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1. Flood-excess volume: definition and use

Flood-Excess Volume (FEV): the volume V, of water in a flood-peak at | ¢ GOAL: to quantify and communicate the efficacy of various flood-

a river gauge location due to river levels exceeding a relevant threshold A, mitigation measures in a straightforward and concise manner.
chosen such that, for any river level A above hr, flooding occurs. e IDEA: calculate the FEV for a flood event of interest and express as the
Best approximation: o h: water level |m] capacity of a 2m-deep square ‘flood-excess lake’ with side-lengths O(1km).
N, e (Q: discharge [m°/s| ¢ OUTCOME: a graphical tool that (i) contextualises the magnitude of
V. ~ Z (Q(Bk) _ QT)) At e Q1 = Q(hy): threshold discharge the flood relative to the river valley and (ii) facilitates quick and direct
1 e Tr = N,,At: flood duration assessment of the contribution and value of various mitigation measures.

2a. Case study I: River Aire, Boxing Day 2015

- Q [m?/s] Q: what fraction of the FEV is reduced, and at | Hypothetical scenario for Leeds’ flood alleviation scheme 11
/\ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 0. what cost, by a suite of mitigation measures? (FASII+), comprising flood walls and flood-storage sites:
¢ ? :
e express the FEV as a 2m-deep ‘flood-excess lake’ of side- \pog S Higher Walls & Cononley & Holden Park
| length 2.15km: FEV=~ 9.34Mm? ~ (2150% x 2)m?. :
2000 |Cononley Waghlands/Holder| Park: 50.7%
<
Scenario SO: Higher Walls and NFM £35M or [£0.69M/1%
: NFM: 0% or 10M/0% 1500
ZI? §2|8 2|9 3IO . < >
K " £ £69.9M or £0.7TM/1%
> | day]| =5
L > 1000
FEV ~ 9.34Mm*
Tj' — 3200111“%
fT = 3.90m i Higher Walls: 49.3%
b = 4.77m . . . . e >
Or = 219.1m? /s e given a calculation (or estimate) of potential flood stor- £34.9M or £0.707M/1%
Qm = 300.2m°/s age volume and associated cost of each mitigation mea-
sure, the ‘flood-excess lake’ can be partitioned accord- . | | | |
30 + t [day] ingly and overlaid with a cost per 1% of FEV mitigated 0 500 1000 1500 2000
h;,,” h,T X(m)

2b. Case study 1I: River Calder, Boxing Day 2015

« e . . Flood-excess lake: FEV =~ (908 x 2)m® ~ 1.650Mm®
250 + Q [m?/3] Exploratory flood-alleviation scheme comprising (i) ( i 52 7
I P N
temporary storage in reservoirs, (ii) upscaled ‘leaky’ debris S S 9 S >
: + 0
dams, and (iii) tree planting: <
e takes into account uncertainty in storage capacity; 3
. . RESERVOIRS
e draw-down and control of reservoirs has great potential; Mean FEV: 40% TREES
. . . . Cost: £30M Mean FEV: 3.75%
e major upscaling of leaky dams can have a significant Value: £[0.56, 1.13]M/1% Cost: £5M
and cost-effective impact; Value: £[12]M/1%
e mean FEV mitigated is 50%: more measures (e.g., flood
. . NFM
walls) required to offer full protection. Vo FEV: 6,69
] Cost: £5.38M _
nght WOOdy—debriS ‘leaky7 Value: £[0.63,1.27|M/1%
dams, an example of Nat-
FEV ~ 1.65Mm? ural Flood Management
T’y = 8.25hrs . . TOTAL
27 —+ h; — 4 5?]1]:? (N':Ew];\/[)7 arc belng 111- Mean FEV: 50.11%
. . : : Cost: £40.38M "
fé: 1.425151 y stalled in tributaries of the Value: £[0.611.21]M/1% 2
iy River Calder. Photo cour- c
28 T Qm = 197.5m /S . . E
tesy Robin Gray (Pennine L ‘=2
- Prospects). ° SRS $
h,, hr 29 1 t [day] % of FEV mitigated

2b. Case study 11I: River Brague, October 2015

Q [m’/s] : . . s
300 An alternative to raising flood walls: giving room to >00
GRR o the river (GRR) increases the river width in order to
i A P increase the discharge capacity for a similar water depth. Total
N 400 FEV: 100 % N
Qr.ar a) Current transverse profile S
""""""""""""""""""""" 0 I - ' ’
Qr - 20 m .
100 g
N E
. 50— % 1%
B [m] i E Chhemm] | | 8
| i — | | | | | | b) GivVi he-ri fil T) Flood walls (1.3m)
L T T T s 20 220 oo ) Giving-room-to-the-river transverse profile 2 Lo FEV: 48 % y
T R 18:00— %) Cost: 6.4 M€

Current

Value: 135 k€/1%
FEV ~ 0.488 Mm?

Tr=18h
ht = 3.06 m
Qr = 135 m¥s FEV: 58 0%
100 <~ 1
With GRR Cost: 1.4 M€
PRV = 0352 Mt Value: 52 k€/1%
T-16h e New ‘GRR’ rating curve reduces FEV for same ht (left)
T= m3/s
o et e GRR is assessed favourably alongside flood walls and
— >Stage - ime measurement (current . . o o . 0
-~ Stage - time measurement (GRR) retention measures in an exploratory flood-mitigation | | |
—— Stage - discharge relationship . : : 0 100 200 300 400 500
-------- Stage - discharge relationship (GRR) a.na,lySIS fOI‘ the Rlver Brague (rlght)

— Hydrograph

Side-length (m)
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