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1.0

2.0

3.0

Brief

GGP Consult has been requested by Acorn Bioenergy Ltd Limited to prepare containment calculations
for the proposed Anaerobic Digestion Plant for Three Maids.

The calculations demonstrate the philosophy behind the bunding of the site and how a tank failure event
would be contained within the site boundary.

Description

The proposed bund will contain 5 digester tanks of similar sizes, and a few smaller “tank”.
A drawing has been provided showing the proposed site layout with tank sizes indicated.
This can be seen in Appendix I.

Design Philosophy

The AD plant shall be bunded with a reinforced concrete wall, a full internal concrete slab and underlay
with a GCL membrane on lime/cement impervious stabilised ground strata.

The report design approach will be determining the if the proposed designed wall height of 93.275m
AOD will provide sufficient containment volume in line with thew requirements set out in CIRIA C736.

All tanks shall operate with a “high” alarm and max fill overflow pipes. Therefore, it is technically
impossible for these tanks to be overfilled. These levels can therefore be adopted in accordance with
CIRA C736, Section 4.3.2. “However, where the tank is fitted with a physical overflow, the capacity at
which the tank would overflow may be taken.”

Max fill capacity levels will be taken for all tank and not operational levels. This will be referred to as “fill
level” within this report.

Further design points are the 10% margin has been interpreted by industry and regulators to cover a
range of factors including,

e Prevention of overtopping of the bund in the event of a surge of liquid caused by catastrophic
failure of the primary tank.

e Prevention of overtopping, which may be caused by wind-induced wave action during the time
that the bund is full, following a failure of a primary tank.

¢ An allowance for firefighting agents, including a foam blanket on the surface or firefighting
water.

e Protection against overfilling.

e An allowance for rain that might collect in the bund and reduce its net capacity, or for rain that
might fall in coincident with, or immediately following, the failure of the primary containment.

Based on the above, providing the bund can contain the 110%, no further action is required to justify an
increase wall height of any of the above points.

However, for the purpose of this report a quantitative assessment of these assumptions will be
provided in section 9.0.

As part of the quantitative assessment, the 100% volume will always be taken and compared against.
Design Standards:
The bund capacity will be calculated in line with CIRA C736, Section 4.2.1

“Where two or more tanks are installed within the same bund, the recommended capacity of the bund
is the greater of:”
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1. 110% of the capacity of the largest tank within the bund.

2. 25% of the total capacity of all the tanks within the bund, except where tanks are
hydraulically linked in which case they should be treated as if they were a single tank.
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4.0

41

4.2

Bund Capacity

110% of the largest Tank Capacity

The largest proposed tank is one of the digester tanks at 32.4m Diameter (Internal) with a wall height of

8m. The tank will have an available fill height of 7.5m.

Tank Volume

110% Volume

25% of Total Tank Capacity

= 6,183.59m*

=6,801.95m?

The tank capacities will have an available fill height of 0.5m less than the internal wall height.

For all tank capacities see appendix 1.

Primary Digester 1 - 2
Secondary 1 -2

Post Digester
Pasteurisation Tank
Dirty Water Tank 1-3
Liquid Feed Tank 1 - 3
Total tank Volume

25% Volume

=5,574.76m?
=6,183.59m?®
=6,183.59m?
= 50.00m®
=400.00m?

=400.00m?

= 8,062.57Tm* > 110%

x 2No.

x 2No.

x 1No.

x3No.

x 3No.

x 1No.

=11,149.52m?
=12,367.19m*
=6,183.59m?®
=150.00 m®
=1200.00 m?
=1200.00 m?

= 32,250.30m?

THEREFORE 25% CAPACITY WILL BE USED FOR THE BUND VOLUME
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5.0

6.0

Available Bund Volume — Design Stage

A detail assessment of the bund proposed levels has been undertaken. A 2D/3D model has been
generated to provide an accurate available volume within the bund. See appendix II.

TANK BUND LAYOUT {LIQUID UPTO LEVEL +83.025m) TANK BUND LAYOUT (LIQUID UPTO LEVEL +93.275m)
prgtr ) Pt

upto level 93.025 upto level 93.275

SURFAGE LEVEL DATA SURFACE LEVEL DATA
Wintr | e Eve | weowu (£veL | couun | anER )
[T )

e Eve | covoun | ane

I

Totsl Vskume = 8257 m*

The model has taken the proposed internal bund levels and included all tanks available to flood, based
on the 25% worst case scenario up to designed retaining wall level with freeboard capacity at 93.275m
AOD.

From the model an available liquid volume within the bund has been calculated to be 9,257m? without
the required 250mm freeboard.

From the model an available liquid volume within the bund has been calculated to be 11,234m?3 with the
required 250mm freeboard.

The proposed bund capacity requirements have confirmed that the 25% volumes shall be taken as
concluded in section 4.0.

The final available liquid volume within the bund for the 25% scenario will be 9,257m?.

It has therefore been demonstrated that the available bund volume based on a top of wall height no less
than 93.275m AOD provides more than sufficient volume to contain the 25% volume.

Quantitative Assessment for the 10% / 25% Arbitrary Allowance

In accordance with the CIRA C736, guidance, the following section shall review the 25% increase.
The 25% capacity based on max fill level equates to.
8,062,57m?

Based on the detailed assessment undertaken using a 2D model, an available volume equates to
9,257m?3.

Rainfall shall now be considered.
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6.1

Rainfall Allowance

At the time of a failure, it can be assumed that the drainage system will be empty providing an allowance
is made for rainfall equal to a 1:100 year return period 24hr duration before & 8 days’ duration after a
failure event (CIRA C736, Section 4.3.3, page 43 & 44).

For a first estimate fig 4.2 average rainfall depths (from HR Wallingford, 1986) shall be used.

Based on the below table (see following page), a total rainfall depth of 136mm (41mm + 95mm) should
be accounted for.

41mm of rainfall occurred across the site dirty water area 24hr before a failure event, equating to
344.4m? (8,400 x 0.041 = 344 .4).

Based on the above the bund will have sufficient capacity to contain the first 41mm.

8,062.57m? + 344.4m? = 8,406.97m? < 9,257m?* - PASS

Now to consider 8 days of rainfall be 95mm.

95mm of rainfall occurred across the site dirty water area 8 days after a failure event, equating to
798.0m?* (8,400 x 0.095 = 798.0).

Based on the above the containment will have sufficient capacity to contain the first 41mm plus the
additional 95mm.

8,062.57m* + 344.4m3 + 798.0m* = 9,204.97m?3 < 9257m?* - PASS

It can now be concluded that the bund will have sufficient capacity to contain a failure event including
rainfall.

Freeboard & dynamic effects shall now be considered.
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I .

Region

Site Location

Region | ovnge rntan ) [ i
1 <BO0 % 54
2 B00-B00 2 65
E) 800-1200 41 o5
4 1200-1600 52 120
g 1600=3300 aa 231
& 2200 105 t-1-
Motes

Hahould be stressed hat Figue £.2 should only Dé uisd 10 cénve 8 fnst sstimats for oons idanng conanmant vokma &, This i for wo masons:
1 The Sgum i Daseq on Food siudes repart (nstitete of HydicloRy, 1975 date produted up (o 1988,

2 Chmate crange ellgeis Since e puiscation of HR WaBsNED i |LSSE) wil rase resutiad in diffarast aeeaal rainfall igeres,

Datmlad design ahoukd therefore be based on Tha ouipe of Che FEH ruindad],

Figure 4.2 Average rainfall depths (from HR Wallingford. 1986)

Based on the above table at total rainfall depth of 136mm (95mm + 41mm) should be added to the bund
wall height.
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6.2

7.0

Freeboard & Dynamic Effects

An allowance for freeboard in bund and dynamic effects should be added to the final bund height
required for the worse case failure i..25%.

Freeboard / Firefighting Foam

The tank contents are not of a flammable nature and therefore the allowance for firefighting foam is not
considered necessary for this development.

Surge

CIRA C736, Section 4.4, page 53 & 54. fig 4.7.

Table 4.7 Surge allowance (in the absence of detailed analysis)

______________________________________________________________________________________________________________|
Type of structure (see Part 3) Allowance

. ___________________________________________________________________ ___|
In situ reinforced concrete and blockwork bunds 250 mm
Secondary containment tanks 250 mm
Earthwork bunds 750 mm

Based on the above table at total surge allowance of 250mm should be added to the bund wall height.

As the lowest containment level is located within the reinforced concrete section 250mm will be
considered.

Surge shall be considered at the time of failure.

The available bund volume at time of failure will be 11,234m3.

25% volume = 8,062.57m?.

25% volume + Rainfall = 9,204.97m?3

11,234 LESS 9,204.97 = 2,029.03m?.

Wall available surge height = 2,029.03/ area (8,400) 7,939.5 = 0.255m

Therefore, based on the above and the proposed wall height of 93.275m AOD will comply with
the surge allowance required set out in table 4.7 above.

Jetting Failure

The failure of a storage tank through a rupture or corrosion of the side wall, could result in the escape of
a jet of liquid. This is referred to as jetting.

The risk of jetting cannot be designed out, however maintenance of the tank through internal inspections
can assess the condition of the tank. However, this is not always practical or feasible.

Additional protection measures have been included by all tanks being covered in insulation & cladding.
The cladding system will add a secondary protection measure to jetting failures, with the likely event
forcing AD material to run down the internal face of the cladding panels.

This is considered as an acceptable protection measure.
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8.0 Design Summary

. 25% of all tank volume has demonstrated to be the worst-case design option when compared
against 110% of the largest tanks.

. Analysis of the proposed structural slab levels has demonstrated an available volume equal to
11,234m? based on the proposed minimum wall level of 93.275m AOD

. Surge allowance of 250mm has been incorporated within the construction design wall level in
accordance with the CIRIA guidance.

. The design level of 93.275m AOD has been demonstrated to provide additional capacity to the
requirement containment volume. The wall height shall be review and checked during the
construction phase to ensure compliance in the As-Built scenario.
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SITE CLASSIFICATION

The following section shall follow the risk assessment methodology set out within CIRIA C736.
This will be done as a three-tier risk-based classification system for secondary and tertiary containment.

The outcome of this will provide a standard of construction, or level of performance in accordance with
each of the three levels of risk.

The following diagrams set out the methodology of the risk assessment to determining the
Classification.

SOURCE PATHWAY RECEPTOR
eg failure of eg surface waiter eg river,
the primary drains, overland Eroundwater, soils

containment, flow, groundwater
contaminated
firefighting water

Figure 2.2 SOUrCE-PatWay- recator model

The concept of the source-pathway-receptor model is illustrated in Figure 2.3.

EOURCE
iag. ol o7 chemical tank)

o . —
- - et
FATHWAY [suface T RECEFTOR
1 T T e of hecagh sobaliali) Ry {8 . IkE, 503, WakSTTOUE)
B = - -
____________________________ e L
BECEPTOR (groundester) T —
Figure 2.3 Concept of the sOrCE-gathway-recentor mooe
Source Pathway Receptor
High, Medium or Low Hazard High, Medium or Low Hazard High, Medium or Low Hazard

Site hazard rating
High. Medium or Low Hazard

Likelihood of loss of
containment
High. Medium or Low

Site risk rating
High, Medium or Low

Classification

Classl, 2or3

Figure 2.5 Risk assessment framework
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9.1

9.2

9.21

9.2.2

9.2.3

9.2.5

SOURCE
The source material is energy crops and digestate. This is an organic rich material.

The material is classified as non-hazardous.

Given the above, it has been deemed the material shall be classified with a LOW environmental hazard
rating.

PATHWAY

The following pathways shall be considered, as part of these pathways the main receptors location in
relation to the site shall also be considered.

Overland flows.

Existing sewers.
Ground Conditions
Below Ground Pipework

Popb-=

OVERLAND FLOWS

The tank farm benefits from a perimeter bund, made of reinforced concrete walls, which shall be
construction in accordance with CIRIA C736.

The internal area has a full hard surfacing.
Overground flow will therefore be contained within the confines for the perimeter bund.

Surge has been considered as part of the bund calculations with compliance with the requirements set
out in the CIRIA guidance.

The risk from overland flows is therefore considered LOW

EXISTING SEWERS

The site has no existing sewer connection.
No local sewers are present on the site or the surrounding area.
The risk from sewers is therefore considered LOW

GROUND CONDITIONS

The site is underlying by permeable chalk which will not act as an impermeable barrier. The chalk
lenses which would act as a pathway.

It shall be considered, the risk to the ground water shall be taken as High.
Therefore, the risk of ground contamination is considered HIGH.

BELOW GROUND PIPEWORK

The site is underlying by permeable chalk which will not act as an impermeable barrier. The chalk
lenses which would act as a pathway.

All process pipework shall be placed above ground with only drainage pipes below ground. These shall
be CCTV’s before use and air tested.

Therefore, the risk of ground contamination is considered MEDIUM.
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9.24

9.3

9.4

Box21

PATHWAY RISK CONSIDERATION

From the above the pathways is deemed to be High risk. these do however relay on the integrity of the
perimeter bund & hardstanding.

RECEPTOR
The receptors are;
1. Water Table.

The water table is environmentally sensitive; the presence of permeable chalk lens provides a pathway
to the water table.

The site shall be constructed with a full internal concrete hardstanding, reinforced concrete bunding all
compliant to CIRICA C736, this secondary containment system will from a second line of defence.

Based on an unlikely failure event the risk shall be considered as High, however in normal operation the
site is considered to be low risk to the receptors.

It can therefore be concluded for this particular event, the risk to the receptor shall be considered
medium taking a conservative approach between the two events.

In the event of an unlikely failure event the tank & the bunding. The water table would become engulfed
with contaminated material.

Given its unlikely event, it is not recommended that further actions are taken to help / protect against
such events. However, it is noted that a HDPE membrane has been included under the full containment
bund plan area which will offer a third level of containment. Would normally be considered for this
reason.

It is therefore essential that the bund integrity forms a vital part of the plant maintenance and inspection
schedule, with all reported defects responded to as a matter of the highest importance.

Therefore, after reviewing all the receptors, an overall risk has been concluded as HIGH.

SITE HAZARD RATING

The site hazard rating shall be assessed using the below table from CIRIA C736, with the following
ratings, derived as above.

1. Source - Low
2. Pathway - High
3. Receptor - High

Suggested combinations of hazard ratings to give overall site hazard rating

Environmental hazard ratings
H = High rating

M = Moderate rating

L = Low rating

Source Pathway Receptor
(hazard rating) (transport potential) (damage potential)
MaybeH.Ma MaybeMc-rL MaybﬂMorL
Possible combination of ratings: Suggested consequent overall site
HHH or HHM ar HMM hazard rating:
HIGH
EEED[ MMM or HML
MODERATE
MML or HLL or MILL or LLL Low

Therefore, an overall site hazard rating has been considered and concluded as MODERATE.
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9.5 SITE RISK RATING

The site risk rating considers the site hazard rating and the risk of loss of containment.

The site hazard rating has been deemed moderate.

The risk of loss of containment shall now be considered and this is done by using the below table.

Table 2.3 Frequency of logs of containment

Risk of loss of containment Annual probability of loss of containment per site

High Greater than 1% (1 in 100)
Medium Between 1% (1 in 100) and 0.001% (1 in 1 million)
Low Less than 0.001% (1 in 1 million)

The following simple table has been formulated considering events and their probability in relation to the
above table from CIRIA C736

High Medium ‘ Low

Small Spills X

Pump failure X

Pipe Failure X

Localised Flooding X

Site-wide Fires X
Whole vessel failure X
Major flooding X
Vandalism X
Subsidence X
Terrorism X
Plane Crash X
Earthquake X

From the above table it has been concluded a likely risk of loss of containment shall be taken as
medium to be conservative.

These two risks shall now be put into the following table to conclude a Site Risk Rating.
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Box 2 2 Owverall site risk rating as defined by combining ratings of site harard and probability
of containment failure

Site hazard ratings
May be high (H), |moderate (M) or low (L) (see Box 2.1)

Frequency of loss of containment

May be high (H),[moderate [M] or low (L)

Possible combination of ratings: Suggested consequent overall site hazard rating:
HH or HM or MH HIGH
[MM]or HL or LH

LL or ML or LM Low

Therefore, an overall site risk rating has been considered and concluded as MODERATE.
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9.6 CLASSIFICATION CONCLUSION
The CIRIA guidance sets out that there is no direct quantifiable link between the site hazard or site risk
and the design of the containment system. The following simple relationship is considered appropriate in
most circumstances:
[ ] low overall site risk containment type class 1, 1e base level of integrity
[ ] moderate overall site risk containment type class 2, ie intermediate degree of integrity
[ ] high overall site risk containment type class 3, 1e highest degree of integrity.
Therefore, an overall site classification has been considered and found to be moderate, with an
overall site risk containment type requirement of class 2, i.e. providing an intermediate degree of
integrity.
9.7 KEY PERFORMANCE RECOMMEDATION BY CLASS
The site risk assessment has concluded an overall site hazard rating as being MODERATE. Class 2
containment would be required.
Therefore, the following Table 6.5, will be used to assess the as-built containment.
Table 6.5 Summary of key performance recommendations by class
Containment class
Recommendation
P'rf:ul.'ide nat less than 790 mm clear.anoe between Desirable Recommendsed Recommended
primary tank and bund walls for maintenance access.
System to detect leakage from primary tank in
situations where not practicable to provide clearance Desirable Desirable Recommended
between base of tank and bund.
Mo structure within bund to be closer than its own . )
height to the bund wall Mot necessary Desirable Recommended
Pumps*, valves, couplings, delivery nozzles and other
itermns associated with the operation of & primary .
container to be located inside the bund or within & Desirable Recommended Recommended
separately bunded area.
Penetrations of the bund wall to be avoided. Desirable Recommended Recommended
_Nn::- provision for raimwster draw-off via & valved outlet Desirable Recommended Recommended
in bund wall.
Take account of possible jetting failure. Desirable Recommendad Recommended
Take account of surge effects. Desirable Desirable Recommended
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10.0

A minimum 750mm clearance has been provided between all tanks and the bund wall for
maintenance. — Achieved

The main tanks do not have any leak detection system where the tank bases are below the bund. — All
tank are above the containment system or a HDPE membrane has been placed below the tank.

Not all the tanks are beyond their own height to the bund wall. One of the three digester tanks is
located 1.5m away from the bund wall, with the tank heights been 9.0m. This requirement is a
desirable recommendation which has been complied with in three directions. Bund wall heights have
achieved the required surge effects. Therefore, the design has considered this requirement. -
Achieved

Below ground transfer pipes between the primary container are located below the bund slab. These
are construction in MDPE. — Achieved, all pipework shall be placed above ground

There are no penetrations of the bund walls. - Achieved
No rainwater draw-off point has been provided. - Achieved

Jetting has been considered, with the tank insulation and cladding system offering a line of defence
against jetting affect. The maintenance and operation team will be able to monitor loss of volume via
the SCADA system. It is also recommended that visual site walkovers are undertaken to look out for
wall pooling at the bottom of the tank cladding. - Achieved

Surge effects have been considered and applied in line with the recommendation set out in the CIRIA
guidance in absence of detailed analysis. - Achieved

BUND CONSTRUCTION DESIGN

The following section shall provide a descriptive description of the proposed construction containment
system, covering the perimeter, secondary, leak detection and any form of additional containment.

Primary Containment

The bund shall contain 5 main tanks which are to be constructed by A-Consult using a precast post
tension wall construction with a cast insitu slab.

The tanks shall sit slightly below the main containment slab due to the floor falls to aid in drainage to the
south / collection pit. Given the tank is located below the bund slab a leak detection system with has
been incorporated by A-Consult to allow for leak detection of each tank. This system shall be sealed to
prevent leaks escaping into the lower HDPE membrane and or liquid flowing into the system from above
(rainfall)

See Appendix IV for A-Consult details.
Secondary Containment
Perimeter Walls

The containment bund walls have all been designed in accordance with CIRIA C736 at the Environment
Agency’s Best Available Technic (BAT).

The wall height has been determined based on the provided tank numbers and volumes as outlined
within section 4.0 — 8.0.

All vertical & horizontal joints within the bund wall shall have a waterbar cast to the middle of the wall at
and both faces to have sealant applied to the full height.

Expansion joints shall be placed at maximum spacing of 18m. A waterbar shall be placed vertically in
the wall joint and base.
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The Contractor shall construct in accordance with the supplier construction drawing and GGP Consult
shall perform a CQA role during the construction phase to ensure compliance.

See Appendix V for GGP Consult details.
Bund Floor Slab

The floor slab shall be constructed from a 175mm fibre reinforced concrete slab with a layer of A393
mesh. A specialist fibre contractor has provided a design mix for the fibres which can be see within
Appendix V.

The final mix design shall be submitted for review and approval by GGP Consult before accepting any
concrete on site.

The bund slab shall form a fully sealed water retaining structure, with all joints between the bund slab,
walls & tank bases sealed with a Fosroc or similar approved by GGP Consult.

All joints within the bund slab and intersection with the perimeter retaining wall shall have a waterbar at
the bottom and sealant to the top surface.

Additional Containment

A 1.0mm HDPE membrane shall be placed below the full bund slab area, with all joints lapped, welded
and certified to form a fully sealed liner. This shall provide an enhanced composite secondary
containment slab and the ability to perform leak detection on the secondary containment with any
failures of the bund slab been trapped between the slab and HDPE membrane allowing for sampling.

See Appendix V for GGP Consult details.

Drainage

All drainage within the containment system shall be located above the 1.0mm HDPE membrane, with
pipes, channels & chambers to have minimum 175mm concrete surround.

Where the intersection between pours and the bund slab, a Adcor waterstop shall be provided to the
liner perimeter.

Drainage channel shall be BSI certified with loading rate of E600, installation shall be strictly in
accordance with the manufactures details. All joints shall be sealed through the system.

All manholes shall be BSI kitemarked, D400 lids and double sealed.

Precast concrete chambers shall have a minimum internal diameter of 1200mm and be constructed in
accordance with the standard details provided.

Where Precast concrete chambers are used within the defined dirty water system, all chambers are to
be internally sealed / lined to ensure sealed rings and prevent deterioration of the concrete.

Plastic chambers shall hold a BSI kitemark certification and shall have a minimum internal diameter of
450mm.

All pipes shall be PVC-U or similar material approved by GGP Consult and all drainage pipes should be
sealed, and pressure tested (water & air) prior to completion.

All below ground tanks shall have up & downstream penstock valves fitting to allow isolation of the tank.

The below ground effluent tank shall have a secondary liner under the full extent of the tank, carried up
to the surface and sealed. A leak detection point shall be provided between the tank and the liner.

See Appendix VI for GGP Consult details.
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11.0

SUMMARY AND COMPLIANCE STATEMENT

It has been demonstrated within the report that the sites containment system has been designed in
compliance with the recommendation and guidance set out within CIRIA C736.

The site hazard rating has been concluded as moderate with a minimum requirement of Class 2
containment system required.

The constructed containment system is in compliance with a class 2.
The proposed design bund wall level of 93.300m AOD will contain the 25% volume.

The containment system shall be inspection via a CQA role performed by GGP Consult with a written
compliance report confirming the As-Built containment has complied with the design.

The operator shall conform to the proposed maintenance schedule and undertake work immediately.

From GGP CONSULT

Report Checked by:-

ﬂ{/&[&w

J. H. Collins BSc. (Hons), MCIWEM

Associate Director - Drainage & Infrastructure
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APPENDIX |

Layout Showing Tank Sizes
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