
 
 

 

Hodder Water Treatment 
Works 

Flood Risk Assessment 

21 August 2019 

 

 

 

 
 

  





 

 

 

 

 

 

 

 

  

 

 

Mott MacDonald 
Floor 3 
1 Whitehall Riverside 
Leeds LS1 4BN 
United Kingdom 
 
T +44 (0)113 394 6700 
mottmac.com 
 

 

Mott MacDonald Limited. Registered in 
England and Wales no. 1243967. 
Registered office: Mott MacDonald House, 
8-10 Sydenham Road, Croydon CR0 2EE, 
United Kingdom 
 

 

Hodder Water Treatment 
Works 
Flood Risk Assessment 

21 August 2019 

 





Mott MacDonald | Hodder Water Treatment Works 
Flood Risk Assessment 
 

80040117-01-MMB-HODDE-NA-97-RP-I-0007 | 21 August 2019 
 
 

Issue and Revision Record 

Revision Date Originator Checker Approver Description 

A 21/08/19 E Hale D Chick E Wren First Issue 

      

      

      

      

      

      

      

      

 

Document reference: 80040117-01-MMB-HODDE-NA-97-RP-I-0007 

 

Information class: Standard 
 

 

This document is issued for the party which commissioned it and for specific purposes connected with the above-

captioned project only. It should not be relied upon by any other party or used for any other purpose. 

We accept no responsibility for the consequences of this document being relied upon by any other party, or being 

used for any other purpose, or containing any error or omission which is due to an error or omission in data supplied 

to us by other parties. 

This document contains confidential information and proprietary intellectual property. It should not be shown to other 

parties without consent from us and from the party which commissioned it. 

This r epo rt h as b een pre par ed s olely fo r us e by the par ty which  co mmissio ned i t (t he ‘Clien t’) in conn ectio n with t he c aptio ned pr oject. I t sho uld not b e us ed f or a ny o the r pu rpos e. No  pe rson oth er t han the Clie nt o r a ny pa rty w ho h as ex pres sly ag ree d te rms of r elianc e with us (t he ‘Re cipien t(s)’ ) m ay r ely on  the  cont ent, i nfo rma tion or a ny views  exp resse d in t he rep ort. W e acc ept no d uty o f ca re, resp onsibility or lia bility to  any oth er recipie nt of  this docu men t. This r epo rt is c onfid ential and cont ains p rop riet ary in tellect ual p rop erty .  

No re pres enta tion, w ar ranty  or und ert aking,  exp ress or i mplied,  is m ade and no resp onsibility  or li ability is accept ed by us to a ny p arty othe r th an t he Clie nt o r an y Recipi ent( s), as to the accu racy or co mpl eten ess of  the  info rma tion c ontai ned  in this  re port . For t he a voida nce of d oubt this repo rt d oes not i n any  way p urp ort to incl ude any l egal, i nsu ranc e or  fina ncial a dvice or o pinio n.  

We disclaim  all a nd a ny liability  whet her  arisi ng in tort  or cont ract or othe rwise w hich it might  oth erwise  hav e to any par ty ot her tha n the  Client or t he R ecipien t(s) , in resp ect of  this rep ort, or any in for matio n at trib uted to it.  

We acce pt no  res ponsi bility fo r a ny er ro r or  omissi on in  the  re port  which is  due  to an e rro r o r o mission i n d ata, i nfor mati on o r sta tem ents suppli ed t o us by ot her  pa rties in cludin g th e client  (‘Dat a’). W e hav e n ot ind epe nde ntly ve rified  such  Data  and  hav e ass ume d it t o be  accu rat e, co mplet e, r eliable  an d cu rre nt as of t he d ate of suc h inf orm ation .  

For ecasts pre sent ed in  this d ocu ment  wer e p repa red  usin g Dat a an d th e re po rt is d epe nde nt o r bas ed on Dat a. I nevita bly, so me of th e ass um ptions use d to devel op t he fo rec asts will n ot b e re alised  and  un anticip ated  eve nts a nd cir cums tanc es m ay occ ur. C onse que ntly Mott MacDo nald  doe s no t gu ara ntee  or w ar rant  the conclu sions c ont ained  in th e r epo rt as  the re are lik ely to be differ enc es be twee n the  for ecast s an d th e act ual r esults and  thos e diff ere nces may be mat erial. W hile we consid er t hat the i nfor mati on a nd opinio ns giv en in this r epo rt a re s o und all par ties must rely o n th eir own skill a nd ju dge me nt whe n m aking  use of it.  

Under  no ci rcu mstan ces may t his re por t or  any  extr act o r su mm ary t he reof be used i n co nnecti on wit h any  pu blic or priv ate s ecuriti es of ferin g incl uding  any rela ted me mor and um or p rosp ectus  for  any secu rities offe ring or st ock ex chan ge listi ng o r a nno unce ment .  



Mott MacDonald | Hodder Water Treatment Works 
Flood Risk Assessment 
 

80040117-01-MMB-HODDE-NA-97-RP-I-0007 | 21 August 2019 
 
 

Contents 

Executive summary 1 

1 Introduction 2 

1.1 Background 2 

1.2 Scope of assessment 2 

1.3 Proposed development 2 

2 Site information 4 

2.1 Site map 4 

2.2 Existing infrastructure 4 

2.2.1 Existing watercourses 4 

2.2.2 Stocks Reservoir 4 

2.2.3 Existing water mains and drainage infrastructure 5 

2.3 Evidence of historical flooding 5 

2.4 Site topography 6 

2.5 Existing ground conditions 6 

3 Assessment of flood risk to the development 7 

3.1 Fluvial flooding 7 

3.1.1 Fluvial Flood Map 7 

3.1.2 Site Specific Fluvial Flood Risk 8 

3.2 Surface water flooding 11 

3.2.1 Surface water flood map 11 

3.2.2 Influence of climate change 12 

3.3 Groundwater flooding 13 

3.4 Flooding from sewers and drains 13 

3.5 Failure of infrastructure 13 

3.5.1 Stocks Reservoir 13 

3.6 Water treatment works infrastructure 14 

3.7 Access and egress 14 

4 Assessment of flood risk as a result of the development 15 

4.1 Fluvial flooding 15 

4.1.1 Pass forward flows from reservoir 15 

4.1.2 Loss of floodplain storage 15 

4.2 Surface water flooding 15 

4.2.1 Management of surface water flood risk during construction 15 

4.3 Groundwater flooding 15 

4.4 Flooding from sewers and drains 15 

4.5 Reservoir flood risk 16 



Mott MacDonald | Hodder Water Treatment Works 
Flood Risk Assessment 
 

80040117-01-MMB-HODDE-NA-97-RP-I-0007 | 21 August 2019 
 
 

4.5.1 Upstream flood risk 16 

4.5.2 Downstream flood risk 16 

5 Application of the National Planning Policy Framework 17 

5.1 National Planning Policy 17 

5.1.1 National Planning Policy Framework 17 

5.1.2 The Sequential Test 17 

5.1.3 Exception Test 18 

6 Conclusions 19 

6.1 Flood risk to the proposed development 19 

6.2 Flood risk resulting from the proposed development 19 

6.3 Compliance with National Planning Policy 20 

Appendices 21 

A. Stocks Reservoir Flood Study 22 

B. Photos 23 

 

 

 

 

  



Mott MacDonald | Hodder Water Treatment Works 
Flood Risk Assessment 
 

80040117-01-MMB-HODDE-NA-97-RP-I-0007 | 21 August 2019 
 
 

1 

Executive summary 

Mott MacDonald has been appointed by Mott MacDonald Bentley (MMB) to undertake a flood 

risk assessment (FRA) on behalf of United Utilities at Hodder Water Treatment Works (WTW) 

(the site), located to the north east of Slaidburn in the Forest of Bowland.  

The site is bounded to the north by Stocks Reservoir, which supplies water for treatment at 

Hodder WTW. The River Hodder flows adjacent to the site on the south eastern boundary.  

The proposed development comprises installation of a new building containing rapid gravity 

filters (RGFs) which are required to ensure a consistent supply of quality drinking water. In 

addition, works to raise the crest level of the reservoir spillway weir will be undertaken to 

increase the capacity of the reservoir, helping to safeguard water supply to the north west of 

England in times of drought.  

The proposed development is not considered to be at risk of flooding from fluvial, surface water, 

groundwater or sewer flooding. The treatment works themselves pose a risk should 

infrastructure become blocked or malfunction, however, this is considered to be managed 

through ongoing operation and maintenance of the treatment works by trained operatives. Due 

to the location of the site immediately downstream of Stocks Reservoir, the site will be 

inundated should the reservoir embankment breach or fail. However, this is not considered to be 

a significant source of flood risk owing to regulations under the Reservoirs Act 1975 for 

inspection and maintenance of Category A reservoirs and the requirement to safely pass flows 

up to the PMF (approximately equivalent to a 1:10,000-year flood) over the spillway.  

Similarly, although works to increase the capacity of the reservoir by raising the spillway level 

may result in a greater extent of flooding downstream should the embankment breach, the 

likelihood of this occurring is very low. Raising the spillway crest level will not result in flooding 

of any additional receptors. Therefore, no significant change to reservoir flood risk is anticipated 

as a result of this scheme.  In addition, the proposed development will not increase flood risk 

elsewhere from fluvial, surface water, groundwater or sewer flooding.  The increased capacity of 

the reservoir will contribute to greater attenuation of fluvial flood flows downstream.  

The proposed development meets the Exception Test to allow the development of essential 

infrastructure in Flood Zone 3. Therefore, it is considered that the proposed development is 

compliant with the National Planning Policy Framework (NPPF).  
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1 Introduction 

1.1 Background 

Mott MacDonald has been appointed by Mott MacDonald Bentley (MMB) to undertake a flood 

risk assessment (FRA) on behalf of United Utilities at Hodder Water Treatment Works (WTW), 

located in the Hodder Valley to the north east of Slaidburn, Forest of Bowland, Lancashire. The 

National Grid Reference for the Site is SD718545.  

United Utilities are undertaking works at Hodder WTW (hereafter referred to as the site) to 

upgrade the treatment process to improve water quality and increase reservoir capacity.  

1.2 Scope of assessment 

The site is partially situated within Flood Zones 2 and 3. Therefore, a FRA must accompany any 

planning application to ensure the renovations do not lead to an increase in risk of flooding 

either at the site or downstream.  

This FRA has been carried out in accordance with the National Planning Policy Framework 

(NPPF)1 and associated Planning Practice Guidance (PPG)2 to assess the risk of flooding to the 

site from all sources, and the possible impact of the development on flood risk elsewhere. The 

scale and nature of the FRA is considered appropriate for the development. 

Information presented within this report is dependent upon the accuracy and reliability of the 
supplied information, correspondence, and data available to Mott MacDonald, at the time of the 
assessment. Any party developing detailed design should not rely on assumptions made in this 
report but should satisfy themselves in that regard. 

Mott MacDonald has followed accepted procedure in providing the services but, given the 

residual risk associated with any prediction and the variability that can be experienced in flood 

conditions, Mott MacDonald takes no liability for and gives no warranty against actual flooding of 

any property or the consequences of flooding in relation to the performance of the service. This 

report has been prepared for the purposes of supporting a planning application only. Mott 

MacDonald accepts no responsibility or liability for this document to any party other than by 

whom it was commissioned.  

1.3 Proposed development 

The proposed development comprises installation of a new building containing rapid gravity 

filters (RGFs) which are required to ensure a consistent supply of quality drinking water. Water 

treatment works which need to remain operational in times of flood are classed as “essential 

infrastructure” in the PPG. Therefore, the proposed development is also considered to be 

essential infrastructure. 

 

In addition, permitted development rights have been granted for works to raise the crest level of 

the reservoir spillway weir. This will increase the capacity of the reservoir, helping to safeguard 

water supply to the north west of England in times of drought. While these works are permitted 

                                                   
1 Ministry of Housing, Communities & Local Government (2019) National Planning Policy Framework. Accessed 16/08/2019. Available 

from: https://www.gov.uk/government/publications/national-planning-policy-framework--2  

2 Ministry of Housing, Communities & Local Government (2019) Planning Practice Guidance. Accessed 16/08/2019. Available from: 
https://www.gov.uk/government/collections/planning-practice-guidance  

https://www.gov.uk/government/publications/national-planning-policy-framework--2
https://www.gov.uk/government/collections/planning-practice-guidance
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development, Ribble Valley Borough Council (RVBC) have requested their inclusion in the FRA. 

These works are considered to be “water compatible” under the PPG. 

The design life of the combined works is taken to be 100 years for the purpose of this 
assessment. Individual elements may have shorter lifespans and require replacement over the 
lifespan of the overall works. 
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2 Site information 

2.1 Site map 

The layout and location of the site is shown in Figure 2.1. 

Figure 2.1: Site location 

 
Source: Mott MacDonald, 2019 

2.2 Existing infrastructure 

2.2.1 Existing watercourses 

The site is bounded to the south east by the River Hodder, which flows within an engineered 

channel for approximately 200m before returning to a natural channel profile. To the west, 

Phynis Beck flows south east and joins the River Hodder at the southern corner of the site.  

2.2.2 Stocks Reservoir 

Stocks Reservoir is a Category A reservoir located immediately upstream of the site. The 

spillway weir is located at the south east corner of the reservoir. The spillway discharges to the 

River Hodder approximately 240m downstream of the weir, adjacent to the site. A compensation 

flow is maintained to the River Hodder via a culvert through the reservoir embankment. There is 



Mott MacDonald | Hodder Water Treatment Works 
Flood Risk Assessment 
 

80040117-01-MMB-HODDE-NA-97-RP-I-0007 | 21 August 2019 
 
 

5 

a daily flow gauge downstream of the spillway which indicates a mean flow of 0.583m3/s3. It is 

assumed that the compensation flow is roughly equivalent to this.  

Figure 2.2 shows how flows are routed through the reservoir to the River Hodder. 

Figure 2.2: Flow routing through Stocks Reservoir 

 
Source: Mott MacDonald, 2019 

2.2.3 Existing water mains and drainage infrastructure 

Utilities records for the site indicate the presence of several surface water sewers as well as 
land drains. Flows are either captured by the treatment process on site or discharged to the 
River Hodder. 

In addition, United Utilities hold a consent to discharge up to 50l/s trade effluent into the River 
Hodder, consisting of settled filter backwash effluent during planned downtime and in an 
emergency. The location of the discharge point at SD 71675 54226 is shown in Figure 2.2. 

2.3 Evidence of historical flooding 

The reach of the River Hodder extending between the site and Slaidburn (2.3km downstream) is 

not a designated Main River and therefore the Environment Agency do not hold a record of past 

flood events on this reach of the river. 

Anecdotal evidence from the site operatives indicates that no flooding has occurred at the site 

within the last 10 years. 

                                                   
3 National River Flow Archive. 71002 – Hodder at Stocks Reservoir. Accessed 16/08/2019. Available from: 

https://nrfa.ceh.ac.uk/data/station/meanflow/71002 

https://nrfa.ceh.ac.uk/data/station/meanflow/71002
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2.4 Site topography 

The site is slopes downwards from the northern corner to the south east, where the site is 

bordered by the River Hodder. Elevations on site range from approximately 195mAOD to 

approximately 140mAOD, as indicated in Figure 2.3.  

The proposed development is located at an approximate elevation of 168mAOD. 

Figure 2.3: Site topography 

 
Source: Mott MacDonald, 2019. Elevation data derived from Esri World Elevation Terrain data, source: Airbus, USGS, NGA, NASA, 

CGIAR, NLS, OS, NMA, Geodatastyrelsen, GSA, GSI and the GIS User Community 

2.5 Existing ground conditions 

According to the British Geological Survey (BGS) mapping4, the site is underlain by a 

combination of limestone and mudstone overlain by superficial till deposits. Records indicate 

that much of the site has been artificially raised with made ground of variable composition.   

                                                   
4 British Geological Society (2019) GeoIndex Onshore. Accessed 16/08/2019. Available from: 

http://mapapps2.bgs.ac.uk/geoindex/home.html 

http://mapapps2.bgs.ac.uk/geoindex/home.html
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3 Assessment of flood risk to the 

development 

3.1 Fluvial flooding 

3.1.1 Fluvial Flood Map 

The Environment Agency publishes floodplain extents for all significant watercourses throughout 

England. These extents, displayed on the Risk of Flooding from Rivers and Sea flood map5, are 

available to the public via the internet and are the primary source of publicly available flood risk 

information. The Environment Agency also provides the Flood Map for Planning which displays 

the Flood Zones (Figure 3.1).  

Figure 3.1: Fluvial Flood Map for Planning 

 
Source: Mott MacDonald, 2019. Contains Environment Agency data © Crown copyright and database rights 2018 OS 100024198. 

Contains public sector information licensed under the Open Government License v3.0. 

 

                                                   
5 Environment Agency. 2017 Risk of Flooding from Rivers and Sea dataset. Available under Open Government License v003. 

 

 



Mott MacDonald | Hodder Water Treatment Works 
Flood Risk Assessment 
 

80040117-01-MMB-HODDE-NA-97-RP-I-0007 | 21 August 2019 
 
 

8 

Table 3.1 provides definitions of the Flood Zones as stated in the PPG 6. It should be noted that 
the flood extents given on the Flood Map are only indicative and do not necessarily account for 
any man-made structures such as railway embankments, roads, or flood defences.  

Table 3.1: Flood zones 

Flood Zone Definition 

Zone 1 Low Probability Land having a less than 1 in 1,000 annual probability of river or sea flooding. 

(Shown as ‘clear’ on the Flood Map – all land outside Zones 2 and 3) 

Zone 2 Medium Probability Land having between a 1 in 100 and 1 in 1,000 annual probability of river 

flooding; or land having between a 1 in 200 and 1 in 1,000 annual probability 

of sea flooding. (Land shown in light blue on the Flood Map) 

Zone 3a High Probability Land having a 1 in 100 or greater annual probability of river flooding; or Land 

having a 1 in 200 or greater annual probability of sea flooding. 

Zone 3b The Functional 

Floodplain 

This zone comprises land where water has to flow or be stored in times of 

flood. (Not separately distinguished from Zone 3a on the Flood Map) 

Source: Ministry of Housing, Communities and Local Government (2014) Planning Practice Guidance  

The reservoir embankment and land at the eastern boundary of the site are within Flood Zone 2 

and Flood Zone 3, indicating the site is in areas of ‘medium’ (1% - 0.1% AEP) and ‘high’ (>1% 

AEP) flood risk respectively.  

Consultation with the Environment Agency has identified that the Flood Zones in this location 

are based on the 2004 National Generalised Modelling (NGM). The NGM is intended to be 

indicative, providing basic flood risk information for areas which had not been extensively 

modelled. The NGM does not represent flow routed through reservoirs or any representation 

spillways / overflows, and so the Flood Zones do not represent the true flood risk at the site.  

3.1.2 Site Specific Fluvial Flood Risk 

3.1.2.1 Influence of climate change 

The Environment Agency7 advise the higher central and upper end allowances for essential 
infrastructure in Flood Zone 2 and upper end allowance in Flood Zone 3a.  

Table 3.2: Peak river flow allowances for the North West River Basin District 

Allowance Category 2020s (2015-2039) 2050s (2040-2069) 2080s (2070-2115) 

Upper end 20% 35% 70% 

 Higher central 20% 30% 35% 

Central 15% 25% 30% 

Source: Environment Agency. 2019. https://www.gov.uk/guidance/flood-risk-assessments-climate-change-allowances 

                                                   
6 Department for Communities and Local Government. 2012. Technical Guidance to the National Planning Policy Framework.  

Paragraph 5, Table 1: Flood Zones. [Online] Available at:  

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/6000/2115548.pdf 

[Accessed 17/06/2019] 

 

7 Environment Agency (2019) Flood risk assessments: climate change allowances. Accessed 16/08/2019. Available from: 
https://www.gov.uk/guidance/flood-risk-assessments-climate-change-allowances 

https://www.gov.uk/guidance/flood-risk-assessments-climate-change-allowances
https://www.gov.uk/guidance/flood-risk-assessments-climate-change-allowances
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Therefore, all considerations of fluvial flood risk in this report will consider the 1% AEP event, 

the 1% AEP event with an allowance of 35% for climate change, the 1% AEP event with an 

allowance of 70% for climate change, and the 0.1% AEP event. 

3.1.2.2 Flow routing through the reservoir 

The NGM does not represent flow routed through reservoirs. Category A Reservoirs are 

designed to safely pass the probable maximum flood (PMF) flow (approximately equivalent to 

1:10,000-year flow) without overtopping the reservoir embankment. Therefore, in contrast to the 

flood extents produced by the NGM, in 1% AEP and 0.1% AEP events, flood waters would flow 

down the spillway rather than over the embankment and into an engineered channel 240m 

downstream of the spillway weir (Figure 2.2).  

Flood Estimation Handbook (FEH) catchment descriptors8 for the reservoir catchment were 

obtained and used to generate peak flows for the relevant flood events, using the ReFH 

method. The ReFH method is less accurate that the FEH Statistical method but, as it does not 

take reservoir attenuation into account, it is considered to be more conservative in this case and 

therefore appropriate for this assessment. 

The peak flows are documented in Table 3.3. The 1% AEP and 0.1% AEP flood events 

correspond to Flood Zone 3 and 2, respectively.  

Table 3.3: Peak flows for Stocks reservoir  

Flood event  Peak flow (m3/s) 

1% AEP 117.17 

1% AEP +35%CC 158.18 

1% AEP +70%CC 199.19 

0.1% AEP 226.49 

A flood study for the reservoir was undertaken by Jacobs in 20159 and is included in Appendix 

A. The spill-weir rating curve indicates  that in a flood event, when the reservoir is already full, 

flows are contained in behind the embankment and discharged via the spillway up to 

approximately 300m3/s. When flow exceeds this, levels in the reservoir become high enough to 

overtop the embankment.  

As part of the works, the spillway weir will be raised by 300mm. This means that the total 

storage between the spillway weir crest will be reduced, and will fill more quickly than in the 

current situation. Therefore, the embankment will overtop at a lower flow. The rating curve for 

the reservoir, amended for the raised spillway, indicates that overtopping of the embankment 

will occur at a flow of approximately 275m3/s following the works.  

When compared to the peak flows in Table 3.3, no flow is anticipated to overtop the reservoir 

embankment in the 1% and 0.1% AEP flood events. This indicates that the extent of flooding 

indicated on the Flood Map for Planning (Figure 3.1) is not representative of the flood 

mechanism at the site.   

                                                   
8 Wallingford HydroSolutions. 2019. FEH web map. Catchment at 371950 454500. [Accessed 13/08/2019] Available from: 

https://fehweb.ceh.ac.uk/GB/map  

9 Stocks Reservoir Flood Study and Review of Wave Analysis, JACOBS (April 2015) 

https://fehweb.ceh.ac.uk/GB/map
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3.1.2.3 Risk of flooding from compensation channel  

Flow which is routed down the spillway discharges into the River Hodder, which is an 

engineered channel for approximately 240m downstream of the spillway outlet, downstream of 

which it becomes a natural channel. 

If the capacity of the channel downstream of the spillway is exceeded during a flood event, it 

may result in spill onto the site. In addition to flows from the spillway, this channel must also 

carry the compensation flow from the reservoir, flow discharged under consent from the 

treatment works, and downstream, flow discharging from Phynis Beck. 

There is a daily flow gauge downstream of the spillway which indicates a mean flow of 

0.583m3/s10. It is assumed that the compensation flow is roughly equivalent to this.  

Similar to Stocks Reservoir, flood flows for Phynis Beck have been estimated based on FEH 

catchment descriptors using the ReFH method. For the purposed of this analysis, it is assumed 

that the flood peaks occur simultaneously, although in reality the Phynis Beck catchment is 

much smaller and likely to peak earlier than the Stocks catchment. 

The total estimated flow within the River Hodder channel downstream of the spillway outfall for 

the relevant flood events is presented in Table 3.4. 

Table 3.4: River Hodder maximum flood flows downstream of spillway 

Flood event  Stocks Reservoir 

Spillway 

Compensation 

Flow 

Discharge 

Consent 

Phynis Beck Total Flow 

1% AEP 117.17 0.58 0.05 6.08 123.88 

1% AEP +35%CC 158.18 0.58 0.05 8.21 167.02 

1% AEP +70%CC 199.19 0.58 0.05 10.34 210.16 

0.1% AEP 226.49 0.58 0.05 11.81 238.93 

The depth of flooding in the engineered channel has been estimated using Manning’s formula 
for open channel flow based on the dimensions of the engineered channel as indicated in Table 
3.5. For the purpose of this calculation it is assumed that the channel sides are “glass-walled”, 
i.e. no flow is allowed to spill onto the adjacent land. This can be used to generate a 
conservative flood level at any point along the channel, assuming that the channel is relatively 
uniform. The maximum bed elevation of the channel is 149.18mAOD, located at the upstream 
end. 

The maximum depth in the channel, and maximum elevation based on the maximum bed 
elevation is presented in Table 3.5. 

Table 3.5: Parameters for Manning’s formula 

Parameter Value Source 

Slope 0.006 Historic drawings 

Channel width 9m Historic drawings – narrowest width selected 

Manning’s n 0.02 Chow, 1959. Value for a channel with a concrete base and stone rubble sides 

 

                                                   
10 National River Flow Archive. 71002 – Hodder at Stocks Reservoir. Accessed 16/08/2019. Available from: 

https://nrfa.ceh.ac.uk/data/station/meanflow/71002 

https://nrfa.ceh.ac.uk/data/station/meanflow/71002
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The calculated maximum flood depths and elevations are presented in Table 3.6. 

Table 3.6: Estimated maximum flood elevation on site 

Flood event Maximum depth (m) Maximum elevation (mAOD) 

1% AEP 1.64 150.82 

1% AEP +35%CC 1.91 151.09 

1% AEP +70%CC 2.17 151.35 

0.1% AEP 2.33 151.51 

The minimum elevation at the location of the proposed RGFs is 166.5mAOD. The estimated 

maximum flood level at the site during the 0.1% AEP flood event is 151.51mAOD. Therefore, it 

has been calculated that the proposed development is not at risk of flooding up to and including 

the 0.1% AEP flood event. Similarly, the proposed development is not at risk during the 1% AEP 

flood event including an allowance of 70% for climate change.  

3.2 Surface water flooding 

3.2.1 Surface water flood map 

The ‘Long term flood risk’ map (Figure 3.2) includes information regarding the risk of flooding 

from surface water. The flood risk categories are defined in Table 3.7. 

The majority of the site is at “very low risk” of flooding. This means that the chance of surface 

water flooding is less than 0.1% each year. There are localised areas which are at higher risk, 

but these occur in specified land drains or historic infrastructure (an old lagoon) which is no 

longer in use. There is one area of ponding which is at “low risk” of flooding from surface water. 

This means that the chance of flooding is between 0.1 and 1% each year.  

The proposed development is located in an area of “very low risk”. 
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Figure 3.2: Surface water flood map  

 
Source: Mott MacDonald, 2019. Contains Environment Agency Open Government License Data. 2019 

Table 3.7: Surface water flood risk 

Flood Risk Description Annual Exceedance Probability 

Very low risk Each year the area has a chance of surface water flooding 

of less than 0.1% 

<0.1% (1 in 1000 year) surface water flooding 

Low risk Each year the area has a chance of surface water flooding 

of between 0.1 and 1%. 

1% - 0.1% (1 in 100 – 1 in 1000 year) surface 

water flooding 

Medium risk Each year the area has a chance of surface water flooding 

of between 1 and 3.3% 

3.3 – 1% (1 in 75 – 1 in 100 year) surface water 

flooding 

High risk Each year the area has a chance of surface water flooding 

of greater than 3.3%. 

>3.3% (up to 1 in 75 year) surface water flooding  

Source: Environment Agency (2018) Flood Warning Information Service: Long term flood risk information. 

3.2.2 Influence of climate change 

Surface water is managed on site through land drains and surface water sewers. Should the 

capacity of the drainage network be exceeded, localised flooding may occur on site. Whilst no 

issues of flooding have been experienced on site in the last 10 years, it is likely that the 

influence of climate change will result in higher intensity rainfall events and increased surface 
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water runoff. Rainfall intensity allowances are shown in Table 3.8. It is estimated that rainfall 

intensity at the site may increase by 20-40% by 211511. 

Table 3.8: Peak rainfall intensity allowances in England 

Allowance Category 2020s (2015-2039) 2050s (2040-2069) 2080s (2070-2115) 

Upper end 10% 20% 40% 

Central 5% 10% 20% 

Source: Environment Agency. 2019. https://www.gov.uk/guidance/flood-risk-assessments-climate-change-allowances 

3.3 Groundwater flooding 

The site is underlain by a combination of limestone and mudstone overlain by superficial till 

deposits and made ground. The majority of the site is permeable, so if the groundwater table 

rises above local ground levels, groundwater flooding may occur.  

The Ribble Valley Strategic Flood Risk Assessment12 identifies that groundwater flooding is not 

considered to be a significant flood risk factor in the area.  

3.4 Flooding from sewers and drains  

Sewer flooding generally occurs in urban areas when the sewer network becomes surcharged, 

resulting in backing up in the upstream network. The site lies in a rural area where inputs to the 

sewer network are anticipated to be relatively low. Therefore, sewer flooding is not considered 

to be a significant source of risk to the site. 

Utilities records for the site indicate several surface water sewers fed by land drains. Some flow 
is captured by the treatment process on site, while the rest discharges to the River Hodder. 
Should the capacity of the drainage network be exceeded, localised ponding in low spots may 
occur on site. It is assumed that this will not interfere with the proposed development which is 
situated on a slope. Site operatives have reported no instances of flooding to the site in the past 
10 years. 

3.5 Failure of infrastructure 

3.5.1 Stocks Reservoir 

The ‘Long term flood risk map’13 shows the potential maximum extent of flooding if an 

uncontrolled release of water from a reservoir were to occur. In the event of an uncontrolled 

breach the site would be at risk of flooding, as shown in Figure 3.3Error! Reference source 

not found..  Under the Reservoirs Act 1975, the Environment Agency ensures that reservoirs 

are inspected regularly by reservoir safety panel engineers and that essential safety works are 

carried out where required. Therefore, the risk of flooding from reservoir failure is considered to 

be low. 

                                                   
11 Environment Agency (2019) Flood risk assessments: climate change allowances. Accessed 16/08/2019. Available from: 

https://www.gov.uk/guidance/flood-risk-assessments-climate-change-allowances 

12 Ribble Valley Borough Council (2017) Strategic Flood Risk Assessment. Accessed 16/08/2019. Available from: 
https://www.ribblevalley.gov.uk/download/downloads/id/11030/strategic_flood_risk_assessment_level_1_revised_2017.pdf 

13 UK Government. 2019. Long term flood risk information. Accessed 16/08/2019. Available from: https://flood-warning-
information.service.gov.uk/longterm-flood-risk/map  

https://www.gov.uk/guidance/flood-risk-assessments-climate-change-allowances
https://www.gov.uk/guidance/flood-risk-assessments-climate-change-allowances
https://www.ribblevalley.gov.uk/download/downloads/id/11030/strategic_flood_risk_assessment_level_1_revised_2017.pdf
https://flood-warning-information.service.gov.uk/longterm-flood-risk/map
https://flood-warning-information.service.gov.uk/longterm-flood-risk/map
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Figure 3.3: Risk of flooding from reservoirs (extract from long term flood risk map) 

  
Source: UK Government, 2019. © Crown copyright and database rights 2018 OS 100024198. Contains public sector information 

licensed under the Open Government License v3.0. 

3.6 Water treatment works infrastructure 

Should treatment infrastructure at the site become blocked or malfunction, flooding may occur 

by this mechanism. However, appropriate operation and maintenance of assets however should 

mitigate this risk. 

3.7 Access and egress 

Access to the site is from the west, which lies outside of the Flood Zones. The road crosses 

Phynis Beck via a small bridge. If the bridge became blocked, localised flooding of the road may 

occur. It is likely that this would pass quickly, as the catchment area contributing to the beck is 

small.  
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4 Assessment of flood risk as a result of 

the development 

4.1 Fluvial flooding 

4.1.1 Pass forward flows from reservoir 

Raising the weir will slightly increase attenuation in reservoir, as the total surface area will 

increase. The efficiency of the weir will not change, as the cross section and materials are to 

remain as current. With greater attenuation in the reservoir, pass forward flows to the river could 

reduce slightly. A compensation flow will be maintained to the river which will be unaffected by 

the works. Therefore, no increase to fluvial flood risk elsewhere is anticipated as a result of 

raising the spillway weir crest level. 

4.1.2 Loss of floodplain storage 

Analysis of flood flows in Section 3.1.2 indicated that the proposed development will be located 

on ground elevated above the maximum flood level up to and including the 0.1% AEP event. 

Therefore, there will be no loss of flood plain storage as a result of the proposed development.  

Therefore, no increase to fluvial flood risk elsewhere is anticipated as a result of raising the 

construction of the proposed development. 

4.2 Surface water flooding 

The proposed development will result in an increase in impermeable area of approximately 

1,600m2. This represents approximately 1% of the total site area. The runoff generated as a 

result of the increase in impermeable area will be captured by the existing drainage network 

which discharges to the River Hodder. No increase to surface water flood risk elsewhere as a 

result of the proposed development is anticipated.  

4.2.1 Management of surface water flood risk during construction 

It is recommended care is taken to ensure materials are not washed into the drainage system 
causing blockages which could lead to localised flooding. Existing drains around the works  
should be investigated to ensure there has been no damage during construction. 

4.3 Groundwater flooding 

The proposed development will not alter ground levels significantly or involve significant below 

ground works. No increase to ground water flooding elsewhere is anticipated as a result of the 

proposed development.  

4.4 Flooding from sewers and drains 

No additional flows to sewers or surface water drains leaving the site are anticipated as a result 

of the proposed development. Therefore, there will be no increase to flood risk from sewers 

elsewhere as a result of these works. 
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4.5 Reservoir flood risk 

4.5.1 Upstream flood risk 

Works to raise the overflow weir of Stocks Reservoir by 300mm will result in an increase of the 

top water level of the reservoir by an equivalent amount to a level of 180.87mAOD. Similarly, 

during flood events, water levels will increase by up to 300mm compared to the baseline, with 

the potential to flood upstream receptors. Reservoir levels for the key flood events are 

presented in Table 4.1. 

Table 4.1: Reservoir water levels during flooding 

Flood event/scenario Water level pre-development 

(mAOD) 

Estimated water level post-

development (mAOD) 

Reservoir at top water level (TWL) 180.57 180.87 

1% AEP  181.39 181.69 

1% AEP +30%CC 181.66 181.96 

1% AEP +70%CC 182.21 182.51 

0.1% AEP 182.56 182.86 

An analysis of the terrain was undertaken to identify any receptors lying below the new 0.1% 

AEP flood level. No receptors will be affected by the increase in water level up to and including 

the 0.1% AEP flood event. The lowest lying potential receptor upstream of the reservoir was 

identified as the Hole House Lane bridge at SD737560 with a deck level of approximately 

184mAOD14. The rate of water level rise in the reservoir is anticipated to be sufficiently low so 

as to not cause differential loading on the bridge. 

Therefore, the flood risk to upstream receptors from the reservoir will not significantly change as 

a result of the works.  

4.5.2 Downstream flood risk 

Increasing the top water level will also result in an increase in capacity within the reservoir. 

Should a breach of the reservoir embankment occur, the extent of reservoir flooding 

downstream may be increased. Under the Reservoirs Act 1975, the Environment Agency 

ensures that reservoirs are inspected regularly by reservoir safety panel engineers and that 

essential safety works are carried out where required. The probability of failure is therefore 

considered to be low, with limited impact to the overall change in reservoir flood risk 

downstream. 

 

                                                   
14  
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5 Application of the National Planning 

Policy Framework 

5.1 National Planning Policy 

This section provides an overview of the flood risk specific planning context. Further details on 

the wider planning context are provided in the accompanying Planning Statement.  

5.1.1 National Planning Policy Framework 

The NPPF sets out the Government’s planning policies for England and defines how these are 

to be applied. The associated PPG on flood risk provides additional guidance to local planning 

authorities to ensure the effective implementation of the planning policy set out in the NPPF, on 

development in areas at risk of flooding.  

As set out in the NPPF, inappropriate development in areas at risk of flooding should be 

avoided by directing development away from areas at highest risk, but where development is 

necessary, making it safe without increasing flood risk elsewhere. For purposes of applying the 

NPPF: ‘areas at risk of flooding’ means land within Flood Zones 2 and 3: or land within Flood 

Zone 1, which the Environment Agency has notified the local planning authority as having 

critical drainage problems; and ‘flood risk’ means a combination of the probability and the 

potential consequences of flooding from all sources- including from rivers and the sea, and 

directly from rainfall on the ground surface and rising groundwater, overwhelmed sewers and 

drainage systems, and from reservoirs, canals and lakes and other artificial sources.  

The stated overall aim of the NPPF is to steer new development to Flood Zone 1. If following the 

application of the Sequential Test, it is not possible for the development to be located in zones 

with a lower probability of flooding, the Exception Test can be applied if deemed appropriate. 

5.1.2 The Sequential Test 

The aim of the sequential test is to steer the new developments to locations in Flood Zone 1, 

where the flood risk is lowest. Due to the nature of the Site, its existing assets and water 

treatment works facilities, no alterative location is suitable for the development. 

The proposed development is categorised as ‘essential utility infrastructure’ which is classed as 

essential infrastructure in the PPG15, and therefore deemed an appropriate use of land located 

in Flood Zone 2 but requires the Exception Test to be applied in Flood Zone 3.  

The works to increase level of the spillway weir fall under Permitted Development. 

Nevertheless, as water compatible infrastructure, these works would be allowable within any of 

the Flood Zones. 

 

 

                                                   
15

Department for Communities and Local Government. 2012. Technical Guidance to the National Planning Policy Framework. Paragraph 

5, Table 2: Flood risk vulnerability classification. [Online] Available at: 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/6000/2115548.pdf. [Accessed 
17/06/2019] 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/6000/2115548.pdf
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Table 5.1: Flood risk vulnerability classification 

Flood Zones Flood risk vulnerability classification 

 Essential 

infrastructure 

Highly 

vulnerable 

More vulnerable Less vulnerable Water 

compatible 

Zone 1 ✓ ✓ ✓ ✓ ✓ 

Zone 2 ✓ Exception test 

required 
✓ ✓ ✓ 

Zone 3a Exception test 

required 

x Exception test 

required 
✓ ✓ 

Zone 3b Exception test 

required 

x Exception test 

required 

 ✓ 

Key:  

✓ Development is appropriate  

x Development should not be permitted 

Source: Planning Practice Guidance (2019) 

5.1.3 Exception Test 

Essential infrastructure which is located in Flood Zone 3 as shown on the Flood Map for 

Planning must pass the Exception Test under the NPPF16 and PPG17.  

The test is formed of two parts: 

● Demonstrate wider sustainability benefits to the community that outweigh flood risk 

● Demonstrate that the development will be safe for its lifetime. 

 

The proposed development is required as part of United Utilities strategy to safeguard potable 

water supply to the north west region against the increasing risk of drought. This flood risk 

assessment has identified that the proposed development will not be at risk up to and including 

the 0.1% AEP flood event. The proposed development will not be at risk in the 1% AEP event, 

including an allowance of 70% for climate change. Furthermore, the proposed development will 

not increase flood risk elsewhere. 

It is therefore considered that the proposed development meets the exception test and should 

be allowed in Flood Zone 3. 

 

                                                   
16 Ministry of Housing, Communities & Local Government (2019) National Planning Policy Framework. Accessed 16/08/2019. Available 

from: https://www.gov.uk/government/publications/national-planning-policy-framework--2  

17 Ministry of Housing, Communities & Local Government (2019) Planning Practice Guidance. Accessed 16/08/2019. Available from: 
https://www.gov.uk/government/collections/planning-practice-guidance 

https://www.gov.uk/government/publications/national-planning-policy-framework--2
https://www.gov.uk/government/collections/planning-practice-guidance
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6 Conclusions 

6.1 Flood risk to the proposed development 

The site is partially situated within Flood Zones 2 and 3 as defined by the Flood Map for 

Planning. However, in this area, the Flood Zones are based on the NGM undertaken in 2004 

which does not represent flow routing through reservoirs. Therefore, the Flood Zones do not 

represent real fluvial flood risk at the site. 

Stocks Reservoir is a Category A reservoir, which means it is designed to safely pass the PMF 

flow by the spillway, before the embankment is overtopped. Therefore, in 1% AEP and 0.1% 

AEP events, flood waters would flow down the spillway rather than over the embankment and 

into an engineered channel adjacent to the site. An estimate of the resulting maximum water 

level in the channel indicated that the proposed development would not be at risk of flooding up 

to and including the 0.1% AEP flood events. Similarly, the proposed development would not be 

at risk during the 1% AEP flood event including an allowance of 70% for climate change. 

The proposed development is not considered to be at risk of surface water, groundwater 

flooding or sewer flooding. The treatment works themselves pose a risk should infrastructure 

become blocked or malfunction, however, this is considered to be managed through ongoing 

operation and maintenance of the treatment works by trained operatives. 

Should a breach of the Stocks Reservoir embankment occur, the site will be inundated.  Under 

the Reservoirs Act 1975, the Environment Agency ensures that reservoirs are inspected 

regularly by reservoir safety panel engineers and that essential safety works are carried out 

where required. Therefore, reservoir flooding is not considered to be a significant risk to the 

proposed development. 

Access to and from the site may be affected in the case of blockage of a road bridge over 

Phynis Beck causing localised flooding to the access road. However, it is likely that any flooding 

would pass quickly given the small size of the Phynis Beck catchment. 

6.2 Flood risk resulting from the proposed development 

The proposed development will not increase fluvial flood risk elsewhere, and flood flows are 

likely to be slightly attenuated downstream by increasing the capacity of the reservoir.  

The proposed will not result in an increase to surface water flooding, sewer flooding or 

groundwater flooding elsewhere.  

Increasing the water level of the reservoir will not result in flooding to any additional upstream 

receptors. The reservoir water level during flood events will increase by up to 300mm. This may 

increase loading on the Hole House Lane road bridge during flood events. No new receptors 

were identified below the maximum elevation anticipated during the 0.1% AEP flood event. 

Increasing the capacity of the reservoir means that should a breach of the embankment occur, 

the resulting extent of flooding downstream may increase. However, under the Reservoirs Act 

reservoirs must be inspected and maintained regularly, and so the risk of failure remains low. 

Therefore, the overall risk elsewhere as a result of the works will not be significantly changed.  
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6.3 Compliance with National Planning Policy 

Due to the nature of the site, its existing assets and water treatment works facilities, no 

alterative location is suitable for the proposed development. 

The proposed development is categorised as essential infrastructure, deemed an appropriate 

use of land located in Flood Zone 2, but requires the Exception Test to be passed within Flood 

Zone 3.  

The proposed development is required as part of United Utilities strategy to safeguard potable 

water supply to the north west region against the increasing risk of drought. This flood risk 

assessment has identified that the proposed development will not be at risk up to and including 

the 0.1% AEP flood event and that it will not be at risk in the 1% AEP event, including an 

allowance of 70% for climate change. 

It is therefore considered that the proposed development meets conditions of the exception test 

and should be allowed in Flood Zone 3. 
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1 Introduction 

1.1 Background 

Stocks Reservoir is located approximately 25km east of Lancaster and 2km north of 
Slaidburn, a small village in the Forest of Bowland (an Area of Outstanding Natural 
Beauty), Lancashire. The reservoir is located in the Hodder Valley with the outflow 
from the reservoir discharging into the River Hodder which flows through Slaidburn. 
Stocks Reservoir has two watercourses feeding into it: River Hodder located to the 
north of the reservoir and Bottoms Beck located to the east of the reservoir. 
 
In 20121, United Utilities undertook a study to revisit analysis for Stocks Reservoir to 
determine whether there is scope to increase the TWL of the reservoir to provide 
additional storage for supply to the Hodder WTW. The study concluded that the 
amount of freeboard was potentially conservative and there was an estimated 
570mm of additional freeboard available. This additional freeboard was calculated to 
be equivalent to an additional eight days of supply if the reservoir top water level 
was increased by this amount. 
 
However, the peak still water level associated with the PMF event was last 
calculated in 19692 by the then Fylde Water Board. There is therefore a need to 
update the PMF estimate in accordance with the latest guidance and standards. 
 

1.2 Objectives 

United Utilities have commissioned Jacobs UK Ltd to undertake a flood study for the 
Stocks Reservoir in order to: 
 

i. Update the PMF Study. 
ii. Review the wave analysis. 
iii. Based on the outcome of i and ii, re-assess the available freeboard. 
iv. Recalculate the available storage should the TWL be raised to reduce 

freeboard to zero. 
v. Assess the effect of dam overtopping and consider if this is permissible. 

 

                                                
1
 United Utilities (2012): Technical Report Stocks IR Wave Surcharge 

2
 Fylde Water Board (1969): Report on Stocks Reservoir 
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2 Study Site 

Stocks Reservoir is located near the village of Slaidburn in the Ribble Valley district 
of Lancashire (Figure 2-1). 
 

 
 

 Figure 2-1 Location of Stocks Reservoir  

 
Stocks Reservoir receives direct inflow from two primary watercourses: River 
Hodder and Bottoms Beck. Downstream of the reservoir the River Hodder runs in an 
open channel for approximately 30km until it reaches its confluence with the River 
Ribble. Further reservoir details are shown in Figure 2-2 below. Characteristics of 
the reservoir are detailed in Table 2-A. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 

 

Stocks Reservoir Flood Study and Wave Analysis       3 

 
  

 Figure 2-2  Overview of Stocks Reservoir 

 
 

Parameter Value Source 

Surface area at Full Supply 
Level (km

2
) 

1.32 OS 25k mapping 

Spillway crest level (mLD*) 180.57 2014 topographic survey/2011 
Section 10 report 

Spillway weir width (m) 91.44 2014 topographic survey/2011 
Section 10 report 

Spillway weir coefficient 1.70 ISIS Default for broad crested 
weir. Acceptance of default 
coefficient based upon 
photographic evidence.  

Minimum dam crest level 
(mLD) 

183.71 2014 topographic survey 

Dam crest length (m) 350 2014 topographic survey 

Wave wall minimum level 
(mLD) 

184.60 2011 Stocks S10 report 

Table 2-A Reservoir details 

*Note all levels in this report are given to the reservoir local datum in line with the prescribed form of 
record. OS datum = Local Datum minus 0.07m. 
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3 Methodology 

 
The general approach was to develop an integrated hydrological and hydraulic 
model of Stocks Reservoir using the ISIS modelling package. Key tasks in this study 
are: 
 

i. Construction of ISIS hydraulic routing model 
-  An ISIS hydraulic routing model representing the Stocks reservoir 

was built using recent topographic survey data. A composite reservoir 
discharge rating was developed independently for the overflow using 
hand calculations, accounting for progression from modular to 
drowned flow and also considering submergence effects of the 
tumble bay. 
 

ii. Derivation of inflow 
- PMF flows were derived following the methodology and guidance 

given in the “Floods Studies Report (FSR)”3 in combination with the 
approaches as stated in the “Flood Estimation Handbook (FEH) Vol. 
4”4. 

 
The following study specific considerations were made: 

 
i. Refinement of the rainfall-runoff parameters (Tp(0) and SPR) using a donor 

catchment was undertaken (as recommended in FEH Vol 4).  
 

ii. Whether HOST Class 4 soils are present in the Stocks Reservoir catchment. 
HOST Class 4 is prevalent in the north west of Britain and has been linked 
by some5 to a significant underestimate of the Standard Percentage Runoff 
(SPR) catchment parameter. The flood volumes and peak flows simulated by 
the rainfall-runoff model are relatively sensitive to this parameter. 

 
iii. Given the upland nature of the catchment the potential need for a higher 

snowmelt rate than 42mm/day was investigated. 
 

iv. For PMF scenarios, the level of the reservoir at the start of the simulation is 
required to be set to a level that permits the long-term average catchment 
flow (Qmean) to pass. Qmean was estimated using the following equation: 

 
Qmean = 1.06 x SAAR1961-1990 – Average Annual PE 
 
Where SAAR1961-1990 = standard average annual rainfall for the period 1961 – 
1990; 1.06 is a factor required to correct the under catch of standard Met 
Office rain gauges6, 7 and PE = potential evaporation.  

                                                
3
 Natural Environment Research Council (1975), Flood Studies Report 

4
 Institute of Hydrology (1999), Flood Estimation Handbook, Volume 4. 

5
 Davison, (2005), Concern over catchment run-off estimation. Dams & Reservoirs, Vol 15, 

Number 1. 
6
 Rodda J & Smith S, 1986. The significance of the systematic error in rainfall measurement 

of assessing wet deposition. Atmos. Environ. 20 Pp 1059 – 1064. 
7
 Price DJ, 1999, Systematic error of standard UK rain-gauges in the Central Scottish 

Highlands. Weather, October 1999, Vol. 54, No. 10. 
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4 Catchment Hydrology 

Figure 4-1 shows the extent of the Stocks Reservoir catchment. The key default 
FEH catchment descriptors (obtained from FEH CDROM V3) are given in Table 4-A. 
 

 
 

 
 
 

 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Figure 4-1 Stocks Reservoir Catchment area 

 
Catchment Descriptor Stocks Reservoir Catchment 

Area (km
2
) 37.51 

DPLBAR (km) 6.6 

DPSBAR (m/km) 114.2 

PROPWET 0.6 

SAAR (mm) 1658 

SPRHOST 50.44 

Tp(0)  (hr) 3.39 

Table 4-A Summary of the key FEH catchment descriptors for Stocks Reservoir 

Table notes: 

DPLBAR (Average drainage path length) – an index describing the catchment size and drainage path configuration. 
DPSBAR (Average drainage path slope) – an index  of catchment steepness. 
SAAR (Standard Average annual rainfall) – calculated for the period 1961 – 1990. 
SPRHOST (Standard Percentage Runoff Hydrology of Soil Types) – an index of how impermeable a catchment is 
under average climatic conditions. 
Tp(0) (Instantaneous time to peak) – a derived parameter that represents the speed of response of the catchment. 
(Not subject to the PMF adjustment factor of 0.667) 
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4.1  Rainfall parameters 

The precipitation parameters required for estimating PMP rainfall depths and 
snowmelt rates are presented in Table 4-B. 
 

Parameter Stocks Reservoir Source 

EM-2hr (mm) 158 FSR Volume V maps 

EM-24hr (mm) 310 FSR Volume V maps 

EM-25d (mm) 550 FSR Volume V maps 

S100 (mm) 150 FEH Volume 4 

Snowmelt (mm/d) 42 FSR  

Table 4-B FSR precipitation parameters  

 

4.2 Donor catchment refinement of rainfall-runoff model parameters 

The flood event analysis archive given in Appendix A of FEH Vol 4 includes detailed 
analyses of 24 floods for the similarly sized and adjacent gauged catchment: 
Croasdale Beck at Croasdale Flume (Stn No 71003). This catchment is judged to be 
hydrologically similar to that of the Stocks catchment. The resulting SPR and Tp(0) 
estimates are considered by the FEH to offer the best means of estimating these 
parameters, and as such should be considered superior estimates to those derived 
from the FEH CDROM catchment descriptors. The relative sizes of the estimates 
can be used to refine FEH catchment descriptor estimates for hydrologically similar 
adjacent catchments. Table 4-C compares the estimates obtained from both 
methods. The FEH catchment descriptor derived values match well with those 
obtained from site specific data. On this basis the FEH catchment descriptor 
estimates for the Stocks catchment are considered likely to be reliable estimates. It 
is recognised that the FEH catchment descriptors derived Tp(0) is slightly shorter 
and that accepting its use within the Stocks study will result in a slightly more 
conservative assessment. Based on experience the agreement between the two 
methods is remarkably good and allows the project to have greater confidence in the 
parameter values used than would have been the case had only the default FEH 
catchment descriptors been available.    
 

Parameter 
Source of estimate 

Flood event analysis FEH catchment descriptors 

SPR (%) 54 54.51 

Tp(0) [hr] 2.3 2.19 

Table 4-C Comparison of flood event analysis and FEH catchment descriptor estimates of Tp(0) 
and SPR for adjacent donor catchment. 

 
 

4.3 HOST Class 4 

Investigation of the presence of HOST Class 4 soils within the Stocks catchment 
was undertaken (Appendix B). Slightly less than 2% of the total Stocks catchment 
was estimated to be covered by HOST Class 4 soil. This HOST Class is given a 
SPR value of 2%8. Had the SPR estimate been 20% (as suggested by an 

                                                
8
 Boorman DB, Hollis JM & Lilly A, 1995. Hydrology of soil types: a hydrologically-based 

classification of soils of the United Kingdom. Institute of Hydrology Report No. 126 
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alternative, though at the time less favoured, Institute of Hydrology methodology) 
then the catchment SPRHOST would have risen by 0.36% (i.e. from 50.44% to 
50.80%).  This has a very small impact upon the predicted runoff, and coupled with 
the finding that the PMF event is formed by the winter event in which the SPR is 
fixed to 53% anyway, it was not judged necessary to amend the catchment SPR 
estimate from that provided by the FEH catchment descriptors. 
 
The extent of HOST Class 4 in the donor catchment (Croasdale Beck at Croasdale 
Flume (Stn No 71003) was also calculated and estimated to be 2%. This is almost 
identical to that of the Stocks catchment suggesting that this issue does not 
complicate the interpretation of the donor catchment assessment described in 
Section 4.2.     
 
 

4.4 Snowmelt 

In the winter PMF study two values of snowmelt rate have been used: 
42mm/day; the standard value suggested by FSR 
65mm/day; since the map in Floods and Reservoir Safety 3rd Edition (Institution of 
Civil Engineers, 1996) suggested the target site was just inside the area which may 
be prone to experiencing higher snowmelt rates. 
 
The empirical equations of Hough and Howlis (19979) that relate climatic and 
location parameters to snowmelt rates were used to derive catchment values for the 
100-year daily snowmelt rate (Appendix C), resulting in the 65mm/day snowmelt 
rate proposed above.  
 
The subsequent analysis (section 6.2) indicated that the peak reservoir water level 
is sensitive to the snowmelt parameter.  As a result the design case has used  a 
snowmelt rate of 65mm/day, with a rate of 42mm/day reported for comparison. 
 
 

4.5 Reservoir Lag 

The RLAG iterative procedure was undertaken for PMF summer and winter events. 
The Winter PMF resulted in a higher peak stillwater level than the Summer PMF. 
Table 4-D provides the predicted RLAG and critical duration for both events. 
 
 

Return Period (yrs) RLAG (hrs) Critical duration (hrs) 

PMF Summer 2.08 11.7 

PMF Winter 2.17 11.9 

Table 4-D Critical duration of Stocks Reservoir for summer and Winter PMF events. 

 

                                                
9
 Hough MN and Howlis D, 1997.  Rare snowmelt estimation in the United Kingdom. 

Metreorol. Appl. 5, 127-138 
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5 Hydraulic Model  

Version 3.7.0 of the ISIS river modelling software package was used for modelling 
the Stocks Reservoir system. The double precision engine was used to ensure 
model accuracy. 
 

5.1 Model Schematisation 

Initially the ISIS model fully represented the Stocks reservoir and the spillway 
arrangement which is composed of three 2.4m diameter pipes with a chute above 
the pipes. The chute operates as an overflow when the pipe capacity is exceeded. 
The spillway chute and pipes re-join in the stilling basin approximately 180m 
downstream of the inlets (Photographs showing the reservoir spillway are illustrated 
in Figure 5-1). 
 

 Figure 5-1 Stocks reservoir spillway photographs 
i. Looking downstream from tumble bay 
ii. Looking upstream to tumble bay 

 
However, the steep nature of the spillway chute and pipes resulted in the modelled 
headloss at the pipe inlets being high due to the high velocity in the chute; this 
resulted in the estimated flows within the pipes being lower than expected (this was 
confirmed by hand calculations).  
 
As such it was decided that since the primary objective of this study was to estimate 
the peak still water level of the PMF event, the model should be simplified by 
removing the spillway component and manually deriving a rating curve for the 
Stocks Reservoir spillweir (see Section 5.3).

(i) (ii) 
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The simplified representation of the Stocks reservoir routing model is illustrated in 
Figure 5-2 below. It is composed of the following components: 

• A reservoir unit representing the available reservoir storage 

• A weir unit represented by a simplified overflow arrangement 

• Downstream boundary 
 

   

Figure 5-2 ISIS Stocks reservoir routing model schematisation 

 

5.2 Reservoir Storage 

Storage available in Stocks reservoir was represented using an ISIS reservoir unit 
informed with an area/elevation relationship. 
 
Available topographical survey drawing10 was used to determine the reservoir 
geometry; however, the survey drawing did not include contour data around the 
entirety of the reservoir. As such, bank profile gradients were derived for a number 
of locations for which contour data was available which allowed an area/elevation 
relationship to be derived (see Table 5-A). 
 

Level (mLD) Area (m
2
) Source 

180.57 1320000 2014 Topographical survey 

183.57 1368000 2014 Topographical survey 

Table 5-A Derived area/elevation relationship for Stocks reservoir 

 

5.3 Overflow Modelling 

Stocks Reservoir has a single primary overflow which discharges into a tumble bay 
where the flows turn through 90 degrees and proceeds down to the relatively 
complex spillway chute structure (composed of 3no. pipes and a spillway overflow 
chute directly above the pipes. The Spillway arrangement for Stocks Reservoir is 
presented in Figure 5-3 below. 
 
It is noted that the hydraulic performance of the overflow structure is relatively 
complex due to the immediate 90 degree change in flow direction in the tumble bay 
and the hydraulic interactions between the 3no. pipes and the overflow spillway. The 

                                                
10

 United Utilities (2010) 0304_NL01_A.dwg – Topographical survey at Stocks reservoir 
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hydraulic performance of the overflow structure has been shown to be outside the 
normal operating parameters of standard 1D hydraulic modelling tools such as ISIS. 
The representation of the overflow arrangements was therefore simplified and 
assessed using a range of standard 1D hydraulic calculations (see Appendix E) to 
develop a composite reservoir discharge rating curve (Table 5-B). The derived rating 
represents the progression of flow from free broad crested weir equation to 
downstream channel control (Figure 5-4).  
 

 

Figure 5-3 Spillway arrangements for Stocks Reservoir (Topographic survey 2014) 

 

Stocks IR 
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 Figure 5-4 – Stocks Reservoir discharge rating curves 

 Jacobs 2014 = composite overflow weir rating derived for the current study 
 Modular Flow = Broad crested weir rating, for comparison 

 
 

Flow 
(m

3
s

-1
) 

Reservoir 
Level (mLD) 

Flow Description Dam Overtopping? 
Freeboard to 

wave wall 
crest (m) 

0 180.57 weir control flood contained 4.03 

25 180.87 weir control flood contained 3.73 

50 181.04 weir control flood contained 3.56 

75 181.19 weir control flood contained 3.41 

100 181.32 weir control flood contained 3.28 

125 181.43 weir control flood contained 3.17 

150 181.55 weir control flood contained 3.05 

175 181.88 channel control flood contained 2.72 

200 182.22 channel control flood contained 2.38 

225 182.55 channel control flood contained 2.05 

250 182.86 channel control flood contained 1.74 

275 183.16 channel control flood contained 1.44 

300 183.45 channel control flood contained 1.15 

325 183.72 channel control dam overtopped 0.88 

350 183.99 channel control dam overtopped 0.61 

375 184.24 channel control dam overtopped 0.36 

400 184.49 channel control dam overtopped 0.11 

425 184.73 channel control wave wall overtopped -0.13 

450 184.96 channel control wave wall overtopped -0.36 

475 185.07 channel control wave wall overtopped -0.47 

500 185.12 channel control wave wall overtopped -0.52 

Table 5-B Stocks Reservoir spill-weir rating curve 
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5.4 Downstream Boundary 

Flow out of the model is represented as an ISIS stage/time (H/T) boundary unit set 
to a constant level nominally low to provide free flow conditions. 
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6 Results 

 

6.1 Design Case Modelling 

The PMF event was routed through the Stocks Reservoir model with the key model 
results provided in Table 6-A for the critical storm event. 
 
A winter storm event of 11.9 hours has been determined to be the critical PMF event 
following MRlag analysis (see Section 4.5 for further details). Water level profiles are 
shown with the embankment and (minimum) wave wall profile for the critical winter 
PMF event in Figure 6-1. Details of wind wave calculations are provided in Section 
7. 
 

 Summer PMF Winter PMF 

Top water level (mLD) 180.57 180.57 

Critical storm duration (hrs) 11.7 11.9 

Peak Inflow (m
3
/s) 405.82 475.39 

Peak Outflow (m
3
/s) 231.10 282.69 

Flood surcharge (m) 2.06 2.68 

Peak still water flood level (mLD) 182.63 183.25 

Minimum dam crest level (mLD) 183.71 183.71 

Available freeboard to dam crest (m) 1.08 0.46 

Wind wave surcharge (m) 1.05 1.05 

Peak flood & wave surcharge level (mLD) 183.68 184.30 

Minimum wave wall level (mLD) 184.60 184.60 

Flood & wind-wave freeboard to wave wall (m) 0.92 0.3 

Table 6-A Key model results 

 

 

 Figure 6-1 Stocks reservoir water levels, Critical Winter PMF scenario. NB: embankment profile is 
presented “looking upstream”. 
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6.2 Sensitivity Testing – Snowmelt 

As discussed in Appendix B, in some upland regions of the UK there is evidence to 
suggest that higher rates of snowmelt may be more appropriate than the default UK 
rate of 42mm/day. Regression analysis undertaken for the Stocks Reservoir 
catchment suggested that a higher snowmelt rate of 65mm/day is justified. The 
results for the winter PMF simulations using snowmelt rates of 42mm/day and 
65mm/day are presented in Table 6-B. 
 

 42mm/day snowmelt 65mm/day snowmelt 

Critical storm duration (hrs) 11.9 11.9 

Peak Inflow (m
3
/s) 442.47 475.39 

Peak Outflow (m
3
/s) 263.20 282.69 

Peak stillwater flood level (mLD) 183.02 183.25 

Table 6-B Winter PMF snowmelt sensitivity analysis 

 
Results indicate that the peak flood level is sensitive to the value of snowmelt rate 
adopted and since the higher snowmelt rate of 65mm/day can be justified this will be 
taken as the design case.  The design case results in a remaining freeboard above 
the wave surcharge allowance of 300mm. 
 
With a snowmelt rate of 42mm/day the amount of runoff decreases, leading to a 7% 
reduction in peak inflow. As a result the peak still water flood level in the reservoir 
reduces by 230mm to a level of 183.02mLD. Including wind wave surcharge results 
in a peak flood and wave surcharge level of 184.07mLD giving a remaining 
freeboard of 530mm.  
 
It is recommended that the available reservoir storage analysis uses the design 
case 65mm/day snowmelt rate still water level results from the winter PMF 
simulation. As such the available freeboard to the wave wall crest for the critical 
winter PMF event is 300mm (Table 6-A). 
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7 Wave Surcharge Analysis and wave wall overtopping 

Wind wave surcharge was calculated using the standard methodology11,12 including 
Eurotop. It is unlikely a fetch distance from the northern most point of the reservoir 
to the dam is possible due to the almost 90o change in direction of the reservoir. 
Additionally, for waves to be funnelled in a “banana effect” the south east shore 
would require very steep banks to contain and channel the wind in a south westerly 
direction. The south east shore is relatively flat (rising 50m over a distance of 
1.7km).  Therefore, the most realistic fetch length was determined to be 
approximately 2.4km from the North Eastern shore.  
 
The upstream face of the dam consists of a 1v:3h slope surfaced with large block 
pitching with an approximately 0.8m high wave wall at the crest.  Behind the wave 
wall the crest is approximately 4.8m wide and has a grass surface.  A tarmac access 
road across the embankment is around one third of the way down the downstream 
face.  The downstream face is at a slope of 1v:2.5h with two wide intermediate 
berms and has a good coverage of grass.  Given the good grass cover the 
downstream face would have some resistance to wave overtopping discharge.  
However waves overtopping the wave wall will be deflected and drop onto the crest 
(and possibly the upper part of the downstream face) with some force and could 
result in erosion and possible undermining of the wave wall.  As a result only a very 
low amount of overtopping can be permitted. 
 
Two methods have been used to assess the required wave surcharge; EuroToP12 
method of calculating overtopping discharge and Floods and Reservoir Safety11.  
The estimation of the significant wave height is common to both methods.  The 
calculation of significant wave height and FRS wave surcharge is set out in Table 7-
A below.  The ratio of design wave height to significant wave height is set to 1.3, 
which is the recommended value for an embankment with a grass crest and grassed 
downstream face.  This represents a limited amount of wave overtopping, with 4% of 
waves being higher than this value.  If no wave overtopping were permitted this 
factor would increase to 1.67, which would result in a wave surcharge allowance of 
1.35m. 

  

                                                
11

 ICE (1996), Floods and Reservoir Safety, 3
rd

 Edition.  
12

 EuroTop Wave Calculation Tool 
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U50= 

23.5 m/s 

50 year maximum hourly wind speed reduced to sea level 
(from Fig.3 presenting a wind speed map taken from 
BS6399) 

fT= 
0.79  -  

Adjustment factor for estimating the mean annual maximum 
hourly wind speed - FIXED VALUE 

Altitude= 183.71 mLD Altitude of embankment crest 
fA= 1.18  - Adjustment factor for altitude  
F= 

2.4 km 

Fetch is generally determined from the point where there is 
maximum potential for breaching (lowest point of the top of 
the dam). Longest available fetch used = conservative 

fw= 
1.18  -  

Overwater adjustment factor lookup table 4 ICE. 
If fetch less than 1000m use value of 1.1 

fD= 

1.02  -  

Duration factor (to convert the hourly wind speed to 10-20min 
duration for full development of waves - typical for UK 
reservoirs) (Source: CIRIA Special Publication No. 83/CUR 
Report SR 345) - FIXED VALUE 

Fetch dir = 30 deg Fetch direction (degrees from North). GIS auto calculation. 
fN= 

0.73  -  

Wind direction adjustment factor (from Table 5 allows for the 
orientation of the principal axis of the reservoir with respect 
to 'general UK' wind direction). Regional data on wind 
direction could be used for each specific site. Lookup table 
based on guide 

U= 19.25 m/s Required wind speed 
Hs= 

0.54 m 

Significant wave height for extreme conditions on the 
reservoir (mean height of the highest third of all waves) - 
Donelan/JONSWAP method 

 

f= 1.3  -  
Factor to be applied to Hs in order to estimate the design 
wave height HD 

HD= 0.70 m design wave height 

 
RF= 1.5  -  Run-up factor  1.5 = 1:3 slope, (assumed to be rough stone) 
    
Wave 
surcharge= 

1.05 m Wave surcharge allowance (modified significant wave height 
to allow for: influence of structures and land near the dam; 
tolerance of dam to overtopping and wave carry over; wave 
run-up on the upstream face of the dam) 

Table 7-A Stocks reservoir, wave surcharge calculation data. 

 
 
 
The EuroTop calculation tool suggests that the wave overtopping discharge will be 
0.001l/s/m for the design case freeboard of PMF stillwater 1.05m below the wave 
wall. This is an acceptable value for mean overtopping discharge for an 
embankment with a grass crest and downstream face.  There is no wave discharge 
in the existing situation, (1.35m freeboard) scenario. 
 
The adopted calculated wave surcharge is 1.05m which is indicated by both 
methods. This is above the recommended 0.6m minimum freeboard given in Table 1 
of the ICE Floods and Reservoir Safety Guidance.  
 
Table 7-B compares the results and parameters used for the wind wave surcharge 
calculation between the current study, the United Utilities 2012 study and the 
analysis undertaken by B.H. Rofe in the 1998 (RKL – Arup) Section10 Inspection 
report. 
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Parameter Jacobs2015 UU 2012 Rofe 1998 

Fetch length (km) 2.40 2.41 2.50 

Fetch Direction (
o
N) 30 30 45 (NE) 

Significant wave 
height (Hs) [m] 

0.54 0.53 0.79 

Wave design height 
(Hs) [m] 

0.7 0.69 1.03 

Run-up factor 1.5 1.5 1.5 

Wave surcharge (m) 1.05 1.04 1.55 

Table 7-B Comparison between parameter values used within wind wave calculations between: 
Jacobs 2015 (present study), 2012 UU study and 1998 Rofe study. 

 
The UU 2012 study used parameters which compare very closely to those within the 
present study. As such the resultant calculated wave surcharge levels are similar 
(1.05m wave surcharge calculated during the present study compared to 1.04m 
calculated during the 2012 study). There is a larger discrepancy when the present 
study is compared to that of the 1998 Rofe study. As stated in the 2012 study report, 
Rofe’s calculation is conservative to allow for the fetch to take into account the bend 
caused by the island, whilst Rofe also applies a conservative direction adjustment 
factor of 1.0 contrary to the ICE guidance value of 0.73. 
 
The wave surcharge value of 1.05m does not require re-calculating for the proposed 
future scenario (i.e. raising spillweir crest level to increase capacity of reservoir). 
This is because increasing the overflow weir by 300mm gives a winter PMF still 
water level approximately 160mm below the dam crest, (accommodating the 1.05m 
wave surcharge). The still water level remains on the 1v:2.5h upstream slope and 
not the vertical wave wall, therefore the existing situation run up factor does not 
require any adjustment.   
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8 Available Storage 

Utilising the wave surcharge of 1.05m, the peak flood and wave surcharge level for 
winter PMF is 184.3mLD, resulting in a PMF freeboard of 300mm for Stocks 
Reservoir. Increasing the level of the spill weir crest to utilise this freeboard (i.e. 
increasing the spill weir by 300mm) would provide an increase in available storage 
volume. It should be noted that this would result in zero additional freeboard above 
the wave surcharge allowance. 
 
The winter PMF with 42mm/day snowmelt simulation results in the freeboard to the 
top of the wave wall increasing to 530mm. 
 
Utilising the available freeboard would result in revised spill weir levels: 

• 180.87mLD for the 65mm/day snowmelt scenario (adopted snowmelt rate). 

• 181.10mLD for the 42mm/day snowmelt scenario  
 
  

The additional storage was calculated assuming a side slope of 1v:4h (which was 
derived from the limited survey data on Stocks Reservoir). Table 8-A shows details 
of the additional storage available if the top water level of the reservoir was raised. 
 

Estimated additional storage utilising 300mm freeboard (65mm/day snowmelt) 

Level (mLD) Area (m
2
) Volume (Ml) 

180.57 1320000 0.00 

180.87 1324763 396.7 

Estimated additional storage utilising 530mm freeboard (42mm/day snowmelt) 

Level (mLD) Area (m
2
) Volume (Ml) 

180.57 1320000 0.00 

181.10 1328421 701.8 

Table 8-A Additional storage if spill-weir level is increased so that reservoir additional  freeboard is 
zero.   

 
Assuming a winter PMF scenario with 65mm/day snowmelt results in the freeboard 
is reducing to 300mm. Utilising this reduced freeboard by raising the existing weir 
level up to a new level of 180.87mLD would result in an additional storage capacity 
of approximately 397Ml.  
 
The winter PMF scenario for 42mm/day snowmelt, results in a freeboard of 530mm 
up to the dam wave wall crest level. Utilising this freeboard would result in 
approximately 702Ml of additional storage.  
 
The 2012 study states that the Hodder WTW has an average output of 
approximately 61Ml/d (for the period April – May 2012). Using this demand value 
and raising the Stocks reservoir overflow weir by 300mm would result in up to 6.5 
days additional supply.   
 
The maximum WTW output is 85Ml/d. Therefore during peak demand periods the 
increased reservoir storage would result in up to 4.7 days additional supply. 
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9 Spillway Chute Performance 

 
The Stocks Reservoir spillway chute performance was investigated using a number 
of hand calculations due to the issues encountered when using ISIS software (see 
section 5). As previously mentioned, the layout of the spillway chute consists of 
three 2.4m diameter pipes that pass the flow under the base of the chute. The chute 
is there as an overflow when the pipe capacity is reached. Both the spillway chute 
and pipes re-join in the stilling basin approximately 180m downstream of the pipe 
inlets. Two primary calculations were undertaken: 
 

1. Calculating the pressurised pipe capacity of the 3no. 2.4m diameter pipes. 
2. Calculating the chute capacity. 

 
It is estimated that each pipe can convey up to 57.8m3/s, as such the combined 
capacity of the pipes is: 173.4m3/s. 
 
The peak outflow from the critical winter PMF event is estimated to be 263.2m3/s. As 
such approximately 90m3/s will flow down the spillway chute. To check the spillway 
chute capacity the Manning’s formula was used: 
 

 
 
Where:    A = Area 
 R = Hydraulic radius 
 S = Slope 

 

Section Chainage (m) Area (m
2
) Hydraulic radius (m) Slope (m/m) Flow (m

3
/s) 

SEC_1 0.0 27.53 1.67 0.09 886 

SEC_2 9.2 22.79 1.53 0.15 897 

SEC_3 17.1 23.99 1.59 0.15 977 

SEC_4 24.6 23.18 1.60 0.18 1027 

SEC_5 30.8 26.13 1.73 0.16 1154 

SEC_6 43.9 28.41 1.85 0.15 1283 

SEC_7 56.4 30.45 1.92 0.15 1409 

SEC_8 68.7 32.18 1.99 0.15 1519 

SEC_9 81.0 34.24 2.06 0.15 1659 

SEC_10 93.6 34.49 2.07 0.15 1672 

SEC_11 105.8 34.13 2.05 0.15 1644 

SEC_12 117.7 34.51 2.07 0.15 1676 

SEC_13 129.8 34.18 2.06 0.15 1659 

SEC_14 140.7 34.54 2.07 0.15 1668 

SEC_15 152.2 34.32 2.06 0.15 1666 

SEC_16 162.9 34.34 2.06 0.15 1653 

SEC_17 173.5 34.02 2.05 0.13 1549 

SEC_18 176.2 33.58 2.04 0.08 1141 

SEC_19 179.0 31.64 1.97 0.04 765 

SEC_20 184.5 25.83 1.74 0.02 448 

Table 9-A Flow capacity of the Stocks Reservoir spillway chute calculated for cross sections taken 
from the available survey. Cross section parameters are included. 
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Figure 9-1 Stocks overflow chute cross section location plan. 

 
Table 9-A above illustrates that the spillway chute has sufficient capacity to convey 
any flow not routed through the 2.4m diameter pipes. Sections 1, 2 and 3 in the 
upper section of the spillway and Sections 19 and 20 at the end of the spillway chute 
(as it enters the stilling basin) are those at most risk of overtopping (see Figure 9-1). 
However, calculations indicate that this will occur for flows above approximately 448 
m3/s. Since the critical PMF total outflow from Stocks Reservoir is only 282.7m3/s, 
the risk of overtopping in the spillway chute is negligible. 
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10 Conclusions 

A hydrodynamic model of Stocks Reservoir was produced with representation of 
reservoir storage and the overflow level-discharge relationship based on standalone 
calculations. 
 
Catchment hydrology was developed for the PMF event using the latest industry 
standard methods and guidance. Model simulations were undertaken with provision 
for winter and summer storm event profiles and critical storm duration was 
established for both types of events.  A snowmelt study indicated that an increase in 
snow melt from the standard value of 42mm/day to 65mm/day should be used given 
the location of the catchment and the sensitivity of the reservoir peak still water level 
to this factor. The higher value was taken forward in the study as the design case.  
 
R-lag Analysis indicated that the winter PMF 11.9hr event was critical for Stocks 
reservoir. The still water winter flood rise was shown to be 183.25mLD which is 
approximately 460mm below the embankment crest level.  
 
The embankment crest has an approximately 0.8 metre high masonry wave wall on 
the upstream edge with the ground surface behind covered with grass.  The 
embankment crest will have limited resistance to wave overtopping and two 
methods have been used to determine the appropriate wave freeboard allowance.  
Using the method set out in Floods and Reservoir Safety gives a wave freeboard 
requirement of 1.05m allowing for 4% of waves to overtop the wall and 1.35m if no 
wave overtopping is accepted.  The second method used the EuroTop calculation 
tool, indicated that a required wave freeboard allowance of 1.05m generates a very 
low mean wave overtopping rate of 0.001l/s/m. A minimum wave surcharge 
allowance of 1.05 metres was adopted. 
 
Application of the 1.05m wave surcharge to the critical winter PMF (with 65mm/day 
snowmelt) still water level gives a remaining freeboard of 300mm below the 
minimum wave wall level. 
 
Estimates of potential storage volume above the current top water level were made 
using typical values of the bank gradient where survey data was available.  These 
calculations indicate that by utilising the estimated remaining freeboard by raising 
the reservoir TWL by 300mm could result in additional reservoir storage of 397Ml  
 
The analysis suggests that there is a potential to increase the reservoir storage 
capacity by increasing the spillweir crest level without compromising reservoir 
safety.  To confirm this potential the following next steps are recommended: 

• Extend the survey of the reservoir area to confirm the additional storage 
capacity that can be realised 

• Investigation of the wave wall and embankment crest to confirm that the 
assessed risk of damage from wave overtopping is acceptable 

• Carry out a physical scale model of the spillway to confirm the spillweir rating 
curve. 
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Appendix A Flood Study Audit 

 

 

Table A 1 PMF Winter 42mm/day snowmelt hydrology – summary details 

 
Time (hrs) Inflow (m

3
/s) Outflow (m

3
/s) Water Level (mLD) 

0 1.36 1.36 180.612 

0.5 4.29 3.48 180.612 

1 8.75 3.80 180.617 

1.5 16.27 4.74 180.631 

2 27.10 6.56 180.657 

2.5 41.19 9.49 180.698 

3 55.55 13.62 180.756 

3.5 69.82 18.80 180.828 

4 84.45 24.94 180.911 

4.5 100.19 36.82 181.001 

5 118.70 49.72 181.097 

5.5 143.00 65.80 181.201 
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Time (hrs) Inflow (m
3
/s) Outflow (m

3
/s) Water Level (mLD) 

6 181.13 86.23 181.321 

6.5 243.80 117.95 181.476 

7 312.68 152.89 181.682 

7.5 377.86 171.55 181.954 

8 428.58 193.24 182.275 

8.5 440.15 216.00 182.604 

9 415.13 236.21 182.883 

9.5 374.64 251.04 183.085 

10 325.19 259.95 183.203 

10.5 271.91 263.20 183.249 

11 218.18 260.85 183.224 

11.5 169.96 253.86 183.141 

12 134.87 243.91 183.017 

12.5 112.73 232.59 182.873 

13 94.62 220.77 182.719 

13.5 77.96 208.90 182.557 

14 61.41 196.70 182.388 

14.5 45.19 184.36 182.212 

15 31.95 171.71 182.031 

15.5 21.55 158.87 181.849 

16 13.58 139.65 181.672 

16.5 7.98 107.96 181.499 

17 4.45 84.57 181.350 

17.5 2.83 67.93 181.233 

Table A 2 PMF winter 42mm/day snowmelt hydrology – runoff. 
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Appendix B HOST Class 4 assessment 

 
Standard Percentage Runoff estimates obtained from the FEH catchment 
descriptors are based upon the HOST (Hydrology of Soil Types) classification 
developed by the Institute of Hydrology13.  Two methods were used by the Institute 
of Hydrology to derive SPR estimates for the various HOST classes. Those derived 
via a form of multiple regression analysis were favoured over those obtained from a 
Baseflow Index (BFI) method. For HOST Class 4 the SPR value recommended was 
2%, though the alternative BFI method provided an estimate of 20%. 
 
Investigation of the presence of HOST Class 4 soils within the Stocks catchment 
was undertaken using the 1:250,000 soils maps14  (Tables B1 & B2). Slightly less 
than 2% of the total Stocks catchment was estimated to be covered by HOST Class 
4 soil. This HOST Class is given a SPR value of 2%. Had the SPR estimate 
associated with HOST Class 4 been 20% (as suggested by the alternative Institute 
of Hydrology methodology) then the catchment SPRHOST would have risen by 
0.36% (i.e. from 50.44% to 50.80%). 
 
 

 
 
 
 
 
 
 
 
 
 

Table B1: HOST characteristics of the soils found within the Stocks Reservoir catchment. 

 
 
 
 
 
 
 
 
 
 
 
Table B2: Composition of the soils in the Stocks Reservoir catchment. 

 
HOST Class 4 proportional coverage across the catchment is given by 0.18 x 0.1 = 
0.018 (i.e. 1.8%). 
 

                                                
13

 Boorman DB, Hollis JM & Lilly A, 1995. Hydrology of soil types: a hydrologically-based 
classification of soils of the United Kingdom. Institute of Hydrology Report No. 126 
 
14 Soil Survey of England and Wales, 1983. Soils of Northern England. 

 

Code  HOST Class  Percentage  

713g 24 100.0% 

651a 

4 18.8% 

15 81.3% 

1011b 29 100.0% 

721c 

10 11.1% 

26 88.9% 

Soil Code  

% Subject 

Catchment  

713g 45 

651a 10 

1011b 25 

721c 20 
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Appendix C Appraisal of the winter PMF snowmelt rate for the 
Stocks Reservoir catchment 

 
The design conditions for the winter PMF flood includes the addition of the 100-year 
snowmelt rate sustained from a 100-year snow depth water equivalent for the 
catchment15 . 
 
The default snowmelt rate recommended16 for inclusion in UK winter PMF studies is 
42mm/day. However in some upland regions of the UK there is evidence17 to 
suggest that higher rates may be more appropriate. The Floods and Reservoir 
Safety 3rd Edition provides a UK map of these areas, though gives no prescriptive 
guidance as to what higher rates should be used in such circumstances. The map 
was adapted from a similar one for 24-hour melt rates with 5-year return period 
given in Hough and Howlis (1997): one they described as a “sketch map”.   It 
permits only an approximate indication of where these higher snowmelt rates may 
extend, and coupled with its small scale can be difficult to use.  
 
The research study undertaken by Hough and Howlis developed several regression 
equations relating melt rate to either climatic or geographic variables. These permit 
point location melt rates for the 5-year 24 hour event to be estimated (BOX C1). The 
study also provides estimates of the 5, 20 and 50-year melt rates for all the climatic 
stations used in their analysis. From these the 100-year melt rate growth curve 
relative to the 5-year event can be estimated. 
 

 

BOX C1 Regression equations relating the 24-hour snowmelt rate with 5-year return period to climatic 
and geographic variables. [Source: Hough and Hollis (1997)]. 

 
 
 
 
For the Stocks study the following steps have been followed to establish the 
appropriate melt rate to use in the PMF study. 
 

                                                
15

 Institute of Hydrology, 1999. Flood Estimation Handbook Vol 4, Section 4.3.4. Institute of 
Hydrology, Wallingford, Oxon. 
16

 ICE, 1996. Floods and Reservoir Safety. Thomas Telford, London. 
17

 Hough MN and Hollis D, 1997.  Rare snowmelt estimation in the United Kingdom. Metreorol. Appl. 
5, 127-138. 
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Step 1: 
 
A provisional indication of the likelihood that the Stocks Reservoir catchment falls 
within, or is within the vicinity of, an area of higher melt rate was obtained via 
reference to the map in the Floods and Reservoir Safety guide.  
 
This suggests that rates higher than 42mm/day would not be applicable, though the 
catchment lies relatively close to areas that do have higher values. Given the upland 
nature of the catchment it was judged sensible to investigate this in more detail. 
 
Step 2:  
 
The four equations given in BOX C1 were used to provide melt rates. Maximum and 
minimum values across the catchment were calculated using the maximum and 
minimum of the variables within the catchment. Similarly average values were used 
to provide a mean catchment rate. The geographic variables are readily available 
from Ordnance Survey mapping. Both the climatic variables were obtained from the 
Met Office web site18 where relatively detailed maps of both monthly mean wind 
speed and mean daily maximum air temperature are available (for example Figure 
C1). 

 

 

Figure C1 Reproduction of the Met Office Map showing mean maximum January temperature (1961 – 
1990). 

 

                                                
18

 http://www.metoffice.gov.uk/climate/uk/averages/ukmapavge.html 
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Table C1 presents the results. The mean rate is considered to be the most 
appropriate value to consider in the context of the PMF study. None of the equations 
suggest that the mean rate is above 42mm/day. Maximum rates of about 52mm/day 
are predicted within the catchment whereas minimum rates as low as 15mm/day are 
also predicted.   
 

Table C1 Estimated 5-year 24hour snowmelt rates for Stocks reservoir catchment 

Regression equation  

24-hour snowmelt rate of 5-year return period (mm/day) 

Min  Max  Mean 

Single non-weather factor 20.6 51.5 31.1 

Two non-weather factors 19.9 50.1 30.2 

*One weather factor  14.5 52.3 33.4 

*Two weather factors  34.5 49.0 41.8 

 
 
Step 3: 
 
The 100-year snowmelt rate growth factor was estimated from the nearest climatic 
stations given in Hough and Howlis (1997) that were considered to be climatically 
similar to the Stocks catchment.  
 
Table C2 provides the growth factors of the two favoured stations:  Wilsden and 
Malham Tarn. These were chosen due to both their proximity and altitudes being 
reasonably similar to that of the Stocks catchment whose mean altitude is 306mLD. 
Table C3 presents the estimated 100-year snowmelt rates for the Stocks catchment 
based on each of the regression equations. 
 

Table C2 Snowmelt growth factors from nearby climatic stations considered to be climatically similar 

 Climatic 

station 

Altitude 

(mAOD) 

Growth factors for varying return periods 

5 20 50 100 

Wilsden 262 1 1.38 1.62 1.81 

Malham Tarn 395 1 1.48 1.78 2.02 

Average 329 1 1.43 1.70 1.92 

 

Table C3 Estimated 100-year 24hr snowmelt rates for the Stocks Reservoir catchment 

Regression equation  

100-year 24-hour snowmelt rate (mm/day) 

Min  Max  Mean 

Single non-weather factor 39.5 98.8 59.7 

Two non-weather factors 38.2 96.1 57.9 

*One weather factor  27.8 100 64.1 

*Two weather factors  66.3 94.0 80.2 

 
 
Mean melt rates derived from all four regression equations (Table C3) exceed the 
42mm/day value with an average snowmelt rate of 65.5mm/day (some 56% 
greater).  Based upon this evidence it is considered that the case for using a higher 
snow melt rate than 42mm/day in the Stocks PMF study is justified.  It is therefore 
recommended that the PMF study include analysis for a snowmelt rate of 
65mm/day. 
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Appendix D Wave Surcharge Analysis 
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Appendix E Reservoir Overflow Stage Discharge Calculation 
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B. Photos 

Figure 6.1: Photo looking downstream showing end of spillway and compensation channel and 
natural channel downstream 

 
Source: MMB, 2019 
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Figure 6.2: Photo looking upstream showing outfall of spillway, adjacent to compensation channel 
(foreground) 

 
Source: MMB, 2019 
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Figure 6.3: Photo looking upstream showing compensation channel adjacent to site 

 
Source: MMB, 2019 
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Figure 6.4: Photo showing outfall of compensation flow culvert  

 
Source: MMB, 2019 

 

 

 


