Crummock Water Restoration

Proposed works:

Remove weir and abstraction infrastructure
Restore the two outflow channels (River Cocker)
Retain existing vegetated island

Reprofile the river bed in immediate area around weir removal
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Crummock Water and River Cocker

Restoration benefits include:

* No hard infrastructure acting as a
barrier/obstruction so improves
connectivity for biota and sediment

* Provides a more natural channel and flow
regime, enhancing morphological and
ecological habitat diversity

* Improves fish passage/migration

* Promotes a more natural variation in Lake
water levels, improving shoreline habitat
diversity

* Reduces flood risk downstream

Pre-works
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Outflow Design

* Bed levels restored to reflect natural levels at outfall. At these cross
sections there is approximately 300mm deepening (compared to the
baseline). The blue line showing the existing bed is sediment that has
accumulated behind the weir structure. The red line is the proposed
channel cross section (broadly reflecting natural, pre-weir, bed levels).

* Left (western) channel at a higher bed elevation (+100 mm) than right
(eastern) channel. Right channel will act as the primary outlet channel.

* Right channel will also act as the low flow channel to retain flows during
drier conditions

* Downstream channel remains unaltered
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Crummock Water Bathymetry
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River Cocker Bed Level

* Long profile of the River Cocker downstream of the weir shows the gradient to be
fairly flat.

RIGHT (EASTERN)
% CHANNEL

* The average gradient of the right (eastern) channel is a consistent 0.3%. The outlet
level is proposed to be 97.15 mAQOD (i.e. the level of the existing lower sluice gate).

* The average bed gradient of the left (western) channel is 0.35% with the upstream
proposed to be higher than average at 0.9%. The outlet of the left (western) channel

will be set at 97.25 mAOD, 100 mm above the right (eastern) channel.
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Crummock Water — Weir Modifications

1. Timber weir 1879 97.91 mAOD
(since removed) (estimated)

2. Masonry weir 1899-1903 98.52 mAOD

3. Repairs to weir  1967-1969 98.52 mAOD
(current structure)

Information provided from Jacobs Feasibility Report, 2020.
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Wooden weir with fish pass and sluice gate. Weir is holding the
average winter water level throughout the whole year.
Measured water level of 97.96 mAOD in June 1985.

Larger stone weir raised lake levels by further 2 ft (0.6 m)

Crest level remains the same. Level of the lower sluice gate set at
97.15 mAOD.



Crummock Water — Timber Weir

Images from D Hughes, 2022, PhD Newcastle University. Simulating and Visualising the Hydrological and Landscape Impacts of Reservoir Engineering at
Crummock Water. Original source: J.B. Wilson, 1899 (left image), and Pickering and Crompton, 1881 (right image).

The photograph (left) demonstrates that the crest of the weir is higher than the bed level of the River Cocker downstream.
The sketch (right) depicts the fish pass on the right side of the weir and the sluice gate on the left side of the weir
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Crummock Water — Timber Weir

Images from D Hughes, 2022, PhD Newcastle University. Simulating and Visualising the Hydrological and Landscape Impacts of Reservoir Engineering
at Crummock Water. Original sources: J.B. Wilson, 1899 western (left) weir/channel (left image), Park Beck outlet and shoreline (right image).

At high water levels the timber weir became submerged.  The shoreline of Crummock Water is gravelly; the lake level will fluctuate
This also happens with the existing weir at high flows. with rainfall / tributary inflow as it did in the 19t century and as it does

currently. Removal of the existing weir and re-profiling of the River
Cocker channels will reduce the outflow potential, and the range of lake
levels will fluctuate more widely following weir removal. Hydraulic
modelling suggests the peak water level will be up to 1.5 m higher for a
Q100 flood event (1% annual exceedance probability; 1:100 year flood
event), compared to approximately 1 m now. ’
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Interpretation of historic documents and drawings

Engineers Report on the Crummock Source of Water Supply for
Workington Urban, Cockermouth Urban and Cockermouth Rural
Districts 1877 (pre-construction), page 1 of 3

of the Lake, and the compensation involved would consequently be very great. Butby simply lowering
the bed of the Cocker at the point where it emerges from the Lake, and constructing suitable works
for regulating the discharge therefrom into the river; full, and satisfactory compensation in kind can
be obtained for the millowners on the Cocker at about one twentieth the cost of raising the lake for a
like object.

In the first place, the bed of the river should be lowered and a weir put across, so as to keep
up as nearly as possible the svinter level of the lake; and self regulating apparatus inserted in the
weir, so as to insure a proper quantity of water being run down the river. A 15 inch diameter
gravitating pipe should be laid about 60 feet into the lake, and the main be carried along the high-
ways wherever it is practicable to the reservoir of the Cockermonth Water Works, where it would
deliver the requisite quantity through a ball cock. The chief main should be diminished at this

Letter to Joint Committee Sep 1877 from Pickering and
Crompton, page 2 of 2
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It was suggested in 1877 that the timber weir could be constructed (1879) by removing gravels and lowering
the bed of the River Cocker at the outlet from the Lake by approximately 1 foot and a weir positioned to hold
up the winter water level of the Lake. River required to flow at least 200 yards downstream for millowners.
The timber weir was low enough not to cause wider flooding on the surrounding land in winter and instead
spilled over the weir crest down the River Cocker. The photograph of the timber weir (slide 7) shows the height
difference between the bed of the River Cocker and the Lake water level (during drier conditions).

The exact bed level prior to construction of the timber weir in 1879 is unknown.
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Interpretation of historic documents and drawings

Jacobs Feasibility Report, 2020

* Adiscussion is presented in the Jacobs Feasibility Report (pp.172-173) around the level required for
discontinuance of Crummock Water.

* It was concluded by an All Reservoir Panel Engineer (ARPE) that the level of the base of the sluice gate (i.e.
97.15 mAOD) should be applied to the final river bed level at the Crummock Water outlet to satisfy the
Reservoirs Act.

* The concluding remarks from the Jacobs Feasibility Report (p.173) are shown below. These are written from the
perspective that the natural bed level was the same as the crest level of the timber weir (i.e. 97.91 mAOD).
However, this value is the water level (holding the average winter water level), not the natural bed level.

From this it can be concluded that the level for discontinuance is the base of the trench for the outlet, which in
the case of Crummock Water is the base of the sluice gate.

From the information and discussions, whilst it would be possible to reinstate the original outlet level as
recorded in 1879 prior to the timber weir being installed, this would not remove the Lake from the Reservoirs
Act or remove United Utilities Duties as Undertaker for the lake as it would still be classed as being able to
hold a body of water above the natural ground. In order to remove this obligation under the act the new natural
lake outlet is required to be set at the level of the lower sluice gate (97.15m AOD) approximately 740mm lower
than outlet level in 1879.
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Discussions with QCE (2022)

* United Utilities and the designers have been engaging with the Qualified Civil Engineer (QCE), appointed
under the Reservoirs Act (1975). The QCE is a statutory role responsible for supervising and certifying the
discontinuance of the reservoir.

* The Reservoirs Act contains requirements in order to allow reservoirs to be discontinued (i.e. removed from
the Act). In this case, the water level in Crummock Water is required to be permanently lowered to be close
to “natural ground level”.

 The QCE agrees in principle, subject to reviewing the proposed cross section, that it would be reasonable to
adopt the existing bed level just downstream of the weir as “natural ground level” going forward. This level
is 97.15 mAOQOD.

* The intention is to remove the entirety of the existing structure, including those parts that are below the
bed level immediately downstream of the weir (and reinstate the bed), thus removing any doubt that an
impoundment remains.

* If we remove the weir and raise the bed level, another reservoir is created which would need to be
maintained under the Act.

* Therefore, the level of any previous structures acting to impound water on Crummock Water is not
pertinent to this decision-making process.

* This supersedes any previous advice.
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Crummock Water — Weir History and Water Level Schematic

1. 1879 Timber weir to maintain average winter
water level. Gravels removed at the outlet,
lowering the bed locally.

97.91mAOD === — == — ‘ flow
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s

Reservoir River Cocker

2.1899-1903 Masonry impounding weir raising lake levels by
approximately a further 2 ft (0.61 m).

98.52mMAOD === ====-= I 0.61m
97.91m AOD ~ ~ "/:I]

Reservoir River Cocker

3. 1967-current Repair work but crest level
remains the same (98.52 mAQOD).

99.52mAOD _ - 1 Lake level range approximately 1m
98.52m AOD I (during 1 in 100 year flood event)
97.91m AOD  _ _ _;:" $ 0.61m I 1.37m
(0.76m difference)
L === Lower sluice gate level
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4. 2025/6 restoration proposals. Established bed level
downstream retained.

98.65MAOD =g == === Lake level range approximately 1.5 m
1.5m (during 1 in 100 year flood event)
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River Cocker
Reservoir
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Summary

Copyright © United Utilities Water Limi

Crummock Water has been impounded since 1879. The first (timber) weir (1879) was constructed to hold the
(approx. 97.91 mAOD). Gravels removed at the outlet for installation/operation;
bed locally lowered (unknown depth, but thought to be <1ft).
This held an elevated water level in the drier seasons so water could be abstracted from the lake all year
around. A masonry weir was installed (1899-1903), raising the crest level by a further 0.61 m (2 ft) to 98.52
mAOD.
Modifications to the masonry weir were made in the 1960s, but the weir crest remains at 98.52 mAOD today.
Removal of the weir and associated infrastructure will re-naturalise Crummock Water and the flow and
sediment regime to the River Cocker. The variation of flows down the River Cocker will be greater than
currently exists, providing benefit to the ecology.
The existing average bed level for up to 70 m downstream of the River Cocker has been calculated at approx.
0.3% gradient. The proposed restored outflow level (97.15 mAQOD) is compatible with the 0.3 % gradient. The
left (western) channel has a slightly higher bed level (+100mm) at the upper end. This has been designed for
climate resilience purposes so that the eastern channel will preferentially flow during lower flow conditions.
The removal of the weir will lead to an initial drop of the water level in Crummock Water by 1.37 m, but this is
reflective of the existing/adjusted River Cocker bed level and also meets the conditions required by the
Reservoirs Act. However, the water levels will fluctuate more widely in Crummock Water (up to 1.5m
compared to 1m for 1 in 100 yr flood event) so will be predominantly much higher than 97.15 mAOD. The
peak water level will still be lower than currently exists with the weir all other factors being equal giving
flood risk benefits downstream.
The extent of the shoreline will vary with this water level fluctuation and more vegetation will develop on the
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upper shore where it is less frequently inundated (wetted).



