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Montrose Wastewater Project 2000
‘Modern methods and traditional solutions’

David Ward and Duncan Robinson (Hyder Consulting Limited)

Background
Traditionally coastal and estuarine communities such as Montrose, and in particular where there was
considered to be significant natural dispersion available, have been able to discharge crude sewage
directly to the marine environment without the need to provide sewage treatment facilities.

The European Commission Directive for Urban Wastewater Treatment 91/271/EEC, which has been
transcribed into Scottish law by the Urban Wastewater Treatment (Scotland) Regulations 1994, requires
improvements to the quality of the wastewater which is discharged from the Montrose catchment.
Moreover, it is required that the wastewater from this catchment undergoes a secondary, biological,
treatment stage.

The discharges from the proposed treatment plant will be strictly monitored by the Scottish Environment
Protection Agency (SEPA) as will the impact on the designated bathing and recreational waters along the
Angus coastline which are affected by the discharge of final effluent from the works.

North of Scotland Water Authority (NoSWA) has the responsibility of providing the new treatment plant by
September 2001, as agreed with the Scottish Executive.  After considering progressing the project under
the governments Private Finance Initiative (PFI), NoSWA elected to build and operate the works
themselves.

In March 2000 a partnership was formed with NoSWA to bring about a satisfactory solution to Montrose’s
sewerage needs.  Hyder Consulting (HCL) were appointed under a number of separate roles, i.e. as
overall project manager, as sewage transfer system designer and as planning supervisor. Also in March
2000 the design and procurement of the wastewater treatment plant was awarded to Earth Tech
Engineering Limited (ETEL) and Torith Construction.

The partnership was underpinned by a shared ‘pain / gain’ incentive system which was administered by
independent cost consultants Faithful and Gould.

A Value Management (VM) workshop was held in April 2000 to identify and resolve strategic, project and
external issues and to develop options which would deliver best value to all concerned. The workshop
was attended by NoSWA’s senior management, project team and operations staff, SEPA, Angus Council
Planners, ETEL / Torith and HCL staff.

Existing Drainage Catchments
Montrose is currently drained by three catchments, known as the North West, South East and Ferryden
catchments, each of which drain into the River South Esk to the east of the Montrose Basin.

The North West catchment extends over an area of approximately 200 hectares and includes the
community of Hillside approximately 2 miles north west of Montrose. The catchment is served by a
predominately combined system and drains in a southerly direction to West End Park pumping station
where flow is comminuted prior to discharge to the north bank of the estuary close to the A92 road bridge.
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The South East catchment also covers an area
of approximately 200 hectares and drains to
Cobden Street pumping station where the flow is
screened by 6mm uni directional escalator
screens prior to discharge to the north bank of
the estuary close to the Glaxo Welcome
Pharmaceutical plant. Screenings from the
Cobden Street pumping station are collected
and disposed of in a controlled manner at a
designated site.

The Ferryden catchment is south of the River
South Esk and extends over an area of
approximately 50 hectares. It contains a mixture
of separate drainage systems and is served by
three short outfalls (Ferryden no.1, Ferryden
no.2 and Rossie island) which discharge
untreated sewage directly to the estuary along
its southern bank.

Proposed Wastewater
Treatment Plant
The location of the proposed plant was largely
determined by land availability, environmental
impact and planning requirements. NoSWA and
their technical advisors identified a likely suitable
site to the north of the town at Montrose airfield
when the scheme was considered under the
PFI.

Following a thorough review of all the potential
alternative sites it was agreed to site the
treatment plant at Montrose airfield.

ETEL were responsible for process selection
and chose the Sequencing Batch Reactor (SBR) process to provide the necessary effluent quality. It
was also considered that this particular process would be commensurate with NoSWA’s regional
sludge strategy, provide operational robustness and be able to accommodate the high biological
loads discharged by a number of the traders within the catchment.

Sewage Transfer System
With the proposed treatment plant now situated to the north of the town the proposed transfer system
needed  to intercept flows from each of the five existing River South Esk outfalls would have to convey
flows either by pumping or by gravity in a tunnel.

The pumped transfer system was found to be the most cost effective whole life solution and suitable rising
main routes were subsequently explored, as indicated in Figure 2.

Figure 1  - Plan of existing catchments
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SIMPOL proved to be a very effective tool in
determining which options should be selected
for further detailed analysis as can be seen from
Table 1. which illustrates the first 4options which
were considered.

From the above analysis two main transfer
contenders were assessed in detail namely:

Option 1 - Flow to Full Treatment  transfer
+ Storage (min 2 hours, max 3 spills)

Option 2 - Formula A transfer

As discussed earlier land availability was
scarce, particularly along the banks of the
estuary where the existing outfalls were to be
intercepted.

Ultimately due to the size of the storm tanks
required under Option 1, Option 2 (Formula A
transfer) was considered to be the only viable
solution.

SIMPOL was also used to good effect to
develop an understanding of how the system
would behave under normal operating
conditions and was instrumental, in conjunction
with the Mike 21 marine modelling software, of
assessing the impact on the bathing beaches

•  
•  
•  
•  

•  

Figure 3:  SIMPOL model

Figure 2:  Plan of proposed sewage transfer system
(indicative only).
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Marine Impact Assessment
Currently, all of the Montrose catchments discharge untreated effluent directly into the River South Esk
Estuary.  Historically, the designated bathing beach at Montrose has achieved compliance with the
Bathing Waters Directive Mandatory Standard in 6 of the last 12 years, and has achieved compliance with
the Guideline standard in 5 of the last 12 years.  Hence, the Value Management workshop undertaken in
early April 2000 identified that the most cost effective option for the disposal of fully treated effluent was
likely to be to return flows to the existing Cobden Street outfall for discharge into the River South Esk
Estuary.

Environmental Water Quality Standards
The Environmental Water Quality Standards to which the Montrose Wastewater Project 2000 was
designed to comply are listed in full below.  For brevity, this paper subsequently considers assessment of
compliance with the SEPA Initial Dilution Standards, and with demonstrating the scheme will achieve
compliance with the Guideline Standard identified within the EC Bathing Waters Directive.

Initial Dilution Standards (SEPA Policy No. 28)
SEPA expect new or modified sewage discharges with greater than 100 population equivalent to be
designed and constructed to provide:

•  minimum initial dilution of 100 times (95 %ile) for primary treated effluent

•  minimum initial dilution of 50 times (95 %ile) for secondary treated effluent

These expectations will be applied uniformly in coastal waters, but SEPA accepts that discharges made at
certain estuarine locations may not be able to achieve these minimum criteria.  Exceptions may also be

Table 1:  Future Option Analysis using SIMPOL
Storage Location

Ferryden No 1 TPS Ferryden No 2 TPS Rossie Island TPS West End Park T Cobden St TPS WwTW Storm Tank Total
Option 1 3 spills per outfall
FFT PS ! ! ! ! !
Formula A PS
Peak Flow PS
PS across river !
Pump rate (l/s) 0.7 2.5 43.4 106.1 154.0
Storage volume (m3) 28 370 80 2,050 3,250 - 5,778
Spill frequency (nr/bathing season) 2.90 3.00 2.90 3.00 3.00

Option 1a 3 spills aggregate (modelled as 1 spill from 3 outfalls)
FFT PS ! ! ! ! !
Formula A PS
Peak Flow PS
PS across river !
Pump rate (l/s) 0.7 2.5 43.4 106.1 154.0
Storage volume (m3) 110 1,220 175 3,550 5,450 - 10,505
Spill frequency (nr/bathing season) 0.00 0.00 1.00 1.00 1.00

Option 2 2 hour (Formula A - FFT) storm tank at WwTW
FFT PS
Formula A PS ! ! ! ! !
Peak Flow PS
PS across river !
Pump rate (l/s) 2.1 6.9 58.6 174.1 304.6
Storage volume (m3) 0 0 0 0 0 0 0
Spill frequency (nr/bathing season) 10.40 34.50 3.65 12.25 13.55

Option 2a 2 hour (Formula A - FFT) storm tank at WwTW
FFT PS
Formula A PS ! ! !
Peak Flow PS ! !
Other PS
PS across river !
Pump rate (l/s) 6.5 12.0 58.6 174.1 304.6
Storage volume (m3) 0 50 0 0 0 1,084 1,134
Spill frequency (nr/bathing season) 0.00 10.20 5.50 12.90 13.90

Option 3 3 spills per outfall
FFT PS ! ! ! !
Formula A PS
Peak Flow PS !
PS across river !
Pump rate (l/s) 38.0 2.5 43.4 106.1 154.0
Storage volume (m3) 0 400 80 2,050 3,250 - 5,780
Spill frequency (nr/bathing season) 0.00 3.00 2.90 3.00 3.00

Option 3a 3 spills aggregate (modelled as 1 spill from 3 outfalls)
FFT PS ! ! ! !
Formula A PS
Peak Flow PS !
PS across river !
Pump rate (l/s) 38.0 2.5 43.4 106.1 154.0
Storage volume (m3) 0 1,330 165 3,550 5,450 - 10,495
Spill frequency (nr/bathing season) 0.00 0.00 1.00 1.00 1.00

Option 4 3 spills per outfall
FFT PS ! ! !
Formula A PS
Peak Flow PS ! !
PS across river !
Pump rate (l/s) 38.0 43.4 112.0 106.1 154.0
Storage volume (m3) 0 350 0 2,150 3,250 - 5,750
Spill frequency (nr/bathing season) 0.00 3.00 0.00 3.00 3.00
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considered where the discharger can demonstrate to SEPA’s satisfaction that the costs associated with
complying with these standards are excessive in relation to the environmental benefit.

Microbiological Standards (SEPA Policy No. 27)

Mandatory Standard

The count of faecal coliform bacteria should not exceed 2000 / 100ml in 95% of 20 samples taken at
random during the bathing season.

Guideline Standard

The count of faecal coliform bacteria should not exceed 100 / 100ml in 80% of 20 samples taken at
random during the bathing season.

Pathogenic Standards
The count of pathogenic organisms should not exceed zero.  The SEPA policy in relation to pathogenic
organisms, as applies to this scheme, is that compliance with the standard is assumed if a discharge of
primary treated effluent would achieve compliance with the mandatory bathing waters standard for faecal
coliform bacteria.

Shellfish Harvesting Directive

The EC Shellfish Harvesting Directive lays down the health conditions for the production and placing on
the market of live bivalve molluscs.  Designated areas are classified on the basis of bacteriological criteria.

The SEPA policy in relation to the EC Shellfish Harvesting Directive, as applies to this scheme, is that no
deterioration in bacteriological water quality should occur within the identified shellfish area (Montrose
Basin) as a result of the proposed scheme.

Initial Dilution Assessment
The Initial Dilution performance of the Cobden Street outfall was initially assessed using Hyder’s in-house
initial dilution software.  This software uses the WRc, 1990 moving water initial dilution equations to
calculate minimum initial dilutions throughout the tidal cycle, and uses a ‘Monte Carlo’ analysis to estimate
95%ile compliance.

The initial dilution model was applied to a number of scenarios to enable an indication of future outfall
performance under a range of possible future outfall configurations.

Consolidated results for all of the initial dilution model simulations are presented in the Table 2 below.

Table 2:  Median, Mean and 95%ile Initial Dilutions for all simulations

Simulation Initial Dilution performance

Median Mean 95%ile

Normal Flow Cycle 4 8 0

Influent Flow 48 88 2

High Flow Cycle 43 5 0

2 Port Diffuser 9 17 1

Extended 19 31 5

Extended - 2 Port 50 62 7



WaPUG Autumn Meeting 2000 Paper 12

Page 6 of 11

From the results presented above, it is clear that retaining the Cobden Street outfall with no modification
will result in non compliance with the SEPA policy.  However it is also clear that, even if the outfall was
extended to mid channel, which would not be possible due to the impact that this would have on
navigation within the River South Esk Estuary, compliance with SEPA policy would not be significantly
improved.

Hence, to achieve compliance with SEPA policy requires either that a new long sea outfall be constructed
that will discharge the treated effluent into the North Sea, or that a more accurate means of predicting
initial dilution (CFD modelling) must be employed.

Initial Dilution – CFD Modelling
Hyder’s Computational Fluid Dynamics (CFD) modelling software was applied to give both a more
accurate prediction of initial dilution, and also to give an indication of the further mixing that would occur in
the vicinity of the outfall but after the plume had reached the surface.

The use of CFD provides a site-specific approach and is considerably more accurate than other, more
traditional methods.  The model represents the physical dispersion of the plume explicitly, as opposed to
the generic approach of, for example, the WRc equations, which are based on the observations of plume
dispersion in a significantly different environment to that of the Cobden Street outfall area.

Hydraulic analyses of outfall and diffuser arrangements is routinely undertaken by Hyder, often using
CFD, as part of the detailed design of the outfall system.  The Montrose scheme, however, is the first
application of CFD in an environmental design context, providing a highly accurate prediction of the
environmental performance of the outfall and enabling significant cost savings to be identified in the
environmental planning phase of a project.

Representative results of the CFD simulations are shown in Figure 4, and summary data from each of the
CFD simulations undertaken is presented in Table 3.

In the table, the term Initial Dilution refers to the amount of mixing of the effluent between discharge and
water surface, while the term Mid Field Dilution refers to any subsequent mixing that may occur.

Table 3:  Summary Results of the CFD Simulations

Scenario Initial Dilution Mid Field Dilution

WRc equations CFD model 20m from Outfall 40m from Outfall

1 27 97.5 91* 97.5

2 1 2 57 66 (at 30m)

3 8 89 90 93

4 54 - 92* 97*

* Represents measurements taken before plume reaches water surface

In general, the results show that the WRc equations do return overly conservative predictions of the initial
dilution performance of the Cobden Street outfall.

Option for Long Sea Outfall

A further option for the disposal of treated effluent from the new WwTP is the construction of a new long
sea outfall direct into the marine environment.  This option was assessed, with the results that the likely
value for the construction of a marine outfall was in the range £2.8m to £5.5m, with an 80% probability of
approximately £4.2m.

Were this option to be considered, however, this estimate of £4.2m would require to be modified to take
account of both the extra costs associated with transferring treated effluent flows from the WwTP to the
headworks at the beach, and also the reduction in costs associated with there no longer being a
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requirement to return treated effluent from the WwTP to Cobden Street.  These costs have been
estimated as £292,000 and £1.1m respectively, resulting in a total additional cost estimate for a long sea
outfall of £3.4m.

Initial Dilution Assessment – Conclusions

•  WRc 1990 equations indicate that the Cobden Street outfall is not, and could not reasonably be
modified to be, compliant with SEPA policy

•  CFD model demonstrates that the WRc equations are overly conservative.

•  The cost of the provision of a long sea outfall for the discharge of treated effluent form the WwTP has
been estimated to be an additional £3.4m

•  The costs associated with constructing this outfall are considered to be excessive in relation to the
environmental benefit; hence it was recommended that the treated effluent is discharged through the
existing Cobden Street outfall.  This recommendation was deemed acceptable by SEPA.

Treated Effluent Discharge Assessment
To assess the environmental impact resulting from the discharge of treated effluent from the Cobden
Street outfall, and of storm flows from the CSOs that are to be retained and that discharge into the River
South Esk Estuary, an existing Mike 21 nested model of the Montrose region was applied.

Preliminary applications of the Mike 21 model demonstrated that a continuous discharge of FFT from the
Cobden Street outfall would cause significant and widespread failure of the water quality standards at the

Figure 4:  Representative CFD Model output



WaPUG Autumn Meeting 2000 Paper 12

Page 8 of 11

designated bathing beach.  This result, however, is contrary to the historical evidence which clearly
demonstrates that bacterial water quality on the bathing beach has complied with the Guideline Bathing
Water standard in 5 of the last 12 years.  Hence, to consider a continuous discharge of fully treated
effluent would be unrepresentative of future scheme performance.

To estimate the likely daily variation of flows into the new WwTP throughout the course of a year, an
average rainfall year for the Montrose catchment has been identified from Stormpac data.

The average rainfall data was then applied to the SIMPOL model of the Montrose catchment to calculate
the volume of flow influent to the WwTP as a result of each of the rainfall events identified in the average
rainfall year.

From this, the number of days within the average rainfall year in which the total discharge flow was
equivalent to the catchment’s DWF (approximately 2,500 m3/day) was estimated, together with an
estimate of the number of days in which the total discharge flow was between equivalent DWF and 3,000
m3, the number of days in which the total discharge flow was between 3,000 and 4,000 m3, and so on up
to 7,000 m3 (the maximum daily discharge flow).

The Mike 21 model was then applied to assess the environmental impact arising as a consequence of
each of these flow events.

Treated Effluent Discharge – Conclusions

•  The Montrose Wastewater Project 2000 will not result in a deterioration of bacterial water quality in
Montrose Basin.

•  Guideline Bathing Water standard of 100 E-coli / 100ml is predicted to be exceeded for high flow
events on both spring and neap tides,

Storm Water Discharge Assessment
To assess the impact of the discharge of storm spills on bathing water compliance, a calibrated
Hydroworks model of the Montrose catchment was developed and applied.  The model predicted the
resulting volumes of storm spills from CSOs for each of the rainfall events recorded in a 20 year dataset.

Output from the Hydroworks model, describing the operation of each of the five CSOs and the discharge
of storm flows returned to Cobden Street from the WwTP for selected storm events, was then combined
with the 7000 m3 per day discharge event (identified above) and incorporated into the Mike 21 model.  The
results of the Mike 21 simulations, indicating bacterial concentrations and the time of non compliance with
the guideline standard at the bathing beach, are presented in Table 4.

Table 4:  Results of selected Storm Events
Spring Tide Neap Tide

Storm
Event

Monitoring Point
(E-coli / 100ml)

Non
Compliance

Monitoring Point
 (E-coli / 100ml)

Non
Complianc

e
Max Mean hrs Max Mean hrs

1 3314 868 18.8 4302 71 17.7
25 974 187 9.4 2364 59 14.7
50 645 138 8.7 1802 54 13.6
75 438 100 8.5 991 47 11.8
100 456 86 7.3 1442 49 12.3
150 456 55 4.5 820 150 10.4
200 190 46 3.1 482 100 9.2
250 163 45 3.2 271 69 7.6

Storm Water Discharge - Conclusions
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•  In all of the model application runs undertaken, exceedence of the Guideline value of 100 E-coli /
100ml was predicted to occur

Bathing Waters Compliance Assessment
The Guideline Bathing Water Quality standard requires that the count of E-coli should not exceed 100 /
100ml in 80% of 20 samples taken at random during the bathing season (equivalent to 89.7% compliance
with continuous monitoring).

In Scotland, the duration of the bathing season is officially defined as from the 1st June to mid September,
a total of 106 days.  For design purposes, however, SEPA advise that the bathing season should be
considered to extend from mid May to mid September, a period of 120 days.

Applying the Guideline standard continuous monitoring compliance target of 89.7% to the 120 day bathing
season therefore results in a requirement that the 100 E-coli / 100ml bacterial concentration is not
exceeded for 2583.36 hours out of a total of 2880 hours.  In other words, the total amount of time in which
the bacterial concentration can exceed 100 E-coli / 100ml on the bathing beach without compromising
compliance with the Guideline Bathing Water Quality standard is 296.64 hours.

To demonstrate that the Montrose Wastewater Scheme 2000 project will achieve compliance with the
Bathing Water Quality standard at Montrose beach therefore requires an assessment of the total amount
of time that the bacterial concentration on the bathing beach can exceed the Guideline value of 100 E-coli
/ 100ml.

Treated Effluent Compliance Assessment

Analysis of the treated effluent model application results enabled an estimate of the total number of hours
during a bathing season in which it is predicted that bacteriological concentrations would exceed the
Guideline Bathing Water standard of 100 E-coli / 100ml to be derived.  These results are given in Table 5.

Table 5:  Total number of hours during bathing season of predicted non compliance

Event % chance of day
being at or below

Flow value

% non compliance Number of hours of non
compliance in bathing season

(total of 2880 hours)

Spring Tide Neap
Tide

Spring Tide Neap Tide

DWF 59 0.0 0.0 0.0 0.0

3000 m3 14 0.0 0.0 0.0 0.0

4000 m3 9 0.0 3.9 0.0 10.1

5000 m3 6 1.3 11.1 2.2 19.2

6000 m3 3 3.7 19.9 3.2 17.2

7000 m3 9 5.4 21.0 14.0 54.4

Total 100 19.4 hrs 100.9 hrs

Storm Water Compliance Assessment
The duration of non compliance with the guideline standard at the bathing beach as a result of each of the
storm water effluent applications runs was estimated from the Mike 21 model results.  The results were
then plotted; as shown in Figure 5.  This Figure shows the number of hours in which bacteriological
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concentrations are predicted to exceed 100 E-coli / 100ml in response to each of the storm events
assessed.  On the Figure, a logarithmic trend line has been fitted to the data, such that number of hours of
non compliance resulting from storms events other than those explicitly modelled could be estimated.

The logarithmic trend lines as described above were then used to estimate the number of hours of non
compliance for each of the 250 significant storms in the 20 year dataset.  The results of this analysis are
presented in Table 7.

Table 7:  Estimated total number of hours per year of non compliance with Guideline Standard

Number of
Modelled
Events

Number of
Storm Events

Estimated

Total non
compliance (hours /

20 years)

Total non compliance
(hours / years)

Neap Tide 8 250 2805.8 140.3

Spring Tide 8 250 1599.7 80.0

Compliance Assessment - Conclusions

•  The total amount of time in which the bacterial concentration can exceed 100 E-coli / 100ml on the
bathing beach without compromising compliance with the Guideline Bathing Water Quality standard is
296.64 hours.

•  Exceedence of the guideline value during the bathing season for the treated effluent discharge has
been estimated to be a total of 60.15 hours.

•  Exceedence of the guideline value during the bathing season for the storm water effluent discharge
has been estimated to be a total of 110.15 hours.

•  The conclusions of the Bathing Waters Compliance assessment are therefore that the Montrose
Wastewater Project 2000 will result in achievement of Guideline Bathing Water Standard throughout
the designated Montrose bathing beach.
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Figure 5:  Duration of non-compliance
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Summary

VM Workshop
The VM workshop, under the guidance of a trained practitioner, used a series of structured and
measurable techniques and was able to quantify and address the whole of the Montrose wastewater
problem. All project stakeholders attended the workshop and were able to shape the final solution.

SIMPOL modelling
SIMPOL proved to be extremely useful in permitting a rapid assessment of the numerous transfer options
and storage volumes to meet the 3 spills criteria.

An adaptation of SIMPOL was used to assesses normal operational conditions and annual CSO
performance.

Initial Dilution Compliance
Application of the Hyder in-house initial dilution model, utilising the WRc 1990 equations, indicates that the
Cobden Street outfall is not, and could not reasonably be modified to be, compliant with SEPA policy.

Application of Hyder’s CFD model demonstrates that the WRc equations are overly conservative, and that
the total dilution afforded to the effluent within 20m of the outfall would in all cases assessed be above
50:1, with the majority of cases above 90:1.

To preclude the requirement for a new long sea outfall, where the estimated additional cost of £3.4m is
considered to be excessive in relation to the environmental benefit, SEPA accepted that the treated
effluent was to be discharged through the existing Cobden Street outfall.

Bathing Waters Compliance
The conclusions of the Bathing Waters Compliance assessment are that the Montrose Wastewater
Project 2000 will result in achievement of Guideline Bathing Water Standard throughout the designated
Montrose bathing beach.

Discussion
There were no questions on this paper
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