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Programmes of gravel augmentatiadeallyrequire careful planning to maximise
their potential for benefit, including:
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1. Initial advice on the calibresolumeand locdion strategy for gravel augnme
tation for the upperRiverAvon.

2. Characterisation of the surface channel bed sediments and assess apparent
morphological impacts of the dams on the upp&verAvon.

3. Laboratory preparatiomand field distribution ®asampleof RFIBtagged
tracer gravelsvithin the upper Avon pilot augmentation reaches

4. Installtion ofthree impact plate geophones in the bed of the uppetonto
provide corroboratory understanding of sediment transporting events

5. Periodic tracking oRFID grzels following high flow events. Located tags will
be leftin situto record further movements. Techniquesill be refined asve
better understand challenges associated with tracing in this upland channel.

6. Report on the apparent gravel mobility on the Avmaised on a combirnien
tracer movement, rates of transport indicated by the impact plate, and a
record of instantaneous discharges obtained from the upper Avon gauge.
Theresults will be used to provideirther advice on bespractice augmerd-
tion for the Avon.
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Site name  River Grid Site Description ~ Augmentation actions  Tracers deployed
Reference taken
Didworthy  Avon 268504, Approx. 300m Approx.24-28 tonnes of 28/10/14:
61890 downstream from gravels augmented on 50 augmented gravels
Didworthy Bridge 13/10/14 pn WHo2@S-R
cobbles
06/11/14
50 local native gravel
cobbles
Bala Bala 267212, At footbridge, Approx. 5 tonnes of 11/11/14:
Brook 62883 80m downstream gravels augmeted on 50 augmented gravels
from weir 14/10/14 50 local native gravel
cobbles

Woolholes Avon 268038, Downstream of ~ No gravels augmented 28/10/14:

64029 Avon Dam, during 1st inventory p- 50 above dam gravel
approx. 30m b-  riod cobbles
low weir
06/11/14:
50 local native gravel
cobbles

50 augmented gravels
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River Avon Gravel Augmentation sites

" Westcountry

Didworthy site
Augmented gravels:
Tagged particles
S Augmented gravels:
=« | Native gravel-cobble:

Above dam ‘native’ gravel-
cobble:

Y
-

Rivers
Trust
Woolholes site
Augmented gravels: 0t
_ Tagged particles
< Augmented gravels: 50
Native gravel-cobble: 50 .
Above dam ‘native’ gravel-
cobble: 50 A
.‘ = . b Py 2
A - .
Bala Brook site o ™% om_
Augmented gravels: 5t N, o ) 8.
. | Tagged particles TN A R
- Augmented gravels: 50 ARG o AR f
5 Native gravel-cobble: 50 e ’"T,ﬁ‘»w- V- ;
>
o

11




3 Met hods
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A = LONGEST AXIS (LENGTH)

B = INTERMEDIATE AXIS (WIDTH)

C = SHORTEST AXIS (THICKNESS)
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32 Hydr ol ogi cal Characterisation
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343 Tracking

Ly O02YY2y GAGK Yz2ald oSRf2FIR addzRASasz GKS ai
tL¢ GF3ax NIOGKSNI GKEY | LRAY(G O2yaNBE adl da
OYBND2YY2y Ay &addzRASa 2F YAINI GAYy3I FAA&KOO
O2YyAARSNI GA2YAZI | YAYAYdyY 2 HNDE&E2HT NBIpEzA NBI T
O2yRAGA2YyAa A GKS KSIFIR 2F (KS NBIFIRSNJ ySSRa
0KSASR LI NLAOCES @2IA8yiH&tS REBSOGAFRWDY I 2V
Odzf & G2 GNIOS GKIy (K2&aS feAay3a K2NAI 2y Gl te
6/ K Siddh 3§ nhvynQ) a8 dANIDERBKRNR dzZ3 K G KS NRAGSWh oA GK (K
GSyyly a® ad@lB addl yyAy3a (HKS OF SR ZF BNIBOEINRENS L3
GKSANI 20 GA2Y A KEBDNRY ORS260F 1 btzAPBEUAZY {0
LI OAG e AX®f SKIBISREKSt R Qi2SwylLldz6 ERBS®RA LI NI A Of S

I dZRMWDTE SSLIQ Ay (KS KSIFRLK2YySa 2F (KSt adz2NBSe:
GA2YySRABRE SR 2y (KS CABRBBoel 2 2 YIRKES NBIF RS NJ
NEO2 NRIKSdzKA WRKSt R @5 NNHir@eFNMaddoam B ¥ I8

O2 NBNI (I Nk ODANH KS LR aAAGA2YyAy3d 2F (KSISYRENBSE
dzd SKRE NIA Yo £ S CNIAYAKSIMH WBS3(NF § SR A KA NRSGI DA @ KS
NI yIASFAYRREENI (0 NO NPSNJ (LB SNToAIOA 1SX 4 LINRD2 ®RRSRE B Gl G
YIGAOIf f eKEYZPHANSGAYE GKS CKNIAODYSoFSRYIKEKS
KFEFYRKSf R 02 Yiladzb ENIoFEEa NP6 Rliya AiSK S | oraJyfilijesos K S NS

LA =

f ANBSOS LI A 29/K MfAS OISIINIBNDE S f 2 O MiHAY2 yIag GBI 06 S NI

Figure 6.& EA1 A

ndtuv I 1T &£ OEARA OEACAAARARAEBABAABAKDE
PEITAO j AOI EAET ¢ OEA Aii PAOGEI ¢ OI OT A T £ xAOA
AEODPI AUAA 117 OEA OAAAAO AOiI OT A OEA OOOOGAUI 08

17



4 Resul t s

41 Channel characterisati on

The focal section of the Didworthy reach has an average gradient of 0.0236 and is
Y2NLIK2E23A0Fft&8 aAYAEFINI G2 | WOF&aolkRSQ NBI C
than classicallpbserved for this typeMontgomeryand Buffington1997). Reaches

GAGK GKAA 3INIRASYG FINB Y2NB 3ISyBRRt O& LINE LR
type but the immobile bouldebed impartsa veryhigh andvariable relative roulg-

ness ratio to the reachesulting in achaotic pattern of energgxpenditure visually

distinctfrom the relative uniformity of plane bedsr the organization inérent to a

step-pool channelalthough ®me partial bed steps exisiGravel loss followingn-

poundment may also have influenced the bed morpholdgsavels ad sands

congregate in the stoss and lee of boulders and in the channel margins where they

are often deposited above low flow elevations. Patchy sediment storage and mild

imbrication of gravels and cobbles suggests a sulaplyed reach in which transport

thresholds are characteristically-liodal,meaning thatgravel and small cobblese

mobilized during moderate recurrence interval events whereas coarser material r

quires far more infrequent floods for mobility.

The size distribution of the gravela the channel bed was characterized using the

W2 2fYFyQ GSOKY A lpkin§ sampletfedth of thevadigmenbatiorot

cations, and abovethedan® YL Ay 3 2F Wyl A JSQ NAODSNI 6SR
Woolholesreachimmediately below the danmdicated a median ([sy) b-axis grain

AaAT S 2F 1Ty YY SGKSNBlIFA WHo20S spf5¥ymm aSRAYSy (3
(see Table R Such results are suggestive of coarsening of the downstream channel

bed following dam construction and iryploss of sedimet storage. The Woolholes

Wyl 0APSQ YFEOGSNRIE Aa @dndeisdlyf the médiad particke2 I NA S NJ A
aAT S 2F LI NILHAOESa Ay (GKS 5ARg2NI&S NBIF OK A3
mm (Table 2 but consists of a greater spread of pasdisizes. Its visible distribution

LI NI gl @& 060S06SSy WFHo20S RIEYQ YR . FflF . NR2|
the reach is increasingly influenced by the input of sediment from the Bala Brook

since the construction of Avon DarmO2 Y (i NI A ¥Sy i8R QWIvdzA SNRA It 02
of wellsorted, subangular gravel obtained from a local quaarydsized to potenti&

ly benefit the spawning requirements of resident sali® The samples indicate a

Dsp 0of 40-43 mmand a far more restricted range of partidees (Table 2, Figure 7).

The RFIBaggedLJr NI A Of S&>X RNI gy FNRBY Wyl G§Aa@SQ 0SSR &
terial replicate the s ¢ Dgq4 distribution of the above dam and augmented material
faithfully (Table3), butrepresent a narrower range of particle sizes than found in the
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contemporary Didworthy channel bed. Functionalhgrefore,the taggedparticles
perhapsNB LINB 4 Sy (I K 8RUIIZYICK SAiSARGYES YWILINR 6 A &-A @ 6 WI o 2
0ADPSQ &SRAYS ysiha mobilty of thedistinetty fingr&tidedied

material (n = 49).
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42 Hydr ol ogy

Within therange of measures available to pursue river restoration (Downs angtGre

2NE HAannoOX 3INI @St dAYSyGridAz2y Aa | YSGK2R
Thorne 1998). Such measures represent a prebased approach to rehabilitation

that workswithin existingriver management constraints €., the continued exis

ence of a large dam, in this case) but their effectiveness is dependent on a series of

driving flow events in order to realize their potential (Downs and Kondolf 2002). For

gravel augmentation projeés where material is dumped into the channel and roughly

spread across the channel bed, effectiveness implies receiving a series of flaws suff
OASyid G2 SYGNIAY FYyR adzoaSlidsSSyadte RSLIaArd
interest are thus those gable of generating sufficient shear stressetatrain the

augmented material. Thitreshold flow and the extent it is exceeded during any

one flow year determine the likely éistribution potential of augmented gravels.

/] £t SFNIex I 2FGSNJ, SIFNJ OKF NI OGSNRT SR o0& TSg¢g
0KFY | @S NI-db&itiod Wieréas & yead®Bith many high flow events may

be expected to transport augmented materials much greater distances than on the

averag.

¢tKS 5ARg2NIKe 3l dzaAS Aa araddza 6SR AYYSRAIGSt e
4 5ARg2NIKe YR G GKS O2y¥FfdzSyOSA&T .| Rg2
fe YSIYy FiRbKSt{SORaARYRE Il dAS Aa y20 OFfAo
YSI adzNBYMS Y2 LI NBR AMyKSOMSI dgNdS | YA Y AYdzy Ff 26

0KS 3Fdza3Ss $gKAOK Aa 200FaArzylftte | R2edzalGSRX

RFAfe YSIy Ft2ga GKIG Ft2¢ adlr3asS RaSa y2a |
GAOSI 0SS yA yi KGEAITdaNgS YA YA YdzYy NBO2NRIFotS adal 3
GKFY Ay SIENIASNI 8SFNEP-2SERA D201y NBEdry2Ra 217 RA
OSAQYSR It K2dAK AdG A& y20l06tS GKFG wamp | LL
KAIKSAad Wt 38® FNBS YIFIIYATASR Ayu /oM@ dmBe ¢ oy
KIS 0SSy GKS 2yS 2F (KS RNASald 2FSmmKS 1+ ai
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