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10 Hydro-dynamics, Surface Water Quality and Drainage 

10.1 Introduction 

10.1.1 Water is a resource that is essential to all animal and plant life. It is also necessary 
for industry, agriculture, waste disposal, many forms of transport, and recreation and 
sport. The maintenance and improvement of the quality of our drinking water, 
watercourses, groundwater resources and coastal waters is central to government 
policy.

10.1.2 The introduction of the Water Framework Directive (WFD) has further emphasised 
the importance of improving the quality of water resources.  This European Directive 
is a fundamental reform in water quality management and legislation and aims to 
protect, enhance and restore all bodies of surface water (and groundwater) with the 
aim of achieving good surface water (and groundwater) status. 

10.1.3 Run-off from road drainage may cause pollution due to accidents, general vehicle 
and road degradation, incomplete fuel combustion, and small oil or fuel leaks.

10.1.4 This chapter presents the results of the assessment of impacts on water resources 
and water quality caused by the operation of the proposed scheme. Impacts 
resulting from construction of the road and bridge are addressed in Chapter 19. 

10.2 Approach and Methods 

10.2.1 The assessment of water quality and drainage has been carried out in accordance 
with the methods set out in the Design Manual for Roads and Bridges (1998) Water 
Quality and Drainage, Volume 11, Section 3, Part 10.

10.2.2 The assessment of flooding has been carried out following recent guidance 
published by the Scottish Executive: Scottish Planning Policy, SPP7, Planning and 
Flooding Consultation Draft (March 2003).

10.2.3 The assessment of the impact of the proposed scheme on estuarine hydrodynamics 
was carried out using a two-dimensional (2D) and a three-dimensional (3D) 
calibrated model of the Forth Estuary (Babtie Group 2001, Upper Forth Crossing 
Modelling Study).  The 2D model has a grid cell size of 100m and extends over 
approximately 17km of the upper Forth Estuary from an upstream boundary at Alloa 
(NS2882 6918) and a downstream boundary at Crombie Point (NT3028 6847).  It is 
a broad-scale model, covers a wide area and calculates an average depth for the 
Estuary within the boundaries of the model.  The 3D model has a grid cell size of 
20m and covers approximately 6km of the Estuary, from Inch of Ferryton (NS2900 
6890) in the east to Longannet Point (NS2940 6850) in the west.  It covers a smaller 
area and grid size and includes variations in depth within the Estuary.  The models 
were used to simulate the effect of the proposed bridge on current velocities and 
sediment transport in the estuary.  Model runs were also carried out to simulate the 
effect of dredging and piling activities during bridge construction.  Model results from
each scenario were compared to baseline conditions in order to assess the 
magnitude and significance of the predicted impacts.

10.2.4 Baseline conditions were identified through consultations with statutory consultees, 
a review of relevant published literature, site visits, hydrographic surveys and water 
quality sampling undertaken in 2003.

10.2.5 Mitigation measures have been based on discussions with the Scottish Environment 
Protection Agency (SEPA) and on current good practice for highway drainage 

10-1

Up a level Home



Scottish Executive 
Upper Forth Crossing At Kincardine 
Environmental Statement 

design, including the guidance provided in “Sustainable Urban Drainage Systems: 
design manual for Scotland and Northern Ireland” (Construction Industry Research 
and Information Association (CIRIA), C521, 2000), and DMRB, Volume 4 
Geotechnics and  Drainage, Section 2 Drainage, Part 1, HA 103/01, Vegetative 
Treatment Systems for Highway Runoff. 

10.2.6 The levels of impacts were assessed based on the sensitivity of the receiving 
watercourse/estuary and the magnitude of the impacts.  The criterion used to 
assess the sensitivity of surface water features and the magnitude of the impact is 
defined in Tables 10.1 and Table 10.2.  The significance of the predicted impact is 
then defined using a combination of the magnitude and sensitivity as shown in Table 
10.3.

Table 10.1 Criteria to Assess the Sensitivity of Surface Water Features 

High A watercourse with pristine or near pristine water quality, Class A1 and A2 respectively
(river) and Class A (estuary). Water quality not significantly affected by anthropogenic 
factors. Water quality does not affect the diversity of species of flora and fauna.
Includes all sites with international and European nature conservation designations: e.g. 
Special Protection Area, Special Area of Conservation, Ramsar Site, EC designated 
freshwater fisheries.  Also includes all nature conservation sites of national importance 
designated by statute including Sites of Special Scientific Interest and National Nature 
Reserves.

Medium A watercourse with a measurable degradation in its water quality as a result of 
anthropogenic factors, Class B (river), Class B/C reach of estuary.  However, resulting 
water quality has only limited impact upon the species diversity of flora and fauna in the 
watercourse.  Includes all non-statutorily designated sites of regional or local 
importance.

Low Poor water quality resulting from anthropogenic factors, corresponding to Classes C 
and D. Major change in the species diversity of flora and fauna due to the significant 
change in the water quality.

Table 10.2 Criteria to Assess the Magnitude of the Predicted Impact on 
Surface Waters 

High Major shift away from the baseline conditions, fundamental change to water quality
condition either by a relatively high amount for a long-term period or by a very high 
amount for an episode such that watercourse ecology is greatly changed from the 
baseline situation. Equivalent to downgrading from Class A to C or D, or from B to D.

Medium A significant shift from the baseline conditions that may be long-term or temporary.
Results in a change in the ecological status of the watercourse. Equivalent to 
downgrading one class, for example from C to D.

Low Minor shift away from the baseline conditions. Changes in water quality are likely to be 
relatively small, or be of a minor temporary nature such that watercourse ecology is 
slightly affected.  Equivalent to minor but measurable change within a class.

Negligible Very slight change from the baseline conditions such that no discernible effect upon the 
watercourse’s ecology results.  No change in classification.

Table 10.3 Criteria to Assess the Significance of the Predicted Impact 
on Surface Water Quality

SensitivityMagnitude
Low Medium High

High Moderate Substantial Substantial
Medium Slight Moderate Substantial
Low Negligible Slight Moderate
Negligible Negligible Negligible Slight

10.2.7 The DMRB guidance advises that if a proposed scheme might have a significant 
effect on the floodplain capacity, an assessment should be made of the size of 
reduction, the efficacy of the proposed mitigation works and the residual effect of the 

10-2

Up a level Home



Scottish Executive 
Upper Forth Crossing At Kincardine 
Environmental Statement 

scheme in increasing the risk of flooding (Design Manual for Roads and Bridges 
(1998) Water Quality and Drainage, Volume 11, Section 3, Part 10).  In addition, 
other appropriate studies should be undertaken where other potential significant 
hydrological effects are identified, which could impinge on any of the current or 
proposed uses of the receiving waters. 

10.3 Baseline Conditions

Surface Water Features 

10.3.1 Water features in the immediate area of the proposed route are shown in Figure 
10.1 and comprise: 

Forth Estuary 

Canal Burn; 

Donalds Dam Outflow Channel (also known as Peppermill Burn);

Pow Burn 

Northern Drain; and 

a number of other local drainage channels. 

Water Quality

Forth Estuary

10.3.2 The main water feature in the vicinity of the proposed scheme is the Forth Estuary. 
The proposed new bridge crosses the Forth Estuary upstream of the existing 
Kincardine Bridge. The Forth Estuary is an important estuarine water resource and 
is of international ecological importance for waterfowl and waders (see Chapter 11). 

10.3.3 The water quality of estuarine waters is classified by SEPA under the Estuary 
Classification Scheme as shown in Appendix 5A. Under this system, specific 
reaches of estuary are allocated a Class of A, B, C or D based on the aesthetic, 
biological and chemical condition of the waters. Class A is ‘excellent’, B is ‘good’, C 
is ‘unsatisfactory’ and D is ‘seriously polluted’.   A given stretch of estuary is 
classified by allocating it to the lowest class to which all of its condition criteria 
conform.

10.3.4 SEPA has indicated that the water quality of the Forth Estuary is Class B (good 
quality) in the vicinity of Kincardine.  It is reported that there has been a progressive 
improvement in overall water quality of the Forth Estuary over the last 50 years, 
which is attributed to a significant reduction in the total mean annual biological 
oxygen demand (BOD) load entering the estuary as a result of improvements to 
sewage treatment facilities and the reduction in inputs of organic wastes (Griffiths 
1995).

10.3.5 However, historical pollution has resulted in the presence of organic contaminants in 
the estuary bed sediments, which create a demand for oxygen.  Low dissolved 
oxygen concentrations are associated with a zone of high suspended solids in the 
low salinity zone of the upper estuary. This zone is known as the ‘turbidity 
maximum’, which increases with tidal range and decreasing river flow and results in 
low levels of dissolved oxygen in the upper estuary in the stretch between Alloa and 
Stirling, upstream of the proposed scheme.  Although the extent and intensity of the 
dissolved oxygen levels has decreased over the last 20 years, SEPA consider it 
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unlikely that the Estuary will improve to the extent of becoming a Class A estuary. 

10.3.6 Trace metal concentrations in the waters of the Forth Estuary are routinely 
monitored by SEPA.  The data recorded at Alloa (NS 879920) and Longannet (NS 
951843), approximately 6.5km upstream and 4km downstream of the proposed new 
bridge, respectively, are summarised in Table 10.4. 

Table 10.4 Long-term Average Dissolved trace Metal Concentrations in 
the Forth Estuary

Site Cadmium
(µg/l)

Lead
(µg/l)

Chromium
(µg/l)

Copper
(µg/l)

Nickel
(µg/l)

Zinc
(µg/l)

Mercury
(ng/)

Alloa 0.09 0.60 0.77 2.06 1.02 5.86 4.10

Longannet 0.04 0.52 0.54 2.01 0.94 3.50 4.25

EQS 2.50 25.00 30.00 5.00 30.00 40.00 300.00

(Source: Analysis of SEPA monitoring data. Coverage of data: Alloa 1990 to 2000 and Longannet 1986
to 1998) 

10.3.7 Dissolved metal concentrations in the Forth Estuary are relatively low and in all 
cases fall well within the Environmental Quality Standards (EQS) set for these 
substances (SEPA, 1998, Trace Metals in the Forth).  The EQS for the Forth 
Estuary ecosystem as used by SEPA (1998) are shown in Table 10.4.  The 
generally low dissolved trace metal concentrations in the Forth Estuary are due in 
part to the turbid nature of the estuary, which results in the particle reactive 
elements being removed from solution to the particulate form (SEPA 1998).

10.3.8 The concentration of dissolved copper in the Forth Estuary is relatively high 
compared to concentrations in the Clyde and Tay estuaries (Balls et al 1995), due 
mainly to industrial inputs at Grangemouth, and is closer to the EQS than any other 
trace metals.

10.3.9 Partitioning of the metals between the dissolved and particulate phases occurs due 
to the turbid nature of the estuary.  This has kept concentrations of dissolved trace 
metals in the estuary relatively low, but has resulted in contaminated sediments 
(SEPA 1998).  Continuing discharges of trace metals from diffuse and point sources 
in the Forth Estuary results in an enhancement of trace metals in sediments and 
biota above background.  However, SEPA believes that the resultant concentrations 
will not damage or threaten the ecosystem and should continue to decline slowly as 
inputs are further reduced to background levels (SEPA 1998). 

10.3.10 SEPA regularly trawls the upper estuary during the summer months to provide 
information on fish populations.  Fish species include plaice, whiting, goby, flounder, 
herring, sprat and smelt.  There has been an increase in the number of fish caught 
over the last 20 years (SEPA 2000), which correlates with the increases in dissolved
oxygen concentrations recorded (fish are adversely affected by low dissolved 
oxygen concentrations).  The return of a breeding population of smelt, a relatively 
pollution sensitive species, to the estuary is an indicator that water quality has 
improved.

10.3.11 Migratory salmonids, both salmon and sea trout, utilise the Forth Estuary on their 
passage upstream and downstream.  Both species spawn in freshwater but spend 
part of their adult lives in the sea.  The Forth Estuary has always maintained a 
viable salmonid fishery, however the occasional low dissolved oxygen 
concentrations, which occur during spring tides and summer low flows in the upper 
estuary, presents a barrier to fish migration and can cause occasional fish kills 
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(Griffiths 1995). 

10.3.12 The District Salmon Fishery Board has been consulted and indicate that the Forth 
carries a substantial number of salmon and sea trout.  They are keen that none of 
the construction operations affect the migration of fish (e.g. disturbance during piling 
etc.).  Similarly they indicated a concern that the disturbance and re-suspension of 
contaminated sediment could cause a reduction in the water quality.

10.3.13 There are two licensed salmon net fisheries at Kincardine, one on the south bank 
and one on the north bank of the Forth.  Some fishing for sprats takes place in the 
Forth near Kincardine. 

The Canal Burn

10.3.14 Canal Burn drains a small catchment area on the northern side of the Forth Estuary.
The source of the burn is at Gartarry and the channel runs alongside the A907 and 
A977 before it flows away from the roadside passing Kilbagie Paper Mill on its 
eastern side and then it meanders a course through fairly low gradient farmland to 
enter the Forth Estuary via a tidal flap valve at NS2920 6889.  The burn also 
receives piped drainage from the adjacent farmland.  During a site visit in April 
2003, it was noted that tidal water was penetrating into the burn via the flap valve.
Monitoring carried out in 1996 showed the reach downstream of Kilbagie Paper Mill 
to contain high levels of iron, which was most likely due to ferruginous discharges 
from old mines in the area (reported in Babtie Group 2003 Upper Forth Crossing at 
Kincardine, Stage 2 Comparative Assessment). 

10.3.15 The River Classification Scheme of SEPA (Appendix 5B) categorises watercourses 
on the basis of monitoring of water chemistry, biology, nutrient status, aesthetic 
condition and concentration of toxic substances.  There are five classes comprising 
A1, A2, B, C and D in decreasing order of quality.  Class A1 is excellent and Class 
D is seriously polluted.  The class allocated to a particular reach of watercourse 
defaults to the poorest class determined from the water chemistry, biology, nutrient, 
aesthetic and toxicity assessments.  Canal Burn is not monitored by SEPA and 
therefore, has not been classified under SEPA’s River Classification Scheme. 

10.3.16 A freshwater habitat assessment was carried out in Canal Burn in April 2003, the 
detailed results of which are presented in Appendix 5C and are summarised below.
The sampling site (NS 2921 8888, Figure 10.1) was located in the meandering 
reach, which runs through arable land downstream of the Kilbagie Paper Mill. The 
site had a low to moderately diverse fauna with 67 individuals from 12 species, 
which were mostly from taxa that are found in slow flowing, silty waterways and 
some associated with ferric discharges.  The Average Species Pollution Tolerance 
(ASPT) score for this site (3.91) and the low dissolved oxygen saturation (53%) 
placed it within the poor category (Class C) in the SEPA classification scheme (see 
Appendix 5C – Freshwater habitat assessment for further details). 

10.3.17 Water samples from Canal Burn were also analysed by Raeburn Drilling and 
Geotechnical Ltd in 2000.  The results of key water quality parameters are shown in 
Table 10.5.  The results show the water to be relatively hard, with bicarbonate 
(CaCO3) concentrations of 138 mg/l and a total hardness of 260 mg/l.  Dissolved 
metals were found to be present in relatively low concentrations, with iron, copper 
and zinc less than 0.03, 0.01 and 0.01 mg/l respectively.  The toxicity of metals to 
freshwater animals varies according to the hardness of the water.  In waters of high 
hardness (hard water) toxicity is reduced.  The EQSs for the protection of all 
freshwater aquatic life are 0.010 mg/l for dissolved copper and 0.015 mg/l for total 
zinc in waters of hardness 100-150 mg/l.
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Table 10.5 Water Quality Parameters of Canal Burn (source: Raeburn 
Drilling and Geotechnical Ltd) 

Parameter Value Units EQS*
pH 6.9
Nitrite <1.0 mg/l
Nitrate 5.3 mg/l
Sulphate 113 mg/l
Bicarbonate 137.9 mg/l CaCO3

Alkalinity 138 mg/l
Total Dissolved Solids 349 mg/l
Electrical Conductivity 698 µS/cm
Hardness 260 mg/l
 Iron <0.03 mg/l
 Copper <0.01 mg/l 0.010 mg/l
 Zinc <0.01 mg/l 0.015 mg/l (total zinc) 

* EQS for the protection of all freshwater aquatic life for waters with hardness of 100-150 mg/l CaCO3
(see Table 10.9) 

Donalds Dam Outflow Channel

10.3.18 Donalds Dam Outflow Channel drains an area to the east of Canal Burn and 
consists of drainage from Peppermill Dam, Moor Loch and Donalds Dam as shown 
on Figure 10.1.  The channel was improved and modified as part of the Kincardine 
Flood Prevention Scheme (see the section on Flooding, below).  The channel is 
culverted under the A977 road at NS 2931 6895, flows north of the wooded area 
surrounding Old Tulliallan Castle and across farmland to enter the Forth Estuary via 
a tidal flap valve at the same location as the Canal Burn flap valve.  The channel is 
culverted for a length of approximately 50m adjacent to Carse Road. Downstream of 
the double tidal flap valve, the channel continues to flow across the tidal mudflats to 
the estuary. 

10.3.19 Donalds Dam Outflow is not monitored by SEPA and therefore has not been 
classified under SEPA’s River Classification Scheme. 

10.3.20 A freshwater habitat assessment was carried out in Donalds Dam Outflow in April 
2003, the detailed results of which are presented in Appendix 5C and summarised 
below.  The sampling site (NS 2925 6896 – Figure 10.1) was a narrow modified 
channel upstream from the culverted section, with a water width of 1.2m and depth 
of 15cm.  The site had a relatively high species diversity and abundance (20 and 
109 respectively) and had a Biological Monitoring Working Party (BMWP) score of 
94 indicating that it included a number of pollution sensitive species.  One 
unidentified fish fry was observed in the sample.  The ASPT score placed the 
watercourse in the good category (Class A2) in the SEPA classification scheme 
(see Appendix 5C – Freshwater habitat assessment).

10.3.21 Consultation with the Fisheries Research Services, Aberdeen, indicates that sea 
trout or river lampreys may use the burn for spawning. However, it is considered 
that the tidal flap valve located at the mouth of the channel is likely to make it 
impossible for these species to swim up the channel.

The Pow Burn

10.3.22 Pow Burn enters the Forth Estuary just upstream of the proposed bridge on the 
southern side of the Estuary (Figure 10.1).  The Pow Burn is monitored by SEPA at 
Airth Road Bridge, Mossneuk (NS 2871 6868), which is approximately 4km 
upstream of the proposed scheme.  The water quality is classified in the fair 
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category (Class B) by SEPA. 

10.3.23 The Forth District Salmon Fishery Board has indicated that Pow Burn supports 
important salmon and trout populations.  Trout were recorded at the mouth of Pow 
Burn during a fish survey in the year 2000 and local anglers regularly report their 
occurrence in the burn.

10.3.24 It is predicted that the proposed scheme will not have a direct or indirect impact on 
the Pow Burn and no road drainage will enter the burn, however it is included in the 
baseline information in order to provide context as it is approximately 200m north of 
the proposed scheme. 

Northern Drain

10.3.25 Northern Drain drains a small catchment area on the southern side of the Forth 
Estuary (Figure 10.1).  The channel commences adjacent to Lochs of Airth and 
flows eastwards parallel to the M876 before turning south to pass beneath the 
motorway west of Bowtrees Roundabout. From the Bowtrees Roundabout the drain 
continues to flow eastwards through farmland crossing the land adjacent to 
Greendyke.  The Powfoulis Drain enters Northern Drain at the crossing of the lane 
to Saltgreens.  The channel then runs adjacent to the lane past Saltgreens, before 
passing through the flood embankments via a flap valve and continues out onto the 
mudflats of the Forth Estuary, approximately 1 km downstream of the existing 
Kincardine Bridge.

10.3.26 Northern Drain is not monitored by SEPA at present and therefore, has not been 
classified under SEPA’s River Classification Scheme.

10.3.27 A freshwater habitat assessment was carried out in Northern Drain in November 
2002, the detailed results of which are presented in Appendix 5C and summarised 
below.  The sampling site (NS 2922 6859) was a straightened channel, with a water 
width of 1.5m and depth of 30cm.  The macroinvertebrate assemblage in Northern 
Drain had low species diversity and low abundance, with a total abundance of 19 
with 8 species and had a relatively low ASPT score.  The faunal community was 
composed of mainly pollution tolerant species as measured by BMWP.  The ASPT 
score (4.21) placed the site around the boundary between the poor (Class C) and 
fair (Class B) SEPA classifications.  The faunal assemblage of Northern Drain is of 
low value to nature conservation with no rare species detected.

10.3.28 The Forth District Salmon Fishery Board and the Fisheries Research Services did 
not highlight the Northern Drain as important for fisheries.

Other Drainage Ditches

10.3.29 There are several other drainage ditches in the vicinity of the proposed scheme and 
these are shown on Figure 10.1.  All ditches/watercourses in the area drain directly 
or indirectly into the Forth Estuary.  SEPA does not monitor the ditches, although 
they has stated that the water quality of the minor watercourses to the north of the 
estuary is likely to be relatively poor due to low flows and ferruginous water from 
coal measures.

10.3.30 Tidal Ditch 1 on the southern side of the estuary was inspected during a site visit in 
April 2003 and in situ water quality measurements were taken.  The sample site (NS 
2923 6869 – Figure 10.1) was a straightened channel flowing adjacent to the 
southern approach road.  The channel was approximately 0.85m wide with a water 
depth of 20cm.  The water was turbid with a silt/mud substrate and there were 
substantial amounts of filamentous algae growth.  Oil flecks were noted on the 
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surface of the water.  Dissolved oxygen levels were relatively low (7.15 mg/l) and 
electrical conductivity high (> 2000 µS/cm), reflecting the saline influence. 

10.3.31 The majority of fields in the vicinity of the proposed scheme have a system of land-
drains.

Existing Drainage Conditions 

10.3.32 Discussions with the local authorities have led to the conclusion that currently all 
existing road drainage discharges to the Estuary via the nearest watercourse.

Estuarine Hydrodynamics and Tidal Water Levels

10.3.33 The hydrodynamics of the Forth Estuary are described in detail in the modelling 
report (Babtie Group 2001, Upper Forth Crossing Modelling Study) and are 
summarised in Appendix 5D. 

Flooding

10.3.34 The diversion of road run-off to watercourses has the potential to increase the risk of 
flooding in the vicinity of the proposals.  The baseline flooding issues are 
summarised below and shown in Figure 10.1.

10.3.35 Tidal water levels at Grangemouth on the Forth Estuary have been estimated based 
on detailed studies by Graff (1981) and Sir Frederick Snow and Partners (2002) and 
are summarised in Appendix 5D.  An estimation of the 1/200 year flood level has 
been made based on these estimations.  The minimum road level has been set 
above this revised 1/200 year flood level (Chapter 5).

The Forth Estuary

10.3.36 Tidal flood embankments on the northern side of the estuary offer significant 
protection to the Scottish Power Kincardine Power Station land against tidal 
flooding.  Consultation with both Fife Council and Scottish Power has uncovered no 
evidence of such an event having occurred. The Shoreline Management Plan 
(1998) for the Kincardine area, states that the preferred coastal defence policy 
option is to maintain the existing coastal defences.

10.3.37 On the southern side of the estuary, tidal bunds protect the land on the west side of 
the existing Kincardine Bridge.  It is reported that the earth banks are well 
maintained and have been raised recently to slightly in excess of 5m above 
Ordnance Datum (AOD) by the landowner (GeoWise 1999).  There are no tidal 
bunds on the eastern side of the Kincardine Bridge and saltmarsh extends from the 
outer mudflat to the natural carse cliff at around 4mAOD, which offers natural 
protection to the inland area from flooding. 

10.3.38 Functional floodplains are defined as “the unobstructed areas of land adjacent to 
watercourses or on the coast where water regularly flows in times of flood and which 
therefore store water which would otherwise flow elsewhere” (Scottish Executive, 
2003).  For planning purposes the functional floodplain is generally defined as 
having a 0.5% (1 in 200) or greater probability of flooding in any year.  In general, 
the Scottish Executive recommends that no new development should take place on 
the functional flood plain, as not only will it be at risk of flooding it will also reduce 
the storage capacity of the floodplain.
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The Canal Burn

10.3.39 There is no evidence of existing flood problems on Canal Burn, although locals 
suggest that Canal Burn has experienced flooding problems in the past, due to 
additional water outfalling from Kilbagie Paper Mill (Consultation with Landowners, 
2003). This problem has since been eliminated following the installation of the new 
wastewater outfall (450-600 mm diameter) from Kilbagie in 1992, which discharges 
directly into the Forth Estuary at approximately NS2916 6887.

10.3.40 Consultation with local landowners also indicated that an area of farmland to the 
west of Canal Burn is prone to flooding when heavy rainfall coincides with high 
tides.  Land drainage from this area drains into Canal Burn, via a 12’’ clay pipe, and 
thus drainage and flooding is linked to the backing up of Canal Burn during high 
tides.  During the site visit in April 2003, there was evidence of sea-water 
penetrating landward of the tidal flap valve.

Donalds Dam Outflow Channel

10.3.41 There is no evidence of existing flooding problems in Donalds Dam Outflow 
Channel.

10.3.42 Fife Council carried out flood alleviation works in 1992 to alleviate flooding in 
Kincardine, as part of the Kincardine Flood Prevention Scheme.  The Scheme 
involved modifying and improving the drainage from Moor Loch, Peppermill Dam 
and Donalds Dam (see Figure 10.1).  The works included regrading and realigning 
sections of the Outflow Channel, replacing the existing tidal sluice with the double 
gate flap valve and constructing and repairing culverts and bunds.  Fife Council has 
indicated that, should drainage proposals outfall to watercourses that flow into the 
scheme, any increase in flows should be attenuated.

Pow Burn

10.3.43 Pow Burn floods when heavy rainfall coincides with high tides.  It has been 
suggested that a 1 in 50 year flood event occurred in 1990 (pers. comm. Falkirk 
Council, 2003), however, no specific flood study has been carried out for Pow Burn.
Flooding affects a small section of the Halls of Airth Road, but does not normally 
extend to the A876.  The area affected by flooding of the Pow Burn is shown on 
Figure 10.1.

Northern Drain

10.3.44 Overflow and backing up of the Northern Drain causes flooding of the side road 
between the Pine ‘n’ Oak Diner and Greendyke Cottages and the low-lying area 
around Haughs of Airth Farm.  The Northern Drain enters the Forth Estuary, via a 
900mm diameter flap valve at the flood embankment, which prevents the ingress of 
tidal water during high tides.  Drainage water is stored landward of the flap valve 
during high tides, which reportedly causes the backing up problem.  It is reported 
that this drain requires annual maintenance close to the Forth to reduce the flooding 
problems upstream.  Local observations suggest that the flooding extended onto the 
A876 about 5 or 6 years ago.  It has been suggested that prior to the construction of 
the A876 and, in particular, the raising of road surface levels, this drainage used to 
flow to the Pow Burn relieving the drainage congestion in this area (Consultation 
with Landowners, 2003).

Water Quantity

10.3.45 There is no measured data available from SEPA on water flows through Canal Burn, 
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Donald’s Dam Outflow Channel, Northern Drain and the other drains in the area or 
the significance of those flows in maintaining existing ecological values.  For the 
purposes of this assessment, flows have been estimated based on surveyed 
channel cross-sections and the catchment characteristics, as described below.

10.3.46 Channel conveyance, a measure of the discharge carrying capacity of a channel, 
and bank full discharge, the discharge that occurs when the channel runs full, of the 
watercourses was estimated using surveyed cross-sections. 

10.3.47 The 95 percentile flow (Q95) is as the flow in cubic meters per second that is equaled 
or exceeded for 95% of the time.  It is a significant low flow parameter particularly 
relevant in the assessment of water quality impacts of outfalls.  Average flows and 
95 percentile flows were estimated based on the catchment characteristics obtained 
from the Flood Estimation Handbook (FEH) CD-ROM (1999) and using the 
methodology set out in the “Institute of Hydrology (1987) Low Flow Estimation in 
Scotland”.  Return period flood flows for the watercourses were estimated using the 
FEH methodology for small catchments (Institute of Hydrology (1994) Flood 
Estimation for Small Catchments).  The estimated flow characteristics of the 
receiving watercourses are summarised in Table 10.8.

Table 10.8 Estimated Flow Conditions (in m3s-1) of the Receiving
Watercourses in the Vicinity of the Proposed Scheme, Based on 
the Catchment Characteristics 

Site Average
Flow

Low Flow
Condition
(Q95)

Mean
Annual
Flood
(Qbar)

50 Year 
Flood

100 Year 
Flood

Bank full 
Discharge*

Canal Burn 0.012 0.0016 0.37 0.81 0.98 11.2
1

Northern
Drain

0.012 0.0010 0.35 0.75 0.91 10.3
2

* Bank full discharge was estimated from surveyed channel cross-sections at 1 downstream of proposed 
culvert on Canal Burn and 2 east of Bowtrees Interchange on Northern Drain. 

Discharges and Sewerage

10.3.48 The main existing discharges are from Kilbagie Paper Mill (a Part A process under 
the Integrated Pollution Control (IPC) Regulations 1991), Airth sewerage treatment 
works and Kincardine sewerage treatment works.  In addition, there are a number of 
minor discharges from septic tanks in the area. 

Sensitivity of Surface Water Features 

10.3.49 The sensitivity of the surface water features in the vicinity of the proposed scheme is 
assessed using the criteria in Table 10.1 and guidance from the Water Framework 
Directive.

10.3.50 The non-designated areas of the Forth Estuary are of at least medium sensitivity 
whilst the designated areas are of high sensitivity.  For the purpose of this 
assessment, the non-designated area of the estuary is also considered to be of high 
sensitivity, to take account of the proximity of the international designations. 

10.3.51 Donalds Dam Outflow was assessed to be of good quality (Class A2) and is thus 
considered to be of high sensitivity. 

10.3.52 Under the Water Framework Directive (WFD), which includes all surface and ground 
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waters, including estuaries, there is a requirement that natural water features in the 
vicinity of the proposed scheme will reach good ecological status by 2015.  This is a 
radical departure from the traditional methods of measuring water quality using 
chemical parameters.  Under the WFD, the status of water will be assessed using a 
range of parameters, which include chemical, ecological, physical and hydrological 
measures, which will be used to give a holistic assessment of ecological health. 

10.3.53 Under the WFD some water bodies may be designated as artificial/heavily modified 
and will have less stringent targets to meet. Some sections of the Forth Estuary and 
its tributaries may fall within this category, however these area will still need to 
demonstrate ‘good ecological potential’ by the year 2015.  Therefore, given the 
current status of some of the watercourses in the vicinity of the scheme, there is 
likely to be a requirement for improvement in their ecological status. 

10.3.54 Canal Burn and Northern Drain were assessed to be of poor quality (Class C).
Under the SEPA classification, Class C watercourses may exceed the EQS for 
dangerous substances and the watercourses are generally impoverished 
ecosystems, with fish sporadically present (see Appendix 5B – SEPA river 
classification).  Field inspections revealed that many of the other drainage ditches 
were of relatively poor quality, as several already receive road drainage directly from 
run-off from the existing road.  However, for the purposes of this assessment, these 
watercourses are assessed as of medium sensitivity, as any further deterioration of 
their water quality status will compromise their ability to meet targets set by the 
Water Framework Directive. 

10.4 Predicted Impacts

10.4.1 An assessment has been made of the predicted effects of road drainage on water 
features and resources following the guidance given in the Design Manual for 
Roads and Bridges (1998) Water Quality and Drainage, Volume 11, Section 3, Part 
10.  There are four main types of impacts that can occur: 

impacts due to routine road run-off; 

the impacts of accidental spillage; 

flood impacts; and 

impacts during construction (discussed in Chapter 19). 

10.4.2 The predicted impacts of the proposed bridge scheme on estuarine hydrodynamics 
and sediment transport are also discussed in this section.

Routine Road Run-off 

10.4.3 Routine run-off is surface water from the road resulting from rain falling on the road 
and draining into the highway drainage system.  Routine run-off contains some of 
the pollutants deposited on the road surface but does not include seriously polluted 
run-off as a result of vehicular collision.

10.4.4 Pollutants contained in run-off from vehicles using the new road can include:

suspended solids; 

hydrocarbons from diesel, petroleum and lubricating oil leakages; 

hydrocarbons from exhaust emissions; 
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heavy metals from corrosion of catalytic converters; 

copper, zinc, cadmium, iron, lead and chromium; 

tyre wear deposits including lead, zinc and hydrocarbons; 

de-icing agents (e.g. rock salt, ethylene glycol) during winter months; 

chemicals used in windscreen washes such as detergents; and 

herbicides if used on roadside verges. 

10.4.5 According to DMRB, the impact of routine road runoff can be assessed using the 
concentrations of dissolved copper and total zinc in receiving waters as indicators.
These metals have been used as indicators of the level of impact as they are 
generally the main metallic pollutants associated with road drainage and can be 
toxic to aquatic life. 

10.4.6 The assessment assumes that there is no current highway drainage from the 
existing road network into the watercourses and therefore represents a worst-case 
scenario.  A preliminary specimen drainage design was devised in which run-off 
from the road will be discharged to the existing drainage system where applicable 
and all drainage will ultimately drain into the Forth Estuary.  This preliminary 
drainage design contains no mitigation measures to treat runoff but allows drainage 
outfalls to be identified.

10.4.7 There are six proposed road drainage outfalls on the southern side of the Forth 
Estuary, as shown on Figure 10.1 and Figure 10.2: 

Outfall A enters a drainage ditch at Bowtrees Roundabout, which runs 
parallel to the road for approximately 150m before entering Northern Drain 
at approximately NS 2903 6857.

Outfalls B, C, D and E drain into a drainage ditch, which flows parallel to
the new road and enters an existing tidal ditch (Tidal Ditch 1) on the 
eastern side of the southern approach road to the existing Kincardine 
Bridge;

Outfall F drains into an existing tidal ditch (Tidal Ditch 2) on the mudflats to 
the west of the existing Kincardine Bridge. 

10.4.8 There are four proposed road drainage outfalls on the northern side of Forth 
Estuary.

Outfall G discharges into the Forth Estuary immediately upstream of the 
proposed bridge at the location of the former Kincardine Power Station. 
The drainage ditch will flow adjacent to the road and will outfall through the 
existing tidal embankment.

Outfalls H and I enter Canal Burn close to where the burn passes beneath 
the new road, via a culvert.  Outfall H enters downstream of the culverted 
reach and Outfall I enters the watercourse immediately upstream.

Outfall J drains into the upstream reach of Canal Burn, where the burn runs 
parallel to the A977 south of the Gartarry Roundabout. 

10.4.9 The assessment method takes into account water quality and EQSs relating to the 
receiving estuary and watercourses.  As previously indicated, EQSs are principally 

10-12

Up a level Home



Scottish Executive 
Upper Forth Crossing At Kincardine 
Environmental Statement 

ecological standards, specified for a range of parameters at levels required to 
protect aquatic life.

10.4.10 The national EQS for List II substances for the protection of saltwater life are 40 µg/l
for dissolved zinc and 5 µg/l for dissolved copper.  These are the same as the EQS 
given for the Forth Estuary (SEPA 1998 – see Table 10.4).  A revised value of 10 
µg/l has been proposed for dissolved zinc for the protection of saltwater life, but this 
is not yet in the legislation.

10.4.11 EQS for freshwater vary with water hardness, as hardness affects the solubility of 
metals.  The relevant EQS for the protection of freshwater aquatic life provided by 
SEPA are given in Table 10.9.  The revised values given for zinc are not yet 
statutory but are used operationally by Regulatory Authorities. 

Table 10.9 Environmental Quality Standards for the Protection of all Freshwater Life 

Parameter Hardness EQS

Copper (dissolved)

0-50 mg/l CaCO3

50-100 mg/l CaCO3

100-150 mg/l CaCO3

150-200 mg/l CaCO3

200-250 mg/l CaCO3

>250 mg/l CaCO3

1 µg/l 

6 µg/l 

10 µg/l 

10 µg/l 

10 µg/l 

28 µg/l 

Total Zinc (revised values)

0-50 mg/l CaCO3

50-100 mg/l CaCO3

100-150 mg/l CaCO3

150-200 mg/l CaCO3

200-250 mg/l CaCO3

>250 mg/l CaCO3

8 µg/l 

15 µg/l 

15 µg/l 

50 µg/l 

50 µg/l 

50 µg/l 

Source: Advice from SEPA received during consultation exercise (letter dated 4th June 2003) 

10.4.12 The assessment requires data on the upstream concentrations of dissolved copper 
and total zinc in each watercourse, an indication of receiving water hardness, an 
estimate of the road surface area to be drained to each outfall, the run-off coefficient 
of the road scheme, traffic flow data and the 95 percentile flow (Q95) of the receiving 
watercourse.  In the absence of flow data the Q95 was estimated using the methods 
described in Paragraph 10.3.47.  In the absence of data on existing concentrations 
of copper and zinc for all watercourses affected, the concentrations were assumed 
to be half of the EQS, as detailed in DMRB guidance.

10.4.13 Where actual values of water hardness were unavailable, a level of between 100-
150mg/l was assumed.  It has been assumed that the run-off coefficient of the 
proposed road scheme is 0.75 (that is 75% of rainfall landing on the road will reach 
the outfall) and the annual average daily traffic figures are for the design year 2021 
assuming high traffic growth rates (Appendix 1).  Details of the calculations are 
given in Appendix 5E.  The results are summarised in Table 10.10 and discussed 
below.
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Table 10.10 Predicted Impact of Total Zinc and Dissolved Copper on 
the Receiving Watercourses Without Mitigation 

Site Sensitivity Parameter
(µg/l)

EQS
(µg/l)

Upstream
Conc.
(µg/l)

Downstream
Conc.   (µg/l) 

Increase
(µg/l)

Magnitude Significance

Canal
Burn

Medium Copper

Zinc

10

15

5

7.5

47*

233*

42

226

Medium

Medium

Moderate

Moderate

Northern
Drain

Medium Copper

Zinc

10

15

5

7.5

81*

328*

76

321

Medium

Medium

Moderate

Moderate

Tidal
Ditch 1 

Medium Copper

Zinc

10

15

5

7.5

157*

651*

152

644

Medium

Medium

Moderate

Moderate

Tidal
Ditch 2 

Medium Copper

Zinc

10

15

5

7.5

39*

188*

34

180

Medium

Medium

Moderate

Moderate

Forth
Estuary
Outfall G 

High Copper

Zinc

5

40

2.88

18.7

2.88

18.7

None

None

Negligible

Negligible

Negligible

Negligible

* Exceeds EQS 

The Canal Burn

10.4.14 Canal Burn will receive road drainage from three outfalls (Outfalls H, I and J).
Based on sampling carried out in April 2003, the water quality of Canal Burn was 
assessed to be Class C (poor).  Hardness is 138 mg/l therefore the EQS for 
dissolved copper is 10 µg/l and total zinc is 15 µg/l (Table 10.9).  The upstream 
concentrations of dissolved copper and zinc were both less than 10 µg/l (Table 
10.5).

10.4.15 Without mitigation, the resultant dissolved copper (dCu) concentration in Canal Burn 
downstream of the three outfalls with the road in operation would be 47 µg/l, an 
increase of 42 µg/l compared to the baseline.  The total zinc (Zn) concentration 
would be 233 µg/l, an increase of 226 µg/l (Table 10.10).  The concentrations 
exceed the EQS and the impact is considered to be of medium magnitude, as it may 
result in a change in the ecological status of the watercourse and downgrading of 
one class.  Given the medium sensitivity of watercourse, this impact is considered to 
be of moderate significance.

Northern Drain

10.4.16 Northern Drain receives road drainage from one outfall (Outfall A).  Based on 
sampling carried out in November 2002, the water quality of Northern Drain was 
assessed to be Class C (poor).  Hardness was assumed to between 100 and 150 
mg/l, thus the EQS for dissolved copper is 10 µg/l and total zinc is 15 µg/l (Table 
10.9).  In the absence of measured data, the upstream concentrations of copper and 
zinc were assumed to be half of the EQS (i.e. 5 µg/l and 7.5 µg/l, respectively).

10.4.17 During routine operation of the road without mitigation, the resultant dissolved 
copper (dCu) concentration in Northern Drain downstream of the outfall would be 81 
µg/l and the total zinc (Zn) concentration would be 328 µg/l (Table 10.10).  The 
predicted concentrations exceed the EQS and the impact of road drainage is 
considered to be of medium magnitude, which because of the medium sensitivity of 
Northern Drain would result in an impact of moderate significance.
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Tidal Ditch 1

10.4.18 Four outfalls (outfalls B, C, D and E) will discharge into a drainage ditch, which 
empties into a tidal ditch (Tidal Ditch 1) on the south-eastern side of the existing 
Kincardine Bridge.  Tidal Ditch 1 flows out to the Estuary via the saltmarsh and 
mudflats.  The total area of road draining into this ditch is relatively large and has 
been estimated as approximately 75,000 m2.  Although the road drainage will be 
diluted and mixed when it reaches the Forth Estuary, the potential impact of 
pollutant concentrations in the ditch is assessed.  As the ditch is tidal, it does not fall 
into either the freshwater or estuarine water quality classification system.  For the 
purposes of this assessment, the freshwater EQS for a watercourse of hardness 
100 – 150 mg/l have been used, which represents the worst case scenario of the 
ditch being freshwater (10 µg/l and 15 µg/l for dCu and Zn, respectively) and the Q95
is assumed to be 0.001 m3s-1.  The upstream concentrations of copper and zinc 
were assumed to be half the EQS (i.e. 5 µg/l and 7.5 µg/l, respectively).

10.4.19 Based on the above assumptions, the resultant concentrations of dissolved copper 
and total zinc in Tidal Ditch 1 during normal operation of the road without mitigation 
would be 157 µg/l and 651 µg/l, respectively.  This would cause exceedance of the 
EQS for copper and zinc and is considered to be an impact of medium magnitude.
Given the medium sensitivity of the surface water in the ditch, the predicted impact 
is considered to be of moderate significance.

Tidal Ditch 2

10.4.20 Routine drainage from the road and bridge deck (Outfall F) will outfall into an 
existing tidal ditch (Tidal Ditch 2) to the west of the Kincardine Bridge.  The same 
assumptions as described for Tidal Ditch 1 are also applied here.

10.4.21 The resultant concentrations of dissolved copper and total zinc during normal 
operation of the road without mitigation in Tidal Ditch 2 would be 39 µg/l and 188 
µg/l, respectively.  This would cause exceedance of the EQS for both copper and 
zinc and the predicted impact is considered to be of moderate significance.

The Forth Estuary

10.4.22 Outfall G will enter the Forth Estuary directly and all the drainage from the proposed 
scheme will ultimately enter the Estuary via the watercourses described above.  An 
estimate of the potential impact of the highway drainage on estuarine water quality 
has been made using a methodology based on the DMRB guidance.

10.4.23 The following assumptions have been made: 

upstream dissolved copper concentration in the Estuary is based on SEPA
monitoring at Alloa (highest annual average from 1990 to 2000, i.e. 2.88 µg/l in 
1998);

upstream total zinc concentration is based on SEPA monitoring at Alloa 
(highest annual average from 1990 to 2000, i.e. 18.7 µg/l in 1991); 

all the zinc present in the highway discharge is dissolved (in practice a 
substantial proportion would be associated with suspended solids); and 

assumed discharge of highway drainage direct to Estuary. 

10.4.24 The assessment is based on the following parameters: 
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EQS for dissolved copper of 5 µg/l (annual average) (Table 10.4); 

EQS for dissolved zinc of 40 µg/l (annual average) (Table 10.4); 

dilution calculated from flow generated by a neap tide 1 hour before and 1 hour
after a high tide; 

contribution of fluvial flow negligible (i.e. assuming a low summer river flow); 

average of measured tidal velocities at the location of the proposed route; 

estimated channel width of 800m; and 

estimated average water depth of 2m. 

10.4.25 Results of the calculations for Outfall G are shown in Table 10.10.  Road drainage 
from Outfall G is not predicted to cause an increase in the baseline concentrations 
of copper and zinc in the Forth Estuary, due to the dilution and mixing available 
during a neap tidal cycle.  The EQS for copper and zinc are not exceeded.  Although 
the waters of the Forth Estuary are of high sensitivity, the resultant impact of road 
drainage from Outfall G on estuarine water quality is considered to be of negligible 
significance.

10.4.26 The results of the assessment of the cumulative impact of all the road drainage on 
the Forth Estuary are shown in Table 10.11.  This assessment assumes a design 
year of 2021 and assumes the Eastern Link Road is also in operation. 

Table 10.11 Predicted Impact of Dissolved Zinc and Dissolved
Copper on the Forth Estuary Without Mitigation 

Site Sensitivity Parameter
(µg/l)

EQS
(µg/l)

Upstream
Conc.
(µg/l)

Downstream
Conc.
(µg/l)

Increase
from
baseline
(µg/l)

Magnitude Significance

North
side

High Copper

Zinc

5

40

2.880

18.70

2.881

18.71

0.001

0.01

Negligible

Negligible

Negligible

Negligible

South
side

High Copper

Zinc

5

40

2.881

18.71

2.888

18.73

0.008

0.03

Negligible

Negligible

Negligible

Negligible

Eastern
Link
Road

High Copper

Zinc

5

40

2.888

18.73

2.889

18.74

0.009

0.04

Negligible

Negligible

Negligible

Negligible

10.4.27 The results show that the cumulative impacts of all the new road and bridge 
drainage, including that of the Eastern Link Road will have negligible impact on the 
water quality of the Forth Estuary and the EQS for dissolved copper and dissolved 
zinc will not be exceeded. 

10.4.28 The DMRB methodology does not quantify the potential impact of contaminated 
particulate material entering the estuary, via the road run-off.  The DMRB (1998) 
guidance notes that removal of coarse and a significant proportion of the fine 
(settleable) solids from road discharges, using appropriate treatment systems, will 
remove much of the potentially polluting load.  However, without mitigation 
measures, such as filter drains, catch-pits and settlement ponds, contaminated 
particulate material from the road drainage would result in an impact of medium 
magnitude, which because of the high sensitivity of the estuary is considered to be 
of substantial significance.  Mitigation measures to reduce the particulates in the 
road drainage are described in Section 10.5.
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Risk of Accidental Spillage 

10.4.29 Along any road, there is a risk of vehicular collision that can result in spillage of fuels 
or chemicals, particularly if tankers are involved.  With regards to the proposed 
scheme, a risk assessment of a serious spillage causing pollution has been 
undertaken according to DMRB.  Detailed calculations are provided in Appendix 5E.

10.4.30 The method is based on a number of assumptions and therefore provides an 
estimate of the risk.  Predicted traffic flows are based on those in 2021 with high 
growth traffic as given in Appendix 1. It is assumed that the emergency services 
would take less than 20 minutes to respond.

10.4.31 Serious spillage rates were estimated based on Table 3.2 in Volume 11 DMRB 
(page A3/4).  The type of junction was assumed to be either a rural road with no 
junction (serious accidental spillages per million HGV km/yr = 0.0017) or a rural 
roundabout (serious accidental spillages per million HGV km/yr = 0.0119).  The 
length of road in each category was estimated from the Specimen Drainage Design.

10.4.32 The assessment includes a calculation of the risk of a pollution incident for 
discharge to two categories of watercourse, aquifers and sensitive watercourses, 
and all other watercourses.  This risk is measured against acceptable thresholds for 
each category, predicted spillage risks of once in 100 years for aquifers and 
sensitive waters and once in 50 years for all other watercourses (Table 10.12).  For 
the purposes of this assessment, the Estuary is considered to be a sensitive water 
due to its international ecological importance.  The other receiving ditches and 
watercourses come under the category of all other watercourses as shown in Table 
10.12.

Table 10.12  Summary of Spillage Risk Assessment, Without Mitigation 

Category Feature Threshold of 
Acceptability

Calculation for 
Spillage Risk 

Within
Acceptable
Limits?

Aquifers and 
sensitive
watercourses

Outfall G – Forth 
Estuary

1:100 1:221 Yes

All other 
watercourses

Canal Burn 

Tidal Ditch 1 

Tidal Ditch 2 

Northern Drain 

1:50 1:102

1:19

1:103

1:778

Yes

No

Yes

Yes

10.4.33 The calculations show that there is a spillage risk of 1:19 to Tidal Ditch 1 where the 
majority of the highway drainage from the road on the southern side of the estuary is 
discharged.  This means that the risk of accidental spillage occurring is once in 19 
years.  This is not within the acceptable limits.  Mitigation measures described in 
Section 10.5 have been designed to minimise this risk to acceptable limits.  The risk 
of accidental spillage to all other watercourses and the Forth Estuary is within the 
acceptable limits (Table 10.12). 

Flood and Water Quantity Impacts 

Flooding

10.4.34 The discharge of road drainage to existing watercourses during storm events has 
the potential to cause localised flooding if the receiving watercourses do not have 
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the capacity to discharge the additional flow.  In order to assess this, the 1-year and 
5-year storm event discharges were estimated using Micro Drainage software for 
each outfall in order to assess the likely impact on flooding.  The 1 and 5 year storm 
event discharges are the peak discharges caused by road run-off at each outfall 
following rainfall events with return periods of 1 and 5 years, respectively.  These 
are shown in Table 10.13 for each watercourse.

Table 10.13 Estimated Storm Event Discharges From Road Drainage 
Outfalls (in m3s-1)

Canal Burn 
(Outfalls H, I, J) 

Forth Estuary
(Outfall G) 

Tidal Ditch 2 
(Outfall F) 

Tidal Ditch 1 
(Outfalls B,C,D,E) 

Northern Drain 
(Outfall A)

1 Year Storm 0.256 0.097 0.141 0.531 0.083

5 Year Storm 0.434 0.177 0.237 0.958 0.151

10.4.35 The mean annual flood (Qbar) of Canal Burn was estimated as 0.37 m3s-1 (Table 
10.8).  Road drainage from the proposed scheme is estimated to discharge 0.43 
m3s-1 during a 5-year storm event (Table 10.13).  This is a significant additional flow 
compared to existing flows in the burn.  Drainage problems have been reported in 
Canal Burn at this location due to backing up of water during high tides.  In addition, 
the channel bed survey indicated very low gradients in this reach of Canal Burn, 
which would exacerbate drainage problems.  It is considered that the addition of 
road drainage directly to Canal Burn without mitigation measures, such as flood 
storage and attenuation, could result in a significant flood impact during heavy 
rainfall events combined with a high tide.  Mitigation measures to provide flood 
attenuation at outfall locations H and I are described in Section 10.5 to minimise the 
potential flood impact. 

10.4.36 Storm drainage from Outfalls B,C,D,E,F and G all enter the Forth Estuary directly or 
indirectly, either via existing tidal ditches or via piped outfalls at the tidal 
embankment.  The Estuary has sufficient available capacity such that the estimated 
storm discharges from road runoff will not cause local estuarine flooding.  However, 
during high tides and surge conditions backing up of the road drainage may occur, 
as the high water level in the Estuary will prevent road drainage from out-falling 
causing the system to back up, which is considered to be a potentially significant
impact.  Mitigation measures to provide flood storage to prevent backing-up of the 
drainage system are described in Section 10.5.

10.4.37 Field observations indicate that the majority of the existing road drainage from the 
M876 enters the Northern Drain with limited attenuation.  During early consultations 
with landowners, Northern Drain was identified as having existing flood problems 
(Section 10.3).  This was taken into account during the preliminary specimen 
drainage design for the proposed scheme, so that the area draining the new road 
into Northern Drain was reduced compared to the existing situation.  Only one 
outfall (Outfall A), which drains a length of approximately 250m of the new road, 
enters Northern Drain.  The peak discharge from Outfall A is estimated to be 0.15 
m3s-1 during a 5-year storm event (Table 10.13).  This is relatively low compared to 
the estimated capacity of the drain (10.3 m3s-1), indicating that the burn has the 
capacity to discharge the additional storm run-off.  The impact of the new road on 
flooding problems in Northern Drain is considered to be of negligible significance 
and is likely to be an improvement compared to the existing situation.

10.4.38 The proposed scheme may have an impact on the functional floodplain of the Forth 
Estuary.  On the north side of the estuary, tidal embankments protect the shoreline 
at the proposed location of the approach road to the bridge.  Thus the new road will 
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have no impact on the functional floodplain, as the affected area does not provide 
flood storage at present.  On the southern side of the estuary, the approach road will 
cross an area seaward of the tidal bund, which is at an elevation of approximately 3-
4mAOD.  At this location, the approach road will be raised on an embankment.  This 
is predicted to have a slight impact on the functional floodplain of the Forth Estuary, 
as the potential flood storage area will be reduced.  The embanked road is proposed 
to extend over a length of approximately 150m and is up to a maximum of 
approximately 26 m wide, thus reducing the estuarine storage area by a maximum 
of around 3,900 m2.  This will reduce the functional floodplain of the Estuary during 
storm events, which may increase the risk of flooding elsewhere in the Estuary.
However, the area of functional floodplain lost compared to the area of the entire 
Estuary is negligible, therefore no significant impact is predicted. Although the 
impact assessment has shown that there are no significant impacts predicted, 
mitigation measures to compensate for this loss of functional floodplain are 
proposed and are detailed in Section 10.5. 

Water Quantity

10.4.39 Roads have the potential to significantly block or alter existing water flows to 
downstream features.  The proposed road crosses Canal Burn, Northern Drain and 
Donalds Dam Outflow channel as shown in Figure 10.1.  The proposed road also 
crosses a number of existing land drains. Appropriately sized culverts are proposed 
at the above locations to ensure there is no impact on the passage of flows to 
downstream features.  As the culverts have been appropriately sized, the predicted 
impact of the proposed road on downstream water quantity is predicted to be of 
negligible significance.

Impacts on Estuarine Hydrodynamics and Sediment Transport 

10.4.40 The 2D and 3D models of the upper Forth Estuary were used to predict the potential 
impacts of the proposed bridge on estuarine hydrodynamics and sediment transport. 
The model results are reported in detail in Babtie Group (2001) ‘Upper Forth 
Crossing Modelling Study’ and are summarised below. 

10.4.41 The impact of the bridge on hydrodynamics in the Forth Estuary was predicted in 
the model by simulating the additional flow resistance created by each bridge pier. 
The additional resistance was predicted to be approximately 0.3% of the baseline 
bed friction.  Thus, the impact of the bridge on hydrodynamics within the estuary is 
predicted to be negligible.

10.4.42 Model simulations were carried out for two scenarios, with and without the proposed 
bridge, for neap and spring tidal conditions.  Bed sediment concentrations after a 
number of tidal cycles were used to assess the effect of the bridge on sediment 
transport patterns.  The model predicted minimal differences in bed sediment 
concentrations in the estuarine reach from Alloa to Grangemouth.  However, during 
spring tides, minor differences were predicted downstream of Grangemouth along 
the margins of the deep channel and the mudflats.  The predicted differences were 
small and patchy, with localised areas of deposition adjacent to localised areas of 
erosion.  On each side of the channel the areas of deposition and erosion were 
approximately balanced.

10.4.43 The results indicate that the presence of the bridge is unlikely to significantly affect 
long-term bed sediment distributions upstream of Grangemouth.  Downstream of 
Grangemouth, small changes to local erosion and deposition patterns are likely 
along the margins of the mudflats.  As the areas of erosion and deposition are 
relatively small and balanced overall, the overall impact is considered to be of low 
magnitude and negligible significance.  In summary, the modelling showed that 
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the proposed bridge is not likely to have a significant impact on long-term sediment 
transport, deposition or erosion in the Forth Estuary. 

10.5 Mitigation 

10.5.1 The objective of the mitigation measures outlined below is to convey surface water 
run-off from the road surface to a receiving watercourse without detrimental effect 
on water quality and associated ecosystems.  Mitigation measures include those 
that aim to prevent, reduce or offset potential effects. 

10.5.2 Mitigation measures to prevent adverse impacts typically comprise solutions aimed 
at the source of the impact.  The risk of causing deterioration in water quality can be 
reduced by ‘designing out’ any risk.  This includes the choice of route location and 
road alignment to avoid impacts, for example the avoidance of important/sensitive 
water features where possible.  This was carried out in the Stage 2 Comparative 
Assessment and has resulted in the preferred route alignment, which prevents any 
road drainage entering the Pow Burn, an important river for migratory salmon.
Similarly, no road drainage will outfall into Donald’s Dam Outflow Channel, given the 
relatively good quality of the watercourse and the advice from Fife Council regarding 
flooding.

10.5.3 Where potential adverse impacts cannot be prevented, i.e. the need for road run-off 
to be discharged to local watercourses and drainage ditches, mitigation measures 
will be undertaken to reduce the risk.  As all road drainage will ultimately drain to 
the Forth Estuary, mitigation measures will be applied to reduce the potential 
impacts.

10.5.4 The drainage system will be designed in accordance with the principles contained in 
“Sustainable Urban Drainage Systems: design manual for Scotland and Northern 
Ireland” (CIRIA C521) and DMRB, in particular Vegetative Treatment Systems for 
Highway Runoff.  Sustainable Urban Drainage System (SUDS) can have the benefit 
of providing a “naturalised” system of pollutant removal, by using the processes of 
sedimentation, filtration, adsorption and biological degradation. SUDS slow down 
the rate of water flow, thereby reducing the likelihood of downstream flooding and 
erosion and also retain a proportion of the suspended solids present in the runoff 
and settle out hydrocarbons and metals. SUDS techniques to be implemented to 
reduce potential impacts during normal road operation include the following and are 
shown on Figure 10.2. 

filter drains and catchpits along the length of the proposed road (excluding the
bridge);

gully pots at the kerbed sections of the road; 

swale along the drainage ditch from Outfall A, prior to the road drainage entering 
Northern Drain;

settlement / flood storage ponds at Outfalls H and I, prior to road discharge to the
Canal Burn; 

settlement / flood storage pond prior to discharge to Tidal Ditch 1 (Outfalls B,C,D
and E); and 

settlement / flood storage pond prior to discharge to Tidal Ditch 2 (Outfall F). 

10.5.5 There is no provision for filter drains on the bridge deck as this is not technically 
feasible.  It is anticipated that combined kerb/channel drains, specifically designed 
for use in bridge decks will be used.  However, this means that the bridge deck 
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drainage is unfiltered at the drainage outfall locations on the northern and southern 
sides of the estuary.

10.5.6 Ethylene glycol is used as a de-icing agent on the road surface of the existing 
Kincardine Bridge, as this is less damaging to the existing bridge structure 
compared to rock salt.  It is not anticipated that ethylene glycol will be used on the 
new bridge, as the new bridge will be in good structural condition.  Ethylene glycol 
can be damaging to humans and animals, if consumed in large quantities (Agency 
for Toxic Substances and Disease Registry (ATSDR) website).  The compound 
breaks down within several days to a week in water and soil.  SEPA has advised 
that they have no major concerns about the use of salt as a de-icing agent on the 
bridge and the run-off will require no specific treatment prior to discharge.  However, 
SEPA has advised that should ethylene glycol be used on the new bridge, they will 
require details of its proposed operational use closer to the time of bridge operation.

10.5.7 The mitigation measures described above are shown in Figure 10.2 and are 
discussed in further detail below.  The removal efficiencies of the various treatment 
systems are given in Table 10.14, below.  In addition, the risk of spillage causing 
pollution at any outfall can be reduced by 65% compared to that calculated without 
spillage mitigation measures, for every treatment system incorporated into the 
drainage design (DMRB, 1998).

Table 10.14 Treatment Systems Efficiency

Removal Efficiency (%)Treatment
System

Zinc
(Total)

Copper
(Dissolved)

Iron Lead Suspende
d Solids 

Hydro-
carbons

Reduction
in Spillage 
Risk (%)

Gully/Carrier
Pipe System 10 – 30 

Combined
Filter/French
Drains

70-80 10-30 80-90 80-90 80-90 70-90 65

Swales/
Grassed Ditch 70-90 50-70 90+ 80-90 60-90 70-90 65

Sedimentation
Lagoon/
Settling Pond 

60-80 20-30 90+ 80-90 60-90 70-90 65

Sedimentation
Tanks & Oil 
Separators

30-50 <10 30-40 40-60 30-80 40-99 65

Source: DMRB (1998) Design Manual for Roads and Bridges: Water Quality and Drainage, Volume 11, 
Section 3, Part 10, Table 2.2 

Filter Drains and Catchpits 

10.5.8 Filter drains consist of a perforated pipe laid in a trench backfilled with gravel and 
will be constructed along the terrestrial part of the route.  Filter drains will be used to 
convey highway drainage waters to the discharge point and to filter out pollutants 
including suspended solids, hydrocarbons, iron, copper and zinc.  They will also 
provide attenuation of flows.  Piped carrier drains are required in some locations to 
transfer discharge from filter drains to ditches.  Filter drains are not proposed for 
bridge deck drainage, as this may cause negative impacts on the estuarine 
ecosystem, due to seepage of pollutants.

10.5.9 Filter drains have been reported to be effective in the removal of suspended solids 
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(80-90 per cent), total lead (80-90 per cent), total zinc (70-80 per cent), dissolved 
copper (10-30 per cent) and hydrocarbons (70-90 per cent) annually (Table 10.14).

10.5.10 At Lady’s Brae where the proposed scheme is in a cutting, there is a greater 
probability of the groundwater level being in close proximity to the finished road 
profile.  In this location the filter drain design for each verge will be considered and 
may include an impermeable liner to minimise risk of pollution to groundwater. 

10.5.11 Filter drains will be designed in accordance with the DMRB, taking cognisance of 
guidance contained in the CIRIA design manual for SUDS (CIRIA 2000).

10.5.12 Catchpits consist of a small chamber incorporating a sediment collection sump, 
which the runoff flows through.  They are designed to trap sediments and other 
debris and retain a proportion of the suspended solids present in the runoff and 
settle out hydrocarbons and metals.  Catchpits will be located at regular spacing 
(approximately every 80m) along the filter drains and at the junctions of carrier 
drains.  Debris will require to be regularly removed from the catchpits to ensure 
effective operation.

Gully Pots

10.5.13 Gully pots function in a similar manner to catchpits and consist of an inlet grille at 
road level, a pot and an outlet pipe.  The pot extends below the level of the outlet 
pipe.  Gully pots will be used on side roads, where kerbed, at junctions and where 
drainage ties into the existing highway drainage system.

10.5.14 Gully and carrier drain systems have a reported removal efficiency of 10-30 per cent 
for the following pollutants: zinc, copper, iron, lead, suspended solids and 
hydrocarbons (Table 10.14). 

Swales

10.5.15 Swales are linear grassed drainage features in which surface water can be stored or 
conveyed.  They have significant pollutant removal potential (Table 10.14) and can 
also be used for run-off attenuation.  In order to provide additional treatment and 
attenuation to road run-off entering the Northern Drain, an approximately 150m long 
swale will be used to convey road run-off from Outfall A to its entry point to the 
Northern Drain.

Containment / Treatment Facilities

10.5.16 Due to the ecological importance of the Forth Estuary, measures to reduce the risk 
of hydrocarbons reaching the Estuary (as a result of run-off or oil or chemical 
spillage from vehicle collision or accident) will be installed as part of the drainage 
system.  A large proportion of hydrocarbons present in operational runoff are 
associated with sediment and therefore hydrocarbons will tend to accumulate in the 
filter drains, catchpits or gully pots.

10.5.17 On the northern side of the Estuary, a large surface area of the proposed road 
drains into the Canal Burn.  Treatment and flood attenuation ponds will be 
constructed at Outfalls H and I prior to discharge to the burn.  This will not only 
reduce the risk of flooding and the potential for backing up of the drainage system, 
but will also serve to reduce the concentration of pollutants entering the burn, as 
sedimentation lagoons are reported to remove 60-80 per cent of total zinc and 20-30 
per cent of dissolved copper from the road drainage (Table 10.14).  The storage 
volume required to treat the road drainage (the treatment volume) is calculated 
based on the guidance contained in the CIRIA design manual for SUDS.  The 
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approximate location and size of the ponds are shown on Figure 10.2.

10.5.18 Two sedimentation / flood storage ponds will be constructed on the southern side of 
the Estuary, prior to discharge to Tidal Ditch 1 and 2.  The ponds will be designed 
using the guidance in the SUDS manual in order to ensure the required settlement 
and treatment of pollutants prior to discharge into the estuary.  The pond at Tidal 
Ditch 2 will be constructed on the made ground between the existing and proposed 
bridge crossing and will treat the bridge deck discharge from Outfall F.  The pond at 
Tidal Ditch 1 will be constructed south of the road and will provide additional 
treatment to road drainage from Outfalls B,C,D and E.  Both ponds will be designed 
with tidal flap valves to prevent ingress of tidal water during high tides.  The storage 
volumes have been calculated to ensure that the road drainage system will not 
back-up during high tide combined with a 1 in 5 year rainfall event.  Additionally, 
these ponds will be designed to act as landscape and ecological mitigation 
measures (refer to Chapters 11 and 12).  The approximate location and size of the 
ponds are shown on Figure 10.2.

Other Measures

10.5.19 It would be preferable if herbicides were not used on highway embankments, cutting 
or verges as these substances, once in the Estuary system, can accumulate in 
sediments and bio-accumulate in a large range of organisms.  However, the 
organisation responsible for maintenance may consider this impractical in terms of 
adequate management of the highway verge vegetation.  If herbicides were to be 
used, the Contractor will be required to use those recommended by SEPA for use 
near watercourses and apply them in accordance with the manufacturer’s 
instructions.

10.5.20 At filter drain discharge points, scour protection measures such as revetments and 
bank protection will be installed, where required, to minimise erosion of the banks 
and bed of receiving watercourses.

10.5.21 Culverts will be designed to maintain ecological function, such as the provision of 
otter ledges where applicable and to allow safe passage of fish (refer to Chapter 11 
– Ecology). 

Flooding

10.5.22 Flood storage will be provided at Outfalls H and I prior to discharge to Canal Burn 
(see Paragraph 10.5.4, above).  The ponds will be designed to attenuate flows from 
road drainage to the equivalent of the 1 in 1 year green field run-off.  In addition, the 
outfall from each of the ponds will be designed with a flap valve to reduce the 
potential problem of backing up during high tide levels.  The storage volume will be 
based on the calculated treatment volume, taking into account the storage required 
to attenuate flows and store water when the tidal flap valves are closed.

10.5.23 Settlement / flood storage ponds on the southern side of the Estuary prior to road 
discharge to Tidal Ditches 1 and 2 will also serve to attenuate and store road run-off 
prior to entering the Estuary.  The volume and design of the ponds in the specimen 
design is based on the required treatment volume and the storage volume required 
for a 1 in 5 year rainfall event combined with a 1 in 200 year high tide.  Designing for 
such rare events would ensure that backing up of the drainage system is unlikely to 
occur under most conditions.  The size and location of the ponds are shown in 
Figure 10.2. 

10.5.24 It should be noted that such an extreme tidal event would currently inundate large 
sections of land to the south of the estuary.  The proposed design is based on the 
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assumption that flood protection of this land may be increased in the near future.
However, bunding to provide some degree of protection to the ponds during high 
tides may be required in the interim. 

10.5.25 Flooding due to backing up of water during high tides is known to be a problem in 
Northern Drain.  The majority of the road drainage from the existing M876 enters 
Northern Drain without attenuation. The proposed scheme has been designed such 
that the area of road draining into Northern Drain is reduced, thus it is likely that the 
new road will be an improvement to the existing situation.  In addition, the 
construction of a swale to convey and treat the road drainage from Outfall A to the 
Northern Drain will provide attenuation of the road run-off from the new scheme.

10.5.26 Tidal flap drains will be constructed at all drainage outfalls that are under tidal 
influence, to prevent ingress of tidal water during high spring tides and surge events. 

10.5.27 It is predicted that the proposed scheme will reduce the estuarine storage area by a 
maximum of approximately 3,900 m2, as an embanked section of the road crosses 
the functional floodplain on the southern side of the estuary (see Paragraph 
10.4.38).  Mitigation in the form of coastal realignment of the flood defenses at 
Kennet Pans on the northern side of the Estuary will increase the estuarine storage 
area by approximately 60,000 m2.  This will result in an overall increase in the 
functional floodplain of the estuary and will also provide mitigation for habitat loss 
(see Chapter 11 – Ecology).

10.5.28 The Contractor will also be required under the contract to ensure that the existing 
situation in terms of flooding is not exacerbated by the construction of the scheme.

Maintenance of Water Quantity

10.5.29 The proposed scheme has been designed such that no drainage is blocked to 
downstream features that have ecological value.  Appropriately sized culverts will be
constructed for drainage ditches and watercourses, which pass under the proposed 
scheme to ensure that net water flows are maintained.  Canal Burn, Northern Drain, 
Donalds Dam Outflow channel and a few land drains will be culverted under the new 
road.  The existing piped land drain under the A876 to the Pow Burn will be 
protected and possibly upgraded as part of the proposed scheme, although no 
additional water will be added to the land drain.

Summary

10.5.30 A summary of the mitigation measures and the level of mitigation associated with 
each measure are provided belowin Table 10.15.  The location and approximate 
size of the mitigation measures are shown in Figure 10.2. 

Table 10.15 Summary of Proposed Measures to Address Potential Impacts 
on Water Quality/Flooding/Water Quantity.

Type of Measure Description

Prevent Consideration of route location and road alignment. The Contractor will be required 
under the contract to ensure that the existing situation in terms of flooding is not 
exacerbated by the construction of the scheme. 

Reduce A Sustainable Urban Drainage System (SUDS) will be provided to filter out pollutants
and reduce the level of pollution from operational run-off entering watercourses and
the Forth Estuary.  Filter drains and catch-pits will be constructed along the terrestrial 
part of the proposed scheme.  In addition, a swale will be constructed to convey and 
treat the road drainage from Outfall A to the Northern Drain. 
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Type of Measure Description

Two storage / treatment ponds will be provided at Outfalls H and I prior to the
discharge of road drainage to Canal Burn.  This will reduce potential flooding and
backing-up problems and will provide a suitable level of treatment of the road drainage 
prior to discharge. 

Two storage / treatment ponds will also be constructed on the southern side of the 
Estuary, prior to discharge of the road drainage to Tidal Ditches 1 and 2.   The pond at 
Tidal Ditch 2 will be constructed on the made ground between the existing and
proposed bridge crossing and will treat the bridge deck discharge from Outfall F.  The 
pond at Tidal Ditch 1 will be constructed south of the road and will provide additional
treatment to road drainage from Outfalls B, C, D and E.  These ponds will also be 
designed to store road drainage to reduce potential backing-up problems during high
tides, when the tidal flap valves are closed.

It is recommended that if herbicides are used, those recommended by SEPA for use 
near watercourses should be applied in line with manufacturer’s instructions to reduce 
pollution of watercourses.

Provision of scour protection at the drainage discharge outfall to protect the banks and 
bed of the receiving ditch and to limit erosion. 

Net water flow to be maintained through the provision of appropriate size culverts (and 
balanced with potential increases due to run-off/ drainage discharge) at Canal Burn,
Northern Drain, Donald’s Dam Outflow Channel and several existing land drainage 
pipes.

Offset Additional estuarine storage area will be provided at Kennet Pans, as part of the 
coastal realignment of the existing defences, to offset the loss in the functional 
floodplain due to the proposed scheme. 

10.6 Residual Impacts

10.6.1 The application of SUDS to the design of the drainage system will reduce the 
concentrations of pollutants and suspended solids entering the watercourses and 
Forth Estuary, as outlined in Section 10.5.  The predicted residual impacts on water 
quality with the mitigation measures in place are given in Table 10.16 and the 
calculations are shown in Appendix 5E.

10.6.2 Table 10.16 shows that with the proposed mitigation measures, the predicted 
concentrations of dissolved copper and total zinc are substantially less than those 
without mitigation.  Copper and zinc are used as indicators of the level of impact as 
they are generally the main metallic pollutants associated with road drainage and 
can be toxic to aquatic life.  The road drainage with mitigation in place will cause a 
residual increase in the levels of dissolved copper and total zinc in Canal Burn, 
Northern Drain and the Tidal Ditches, which is assessed to be of low magnitude and 
slight significance (Table 10.16).  However, this assessment assumed that road 
drainage does not currently enter these watercourses and therefore the worst case 
scenario has been assessed.  As discussed previously, consultations with local 
authorities have led to the conclusion that currently the existing road drainage on 
the south bank discharges directly into watercourses with no treatment.  Therefore, 
the proposed treatment mitigation measures on the south bank of the Forth are 
likely to be an improvement on the existing situation 

10.6.3 Residual impacts with mitigation in place for the Forth Estuary are assessed as 
being of negligible magnitude and negligible significance.
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Table 10.16 Predicted Impact of Total Zinc and Dissolved Copper on the 
Receiving Watercourses and Forth Estuary With Mitigation 

Site Sensitivity Para-
meter
(µg/l)

EQS
(µg/l)

Upstream
Conc.
(µg/l)

Conc.
Without
Mitigation
(µg/l)

Conc.
With
Mitigation
(µg/l)

Residual
Increase
Due to 
Scheme
(µg/l)

Magnitude Significance

Canal
Burn

Medium Copper

Zinc

10

15

5

7.5

47

233

30

24

25

16.5

Low

Low

Slight

Slight

Northern
Drain

Medium Copper

Zinc

10

15

5

7.5

81

328

28

20

18

5

Low

Low

Slight

Slight

Tidal
Ditch 1 

Medium Copper

Zinc

10

15

5

7.5

157

651

94

50

89

42.5

Low

Low

Slight

Slight

Tidal
Ditch 2 

Medium Copper

Zinc

10

15

5

7.5

39

188

28

48

23

40.5

Low

Low

Slight

Slight

Forth
Estuary
Outfall G 

High Copper

Zinc

5

40

2.88

18.7

2.88

18.7

2.88

18.7

none

none

Negligible

Negligible

Negligible

Negligible

Forth
Estuary

High Copper

Zinc

5

40

2.88

18.7

2.889

18.74

2.886

18.70

0.006

none

Negligible

Negligible

Negligible

Negligible

10.6.4 The proposed mitigation measures described in Section 10.5 will also reduce the 
levels of other pollutants, such as suspended solids, zinc, hydrocarbons and lead, to 
suitable levels to be discharged into the environment.  The reduction efficiency of 
the proposed mitigation measures for a range of pollutants is given in Table 10.16.
The size of the ponds required to ensure a suitable level of treatment have been 
calculated using the design criteria given in the SUDS manual.  The approximate 
size and location of the ponds are shown in Figure 10.2.

10.6.5 The risk of accidental spillage impacting on watercourses and the Estuary is 
reduced by 65% compared to that calculated without spillage mitigation measures.
The residual risk of accidental spillage with mitigation measures in place are 
summarised in Table 10.17 and the calculations are shown in Appendix 5E.  With 
mitigation, the risk of accidental spillage is reduced to acceptable levels for all 
watercourses in the vicinity of the scheme.  It is therefore considered that there are 
no significant impacts resulting from the risk of accidental spillage. 

Table 10.17 Summary of Spillage Risk Assessment, With Mitigation

Category Feature Threshold of 
Acceptability

Spillage Risk 
(Without
Mitigation)

Spillage Risk 
(With
Mitigation)

Within
Acceptable
Limits?

Aquifers and 
sensitive
watercourses

Outfall G – Forth 
Estuary

1:100 1:221 1:328 Yes

All other 
watercourses

Canal Burn 

Tidal Ditch 1 

Tidal Ditch 2 

Northern Drain 

1:50 1:102

1:19

1:103

1:778

1:505

1:157

1:535

1:6353

Yes

Yes

Yes

Yes
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10.6.6 Flood attenuation ponds prior to the entry of road drainage to Canal Burn will 
attenuate the road drainage to the pre-scheme run-off levels.  The storage ponds at 
Outfalls H and I will be designed to prevent backing-up of water in the drainage 
system during high tides.  The residual impact of the scheme on flooding in the 
vicinity of Canal Burn is of negligible significance.

10.6.7 The residual impact on flooding in the Northern Drain catchment is of negligible
significance, as the area of new road draining to Northern Drain is reduced 
compared to existing road drainage from the A876.  In addition, the incorporation of 
filter drains and swales into the drainage design will attenuate the road run-off 
entering Northern Drain. 

10.6.8 Storage ponds constructed prior to the entry of drainage to Tidal Ditch 1 and 2 will 
eliminate backing-up problems in the road drainage system during high tides and 
thus there are anticipated to be no significant residual impacts.

10.6.9 Appropriately sized culverts will be constructed to ensure that the proposed scheme 
will not impede the downstream passage of water.  Culverts will be constructed 
where the proposed road passes over Canal Burn, Northern Drain, Donald’s Dam 
Outflow Channel and other existing land drainage will be piped under the road in 
appropriately sized pipes.  The culverts will be designed according to best practice 
and it is anticipated there will be no residual impacts on water quantity.

10.6.10 Mitigation in the form of coastal realignment of the flood defences at Kennet Pans 
on the northern side of the Estuary will result in an overall increase in the functional 
floodplain of the Estuary and will also mitigate for habitat loss.  Thus, there will be 
no residual impacts in terms of loss of the functional floodplain of the estuary.

10.7 References 

ATSDR (1997) ToxFAQs for Ethylene Glycol and Propylene Glycol, Agency for toxic
substances and disease registry website, www.atsdr.cdc.gov/tfacts96.html.

Balls, P.W., R.E. Owens and F.L.L. Muller (1997) Dissolved trace metals in the Clyde, Forth
and Tay Estuaries – a synopsis and comparison with other UK estuaries. Coastal Zone 
Topics. 3:46-56/ JNCC. 

Babtie Group (2001) Upper Forth Crossing: Modelling Study, Report to the Scottish Executive
Development Department. 

Babtie Group (2003) Feasibility and Implications of Managed Realignment at Skinflats –
Phase 2, Environmental Statement.

Babtie Group (2003) Upper Forth Crossing Kincardine, Routes A and D, Stage 2 Comparative 
Assessment.  A report carried out for the Scottish Executive Development Department 

Clarke, S and Elliott, A J, (1998) Modelling suspended sediment concentrations in the Firth of 
Forth.  Estuarine, Coastal and Shelf Science, 47, 235 – 250. 

CIRIA (2000) Sustainable urban drainage systems: design manual for Scotland and Northern
Ireland.  CIRIA C521 

DMRB (1998) Design Manual for Roads and Bridges: Water Quality and Drainage, Volume
11, Section 3, Part 10 

DMRB (2001) Design Manual for Roads and Bridges DMRB, Volume 4 Geotechnics and
Drainage, Section 2 Drainage, Part 1, HA 103/01, Vegetative Treatment Systems for Highway 
Runoff.

10-27

Up a level Home



Scottish Executive 
Upper Forth Crossing At Kincardine 
Environmental Statement 

Elliott, A J and Clarke, S (1998) Shallow water tides in the Firth of Forth. The Hydrographic
Journal, 87, 19-24. 

Fife Council (1998) Shoreline Management Plan of Fife, June 1998, Posford Duvivier 
Scotland Limited 

FEH CD-ROM (1999) Flood Estimation Handbook CD-ROM, CEH Institute of Hydrology, 
Wallingford.

GeoWise Limited and Coastal Research Group, Glasgow University (1999) Use of GIS to 
map land claim and identify potential areas for coastal managed realignment in the Forth 
Estuary

Graff, J (1981) An investigation of the frequency distribution of annual sea level maxima at 
ports around Britain, Estuary Coastal and Shelf Science, 12: 389-449. 

Griffiths, A.H. (1987) Water quality of the estuary and Firth of Forth, Scotland. Proceedings of
the Royal Society of Edinburgh, 93B, 303-314. 

Griffiths, A. (1997) An overview of the quality status of the Forth Estuary. Coastal Zone 
Topics.  3:20-27/ JNCC.

Hansom J D, Maslen J, Lees G, Tilbrook C and McManus J (2000) Sea level changes and
sustainable management of the coast: the potential for managed realignment in the Forth
Estuary, In J E Gordon (ed.) Earth Science and the Natural Heritage of Scotland.  HMSO. 

Hulme, M. et al (2002) Climate Change Scenarios for the United Kingdom: The UKCIP02 
Scientific Report. Tyndall Centre for Climate Change Research, School of Environmental 
Sciences, University of East Anglia, Norwich, UK. 120pp 

Institute of Hydrology (1994) Flood Estimation for Small Catchments, Marshall, D.C.W. and 
Bayliss, A.C. Report No. 124 

Institute of Hydrology (1987) Low Flow Estimation in Scotland, A. Gustard, D.C.W. Marshall 
and M.F. Sutcliffe, Report No. 101 

Lindsay, P, Balls, P W and West, J R (1996) Influence of tidal range and river discharge on 
suspended particulate matter fluxes in the Forth Estuary (Scotland). Estuarine, Coastal and 
Shelf Science, 42, 63-82 

Scottish Executive (2003) Scottish Planning Policy, SPP7: Planning and Flooding
Consultation Draft, Scottish Executive Development Department, Edinburgh. 

SEPA (1998) Trace Metals in the Forth, 1986-1996, Report TW 17/98, SEPA East Region,
Edinburgh.

SEPA (2000) Water quality in the Forth Estuary, 1980-1999, Report TW 07/00, SEPA East
Region, Edinburgh. 

Sir Fredrick Snow & Partners (2002) Bo’ness Foreshore flood defence study, A report for 
Falkirk Council. 

Webb, A J and Metcalfe A P (1987) Physical aspects, water movements and modelling 
studies of the Forth Estuary, Scotland, Proceedings of the Royal Society of Edinburgh, 93B, 
259-272.

10-28

Up a level Home


