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1.0 Introduction

The decommissioning of the Dounreay site is to be undertaken over a period of
approximately 30 years. A direct consequence of the decommissioning process will be
the requirement to manage the solid low level radioactive waste (LLW).

The April 2004 Best Practicable Environmental Option (BPEO) study concluded that the
BPEO for managing the anticipated 175,000 m³ of packaged Dounreay LLW and HVLA
waste arising from site restoration, is disposal in shallow sub-surface facilities to be
constructed on UKAEA owned land at Dounreay, south-east of the existing licensed site.

The New Low Level Waste (LLW) Facilities will consist of reinforced concrete vault
structures located below ground. The construction and operation of the facilities is
programmed to be from 2011 to 2026, which will include excavation, construction of
concrete vaults and operation of the facilities over the 20 year decommissioning period.

As part of the waste disposal process consideration must be given to the safe and
efficient management of surface and ground water within and around the facilities to
protect the surrounding environment.

It is proposed to utilise published design guidance to develop a Sustainable Urban
Drainage System (SUDS) to achieve acceptable levels of treatment to prevent potential
contamination.

This report considers only non-active (i.e. non-radiological) water and wastewater
treatment.

This report outlines the proposals for collection and conveyance of water to a SUDS
treatment scheme for the management and treatment of non-active surface and
groundwater related to the construction and operation of the proposed Dounreay LLW
waste facilities. The report does not address the decommissioning of the drainage at
closure however this is expected to be a routine task.
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2.0 Conceptual Design

The facilities are designed such that during operation, water will be excluded from the
vaults through the use of two integrated drainage systems. An upper system
intercepting surface water, shallow ground water and vault roof runoff will be constructed
with the formation of berms in the excavation to direct water under gravity to the water
treatment area. A second, lower drainage system will collect deeper groundwater and
runoff from the access ramps and aprons with the construction of a sump in the entrance
apron. A pump system will be employed to lift this water to the berm level where it will
be discharged into the upper system for subsequent discharge in the water treatment
area (discussed in the following sections).

The main structures forming the new LLW Facilities are:-

• Sub-surface concrete vaults
• Access road and car park
• Grouting plant
• Administration building
• Lower collection and delivery system
• Pump control building
• Water treatment area

The drainage is required to manage water and wastewater from a variety of sources
within the site. These are:

• Construction dewatering
• Groundwater from around the base of the facilities
• Access road surface run-off
• Hardstanding and parking surface run-off
• Wastewater from admin building and grouting plant welfare facilities
• Grouting Plant wash-out water
• Surface runoff from the excavated material storage areas

The sources of water and wastewater, and their proposed route to treatment are
summarised on the attached schematic (refer to Appendix A).

The proposed treatment area shall utilise SUDS treatment systems appropriate for the
pollutant risks anticipated.

The opportunity also exists to incorporate the proposals to form a wetland habitat,
providing an environmental improvement.

It is also recognised that, wherever possible, naturally occurring or locally sourced
materials should be utilised.

2.1 Key Issues

The concept behind the design of the drainage facilities at the LLW Facilities site is to
provide a sustainable long-term solution that will not only safely and effectively manage
run-off within the site but also enhance the state of the surrounding environment. The
facilities must also complement any risk mitigation issues related to the below ground
LLW vaults such as prevention of flooding.

It is recognised that the proposed works may present the following water contamination
risks:

• Construction and operational activities e.g. Sediments, oils, fuels
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• Accidental spillage such as oil or fuel, during facilities operation
• Foul effluent drainage from the welfare facilities within the admin building
• Grouting Plant wash-out water
• Reliability of lower pumped system

All of the above will affect the flora and fauna in the surrounding area. For more details
on these sources of impact, their potential effects and potential mitigation please refer to
Appendix B.

The proposed SUDS treatment area will be a more sustainable alternative for this site
compared to more traditional drainage methods for the following reasons:

• The quality of the water on site will be enhanced.
• It will provide a more environmentally friendly solution as it will blend in with the

surrounding environment.
• The treatment areas and wetland will provide a habitat for wildlife.

The following sections of this report review the risks and mitigations proposed for each
contributing element of the facilities.
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3.0 Construction Phase

Construction will be in several phases with each phase expected to take up to 3 years to
build and will include the provision of access roads, services, fencing and associated
drainage.

The main elements of construction will be the excavation (predominantly rock), the
casting of concrete and erection of steelwork to form the LLW vaults.

3.1 Water Pollution from Construction

It is recognised that surface water could be contaminated on site by the activities carried
out and the materials used during the construction phase.

Possible surface water pollutants include suspended solids, cement and oil, all arising
from construction. Additionally, surface water pollutants include suspended solids, could
also arise from the excavated material storage areas. Appendix B provides further
information on the issues surrounding pollution of surface water during construction.

It is crucial that a strategy is put into place to control and treat water pollution resulting
from construction activities.

It is proposed that all ground and surface water affected by and redirected during the
construction phase at the LLW facilities site will be collected and conveyed to settlement
lagoons, where the still conditions will allow settling out of suspended solids. They
perform this function by:

• Providing the longest path possible for flow thus increasing the time available
for settlement to occur. The low velocity flow conditions in the lagoons permit
settling out of solids by means of gravity.

• Filtration by forced flow through filtration media.

Flow will then pass to the main drainage swale for further treatment by filtration (refer to
Section 9.0).

3.2 Sizing of the Settlement Lagoons

Initial sizing of the settlement lagoons was based on the following:-

According to CIRIA C532, the storage volume required for a lagoon depends on
retention time and the design rainfall for that particular site. For a given return period,
the volume of run-off (V) to the treatment system is given by:

V = Q.D (m3)

Where inflow rate, Q = i.Ad.Pr (m3/hour)

Definitions:

i = rainfall intensity (m/h)
D = rainfall duration (h)
Ad = drained area (m2)
Pr = permeability allowance

Upon using the above stated formula, the volume of lagoon required by the site was
calculated to be in the order of 189m3 for each stage of the phased construction
(Supporting calculations are contained in Appendix C).
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The settlement lagoons were not resized for the refined layout (March 08) as the areas to
be managed were less than before. The solution will be refined at detailed design stage.

3.3 Maintenance

It is advised that periodic assessment of the performance of the settlement lagoons is
made, including monitoring of the volume of deposited solids. Maintenance of the
lagoons will be either by replacement of the filter media, or addition of further filter layers
as required. This material should be handled as a waste material.
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4.0 Ground Water From Within Facilities Boundary

During the operational phase there will be ground water seepage from the sides and
base of the open excavations.

The upper system includes shallow ground which will be directed under gravity to the
water treatment area. A second, lower drainage system will collect deeper groundwater
from where a pump system will be employed to lift this water to the berm level where it
will be discharged into the upper system for subsequent discharge in the water treatment
area.

It is proposed that drainage will typically be shallow ditches to minimise disruption to the
existing soil and diamict layers across the site.

4.1 Determination of Flow

Groundwater flow calculations were carried out using seepage formula, as reported in
Appendix D.

The calculations have differentiated between the HVLA and LLW vaults since these are
sited in different excavations. The calculations also distinguished between the shallow
(upper) system and the excavation (lower) system. No distinction was made between
the flows to be managed at the construction and operational stages. The report
indicates that if low hydraulic conductivity values are adopted existing groundwater flow
into the proposed facilities site is most likely to be around 1.3x10-3m3/s and 2.66x10-
3m3/s for the HVLA vault for and LLW vault excavations respectively for both routine and
extreme rainfall scenarios. When high conductivity values are adopted groundwater flow
into the excavations of 5.7x10-3m3/s and 1.7x10-2 m3/s result for the HVLA and LLW
vaults respectively. These values are based on bulk permeability of the ground and
recognises the variation in the higher flow upper zone and lower flow deeper zone. The
dewatering rate will need to be higher than the existing groundwater flow as lateral flows
are also captured by the excavations. As with the earlier layout the excavations will take
place in three phases and the rate of groundwater required to be drained for each phase
is estimated to be proportional to that for all vaults described above with the peak value
being less than the maximum scenario of 2.49 x 10-2 m3/s calculated for the original
solution.

Treatment of the groundwater, to remove suspended solids, will be by drainage swale.
The design, operation and maintenance of the swale are outlined in Section 9.0.
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5.0 Surface Water From Within Facilities Boundary

The main contribution of flows to the treatment area will be from surface run-off from the
vault roofs and the surfaces within the facility excavation. The vault structures will be
roofed during the operational phase of the facilities, and run-off from the roofs will be
directed into the upper drainage system from where it will flow under gravity towards the
treatment area via open channels.

Run-off will also be present from the areas between each of the vaults and the areas
beyond the roofs, but within the perimeter of the open excavation. This will be collected
in the lower drainage system. There will be no water run-off from the interior of the vault
structures. Run off from the access ramps and vault aprons will also flow under gravity
to the collection sump in the lower drainage system.

The treatment proposed is by using the drainage swale to provide filtration of suspended
solids (see Section 9.0).

5.1 Determination of Flow

The flow from within the perimeter of the Facility is calculated as set out in Appendix D.

5.2 Surface Water outwith Facility Boundary

Any surface water outwith the perimeter of the facility will be directed from the area by
the construction of perimeter ditches in the original ground upgradient of the vault
excavations. However the upper drainage system includes provision for surface runoff
from this whole area recognising that the maintenance of these ditches may not be
adequate since they lie outwith the security fence. This is described as sheet flow within
Appendix D. The perimeter ditches will converge with the surrounding natural drainage.
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6.0 Hard-standing and Access Road Run-off

Another significant contribution of flows will be generated by the impermeable surface
forming the access road, car park and hardstandings.

There exists a risk of contamination from oil and other fuel spillages associated with
vehicular areas.

It is the intention, therefore, to collect and transfer run-off from these areas to a below-
ground petrol interceptor tank. Flows will then pass to the drainage swale for further
treatment via buried pipelines (see Section 9.0).

6.1 Determination of Flow

The Rational Method was used to estimate run-off from areas of hard-standing at the
Dounreay site. Details of this methodology are given in Appendix E. This is not revised
from the original solution as the areas to be managed are less than previously due to the
layout being revised. This will be reviewed at detailed design.

6.2 Selection of the Petrol Interceptor

The choice of tank for the petrol interceptor depends on the area that will be treated. In
the case of the LLW site, it is the area of the access road and the car park to the admin
building and hard-standing areas around the grouting plant that will be included, with
particular consideration given to the car park where oil leaks from parked vehicles may
occur.

Recommended sizes of petrol interceptors according to drainage area are supplied in
manufacturers’ catalogues, allowing quick and easy selection. It is anticipated that an
interceptor of 4m3 will be required.
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7.0 Wastewater

The administration building proposed to accompany the grouting plant will house a
maximum of 12 personnel.

Foul drainage from the welfare facilities will receive primary treatment by septic tank,
which combines biological digestion with a settlement process, followed by secondary
treatment by reed bed systems. The septic tank and pipework taking flow to the reed
beds will be buried below ground level.

7.1 Sizing of the Septic Tank

The septic tank was sized using guidelines in CIRIA Technical note 146, where the
required capacity of a septic tank is derived from:

C = 180P+2000
Definitions:

C = capacity of the tank (L) with a minimum value of 2720L
P = design population with a minimum value of 4

Thus the required tank capacity = 4160 litres (see Appendix F for calculations).

It has been proposed to locate the septic tank close to the admin building so that influent
has minimum distance to travel and therefore minimising the risk of blockages.

7.2 Reed Beds

Prior to discharge to the drainage swale, the wastewater flows shall pass through a
secondary treatment facility utilising reed beds.

Reed beds are widely used as a natural alternative to treating wastewater. They are
essentially a constructed shallow wetland populated with reeds that allows the biological
treatment and the removal of contaminants dissolved in waste water. They can be an
attractive feature, which blend in well with the natural environment and over time, provide
a habitat for many species of local wildlife.

It is proposed to utilise 2 forms of reed bed constructed in series:-

• Vertical flow system
• Horizontal flow system

GBG42 states that, typically, undiluted septic tank effluent could be expected to have a
BOD5 value in the range of 150-400 mg/l. For the Dounreay site, a 60% reduction in
BOD is expected at the vertical flow system treatment stage and a further 80% reduction
at the horizontal flow system stage.

A summary of the expected performance characteristics through the foul effluent
treatment system are shown on the schematic diagram in Appendix I.

It is understood that SEPA will require discharge consent standards to be set on the foul
treatment system. A chamber shall be provided downstream of the horizontal flow reed
bed to facilitate sampling of the treated effluent, prior to flows entering the drainage
swale.



UKAEA
Dounreay Low Level Waste Facilities
Non-Active Drainage & Water Treatment

7.2.1 Vertical Flow System

The Vertical flow system will consist of layers of free draining sand and gravel allowing
the wastewater to pass down through, as indicated below:

Schematic section through vertical flow reed bed (GBG42)

7.2.1.1 Sizing of the Vertical Flow System

The vertical flow reed bed was sized using methodology in the Good Building Guide
GBG 42 Part 2, published by CRC Ltd.

Therefore using the following relationship, the reed bed was sized:

A = 3.5P0.35+ 0.6P

Definitions:

A = total first stage area (m²)
P = population equivalent (number of people served)

The GBG also gives the following table for bed areas of a first stage vertical flow bed for
between 4 and 100 people:

PE 4 6 10 20 100
Bed Area
(m)

8.1 10.2 13.8 22.0 77.5

Area (m/PE) 2.0 1.7 1.4 1.1 0.8
PE = population equivalent

The area of reed bed required for 12 people was calculated to be 15.6 m2 (please refer
to Appendix G for detailed calculation). This appears to concur with the range of values
above.

Reeds

Settled

wastewater

Treated
wastewater

10mm gravel,
150 mm deep

Approx. 40 mm
dia.stone

Sand 100-500 mm

deep
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7.2.2 Horizontal Flow System

To further improve the effluent quality, a horizontal reed bed is proposed to complement
the vertical system. This will allow the particular benefits of both systems to be utilised.

The reed bed structures will be formed using concrete containment structures with a
Caithness dry-stone wall facing that will complement the surrounding environment.

7.2.2.1 Sizing of the Horizontal Flow System

Annex 6 of “Reed Beds for the Treatment of Domestic Water” published by CRC Ltd
gives the following equation for the area of bed required for a horizontal flow system:

Ab = (Qd (lnC0 - lnCt)/KBOD

Definitions:

Ab = surface area of bed (m2)
Qd = average daily flow of wastewater (m3/day)
Co = daily average of BOD of influent (mg/l)
Ct = required daily average BOD of effluent (mg/l)
KBOD = Rate constant (m/day)

An average daily flow of 0.18 m3/per head/per day was assumed using guidance in BS
6297 on daily water usage.

For systems in the UK, KBOD ranges from 0.06 – 0.1. A value of 0.1 was used. Please
refer to Appendix H for calculations on the sizing of the horizontal reed bed.

The calculations indicate the requirement for a horizontal flow reed bed of at least
2.90m².
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8.0 Grouting Plant Wash-out Water

Following the process of grouting the LLW storage containers, the process pipework
supplying the grout will require to be washed out. This is will be done by flushing
through approximately 2m³ of wash-out water. This procedure will only occur following
the grouting of a number of LLW containers (batch grouting) and will therefore not occur
on a daily basis.

It is anticipated that the wash-out water will be slightly alkaline, and have reasonably
high suspended solids content. It is therefore proposed that the washout-out water
drains, via buried pipework, to the settlement lagoons for initial settlement and filtration
prior to discharge to the drainage swale for further filtration.

It should be noted that the wash-out water will be non-active. It should also be noted
that any grout spillages resulting from handling LLW during the grouting process within
the grouting plant will be contained in order to prevent it from entering the drainage
system.
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9.0 Treatment Area

9.1 Swale Design

The main treatment area consisting of a drainage swale leading to a wetland area,
receives all of the flows outlined previously in this report. Please refer to the drawings
contained in Appendix J showing plan and section views of the proposed treatment area.

The swale will consist of a wide, grass covered shallow drainage channel that will permit
settlement and filtration of suspended solids that may be present in the collected surface,
ground and wastewater. It is proposed to construct the swale at or above the existing
ground level to prevent free-draining of the surrounding natural wetland.

Flows entering the swale will be controlled by an inlet channel, forming a long weir to
spread flows evenly over the entire width of the swale.

9.1.1 Sizing of the Swale

The procedure used for designing filter strips has been applied to the design of the swale
using standard hydraulic principles and Manning’s equation:

Q = {a.R2/3.S1/2}/n
Definitions:

a = cross sectional area of flow (m2)
R = hydraulic radius (= a/wetted perimeter)
S = ground slope in the direction of flow (m/m)
n = Manning’s roughness coefficient

Manning’s n will vary according to the flow parameter and length of grass in the swale
(Figure 6.40 CIRIA C532).

The main design criteria for the optimum performance of a swale are as follows:

• Depth of flow < 0.1 m
• Velocity < 0.3 m/s
• Longitudinal gradient < 0.05 (1 in 20)

Finding suitable dimensions for a particular swale is an iterative process, where the
cross sectional area, Manning’s n or the longitudinal gradient may be varied until all the
above criteria is met. Please refer to Appendix K for an example calculation.

Appendix K also contains a summary of the swale sizing analysis calculations. This
indicates that a 20 m wide swale at a gradient of 1 in 50, allowing a maximum flow depth
of 0.1m will have sufficient capacity for a 1 in 500 year peak storm flow for each phase,
or 1 in 5 year peak storm flow for the entire Facility area (all 3 phases).



UKAEA
Dounreay Low Level Waste Facilities
Non-Active Drainage & Water Treatment

Once flows pass over the swale, the lower section of the treatment area shall be
landscaped to form a wetland habitat. This will consist mainly of a shallow pond with
outlying plateaus. A gabion basket headwall, faced as a Caithness dry-stone wall, will
be used to control and limit water depth to a maximum of 0.3 m.

For adverse storm flows, an overflow weir will be incorporated into the headwall allowing
free discharge of storm water, following a period of retention within the treatment area.
The corresponding depths of water and flow velocity for various adverse storm flows are
contained in Appendix K.

All flows exiting the treatment area will pass beyond the headwall via a non-erosive rock
mattress and will ultimately cascade over the adjacent cliff face.

9.2 Swale Maintenance

The swale has been designed to be simple to maintain and easily accessed.

It is recommended in CIRIA C521 that swales be inspected twice a year for signs of
erosion damage, silt deposits, excessive water logging and poor vegetation growth.

Mowing the grass within the swale to keep it at its desired height (50-150mm) is another
maintenance requirement. The frequency of mowing required will depend on the species
of grass used but is likely to be at least twice a year.

In order to ensure a good, consistent grass cover at the base of the swale and effective
infiltration, any excess deposits of silt should be removed and the swale base scarified to
promote grass development.

The swale should be maintained in this way over the entire 30 year period of facilities
operation.

9.3 Closure

At the end of the 20-year operational period, action will need to be taken to close down
certain aspects of the drainage system which will no longer be required, whilst
minimising any disturbance caused to any wildlife that will have been established in the
area over a period of time as a result of the SUDS treatment and wetland area.

Filter media from the settlement lagoons will be classed as contaminated material and
will require to be disposed of whilst some features such as the reed beds may remain.

Adjacent surface water drainage ditches may be incorporated to provide continued flows
to the wetland area.
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10 Conclusion

The SUDS drainage system described in this report is being provided to manage and
treat a combination of construction, process and domestic wastewater in addition to
ground and surface water associated with the LLW facilities.

The drainage proposals specified will provide an efficient and multi-purpose sustainable
treatment of water at the site that will also provide a habitat for many species of local
wildlife. In addition to this, local and naturally occurring materials will be used wherever
possible in construction in order to remain sympathetic to the environment.



Appendix A
Schematic Showing Drainage Elements





Appendix B
Summary of Potential Non-active Pollutants
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Appendix C
Sizing of the Settlement Lagoons



Appendix C: Calculating the Storage Volumes of the Lagoons

To determine the volume of run-off (V) to the treatment lagoon for a given return period, use:

V = Q × D (m3)
∴V = 1260 × 0.15

= 189 m3

Where

Inflow rate = 0.350 × 60 × 60
= 1260 m3/h (based on 1 in 10 year peak storm flow rate)

Duration = 0.15h

It should be noted that these figures are based on preliminary surface water run-off
calculations and are subject to adjustment following the development of detailed design and
construction proposals.
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1 Introduction 

The most recent design and layout for the new LLW facilities (Jacobs, 2008) includes 

two separate drainage systems for the vaults.  The design assumes that the upper 

(shallow) high capacity drainage system intercepts water from the near-surface 

weathered layer.  This system also takes the roof water.  It is a gravity system that does 

not include any pumps.  A pumped system discharges water that accumulates in the 

deeper part of the excavations.  The LLW and HVLA vaults have separate drainage 

systems.  It is likely that there will be an additional drainage ditch upstream of the 

facilities to intercept water running down the slope before it is intercepted by the 

shallow system but this is not shown on the current drawings and has not been 

included in the calculations. 

This note presents scoping estimates of the volumes of water that might be expected to 

enter various parts of the drainage system under normal rainfall conditions and during 

periods of extreme wet weather.  The estimates are intended to be conservative.  

UKAEA carried out similar calculations in 2005 (UKAEA, 2005) for an earlier version of 

the facility layout/design.  This note uses a very similar methodology to provide 

scoping estimates for the volumes of water that the drainage system might need to deal 

with under different meteorological conditions.  It essentially updates the previous 

work to take account of changes in facility design and layout, developments in the 

understanding of the hydrology/hydrogeology of the study area and updated rainfall 

data. 

2 System Geometry 

It was assumed that the vaults have been engineered such that the gravity drained 

ditch system captures: 
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� rain water from the vault roof 

� rainwater incident on the ditch excavation (see Figure 1, Figure 2) 

� surface water (overland flow) from the area upstream of the vaults 

� water flowing in the near-surface weathered layer 

� sheet flow from the catchment upstream of the vaults. 

The pumped discharge system in the excavation will need to discharge water that 

enters the excavation via: 

� rainfall onto the cut slopes, apron and other areas not covered by the roof (see 

Figure 1, Figure 2) 

� seepage through the sides of the excavation 

� upwelling through the base of the excavation. 

The calculations do not include an estimate of the inflows into the cutting that takes the 

access road.  These are however likely to be relatively small compared with the other 

flows considered here and could be simply estimated from the relevant drawings. 

 

 

Figure 1: Section through the upstream section of a vault showing which system 
water drains to (modified section of drawing supplied by Jacobs, 2008) 

Drains to ditch 
Roof drains to 
ditch system 

Drains to 
excavation 



QRS-1385B-TN1v1.0 LLW(07)S2/248 

3 

 

Figure 2: Section through the downstream section of a vault showing which system 
water drains to (modified section of drawing supplied by Jacobs, 2008) 

 

The LLW and HVLA vaults were treated separately in the analysis and each has been 

subdivided to reflect the likely water flows in the ditch system.   

The HVLA vault was divided into two parts as shown in Figure 3.  The drainage 

ditches around the LLW vaults are more complex and the LLW system has been 

divided into four parts as shown in Figure 4.  DR2 is considered to run as far as the 

vault access road.  Under certain rainfall conditions, there may be very significant 

flows into the section of DR2 that runs between the corner of the vault and the road.  

However, overtopping of DR2 into the access road should not be possible.  The road 

passes over the drainage ditch and the geometry is such that water would spill onto 

ground rather than along road. 

Although the scoping calculations include an estimate of water flowing through the 

downstream face of the vaults, it is expected that in practice there will be minimal flow 

through the downstream faces.  This is particularly true for the shallow system. 

Drains to 
ditch 

Roof drains 
to ditch 

Drains to 
excavation 
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Figure 3: Subdivision of the HVLA vaults (modified section of drawing supplied by 
Jacobs, 2008) 

 

HVLA1

HVLA2
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Figure 4: Subdivision of the LLW vaults (modified section of drawing supplied by 
Jacobs, 2008) 

 

3 Rainfall Data 

The following rainfall data was used in the calculations: 

� Mean annual rainfall of 987mm/year (Entec, 2007).  Hourly rainfall based in this 

value is 0.11mm/hour.  This rainfall rate has been used in the ‘base’ calculations.  

� Maximum 24 hour rainfall value of 67mm on 25-26/10/06 (J Heathcote pers. 

comm.).  Hourly rainfall based on this value is 2.79mm/hour.  This rainfall rate is 

referred to as high in the calculations. 

DR1 

DR2 

DR4 

DR3 
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� Maximum recorded hourly rainfall intensity of 8.4mm/hour on 26/10/06 (J 

Heathcote pers. comm.).  This rainfall rate is referred to as extreme in the 

calculations. 

Detailed analysis of rainfall rates from the Dounreay tipping bucket rain gauges 

indicated that rainfall intensities of the order of 8-9mm/hour are not especially 

unusual but they are generally only sustained at this level for a maximum of a few 

hours at a time (J Heathcote pers. comm.).  Analysis of the Dounreay data suggests that 

the 25-26/10/06 rainfall event was a 1 in 32 to 36 year event. 

Estimates of evapotranspiration vary; Entec (2007) quotes 517mm/year.  For the 

current scoping calculations it has been assumed that 500mm/year is available as 

infiltration.  The majority of this water is believed to flow within the near-surface 

weathered layers (Black, 2007), which are likely to be of the order of 5m thick.  Under 

normal conditions surface runoff is included within this 500mm/year that is available 

as infiltration. 

A small fraction of the water from the near-surface weathered layer infiltrates into the 

deeper more intact rocks.  For the purposes of this study, it is assumed that between 

10mm and 50mm per year infiltrates into the deeper rocks (see, for example, Black, 

2007).  In this study, this deep infiltration is in addition to the water available to the 

near-surface system.  The deeper system may gain water both from the near-surface 

layer and as a result of larger-scale upwelling.   

4 Calculation Methodology 

Inflow rates due to incident precipitation are calculated simply as the product of the 

rainfall rate and the incident area. 

A conservative estimate of the inflow through the cut face of the excavation can be 

made using the seepage face formulae given in UKAEA (2005).  The underlying 

conceptual model is shown in Figure 5.  Assuming that the seepage face is the full 

height of the excavation in question: 

     Q = K*h*h/L 

where 

 Q is the flow per metre width of excavation 

 K is the hydraulic conductivity (in this case taken to be parallel to bedding) 

 h is the vertical height of the excavation 

 L is the distance over which the head loss occurs. 

Q cannot exceed the recharge so 

     Q = R*L 
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where R is the recharge to the top of the layer in question.  Solving these two equations 

for Q gives 

     RKhQ 2= . 

Two different values of K were considered for each of the layers.  The values chosen 

were based on hydraulic testing and groundwater modelling (Black, 2007; Bond et al, 

2008): 

� Near surface (weathered) layer – K(low)=2E-5m/s; K(high)=2E-4m/s 

� Deep (intact bedrock) layer – K(low)=3.5E-7m/s; K(high)=2E-6m/s. 

A sanity check on the values calculated using the seepage face approximation was 

obtained by calculating the flux through a fully saturated layer driven by the head 

gradient, which can be assumed to be topographic. 

     Q = K*h*Grad 

where Grad is the driving gradient (assumed topographic and derived from ground 

levels on the drawing as 4m in 110m).   

 

Inflow (Q
)

R
E
C
H
A
R
G

E

 

Figure 5: Simplified schematic showing the basis of the inflow calculations (from 
UKAEA, 2005). 

The new LLW facilities are located in an area where it is believed that groundwater 

may be upwelling from depth.  However, the extent to which groundwater upwelling 

from depth will be intercepted by the vaults is uncertain.  Some of the boreholes at the 

site have measured upwards head gradients while other have measured neutral 

gradients.  A scoping estimate of the maximum volume of water that might upwell 
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though the base of the excavation has been estimated on the basis of the upwards head 

gradient seen in borehole LLW2 (Black, 2007).  The inflow is then given by 

     Q = Kv*A*Gradv 

where 

 Kv is the vertical hydraulic conductivity (bedding perpendicular) 

 A is the floor area in question 

 Gradv is the head gradient from LLW2 (2.5m over 95m of borehole). 

Kv was taken to be a tenth of K (anisotropy of 10:1). 

Under conditions of high rainfall intensity the ground either becomes saturated or the 

infiltration rate is lower than the rainfall rate and the majority of the rainfall goes as 

runoff.  Under these conditions, sheet flow will occur.  All of the rainfall from the part 

of the catchment above the facility will be intercepted by the drainage system.  The 

upstream extent of the catchment was estimated as being a maximum of 750m.  Thus 

the sheet flow is given by  

     Q = l*750*r 

where 

 l is the length of the drain perpendicular to flow 

 r is the rainfall intensity. 

It was assumed that sheet flow would only occur under high or extreme rainfall 

conditions. 

5 Results 

The results for four scenarios are presented in this section:   

 Base 1 Base 2 High Extreme 

Rainfall Average annual 
rainfall 

Average annual 
rainfall 

Highest 
recorded 24 hour 
value  

Highest 
recorded hourly 
value  

Shallow system 
collected by 
ditches 

Low K  

Infiltration of 
500mm/year 

High K  

Infiltration of 
500mm/year 

Low K   

Infiltration of 
500mm/year 

Sheet flow 

Low K   

Infiltration of 
500mm/year 

Sheet flow 

Deep system 
inflows into 
excavation 

Low K (vertical 
and horizontal) 

Infiltration of 
10mm/year 

high K (vertical 
and horizontal) 

Infiltration of 
50mm/year 

Low K (vertical 
and horizontal) 

Infiltration of 
10mm/year 

Low K (vertical 
and horizontal) 

Infiltration of 
10mm/year 

 



QRS-1385B-TN1v1.0 LLW(07)S2/248 

9 

The results from these cases are given in Table 1 and Table 2 and shown in Figure 6 to 

Figure 13 (note the log scale in many of the plots).   

Table 1: Summary of inflows to HVLA Vaults 

Base1 Base2 High Extreme 
 

m^3/hr m^3/day m^3/hr m^3/day m^3/hr m^3/day m^3/hr m^3/day

HVLA1 

To shallow system 

Rainfall 0.68 16.29 0.68 16.29 16.82 403.57 50.60 1214.31 

Inflow 2.40 57.49 7.57 181.80 2.40 57.49 2.40 57.49 

Sheet flow    185.72 4457.18 558.81 13411.44 

To excavation 

Rainfall 0.28 6.81 0.28 6.81 7.03 168.62 21.14 507.37 

Inflow 0.13 3.05 1.40 33.61 0.13 3.05 0.13 3.05 

 

HVLA2 

To shallow system 

Rainfall 0.61 14.52 0.61 14.52 14.99 359.77 45.11 1082.54 

Inflow 2.16 51.89 10.44 250.63 2.16 51.89 2.16 51.89 

Sheet flow    196.18 4708.43 590.31 14167.44 

To excavation 

Rainfall 0.24 5.84 0.24 5.84 6.03 144.79 18.15 435.66 

Inflow 0.10 2.41 1.10 26.44 0.10 2.41 0.10 2.41 

 

TOTAL 

SHALLOW 5.84 140.19 19.30 463.23 418.26 10038.32 1249.38 29985.11 

DEEP 0.75 18.11 3.03 72.70 13.29 318.86 39.52 948.48 

 



 

10 

Total Inflows into HVLA vaults

5.84 19.30

418.26

1249.38

0.75 3.03 13.29
39.52

0.00

200.00

400.00

600.00

800.00

1000.00

1200.00

1400.00

Base1 Base2 High Extreme

Scenario

F
lo

w
 r

at
e 

(m
^

3/
h

r)

To ditch system

To Excavation

 

Figure 6: Summary of the total inflows to the HVLA vaults 
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Figure 7: Breakdown by component of the inflows to vault HVLA1.  Note log scale 
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Summary of inflows to HVLA2
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Figure 8: Breakdown by component of the inflows to vault HVLA2.  Note log scale 

 

Table 2: Summary of inflows to LLW Vaults 

 Base1 Base2 High Extreme 

 m^3/hr m^3/day m^3/hr m^3/day m^3/hr m^3/day m^3/hr m^3/day 

DR1 

To shallow system 

Rainfall 1.21 29.01 1.21 29.01 29.95 718.80 90.12 2162.84 

Inflow 2.66 63.73 8.40 201.52 2.66 63.73 2.66 63.73 

Sheet flow     268.73 6449.59 808.61 19406.52 

To excavation 

Rainfall 0.50 12.04 0.50 12.04 12.43 298.43 37.42 897.97 

Inflow 0.18 4.22 2.66 63.84 0.18 4.22 0.18 4.22 

 

DR2 

To shallow system 

Rainfall 1.24 29.86 1.24 29.86 30.83 739.85 92.76 2226.17 

Inflow 5.29 127.06 37.95 910.81 5.29 127.06 5.29 127.06 

Sheet flow    490.81 11779.40 1476.82 35443.70 

To excavation 

Rainfall 0.46 11.06 0.46 11.06 11.41 273.94 34.34 824.27 
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 Base1 Base2 High Extreme 

 m^3/hr m^3/day m^3/hr m^3/day m^3/hr m^3/day m^3/hr m^3/day 

Inflow 0.21 4.99 2.83 67.83 0.21 4.99 0.21 4.99 

         

DR3 

To shallow system 

Rainfall 0.14 3.41 0.14 3.41 3.52 84.49 10.59 254.22 

Inflow 0.77 18.41 7.67 184.05 0.77 18.41 0.77 18.41 

Sheet flow      0.00  0.00 

To excavation 

Rainfall 0.08 1.95 0.08 1.95 3.52 84.49 6.07 145.70 

Inflow 0.06 1.44 0.32 7.67 0.06 1.44 0.06 1.44 

 

DR4 

To shallow system 

Rainfall 0.07 1.69 0.07 1.69 1.74 41.82 5.24 125.85 

Inflow 0.38 9.11 3.80 91.12 0.38 9.11 0.38 9.11 

Sheet flow     0.00  0.00 

To excavation 

Rainfall 0.04 1.00 0.04 1.00 1.03 24.76 3.10 74.51 

Inflow 0.03 0.73 0.16 3.92 0.03 0.73 0.03 0.73 

 

TOTAL         

SHALLOW 22.11 275.34 149.41 1360.78 883.49 19986.95 2622.57 59702.65 

DEEP 1.56 37.43 7.06 169.33 28.88 693.00 81.41 1953.83 
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Figure 9: Summary of the total inflows to the LLW vaults 
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Figure 10: Breakdown by component of the inflows to DR1 system.  This includes 
roof and floor area for LLW Phase 3 vaults.  Note log scale 
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Summary of Inflows into DR2
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Figure 11: Breakdown by component of the inflows to DR2 system. This includes 
roof and floor area for LLW Phase 1 and 2 vaults and the drain channel to the access 
road crossing.  Note log scale 
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Figure 12: Breakdown by component of the inflows to DR3 system. This includes 
only the cut face adjacent to the ditch.  Note log scale 
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Summary of Inflows into DR4
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Figure 13: Breakdown by component of the inflows to DR4 system. This includes 
only the cut face adjacent to the ditch.  Note log scale 

 

It can be seen that for the current assumptions and parameters the scoping calculations 

suggest that: 

� The volume of water entering the shallow gravity drainage system is at least an 

order of magnitude greater than the volume entering the excavation, which will 

require pumping. 

� The ratio of shallow to deep inflows from the rock indicates that it is very 

important that the shallow system intercepts all of the water flowing in the near-

surface layer. 

� Under normal conditions, the shallow system should be receiving a few tens to a 

few hundreds of cubic metres of water per hour and the deep system up to about 

10m3/hour. 

� Even under extreme conditions, inflow to the excavation should not exceed about 

100m3/hr.  However, under these conditions, the shallow system will be carrying 

up to 3000m3/hour. 

� Under high or extreme rainfall conditions, direct rainfall dominates the inflow 

volumes, both for the ditch system and for the excavation.  Direct rainfall into the 

excavation is significant because the unroofed area comprising the apron and cut 

slopes is surprisingly large. 
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It should however be noted that the calculation of water flows are likely to be 

conservative for the following reasons: 

� The seepage face assumption is conservative and assumes that the water table is 

drawn down to the base of the vault.  At the cliffs, the water table intercepts the 

rock face about 4m above the base of the cliff.  It is likely that a similar situation 

would in practice occur in the vaults. 

� The calculations of sheet flow assume a maximum possible extent of the upstream 

catchment (based on current understanding) and that none of the flow is 

intercepted and diverted away from the facility by upstream drainage ditches. 

� The calculations are likely to substantially overestimate flows through the 

downstream faces of the excavations (i.e. the flows in LLW DR3 and DR4 and the 

equivalent contributions to the HVLA flows). 

� The simplifications that were made to the system geometry were designed to tend 

to overestimate rather than underestimate the inflows. 
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Run-off Flow Calculations



Appendix E: Site Drainage Flow Calculations

Objective:

As part of the proposed Dounreay Low Level Waste Facilities drainage design,
estimations of runoff (flow) from the site were required.
The following statement details the methods used to calculate the flow (for a range of
design return periods) from the proposed hard-standing areas as well as the pre-
development flow or ‘greenfield’ runoff from the remainder of the site.

Background:

Areas deemed as ‘hard-standing’ are taken to be the roof of the storage facilities
(including the grouting plant) and surface area of the proposed runway/road. These
areas are viewed as being impermeable and will therefore be expected to increase post
development runoff compared to the pre-development grassed surface.

The UK standard methods for the calculation of design flows in water courses are based
on Flood Estimation Handbook (FEH) guidance. These approaches are largely intended
for predominantly rural catchments draining via an identified watercourse, with catchment
areas larger than 0.5km2 (50ha). In this case the areas under consideration are small
(less than 40ha) with artificial, impermeable surfaces and therefore the FEH approaches
are not particularly applicable for the requirements of the drainage design. Instead,
traditional drainage methods, with applicability in both rural and urban small catchments
are believed to be more appropriate for the calculation of the design flows for the
proposed Dounreay LLW Facilities.

Methodologies:

Areas of Hard-Standing

For the areas of hard-standing (the roofs and runway/road), the Rational Method was
applied. The basic form of this approach is the following equation:

Peak Flow (l/s) = 2.78 * C * I (mm/hr) * A (ha)

Where: C is the coefficient of runoff
I is the intensity of rainfall
A is the area under consideration

The extent of impermeable area greatly affects the volume of runoff obtained from a
given rainfall as well as affecting the timing of the rainfall. The Rational Method allows
for the characteristics of the surface to be incorporated into the calculation via the
coefficient C. Values of C are described as varying from 0.05 to represent flat lawns with
sandy soils to a maximum of 0.95 representing almost completely impermeable heavily
urbanised areas (Maidment, Table 9.4.1). In this case the value of C for the areas of
hard-standing was taken to be 1.00 representing worst case scenario where all rainfall is
transformed to runoff.

The rainfall intensity value, I, is determined by dividing the rain depth (mm) for various
return periods by the ‘Time of Concentration’ or storm duration. The rain depth for each
return period is determined using the Flood Studies Report (FSR) method. This
approach involves obtaining the depth of rainfall with a return period of 5 years from the
standard FSR maps (Wilson, Appendix A) and multiplying this value by the appropriate
growth factor for the desired return period (Wilson, Tables, 2.6 and 2.7). The FSR
method of calculating rainfall depth is favoured over that published in FEH due to the
short storm durations under consideration (less than half an hour) which the FEH method
is not designed to calculate.



The time of concentration (storm duration) is understood as being the time required for
rain falling on the furthest point on the surface to flow to the outfall point. This parameter
is related to both the surface slope as well as the nature of the surface cover and was
estimated from standard tables (RIBAMAN Manual, Figure 3).

Remaining Sections of the Site (Predominantly Grassland)

It is proposed that the remainder of the site will be left in a largely ‘pre-development’
state (assumed to be grassland) although there may be some small areas of construction
materials such as stockpiles. In order to address the issue of the combination of pre-
development land cover with limited hard-standing, two methodologies (including the
Rational Method) were applied and the average taken.

CIRIA 609 guidance (Sustainable Drainage Systems, 2004) advocates the use of the
Institute of Hydrology Report No. 124 (IH124) approach for the determination of peak
greenfield runoff (or pre-development) flows. For developments smaller than 50ha, it is
recommended that an area of 50ha is used within the calculations and then the resulting
flows be scaled linearly based on the ratio of the development area to 50ha. This
method is specifically intended for small areas and is based on the characteristics of the
catchment or surface draining to the point of outfall. An index flow is calculated via the
following equation:

Qbar = 0.00108*AREA0.89*SAAR1.17*SOIL2.17

Where: AREA is the area under consideration (km2)
SAAR is the Standard Annual Average Rainfall (mm)
SOIL is a function of the hydrology of the soil type.

In this case the SAAR and SOIL parameters for this site were obtained from the CD-Rom
(Version 1.0) that accompanies the Flood Estimation Handbook. Following the
calculation of the Index Flood (Qbar), this value is then multiplied by the FSR regional
growth factor for the north of Scotland relating to a given return period.

The Rational Method was applied as detailed above however the value of C was taken to
be 0.35, representative of a surface similar to suburban residential areas.

Climate Change:
Within these calculations no account was made for climate change. Generally an
increase of 20% to the 2050s is being adopted (resulting in an approximate 12%
increase until the 2030s – the predicted lifespan of the scheme drainage design).

References:

Institute of Hydrology, 1994. Flood estimation for small catchments. IH124. Institute of
Hydrology, Wallingford.

Maidment, D.R., 1993 Handbook of Hydrology, McGraw-Hill Inc, USA.

HR Wallingford, 1994. RIBAMAN, User Manual Version 1.22A. Wallingford.

Wilson, E.M., 1990 Engineering Hydrology, MacMillan, London.



Appendix F
Sizing of the Septic Tank



Appendix F: To Calculate the Capacity of the Septic Tank

To calculate the capacity of a septic tank, use the formula:

C = (180P + 2000)

Where

C = the capacity of the tank (litres) with a minimum value of 2720 litres
P = design population with a minimum number of 4

The number of people the tank is to serve is 12 people.

C = (180P + 2000)

= (180 × 12) + 2000

= 2160 + 2000

= 4160 litres



Appendix G
Sizing of Vertical Flow Reed Bed



Appendix G: Sizing of Vertical Reed Bed

The following gives an indication on the sizing of a vertical reed bed to accommodate
approximately 12 people.

Using Annex 5 to GBG on Vertical Flow System design and construction requirements:

A = 3.5P0.35 + 0.6P

Where

A = total bed area in the first stage in m2

P = Total number of people served (PE)

∴ A = (3.5 × 120.35) + (0.6 × 12)
= 8.35 + 7.2
= 15.6 m2

∴ A/P = 15.6/12
= 1.3

Using Table A4 Annex 5, the following would apply:

P 10 12 20
Bed Area 13.8 15.6 22.0
Area/PE 1.4 1.3 1.1

Checking the information in the table with the above calculations carried out, the bed area
and the Area/PE appears to be within a suitable range.



Appendix H
Sizing of Horizontal Flow Reed Bed



Appendix H: Sizing of Horizontal Flow Reed Bed

Annex 6 of GBG Horizontal Flow Systems (SWF): Design and Construction gives the
following area of bed required:

Ab = (Qd (lnCo – lnCt))/KBOD

Where

Ab = surface area of bed (m2)
Qd = average daily flow of wastewater (m3/day)
Co = daily average of BOD of influent (mg/l)
Ct = required daily average BOD of effluent (mg/l)
KBOD = rate constant (m/day)

To Determine Qd

A Qd value of 0.18m3/day has been assumed.

To Determine Co and Ct

From guidelines in “Reed Beds for the Treatment of Domestic Wastewater” by Nick Grant and
John Griggs, typically undiluted septic tank effluent has a BOD of 150-400 mg/l.

It is anticipated that there will be a BOD reduction in the order of 60% at the vertical reed bed
stage and a further 80% reduction at the horizontal flow stage. Please refer to schematic
diagram in Appendix I.

An anticipated maximum influent value of Co = 160 mg/l, is used to size the horizontal flow
bed.

To Determine KBOD

Guidelines state that for systems in the UK, KBOD ranges from 0.06-0.1. The value of 0.1 will
be used.

∴ Ab = (Qd (lnCo – lnCt))/KBOD

= (0.18 (ln60 – ln32))/0.1

= 2.90 m2 (surface area of horizontal flow reed bed)

For Co = 60 mg/l (minimum anticipated BOD), using the above working area;

ln Ct = -((Ab KBOD/Qd) – lnC0)

= -((2.9 × 0.1)/0.18) + ln 60

= 2.48

∴Ct = e2.48

= 11.9 mg/l

Please refer to Appendix I for a summary of the performance parameters anticipated.



Appendix I
Schematic Showing Influent and Effluent Parameters
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Appendix J
Drawings Showing Plan and Section Views of

the Proposed Treatment Area



Appendix K
Swale Design:

Example Calculation
Summary of Swale Sizing Analysis



Dounreay LLW Drainage Facility mrc 10/02/2006

SUDS Design Spreadsheet

Calculation of flows through Filtration Swale
CIRIA C532 6.3.4

Manning's Equation

Q = 1/n(a x R^2/3 x S^1/2) Width 20 m
Depth 0.1 m

a = area of flow (m²) 2 m²
R = hydraulic radius = a/wetted perimeter 0.099 m
S = ground slope (m/m) 0.02 m/m
n = Manning's roughness coefficient 0.08 (assumed - to be checked at last stage of iteration

Grass Length 50-150 mm

Following an iterative process: -

From Manning's equation:
Flow Condition

Qcapacity = 0.757 m³/s Target Capacity m³/s

Check velocity:

Q = V*A

V= 0.378 m/s

Check assumption for n:

V x R = 0.037459 Look up graph (figure 6.40)

From graph: n= 0.08 check - ok

Analysis

0.037

0.08



Summary Run-Off Data:

Phase 1 Phase 2 Phase 3
Return 25000m² 15000m² 20000m²
Period Excavation Roads Ground Total

1 0.470 0.010 0.075 0.555 0.278 0.167 0.222
5 0.660 0.020 0.075 0.755 0.378 0.227 0.302

10 0.810 0.030 0.075 0.915 0.458 0.275 0.366
50 1.130 0.040 0.075 1.245 0.623 0.374 0.498

200 1.450 0.050 0.075 1.575 0.788 0.473 0.630
500 1.760 0.060 0.075 1.895 0.948 0.569 0.758

1000 2.050 0.070 0.075 2.195 1.098 0.659 0.878
10000 3.250 0.120 0.075 3.445 1.723 1.034 1.378

Swale Performance Figures:

Grass Length 0.05 - 0.150m Gradient = 1/50

Swale Width 10m 15m 20m 10m 15m 20m
Depth of Flow (m)

0.060 0.043 0.065 0.086 0.020 0.072 0.072
0.080 0.130 0.196 0.261 0.162 0.163 0.163
0.100 0.376 0.566 0.757 0.376 0.378 0.378
0.120 0.677 1.021 1.365 0.564 0.567 0.569
0.140 0.953 1.465 1.959 0.681 0.697 0.700
0.160 1.280 1.973 2.639 0.800 0.822 0.825
0.180 1.651 2.549 3.412 0.917 0.944 0.948
0.200 2.356 3.656 4.895 1.178 1.219 1.224

It should be noted that these figures are based on preliminary surface water run-off calculations
and are subject to adjustment following the development of detailed design and construction proposals.

Flow Capacity (m³/s)

Peak Storm Flows (m³/s)
Peak Storm Flows (m³/s)

(proportional size + 20% overlap)

Corresponding Velocity (m/s)

Total Works
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