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SUMMARY

On the evening of the 08 September 2008 thé-Stourbridge Canal breached dose to

Stourton. This report documents the ﬁndlngsfrom an Investigation into the causes of
the breach and how the probabtiity of a re-occumence may be reduced. The following

activities were undenaken to enabie conclusions to be drawn:

]
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Post breach (10 September and 08 October 2008) site visits, this included
topographically recording the breach and also capturing a record of wrack
mark evidence and condition of hydraulic strictures;

Compilation and validation of relevant BW SCADA data;

Acquisition of contemporary and historical Environment Agency (water level
and flow) data for the River Stour. This data was gathered for consideration of
other historical flood events within this area (e.g. 20 July 2007);

- Topographic survey of hydraulic structures and car parking area adjacent to

Bonded Warehouse, at the iimit of the Stourbridge Town Am;

Construction and varification of an hydraulic mode! of the Stourbridge pound, -
associated hydraulic structures and resolution of the mechanism of breach
failure;

Appraisal of options to reduce the likelihood of a re-occurrence.

From the above the following were concluded:

s* There ls ovemhelmhg avidence that the breach.was a direct of flood

'waters enteﬁng the canal, close to: the teminus of the Town Am.'The raised -
‘water levelsin the tanai then oveitopped the‘Belis Mill Embankment at a low
" spotin the mwpath and an’ emslon failune of, tie’ sandy embankment (and

natural slope) resulted:

The quahtity of flood water entering the canal at the limit of the’ Town Arm
‘was exaggeraled by the loss of a river wall and the afflux upstream of two
river bridges. It Is uniikely that the breach would have occurred If the
collapsed river wall had been rebullt after its failure;

Historically, the canal pound had a significant number of waste structurés
present. These structures were probably introduced in response to managing
the flood waters introduced at the terminus of the Town Amm. The loss of the
use of all waste sluices (6 in total) and the restriction of the capacity of the
waste welrs has resulted In the pound having insufficient flood capacity.

Options have been appraised for the reduction of the likefihood of future .
~ breaches and the following is recommended:

. The falled RlverWall should be reconstructed (to withstand the pressure from

" floodwaters). An altemative would be to raise the dwarf wall at the back of the
canal towpath, but this would introduce considerably more expense in view of
its current lower level, lts condition and its length;

Anecdotal and physical evidence suggests that the 2 river bridges close to the
Bonded Warehouse induce hydraulic affluk. Discussions with the local factory
manager suggest these bridges used to be dredged prior to the decline of the
adjacent steelworks. This has appa rently not taken place for rnany yaars
Enqulrles should be undartaken to es ablish if such dre aTa

ose to Chuhbs Bridge should be maintained clear of silt and
vegetation (this includes the three culverts beneath the towpath);
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» Options to increase the flood capacity should be.considered in more detail.
‘One-potental option is to reinstate some or all of the waste siuices-on the
pound. The reipstatement should be appraised for cost and effectiveness
(including response times and access) once their structural conditions and
dimensions are established. | '

*» An altemative option may be to include the-construction of a new waste weir

: at an appropriate location.
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1.0 STUDY AIMS AND APPROACH

On the evening of the 06 September 2008 the Stourbridge Canal breached close to
Stourton. There was no significant damage or flooding to 3™ party property, this was
due to the breach discharging directly into the River Stour. However, the costs of
remedial works at the breach site will be significant. The aims of this investigaﬂon are
to:

1. Establish thé probable mechanism and causes of the fallure;

2. Evaluate the likelihood (retum period) of such an event occurring again in the
future;

3. Evaluate the effectiveness of various options to reduce the likelthood of failure
of this type In the future.

This study was also progressed for the purpose of improving the understanding of
the mechanisms and rate of failure of embankments during overtopping, this would
feed into the BW national research programme into breaches (BW 2005).

The siudy approach adopted was:

1. Gather post event prfmary evidence at the site and anecdotal evidence from
BW staff and other 3 parties : y

..2 &meila hydmmetrlc daty fromthe 'Envlmnrﬁent Apency ‘and BW SCADA -
repords Apprafsema recenl floodlng ln relatlon to the htstorlwl record, '

’ 3 Cbnstrucl and validate a hydraulic model of the pound and breach
mechanisms; * -

4. From 1 - 3 conclude on the mechanism of failure and the likelihood of a
future re-occumence;

5. Apply the mode! developed in (3) above to.consider options for the mlt!gatton
‘ against a future failure.



2.0 DESCRIPTION OF STOURBRIDGE POUND AND RIVER STOUR

2.1 Pound Configuration

The Stourbridge Pound on the Stourbndge Canal extends from Stourton Top Lock

. (Lock 17) to the limit of the Stourbridge Town Am (Figure 1). The pound Is
approximately 5.1km long, typically 10-10.5m wide with a depth of 1.45m along the
canal centreline. Aquatic vegetation along the channe! was relatively minor during
recent walkovers (10 September and 09 October 2008). The key features along the
pound-are iflustrated in Figure 1:

» Lock 17 (Stourton Top Lock), bywelr and bywash {Plates 1-4);
\f(golardsfey Aqueduct (over the River Stour) along the Stourbridge Canal mainline
te 10);
Wordslay Junction between Stourbridge Town Amm and Lock 16 (Plate 11);
Wasta welr close to Chubbs Bridge on the Stourbridge Town Arm (Plate 7-9);
Waste welr close to limit of Stourbridge Town Arm (Plate 5-8);
Significant numbser of sluices along the pound (8 In total), these have all fallen
. into disuse and none are currently operable (Plates 8, 12, 13a & 13b).
e  Much of the pound has freeboard in excess of 400mm during normal operating
conditions (Randals, 2002 & BW, 2000). '
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The River Stour runs adjacent to the pound for much of its length (Figure 1; see

. dashed blus line), the riverbed level falling quite markedly along the length of the
Town Arm and the mainline (see Figures 6a & 7a), At the upstream limit of the Town
Arm the land between the river and the canal was historically used as wharfs with
warehousing. Today much of this area is open car parking space with some of the

. original canal side property remaining (Figure 2).
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Figure 2: Limit of the Stourbridge Town Arm

-.. ‘The.River Stour passes benaath numerous bridges/ culvarts I this area. 1t has beef ~-.' -

 reported by BW staff and 3™ parties. that the arched bridge shown in‘Plate 16'(and " : ~

.+ the concrete bridge 10m downstraam) induce afflux (or back-up) of flood waters

upstream. It was further suggested that the bridge openings were in the past
perlodically dredged to increase their conveyance and that this has not been
undertaken for many years. During the flood of 20 July 2007 a riverside wall
collapsed (Figure 2; Plates 14-17). This wall has not been replaced, although the
collapsed wall was removed (Plate 15) prior to the breach of 06 September 2008
(Brown & Dun, pers. comm, 2008). -

2.2F ch Inspaction & Ane : v

Following the breach of 08 September staff from BW Water Management
Departrnent visited the site and completed a walkover survey of the entire pound, this
was on 10 September 2008. A further walkover was undertaken on the 09 October

2008 in order to supplement the records captured during the initial visit.

The following key outputs resulted:

» From wrack marks at bridges, weirs and at towpath sites, the peak water level
profile along the pound during the failure was surveyed. This was successfully
cross refarenced with the data from a SCADA water level station close to
Longboat Lane Bridge. Areas of overtopping (and escapes of water from the
canal) were identified along with those areas where flows entered the canal;

« The condition (Including vegetation extent and degree of siltation) of key
hydraulic structures were recorded and then topographically surveyed. These
structures included the two waste weirs, Lock 17 byweir, bywash and head
gate; )

o The breach was topographically surveyed (this was required for the modelling
of the breach failure sequence}, '




« The area close to the Bonded Warehouse (Figure 2) was topographically
surveyed and wrack marks recorded.

From these gbservations (and discussions with Waterway Staff) it was possible to

draw initlal concluslons:

o Very significant Inflows had passed into the canal from the River Stour close
to the site of the Bonded Warehouse (Figure 2). The route of the water from
the River Stour was at the former location of a riverside wall and over the top

of the remaining wall lengths (Figure 3);
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Figure 3: Route of Flood Water to Canal 08 September 2008

» The opening at a brick arched bridge over the River Stour immediately
downstream of the site of the failed wall) was surchamed during the flood

(see Figure 2 & Piate 16);

» Downstream of this bridge on-site temporary storage of demolition material
{Plates 22-23; Figure 3) and the lower riverbed levels prevented further flow

from the river to canal;

~ » Inthe area upstream of the wall (toward the junction with the A491) the
property wall adjacent to the river prevented any significant inundation,
although some limited flows could pass over a short Iength of Intact wal!

between bulldings (Plate 24; Figure 3).




thura r menl.owtionsof o oot of canal over tnwpath (note this 55 1ot Includd areas

that were submerged but no significant fiow passed out of canal)

The resulting flow down me canal lndpced overtoppmg and fiowsoutofthe . *~ @
canal at a number of locations (ses Figyre 4), roiich of the Town Arm towpath g\
was submerged. but water was contained due to the.ralsed back of towpath;

The waste weir close to the Emit of the TownArm was clear of vegetation/

debris and was not drowned by the levels in the River Stour. However, the

apertures beneath the towpath (immediately downstream of the welr (Plate

6)) throttied the outflow and were submerged (confirmed by wrack mark

evidence on towpath wall at the back of the weir),

The waste welr close to Chubbs Bridge was heavily silted and vegetated (by

10 September 2008 Mormisons had partially removed a brick course along the

‘welr crest and cut a channel to the welir through the vegetation (Plates 7-8).

There was no avidence of the weir being drowned from downstream throttling
or raised river levels. By 09 October 2008 the weir had been lamgely cleared
of silt and vegetation (Plates 26-27),

Evidence of overtopping of the towpath (flatiened grass, deposition of grey
siit, flood debris alignment) was observed iImmediately upstream of the
breach site (Plate 28). Fanning of sediment at the embankment toe was
observed (Plate 29); '

The breached embankment (and natural stiope) comprise of sand underiain by
sandstone (Plates 30), a full description of the local geology Is given in BW
(2008). Inspection of the breach debris indicated that the pre-breach bank
protection failed close to the final stages of the embankment collapse (with
the concrete bags being deposited at the top of the breach debris (Plate 31)).
This is Indicative of an overtopping failure with erosion cutting back toward.
the canal from the embankment face;

An earlier Principal Inspection (BW, 2000) noted that at the breach site the
embankment slope was ‘considerably steeper’ and ‘is possibly the site of a
former breach'. This is supperted by the brickwork in the canal bed
immediately upstream of the breach along with the 2 king posts that are still in
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position (Plate 33). This is not the same as the site of the 1977 breach due to
dredger.operations, which Is further upstream, '

. Waterway staff affirmed that the breach location was at the location of a dip In

the towpath. This dip was estimated to be approximately 15m long and
200mm below the adjacent towpath (Brown and Dun, pers. comm., 2008). A,
Principal inspection of the embankment (BW, 2002) suggested that the
towpath near to the breach site varied from 200-400mm above normal water
level and it was stated that ‘the towpath undulates for appro:dmataly 100lin.m,
centred on the site of the possible breach’.
e immediately adjacent to the breach the freeboard was maasured tobeat

approximately 300mm (Plate 32));

. » There was no evidence that the Lock 17 siuices were operated during the
breach (Sutton and Dun; Hickman and Dun; Lampitt and Dun pers. comm.,
2008). This is also confirmed with the SCADA record at Lock 19. Wrack
marks at the Lock confirm that the Jock head gates were shut during the flood

. and fiows did not pass over the gate top bar or.walkway (this belng atthe
approximate leve! of the lock copings). :

From the above it was nitially concluded (Dun, 2008)-that the most probable cause
of faiture was one of overtopping of the embankment at a dip in the towpath. The
.ralsed water levels in the canal were probably induced as a result of flood flows from
the River Stour entering the canal at the limit of the Town Arm. To further investigate
the mechanism of faliure the following detalled hydraulic appralsal was undertaken,
. this would help substantiate (or otherwise) these Initial conclusions.



3.0 FLOOD RECORDS OF THE RIVER STOUR & STOURBRIDGE POUND

3.1 Hydrometric dataset

From discussion with the BW Waterway staff, and intestogation of the BW
Overtopping layer on BW Gateway, it became apparent that the area close to the
Bonded Warehouse (Figure 2) was inundated by the River Stour during the fiood of
20 July 2007 (Plate 25). This induced the riverbank wall in this area to collapse at
some polnt during the flood (Plate 15). From the SCADA water level sensor, close to
Longboat Lane Bridge on the Town Amm, It was apparent that the Stourbridge Pound
rose by a maximum of 359mm (21:50 GMT) above Lock 17 bywelr level.

The breach event (06 September 2008) also saw significant overtopplng in the area
of the Bonded Warehouse and during this event the pound leve! rose by 443mm
(21:30 GMT) prior to the failure.

Given this frequency of overtopping in the past 18 months or so it was considered

beneflcial to gather historical hydrological data from the Environment Agency (EA),

this would help place these events into an historical context. Tables B.1 (Appendix B)

summarises the River Stour flow data obtained from the EA, this is for their

Prestwood site (SO 8670 8815), which is the closest to the study area and the

breach site. Coupled with EA water level gauges in Stourbridge (SO 8056 8446) and

Stourton (SO 8600 8484), these records giva excellent spatial and temporal
 Coverage for thié study. Theu' spatlal cgverage is illustrated in Flgure B1 (Appendix .
By, H
Care needs to he taken when consfderlng hlstorlul water Ievt-.ls inrivers due to their+* . -
dependency nof only on flow but also the contemporary river channel condition (e.g. ¢ -
vegetation extent, volume of debris blocking; presence of constrictions to the flow -
etc.). For this reason flow data is often appraised in preference. Analysis of the water
year annual maximum flows for Prestwood (1972-2008) yielded the following
observations and conclusions (note there was no data recorded between 1983-1995,
this gives 23 annual maxima values In the sat):

= From this record it Is apparent that the 20 July 2007 and 06 September 2008
have the highest two peak flows in the entire record (i.e. the July event being
83.5m%s and the September 2008 being 73. 1cumem Figure 5). This
compared to an average annual maxima of 31.1m¥s;

"»  Fitting a8 Gumbel extreme value distribution to this dataset suggests (Figure
5) a retum period for the 20 July 2007 event of approximately 60 years. For
the 08 October 2008 flood the return period reduces to approximately 30

years.
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* The 3" and 4™ highest ﬂaws were In 1999 & 2005 and of the 10 highest flows
recordedhhe%yeardatasetﬁwerepoﬁﬂﬂ :
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' g At Slourbrldge a water l8Vel gauge has been- opemﬁonal since-1960-Of-this datasaet, -
... the 20  July 2007 was the sixth and the 08 September 2008 the sevénth highestin'the.”: ... < 5"
" dataset. It Is noted that the 8 highest records only vary'in elevation by 200mm anda . - -

ot

large proportion of the highest of the series relate to the. pedod 16970-84, when flows
in the rver were reporledias being relatively low: The reasons for this apparent °
anomaly ray lie in the' changes 10 the condition‘of the channel (siltation or - ’

. vegetation),-any works to the channel that may have been undertaken since this

period or the condition of the Prestwood flow Gauge pre-1983. Comment on the pre
1883 pauged record at Prestwood was requested from the EA who suggestad that
despite tl\e gauge refurbishment the record set is reliable.

Higher rasolutlon flow and leve! data was also obtained fmm the EA in order to .

investigate the 20,July 2007 and 08 Septemberzoos floods. Figure 6a [llustrates the -

EA River Stour level and flow data for the 20 July 2007. The level data is at ordnance
datum and lllustrates the fall of river level along the pound length. The BW SCADA
data (Figure 8b) is for the pound level sensor atLongboat Lane Bridge and at the
Lock 19 bywash flow gauge. This figure confirms the use of lock gate sluices at
Stourton Locks during the event to alleviate the fiood risk. The sluices ware

apparently operated by members of the public and not BW staff, the exact timing and

number of slulces used Is unknown (a likely mode of ‘operation is inferred from the
record (see Figure 6b), this Is further supportad by the lock counter at Lock 19 which
reported a lockage movement between 20:00-21:00 GMT and the suggestion from
bank staff that the sluices were used in the late evening (Dun & chkman pers.
comim., 2008),

13
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Inspection of the SCADA flow gauge at Lock 19 confirms that it is not BS3680: Pt 4a
(BSi, 1981) compliant, with a steep approach channel and a step in the channel
immediately upstream. Due to the hydraulically steep approach channel to this gauge
the structure will tend to have relatively low accuracy, this is particularly the case at
high flows. Therefore, this gauge cannot be used to implicitly infer water levels
immediately upstream of Lock 17. -

Figure 7a iilustrates the EA River Stour level and flow data for the 06 September
2008 fiood. Figure 7b liustrates the BW SCADA data:
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Figure 7b: BW SCADA Water Level Data for 08 September 2008 Flood

Figure 7b clearly illustrates the peak water leve! in the Stourbridge Pound and the
point at which the full breach failure occurred. The figure also confirms that lock
sluices wera not utilised during the flood, this Is further supported by the Lock 19 lock
counter which does not report any lock movements.

The data descﬂbed above hetps when consldeﬂng the thresho!d of flooding, from the
River Stour to the canal, ciose to the Bonded Warehouse. The two flood events
described provide a snapshot pre and past the river wall falling.
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Figure 7d: Timing of Stourton Breach relative to Flow in River Stour

When inspacting the 06 September 2008 flood event (Figure 7d) then flow started
entering the canal at the Bonded Warehouse at a Prestwood flow of approximately
48m%/s.

A Prestwood flood peak of 38.5m%s on the 05 September. 2008 did not induce any
inflows into to the canal. Also, on the evening of 09 Novembar 2008 the River Stour-
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fiowed through the position of the collapsed wall and passed into the canal close to
the Bonded Warehouse. This event did not induce flows over the BW dwarf towpath
wall. Although there were issues with the stilling chamber on the Prestwood gauge
(EA, 2008) the EA utilised data from the nearby Stourton site to generate the
estimated Prestwood hydrograph. The peak flow at Prestwood for this event was
reported as 54. Bm’!s (Figure 7e) and the flow at the initiation of flow into the canal
was again 48m 1s.

s T v - — oo

' meve:n&umoqswwtpnammmﬂpwmmstqm -

The above yleids an indication of the likely change In threshold of flooding at the
Bonded Warehouse as a-result of the collapsed wall, it is accepted that this will only
be approximate due to flow travel times and catchment/ conveyance effects between
the two sites.

Coupled with the post event observations and the detailed topographlc record the
above data provides an excellent dataset for the validation of an hydraulic appraisal
of the breach. Such an appraisal heips to improve the understanding of the
mechanisms of failure and consideration of options to reduce a future re-occurrence,
thls appraisal is described in the following section.

¢
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4.0 HYDRAULIC APPRAISAL OF BREACH

4.1 and Mods! Constru
A one dtmenslonal hydrodynamic model was conslructed of the Stourbﬂdge pound

using the ISIS 3.0 {(Halcrow, 2008) modelling suite. The model has been successfully
applied and validated on'many occasions to investigate the hydraulic mechan!sms
along canals (Dun, 2006). Indeed the model has been used and validated for the
appraisal of historical breach failures (BW, 2005a, 2005b & 2007 and Dun, 2007).

The following key datasets were utilised in the model construction:

¢ Randals (2002) dredging survey of the main line and Town Am,

« Detailed topographic surveys of waste weirs (conducted for this study);

» Detalled topographic survey of the Lock 17 byweir and bywash (conducted for
this studyy),

» Detailed topographic survey of- the breach geometry (conducted for this
study); .

The model construction lﬁcluded:

» Lock 17 byweir.represented as a broad crested weir (with the downstream
culvert and open-channei bywash influence included),

o Lock gate and ground paddles were modelled uslng dimensions estimated
from the site visitof 10 September 2008."

- e.3 Bridges(ahd aqueduct) were: nasolvedasaemwlti'losses (Dun, 2008); -. 21 ..

4.4 e Wasteweir close to:Chiibbs Bridge was-resolved as: bmad crested welrwith .

" . .three parallel arched osifices upstream (beneath towpath). The proportion of . . - -
 the welr blocked Wwasjestimatad at 80%.from the walkover on 10 September "™
2008, this value was set for the modelling of the previous flood also (i.e. 20
July 2007},

¢ Waste weir close to the limit of the Town Arm resolved as a broad crested
welr with seven rectangular orifices downstream of wair,

« Manning's friction values were derived from the walkover inspection and with
reference to BW (2006 & 2008b),

¢ The breach was Initially revolved as a single broad crested weir (to resolve
over-towpath flows) and then evolving to dual weir control as observed on
site. This method has been extensively documented and'validated elsewhere.
(Dun, 2006 & BW, 2005; 2007 & 2008b);

« [Locations of known overtopping ‘flows out of the canal were defined as spill
welrs,

The model was then used to derive the total canal inflow hydrograph for each ficod,
this was introduced at the limit of the Town Arm.

* 4.2 Modelling the 20 .July 2007 Figod

The model was run firstly to simulate the 20 July 2007 flood. AS discussed in Section
3.0-above the lock sluices at Lock 17 were operated during this event. It was
assumed that all Lock padtles were operated (i.e. all head and tail paddies). Thisis
not the configuration that yields the maximum discharge but is commonly perceived
as such. The timing of the sluice opening.and closing was defined as per Figure 6b.

No wrack mark Iinformation has been identified for this event, howaver, Figure 8
Ilustrates the comparison between the model result and the SCADA water level



gauge, close to Longboat Lane Bridge. It is noted that the use of the lock sluices
appears to be supported by the maodel resutts, with very similar water level
fluctuations.
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Figure 8a: Camparison between mode! and SCADA water levels (20 July 2007) -
" The model also su'ests that overtopping would have occurred at the breach site
during this.event for approximataly 3 hours, the sstimated maximum depth over

towpath was approximately 75mm (th¢ accuracy of this should be considered against
the accuracy of the esfimated towpath elevation pre-breach).

This simulation generated an Inflow hydrograph to the canal with a peak discharge of
approximately 8.5m%s. At the site of the collapsed wall (close to the Bonded
Warehouse) it is estimated that to generate a flow of this magnitude would require a
depth of water over the intact river wall of 200-240mm. From the primary evidence in
Plate 25 (water flowing over wall In background) this paak flow appears plausible,
aithough it should ba noted that the timing of the wall collapse is not known (albeit
after flows passed over the river wall). if the Prestwood flow is lagged for an
estimated 2 hour fiood travel ime and factored according to catchment area (i.e. the
urban fraction is largely unchanged (FEH, 2005), we get an estimated river flow at
the Bonded Warehouse (at the point of flow into the canal) of 51m’/s. The peak flow
at Prestwood during this event was 83.5m%s and this factored to get the flow at the
Bonded Warehouse gives 60.1m%s. Subtracting the threshold flow from the peak
flow gives an estimate of fiow into the canal at this site of 9.1m¥s (i.e. 60.1-51m3/s).
This again gives some support to the model derived inflow of 8.5m"s.

The mode! was also run for this event with the Lock 17 sluices shut throughout, the

results indicate that the maximum depth of flow over the breach site would have
increased to an estimated 120mm.

19



Jegy
4.3 Modeliing the 06 Oelober 2008 Flgod
The model was then re-run for the 08 September 2008 flood. This simulation

assumed that the sluices at Lock 17 were not utilised throughout. Figure 9 illustrates
the comparison between the model result and the SCADA water level gauge, close to
Longboat Lane Bridge.
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From the figure it is apparent that the model reproduces the pound water level
fluctuation accurately (including the post breach drawdown). In addition to this
validation Table 1 below compares the surveyed wrack marks along the pound with
the modelled peak water levals, there Is very good agreement across the full length

of the model.
Table 1: Comparison of Modelled and measured Peak Water Levels along Pound
Location Measured Modelled Difference (mm)
Water Level | Water Level
{m AOD) (m AOD)
141m upstream of centreline of 20 waste welr, 85.M8 65337 -1t
just upstream of bend in canal wrack on
B Besin ar wall
28m upstramm of centretine of 20 wasts weir, 65.43 65.135 8
| on old dry dock bridge parapet wall
Downstream end of 20m weir on parapet wail 635.:48 65.339 =]
|2 m downstream of welr)
Cozlbournbeook bridge (downstream portal) 65.%07 85311 4
Chubbs Bridge {downatream portel) 85,281 65.273 -8
SCADA Water Lavel sita 65.257 65.266 +9
Stourton top Lock 65.124 65.117 -7

* Note tha level of Lock 17 bywelr is 64.814m AOD (Randals, 2002)

This simulation generated an inflow hydrograph to the canal with a peak discharge of
approximately 10.0m?s. At the site close to the Bonded Warehouse the river level
profile was noted to have been above the remaining wall by a surveyed 100mm.
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For the dwarf wall at the edge of the towpath (Figure 2) the post breach survey
suggested the approximate flows given In Table 2: :

Table 2: Estimated mmmmmmmasmmmwm

Wall Section Depth over wall (mm) Wil Length (m) Flow over saction
L ' (cumecs)

Between Bonded , 135 42 35

Warehouse and )

former BW Workshop _—

Adjacent to Bonded 200 8 1.2*
| Warehouse . _

Flow between ars 11 44
‘Former BW K

Workshop and

Derellct House .

: Total flow 9.1

*his eatimato i likely to be appraximate only Gue Lo rapid variaion of water lovela locaily

The site estimate of 8.1m's broadly supports the total modelled inflow to the canal of
10m*/s, when the uncertainties of the site estimates are taken Into consideration. The
modelled peak discharge Is also supported by the accurate resolution of the hydraulic
gradient along the full length of the canal (Tabie 1). Also the inferred threshold of flow
to the canal (by factoring the lagged flow at Prestwood for catchment area) at the
Bonded Warehousa of 42.5m/s. The peak flow at Prestwood during this event was

' 73. 1m¥s and this factored to get the flow at the Bonded Warehouse gives 52.6m"s.
. .Subtracting the threshold flow from the peak flow gives an estimate of fiow into the
canal at this site of 10.1m"s (i.e; 52.6-42.5m3/s). This again gives supportto the " °
model derived inflow of 10m¥s. L |

From the above discussion it 1s pgssible to estimate té peak flow into the canal -
during the breach event if the river wall had been in piace. Subtracting the pre failure
flow threshold from the estimated peak flow yields a peak flow to the canal of 1.6m%s
(62.6-51.0m%s). This peak fiow was simulated in the model, with the Lock 17 sluice:
shut throughout, and it was found that water tevets would have been contained at the
breach site by a freeboard of 80mm. Given that no breach occurred in the July 2007
flood, it Is concluded that it is unlikely that canal would have breached if the river wall
hat remadined in place throughout.

4.4 Conclusions \
From the above modelling exercise it is conciuded that for the 20 July 2007 flood:

¢ The observations of the event were reproduced accurately by the model. The
postitated use of the Lock 17 sluices s supported by the model;
« The modelling suggests that overtopping was likely at the breach site
' (although this was not reported in the BW Overtopping Layer),
» The flow Into the canal was dominated by the River Stour bursting its banks
near to the Bonded Warehouse, the flow to the canal is estimated at
8.6cumecs at its peak, this flow is supported by on site observation.

For the 08 September 2008 flood:

« The detailed observations of the event were again reproduced accurately by
the model. The mode! confirms that the Lock 17 sluices were not utllised
throughout the flood;
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* The modelling suggests that significant overtopping occurred at the breach
site prior to failure, the peak depth of flow over the towpath (prior to fallula) is
estimated at approximately 150mm with a peak flow of approximately 1.2m?®
The duration of flow over the towpath prior to fallure was estimated at 2. 75
hours;

» The flow into the canal was dominated by the River Stour bursting its banks
near to the Bonded Warehouse, the flow to the canal is estimated at 10m%/s
at its peak. The magnitude of this flow is supported by field measurements, is
in good agreement with long pound hydraulic gradients between mode! and
measured and agrees well with flow measurements on the River Stour.

Both flood events had high river levels close to the Bonded Warehouse. It Is likely
that there would have been significant afflux (backup) upstream of the two river
bridges in the iImmediate vicinity, this is reported by both BW Waterway staff and
the Manager at the fabrication works. Unfortunately, the afflux has not been
measured post ficod event, however, the EA may hold estimates of thisas a
result of their Section 105 floodplain mapping (see Appendix B: Figure B2 for
details).

A further point to note is that the temporary storage of building waste on the site
would potentially limit further inundation to the canal. There is a risk post
development that this material wili be removed and flood fiows may pass to the
canal via the development. The development proposals should be reviewed to
appreciate the Impllcations forBW. -

Althqugh the 20 July 2007 flood:was of greater peak flow.dqwn the River Stour

' (Figure 5), the 06 September 2008 generated a higher pea i the canal. This

'was due to the greater flow Introduced tb the canal as a'result of the lost river

“wall'al the Bonded Warshouse:. ThEana[yss ihdicates that if the river wall had

not failed (or was rebuilt) the canal is unlikely to have breached. It is therefore
recommended that the river wall is rebuilt as a matter of urgency In order to
reduce future inflows into the canal from the River Stour.

The effectiveness of various options to reduce the future Iikellhood of breaching
is discussed in the Section 5.0,
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5.0 FUTURE OPTIONS FOR IMPROVED FLOOD MANAGEMENT

6.1 [ntroduction

In order to appraise the options to reduce the likelihood of a re-occumrence of the
breach then the model described in Sectien 4.0 above was modified. The approach
taken was to impose the derived cana! inflow hydrograph for the 06 September 2008,
this is estimated to have a retum period of approximately 30 years with the curmrent
river wall and river, river bridges and channel configuration (i.e. without the coltapsed
wall rebuiit).

6.2 Raising the Towpath at Bre itg

At the location of the breach it is assumed that the towpath will be ralsed by
approximataly 200mm, to the level of the adjacent areas. All other assumptions are
as per the breach simulation described. In Section 4.3 above. The results of the
scenario with this towpath raising are shown In Table 3:

Table 3: Comparison of Forecast Peak Water Levels {raising towpath at Breach Site)

Location Modelled Modelled Difference (mm)
Peak Water | Peak Water
Level during | Lavel (with
Breach towpath
{m AOD) raised)

_ _ (m AOD) .
141m ypstresm of centreiine of 20 wasts walr, 66.337 68.35 +13
Just upstream of band in canal wrack on

Basin wall e - | e
28m. -of centredins of 20 waite weir, .§5.336 65.347 12,
. - |onold dry dock well : —
Downstream and of 20m weir'on parapet wall 65.339 65.352 +13
£ m downatream of weir) P - -. . .
downstream §5.311 65,3256 14
Chubba Bridge (downatream 6. 213 65.291 +18
SCADA Waler Lovel site 65.260 65.284 e
| Breach Site 85.145 85.177 232
Stourton top Lock j 85.117 65,147 +30

“ reinstated towpath level assumed to be 65.214m AGD

As expected the forecast peak water levels along the pound would be higher, this is
- due to less water being forscast to overtop close to the breach site. Given that other

T areas o

ped during the breach this option alone ma

likelihood of breach elsewhere on the pound.

The following options

breach site.

5.3 of

y produce an unacceptable

(Sections 5.3-5.7) assume that the towpath will be raised at the

In the modeliing of the breach the sluices at Lock 17 were shut throughout. To
investigate the impact of utilising the gate and ground paddies (n the fiood they were
raised in the mode! when the water level at the SCADA gauge was 150mm above the
Lock 17 byweir. It was assumed that alt the lock sluices were opened (n.b. this does
not maximise their capacity):




Tahle 4: Compansun of Forecast Peak Water Levels (utilising Lock 17 sluices towpath and

raising the towpath at the breach Site)

Location Modelled Modelled Difference (mm)

Peak Water | Peak Water

Level (with Level! (use

towpath of lock

raised) slulces

(mAOD) | (m AOD)
141m upatream of centreline of 20 waste welr, 65.350 88.328 --22
Just upstream of bend in canal wrack on
8 Basin B wall _ .
2Bm upstream of centreline of 20 waste weir, e5. 47 65326 22
on old dry dock bridge parapot weil _
Downstream end of 20m weir on parapet wall 85.352 65333 -19
2 m downstream of weir). ﬁ —
Coatbournbrook bridge (downstraam portal) 85.326 65,300 25
Chubbs Bridge {downstream portal) 65.291 65.262 -29
SCADA Water Lovel site 65,284 86.254 -30
Breach Sits* 83177 65.112 £5
Stourton top Lock 65.147 64,986 161

¥ reinstated towpath level assumed to be 65 214m AOD

The water level at the breach site would reduce by 65mm and no water would flow

over tha reconstructed towpath.

Using the sluices for the actual breach event (and assuming the towpath levels pre-
reconstruction) would have reduced the peak water depth over the breached towpath
from 150mm to an estimated 70mm (this was derived by an additional model
slmulationj -The estimated peakﬂow aver the towpath would have reduced from . °

.. 1.2m% ls.ta approxlmatelyo em

- 5.4 W ‘Welr

e
Sl

A4y

Stou

-,“

:" In the modelling f the breach the flow over this welir was throttied by the orifices * «-
immediatsly downstream. Therefore, to investigate the impact of raising the towpath:

bridge above the flow, the orifices were removed and the model was re-run (Table 5).

Table 5: Comparison of Forecast Peak Water Levels {raising towpath at Breach Site and
rajsing of the towpath bridge at waste weir)

Location Modelled Modelled Difference {mm)

Poak Water | Peak Water

Level (with | Leve! (with

towpath waste weir

raised) bridge

(m AQD) raised)

{m ACD)
141m upstroam of centrefine of 20 wasts weir, 68,350 85.254 -96
Just upstream of bend in canel wrack on
Bad Basin apat wall
28m upstream of centrsiine of 20 wasls weir, 85,47 65.250 o7
on old dry dock t wall .
" [ Downstream end of 26m welr on perapel wall 65.352 65.257 -85
2 m downstream of weir) .

Coalbournbrook bridge (downstraam portai) 65,325 65.240 85
Chubbs Bridgje {downslream portal) £5.281 65.220 =71
SCADA W aater Lovel site 65,284 65.216 68
Breach Slis* 85117 65.148 ~28
Stourton top Lock 65.147 65.120 =27

* reinstated towpath lavel assumed to ba 85.214m AOD

Although this option does reduce the forecast peak water levels along the Town Arm
there Is only marginal improvement at the breach site. No flow is forecast to pass
over the towpath at the breach site. This solution alone may be unacceptable due to
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the likelihood for breach alsewhere-along the pound. This is likely to be an expensive

option for little benefit.

55

Improving Welr Close fo Chubb Bridge
In the modelling of the breach this weir was assumed to be 90% blacked, since the

breach this weir and the basin upstream have been largely cleared of silt and
vegetation (Plate 26-27). To simulate the effect of this clearance the welr blockage
. was reset to 0% and the model was re-run (Tabis 6).

\

Table 8: Comparison of Forecast Peak Water Lavels (ralsing towpath at Breach Site and weir

deamnce)

"Location Modelled Modalled Difference (mm)

Peak Water | Peak Water

Level (with | Level (with

towpath waste weir

. ‘raised) cleared)

{m ACD) (m AOD)
141m upstream ¢f conbreline of 20 wasto welr, 65.350 - 65.287 83
Just upslraun of bend in canal u:unk on

W

Z&nupltrum of centreiine of 20 wasts welr, 65347 €5.204 <
on old dry dock e wall - o
Downstream end of 20m wels on parapet wall 65,352 65.268 54
2 m downstream of wsir) o —_—
Coalboumbrook bridge (downstream portal) 45,326 65.226 -89
Chubbs Bridge {downstream portal) 65,291 65.974 417
SCADA Water Lovel sita 65,204 65,162 72
_Breach Site® _ 85977 | 65918 88
Stourton top Lock 65.147 65,093 -68

* reinstated lowpath love! assumed to be 65.214m AGD

Althoudh this option does reduce the forecast peak water lovals along the Town Arm -
the improvements at the breach site are relatively modest. No flow is forecast to pass
over the towpath at the breach site,

6.6 Introducing/ refurbishment of Shuice

Historically there were a significant number of waste stulces on this pound. This was
probably in response to managing flood waters introduced close to the Bonded
Warehousa site (as the River Stour falls rapidly in bed level along the pound length).
As discussed these sluices have fallen into disrepair and currently none are
operable. To give an Indicatian of the likely effectivenass of the waste sluices on the
pound a simulation was undertaken whereby it was assumed that the Bells Mills
Sluice (Piate 13a) was refurbished. For the purposes of this Initial investigation it was
assumed (in the absence of survey data) that the stuice would be reinstated as a3 1m
square paddie, its Invert level belng 1.2m below normal water level and the flow was
in free discharge. It was further assumed that the sluice was opened when the level
on the automated SCADA gauge reached 150mm above the Lock 17 bypass level.
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Table 7: Comparison of Forecast Peak Watar Levels (ralslng towpath at Breach Site and
reinstatement.of Bells Mill Sluice)

Location Modelled Modefled Difference (mm)
T Peak Water | Peak Water
Level (with Leve! (with
towpath Bell Mills
raised) Siuice)
{m AOD) (m AOD)
141m upstream of centreilne of 20 wasts wair, '66.350 85.272 -78
just upstream of bend in canal wrack on
Badleys Basin Bridge parapst well _
mwamdmmw 65.347 . 85.269 -78
on old dry deck: o wall
Downstream end of 20m weir on psapat wall 685.352 65.274 -8
| 2 m downstresm of weir)
| Coaboumbrook bridge (downstieatn pertaf) G5.326 66.235 00
Chubbs Bridgs (downstream portal) 85.201 65.188 -103
SCADA Water Lovel aito €5.284_ 65.178 106
to” ‘ 65177 65.030 -147
" | Stourton top Lock 65.147. 85.007 -140

* reingtated towpath lavel assumed to be §5.214m ACD

This option is particularly effective downstream of Bells MIII Bridge and reduces the
peak water levels significantly, upstream of Bells Mill Sluice its effectiveness is
reduced due to the effect of the long pound hydraulic gradient.

5.7 Combination of Options
From the abovae it is apparent that some options are more effective than others at -

© .-+ reducing flood peak water levels. Hlstorltally. \np soluﬁohappurs to.-have been, the. 7
e -utilisatiort of a lame Jhuriber of st‘uctures’ {2 waste weirs: and 6 waste sluloes) In an .
- attémpt'to'manage the f4re but high flows introduiced close ta the.Bonded i
- Warehouse. This strategy fs likely to. have been-successful with some structures

having greater impact on different siréiches:of the pound and having on-site staff to S

manage the risk:in a reactive manner. - ' ° ¢

" With the loss of the use of the waste:sluices this flexibllity is largely lost and thus
there Is greater dependency.on the non-interventionist structures (L.e. the waste
weirs). Unfortunately, both of these structures have suffered in effectiveness in
recent years {one being throttied with a low bridge and the other becoming silted and
vegetated). This left a situation where insufficient capacity was present along the

pound.

To address this, the following are proposed (in feasibility) to Improve the flood
management at the pound;

"~ « Reconstruct the wall close to the bonded Warehouse (this will significantly

reduce the frequency and magnitude of flows to the pound (to an estimated
20 year retum period);

 Maintain the waste weir lhat is close to Chubbs Bridge clear of silt and
vegetation;

« Increase the flood waste.capacity to the pound (one option of refurbishing a

~ sluice structure has been appraised, the cost effectiveness of this (and

others) should be considered in more detail).

To appraise the effectiveness of the above a simuiation was run that included

maintaining the waste weir at Chubbs Bridge and operating a refurbished sluice at
Bells Mill Bridge (note with the re-construction of the river wall the retum period of
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this Inflow hydrograph Is likely to be In excess of 60 years). This option provides a

practical and probably cost effective

solution.

Thie same Inflow hydrograph was used for simulations discussed In Sections 5.1-5.7.

Table : Combined Option Forecast Flood Levels

Location Modelled | Modelied | Difference (mm)
Peak Water | Peak Water | -
Lovel (with | Level (with
: - ] .
L _ {m AODE (m AOD)
141m upatream of cantreine of 20 wasts wetr, a5.219 -
just upstroam of bend In canal :rdakm
- | 28m upgtream of ina of 20 waste weir, €6.347 65.216 131
on el dry dack well -
5.362 e5.210. A8
. 65.325 65.184 -1g
1 . 65,053 -
%w J_%.o"m‘ 208
g R Giss =
“roinstated towpalh ovel ssumed (o bo G5.014m AGD
The likelihood of breach:coutd be fuyther reduced If the Lock 17 sluices were

operated. For this simulation (Table 10 below) itis assumed that all sluices are.fully

opened when.the SCADA gauge.reaches-150mm above lock byweir-level.(to Idantify.

*reinststed towpath lsve! assumed t be 85.214m ACDD

Clearly i Interventionist structures (i'e. sluices rather than weirs) are to be refied on

the reaction time needs to be sufficient (see Figures 8 & 9)

confidence that access to the stnictures is viable and safe.

and there needs {0 be.
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+ -the optimum position of thesé siuices would require.lock drairi and fill tests (which are
not possibie whilst the repairs are being conducted): -~ - Lo
-Table-10: Combined Option Forecast Fliood Levels-(with Lock 12 sluice paddies utilised). - . :-- . S R
[Location = _ . [Modefled | Modelled [ Difference (mm) | - -
Peak Water | Peak Water
Level (with Level (with
towpath towpath
raised) ralsed)
' e L ]L(MACD) "~ | (mAOD)

141m upstream of centrefine of 20 wasts welr, b, 65.350 65.188 162

just upstream of bend in cane) wrack on }

] S Basin ) wail : - __

28m upstream of contreline of 20 wasie welr, 65.347 65.184 - -183

on old dry dock wall - L

Downstream end of 20m welr on parapet wall 65.352 65.188 -230

2 m downstraem of weir) ' -

Caathoumbrook bridye {downstream portal) 66321 65.122 -203

Chubbs Bridge (downsiresm portaf} € €5.038 266

SCADA Weter Lovel alte 65.284, 66,013 ~2

| Breach Site® 65177 64.828 248
‘Stourten top Lock g 65147 | paoin. -228 '



" 6.0 CONCLUSIONS & RECOMMENDATIONS

This study has Investigated the mechanisms of fallure that induced the canal breach
of 06 September 2008 and concluded: -

There Is overwhelming evidence that the breach was a direct result of fiood
waters entering the canal close to the terminus of the Town Amn. The raised
water levels In the canal then overtopped the Bells Mill Embankment at a low

spot in the towpath and an eroslon fallure of the sandy embankment (and

natural slope) resulted;

The-quantity of flood water entering the canal at the limit of the Town Arm
was exaggerated by the loss of 2 river wall and the afflux upstream of two
river bridges. It is unlikely that the breach would have occurred if the
collapsed-river.wall had been rebulit after its fallure;

Historically, the canal pound had a significant number of waste structures
present. These structures were probably introduced in response to managing
the flood waters introduced at the terminus of the Town Amm. The loss of the
use of all waste stulces (6 in total) and the restriction of the capacity of the
waste welrs has resiiited In the pound hav!ng insufficlent flood capacity;

Options have been appralsed for the reduction of the likellhood of future
breaches and the following s rgcommended:

;-Anecdotal nd'ﬁhyslwl
Bonded Warehouse induce hydrau&c afflux. Discusslons with the local factory

The falled River Wall should be reoonstmcted {to Mmstand the pressure from

‘ f]oocMater%‘)f An qgéma m&g beo b yalse the dwarf.wall at the back of the

duoeeoiwiderab!ymoreemansemwewof
Itseumamlow%rlevel ltsoondiﬂonanditslengm :
H\atmazmerbdmesdosemme g

méanager suggest these bridges used to be dredged prior to the deciine of the
adjacent steeiworks. This has apparently not taken place for many years.
Enquirles should bé undertaken to establish If such dredging operations could
be relnstated (EA and riparian owner).

The waste weir close to Chubks Bridge should be maintained clear of sitt and
vegetation, (this includes the three culverts beneath the towpath); .

Options to increase the flood capacity should be considered in more detall.
One potential optien is to reinstate some or all of the waste sfuices on the
pound. The reinstatement should be appraised for cost and effectiveness
(including response times and aooess) once their structurat conditions and
dimensions are established.

An aftemative option may be to include the construction of a new waste weir
at an appropriate lacation.

British Waterways Internal. Report Hydraulic Appraisal of the Stourton Canal Breach,
Stourbridge Canal
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All rights reserved

This Report was prepared by British Waterways and is for their use only. Third parties
should therefore take appropriate legal advice based on their indnndual circumstances
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