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1. Executive summary

In the autumn of2014, approximately23 hectares ofconifer plantationin the Burbage
Valleywithin the Peak District National Pavkas clear felled as part ad capital works
programme within the Dark Peak Nature Impemnent Project.Woody debris from the
conifer felling work was windrowed to reduce overland flow velocities and used to install
dams in the tributaries that join Burbage Brook, with the aim of reducingof@irand
sediment. Inspring 2015, the former planation areawas then plantedvith native broadleaf
woodland species, including oéRuercusspp.) ash(Fraxinuspp.)and birch(Betulaspp.)

The aim of this project is to monitdne impacts of the removal of theoniferousplantation
and the subsequenteplacement by native broadleaved woodland on water flows and
water quality within Burbage Brook. Specifically:

1) Theimpact offelling of coniferous woodland plantation on storm water flows within
Burbage Brook

2) The subsequentyear on year impacts of thestablishment of native broadleaf
woodland on water flowsind water quality within Burbager&ok

3) The broad impact of the transition from mature coniferous woodland to mature
broadleaved woodlandn storm water flows within Burbage Brook

In this report wepresent results for 2016/17 which presentista from the secondyear
after felling and broadleaf woodland establishment.

Limited water flow data were available from before tiwerks began; comparison of these
with data from after the completion of the @efelling works suggests that the works have
had no significant impact on the flood risk impact of Burbage Brook.

No water quality data were available from before the works began; comparisons of data
from the monitoring station upstream and downstreamtbé works area suggest that no
significant water quality issues have been caused by the works.

Baseline conditions have been recordesithier monitoring is required tegablish whether
any longer terntrends in water flow and/or quality may be affedtéy theestablishment of
the new broadleaved woodland ihe valley.
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2. Introduction

The Burbage Brook Monitoringgject has received funding frorthe Environment Agency
(EA)and Natural Englan(NE) The purpose of the project is to demonstrate and ursdand
the benefits of woodland creatiofand also the impacts of the interim measure a¢ar
felling existing conifer plantationpn flood riskand water quality in the upper Derwent
catchment (Environment Agency waterbody catchment: Derwent from Rivestédrel to
River Wye; ID: GB104028057880)

Thestudy siteis located within the Burbage Valley, on the eastern side of the Peak District
National Park, approximately three miles east of Hathersage and eight miles west of the
centre of SheffieldA 34 hectae conifer plantationwas plantedn the valleybetween 1968

and 1971, containingrincipally Lodgepole pineP{nus contortq with Scots pine Rinus
sylvestriy and Japanese larch_arix kaempfeji none of which had grown well on the poor
acid soilsApproximately23 hectares of the plantatiowasclearfelled between August and
December2014 and replanted with native broalaf woodland species including oak
(Quercusspp.) ash(Fraxinusspp.)and birch(Betulaspp.) Woody debrisfrom the conifer
felling work was windrowed to reduce overland flow velocities and used to indtatisin

the tributariesthat join Burbage Brook, with the aim of reducing +oifi and sediment A
livestock exclusion fence was constructed around the woodland area to protectetivey n
planted trees, and reseeding conifers have since been removed. All principle works were
completed by March 2016Talbot, 2015)

In order to monitor the effect of thesdand management interventia two water flow
monitoring stations, located upstrea and downstream of the proposedorks areawere
installed on Burbage Brook in 2012 by Wallingford HydroSolutfgvidS). fie baseline
hydrological conditions were monitored between"®®ctober 2012 and the 21January
2014(see WHS, 2014)his phase dahe project was funded by thenzironmentAgency

Thecurrent BurbageBrook Monitoringproject continues the monitoring on Burbad#rook,
which aims to achieve the following:

1 Develop an understanding of the current flow regime, following changes in
vegetation cover and installation of log jams, since baseline monitoring was
undertaken in 2013.

1 Develop an understanding of water chemistry following changes in vegetation cover;
in particular changes in sedimeand orthophosphateconcentratiors.



3. Site desdption

Two water flow monitoring stations were reinstateid January 201®n Burbage Brook
(upstream and dowstreamof the conifer plantation works ar@aThe catchment size of the
upstream monitoring station is 3.3Kinthe catchment of the downstream mitoring
station is 595knT.

WHS (2014) observed that stage height recorded by the logger at the downstream
monitoring station exceeded the floodplain height during storm events. For this reason, a
new monitoring station was installed, as recommendedBatbage Brook weirwith the
intention of replacing théBurbageBrookdownstream station. Thenonitoringlocations are

as follows: Burbage Brook upstream SK 26208 82601; Burbage Brook downS#e26:090
80816 Burbage Broolveir SK 26090 80816eeFigure3.1).

The geology of the catchment is dominated by Chatsworth Gritstone overlain by peat (about
50% of the downstream catchment area), minerallsosands and gravels (WHS, 2014
Average annual rainfall for thdownstream cathment was reported in WHS (2014s
1021mm with an annual reference Potential Evaporation demand of 517mm.
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4. Water Flow Monitoring

4.1. Methodology

4.1.1. Monitoring station setup

The water flow stations located at Burbage Brook upstrgiigure4.1) and downstream
(Figure4.2) consist of a water levetlata logger (I©@BO U2@01-04) suspended insidea
stilling well, constructed of scaffolding tubd&@he stilling wellis attached to awooden
structure, with astageboard for measuring stage height. Loggers were installed into the
existing structure on ZLJanuary 2016.

Figure4.2: Monitoring location at the Burbage Brook dowtream ste (image from WHS, 201
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The new flow station was installed at Burbage Brook \(fifyure4.3) on the 10" February

2016. This is very similar in design to those located at the upstream and downstream sites,
conrsisting ofa water level data logger (HOBO WU2W1-04) suspended insida stilling well,
constructed of plastic pipelhe stilling welis attached to asteel dexionstructure, with a

ruler for measuring stage height.

/ Z
Figure4.3: Monitoring location at the Burbage Brook weir site

The bggers are programmed to recomlater pressuredata every 10 minutesThe water
pressure datds converted to stage height data using a compatible air pres$ile from a
barometric loggerdocatedat the upstream monitoring statio(SK 2804 82602).

4.1.2. Water flow gauging
Since January 2016, a total of 13 site visits have been made to all three monitoring stations,
in orderto carry out flow gaugingrhe procedure for each flogauging visit is as follows:

1. Stage height on the fixed stage board/ruler is recorded (m)

2. The width of the river channel is divided intel® subsections

3. Crosssectional area of each subsection is calculgtet)

4. Rate offlow (m/s) at the centre of each f1isection is measured using a Valeport 801
Electromagnetic Open Channel Flow Meter
Totalrate ofdischargg(Q)for each subsection is calculated (areffoxv; m/s)
Totalrate ofdischarge for the river is calculatésim of all subsections; is)

o o
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4.1.3. Rating elationships
Once flow gauging has been carried out at a range of stage heighasing relationship
may be established between stage height and discharge.

In the baseline study (WHS, 2D)1ratings were derived at the upstream and downstream
monitoring stations. The ratings derived in the current study suggest that the relationship
between stage height and discharge e changed significantly at eithécation.

Rating Relationship, Burbage Brook Downstream

1.8 -
1.6
1.4
1.2

(n/s)
|_\

¢ WHS data

(@4
0.8 A MFF data

0.6
0.4

0.2
0 : otk

0 0.2 0.4 0.6 0.8 1
Stage height (m)

L 2

A
 § oA

Figure4.4: Rating data from WHS and I’ flow gauging, Burbage Brook downstream
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Rating Relationship, Burbage Brook Upstream
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Figure4.5: Rating data from WHS and MFF flow gaugiBgyirbage Brook upstream

Therefore, in order to maximise the number of values used to construct the ratingiequa
for each monitoring station, flow gauging data from WHS arabid for the Future (VH
were combined. The rating equations, using the form Q = af{t{@sdischarge, a, c and b =
rating curve coefficients, h = river stagalpng with the rating coeftients, are presented in
Table4.1 and rating curves for the two stations are presentedrigure4.6 and Figure4.7.

Station a C;)oeffmlercns e Rating Equation

Downstream| 5.284 | 0.317 | 1.790 | 0.860 | Q =5.284 (h - 0.317)""*for stage heights
up to 0.860m(r’=0.995, p<0.001,
SE=0.029)

Upstream |4.101 | 0.042 | 3.044 | 0.613 | Q= 4.101(h +0.042)°* for stage

heights up to 0.61 (r>=0.995, p<0.001,

SE=0.025)

Table4.1: Rating coefficients and equations for Burbage Bradiker flow monitoring stations
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Y,
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&3
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Figure4.6: Rating curve at Burbage Brook downstream monitoriagation, using combined WHS and MFF data

Y,

Q (m3/s)

X
stage height (m) User Defined

Figure4.7: Rating curve at Burbage Brook upstream monitoring station, using combined WHS and MFF data

In order to assess the accuracy of the rating equations,estagights recorded during flow
gauging visits were used to estimate Q using the rating equations, and these values were
compared to observed Q as calculated by manual flow gauging. Excellent agreement was
observal at both stations, as shown kigure4.8 and Figure4.9.
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Estimated Q v Observed Q, Burbage Brook Downstream
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Figure4.8: Suitability of rating equation for predicting Q at Burbage Brook downstream

Estimated Q v Observed Q, Burbage Brook Upstream

. y=0998x0001 ~_**

R2=0.996
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o
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Figure4.9: Suitability of rating equation for predicting Q at Burbage Brook upstream

4.1.4. Reliable limits of ratings

The reliable limits of these ratings are determined by the range of flow conditions in which
flow gauging wa carried out. At both stations, the highestages limaxy recorded during
flow gauging were by WHS, and so thexvaluesremain unchanged from WHS (2014

An additional limit may be the stage height at which water flow will overtop the banks of
the man channel (the floodplain). At this point, the cressctional shape of the channel
changes significantly at both stations, and would require extensive additional work to
model. Increases in stage height above the floodplain would result in signifidagtier
increases in crossectional area than increases in stage height below the floodplain. The
floodplains are covered in vegetation, which will increase surface rouglasessmpared to
within the main channel. This likely to result in reduced watevelocities. To some extent,
these two factors may cancel each other out, although this is extremely difficult to predict
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with any certainty, and would require extensive further flow gauging in flood conditions,
which is challenging both logistically amdrh a health and safety perspective.

While some elements of data from flow events beyond these limits may be (feed
example, timings)estimates of Q should be treated with cautjameaning that it is only
possible to evidence the impact of the woks/ ¥t 2¢ F2NJ 1.KS WaYl ff SN

4.1.5. Burbage Brook wir monitoring station

Followingthe recommendations of WHS (2014 new monitoring sttion was installed at
Burbage Brook wir, in order to replace the monitoring station at Burbage Brook
downstream.WHS dserved that the floodplain height was exceeded in some storms at the
downstream station, making flow data unreliable. The weir was identified as a regularly
shaped, steegsided section with a large capacity fordhannel flow.Flow gauging was
performed on 13 visits to the weir. However, following major rainfall event on
21/11/2016, a large amount of sediment was deposited in the centre of the river channel at
this location, and as described in Shatal. (2011) this modified the relationship between
stage at the river bank (where the logger is located) and Q. As shokigune4.10, a new
rating relationship is emerging, with reduced Q for the same stage height, due to the
reduced crossectional area of theentre of the river channel.

Rating Relationships, Burbage Weir
14

1.2 /
1 /
0.8 /

g ' / + Pre-event
g m Post-event
& 0.6
/ —— Poly. (Pre-event)
0.4 ——Poly. (Post-event)

0 0.1 0.2 0.3 0.4 0.5
Stage Height (m)

Figure4.10: Rating relationships at Burbage Weir monitoring station, showing the emergence of a new relationship
following a major storm event

The available data for Burbageeir are insufficient to derive a reliable rating equation,
either for pre2016 depositionevent or postevent periods. Furthermore, this evident
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modification to the rating relationship suggests that this monitoring location is vulnerable to
further modifications in the future, meaning that any rating equation derived now may well
become inaccurate in the future. By contrast, rating data collected at Burbage Brook
downstream in the present study correlated well with the previous WHS. ddditionally,
stage height exceeded the floodplain heightonly one storm during theurrent study For

the purposes of thigeport, data from Burbage Brook downstream and upstream are
analysed and presented, while dataf Burbage Brook weir aexcluded

4.1.6. Selection of ®orm events for analysis
As described above, the derived rating equations were used to estimate Q framnLde
logged stage height values at Burbage Brook downstream and upstream monitoring
stations. The full time series from these two loggers are prieskm Figure4.11 and Figure
4.12. Storm events were then identified for analysis. The ideal criteria used for the selection
of storm events for analysis were:
- Rainfall ad water flow data available
- Noticeable water flow response to rainfall
- Single discrete period of continuous or neamtinuous rainfall
- Baseflow conditions immediately before the onset of rainfall
- Return to baseflow conditions following the cessation onfal, and before the next
storm event
- Peak Q within the limits of reliable estimations of Q as determined by floodplain
height and/or limit of rating data
The seven most suitable storm events were seledfseke Figure4.11 and Figure 4.12),
although not all of them met all of the above criteria, as showhable4.2.

Storm No. 1 2 3 4 5 6 7
Date(start of stormflow) 8/3/ | 28/3/ | 10/5/ | 21/5/ | 13/9/ | 18/11/ | 1/1/

2016 | 2016 | 2016 | 2016 | 2016 | 2016 | 2017
Monitoring station DjuDju/DjU/DjU/DIU D|U|D|U

(Downstream/Upstream)

Rainfall data available?

Water flow data available?

<|<|=<
<|<|=<

Y Y
Y Y Y
Y Y

<|<|=<
<|<|=<

Noticeable water flow response
to rainfall?

Suitable rainfall characteristics?

Baseflow conditions prevent?

<[<|=<
<[<|=<
<[<|=<
<[<|=<
< (<=

Return to baseflow conditions
postevent?

Y| Y|Y Y Y Y|Y

Peak Q within estimated Y
floodplain limit?

Peak Q witm rating limit? Y|Y Y Y|Y|Y

Table4.2: Suitability of selected storms for analysi¥/green=suitable; N/red=unsuitable
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