisation curves
produced by NRA Wessex Region service were used in IFIM simulations. IFIM simulations
for life-stages of salmon used generalised habitat suitability curves developed from studies in
Norway and other published studies by Jan Heggenes (except for spawning salmon where
Wessex NRA data was used). Invertebrate habitat suitability data were developed by the
Institute of Freshwater Ecology.

In order to assess the impact of the abstractions at each site, PHABSIM WUA vs discharge
retationships for individual target species life-stages were combined with records of
historical and natural daily mean flows, to give the corresponding habitat (WUA) time series.
For the River Bray site the flow record was naturalised using gauged daily abstraction data
over the period 1980-1992. For the River Barle site the natural flow record (1981-1993) for
the study reach was generated by adjusting the natural record from the nearby Brushford
gauging station by assuming uptake of the maximum licensed daily abstraction (a "worst case”
scenario}. Habitat time series (all months, summer months and winter months) for individual
target species were analysed using a conventional duration curve program.

AL both sites time series simulations showed significant reductions in summer habitat
availability for life-stages of trout and salmon. In both cases predicted reductions are greatest
for the fry life-stage of trout and for salimon pare. lmpact upon invertebrate habitat availability
is limited relative to that upon habitat for the fish specics,

Results of habitat simulations for trout suggest that the US habitat suitability curves are more
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appropriate for this application than the Wessex NRA curves. The generalised US curves for
trout and Heggenes' generalised salmon curves are fairly broad-banded hence their
transferability should be fairly good. Although it would clearly be beneficial 1o develop
habitat utilisation data based on direct observations of trout and salmon in rivers similar to
those studied here, it is likely that any curves produced would fall within the range of the
gencralised curves used here. This would result in an increase in the predicted impacts on
habitat availability. Some additional simulations are recommended, particularly in the case
of the Barle where the "worst case” scenario may not be a very realistic representation of
actual abstraction over the period considered.
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1 Introduction

1.1 INSTREAM FLOW INCREMENTAL METHODOLOGY

The Instream Flow Incremental Methodology (IFIM) has been developed as a tool for
environmental impact assessment since 1976, by the Aquatic Systems Branch of the U.S. Fish
& Wildlife Service (Bovee, 1982). The IFIM allows the quantification of a measure of
physical habitat area (*Weighted Usable Area’) available to target aquatic species. The IFIM
is implemented using the Physical Habitat Simulation (PHABSIM) computer model.
Calibration of hydraulic models within PHABSIM on the basis of field observations of
microhabitat variables depth, mecan cotumn velocity and substrate type facilitates the
prediction of change in physical habitat area with discharge. Evidence based on IFIM
predictions has frequently been upheld in disputes over water resources in the USA where it
is by far the most commonly preferred method for assessing minimum acceptable flows.

The IFIM using PHABSIM has been assessed for use in the UK under national NRA R&D
Project B2.1 Ecologically Acceptable Flows (Johnson et af, 1993(1)), by application at eleven
study sites on a wide range of different types of rivers. The first application of the IFIM to
a current UK operational water resources problem was carried out in 1992 at sites on the
River Allen in Dorset by the Institute of Hydrology and National Rivers Authority Wessex
Region (Johnson e al, 1993(2)). The IFIM is currently being employed by NRA Thames
Region as part of an investigation into the impact of groundwater abstraction upon the ecology
of the River Kennet. A flow chart giving an outline of the steps involved in applying the
IFIM using PHABSIM to assess the impact of a historical abstraction regime upon the
availability of physical habitat to selected target species is shown in Figure 1.1 below.

Select study reach »{ Collect hydraulic data
& place transects udepu\, velocity, substrate)

Select target
species

T~

Calibrate hydraulic — "
models using observed Collate existing Collect habitat
identify depth, velocity, substrate | [habitat suitability | | utilisation &
availability of data daa aailability daa
flow & abstraction Simulate d'eplh velocity, ————*—
data ' . - - 3
/ substrate over simulation ::é,u:: f:,‘:s, Develop habitat
range transferability suitability indices
Simalation * %
range -
Compute Habitat (WUA) Select habitat
/ vs Discharge for each suitability indices
Historical targel species life-stage | for PHABSDM runs
flow {
record Compute historical and
! nateralised habitat (WUA)
Y time series |
Abstraction Naturalised i .
data ™ flow . ASSess impacts eg,
record Duration curve reduction in flow/abitat
program at given exceedance
percentites
I Historical and naluralisedl
flow and habitat (W UA)
lduration curves
Figure 1.1 Procedure for IFIM assessment of impact of abstraction upon habitat

availability.
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1.2 THE RIVER BRAY AT LEEHAMFORD

The Lechamford bridge is situated on the River Bray (see Figure 1.2) approximately 2.5 km
to the south west of the viliage of Challacombe where the Challacombe-Bratton Fleming road
crosses the river. At this point the Bray has a relatively small catchment area of 17.6 kn?.
The catchment, which drains Exmoor, is relatively flashy with the natural Q95 (0.083
cumecs) representing approximately 12% of the natural ADF (0.700 cumecs) for the period
1980-1992. In the headwaters of the catchment there is a small, disused reservoir
(Challacombe reservoir). The catchment is subject to two principle abstractions for public
water supply, from the Bray at Leehamford and from one of its tributaries the Brockenbrow .
The Brockenbrow abstraction opcrates in winter only (November-March). It is operated in
conjunction with the Leehamford abstraction and is relatively small. The principle abstraction
at Leehamford operates mainly in the summer months.

The Leehamford abstraction lies immediately to the south of the bridge (grid ref. SS678399).
At this point water is abstracted directly from the river for public water supply. The
‘original’ abstraction license restricted abstraction 10 not more than half of the natural flow
in the Bray (50% take). Daily abstraction was not o exceed 34,095m/day with an annual
total of 4,023,270m’/year. However, in the summer of 1992, SWWSL voluntarily adopted
a ‘gentlemans agreement’ which consisted of a prescribed minimum flow of 0.079 cumecs
(natural flow) and a 50% take above that (other license conditions remained the same}. This

agreement was later encompassed in a temporary license variation which is due to end in July
1996.

FIELD SITE

Barnstaplg...

.@0”@

7,
4,
, Q
Q) Q'- ?'-',:{ SOUlh
S “FMolton
&
R MO
Great FIELD SITE
2 A )
o :Tiverton
a
3
‘\'b
S

Figure 1.2 Location of R.Barle and Bray study sites within the S.W. Region.



Habitat time scries simulations in this assessment are based on a record of daily mean flows
from the NRA Lechamford gauging station which lies immediately downstream of the
abstraction point (Station No. 50821). The measuring weir is sound with no significant drift:
the last rating was done in 1982. The period of record used is from 1/1/80-31/12/92. Since
the abstraction is upstream of the measuring weir the Leehamford gauged flow record is
influenced by the abstraction.

The river reach immediately downstream of the abstraction was ranked tenth in the Halcrow
Low Flow Study (1991) and was graded as a first class migratory fish river. The Halcrow
study lists perceived impacts of the abstraction at low flows including "great reduction in
nursery production potential due 10 reduced flow; passage for migratory fish difficult or
discouraging at times; signiftcant but not major smolt/kelt entrainment problems” and "dried
out river length or severely depleted river length significantly reducing production of juvenile
salmonids”.

1.3 THE RIVER BARLE AT PERRY WEIR

The Barle catchment (see Figure 1.2) is relatively large, with a catchment area of 128km?,
Like the Bray it drains Exmoor and is relatively flashy, with the natural Q95 (0.65 cumecs,
gauged at Brushford), representing approximately 11% of the ADF (5.843 cumecs) for the
period 5/10/81-8/2/93. The Barle catchment is subject to relatively few anificial influences.
Perry Weir (grid ref. $$931256) is situated on the Barle approximately 1.2 km north of
Exebridge, 500m north of its confluence with the River Exe. At this point a system of weirs
diverts a proportion of the river flow into a leat abstraction for fish farming, the water being
returned to the Exe downstream of the confluence (approximately lkm downstream of the
abstraction). The current abstraction licence allows a maximum daily abstraction rate of 0.770
cumecs. There is potential for the deprived stretch below the abstraction to dry out at times
of very low flow (SW NRA Water Resources Planning 1993). The closest flow gauging
station (Station No. 045011) to Perry Weir is situated at Brushford, some 500m upstream.
The Brushford station is operated by Exeter University. A summary sheet for the station,
covering the period of record from 1968-1981 is included in Appendix A. (Note that for the
habitat time series analysis in this assessment a record of daily mean flows over the period
5/10/81-8/2/93 was used - this period is not covered by the summary sheet).

The river reach lying downstream of the abstraction was ranked eleventh in the 1991 Halcrow
Low Flow Study. It was ranked as a first class migratory fish rivcr but the impact of the
abstraction at low flows was noted to cause "drying out or virtually so, of significant reaches
of nursery area, and/or: reach or weir impassable to migratory fish at times, and/or: major
smolt or kelt entrainment at times". Further fisheries problems identified by the low flow
study include: "dried out river length or severely depleted river length significantly reducing
production of juvenile salmonids”, "obstruction caused by river reach with low flow, causing
restricted distribution of fish for angling” and "abstraction of major part of flow, inadequately

screened, leading to entrainment of downstream migrating smolt of kelts at times of low
flows".

»i\'




2 PHABSIM study sites and calibration data

2.1 LOCATION OF STUDY SITES

To meet the study objectives of assessing the impact of the operation of the abstraction
schemes upon the availability of physical habitat to life stages of migratory fish species and
setected invertebrates, NRA South Western Region staff (Tom Buckley, Alan Rafelt & Alan
Burrows) proposed that:

0 A PHABSIM study reach on the River Barle should be selected to represent habitat

types present between the Perry Weir abstraction and the confluence with the River
Exe, approximately 1km downstream.

) A PHABSIM study reach on the River Bray should be selected 1o represent habitat
types present in the vicinity of the Leehamford abstraction.

After visual assessment of habitat types present, two PHABSIM representative reaches (120m
long on the Bray and 240m long on the Barle) were selected. Transects were placed along
cach reach to sample the habitat types present and satisfy the data requirements of PHABSIM
hydraulic and habitat models (Johnson et af, 1992). The chosen study reach on the River Bray
is some 100m downstream of the Leehamford abstraction (grid ref. SS678399) as shown in
Figure 2.1 below. The study reach on the River Barle lies immediately downstream of the
Perry Weir abstraction as shown in Figure 2.2. At cach location positions of transects were
marked on left and right banks using permanent survey markers. The locations of transects
for field sampling of microhabitat variables depth, mean column velocity and substrate type
are shown in Figures 2.3 and 2.4 below, for the Bray and Barle sites respectively.

FFor both the Bray and the Barle the choice of study site location was driven primarily by the
identification, by NRA SW, of reaches downstream of the abstraction points where problems
of low habitat availability arc perceived. In both cases the total stream length surveyed before
selecting transect locations to define the study reach was around 500m. The study reaches
sclected represent habitat types present within these 500m long stretches. It is clear that any
attempt to extrapolate results from the study sites must pay regard to possible change in
channel form and habitat characteristics, particularly given the fact that in the South West
region such changes may be large over relatively small distances. Details of a ‘habitat

mapping’ extrapolation procedure used on the River Allen in Dorset are given by Johnson &
Elliote (1993(2)).

2.2 PHABSIM FIELD SURVEY DATA

At each of the chosen study reaches field surveys were conducted 1o meet the data
requirements of the PHABSIM model. The essential steps in this procedure were as follows:

(1) Elevations of the head-pins marking the transccts were surveyed relative to a fixed
datum level.

(i) [nter-transect distances (reach lengths) were measured on the left and right bank and
as triangulations. These data are given in Tables 2.1, 2.2 below, for the River Bray
and River Barle sites respectively.
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(tii) Observations of dominam substrate in the immediate vicinity of each data point were
made using the particle size classification system based on the Wentworth scale given
in Table 2.5 at the end of this sub-section.

{iv) Mean column velocity was measured at each data point using an electromagnetic
current meter averaging over a 30 second time interval. At each data point a single
measurement at 0.6 x depth was taken,

(v) Water surface clevations were surveyed relative (o the fixed head-pins at each
transect. Measurements were made at left, right and centre of the stream then
averaged.

(vi) Steps (iv) and (v) were repeated on two further occasions chosen to give the widest
possible range of flow calibration data. Where river flow conditions did not allow
discharges to be measured at alf the cross sections within a study reach, discharge
measurements were made at selected transects only and full sets of water surface
elevations 1aken.

In addition 10 the observations made in (iii), additional observations were made of the
following: subdominant substrate, substrate packing, small and large object cover (on the
river bed), overhead vegetation cover, instream vegetation cover, and the presence or absence
of undercut banks. Although these measurements were not used tn model simulations for this
assessment, they may be used in future simulations, given appropriate habitat suitability data,
Summary plots showing surveyed cross-sectional profiles, observed water surface elevations
and velocitics are given in Appendices B and C for the River Bray and River Barle study sites
respectively. A complete record of all field data gathered is given for both sites in Appendix
D.

Tables 2.3 and 2.4 below give the dates when each set of hydraulic calibration data was
measured, together with the mean measured discharge through the reach, for the River Bray
and Barle study sites respectively. For the Bray the figures in Table 2.3 are taken from the
Leehamford gauged flow record. For the Barle the figures refer to the average of the
discharges measured at transects in the study reach (in this case daily abstraction data required
to adjust the natural flow record from the Brushford gauging station was not available to
calculate the flow through the study reach).

Table 2.1 R.Bray Site: Reach Length Measurements

Inter-Transect Distances {m)

CIS nos. Left Bank Right Bank Average
1-2 20.35 210 23.675
23 8.80 8.85 8.825
34 7.29 8.26 7.7175
4-5 8.90 9.28 9.090
5-6 8.67 8.52 8.595
6-7 11.20 11.54 11.370
7-8 5.63 4.65 5.140
8.9 4.05 4.95 4.500
9-10 9.67 9.60 9.635
10-11 11.57 12.15 11.860
11-12 12.75 11.86 13.305




Table 2.2 R.Barle Site: Reach Length Measurements

Inter-Transect Distances (m)

C/S nos. Left Bank Right Bank Average
1-2 28.50 33.85 31.175
2-3 26.76 41.80 34.280
34 46.34 50.80 48.570
4.5 33.94 35.00 34.470
5-6 11.73 9.98 10.855
6-7 11.25 14.00 12.625
7-8 28.94 26.90 27.920
8-9 3274 30.10 31.420

Table 2.3 R. Bray Site: Measured Calibration Flows

Survey No. Date Mean Discharge (cumecs)
] 25.2.93 0.17
2 15.6.93 1.25
3 10.9.93 0.43

Table 2.4 R.Barle Site: Measured Calibration Flows

Survey No. Date Mean Discharge {cumecs)

| 9.2.93 1.79
2 16.6.93 5.65
3 10.9.93 3159

Table 2.5 Substrate Classification Scheme

Organic detritus

Clay (< / = 0.004mm)
Silt (0.004 - 0.0625mm)
Sand (0.0625 - 2mm)
Gravel (2. 64mm)

Cobble (64 - 256mm)
Boulder (> 256mm)
Bedrock

Terrestrial Vegetation

Man Made Bank Material

Se®NOLALL -
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2.3 PHABSIM HYDRAULIC MODEL CALIBRATION AND SIMULATIONS

PHABSIM contains a choice of three models for hydraulic simulations, IFG4, MANSQ and
WSP. For this assessment hydraulic simulations were run using the IFG4 model. IFG4
simulates water surface elevations using a stage-discharge regression technique and simulates
velocities using an approach based on Manning’s equation and a simple mass balancing. The
procedurc used for hydraulic model calibration was the same for the data sets from each of
the two study sites and is summarised below:

(1) Calibrate the IFG4 model for the full set of transects in the reach using the three
measured stage/discharge sets. (For the Barle site discharges were taken as the mean
measured discharge for the whole reach at each calibration flow. On the Bray the
mean daily flow measured at the Leehamford gauging station on the day of each
survey was uscd as the mean discharge for each calibration flow).

(1) Check the accuracy of the water surface levels predicted by the IFG4 model with
those observed when measuring the calibration flows.

(iii) Input one of the complete sets of measured velocity data into the IFG4 model and
simulate velocitics at the other two calibration discharges.

@iv) Check the accuracy of the water velgcities predicted by the IFG4 model with those
observed when measuring the calibration flows.

(v) Stmuiate water surface profiles and velocities, using the IFG4 model, for selected

flows over the full range of discharges obtained from the gauged flow records at each
site.

The measured water surface profiles (OBS1/2/3) and the simulated profiles (SIM1/2/3)
generated by the IFG4 model at the measured calibration discharges are shown in Figures 2.5,
2.6 below, for the River Bray and River Barle swdy sites respectively (in Figures 2.5, 2.6
distance on the x axis is measured as the distance upstream from the most downstream
transect (no.1) in the study reach). The flow exceedance percentiles represented by the
observed discharges, based on records of historical flows (including effects of abstraction)
through the study reaches are as follows :

River Bray

Obs No Survey Date  Flow (cumecs) Percentile
| 25.2.93 0.17 Q81

2 15.6.93 1.25 QL5

3 10.9.93 0.43 Q52
River Barle
Obs No Survey Date  Flow (cumecs) Percentile
1 9.2.93 1.79 Q60

2 16.6.93 5.65 Q28

3 10993 ~ 359 77 Q41



The US Fish & Wildlife Service (Milhous et af ,1989) give guidelines for estimating the
range of discharges over which observed calibration data may be reliably extrapolated. They
recommend extrapolation limits of 0.4 x lowest - 2.5 x highest measured discharge. In this
assessment the outputs of PHABSIM hydraulic and habitat simulations are to be combined
with records of historical (effects of abstraction included) and natural flows (without
abstraction). The limits of extrapolation implied by the U.S. Fish & Wildlife Service
guidelines, as values in cumecs, and as exceedance percentiles of the historical flow records
to be applied at cach study reach are as follows :

Lower limit  Upper limit
River Bray : 0.068(Q9%0)) 3.12(>Q2)
River Barle : 0.72 (Q78) 14.12(Q8)

In both cases it is necessary to extrapolate beyond the US guidelines in order to represent
habitat conditions for the fuli range of discharges in the record. Extrapolationto flows higher
than the upper limit has little influence on habitat time series outputs as the frequency of
occurrence of such flows is very low. For flows lower than the recommended lower limit
some increased errors in hydraulic modelling may be expected. In the case of the Barle it
should be noted that (assuming maximum abstraction) historical flows are zero for 7% of the
record, hence it is not necessary to extrapolate beyond Q93. If flow values of zero are
excluded from the record , the lower limit of 0.72 cumecs corresponds to the Q84. In both
cases the possibility of increased errots in hydraulic modeliing should be considered when
analysing outputs for flows in the 90-99 percentile range.

Simulated water surface profiles (output from the IFG4 model) at selected discharges over the
chosen simulation ranges are given in Figures 2.7, 2.8 below for the River Bray and River
Barle study sites respectively.

Outputs of PHABSIM hydraulic mode! simulations in the form of point values of predicted
depths and velocity are combined with coded observations of substrate type {assumed to be
independent of discharge) for entry into the PHABSIM habitat simulation model HABTAT.
The HABTAT model combines these hydraulic data with habitat suitability index data for
each target species life-stage. We shall now proceed to discuss the target species selected and
the habitat suitability data available.




RIVER BRAY AT LEEHAMFORD

101

Bod Lowast
0.17(ubs)
100.8 -9
0.43(0bs)
.
,é-.. 100.6 1.25(obs)
‘é’ ——
0.17(sim
2 1004 (sim)
©
po] 0.43(sim)
fsh] .
> ——
100.
2 2 1.25(skm)
S -
2 100 '
©
>
@
W ggp
99.6
994 , ] ; 1 ] N |
0 20 40 0 80 120

Distance(m)

Figure 2.5 River Bray: Observed and simulated water surface profiles calibration

discharges -

RIVER BARLE AT PERRY WEIR

100 Bed Lowast
1.79(cbs)
995
3.59{obs)
—_—
§, 99 S.G-i(obs)
/{
g 1.79%(sim)
[ =
O 985 3.59(sim)
2 “a
ﬁ 5.64(sim)
c 98
Q
©
-
QD 975
wi
97
955 1 | " l M 1
] 50 100 150 250
Distance(m) . ...

Figure 2.6 River Barle: Observed and simulated water profiles at calibration discharges



RIVER BRAY AT LEEHAMFORD

Bed Lowest

101

@
o
I

4

=]
%]
K

fa4:

1.00

8
h

bttt

Elevation above datum (m)

| : 1 " { s ! ; i N
0 20 40 60 80 100 120
Distance(m)

Figure 2.7 River Bray: simulated water surface profiles at selected simulation
discharges.

RIVER BARLE AT PERRY WEIR

Bed Lowest
101 05
5
— 10
E —
E
§ 20
[}
© 40
g i
S % &
i K-
S 81
5 -
> o8
]
97
. I . i . I . ! .
0 S0 100 150 200 250
Distance(m)
Figure 2.8 River Barle: simulated water surface profiles at  selected simulation

discharges.

12




3  Habitat suitability data

3.1 SELECTION OF TARGET SPECIES

The target species life-stages selected by NRA SW for this assessment are a5 foliows:

Fish
- brown trout (all life-stages)

- atlantic salmon (parr, young of year and spawning)

Invertebrates
- Gammarus pulex

Leuctra fusca
- Isoperla grammatica

In the next section we describe the form in which habitat suitability data enters the IFIM
modelling procedure before discussing data avaitable for those target species listed above.

3.2 HABITAT MODELLING: INTRODUCTION

PHABSIM modelling comprises two key elements; hydraulic simulation using 1IFG4, and
habitat simulation using the HABTAT model. For a given simulation discharge values of
mean column velocity, depth and substrate type are given as output from the hydraulic
model(s), calibrated, as described in the previous section, using observed field data. The next
stage in the simulation process is to assign to each of the simulated values of depth, velocity
and substrate a habitat suitability value between O and 1, describing their relative value to the
particular target species life-stage. This is achieved within PHABSIM by the use of "Habitat
Suitability Indices”. For each target species life-stage a habitat suitability index, in the form
of a univariate curve taking values between 0 and 1. must be defined for each of the
microhabitat variables velocity, depth and substrate.

Bovee (1986) defines three typcs of suitability index curves which‘may be used for IFIM
simulations using PHABSIM. The distinction between the different types of habitat suitability
criteria is in the way they are derived. The three types are defined as follows:

Category [: The habitat criteria are derived from life history studies in the literature or from
professional experience and judgement, and are based on the adjudged suitability of physical
habitat variables for target species life-stages.

Category II:  The habitat criteria are based on frequency analysis of microhabitat conditions
utilised by different life-stages and species identified by field observations. These criteria are
termed “habitat utilisation curves” because they depict the conditions that were being used
when the species were observed. Utilisation functions may not always accurately describe a

species’ preference because the preferred physical conditions may be absent or limited at the
time of observation.



wobh

Category Ill: These are Category Il curves in which the criteria are corrected for bias by
factoring out the influence of fimited habitat availability This correction is aimed at
increasing the transferability of the criteria to streams that differ from those where the criteria
were originally deveioped. Category III curves are referred 1o as "habitat preference curves”.
Habitat preference for values of a given microhabitat variable is defined as the ratio of habitat
utilisation to habitat availability. In general the greater the diversity of habitats present in the
stream used for sampling the closer together will be the Category ! and Il curves derived
from the utilisation and availability data.

33 HABITAT SUITABILITY DATA SOURCES

Applications of the IFIM in the UK under a number of R&D studies have used Category |
habitat suitability curves for fish, macroinvertebrate and macrophyte species, produced by the
Institute of Freshwater Ecology and Institute of Terrestrial Ecology. The first Category [l and
IIE curves for use in a UK IFIM application were developed by NRA Wessex Region as parl
of a catchment based study to address operational water resources problems on the River
Allen in Dorset. Over a two year period a team led by Dr.Graham Lightfoot made
observations of trout and salmon by snorkelling, diving and wading in a number of Dorset
chalk streams similar in character to the Allen. From these data Category II habitat utilisation
curves were developed for life-stages of trout (adull, fry/juvenile and spawning) and salmon
(fry/juvenile and spawning). Curves for substrate were adjusted using habitat availability data
and arc thus Category III. The curves were used in an IFIM assessment (Johnson ef al

1993(2)) of the impact of the historical groundwater abstraction regime upon scasonal habitat
availability for trout and salmon.

. For this assessment Category Il or Category Il habitat utilisation curves developed

specifically for either the Barle or the Bray are not available. It has been necessary therefore
to assess data available from previous IFIM applications and from published studies in the
literature to select those most appropriate for this study. This assessment has taken into
account those comments raiscd by NRA SW fisheries staff. A decision, on the basis of the
information available, as to which curves are most appropriate for this application must
ultimately be subjective, since it is not based specifically on analysis of either habitat

availability or habitat utilisation data from the Bray, Barle or any similar rivers in NRA SW
Region.

The transferability of the Wessex NRA curves to the Bray and Bar:z has not been assessed
and it is clear that they may not be ideally suited for this application, given the difference in
river type and habitat conditions present. This is particularly true of the Category I curves
for depth and velocity which are based on utilisation data and were not adjusted by habitat
availability. It is likely that habitat availability distributions for the Bray and Barle would be
quite different to those in the Dorset chalk streams where the Wessex NRA observations were
made. The substrate curves were adjusted for habitat availability and are thus Category III
curves - this should increase transferability relative to the depth and velocity curves.
Observations for the Wessex NRA study were made predominantly in the summer period,
which may also increase errors in simulations for higher winter discharges (although summer
low flows are of primary interest here). Heggenes (1990) noted seasonal changes in habitat
selection by young atlantic salmon in a number of Norwegian streams. Wessex NRA
suitability curves were developed for populations of trout and salmon living in sympatry, as
1s the case on the Bray and Barle (several authors have noted differences in habitat selection



in young salmon between allopatric populations and those living in sympatry with brown
trout populations),

The U.S. Fish & Wildlife Service have developed a library of habitat suitability curves
ranging from Category I to Category Ill, for a wide variety of species. Category I curves for
adult, fry, juvenile and spawaing brown trout, based on habitat utilisation observations made
in a number of US studies were developed by Raleigh, Zuckerman and Nelson (1986). In the
development of these curves Category H data from various sources was collated along with
information from published studies. The Category I curves produced from a synthesis of this
information are fairly broad-banded, which enhances there transferability, relative to the more
focused Category Il utilisation curves, such as those produced by Wessex NRA. The authors
state that "investigators who feel that the Sl curves do not accurately reflect habitat utilisation
at their study site are encouraged to gather information specific to their area and modify the
curves or develop new curves as needed”. For the simulation results presented here the U.S
curves have not been adjusted.

Heggenes (1990(1)) gives Category [ habitat suitability curves for parr and young of year
salmon. Like the U.S. curves above the curves represent a synthesis of information from a
number of other studies. The curves are presented as “gencralised™ habitat suitability curves -
it is acknowledged by the author that various factors may influence habitat selection in'
individual cases. As in the case of thc U.S. trout suitability curves, these generalised”
Category I curves are more readily transferable to the rivers studied here than the Wessex

NRA Category Il curves. We have normalised the curves so that they take values between
0 and |I. '

Habitat suitability curves for the three macroinvertebrate target species were developed by the-
Institute of Freshwater Ecology under NRA R&D Project B2.1 Ecologically Acceptable:
Flows. Curves are based on analysis of data from the RVPACS database. As noted in R&D
Project B2.1 the lack of focus in these curves means that. relative to salmonid fish species,
these species are very insensitive as target species in an [FIM study. It is clear in a study such
as this that impacts predicted for the invertebrate species will be less than that for the fish
species. Simulations were run, and results included here for the sake of completeness, but
it is acknowledged that these are of secondary interest and will not contribute to the
conclusions and recommendations of the study. The primary focus of this study is in any
case with the fish species since it is for these species that the impact of the abstractions at
both sites is perceived to have the greatest effect and gives the most cause for concern due
to the potential loss of angling success,

34 HABITAT SUITABILITY INDICES FOR PHABSIM SIMULATIONS

The habitat suitability indices for life-stages of trout and salmon which (in liaison with SW
NRA fisheries officer Kelvin Broad) were sclected for use in PHABSIM habitat simulations
for this assessment are listed in Table 3.1 below. The corresponding figures, listed in Table
3.1 are given on subsequent pages in this section. As discussed above habitat suitability
curves for the three macroinvertebrate curves were provided by the Institute of Freshwater
Ecology. Habitat suitability curves for Gammarus pulex, Isoperla grammatica and Leuctra
Jusca are shown in Figures 3.9-3.11 respectively.




Table 3.1 Habitat suitability indices selected Jor PHABSIM simulations for fish yuis

Species Life Stage HSI Daa Source Figure No
Trout Adult Wessex (SW) NRA 3.1
Trout Adult US F& WS 2
Trout Fry/Juvenile Wessex (SW) NRA 33
Trout Juvenile US F& WS ja
Trout Fry US FAWS 34
Trout Spawning Wessex (SW) NRA 3.5
Trout Spawning US F&WS 3.6
Salmon Parr Heggenes 37
Salmon Young of Year Heggenes 3.7
Salmon Spawning Wessex (SW) NRA 38
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Suitability Index for Depth: Juv/Fry Trout
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Suitability index for Depth: Spawning Trout
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Suitability Index for Depth: Leuctra fusca
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4 PHABSIM habitat simulations

4.1 COMPUTATION OF WEIGHTED USABLE AREA

‘The principle output of the PHABSIM habitat simulation model HABTAT is a relationship
(for each target species life-stage) between Weighted Usable Area (WU A) and discharge. The
WUA is a weighted measure of the habitat area available to a given targel species life-stage.
[n the computation of the WUA the total available habitat area is weighted by its relative
suitability to the target species life-stage. This weighting is defined by the relative suitability
of the predicted values of the microhabitat variables depth, velocity and substrate at the given
simulation discharge.

At a given simulation discharge Q, the total plan area of the reach is given by
AQ) = L A Q) 4.1}

where the individual cell areas A, are defined by the positions of the data points across each
transect and by the distances between adjacent transects, as shown in Figure 4.1 below.

| T —

— 7 ——
g

Figure 4.1 Individual cell area for WUA calculation

For a given simulation discharge Q, values of predicted cell depth, d, velocity, v, and
substrate code s; are available as output from the hydraulic modelling phase of the simulation.

In the habitat simulation model the weighted usable area for a reach of total length L is
defined by the equation

WUA(Q) = E, WUA(Q) = L, WUA(d,.v.s) x 1000m 4.2)
L

where the individual cell values WUA  are defined by
WUA(d,.v,.5) = ALQ) x SID(d) x SIV(v)) x SIS(s,) 4.3)

Wihere SID, SIV, SIS are the habitat suitability indices for the microhabitat variables depth,
vetocity and substrate discussed in the previous section
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4.2 PHABSIM HABITAT VS DISCHARGE OUTPUTS FOR TARGET SPECIES

The results presented below give values of total available habitat atea A (defined by equation
(4.1)), and WUA (defined by equation (4.2)) for individual target species life-stages, over the
range of simulation discharges of interest. For the sake of clarity of presentation the results
are plotted over a restricted portion of the complete simulation range. Figure 4.2 below
shows total available habitat area vs discharge for the River Bray and River Barle sites.
Figure 4.3 gives WUA vs discharge for life-stages of salmon, trout and the three species of
invertebrates at the River Bray site. Corresponding results for the River Barle site are given
in Figure 4.4 . Following convention in [FIM studies all habitat areas are scaled to give the
value per 1000m of stream length (note that, for the sake of clarity, these outputs have been
plotied using different y axis scales according to the maximum habitat values achieved).

In order to assist in comparison of results for different species life-stages and different habitat
suitability data sets, the WUA vs discharge resulis may be normalised by their maximum
value over the simulation range. The corresponding ‘normalised WUA' (WUA(Q)/W UA.LD

vs discharge (Q) results for the River Bray and River Barle sites are given in Figures 4.5,
4.6.
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5 Habitat time series simulations: River Bray

5.1 FLOW DATA AND METHODOLOGY

The results presented in the previous section demonstrate how the habitat area available (o
target species changes with discharge. In order to assess the impact of abstraction upon the
variation of habitat availability over time it is necessary to combine WUA vs discharge
outputs with the relevant flow records. As stated in Section |, gauged records of historical
flows arc available from gauging stations close to each study site. We may generate
corresponding habitat time series using the WUA vs discharge relationships given in the
previous section using the transformation

WUA(T) = WUA (Q(T)

where T refers to a particular time (or day, in the case of a record of daily mean flows). For
different species life-stages the appropriate functional form of the WUA is used.

In order to examine the relative impact of the abstractions on the availability of physical
habitat to target species, habitat time series produced using flow records, with, and without
the effects of abstraction may be compared.

For the R.Bray site the nearest gauging station is the Lechamford gauge (station no. 050821)
which lies 100m upstream from the study reach. The abstraction lies upstream of the flow
gauging station, hence the Leechamford gauged flow record includes the effects of abstraction.
The measuring weir is sound with no significant drift; the last rating was done in 1982. The
period of record used for the time series presented here is complete from 1/1/80-31/12/92.
A natural flow record was constructed by adding an estimate of daily abstraction to the
gauged daily mean flow. Abstraction data was obtained from SWWSL by NRA SW. Daily
abstraction values were estimated as the average of 7 day totals.

Since the emphasis of this study is upon the availability of habitat under low flow conditions
we have conducted separate summer (April-Sept) and winter (Oct-March) analyses in addition
to analysing the full annual time series.

5.2 FLOW AND HABITAT DURATION CURVES

Historical and natural flow duration curves (for daily mean flows) for all months, summer
months and winter months for the River Bray at Leehamford are given in Figure 5.1 below.
The corresponding duration curves for total available habitat area are given in Figure 5.2.
Habitat (WUA) duration curves for life-stages of trout and salmon are given in Figures 5.3-
5.11 and thosc for the three invertebrate species in Figures 5.12-5.14.
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6 Habitat time series simulations: River Barle

6.1 FLOW DATA AND METHODOLOGY

The closest flow gauging station (Station No. 045011) to Perry Weir is situated some

500m upstream, at Brushford. This station is operated by Exeter University. Flow data used
in the time series analysis presented here cover the period of record from 5/10/81-8/2/93
(these data were obtained from Exeter University via NRA SW). Five short gaps, totalling
86 missing days in all were present in this flow record. Comparisons between a flow
duration curve based on a record with the missing days removed, and another duration curve,

based on a record in which the gaps were infilled using a regression relationship (supplied
by NRA SW) are as follows: '

Flow Gaps Removed Gaps Infilted
Mean 5.843 ' 5.886
Q50 3.44 3.5

Q70 1.86 1.9

Q95 0.65 0.63

It can be seen that infilling the missing days makes a negligible difference to the flow duration

curve. All time series analysis for this assessment is based on the record in which the missing
days are removed.

Since the Brushford gauging station lies upstream of the Perry Weir abstraction, the gauged
flow record at Brushford represents the natural flow through the study reach (ie. the case of
zero abstraction). Gauged abstraction data for the Perry Weir leat abstraction is not available,
hence it is not possible to adjust the Brushford flow record to represent the actual (influenced
by abstraction) historical flows through the study reach. For this reason we have chosen to
model a “worst case" scenario, in which it is assumed that the daily abstraction rate was
constant over the period of record used for time series simulations. and equa! to the maximum
licenced daily rate of 0.77 cumecs. Hence the time series of ‘historical flows’, used in the
simulations presented below, refers to the adjusted record. ie:

historical DMF (study reach) = DMF (Brushford) - 0.77 cumecs

In practice daily abstractions may be below the licenced maximum, hence the outputs here
will overestimate the impact of historical abstractions and will represent the worst case in
terms of negative impacts on flows downstream. As discussed in the recommendations
section additional modelling of the distribution of flows across the weirs and along the leat
to the fishery are required to model the historical abstraction regime mote realistically.

6.2 FLOW AND HABITAT DURATION CURVES

Historical and natural flow duration curves (for daily mean flows) for all months, summer
months and winter months for the River Barle Perry Weir study site are given in Figure 6.1
below. The corresponding duration curves for total available habitat area are given in Figure
6.2. Habitat (WUA) duration curves for life-stages of trout and salmon are given in Figures

6.3-6.11 and those for the three invertebrate species in Figures 6.12-6.14. ‘
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Figure 6.4 R.Barle: Duration curves for adult trout WUA (US F&WS SI data)
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Figure 6.5 R. Barle: Duration curves for Jryljuvenile rour WUA (SW NRA SI data)
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Figure 6.6 R.Barle: Duration curves for juvenile trour (US F&WS ST data)
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Figure 6.7 R.Barle: Duraiion curves for fry trout WUA (US F&WS S data)
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Figure 6.8 R.Barle: Duration curves for spawning trout WUA (SW NRA SI data)
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Figure 6.12 R.Barle: Duration curves for Garmmarus pulex WUA
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Figure 6.13 R.Barle: Duration curves for Isoperla grammatica WUA
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7  Assessment and interpretation of results

7.1 RIVER BRAY AT LEEHAMFORD
7.1.1 WUA vs discharge outputs

PHABSIM WUA vs discharge results for target species at the Leehamford study site were
given in Figures 4.3,4.5.

Trout

For life-stages of trout, simulated WUA vs discharge curves from the two different habitat
suitability data sets are substantially different. In the corresponding results for normalised
WUA vs discharge (Figure 4.5) differences are reduced. This may be attributed largely to the
differences in suitability data for substrate. Since substrate is not treated as being discharge
dependent, the difference in substrate suitability data tends to produce a largely discharge
independent scaling of absolute values of WUA. The differences in outputs from the two
different habitat suitability data sets is most evident for the adult life-stage.

Using the US F&WS habitat suitability data WUA vs discharge for adult fry and juvenile life-
stages all peak at around 0.6 cumecs. For this data set spawning WUA peaks at 0.8 cumecs.
With the US data WUA for juveniles is around 70% greater than that for fry, but the shape
of the curves is very similar. This is demonstrated in Figure 4.5 where the fry and juvenile
curves for the normalised WUA are very similar. For the NRA SW suitability data WUA vs
discharge curves for the fry/juvenile and spawning life-stages peak at around 0.6 cumecs. The
adult WUA curve from this data set peaks at 1.3 cumecs.

On the whole the US data seems to produce the more realistic results, particularly for the
adult life-stage. This reflects opinions expressed about the transferability of the habitat
sutitability data sets which were expressed in Section 3.

Salmon

WUA (based on Heggenes habitat suitability data) for parr and young of year salmon peak
at around 0.5 cumecs. The spawning WUA curve (based on SW NRA habitat suitability data)
peaks at around 1.2 cumecs. WUA curves for parr and young of year (Figure 4.3) have a
very similar shape in the 0-0.5 cumecs range, with a slight scaling in absolute terms. In

Figure 4.5 the normalised WUA for parr and young of year is almost identical over this range
of discharges.

Invertebrates

For the three invertebrate species WUA vs discharge curves show a much reduced leve! of
sensitivity of WUA 1o changes in discharge when compared with the corresponding outputs
for the fish species. This reflects the much less finely focused habitat suitability data for these
species. Gammarus pulex in particular is extremely tolerant to a wide range of discharges.
For both Isoperla granimatica and Leuctra fusca WUA peaks at around 1.5 cumecs, falling
off gradually at higher discharges.
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7.1.2  Habitat time series simulation outputs

The historical and natural flow duration curves (Figure 5.1) using gauged abstraction data
(1980-1992) show significant levels of impact from the historical abstraction, concentrated in
the summer months. The relative impact of abstraction on discharges at given exceedance
percentiles for the summer and winter periods is shown in Figure 7.1 below. For the summer
months the natural 95 percentile flow (Q95) was reduced by 48%, with reduction remaining
as high as 25% at the 30 percentile exceedance level. For the winter months low flows were
still reduced significantly (33% reduction for the winter (Q95)) but flows exceeded 70% of
the time or less were reduced by less than 10%. Reductions in flows percentiles and the

corresponding reductions in WUA for the fish species, for the summer months are given in
Table 7.1 below.
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Figure 7.1 Reduction in flow at selected exceedance percentiles by abstraction.
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Table 7.1 Reduction in flow and habitat values by abstraction: summer months.

Trout WUA Salmon WUA
Perc. of Flow Total
Time Habitat Adult Juv Fry Parr YofY
95 47.7 15.1 30.3(68.4) 27.9(86.3) 37.9(86.3) 34.6 28.8
90 44.6 12.2 28.8(64.1) 28.6(86.2) 136.5(86.2) 34.2 274
80 40.4 10.7 25.7(57.1) 27.7(75.2) 33.9(75.2) 31.3 26.2
70 40.1 9.2 22.6(58.7) 27.8(77.4) 33.6(77.4) 293 21.7
50 38.0 5.7 14.9(43.7) 24.1{62.4) 28.7(62.4) 21.5 18.1
30 25.1 2.2 59(11.4) 8.723.2) 7.1(23.2) 8.9 7.7
20 13.5 1.6 2.0(5.6) 4.7(10.8) 2.710.8) 3.1 3.9
10 7.5 0.4 0.2(4.0) G.4(2.1) 0.0(2.1) 0.8 1.4

Total available habitat area duration outputs (Figure 5.2) show a reduced sensitivity 1o the
effect of abstraction, relative to the impact on the flow. For the summer months total
available habitat area is reduced by 15% at the 95 percentile exceedance and by 6% at the 50

percentile exceedance level. For the winter months reduction in total available habitat area
is negligible. '

Weighted usable area duration curve outputs (Figures 5.3-5.14) show high levels of impact
due to abstraction, concentrated in the summer months. As anticipated from the habitat
suitability data, predicted impacts are more severe for the fish species than for the relatively
tolerant invertebrate species. Reductions (by abstraction) in summer WUA values at selected
exceedance percentiles for life-stages of trout and salmon are given in Table 7.1 above (for
trout WUA, figures from simulations using SW NRA data are included in brackets). As
mentioned in the discussion of WUA vs discharge results, the PHABSIM outputs seem more
realistic using the US data, and it is likely that predictions using SW NRA data are
overestimating impacts. These results are displayed graphically for adult trout in Figure 7.2,
for fry and juvenile trout in Figure 7.3, and for parr and young of year salmon in Figure 7.4.
Impact upon the spawning life-stages of trout and salmon is relatively limited since abstraction
has limited impact upon flows in the winter spawning period.

Using the US F&WS habitat suitability data, predicted reductions in adult trout WUA for the
summer months are 30% at the 95 percentile exceedance level and 15% at the SO percentile
level (corresponding reductions predicted using the SW NRA data are 68% and 44 %). For
the fry and juvenile life-stages, using US F&WS suitability data, predicted reductions in
summer WUA at the 95 percentile exceedance level are 38% and 28 % respectively. At the
50 percentile level the corresponding reductions are 29% and 24 % (using NRA SW suitability

data for the combined fry/juvenile life-stage gives reductions of 86% and 62% at the 95 and
50 percentile levels respectively).

From Figure 7.4 it may be seen that predicted reductions in WUA for parr and young of year
salmon are very similar, with stightly greater reductions predicted for the parr. For
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the summer months salmon parr WUA is reduced by 35% at the 95 percentile exceedance
level and by 22 % at the 50 percentile level. Corresponding reductions predicted for the young
of year are 29% and 18%. Predicted reductions in WUA for both parr and young of year
salmon are very similar to those predicted for adult trout using US Fish & Wildlife service
suitability data, reflecting the similarity in the corresponding WUA vs discharge curves over
the 0-1 cumecs range. As in the case of spawning trout, reduction in salmon spawning salmon
WUA is limited since abstraction has a relatively limited impact upon winter flows.

7.1.3  Additional time series simulations: temporary licence scenario

Before gauged daily abstraction records were available to run habitat time series simulations,
some preliminary analysis was conducted using a scenario based on uptake of the maximum
abstraction rate permitted by the temporary licence variation agreed in 1992. This variation
specified a prescribed minimum flow of 0.079 cumecs, below which abstraction i1s not
permitted. This value approximates to the 95 percentile exceedance value for the natural fiow
record constructed using gauged abstraction data (as used to produce the results in Figures
5.1-5.14). The 1992 licence variation permits abstraction of half the remaining flow above
0.079 cumecs up to a daily maximum of 0.394 cumecs.

The abstraction scenario which was modelled was based on uptake of the maximum
abstraction permitted by the 1992 licence variation. Assuming this scenario a ‘natural’ flow
record was constructed for the period 1980-1993. Figure 7.5 below gives the ‘natural’ and
summer flow duration curves and fry trout WUA duration curves (using US F&WS data)
based on this abstraction scenario, for the period of record 1980-1993 (it must be stressed that
this is not a real scenario, since the licence variation was not agreed until 1992).
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It may be seen from Figure 7.5 that, under this abstraction scenario, summer flows over the
period 1980-1993 fell below the prescribed minimum flow of 0.079 cumecs for around 25%
of the time. Consequently, under this scenario, natural and historical flows in the 75-99.9
percentile exceedance range would be identical. It follows that summer habitat values in the
75-99.9 percentile exceedance range (ie. the lowest 25% of habitat values) for all target
species would be unaffected by abstraction. Comparing Figure 7.5 with Figure 5.7 it may be
seen that for this scenario, the half-take condition for flows above the relatively high
prescribed minimum flow ensures a relatively low level of impact upon summer habitat
availability, when compared with outputs using gauged abstraction data under the original
licence.

7.2 RIVER BARLE AT PERRY WEIR
7.2.1 WUA vs discharge outputs

Trout

PHABSIM WUA vs Discharge results for target species at the Perry Weir study site were
given in Figures 4.4 and 4.6. As in the simulations conducted on the R.Bray study site, the
simulation outputs for the two different habitat suitability data sets for trout are very different.
As in the case of the R.Bray the US F&WS seem o produce the more realistic results.

The WUA vs discharge curves produced using the US F&WS habitat suitability data for the
juvenile and adult life stages of trout both peak at around 2 cumecs. The fry and spawning
curves produced from the same data set, reach optimum levels at 1.5 and 3.5 cumecs
respectively. The curves produced from the NRA SW data predict that WUA for ali three life
stages peaks at 2 cumecs.

Salmon

WUA for salmon parr and young of year reach peak levels at 1.5 and 1 cumec respectively.
For spawning salmon (using from SW NRA data) peak habitat is reached at 4.5 cumecs. The
normalised WUA curves for salmon parr and young of year (Figure 4.6) show that young of
year salmon are slightly more sensitive to increases in flow above the peak then those for
parr. In absolute terms optimum WUA levels for voung of year salmon are 40% less than
those for salmon parr.

Invertebrates

The three invertebrate species WUA vs discharge curves show reduced levels of sensitivity
to changes in flow in a similar way to those produced for the R.Bray site. All three species
reach high WUA levels at 4.5 cumecs with Gammarus pulex showing slight increases in
habitat with flow above this level. WUA for Isoperla grammatica and Leuctra Jusca both
begin to decline with flow above 4.5 cumecs but are far less sensitive to changes in flow than
the fish species examined above.

7.2.2 Habitat Time Series Simulation Qutputs

The flow duration curves (Figure 6.1) produced sing gauged flow data (1981-1982) show
that the maximum licenced uptake of the abstraction has the potential to have a significant )
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impact the natural flow, especially in the summer months. The relative impact of the
abstraction on discharges at selected exceedance percentiles is shown in Figure 7.6 below.
The potential impact during the summer months is such that there is a 100% reduction in flow
at exceedances above 90%, since the abstraction has the potential to take up all of the
available flow at low flows. Even at the 30 percentile exceedance level the abstraction could
potentially reduce the flow by 24.1%. In the winter there is still potentia! for the abstraction
to have a significant impact. At the 50% exceedance level the potential reduction in flow is
13% rising to 57% at the 95% exceedance level. The reductions in flows at selected
percentiles and the corresponding reductions in WUA for the fish target species for the
summer months are given in Table 7.2 below.

The total habitat area duration curves (Figure 6.2) show that total habitat area has a reduced
sensitivity to the effect of abstraction relative to the impact on flow. For example, the

SUMMER MONTHS

1.2
it
0.8}
0.6
04
0.2f ' o= gl |
oL e, (B HER] | ] | G
1 5 10 20 30 50
EXCEEDANCE PERCENTILES
WINTER MONTHS
1.2
1k
0.81
0.6f
0.4r
02 B
0 e ey G o [oge] [ER
1 5 10 20 30 50 70
EXCEEDANCE PERCENTILES
Figure 7.6 Reduction in flow at selected exceedance percentiles by absiraction
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reduction in total habitat at the 70 percentile is 31.7% whereas the flow is reduced by 65.8%
at the same percentile. For the winter months the reduction in total habitat area is negligible
in comparison.

Table 7.2 Reduction in flow and habitat values by abstraction: summer months
Trout WUA Salmon WUA
Perc. of Flow Total
Time Habitat Adult Juv Fry Parr YofY
95 100 100 100(100) 100(100) 100(100) 100 100
90 100 100 100(100) 100{ 100) 160(100) 100 100
80 . 81.7 69.6 67.1(77.5) 68.3(82.1) 69.1(82. i) 688 66.5
70 65.8 31.7 34.1(56.6)  37.1(68.4) 36.9(68.4) 422  43.7
50 42.8 6.9 11.8(22.1) 14.9(35.5) 15.6(35.5) 16.7 23.9
30 24.1 1.5 3.8(7.7) 6.6(14.9) 10.0(i14.9) 7.9 7.4
20 17.8 0.8 1.92.3) 2.9(4.5) 5.1(4.5) 3.5 4.6
10 12.2 0.6 0.6(0.9) 0.8(1.4) 2.3(1.4) 1.4 0.4

The WUA duration curves shown in Figures 5.3 10 5.14 show high levels of impact if the
maximum level of abstraction is applied. Impact is concentrated during the summer months.
For maximum levels of abstraction the potential reductions at selected exceedance percentiles
for fish species are given in Table 7.2, above (figures for simulations for trout using SW
NRA data are included in brackets). As in the simulations for the R.Bray the PHABSIM
outputs seem more realistic using the US data, with the SW NRA data probably
overestimating the impacts. These results are also displayed graphically in Figures 7.6, 7.7,
and 7.8. The potential impact of the abstraction during the winter months for all the species
and life stages of fish is negligible since low flows likely to cause detrimental impacts occur
rarely, whilst flows above those giving optimal WUA for each target species are much more
common and any reduction in flow will increase WUA in these circumstances.

The potential impact during the summer on invertebrates is, perhaps unexpectedly, similar
to that on the fish species. This is because optimum WUA levels for these target species is
achieved at relatively high discharges which occur infrequently in the summer (eg Leuctra
Jusca at 4.5 cumecs a flow which is exceeded less than 20% of the time in the summer) and
below these levels the invertebrates are sensitive to reductions in flow.

Using the US F&WS data, the predicted reductions in adult trout WUA in the summer
months is 67 % at the 80 percentile exceedance level and 11% at the 50 percentile exceedance
level. The equivalent figures for the juvenile life stage are 68% and 15%. Those for the fry
life stage are 69% and 16% respectively. The predicted reductions in WUA for salmon parr
and young of year are similar to those for trout with slightly greater reductions at lower
percentile exceedances. At the 80 percentile exceedance level the reduction for parr is 69%

and young of year is 66.5 whilst-the reduction at the 50 percentile exceedance level is 17%
for parr and 23.9% for young of year.
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8 Conclusions and recommendations

8.1 RIVER BRAY AT LEEHAMFORD

Analysis of historical and natural flow duration curves (using gauged abstraction data) over
the period 1980-1992 suggest that the level of historical abstraction permitted by the ‘original’
licence conditions significantly reduced flows in the summer over a large portion of the flow
range, with high impacts at low flows. The consequent reduction in total wetted stream area
(total available habitat area) was less than that in the flow, but in contrast the Weighted
Usable Area available 10 adult, fry and juvenile trout and salmon parr and young of year was
reduced to a greater extent than the flow. Greatest impact was predicted for the fry life-stage
of trout and for the salmon parr.

Doubts have been expressed about the transferability of the habitat suitability developed by
NRA Wessex Region (now NRA SW), and as stated in the previous section it is our view that
IFIM predictions using these data may overestimate the impact of abstraction upon habitat
availability. In contrast, both the US Fish & Wildlife Service trout curves and the Heggenes
salmon curves were specifically designed as ‘generalised’ curves and should transfer more
readily. The curves are fairly broad-banded and it is likely that Category II utilisation curves
developed specifically for the rivers studied here would be more focused and would fall
within the range of these curves. If this were the case then it is likely that impacts from IFIM
simulations would be greater than those predicted here. Following this line of argument we
suggest that outputs from IFIM simulations presented here using the US trout data and
Heggenes salmon data may underestimate impacts.

The only possible approaches to directly assessing the influence of the use of these
generalised Category | habitat suitability curves upon the results of this assessment is to
initiate a program of direct observations of trout and salmon in SW rivers similar in character
to the Barle and the Bray. A sampling program along the lines of the Wessex NRA program
for the River Allen study could be initiated and Category 11/{ 111 utilisation/preference curves
developed. Clearly this approach is fairly resource intensive.

A less resource intensive approach is (o test the curves used here following a technique
recently developed by the U.S.Fish & Wildlife Service {Thomas & Bovee, 1993). The
essence of this technique is to test (for a given species life-stage) the hypotheses that (i)
‘optimal’ habitats will be used more than “suitable’ habitats and (ii} ‘suitable’ habitat will be
used more than ‘unsuitable habiwat’, It is suggested that statistically valid tests of these

hypotheses can be achieved using significantly smaller data sets than those required to develop
habitat utilisation criteria.

Considering that the levels of impact upon summer habitat availability for trout and salmon
predicted using the generalised Category I habitat suitability curves are very significant for
low flow periods, together with the fact that these (as a result of using generalised curves)
may be under-estimates it is doubtful that further simulations using habitat utilisation data are
justified, since the evidence already available from the results presented here would appear
sulficient to warrant careful consideration of any return to the ‘original” licence conditions.

Additional time series simulations, using an imaginary scenario based on the current

(temporary) licence suggest that the prescribed minimum flow is set at a level high enough
to ensure minimal impact upon summer habitat availability. Further simulations will bhe
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required to assess the impact of any alternative operating rules for the abstraction regime. In
section 8.3 below we discuss the application of the IFIM to the formulation of such rules and
assessment of their impact upon habitat availability.

8.2 RIVER BARLE AT PERRY WEIR

As for the R.Bray site above, analysis of historical (estimated using the maximum ficenced
abstraction uptake) and natural flow duration curves over the period 1981-1993 suggest that
the level of abstraction permitted by the current licence conditions significantly reduced flows
in the summer over a large portion of the flow range, with high impact at low flows. The
consequent reduction in total wetted stream area (total available habitat area) and WUA
available to adult, fry and juvenile trout and salmon parr and young of year was less than that
for the flow. The greatest impact was predicted for the fry life stage of trout and salmon parr.

The doubts expressed about the transferability of the habitat suitability data developed by
NRA SW to the R.Bray, as discussed above, may also be valid for this site and again the
IFIM predictions using these data may overestimate the potential impact of abstraction on
habitat availability. The US Fish & Wildlife Service trout curves and the Heggenes salmon
curves should, again, transfer more readily to this site than those developed by NRA SW as
they are more generalised. The suggestion that the outputs using these data may underestimate
the potential impact of the abstraction on available habitat at this site are also valid for the
rcasons outlined above. The recommendation that the habitat suitability data be further
developed or tested for use on the Barle and Bray, again outlined in the preceding section,
would again allow the assessment of the influence on the results of the suitability curves used.

- The levels of impact upon summer habitat availability predicted for trout and salmon indicate

that the abstraction has the potential to have significant itnpact, even using the generalised
Category | habitat suitability curves and the possible underestimates of habitat loss that may
result. However, the results presented for this site are based on a ‘worst case’ scenario in
which the licenced maximum uptake is abstracted from the river at all times. Further
simulations will be required to examine the impact of the actual level of abstraction or any
alternative operating rules for the abstraction regime.

8.3 USE OF IFIM OUTPUT FOR FORMULATING OPERATING RULES

The use of IFIM outputs for the prescription of operating rules for an abstraction which is
perceived to be impacting upon habitat availability is discussed in NRA R&D Note 185
‘Ecologically Acceptable Flows’. Although it is quite possible to recommend restrictions on
abstraction which should ensure protection of ‘natural habitats’ at low flows (by setting a
high enough minimum prescribed flow), it is difficult to estimate ‘acceptable’ levels of
reductions in habitat values, or ranges (in terms of exceedance percentiles for example) over
which given reductions are acceptable. In the absence of data to support any such estimates
they are bound to be to some extent subjective. For this reason it is not possible, nor is it
within the project brief to recommend operating rules for the two cases considered here.

To illustrate the mechanism described in R&D note 185 for assessing an ecologically
acceptable flow we shall use the example of salmon parr on the River Bray. Figure 8.1 below

gives the relevant WUA vs discharge relationship, simimer flow and habital duration curves
for this example.
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Figure 8.1 R.Bray: IFIM outputs for salmon parr

The WUA vs discharge curve in this example peaks at around 0.5 cumecs. From the natural
flow duration curve it may be seen that a flow of 0.5 cumecs corresponds to around the
natural Q50 flow. For flows less than 0.5 cumecs WUA will always be less than the peak
value achieved at 0.5 cumecs. Consequently all WUA value in the habitat duration curve in
the 50-99 percentile range correspond to flows of 0.5 cumecs or less.

Now suppose that we enforce a condition that flow should be regulated such that salmon pare
WUA should be maintained (for the summer months) at a level above its 90 percentile
¢xceedance value (for the natural flow regime). Reading from the habitat duration curve, the
natural summer 90 percentile exceedance value for salmon parr WUA is approximately
800m%/1000m. Referring to the WUA vs discharge curve it can be seen that for salmon parr
this value of WUA corresponds to discharges of cither 0.085 cumecs or 3.4 cumecs. Since
we know that the discharge corresponding to the 90 percentile exceedance value of WUA
must be less than 0.5 cumecs we reject the higher discharge from considerations.

We can now state that a minimum prescribed flow set at 0.085 cumecs would maintain
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salmon parr habitat above its natural 90 percentile exceedance value. A flow of 0.085 cumecs
corresponds approximately to the naturalised Q95.The cor responding flow required to ensure
no reduction at the 95 percentile level is 0.065 cumecs. This corresponds to the naturalised
Q97. Clearly there are endless scenarios we could assess in this manner - others may include
allowing a tolerance on levels of reduction at given percentiles, eg. we could insist that the
maximum allowable reduction (between the historical and natural values from the simulations)
in salmon parr WUA at the 90 percentile level is 20% etc.

The IFIM is designed as a tool for negotiation and it is clear that any alteration in existing
licence conditions will involve a process of negotiation between the NRA and the licence
holder. Results presented here can assist in developing proposals for such negotiation, but

further simulations may be required to explicitly assess the impact of alternative abstraction
regimes.
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Appendix B

River Bray at Leehamford: PHABSIM hydraulic calibration data
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Appendix C

River Barle at Perry Weir: PHABSIM hydraulic calibration data
sumimary

C/S 1
1.5~
101 | g
-4 1 E
100 Ef'mu“%“ﬂmoﬂo i 05:%)
~— 99 _ - [¢] > —_
E E
Sef g e ©5) S
g g \
3.1 { gl m
w w
(] L 1 i (1 .5) =L 1 1 i ‘15,
0 5 10 15 20 s 0 5 1 15 20 25
Distance{m) Distance(m)
Bed 1.79(obs} 3.59{abs) 5.64 (obs) Bed 1.79(obs) 3 59(obs) 5.64{cbs)
—_ =) — o . — ¢ = o
Caltoralion discharges i Calbraion dischamges _J
C/S 3
101 101
100 |- 100
‘ ¢
£ E
k=4 c B
2 S P
T 98 i 98
2 LB (1
w TS|
9? 1 L 1 ] (15) 97 1 1 (15)
0 5 10 15 20 0 5 10 15 20
Distance(m) Cistance{m)
Bed 1.79(obs) 3.59(obs) 5.64(obs) Bed1 .79(obs)3.59(0bs) 5 64(abs)
— &) a 4 — — = ©
Calbration discharges Cabbration discharges
CiIS 6
101 - 10 157>
100.5 1 25 41 E
g =
100 . 15 u.s§
995 < g
— 0 — 0
E w E
c c 4
2 985 - 1M s} 0.5)
o 98 > s
W @ W
gr 5 1 1 1 1 975 1 1 M | (1 5)
0 s 10 15 20 25 0 5 10 15 20 25
Distance(m) Distance{m)
Bed 1.79(obs} 3.59{obs) 5.64(obs) ' Bed 1.79(obs) 3 59({0bs) 5 64({cbs)
- b - o — € = o .
Cawralion deschamgas Calbration discharges
Figure Cl K. Barle: Hydraulic calihration data C/S 1-6

80



W RRE

RIVER BARLE AT PERRY WEIR

Bed 1. 79(obs) 3 59 obs) 5. 64(obs)

Calnbrallon dlscharges

101 15 | 1015 15
w :
41 E 101 —41 ‘]
z 100.5 . ;
i q0s 8 05
4 . - - - Q .
‘ AR ek B : > 100 >
- i 0 4]
5 7 g 995
c 99t 4 {0.5) 3 (0.5)
% o J—’O—._t> % 99
Sowst S~ 10 |3 s “
w w
ga | " 1 1 " (15) 98 1 1 1 (1.5)
0 10 15 20 25 0 10 15 20 25
Distance{m) Distance(m)

Bed 1.79(obs) 3.5%(obs) 5.64(obs)
4 Rl

Calibration discharges

101.5 2
v
101 E
=
1005 S
o
100 ¢- QO
0 >
’é‘ 99.5
=3
L Mg 1)
2
> 985
LTJ L
98 L i 1 i 1 . 1 (2)
0 10 15 20 25 30
Distance(m)
Bed 1. 79(obs) 3.59(obs) 5. 64 obs)
<
Calubrauon discharges
Figure C2 R.Barle: Hydraulic calibration data C/S 7-9

81



Appendix D

PHABSIM field survey data: River Bray at
Leehamford and River Barle at Perry Weir.
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CHANNEL INDEX DATA

Each of the following is estimated for each survey point.

Small objects (<200 min) percent 01w 100
Large objects (> 200 mm) percent 0to 100
Overhanging vegetation percent 010 100
Instream vegetation index 0to 1000
Undercut bank existance Oto i
Substrate size - major index I to 10

' - minor index lto 10

- % major percent 0t 100

Packing index 010 100

The sustrate size uses the folllowing index:-

plant detritus/organic material 1
mud/soft clay < / = 0.004mm 2
silt 0.004 - 0.0625mm 3
sand 0.0025 - 2mm 4
gravel 2 - 64mm 5
cobble 64 - 256mm 6
boulder > 256mm 7
bedrack > 256mm 8
Terrestrial vegetation index 9
Built-up bank materia! index 10

The substrate index is written in the form X0Y.Z; where X is the index to the most common material,
Y is the index to the second most common, and Z is the percent the dominant is of the total surface.
If only one substrate type is present then rather than X00.100, it should be recorded as X00.00.

The vegetation index includes the following:-
No instream vegetation
Streamer vegetation
Reed-type vegetation
Floating vegetation
Streamer/Reed
Streamer/Overhanging
Reed/Overhanging

AN RN - C

The index is written as XYD.Z; where X is the dominant vegetation, Y is the subdominate, D is the
total density of vegetation in units of 10 percent (range O to 1), and Z is the percentage of the
dominate of the total. For example a cell with mostly streamer vegetation (60 percent of total) and
the rest overhanging instceam vegetation which covers 30 percent of the stream bed area has the
values X=1, Y=3, D=3, and Z=60 for an index of 133.60. If there is only one type present then
rather than X0D. 100, it should be recorded as X0D.00.
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R. BRAY: HYDRAULIC CALIBRATION DATA

CIs 1 i _ _ _
WSL at 0.15 cumecs = 99.745 L
WSL at 0.53 cumecs = 99.843 IR 1 e
WSL at_1.40 cumecs = 99.915 . T i
;_ 0.15 cumecs 0.53 cumexs 1.40 cumecs
Distance (m) {Elevation (m) |Depth (cm) |Vel. (m/sec) Depth (cm) |Vel. (m/sec) Depth {cm) |Vel. (m/sec)
B 0 100 0 0 0 0 o] 0.000
. 1 99.984 0 0 0 0 0 0.000
1.5 99.948 0 0 0 0 0 0.000
2 99.947 0 0 0 0 0 0.000
2.5 99.904 0 0 0 0 0 0.000
B 3 99.929 0 0 0 0 0 0.000
a4 100.026 0 0 0 0 0 0.000
 aa 99.803 0 0 7 0.16 15| 0.423
4.8 99.721 2 0 12 0.343 21 0.676
~ 5.2 99.708 5 0.014 15 0.424 24 0.604
5.6 99.679 5 0.058 15 0.324 26 0.920
6 99.686 6 0.311 19 0.604 26 0.971
6.4 99.65 3 0.193 20 0.56 30 1.044
6.8 99.603 10 0.369 25 0.646 33 0.900
7.2 99.562 15 0.356 26 0.556 34 0.640
1.6 99.568 19 0.212 25 0.473 38 0.874
] 8 99.565 12 0.29 28 0.435 34 0.734]
8.4 99.79 of 0 28 0.09 37 0.605
8.8 99.649 14 0.335 20 0.488 33 0.448
9.2 99.676 8 0.073 20 0.457 6] 0791
9.6 99.739 2 0 10 0.42 30 0.732
N 10 99.609 17 0.119 15 0.366 25 0.705
10.4 99.666 10 0.082 6 0.35 25 0.641]
10.8 99.658 13 0.123 17 0.276 36 0.536
B 11.2 99.492 7 0.084 14 0.178 35 0.082|
11.6 99.851 0 0 0 0 200  0.186
. 12 99.619 15 -0.006 15] 0.06 27 0.165
124 99.676 9 0.009 17 0.014 24| 0.054]
1238 99.693 6 0.008 14 0.013 24 0.043
13 99.748 2 0 13 0.013 4| 0.000
13.4 100.094 0 0 0 0 ol " 0.000]
13.9 100.161 0 0 0 0 0 0.000
14.35 100.186 0 0 0 0 0 0.000




CIs2 |

WSL at0.15 cumecs = | 99,785 N Y R e
WSL a1 0.53 cumecs = ~99.888 o
WSL at 1.40 cumecs = 99.972 N _ o

0.15 cumecs 0.53 cumecs 1.40 cumecs .

Distance (m) |[Elevation (m) Depth {cm) |Vel. {(m/sec) Depth {cm) |Vel. {m/sec) Depth (cm) |Vel. (m/sec)
0 100.717 0 0 0 0 0 0.000
0.8 100.73 0 0 0 0 0 0.000
] 100.18 0 0 0 0 0 0.000
B 1.3 100.132 0 0 0 0 0 0.000
1.5 99.742 1 0 0 0 23]  0.128
1.9 99.673 9 0.113 20 0.096 23] 0.560
2.3 99.67 1S 0.268 20 0.447] 34 0693
2.7 99.626 15 0.205 26 0.4 43 0.999
3.1 99.566 21 0.052 29 0.434 47 0.718
- 3.5 99.577 21 0.114 31 0.351 45 0.793]
3.9 99.569 21 0.308 24 0.501 45 0.818
4.3 99.594 20 0.238 30 0.533 43 0.787
4.7 99.613 14 0.329 29 0.499 40 0.884
5.1 99.535 23 0.164 6] 0.47 45 0.536
_ 55| 99.56 21 0.163 32 0.373 as|  0.482
509 99.625 20 0.047 28 0.263 4 0162
63 99.698 10 -0.005 18 0.186 30,  0.150
6.7 99.825 2 0 6 0.015 18]  0.038
7 99.916 0 0 0 -0.003 5 0.000
7.4 100.153 0 0 0 0 0 0.000
8.1 100.838 0 0 0 0 0 0.000
9.68 101.304 0 0 0 0 0 0.000




2PN 1S

C/S 3 ol L B ]
WSL at 0.15 cumecs = 99.795 - P
WSL at 0.53 cumecs = 99.897 -
WSL at 1.40 cumecs = 100.037
) 0.15 cumecs 1.40 cumecs )
Distance (m) |Elevation {m) |Depth (cm) |Vel, (m/sec) Depth (em} | Vel. (m/sec) 1 L
0|  100.626] 0 0 0 0.000 ]
0.7 100.376 0 0 0 0.000
] 0.8 99.903 0 0 0 0.000
1.1 99.816 0 0 10 0.066
1.5 99.691 10 0.08 28 0.424
1.7 99.687 11 0.184 35 0.641
1.9 99.663 12 0.33 35 0.693
2.1 99.658 16 0.394 36 0.817
2.3 99.623 16 0.026 35 0.946
2.5 99.603 16 0.347 41 1.021
23] 99.597 21 0.355 a6 1.057] _
29 99.566 21 0.14 50 0.842
B 3.1 99.542 20 0.423 46! 0.867
3.3 99.54 20 0.372 42 1.043
3.5 99.573 20 0.043 32 1.163
3.7 99.562 20 0.013 37 0.998
3.9 99.56 15}. 0.174 42 0.851
4.1 99.539 15 0.209 41 0.702
4.3 99.502 24 0.16 as 0.602
4.5 99.602 26 0.14 40 0.393
4.7 99.536 26 0.07 40 0.318
B 4.9 99.53 27 0.024 45 0.330
5.1 99.533 27 0.028 40 0.420 B
5.3 99.55 22 0.03 45 0.367
5.5 99.552 18 0.027 a5 0.111
5.7 99.602 19 0.035 27 0.004
5.9 99.733 1 0 15 0.112 o
6.5 100.16 0 0 0 0.000
7.4 100.522 ) 0 0 0.000
8.4 100.872 0 0 0 0.000
— - - B
- - _ |




C/5 4

WSL at 0.15 cumecs = 99.839 — -
WSL at 0.53 cumecs = 9.922 — SE— -
WSL at 1.40 cumecs = 100.06

0.15 cumecs 1.40 cumecs o
Bi_stanp_e_ (m) |Elevation (m) |Depth {cm) |Vel. (m/sec) [Depth (cm) |Vel. (m/sec) I _
0 100.816 0 0 0 0.000] ~
1 100.6 0 0 0 0.000
12 99.875 0 0 0 0.000
1.45 99.868 0 0 9 0.000
_ 1.7 99.743 3 0 14 0.122 H
_ 2.05 99.691 12 0.39 35 0.940 _
2.3 99.704 12 0.7 40 0.818
) 2.55 99.68 13 0.4] 40 0.762
2.8 99.703 T 10.45 40 1.120
- 3.05 99.727 13 1.09 40 0.852
3.3 99.72 9 ] 35 _0.809
3.55 99.699 13 1.01 35 0.856
3.8 99.735 10 0.96 35 0.515
4.05 99.734 10 0.45 30 0.872
4.3 99.74 8 0.186 30 1.266
4.55 99.848 4 0.103 28 1.470 -
__ as 99.809 2 0.124 25 1.413 ]
5.05 99.843 2 0.347 29 1.425
5.3 99.769 4 0.186 31 10.616
5.55 99.818 4 0.205 30 1.426
5.8 99.847 4 0.01 27 0.508
6.05 99.803 5 0.242 25 0.248
6.3 99.793 0 0 20 1.170
6.55 99.823 2 0.03 20 0.479
6.8 99.958 2 0.103 s 0.000
7.3 99.984 0 0 0 0.000
~7.55 100.249 0 0 0 ~0.000
8.1 101.296 0 0 0 0.000 T
8.7 101.498 0 0 0 0.000
1




CIS S | ]
WSL at 0.15 cumecs = 100.028
WSL at 0.53 cumecs = 100.098
WSL at 1.40 cumecs = 100.232
0.15 cumecs 1.40 cumecs
Distance (m) |Elevation (m) [Depth (cm) [Vet. (m/sec) |Depth (cm) |[Vel. (m/sec)
0 100,934 0 0 0 0.000
0.85 100.738 0 0 1] 0.000 I
1.1 99.925 16 0.088 30 0.667
1.25 99.945 7 0.13 30 0.679
1.5 99.956 7 0.159 25 0.609
1.75 99.985 3 0.051 25 0.626
2 99.933 8 0.606 27 0.689
2.25 100.047 6 0.431 27 0.940
2.5 99.956 6 0.31 30 1.049
2.75 99.93 10 0.191 30 1.093
3 99.962 9 0.048 29 1.135
3.25 99.985 6 0.557 27 1.1
3.5 99.93 6 0.457 29 0.884 )
3.75 99.936 9 0.426 29 0.867
4 99.978 7 0.306 26 0.811
4.25 99.943 10 0.221 27 0.794
4.5 99,918 12 0.43(7 32 0.763
4.75 99.923 14 0.238 33 1.011
5 99.883 14 0.136 30 0.908
5.25 99.862 16 0.132 21 0.823
5.5 99.895 14 0.348 34 0.659
5.75 99.893 13 0.349 32 0.849
6 99.968 i2 0.247 29 0.651]
6.25 99.94 10 0.14 28 0.508
6.5 99.932 10 0.042 27 0.537
6.75 99.967 1 0 25 0.259
7 100.02 3 0.031 20 0.087
7.25 100.054 1 0 15 0.000
7.5 100.091 0 0 10 0.012
7.75 100.15 0 0 0 0.000
8 100.191 0 0 0 0.000
8.25 101.318 0 0 0 .000
8.34 101.248 0 0 0 0.000




CIS 6 |

—

WSL at 0.15 cumecs = 100.086 o b I
WSL 21 0.53 cumecs = 100,162 e B S
WSL at 1.40 cumecs = 100.271] R T
) 0.15 cumecs N 1.40 cumecs | I . _j_
Distance (m) _|Elevation (m) [Depth (cm) |Vel. (m/sec) [Depth (cm) |Vel. (misec) | R
0 100.589 0 oo o 0.000| 1
- 0.4 100.568] o] 0 _ 0 0000 ]
0.6 100.336 o 0 0 0.000 N
0.8 100.025 5 0.023 25 0.291 __
! 99.988 7 0.024 30 0.570
1.25 100.059 2 0.068 25 0.589
1.5 99.928 15 0.106 35 0.518
1.75 99.988 10 0.109 35 0.415
2 99.952 13 0.133 40 0.438
225 99.941 13 0.148 38 0.581 -
. 2.5 99.92 16 0.154 40 0.762 -
275 99.904 16 0.154 40 0.919 _
3 99.913 20 0.364 37 1.049 -
3.25 99.93 200 0.066 38 1.072 ]
3.5 99.956 13 0.042 25 1.107]
3.75 100.036 14 -0.006 27 1.216 _
4 99.838 25 0.25 35 0.907
4.25 99.794 28 0.334 57 0.960
4.5 99.795 28 0.173 52 0.788
_ 4.75 99.81 25 0.158 50 0.759 '
5 99.796 30 0.165 52 0.892 _
B 5.25 99.777 30 0.058 52 0.646 -
B 5.5 99.831 27 0.032 46 0.325 _
5.75 99.904 17 0.021 37 0.189
6 99.976 10 0.005 27 0.014 ]
6.25 100.04 0 0 2 -0.068 ]
6.5 100.169 0 0 10 0.000
6.73 100.171 0 0 0 0.000
6.85 100.779 0 0 0 0.000
7.04 100.707 0 0 0 0.000




S

s I .
WSL at 0.15 cumecs = 100.14
[WSL at 0.53 cumecs = 100.2291 . L
WSL at 1.40 cumecs = 100.341 .
o 0.15 cumecs 1.40 cumecs B
Distance (m) _|Elevation (m) |Depth (cm) |Vel. (m/sec) |Depth (cm) |Vel. (m/sec)
0 101.072 0 0 0 0.000
0.4 101.024 0 0 0 0.000 -
0.55]  100.611 0 ) 0 0.000
077 100.565 0 0 0 0.000
0.87] 100.362 0 0 I 0.000
_ 1 100,27 0 0 5 0.000
1.25 100.183 0 0 17 0.060
15 100.157 0 ) 20 0.058
1.75 100.127 2 0 28 0.340
2 100.073 7 0.275 27 0.575
2.25 100.034 1 0.331 32 0.776
25 100.023 9 0.332 25 0.847
2.75 100.053 9 0.37 37 0.899
3| 100.045 10 0.43 40 1.276
3.25 100.002 13 0.376 37 1.378 ]
~ 3.5 100.027 13 0.324 35 1.188 |
] 3.75] 100.023 13 0.214 31 ~0.993
4] 100.006 1 0.326 37 1.026
4.25 99.962 16 0.287 40 1.088 ~
4.5 100.006 15 0.006 38 0.793
4.75 99.998 15 0.021 37 0.718
s 100.008 15 0.352 39 0.814
5.25 99.987 15 0.287 37 0.715
5.5 99.991 15 0.305 38| 0.768 .
5.75 100.003 15 0.264 30; 0.800
7 6 100.091 9 0.286 26 0.605
. 6.25 100.038 12 0.02 25| 0.638 B
_____ 6.5 100.198 0 0 30 0.247
6.75 100.234 0 0 13 0.498
7 100.137 0 0 10, 0.358
7.25 100.306 0 0 4 0.000
7.5 100.365 0 0 0 9.000
7.75 100.902 0 0 0 0.000
8 101.102 0 0 0 0.000
8.15 101.13 0 ) 0 0.000




css | e ] __ ]
WSL at 0.15 cumecs = 100. 164 L
WSL at 0.53 cumecs = 100.239 )
WSL at 1.40 cumecs = 100.347 B
_ 0.15 cumecs 1.40 cumecs
Distance (m) {Elevation (m) |Depth (cm) [Vel. {m/sec) |Depth (cm) |Vel. (m/sec) -
0 100.73 0 0 0 0.000
04 100665 0 0 K 0.000| ~
08| 100432 0 0 0 0.000| o
R 100.14 10 0 20 -0.039 T
1.4 99.845 25 -0.05 45 -0.030 o
1.6 99.798 25 -0.002 55 0.014 B
1.8 99.718 40 0.018 60 0.438
2 99.698 40 0.023 60 0.627
2.2 99.673 47 0.025 68 1.687
2.4 99.714 a5 0.16 70 1.363
2.6 99.7 45 0.234 70 0.767 o
2.8 99.779 38 0.326 60 1.122 j
3 99.751 34 0.338 58 1.054] -
3.2 99.778 37| 0324 60| 0.789! i
34 99.78 36 031 60 0.467i -
3.6 99.771 36 0.218 63 0.356] ;
3.8 99,742 38 0.135 67 0.525 ; ~
4 99.743 39 0.05 67 0.608] l !
4.2 99.758 40 0.026 66 0.347 '
4.4 99.773 38 0.016 66 0.290
4.6 99,791 35 0.005 60 0.148
4.8 99,829 34 -0.005 57 -0.002
5 99.834| 30 -0.005 S0 -0.026 ]
5.2 99.793 33 0.004 55 -0.035 -
5.5 100.042 3 0.027 10 0.000
58 100.368 0 0 3 0.000
6.1 101.04 0 0 ) 0.000 T
6.45 101.037 0 0 0 0.000

RN




C/S 9 | - ) _ ) L L
WSL at 0.15 cumecs = 100.211 L _ -
WSL at 0.53 cumecs = 100.281 ) S
WSL at 1.40 cumecs = 100.444 L L
T 0.15 cumecs i 1.40 cumecs N o _ o
a;.u_u_:e_(m) “|Elevation (m) |Depth (cm) |Vel. (m/sec) [Depth (cm) |Vel. (mfsec) T
0 101.135 0 0 0 0.000 S
T 0.2 101.144 0 0 0 0.000 )
0.35 100.814 0 0 0 0.000 ]
) 0.75 100.596 0 0 0 0.000
1 100.39 0 0 4 0.000
1.2 100.324 0 0 7 0.026
1.4 100.293 0 0 12 0.007 L
1.6 100.112 6 0.101 18 0.014
B 1.8 100.126 6 0.321 20 0.036
_ 2 100.07 9 0.403 32 0.045 I
2.2 100.026 9 0.691 38 0.838 )
2.4 99.97 10 0.203 37 1.342
2.6 100.048 7 0.791 39 £.650
2.8 100.161 1 0 29 1.669 ] _
3 100.199 6 0.602 32 1.597 N
3.2 100.167 5 0.576 37 1.286
_ 3.4 100.025 16 0.583 40 1.136 _
B 3.6 100,12 12 0.89 45 1.015 i
3.8 100,104 10 1051 44 0.908
4 100.171 13 0.499 40 1.019 ]
o 4.2 100.393 0 0 39 1.021 T
o 4.4 100.33 0 0 25 0.972
4.6 100.315 0 0 28 0.888 B
4.8 100.295 0 0 17 0.147
5 100.23 7 0.082 30 1.321 ]
5.2 100.132 6 0.666 35 0.809
5.4 100.114 6 0.629 34 1.540
- 5.6 100.129 3 0.784 30 0.814
5.8 100.24 7 0.028 20 0.769
_ 6 100.179 1 0.125 21 0.470
6.2 100, (91 0 0 20 0.285 ]
6.4 100,171 0 0 23 0.096 T
6.6 100,346 0 0 9 0.605 T
6.8 100.34 0 0 11 0.890
7 100.297 0 0 10 0.000
7.17 100.341 0 0 0 0.000
7.3 101.217 0 0 0 0.000
B 7.65 101,368 0 0 0 0.000 -




csiwo_ | _ - )
\_VIat 0.[5 cumees = 100.424 1. _
WSL at 9.53 cumecs = ~ 100.508 L _ ) _
WSL at _1.40 cumecs = [00.63 L _
_ 0.15 cumecs 1.40 cumecs
Distance (m) |Elevation (m) |Depth (cm) |Vel. (m/sec) |Depth (cm) |Vel. (m/sec)
0 101.082 0 0 0 0.000
0.2 100.997 0 0 0 0.000
. 0.4 100.516 0 0 o]  0.000
‘_ 0.5 100.492 0 0 17 0.129
B 0.75 _100.451 0 0 17| 0.135]

1 100.334 9 0.029 30 0036
TS 100.28 13 0.284 31 T0.797 )
B LS 100.341 10 0.391 32 0.776

1.75 100.332 7 0.492 37 1.040

2 100.3 11 0.333 34 0.867

2.25 100.356 9 0.391 3] 1.182
2.5 100.337 9 0.005 32 0.980
2.75 100.323 7 0.235 33 0.982
- 3 100.383 1 013 35| 1,138
3.25| 100.32 11 0.448 33 1.056 __
3.5, 100.314 12 0.207 33| 1128
3.75 100.336 10 0.467 34 0.752
4 100.307 13 0.022 36 ~0.851
4.25 100.27 15 0.509 40 1.052
4.5 100.319 8 0.216 33 0.995
4.75 100.302 11 0.265 34 0.906
5 100.312 11 0.32 33 0.780
5.2 100.321 9 0.343 32 0.583
5.5 100.29 9 0.198 30 0.662
_5.75 100.357 10 0.126 35 0.701
~ N 100.333 9| 0.035 32 0.168!
6.25 100.388 4 0.026 25 ~0.308]
6.4 ~100.38 6 0.026 25 0.262
6.5 100.52 0 0 8 0.083
6.8 100.615 0 0 0 0.000
7 101.003 0 0 0 0.000
7.4 101.072 0 0 0 0.000
|
e o _ ? e




]

Cis 11 |

WSL at 0.15 cumecs = 100.563
WSL at 0.53 cumecs = 100.634
WSL at 1.40 cumecs = 100.76
0.15 cumecs 1.40 cumecs
Distance (m) [Elevation (m) |Depth {cm) [Vel. (m/sec) [Depth (cm) |Vel. (m/sec)

0 101.455 0 0 0 0.000

0.4 101.302 0 0 0 0.000

0.67 101.093 0 0 0 0.000

0.72 100.474 11 0.392 0 0.000

1 100.498 6 0.326 28 1.184

1.3 100.56 1 0.136 25 1.080

1.6 100,536 2 0.386 25 1.094

1.9 100.564 0 0 21 0.788

2.2 100,543 1 0.003 16 0.440

2.5 100.49 8 a.151 19 0.229

2.8 100.475 9 0.5 26 0.203

3.1 100.49 8 0.574 27 0.946

3.4 100.512 6 0.518 27 1.248

3.7 100.55 0 0 23 1.023

4 100.49 8 0.34 31 0,993

4.3 100.582 1 0 19 1.139

4.6 100.663 2 0.398 24 1.225

4.9 100.498 7 0.339 25 0.718

5.2 100,53 8 0.483 25 0.666

5.5 100.523 6 0.177 24 1.060

5.8 100.484 8 -0.002 27 0.910

6.1 100.501 7 0.632 24 1.236

6.4 100.501 6 0.068 i8 0.942

6.7 100.524 6 0.099 19 0.867

7 100.503 8 0.129 24 1.160

7.3 100.497 7 0.469 24 1.183

7.6 100.466 11 0.67 25 0.674

7.9 100.547 0 0 12 0.621

8.2 100.918 0 0 0 0.000

8.5 101.224 0 0 4] 0.000

8.8 101.346 0 0 0 0.000

9.08 101.326 0 0 0 0.000




Cis 12 [ 1 _ ] o
WSL atO.15 cumecs = | 100.713 o __. 1 -
WSL at 0.53 curecs = 100.779 ) ___ ___ L . ____
VVSL; 1.40 cumecs = ~ 100. 87? a o _t _ . :
__:_ i “los cumecs 1.40 cumecs - a o _ ___ o
_l?_islancc (m) |Elevation (m) jDepth {cm) |[Vel. (n_x-lsgc_) Depth (cm) | Vel. (m/sec) o
0 101.32 0 o 0 0.000
0.3 101.097 0 o 0 0.000
0.5 100.894 0 0 0 0.000|
0.8 100.69 0 o 3 0.000 B
1 100.615 7 0 24 0.139 B
1.25 100.564 12 0.012] 29 0.212 ]
] 1.5 100.558 16 0.029 34 0.278 _
B 1.75 100.518 17 0.017 35 0.352 -
R 2 100.496 20 0.032 40 0.407 )
2.25 100.492 20 0.041 40 _0.529 ]
25 100.474 25 0.071 a2 0.541 ]
2.75 100.54 16 0.09] 43 0.535 ]
3 100.449 25 0.106 47 0.590 .
B 3.25 100.377 30 0.111 46 0.620] _
3.5 100.336 36 0.134 55 0.641 _
3.75 100.3 40 0.137 60 0.610
] 4 100.212 a7 0.133 60 0.743 ]
4.25 100.194] 51 0.153 70 0.730; ]
4.5 100.187 49 0.183 69 0.839
4.75 100.159 52 0.142| 75 0.784] ]
5 100.211 55 0.147 74 0.622
5.25 100.37 35 0.119 50 0.691
. 5.5 100.38 34 0.068 54]7  0.470 -
5.75 100.54 26 0.03 54 0.203
6 100.559 29 0.014 45 0.064
6.17 100.586 12 -0.002 30 0.150 B
6.3 101.156 0 0 0 0.000
6.6 101.409 0 0 0 0.000
6.8 101.438 0 0 0 0.000 ]




R. BRAY: CHANNEL INDEX DATA -
Cist i _
Distance  |%Small |%Large |%OHC |Instream Veg. Undercut bank  [Substrate Packing
_ 0 0 0 0 o 0 309.8 70
1 of 0 0 o 0 309.8 70
1.5] 0 0 0 0 0 309.8 70
_ 2 0 0 0 of T % 309.8 70
2.5 0 0 0 0; 0 309.8 70
3 0 0 0 0 0 309.8 70
4 0 0 0 0 0 309.8 70
4.4 0 0 0 0 0 309.8 70
4.8 10 0 0 0 0 506.8 80
5.2 20 10 0 0] 0 605.6 80
B 5.6 20 10 0 0 0 605.6 80
6 20 10 0 0 0 607.7 80
) 6.4 30 30 0 0 0 706.7 90
68 10 10 0 0 0 607.6 80
B 7.2 10 0 0 0: 0 605.7 80
7.6 10 30 0 0 0 706.6 80
8 10 40 0 0 0 706.8 90
8.4 10 40 0 0 0 705.7 90
8.8 20 50 0 0 0 705.8 90
9.2 20 50 0 0 0 706.8 90
9.6 10 30 0 0 0 706.9 10
10 10 30 0 0 0 706.9 10
10.4 10 30 0 0 0 706.9 10
10.8 10 30 0 0 0 706.9 10
11.2 10 30 0 0 0 706.9 10
11.6 10 30 0 0 0 706.9 10
12 10 30 0 0 0 706.9 10
12.4 10 30 0 0 0 706.9 10
12.8 10 20 0 0 0 703.6 70
13 0 0 0 0 0 309.8 70
13.4 0 0 0 0 0 309.8 70
13.9 0 0 0 0 0 309.8 70
14.35 0 0 0 0 0 3090.8 70




Distance | %Small %_L.argi___ lnslream_Veg. Undercut bank _&bstrﬁ:_ Packing
T T o 0 0 0 0 Y 0]
T o8] o 0 0 0 "0 903.6 80
1| 20 30 0 0 1 307.6 60
1320 40 0 0 0 706.6 90
1.5 30 40 0 0 0 705.7 90
1.9 20 10 0 0 0 506.6 70
23 20 0 0 0 0 605.7 70
2.7 20 0 0 0 0 605.7 70
3.1 20 0 0 0 0 605.7 70
3.5 30 20 0 0 0 607.7 80
3.9 20 40 0 0 0 706.8 90
4.3 20 20 0 0 0 607.6 80
4.7 20 20 0 0 0 607.6 70
5.1 30 10 0 0 0 506.6 70
5.5 30 10 0 0 0 506.6 70
5.9 40 10 0 0 0 605.6 60
6.3 50 10 0 3 0 607.8 50
6.7 30 20 0 0 0 706.6 80
7 10 0 0| 0 0] 19037 60
7.4 10 0 0 0 0 903.7 60
8.1 10 0 0 0 0i 937] 70
9.68 0 10 0 0 0 903.6)] 80




L]

C/S3

Distance | %Small |%Large [%OHC |Instream Veg. Undercut bank  |Substrate Packing_m_
0 0 0 o] 0 0 309.8 70
0.7 0 0 10 0; 0 309.8 70
0.8 0 0 10 0 0 309.8 70
1.1 10 20 10 0 0 603.7 70
1.5 10 20 20 0 0 605.6 80
| 1.7 10 20 0 0] 0 607.7{ 80
1.9 10 20 10 0 0 605.6 80
2.1 10 20 0 0 0 605.6 80
2.3 10 20 10 0 0 605.6 80
2.5 10 20 0 0: 0 605.6 80
2.7 10 20 10 0 0 605.6 80
2.9 20 20 0 0 0 607.7 80
3.1 10 20 0 0 0 607.6 80
~ 3.3 10 30 0 ol 0 706.6 90
3.5 0 50 0 0 0 705.7 10
3.7 0 50 0 0 0 705.7 10
3.9 20 30 0 0 0 607.6 80
4.1 20 o, o© 0 0 605.7| 80
4.3 10 0 0 0 0 506.6 70
4.5 0 0 0 0 0 506.7 70|
4.7 0 0 0 0: 0 506.7] 70
4.9 0 0 0 0 0 506.7] 70
5.1 20 0 0 0 0 605.7 70
5.3 20 20 0 0 0 605.8 80
5.5 20 20 0 0| 0 605.8 80
5.7 20 40 0 ) 0 806.6 10
5.9 20 40 0 0 0 806.6 10
6.5 20 30 0 0 0 706.6 80
7.4 10 30 0 0 0 705.7 70
8.4 20 20 0 0 ) 305.6 70




CiS 4

Distance %Emall %OHC (Instream Veg. |Undercut bank  [Substrate Packing ]
o| 0 0 0 0 0 903.8 80
I 0 0 0 0 0 903.8 _ 80]
.2 10 30 10 0 ! 305.6 70
1.45 20 30 0 501 0 506.7 70
1.7 20 20 0 503 0 605.7 60
205 20 20 0 0 0 706.6 70
2.3 20 20 0 0 0 706.6 70
2.55 20 20 0 0 0 706.6 70
2.8 30 20 0 0 0 706.7 60
3.05 30 20 0 0 0 706.7 60
3.3 30 20 0 0 0 605.8 50
3.55 30 10 0 0 0 605.8 50
3.8 20 40 0 0 0 706.6 60
4.05 30 20 0 0 0 706.7 60
4.3 30 20 0 0 0 706.7 60
4.55 20 30 0 0 0 607.6 60
4.8 20 30 0 0 0 607.6 60
5.05 20 40 0 0 0 706.6 60
5.3 20 40 0 0 0 501 60
5.55 20 50 10 0 0 106 60
5.8 20 50 10 0 0 106 60
6.05 20 50 10 0 0 106 60
6.3 30 20 10 501 0 705.6 60
6.55 30 20 10 501 0 705.6 60
6.8 30 30 10 501 0 706.6 90
7.3 20 20 10 0 0 305.6 70
7.55 10 20 10 0 0 903.8 50
8.1 10 20 10 0 0 309.6 70

8.7 0 10 0 0 0 309.7 70




CIS S

l

Distance | %Small [ %Large [%OHC [lnstream Veg. |Undercut bank _[Subsirate | Packing |
0 o o o 0 ol 3098 80

0.85 0 o o 0 0 309.8) 80
1l 10 0 0 0 1 605.7 70
1.25 10 0 0 0 1 605.7 70

1.5 20 0 0 0 0 605.8 80

1.75 20 20 0 0 0 605.9 70

2 20 20 0 0 0 605.9 70

2.25 20 20 0 0 0 605.9 70

2.5 20 20 0 0 0 605.9 70
2.5 20 0 o 0 0 605.8 80
3 20 o| 0 0 0 605.8 80

3.25 20 0 0 0 0 605.3 80

3.5 20 0 0 0 0 605.8 80

] 3.75 20 0 0 0 0 605.8 80
4 20 0 0 0 0 605.8 80

4.25 20 0 0 0 0 605.8 80

4.5 20 0 0 0 0 605.8 80
475 20 0 0 0 0 605.8 80
B 5 20 0 0 0l 0 605.8 80
5.25 20 0 0 0 0 605.8 80

B 5.5 20 0 0 0 0 605.8 80|
| 535 20 0 0 0 0] 6056 60
6 20 0 0 0; 0 605.6 60

6.25 20 0 0 0 0 605.6 60

6.5 20 0 0 0 0 605.6 60

6.75 30 20 0 0 0 506.6 70

7 10 0 0 0 0 506.7 70

7.25 20 0 0 0 0 605.7 50

7.5 20 of o 0 0 506.8 80

7.75 0 o] 0 0 i 504.8 80

8 0 0 0 0 ! 504.8 80

8.25 0 of 0 0 0 309.8 80

8.34 0 0 0 0 0 309.8 80|




CIs6

Distance | %Small {%Large %OHC |Instream Veg. |Undercut bank |[Substrate Packing
0 0 0 0 0 0 903.7 70
04 0 0 0 0 o 903.7 70
06 0 10 0 0 a 309.7 60
- 0.8 10 20 0 0 1 309.8 60
1 g8o] 10 0 0 0 605.9 60
1.25 50 10 0 0 0 605.7 60
s 50 20 ) 0 0 604.6 50
1.75 30 10 0 0 0 506.7 60
2 0 10 0 0 0 504.6 40
2.25 0 10 0 0 0 504.6 40
2.5 30 20 0 0 0 605.6 60
2.75 60 20 0 0 0 605.8 70
3 60 20 0 0 0 605.8 70
3.25 50 20 0 0 0 607.7 70
3.5 50 20 0 0 0 607.7 70
3.75 30 30 0 0 0 705.6 70
4 60 20 0 0 0 605.7 70
4.25 60 20 0 ) 0 605.7 70
4.5 50 10 0 0 0 607.8 80
4.75 50 10 0 ) 0 607.8 80
5 20 10 0 0 0 705.6 80
5.25 20 10 0 0 0 705.6 80
5.5 10 10 0 0 0 406.7 50
5.75 0 10 0 0 0 407.8 50
6 0 10 10 ) 0 405.8 50
6.25 0 10 10 0 0 405.8 50
6.5 0 30 10 0 { 704.7 60
6.73 0 0 10 0 1 309.6 80
6.85 0 0 10 0 1 309.6 80
7.04 0 0 10 0 0 309.6 80




Distance | %Small Instream Veg. |Undercut bank  |Substrate Packing

o 0 of o 0 of T 309.8 80

0.4 0 0 0 0 0 309.8 80

0.55 0 0 0 0 o 3098 80

0.77 0 ol o 0 0] 3098 80

0.87 0 0 0 0 0 309.8 80

1 0 0 0 0 0 305.8 70

1.25 0 0j 0 0 0 305.8 70

1.5 0 0 0 0 0 503.8 70

1.75 20 0 0 0 0 506.8 60

2 20 20 0 0 0 605.8 70

2.25 20 20 0 0 0 605.8 70

2.5 20 20 0 0 0 605.9 70

275 20 0 0 0 0 605.9 80

3 20 0! 0 0 0 605.7 70

3.25 20 0 0 0 0 605.7 79|

3.5 20 0 0 0 0 605.7 70

3.75 20 0 0 0 0 605.7 70

4 30 0 0 0 0 605.6 70

4.25 10 0 0 0 507.6 80

4.5 10 0 0 0 507.6 80

4.75 10 0 0 0 507.6 80|

5 10 0 0 0 605.6 80

5.25 0 0 0 0 506.6 70

5.5 0 0 0 0 506.6 70

5.5 0 0 0 0 706.6 80

6 10 0 0 0 705.8 90

6.25 0 0 0 0 705.6 80

6.5 0 0 0 0 705.9 10

6.75 0 0 0 0 705.9 10]

7 0 0 0 0 705.9 10

7.25 0 0 0 0 0 301.8 90

7.5 0 0 0 0 0 309.8 80

175 0 0 0 0 0 309.8 80
] 8 0 0 0 0: 0 309.8
815 o 0 0 0 . 0 309.8




Crs 8
Distance [%Small [%Lacge |%OHC instream Veg, lJ_mi?m_u:_ba_nI_'EcEs_sEm_“iﬁg'_Em_g::
0 of___ o o 0 O 9038 " g

[ o4f 0 0 o o 0 903.8 80
o8 0 0 of 0 0 9038 80
T 10 10 10 502 0 '905.8 90
1.4 10 80 20 0 0 703.8 70
Y: 10 80 20 o 0 703.8 70
1.8 30 70 10 0 0 703.8 80

| 2 40 30 0 0 0 706.6 70
2.2 40 30 0 0 0 706.6 70

| 23 10 60 0 0 0 706.6 70
2.6 10 60 0 0 0 706.6 70

2.3 10 60 0 0 0 706.6 70

3 20 40 0 0 0 705.7 60

3.2 20 40 0 0 0 705.7 60

3.4 20 30 0 0 0 507.6 60

3.6 20 30 0 0 0 507.6 60

3.8 0 10 0 0 0 507.7 60

4 0 10 0 0 0 507.7 60

B 4.2 0 10 0 0 0 504.7 50
4.4 0 10 0 0 0 504.7 50

4.6 0 10 0 0 0 504.7 50

4.8 0 10 0 0 0 504.7 50

5 20 20 0 0 0 504.7 60

5.2 0 60 0 0 0 904.8 80

5.5 20 40 0 0 0 903.8 80

5.8 20 20 0 0 I 900 80

6.1 20 20 0 0 0 900 80

6.45 0 0 0 0 0 103.8 60




Lt

C/i59

Distance |%Small |%Llarge |%OHC [Instream Veg. |Undercut bank |Substrate Packing
0 0 0 0 0 N ) 309.8 80
T 02 0 0 0 of 0 309.8 80
[ 0.3s 0 0 0 0 0 309.8 80
T 075 0 0 0 0 0 309.8 80
1 20| 0 0 0 _ 0 603.7 90
T2 20 0 0 0 0 603.7 90
B 1.4 30 0 0 0 0 605.8 80
1.6 40 20 0 0 0 605.7 80
1.8 40 20 0 0 0 605.7 80
2 20 10 0 0 ) 600 70
2.2 20 20 0 0 0 605.8 70
2.4 20 0 0 0 ) 605.6 70
2.6 20 30 0 0 0 605.7 70
2.8 20 50 0 0 0 706.7 80
3 20 60 0 0 0 706.9 90
3.2 0 50 0 0 0 700 60
3.4 30 30 0 0 0 607.7 90
3.6 20 20 0 0 0 600 70
3.8 20 30 0 0 0 607.6 70
4 20 40 0 0 0 706.6 10
4.2 0 80 0 0 ) 700 10
4.4 0 90 0 0 0 700 10
4.6 0 90 0 0 ) 700 10
4.8 0 90 0 0 0 700 10
5 20 70 0 0 0 706.8 10
5.2 10 20 0 0 0 706.6 90
5.4 30 40 0 0 0 705.8 10
5.6 20 30 0 0 0 705.6 90
5.8 20 20 0 0; 0 506.6 80
6 20 30 0 0 0 506.6 80
6.2 0 40 0 0 0 805.8 10
6.4 0 70 0 0 0 800 10
6.6 0 70 0 0 0 800 10
6.8 0 70 0 0, 0 800 10
7 0 70 0 0 0 800 10
7.17 0 20 0 0 1 305.8 80
7.3 0 0 0 0 0 309.8 )
7.65 0 0 0 0’ 0 309.8 80

I




Distance  [%Small %Large |%OHC |Instream Veg. |Undercut bank [Substrate Packing
0 0 0 0 0 0 903.6] 70
02 0 10 0 0 o 903.6 70
o4 0 10 0 0 | 105.6 40
0.5 0 10 0 0 0 105.6 40
0.75 0 10 0 S01 0 306.6 70
I 10 20 0 501 0 704.6 80
1.25 30 20 0 0 0 605.6 70
1.5 30 20 0 0 0 706.7 60
1.75 30 20 0 Q 0 706.7 60
~ 2 30 20 0 0 0 605.8 60
2.25 30 20 0 Q0 0 605.8 60
2.5 20 40 0 0 0 706.6 60
2.75 20 40 0 0 0 706.6 60
3 30 30 0 0 0 605.6 50
3.5 30 30 0 0 0 605.6 50
3.5 40 20 0 0 0 507.7 70
3.75 40 20 0 0 0 507.7 70
4 20 30 0 0 0 705.7 70
4.25 30 40 0 0 0 605.7 60
4.5 30 40 0 0 0 605.7 60
4.75 30 40 0 0 0 507.6 70
5 30 40 0 0 0 507.6 70
5.2 10 30 0 0 0 506.7 80
5.5 10 30 0 0 0 506.7 80
5.75 10 20 0 501 0 407.6 90
6 10 20 0 0 0 407.6 20
6.25 30 20 0 501.2 0 704.7 50
6.4 10 40 0 501.2 0 703.7 50
6.5 10 10 0 0 0 369.8 60
6.8 0 0 0 0 0 903.8 60
7 0 0 0 0 Y 903.8 60
7.4 0 0 0 0 0 903.7 80




C/s 11
Distance | %Small |%Large |%OHC |instream Veg. |Undercut bank |Substrate | Packing

] 0 0 0 0 0 0 309.8 80

0.4 0 0 0 0 0 309.8 80

0.67 0 0 0 0 0 309.8 80

0.72 0 0 0 0 1 605.8 80

1 0 0 0 0 0 605.8 80

L3 20 0 0 o] 0 605.8 80

16 20 0 0 0 0| 6058 80,

s 20 0 0 0 0 605.6] 70

2.2 10 0 0 0 0 506.6 70

2.5 20 0 0 0 0 605.7 80

2.8 0 0 0 0 0 605.7 70

3.1 20 0 0 0 0 605.7 70

3.4 20 40 0 0 0 806.8 10

3.7 20 40 0 0 0 806.8 10

B 4 0 30 0 0 0 605.8 80

4.3 0 30 0 0 0 807.6 10

| 46 30 30 0 0 0 608.6] 80

i 4.9 0, o 0| o 0 605.9 __ 80|

. 5.2 20 30 0 0. 0 705.9 10

5.5 20 20 0 of 0 605.6 60

5.8 20 0 0 0 0 605.6 70

6.1 20 0 0 0| 0 605.7 80

6.4 20 0 0 0 0 605.7 80

6.7 30 0 0 0 0 506.6 60

7 20 20 0 0 0 605.7 70

7.3 0 0 0 0 0 605.6 70

B 7.6 0 0 0 0 0 605.7 80

[ 79 30 30 0 0 0 105.8 70

[ 82 0 0 0 o 0 309.8 80

83| 0 0 0 o 0 309.8] 80

8.8 0 0 0 0 0 309.8] g0

I 9.08 0 0 0 0 0 309.8 80




Distance | %Small |%Large %OHC Instrcam_Vc-zg_. Undercut bank Subsll;ate_ Packing
i 0 10 200 o o 0 309.8 70
03] o 20 0 0 0 309.8 70
0.5 10 20 0 0 of 308 70
| 08 10 10 0 0 o]  3m.9 70
t 10 0 0 0 o 4037 50
1.25 0 0 0 0 0 406.8 50
1.5 0 0 0 0 0 406.8 50
1.75 10 0 0 0 0 405.6 60
2 10 10 0 0 0 406.6 50
2.25 10 0 0 0 0 406.6 50
2.5 10 0 0 0 0 406.6 50
2.75 10 0 0 0 0 406.6 50
3 10 0 0 0 0 506.6 60
3.25 10 0 0 0 0 506.6 60
3.5 10 0 0 0 of 5068 S0
3.75 20 10 0 0 0 506.6 70
4 30 20 0 0 0 605.6 70
4.25 30 30 0 0 0 607.6 70
4.5 20 30 0 0 0 704.6 60|
4.75 20 30 0 0 0 _704.6 60
5 30 20 0 0 0 704.7 90
[ 55 30 20 0 0 0 7047 90
i 5.5 10 40 0 0 0 704.8 90
5.75 10 40 10 0 o] 7048 90
6 0 50 10 0 1l 703 10
6.17 10 10 10 0 1 900 80
6.3 0 0 10 of - o 903.8 70
6.6 0 0 10 0 - 0] ~ - 503.8 70
6.8 0 0 10 0 0 903.8 70

-



R. BARLE: HYDRAULIC CALIBRATION DATA | R

C/s 1 [ B i

WSL at 1.79 cumecs = 98.257 L
WSL at 3.59 cumecs = 98.357 N

WSL at 5.64 cumecs = 98.448
1.79 cumecs 3.59 cumecs 5.64 cumecs

Distance (m) |Elevation (m) [Depth (cm) |Vel. (m/sec) Depth (cm) [Vel. (m/sec) |Depth (cm) |Vel. (m/sec)

0 100 0 0 0 0 0 0

0.7 100.009 1] 0 0 0 0 0

1.9 99.701 0 0 0 0 0 0

34 99.043 0 0 0 0 0 0

3.6 97.89 40 0.046 40 0.14 50 0.018

4.3 97.647 50 0.107 56 0.203 67 0.439

5 97.679 64 0.128 61 0.142 76 0.276

5.7 97.611 60 0.15 71 0.215 78 0.362

6.4 97.653 75 0.117 5 0.169 90 0.375

7.1 97.574 70 0.128 75 0171 92 0.341

7.8 97.536 70 0.192 76 0.265 90 0.435

8.5 97.602 67 0.295 71 0.288 84 0.525

9.2 97.548 67 0.291 74 0.399 84 0.695

9.9 97.524 68 0.294 75 0.377 87 0.731

10.6 97.574 64 0.327 65 0.417 82 0.735

11.3 97.625 55 0.33 65 0.409 _ 80 0.719]

12 97.634 60 0.29] 65 0.4 78 0.715

12.7 97.666 60 0.285 65 0.366 75 0.673

13.4 97.719 57 0.267 62 0.376 73 0.664

14.1 97.742 50 0.281 55 0.349 65 0.637

14.8 97.832 41 0.257 54 0.369 56 0.584

15.5 97.868 37 0.248 41 0.338 55 0.597

16.2 97.938 31 0.251 35 0.336 51 0.612

16.9 97.959 27 0.237 32 0.317 48 0.581

17.6 98.0319 22 0.129 26 0.061 40 0.537

18.3 98.263 0 0 6 0.04 28 -0.058

19.2 98.554 0 0 0 0 0 0

19.5 98.791 0 0 0 0 0 |

21.5 99.438 0 0 0 0 0 0

21.7 99.678 0 4} 0 0 0 0

22.55 99.612 0 0 0 0 0 0




Ci§2

l

WSL at 1.79 cumecs = 98.261 L - )
WSL at 3.59 cumecs = 98.367 o T
WSL at 5.64 cumecs = 98.481 1 L
1.79 cumecs 5.64 cumecs
Distance (m) |Elevation (m) {Depth (cm) {Vel. (m/sec) |Depth (cm) |[Vel. (m/sec) ]
0 100.821 0 0 0 0 .
_ 1.3 _100.217 0 0 0 0
1.8 99.813 0 0 0] 0
2.35 99.339 0 0 0 0
2.7 08.44 0 0 0 0
3.5 98.353 0 0 30 0.002
4.2 97.977 84 0.048 60 0.078
4.9 97.533 92 0.092 100 0
5.6 97.461 99 0.099 107 0.158
6.3 96.969 135 0.193 157 0.2
. 7 96.947 150 0.253 155 0.32
BEE 96.99 150 0.207 155 0.363
8.4 97.052 144 0.254 150 0.36 N
9.1 97.019 144 0.223 150 0.377 ]
9.8 97.097 138 0.232 145 0.244
10.5 97.145 133 0.167 140 0.33
11.2 97.154 125 0.152 135 0.314
11.9 97.539 95 0.109 115 0.271
12.6 97.75 15 0.099 90 0.202
13.3 97.942 57 0.072 65 0.168
14 98.034 44 0.048 45 0.123
14.7 98.165 kk} 0.037 40 0.092
15.4 98.235 27 0.019 35 0.075
. 16.1 98.276 20 -0.002 25 0.058
16.8 98.311 17 -0.007 25 0.034
17.5 98.474 4 0 12 0.011
17.9 98.854 0 0 0 0
18.9 99.216 0 0 0 0
19.3 100.005 0 0 0 0
20.14 100.017 ) 0 ¢ 0




C/S 3 |
WSL at 1.79 cumecs = 98.264
WSL at 3.59 cumecs = 98.356
WSL_ al 5.64 cumecs = 98.487 T T
1.79 cumecs 5.64 cumecs
Distance (m) |Elevation (m) Depth (cm) |Vel. (m/sec) [Depth (cm) |Vel. (m/sec)
0 100.949 0 0 ¢ )
0.98 100.914 0 0 0 0
1.9 99.594 0 0 0 0
2.3 98.487 0 0 3 0.206
3 98.218 20 0.103 40 0.442
3.7 98.059 45 0.375 70 0.601
44| 97771 57 0.388 75 0.632
5.1 97.822 70 0.356 75 0.423
5.8 97.813 67 0.363 75 0.482
6:5 97.872 63 0.369 75 0.555
7.2 97.885 67 0.38 74 0.543
7.9 97.936 56 0.352 70 0.508
8.6 98.027 47 0.382 58 0.527
9.3 98.071 43 0.261 55 0.595
10 98.101 39 0.333 50 0.51
10.7 98.162 34 0.308 45 0.526
11.4 98.145 36 0.283 45 0.519
12.1 98.21 26 0.237 36 0.449
12.8 98.276 20 0.174 31 0.387 _
13.6 98.339 12 0.177 23 0.358 T
14.3 98.354 13 0.131 20 0.351
15 98.459 8 0.124 17 0.297
15.7 98.407 T 0.091 17 0.266
16.4 98.42 5 0.029 16 -0.014
17.2 98.42 0 0 5 0.005
17.4 98.629 0 0 0 0
17.9 99.47 0 0 0 0
19 100.069 0 0 0 0
19.66 100.073 ) 0 0 0




csa | T T L ] B o
WSL at 1.79 cumecs = 98301 b IR ] R
WSL at 3.59 cumecs = | 9842 ] I N
WSL at 5.64 cumecs = _ 98.578 b _
) 1.79 cumecs 5.64 cumecs ]
 Distance (m) |Elevation (m) [Depth (cm) |Vel. (m/sec) |Depth (cm) |Vel. (m/sec)
B 0 100.303 0 0 0 0
B 1.35 100.112 0 0 0 0
1.5 99.189 0 0 0 0
225 98.654 0 0 0 0
3 98.411 10 0.038 K 0.042
35 98.275 21 0.076 30 0.133
4.5 98.179 30 0.109] 40 0.279 ]
B 5.25 98.119 38 0.142 50 0.305
6 98.014 50 0.185 59 0.338
6.75 98.022 60 0.216 70 0.518
7.5 97.851 64 0.245 75 0.437
-~ 8.25 97.724 70 0.277 85 0.382 _
9 97.718 78 0.303 85 0.435 _
9.5 97.679 79 0.328 90 0.463 B
. 10.5 97.679 82 0.316 94 0.324 ]
1125 97.589 90 0.242 105 0.349
B 12 97.529 94 0.227 105 0.353
12.75 97.535 97 0.175 105 0.278
13.5 97.622 90 0.125 98 0.173
14.25 97.704 50 0.134 62 0.239
15 97.901 56 0.06 60 0.183
15.75 97.913 55 0.025 62 0.074
16.8 -98.165 31 0.006] - 37 0.018
17.3 98.324]- 15 0 3| 0
17.4]  93.762 0 0 0 0
B 200  99.764 0 0 o 0 i
B 21 100.609 0 0 o] 0
22.66 100.677 0 0 0 0
b —_ 4 _ —_—————
_ - _ — ) -]
- - — —— | —_ = - N -__




G8ie

crss ] i
WSL at 1.79 cumecs = 98.371 1 ]
WSL at 3.59 cumecs = 98.439 i
WSL. at 5.64 cumecs = 08.631 )
B 1.79 cumecs 5.64 cumecs . i
Distance (m) {Elevation (m) |Depth (cm) [Vel. (m/sec) Depth (¢m) |Vel. (m/sec) L
0 100.252 0 0 0 0 _
[ 100.196 0 0 0 0 o
- 1.4 99.321 0 0 0 0
1.75 98.813 0 0 0 0
[ 2 98.38 0 ) 0 0
2.7 98.163 10 0.066 18 0.19 ~
B 3.4 97.948 34 0.656 42 0.536
4. 97.808 40 0.491 50 1.151
4.8 97.64 S5 0.552 60 0.955
55 97.642 45 1.223 55 1.662 Il -
6.2 97.799 37 0.173 46 0.105 L
6.9 97.907 28 0.781 30 0.514 L
| 76 97.978 28 0.564 36 1.992 B
8.3 98.043 20 0.424 20 1.609 O
B 9 98.049 23 1.014 30 1.106
9.7 97.95 21 0.106 35 0.552
10.3 97.88 27 0.176 35 1.384
1 97.895 33 0.051 25 1.952
11.7 98.006 27 1.232 35 2.006
12.4 98.169 22 1.228 12 1.472
13 98.052 14 0.677 5 0.744 N
13.8 98.106 12 0.528 19 1.166 o T
__1a5[ 98219 12 0.174 251 0.935 T
15.2 98.261 12 0.266 200 0.793 T
15.9 98.302 8 0.078 10 0.252 T
16.6 98.526 0 0 0 0
17.5 99.259 0 0 0 0 ]
18 99.905 0 0 0 0
206 100.618 0 0 0 0 .




CiS 6 |

WSL at 1.79 cumecs = 98533 . . ‘
\\7:3[_37—359 cumecs = §.635 . __ B L __ o
WSL at 5.64 cumecs = 98.801 ) o
' 1.79 cumecs _|5-64 cumecs R
Distance (m) {Elevation (m) Deblh {cm) |Vel. (m/sec) |Depth (em) |Vel. (m/sec) | ~ _'__ _
0 100.862 0 0 0 o T[T T
1.04 100.739 0 0 0 0 ]
2.2 98.941 0 0 0 0
3 98.598 1 -0.001 38 0.046
3.75 98.378 21 0.024 55 0.14
4.5 98.361 37 0.364 S5 0.751
5.25 98.343 34 0.354 55 0.727
6 98.325 44 0.452 60 0.406
6.75 98.324} 43 0.452] 60|  0.609 ] _
T 7.5|  98.299 ~ s3] o246 6| o043 T T
8.25 98.264 49 0.588 65 0.425
9! 98.294 52 0.496 65 0.675
9.75 98.224 58 0.785 65 0.745
10.5 98.258 55 0.416 72 0.868
11.25 98.278 52 0.333 60 0.642
12 98.288 50 0.147 62 0.65
12.75 98.321 41 0.026 55 0.376
13.5 98.395 18 0.02 55 0.149
14.25 98,444 34 0.067 45 0.042 o
15 98.556 22 0.121 38 -0.035
15.75 98.656 13 0.111 26 -0.051
16.4 98.711 10 -0.066 20 -0.025
16.65 99,094 0 0 0 0
17.7 99.511 0 0 0 0
19.1 99.561 0 0 0 0
20.4 100.726 0 0 0 0
22.56 101.019 o 0 0 0




|

WSL at 1.79 cumecs = 98.683
WSL. at 3.59 cumecs = 98.742
WSL at 5.64 cumecs = 98.901
1.79 cumecs 5.64 cumecs

Distance (in) {Elevation {m) |[Depth (¢cm) |Vel. (m/sec) Depth (em) |Vel. (m/sec)

0 100.831 0 0 0 0

| 100.572 0 0 0 0

1.75 98.95 0 0 5 0

2.5 98.782 5 0.003 15 0.302

3.25 98.724 13 0.362 18 0.364

4 98.689 12 0.274 23 0.346

4.75 98.658 16 0.261 33 0.412

5.5 98.633 24 0.193 36 0.699

6.25 98.542 33 0.266 45 0.433

7 98.498 29 0.389 42 0.591

1.75 98.515 38 0.33 45 0.736

8.5 98.491 41 0.383 45 0.918

9.25 98.493 42 0.63 57 0.873

10 98.482 43 0.855 55 0.876

10.75 98.425 40 0.78 60 1.043

11.5 98.408 33 0.79 60 1.111

12.25 98.407 33 0.696 55 0.802

13 98.59 10 0.45 40 0.806

13.75 98.567 8 0.361 45 0.548

14.5 98.652 25 0.427 30 0.621

15.25 98.755 7 0.289 25 0.408

16 98.777 5 0.148 10 0.187

16.75 98.888 0 O 9 0.046

17.8 99.638 0 0 o 0

19.2 100.397 0 0 0 0

20.66 100.8 0 0 0 0




C/S 8

WSL at 1.79 cumecs = 98.788 _ _
WSL at 3.59 cumecs = 98.852 . o
WSL at 5.64 cumecs = 9033 | _
. ___|L.79 cumecs 5.64 cumecs o .
Distance (m) |Elevation (m)_|Depth (cm) |Vel. (m/scc) |Depth (cm) |Vel. (mfsec) | ]
0 100.142] 0 0 o o
1.3 99882 0 0 0 ol | ]
2.5 98.93 0 0 0 0 1
3.5 98.62 0 0 0 0
3.75 98.189 0 0 0 0
4.2 98.216 0 0 0 0
4.7 98.296 0 0 0 0
- 5 97.879 5 -0.04 17 0.193
- 5.7 97755 10 0.339 22 0.63
] 6.4 97.806 7] 0253 25 0.594
7.2 91793 8 0.58 34 0.614 -
7.9 97.647 21 0.635 28 0.798] -
8.6 97.64 25 0.461 37 0.741] ] B
9.3 97.613 25 0.72 a2 0732
10 97.535 30 0.561 35 0.792 )
10.7 97.51 35 0.541 as 0.759 -
11.4 97.525 35 0.709 50 0.757
12.1 97.588 31 0.628 50 0.908 |
12.8 97.56 30 0.652 43 0.862
13.5 97.629 30 0.793 40 0.776
14.2 97.555 37 0.523 40 0.756
______ 149 97.575| 37 0.516 35 0.859 ]
15.6 97.516 35 0.254 40 0.882 _
16.3 97.504 38 0.279 40 _0.65
o 97.483 31 0.272 48 0.673
o 17.7 97.422 42 0.229 45 0.491
18.4 97.404] a4 0.245 45 0.369
19.1 97.445 39 0.117 30 0.208 B
20 97.787 10 0 0 0
20.7 98.136 0 0 0 0
213 99.287 0 0 0 0 -
295 99.85] 0 0 0 o
i
1




CIS9 ]

WSL at .79 cumecs = 98.847 i ___
WSL at 3.59 cumecs = __98.895 o
WSL at 5.64 cumecs = 99.138
[.79 cumecs 5.64 cumecs _
Distance (m) [Elevation (m) |Depth (cmm) [Vel. (m/sec) [Depth (em) |Vel. (m/sec)
0 100.955 0 0 0 0
0.7 100.913 0 0 0 0
1 100.573 0 0 0 0
- 2.2 100.165 0 0 0 0
4.3 99.522 0 0 0 o
5.3 99.42 0 0 0 0
s 6.3 99.329 0 0 0 0
_ 7.3 99.255 0 0 0 0 ]
8.3 99.213 0 Q 0 0
9.3 99.09 0] 0 0 0
10 99.023 0 0 0 t]
10.75 98.945 0 0 10 0.028
11.5 98.845 6 0.099 18 0.11
12.25 98.83 12 0.048 201 0.291 . i
13 98.765 15 0.129 28! 0.452 N
13.75 98.737 20 0.171 30 0.592
14.5 98.69 20 0.391 35 0.848
15.25 98.642 26 0.424 35 1.159
16 98.685 26 0.611 44 1.035
16.75 98.6 30 0.626 50 1.142
17.5 98.592 35 0.675 50 1.568
18.25 98.563 40 0.815 57 1.375
19 98.605 36 0.947 45 1.214
19.75 98.67 33 0.902 45 1.211
20.5 98.702 20 0.839 34 1.153
21.25 98.727 21 0.696 35 0.833
22 98.832 14 0.493 25 0.739
22.68 98.96 3 o 20 0.228
23.25 100.779 0 0 0 0
24.35 101,103 0 O 0 0
25 [01.068 0 0 0 0




C/$ 10L | _ . ]
WSL at 1.79 cumecs = 98.914 )
Distance (m) |Elevation (m) [Depth (cm) | Vel.(m/sec)
B 0 100.072 0 0
- 2 99.9 0 0 i
3.3 99.631 0 o
3.65 99.266 0 0
4.3 99.159| 0 o N HE ]
] 5 99.107 0 o _ .
. 6 99.06 0 0 j
6.4 99.037 0 0
6.8 98.003 1 0
7.2 98.921 6 0.028
7.6 98.876 7 0.036
8 98.869 8 0.071
8.4 98.824 13 0.07
8.8 98.803 20 0.13
9.2 98.774 21 0.115
9.6 98.759 19 0.172 ol ] _
10 98.752 26 0.181
B 10.4 98.691 27 0.153 - ) )
10.8] 98.677 30 0.27 _ )} ]
11.2 98.643 33 0.316 ’
11.6 98.601 36 0.197
12 98.622 36 0.335
12.4 98.616 37 0.25
12.8 98.675 35 0.328
13.2 98.604 36 0.247
136 98.665 32 0.113 _
14 98.637 26 0.114 |
14.4 98.776 19 0.134 T o
14.8 98.772 17 0.097 N
15.2 98.766 7 0.099 '
15.25 99.704 0 0
16.2 100.777 0 0 }
17.75 101.301 0 0




C/S 10R

l

WSL at 1.79 cumecs = 99.376 _t
Distance (m) |Elevation (m) |Depth (cm) [Vel.(m/scc) .
. 0 100.811 0 0 ] ~
1.4 100.547 0 0 O
2.05 100.202 0 0 ]
B 2.1 99.418 0 0 T
24 99.237 17 0.443
27 99.214 21 0.655 ] B
3 99.246 18 1.004
3.3 99.13 34 0.658
B 3.6 99.11 42 0.978
B 3.9 99.098 38 1.044
j 4.2 99.082 42 0.819
45 99.103 34 1.334
4.8 99.123 36 1.187 ]
] 5.1 99.094 30 1.43
5.4 99.172 26 1.095
5.7 99.138 30 0.852
6 99.197 21 0.652 ]
6.3 101.241 15 0.54 ]
6.6 99.223 18 0.66 ]
6.9 99.226 16 0.36 T T
~ 7.2 99.293 12 0.299
7.5 99.399 2 0.054 T
7.8 99.794 0 0
] 9 100.011 0 0
10 100. 143 0 0
12.1 100.072 0 0 T




C/S 1

l

WSL at 1.79 cutnecs = | 100.867|
Distance (m) |Elevation o ]
0 1o1.411|
1.25 102.081
2.4 101.491
2.9 101.357
3.9 101.333
4.9 101.334
5.9 101.323
6.9 101.299
7.9 101.343
8.9 101.342]
9.9 101.337
10.9 101.339
11.9 101.319
12.9 101.309
13.9 101.311
14.9 101.322
15.9 101.321
16.9 101.374
17.9 101.361 ]
18.9 101.349 T
19.9 101.374] B
20.9 101.349
21.9 101.104
22.8 101.399
23.5 101.726
24.9 101.774




<ritdi

CiS 12L

l

WSL at 1.79 cumecs = 100.881
Distance (m) |Elevation

0 101.482
4.6 101.225
5.9 100.952
9.1 100.884
12.7 100.774
16 100.753
19.9 100.785
23.5 100.797
27.5 100.805
30.9 100.804
34.9 100.707
37.8 100.565
38.2 100.787
42.1 100.704
45.8 100.727
49.6 100.745
52.6 100.745
56.2 106.709
59.8 100.606
62.7 100.785
64 100.945




C/S I12R i
Distance (m) | Elevation Depth (cm) | Vel.(m/sec) R T T
oo T 0 .0 ]
o4 S R I S H T R T
0.8 ) 0 0 T - 7
1.2 0 of 1T T h T
1.6 0 0 T
2 0 0
2.4 30 0
2.8 40 0.234 o
3.2 40 0.042
3.6 50 0.043 !
B 4 62 0.451
B 4.4 Y 0.689 B ]
4.8 85 0.674 B T T T
5.2 ] 85 0.776
5.6 30 T 0.747
6 82 0.692
6.4 73 0.575
6.8 75 0.671
7.2 65 0.569 B
7.6 70 0.252 -
7.7 7 0.092 -
8.3 0 0 ] IR
— —_— —_—— I _—— —_—
t




C/s 13 |
WSL at 1.79 cumecs = 100.896
Distance (m) |Elevation (m) |Depth (cm) |Vel. (m/sec) -
0 101.946 0 0
2 101.902 0 0
4 101.443 0 0
4.5 101.004 0 )
5.5 100.907 40 0
6.3 100.33 70 -0.003
7.1 100.027 113 0.015
7.9 99 994 118 0.035
8.7 99.963 122 0.07
9.5 99.915 125 0.088
10,3 99.9 122 0.097
11.1 99.863 132 0.115
1.9 99.791 147 0.122
12.7 99.724 145 0.127
13.5 99.664 153 0.147
14.3 99.542 162 0.151
15.1 99.456 170 0.166
15.9 99.449 170 0.182
16.7 99.616 158 0.134
17.5 99,746 138 0.174
18.3 99.862 127 0.146
19.1 99.864 127 0.129
19.9 99.767 132 0.103
20.7 99.854 132 0.097
21.5 100,029 110 0.081
22.3 100.194 95 0.032
23.1 100.373 74 0
24.1 100,734 45 0.008
24.25 101.538 0 0
25 101.763 0 0
27.5 102.298 0 0
28.15 102.426 0 0




e

R. BARLE: CHANNEL INDEX DATA

C/S 1

Distance  |%Small ([%Large [%OHC {Instream Veg. |Undercut bank  |Substrale Packing
0 0 0 80 R 0 Q 9029 90
0.7 0 0 80 ¢ 0 902.9 90
1.9 0 0 80 B 0] 0 902.9 80
34 10 0 80 0 0 209.8 70
3.6 30 0 80 0 1 605.6 80
4.3 30 10 80 0 Q 605.8 80
5 30 20 80 0 0 6058 20
5.7 50 10 70 0 0 6078 90
6.4 50 10 70 0 0 607.8 90
7.1 50 10 70 0 0 605.8 90
7.8 40 0 70 0 0 605.6 80
8.5 40 0 70 0 0 605.6 80
9.2 40 0 60 0 0 605.6 80
99 40 0 60 0 0 605.6 80
10.6 30 0 60 0 0 605.5 80
11.3 30 0 50 0 0 6053 - 90
12 20 0 50 0, 0 506.5 90
12.7 20 0 30 0 0 506.5 80
13.4 20 0 20 0 0 506.7 80
14.1 30 10 20 0 0 506.8 80
14.8 30 10 10 0 0 506.8 90
15.5 0 0 0 0 0 506.9 20
16.2 0 0 0 0 0 506.8 80
16.9 30 0 0 0 0 506.8 80
17.6 30 0 0 0 0 506.5 90
I8.3 30 0 0 0 | 906.5 80
19.2 0 0 ] 0 0 901.9 80
19.5 0 0 0 0 0 901.9 20
21.5 0 0 0 0 1 902.7 80
217 0 0 0 0 0 %02.7 80
22.55 0 0 0 0 0 900 80




C/S2
Distance |%Small [%Large |%OHC [Instream Veg. |Undercut bank Substrate  |Packing
- 0 o] 0 0 0 I " I 7
1.3 0] 40 20 0 ' o] 900 80
1.8 20 40 50 0 o[ 900 80
- 2.35 20 a0| 60] 0 0 900 80
2.7 20 40 40 0 0 900 80
3.5 30 10 50 0 1 709.7 80
B 42 20 30 30 0 0 700 90
49 20 70 20 0 0 700 90
5.6 0 80 10 0 0 706.7 90
6.3 0 0 0 0 0 706.7 90
7 20 50 0 0 0 607.7 70
X 20 30 0 0 0 607.7 70
84 20 30 0 0 0 607.7 70
9l 20 30 0 0 0 607.7 60
- 98 40 30 0 0 0 607.7 60
10.5 40 10 0 0 0 607.7 60
112 40 10 0 0 0 607.7 60
] 11.9 30 10 0 0 0 605.7 60
12,6 30 0 0 0 0 506.7 60
~ 13.3 30 0 0 0 0 506.7 60
14 0 0 0 0 0 504 8 70
14.7 0 0 0 0 0 $04.8 70
15.4 30 0 0 0 0| 603.6 60
16.1 30 0 0 0 0 3066 S0
16.8 20 0 0 0 0 103.7 40
17.5 20 0 0 0 1 306.6 60
17.9 0 0 0 0 0 903.6 70
18.9 0 0 0 0 0 309.7 "7 80
19.3 0 0 0 0 0 9039 90
20.14 0 0 0 0 o 9039 90




"o

C/S3

Distance  |%Small (%Large [%OHC |Instream Veg. {Undercutbank  |Substrate Packiag-,“
0 0 0 0 0 0 900 80
[ 098 0 0 0 0 0 900 80
1.9 10 0 80 0 1 3048 90
2.3 20 0 80 0 ] 500 90
3 10 30 80 0 0 700 90
3.7 10 30 80 0 0 7055 90
4.4 10 0 80 0 0 6056 80
5.1 10 0 20 0 0 605.6 80
5.8 10 0 80 0 0 605.6 80
6.5 10 0 60 0 0 605.6 30
7.2 10 0 40 0 0 605.6 80
79 10 0 10 0 0 605.6 80
8.6 10 0 10 0 0 605.7 90
9.3 10 0 0 0 0 605 7 90
- 10 10 0 0 0 0 506.6 80
10.7 10 0 0 0 0 506.6 30
1.4 10 0 0 0 0 506.7 70
12.1 10 0 0 ) 0 506.7 70
12.8 10 0 0 0. 0 506.7 70
13.6 10 0 0 0 0 605.7 70|
143 10 0 0 0 0 6058 70
15 10 0 0 0 0 6058 70/
15.7 10 0 0 0; 0 605.7 70
16.4 10 0 0 0 0 109.8 60
17.2 10 0 0 0 1 3095 60
17.4 10 0 0 0 0 904.6 80
) 7.9 0 0 0 0. 0 902.8 20
19 0 0 0 0 0 902.8 T
19.66 0 0 0 0 0 902.8 80




C/S4

Distance  |%Small {%lLarge |%0HC |lnstream Veg.  [Undercut bank  {Substrate Packing

0 0 0 0 0 0 903.9 80
1.35 0 0 0 [\ 0 903.9 80
LS 0 0 0 0 1l 9039 80
225 0 0| of R | X ) 70
3 40 o] 0 0 0 603.7 60|
3.75 40 0 0 0 0 6037 60
4.5 40 0 0 0 0 605.6] 60
5.25 40 0 0 0 0 605.6 60
6 50 0 0 0 0 605.8 60
6.75 50 0 0 0 0 605.8 60
7.5 50 0 0 0 0 605.8 70
8.25 50 0 0 0 0 605.8 70
9 50 0 0 0 0 605.8 70
9.75 50 Y 0 0 0 605 8 70
10.5 30 0 0 0 0 605 .6 70
11.25 20 0 0 0 0 506.6 60
12 20 0 0 0 0 5006.6 60
12.75 10 0 0 0 0 4068 40
13.5 10 0 0 0 0 406.8 40
14.25 20 20 0 0 0 704.6 90
15 20 30 0 0 0 703.7 90
15.75 10 40 20 0 0 503.6 60
16.8 10 40 50 0 0 305.6 50
17.3 20 10 70 0 | 506.7 50
17.4 20 0 70 0 0 506.7 50
20 20 30 60 0 0 305.7 30
2] 0 O 30 0 u 903 .8 30
22.66 0 0 0 0 0 903.9 90




e

C/S5

Distance  |%Small [%Large [%OHC {Instream Veg. [Undercut bank  [Substrate Packing
0 0 0 30 0 _ 0 900 80
0.5 0 0 30 0 0 900 80
|.4 0 0 30 0 0 902.9 80
1.75 0 0 30 0 0 902.9 80
2 0 0 30 0 1 9202.9 80
2.7 10 0 50 0 0 600 90
34 10 0 60 0 0 605.8 90
4.1 20 0 50 0 0 600 90
4.8 0 0 30 0 0 600 90
5.5 0 0 20 0 0 700 90
6.2 10 0 10 0 0 607.8 90
6.9 10 0 0 0 0 607.8 80
1.6 10 0 0 0 0 607.8 80
8.3 16 0 0 0 0 607.8 80
9 10 0 10 0 0 607.8 90
9.7 10 0 10 0 0 706.8 90
10.3 10 0 30 0 0 706.8 90
11 0 0 40 0 0 800 90
11.7 0 0 40 0 0 800 90
12.4 0 0 40 0 0 800 90
13.1 0 0 60 0 0 800 90
_ 13.8 0 0 50 0 0 300 90
14.5 0 0 70 0 0 800 90
15.2 0 0 70 0 0 800 90
15.9 0 0 70 0 0 800 90
16.6 0 0 70 0 0 501.6 80
17.5 0 0 70 0 0 209.6 80
18 0 0 30 0 0 209.6 90
20.6 0 0 0 0 0 900 90




C/S6

Distance  |%Small (%large  [%OHC [Instream Veg. |[Undercut bank  |Substrate Packing
0 0 0 70 0 Y 903.8 90
1.04 0 0 70 0 0 903.8 ) 90
2.2 20 50 60 0 | 903.8 80
3 20 40 50 0 0 508.6 30
3.75 30 10 50 0 0 800 50
4.5 20 0 40 0 0 608.6 60
5.25 20 0 30 0 0 608.6 60
6 20 20 20 0 0 806.6 80
6.75 20 20 20 0 0 806.6 30
7.5 30 10 10 0 Y 608.6 70
8.25 30 10 10 0 0 608.6 70
9 30 20 10 0 0 706.7 90
9.75 30 20 10 0 0 706.7 90
10.5 30 20 10 0 0 706.7 90
11.25 30 20 10 0 0 706.7 90
12 30 20 0 0 0 706.6 60
12.75 30 20 0 0 0 607.6 60
13.5 30 10 0 0 0 607.6 60
14,25 30 0 0 0 0 605.8 60
15 40 0 0 0 Q 604.7 70
15.75 40 0 10 0 0 604.7 70
16.4 30 20 20 0 0 604.7 70
16.65 30 30 50 0 0 903.9 80
17.7 50 30 20 0 0 903.9 80
19.1 0 0 0 0 0 903.9 90
204 0 0 0 0 0 903.9 50
22.56 0 0 0 0 0 903.9 90




C/S7

Distance  |%Small [%Large [%OHC {lnstrcam Veg. |Undercut bank  [Substrate Packing
0 0 0 70 0 0 900 90
l 0 0 70 O 0 900 70
1.75 0 0 70 0 1 605.5 70
2.5 20 0 30 0 0 605.6 80
3.25 20 0 30 0 0 605.6 80
4 10 0 30 0 0 800 90
4.75 0 0 0 0 0 300 90
5.5 0 0 0 0; 0 800 90
6.25 0 0 0 0 0 300 90
7 0 0 0 0 0 800 90
7.75 0 0 0 0 0 800 90
8.5 0 0 0 0 0 800 90
9.25 0 0 0 0 0 800 90
10 0 0 0 0 0 608.5 80
10.75 0 0 0 0 0 608.5 80
11.5 0 0 0 0 0 800 90
12.25 0 0 0 0 0 300 90
13 0 0 10 0 0 800 90
13.75 0 0 30 0 0 805.9 %0
14.5 0 0 50 0 0 805.7 20
15.25 0 0 60 0 0 805.5 80
16 10 0 60 0 0 805.5 80
16.75 20 0 70 0 0 509.5 %0
17.8 10 0 90 0 0 902.5 80
19.2 0 0 90 0 0 902.9 30
20.66 0 0 50 0 0 902.9 80




-

C/S5 8§

Distance  [%Small %L;\.rgc %OHC |Instrcam Veg. |Undercut bank  [Substrate P_:iél'c_in.g
0 0 0 40 0 o~ 9038 = 80
1.3 0 0 40 0 0 903.8 80
2.5 0 0 40 0 0 903.8 80
3.5 0 0 40 0 0 903.8 80
3.75 10 80 40 0 0 801.8 90
4.2 10 80 40 0 0 801.8 90
4.7 10 80 40 0 0 801.8 90
5 10 80 40 0 0 801.8 90
57 0 0 40 0 0 804.9 90
6.4 0 0 40 0 0 804.9 S0
72 of o 40 0 0 804.9 90
7.9 20 0 40 0 0 608.7 50
8.6 40 0 40 0 0 605.7 60
2.3 40 0 40 0 0 605.7 60
10 40 0 40 0 0 605.7 60
0.7 40 0 40 0 0 605.7 60
114 30 20 40 0 0 607.6 60
12,1 30 20 40 0 0 607.6 60
12.8 30 20 40 0 0 607.6 60
13.5 30 20 40 0 0 607.6 60
14.2 30 20 40 0 0 607.6 60
14.9 30 20 40 0 0| 6076 60
15.6 30 20 10 0 0 607.6 60
16.3 30 20 20 0 0 607.6 60
17 30 20 40 0 0 607.6 60
17.9 30 20 60 0 0 607.6 60
18.4 30 20 80 0 0 607.6 60
19.1 30 20 80 0 0 607.6 60
20 30 20 80 0 0 903.7 80
20.7 30 20 40 0 0 903.7 80
21.3 30 20 40 0 0 903.7 80
22.95 30 20 40 0 ¢ 903.7 80




C/IS9

Distance  |%Small  |%Large  |%OHC [Instream Veg, |Undercut bank | Substmate Packing
0 0 0 0 0 0| 903.9 90
0.7 0 0 0 0 0 903.9 90
1 0 0 0 0 0 903.9 90
2.2 0 0 0 0 0 903.9 90
43 0 0 0 0 0 903.9 90
5.3 0 0 0 0 0 509.6 60
6.3 0 0 0 0 0 509.6 60
7.3 0 0 0 ) 0 509.6 60
8.3 0 0 0 0 0 509.8 70
9.3 10 0 0 0 0 509.8 70
10 10 0 0 0 0 509.8 70
1075 0 0 0 0 0 506.6 70
115 30 0 0 0 0 506.7 60
12.25 40 0 0 0 0 605.6 50
13 40 0 0 0 0 605.6 50
13.75 40 0 0 0 0 605.7 50
14.5 40 10 0 0 0 607.6 0
15.25 40 10 0 0 0 607.6 750}
16 40 10 0 0 0 706.7 50
16.75 40 10 0 0 0 706.7 50|
17.5 40 10 0 0 0 706.7 50
18.25 40 10 0 0 0 706.7 50
19 40 10 0 0 0 706.7 50
19.75 40 10 40 0 0 706.7 50
205 40 10 40 0 0 706.7 50
21.25 40 10 40 0 0 706.7 50
22 30 0 60 0 0 603.6 60
22.68 30 30 70 0 I 306.7 70
23.25 a 0 30 0 0 903.8 80
24.35 0 0 30 0 0 903.8 80
25 0 0 30 0 0 903.8 80






