Full Isolation Over Pumping — Plan

pipe or flume carrying
river flow

pump

Flow upstream barrier

Full Isolation by Diversion — Plan

downstream barrier

work area isolated frgm  (not always required)

water and kept dry

SUMP / PUMP

\ 4

TO ACTIVE MANAGEMENT & TREATMENT

NOTES:

Full isolation over pumping / siphon. A whole section of the channel is isolated using barriers that span
the full width of the river. This keeps a stretch of the river dry and the water is transferred downstream
of the works area by mechanical assistance (pumping or siphon). The pump and associated pipework
need not belocated in theisolated area.

This method is the preferred method for channel diversion during instream works , for example, during
watercourse crossing / culvert construction. However, the pumping equipment deployed must be
capableofthesurface water feature discharge rate, including backup equipmentand fail safe protocols.

SEPA (2009) Engineering in the Water Environment Good Practice Guide —Temporary Construction Methods.

temporary diversion channel

work area isolated from downstream barner
water and kept dry (not always required)

NOTES:

* Full isolation temporary diversion channel. A whole section of the channel is isolated and kept dry, and
the water istransferred downstream of the works area by excavating a temporaryopen channel.

¢ This is the less preferred method due to the destructive nature of constructing temporary diversion
channels. However, in some instances where discharge rates are high, this method will negate the
requirement for large volume pumping andassociated inherentrisks.
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Closed Culvert Good Practice Design Considerations — Section

Closed Culvert Good & Bad Examples — Section

Closed Culvert Erosion Control Good & Bad Examples — Section

Figure 40: Good practice, culverts showing invert buried below bed level allowing the natural bed
level, slope and material to be maintained. Culvert also maintains natural channel width.

Culbvert soffit higher than natural
bank height

‘Width of culvert is the same as the natural
channel width at ‘normal’ flow levels

Figure 41: Good practice, use a single large culvert for crossings that maintains the natural channel
width.

SEPA (2010) Engineering in the Water Environment Good Practice Guide —River Crossings .

during the construction process

NOTE: Coarse aggregate has been used for erosion
control. Siltfencing has been used to mitigate
againstthe entrainment and mobilization of solids

AL

NO - TOO DEEP NO - TOO HIGH

YES

Has to be 30cm,
according to finnish
instructions

Seed and
soil revetment
or protect with

NOTE: Coarse aggregate will
be used for erosion control.
These areas atthe openings of
the culvert will also be
designedto reduce velocity /
discharge rate in tum further
controlling erosion and
providing additional beneficial
impactssuchincreased
attenuationtime, increased
rechargeto groundetc.

volume-roads/components-of- rgad-dramagg system/)

TrueNorth Steel (2021)
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https://www.roadex.org/e-learning/lessons/drainage-of-low-volume-roads/components-of-road-drainage-system/
https://www.roadex.org/e-learning/lessons/drainage-of-low-volume-roads/components-of-road-drainage-system/

Example of a clear-span bridge which retains the existing river
channel, abutments are set back from the river bank
(AT&F, 2022)

Example of a clear-span bridge, which retains the existing river
channel and column set back from the river bank
(National Roads Authority, 2008)
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Constructed Drain_and Check Dams — Section

Check dam (coarse
aggregate, wood or
gabions)

Provide erosion
protection

Length L is such that
points A and B have
equal elevation

Maximum 1in 2
sideslope

= I =Tr=

T e

N =T=m=m=m

su—ui = Jlll = |l = ””

= IIII_E m

Slope between 2%
and 6%

AMA 1

Check Dam Design Consideration (CIRIA, 2004)
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A swale can have check dams installed at measured ’ : . 4 5
intervals across the flow path, that temporarily pond S et . P
runoff to increase pollutant retention and infiltration
and further decrease flow velocity.

CIRIASuUDS Manual (2015)

Swale channels are broad and shallow and covered by vegetation, which slows
the flow of water and facilitates sedimentation as well as filtration through the
roots and soil matrix, evapotranspiration and infiltration into the underlying soil.

Shallow, vegetated, open channel designed to direct,
treat and attenuate surface water runoff with a
potential for biodiversity benefits.

50-100 mm drop — Optional filter strip — 1:4or 1:3side Wetland Permanent Impermeable soil
at edge of for pre-treatment siope grassed  planting  water fevel
hard surface 10 resist erosion . B x
Myl Image Source: Massachusetts Department of Environmental
A A 3 .
BANERE Protection (2023)
- ya .
g 1 LN o gtk Bl A <https://megamanual.geosyntec.com/npsmanual/checkdams.aspx>
e MR SRR L NS OERLl_ e
AT RO T -
' ST .
\ RN
..‘..' 1A ‘v..}._‘.lJ.J..J

Optional sand/gravel/
mulch layer
CIRIASuUDS Manual (2015)
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NOTES:
* The extensive use of check dams is recommended for the following reasons:

o Management of runoffin terms of reducing flow velocity and minimising
in channel erosion, or erosion at drainage outfalls.

o Maximise attenuation of runoff with a view to enhancing runoff quality
i.e. settlement of suspended solids.

o Maximise attenuation of runoff with a view to reducing the hydrological
response to rain fall at the site.

o Maintain or improve the site hydrological/ hydrogeological regime with a
view to maximising recharge to ground and increasing groundwater
levels locally. This is particularly relevant for peatland areas.

« Check dams will be constructed with the following features and specifications:

o A low flow pipe or small orifice to allow for low flows through the che ck
dam. B

o Check dams will be permanent (life of development) and will be
constructed with crushed rock with appropriate geo-chemistry (local) for
example; coarse aggregate (100-600 mm). Wooden boards, gabions can
also be used.

o Erosion protection and energy dissipaters (cobbles / boulder 100-150mm
diameter) which will extend approximately 1.2 —1.8m downgradient of
the dam and applied to both the base and side walls of the drain / swale.

o Erosion control can be enhanced with the in-combination use of
geotextile base layers (but consider low flow through).

o It is recommended that the drainage channels / swales are entirely lined
with coarse aggregate / erosion control. This will enhance mitigation in
terms of attenuation, erosion control, and recharge to ground.
Alternatively, allowing drains / swales to vegetate will achieve similar
effects.

Constructed Drain and Check Dams — Section A-A’

DRAIN FLOW DRIRECTION

Constructed Drain and Check Dams —Plan View

1 Erosion Control

Constructed Drain and Check Dams —Section B-B’

Recharge

1
|
|
1
v (Infiltration to

ground)

Check Dam

Pooled, or
attenuated
runoff.

Coarse
aggregate

Erosion Control

-

Check Dam Low Flow (Percolation and

filtration through dam)

i,
e

Recharge
(Infiltration to
ground)
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NOTES: Constructed Drain and Check Dams —Plan View
* It is recommended to align the elevation of the upgradient toe and

downgradient crest. Therefore the spacing (L) of check dams will be 1 A

dependent on the on the slope angle of a particular length (L) of drainage, DRAIN FLOW DRIRECTION

whereby; on shallow slopes check dams will have larger spacing and on
steeper slopes (up to 15 degrees *) spacing will be smaller.

The purpose of aligning the toe and crest of respective check dams is
recommended with a view to maximising pooling, or attenuation capacity of

the drainage channel. The conceptual section presented here is designed

with the downgradient crest (A) higher than the upgradient toe, as opposed

to the crest (B) which is aligned with the toe. The purpose of this is to further
enhance attenuation capacity at the dam, and to maximise hydraulic head **

and infiltration / percolation of runoff to ground water (recharge). However,

this approach has limitations including for the potential to adversely impact B
undermine the integrity of the upgradient dam through erosion etc. or the
downgradient dam through loading / excess weight. Mitigation measures
including material selection, erosion control, and variable flow (V-notch) ***
will be used where relevant to mitigate such impacts.

(*) Check dams are recomme nded for drainage channels with slope angle up
to 15 degrees. Drainage and runoff on steeper slopes (>15 degrees) will
require different drainage velocity control features, for example; rock
ripraps.

(**) Attenuation of runoff in drainage channels is an op portunity to enhance
recharge and reduce the hydrological response to rainfall at the site.
However, detailed design wil consider environmental and geological

constraints, for example; enhanced recharge is not recommended in areas of |
elevated or high landslide susceptibility or risk. |
* (***) V-Notch weirs discussed Conceptual Design — Drainage Infrastructure 1 A'

Check Dams — With Variable Flow Rate / V — Notch Weirs

Constructed Drain and Check Dams — Section A-A’ Constructed Drain and Check Dams —Section B-B’
A A’ B B’
[ 1 [ 1

L (Distance between Upstream Toe and Downstream Crest)

Erosion Control [ |

Crest (A) Crest (A)

Crest (B) Depth Crest (B)
Depth

Slightly raised side or h
curtains to prevent 1
circumventing check !
dam side walls. Wbl ] : Spacing (L) between check dams
1
1
1
1
1

will be varied to ensure optimum
crest depth, and maximise
attenuation capacity in the
channel.

Crest depth within
channel near, but not at
or above ground level.
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NOTES:

* V-Notch weirs can be included in designs as a control to mitigate against
variable or peak flows / drainage discharge rates.

V-Notch can also be e mployed to correct the elevation differential (between
Toe and Crest) of respective in line check dams.

Constructed Drain and Check Dams — Section A-A’

DRAIN FLOW DRIRECTION

Constructed Drain and Check Dams —Plan View

Constructed Drain and Check Dams —Section B-B’

Variable discharge over
v-notch weir relative to
general discharge rates
or runoff inundation.
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Conceptual Treatment Train Layout for Construction Areas (Access Tracks, Hardstand Areas, Turbine Base, etc.) & Clean Water By-Pass

R <
SILTBAG/S
/ v SECONDARY o OVERLAND
IN LINE PRIMARY anD | SETTLEMENT < INLINE DISCHARGE TO
COLLECTOR CONTROLS SETTLEMENT/ | /OR TRI-EI_QLMKE/NT 2 SILT CONTROLS EboF\;vE ;Srwré% P o VEGETATED
CONSTRUCTION AREA »|  DRAIN/SOIL (CHECKED | —| oy NG g S [ eagis |—>| [CHECKED ' DISCHARGE [ ™| FENCE/S A EDE
“ TRAPS, ETC.) - LAGOON TRAPS, ETC.) BUFFER ZONE
\ J \
| |
SILTBAG/S ACTIVE MANAGEMENT PASSIVE MANAGEMENT
COLLECTOR EMERGENCY RESPONSE
DRAIN Ar RECYCLE (IF NECESSARY)
OVERLAND
EMERGENCY INLINE DISCHARGE TO
INTERVENTION CONTROLS FLOW CONTROL P o e
CLEAN WATER BY-PASS SUMP / PUMP (CHECKED » BUFFERS: WEIRS DISCHARGE [ FENCE/S GROUND, OUTSIDE
- . - , DAMS, SILT AND BAFFLES SURFACE WATER
TRAPS, ETC.) BUFFER ZONE
EMERGENCY RESPONSE
: RECYCLE (IF NECESSARY)
|
PASSIVE MANAGEMENT

NOTES:
*  Whereverpossible, outfalls will be positioned outside of Surface Water Buffer
Zones.

¢ Forareasofthe developmentfootprint within Surface Water Buffer Zones, in
line measures such as siltscreens will be over specifiede.g.double / triple silt
screens,andaccess to emergencyintervention sump / pumps will be
facilitated through designand/or emergency response.

e Quality of runoff entering buffer zones will be good i.e. suspendedsolids
<25mg/l. Where runoff qualityis poor, emergency response willbeto usean
intervention sump / pumpand pump divert runoffto anarea of the drainage
network where it will be treated before redistributionand discharge.

Conceptual Treatment Train Layout for Construction Areas & Associated Infrastructure within Surface Water Buffer Zones

TO ACTIVE MANAGEMENT & TREATMENT

A

IN LINE
CONTROLS FLOW CONTROL
(CHECKED —»| BUFFERS: WEIRS
DAMS, SILT AND BAFFLES
TRAPS, ETC.)

PRIMARY
SETTLEMENT /
STILLING
POND

BUFFERED

DISCHARGE

EMERGENCY
—| INTERVENTION [—)
SUMP / PUMP
EMERGENCY RESPONSE

S/3DN34 171

SURFACE WATER BUFFER ZONE

PASSIVE MANAGEMENT

SURFACE WATER
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NOTES:

* This methodology and example scenario is designed with a view to managing Horizontal Drilling

arisings, but can be applied to all scenarios whereby active dewatering, treatment, or management

of construction waters is required.

Contaminated water arising from construction works, namely; excavations, drilling and temporary

stockpiling, will be contained and treated prior to release or discharge. The schematic presented

here is a conceptual model of measures implemented to manage arisings and runoff;

A. Arisings from the launch / reception pit, or any other significant excavation (e.g., cablejoint bays),
will be directed the treatment train.

B. Arising control area i.e., a temporary bund. Gross solids will be temporarily deposited here. Water
arsing with the material will be allowed to drain to sump.

C. Sump /Pump. Sump will discharge by gravity /pumped to stilling pond.

D. Temporary stilling pond. This can be constructed using soils for bunding in combination with an
impermeable liner.

E. The outfall from the stilling pond will be buffered (coarse aggregate) to dissipate energy and
diffuse discharging water.

F. Silt Screen. A silt screen will be in place down gradient of the Stilling Pond outfall. This is a

precautionary measure to mitigate peak loads or surcharges in the system.

G. Monitoring Location/s. Discharge quality will be monitored in real time using telemetry systems.
Monitoring of discharge quality will be carried out at the outfall of the stilling pond i.e., before
being actually discharged to surface vegetation or surface water (licenced).

.Sump / Pump. Discharge By-Pass. If water discharging from the stilling pond exceeds quality
reference limits water will be diverted (pumped) from the stilling pond to the settlement /
treatment tank.

. Stilling Pond By-Pass. Similar to Discharge By-Pass, if conditions dictate water can be diverted

directly to Settlement / Treatment Tank.

. Settlement / Treatment Tank. A settlement tank will in line and ready to useif required i.e.,, water
quality at stilling pond outfall fails to meet quality reference limits. The tank will be equipped with
treatment systems which will be activated as the need arises, for example; very fine particles
which are very slow to settle can be treated with a flocculant agent to promote settlement of
particles.

. GAC Vessel/s. As a precautionary measure, GAC (Granulated Activated Carbon) vessel/s will be in

line and ready to use if required. GAC vessels are used to filter out low concentrations of

hydrocarbons. Significant hydrocarbon contamination is only envisaged under accidental
circumstances. If a hydrocarbon spill does occur, normal op erations will pause and the treatment
train will be utilised to remediate captured contaminated runoff.

GAC Vessel By-Pass. If the quality of the water is acceptable in terms of hydrocarbon

contamination.

M.Treated water will be discharge by gravity / pump to the stilling pond for additional clarification,

monitoring and buffered discharge to vegetated area.

N.Silt Bag. Asilt bagcan beused as alternative to stilling ponds. However, silt bags must only be used
as primary method in lower risk areas i.e., outside of buffer zones, etc. Stilling ponds will be the
primary method (D, N) is circumstances where risk is elevated, however a gate vale and silt bag
can be included in the treatment train and used as an emergency discharge route in the event that
the stilling pond needs remediation or maintenance.

In all instances, stilling ponds (D), Silt Bags (N) and outfalls (E) will be situated outside of surface

water buffer zones. At many locations, particularly at HDD locations works will be within buffer

zones. In these instances, the treatment train can be positioned upgradient along the road where
discharge to vegetated areas / roadside drains can be managed.

I

-

=

-

Conceptual Treatment Train Layout for HDD — Plan View

GAC Vessel

Settlement Tank /
Treatment Tank

Monitoring @

Location

Monitoring
Location

—>

Temporary
Bund

Arisings

Surface Water
Buffer Zone
(50m, not to
scale)

HDD - Section

TYPICAL DIRECTIOMAL BORE SECTION
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Conceptual Dewatering and Treatment Train Flow Diagram

Contaminated water arising from construction works, namely; excavations and temporary stockpiling, will be contained and treated prior to release or discharge.
The schematicpresented hereisa conceptual model of measures implemented to manage arisings and runoff.

CLEAN WATER BY-PASS

Pre-treatment

Secondary Treatment & Buffered Discharge

i
e e e ——————— 1
1
1 1
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DEWATERING i BUND i i TEMPORARY LOCATION Outfall / ] SILT SCREEN / L
’ H i —1 STILLING Erosion ! FENCE(S) BUFFERED
I H H. H POND Control 1 WATERCOURSE
e ettt STILLING i H
POND BY- H [
CLEAN WATER BY-PASS PASS mEEmEEEEE T T E T EEEE e mEEmmEmEEEEmmmm——— NOTE: Actualdischarge
) points will be positioned
TEMPORARY BUND BY-PASS e I. DISCHARGE BY-PASS outside of buffer zones.
- N\ To facilitate this thereis
additional option to
¢ M. DISCHARGE BY-PASS pump from outfall of the
treatmenttrain tothe
desireddischarge point.
[ N S e S D S S S S N S S N S N N S N S N N SN N S S N N S N N N N N S N S R N S N S N S S N N S Sy Sy S S ———
1 1
: 1
L. GAC VESSEL/S BY-PASS E. IN LINE 1 OVERLAND
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; LOCATION TREATMENT TANK LOCATION H DEWATERING Outfall / 1 SILTSCREEN/ [ ™|  OUTSIDE>50M
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H VESSEL/S I
H hemmmccce e cccc e e e m e =]
o S S S S S R R R R R R R R R R R R R R R R R R - -
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settlement tank will likely be required to discharged. If quality of water is unacceptable aggregﬁtealntheeventeﬁlstlindg drains
establish robust controls interms wateris notdlscharged, diverted by pumping are utilized, temporary checkdams or
treatmente.g. automatic dosing of from sump andredirculated through similar attenuation features can be
flocculant . treatmenttrain for further treatment. installed where necessary.
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|
Protected land ’

\/ﬂa\(’:

VNN Bgﬂ

\ J]
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Interceptor drain

Nl

Example of atemporary berm
(Green Infrastructure Ontario, 2012) Available at:
https://greeninfrastructureontario.org/infiltration-trench-swale-construction/

Conceptual graphic of an interceptor drain
(NRCS/USDA.gov, 2007) Available at: https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs141p2_017651.pdf

Built-up berm
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Low-flow outlet system

with overflow spillway _l Earth-embankmertt

Catchments & Creeks Pty Ltd (2010)
<https://www.catchmentsandcreeks.com.au/docs/SEP-1.pdf>

Pond bank at 1:3 (see figures
showing pond edge and
benching details)

Mazimuim waites ievel

Pond and pond structures

United Nations Food and Agriculture Organization
<https://www.fao.org/fishery/docs/CDrom/FAQ_Training/FAO_Training/General/x
6708e/x6708e01.htm>

i »
Lineranchortohe  Subsolly Geomembrane liner =5
. min 300mm gravel eg Butyl or similar
beneath grolind level tbenching of the liner may
to avoid damage bemq\l'flmsgemwﬂg:g Protective Ponds should be designed to mimic natural forms and have
a‘““m*mu';ms"m teg gem@ow,elsm) varying depths which can provide a range of different habitats.
CIRIASuUDS Manual (2015)
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Example of an oil-water separator
Minerex Environmental Limited, an RSK
Group company

@ Minerex

Environmental

WATER PUMPED SOLIDS TRAVEL DOWN
INTO CLARIFIER PLATES AS WATER
MOVES UPWARDS

9 STILLING CHAMBER OUTLET DESIGN
DIRECTS FLOW MAINTAINS FLOW EVEN
DOWNWARDS IF UNIT NOT LEVEL

0 FLOW DISTRIBUTED e SLUDGE STORED IN
BETWEEN PLATES HOPPER

Ol

- RETENTION
‘;;[("IR BAFFLE olt oL separanion OV :3;"_':':‘” TION
\ SKIMMER COMPARTMENT
> X -

= o \

o
WATER an A% % /i \.VA)YE?

OUTLET INLET
e |

INSPECTION AND GRIT/SLUDGE
SAMPLING TEE REMOVAL BAFFLET
Cross-section of oil-water separator
Siltbuster ® (2017) “Solutions for Suspended Solids Removal: Hire, Sales & Technical Support” Siltbuster Ltd. Available at: Mohr. Kirbys. (2014
https://www.siltbuster.co.uk /wp-content/uplo ads/2020/10/Solutions-for-Suspended-Solids-Removal.pdf. onr, Kirby>. ( )
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Example of buffered outfall with coarse aggregate
(Catchments and Creeks Pty Ltd., 2020)

Outfall discharge flows
into vegetated set-
back wetland allowing,
deposition of /
sediment before

reaching the main

Main Channel

Example of a silt bag
(Cascade Geotechnical Inc.,2022)

channel
Conceptual graphic of a discharge to vegetated outfall
(Janes-Bassettet al., 2016)
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Buffered Outfall Area
(variessite to site)

Anchored
Silt Fence

Fanned Gravel/
Hardcore Material
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FLOW

The bottoms of the end bales MUST
be at least 30 cm (12 in) higher than
the top line of the spillway bales.

Wooden
stakes
Rocks, small branches, and
excess straw are used to fill
Energy dissipater
consisting of rocks.

All bales are placed on
their sides.

gaps between the straw bales.

Example of a Strawbale Checked Dam Robichaud, etal.
(2019)

Conceptual graphic of a straw bale checked dam

(Storrar,2013) Example of a Strawbale Checked Dam
(Kawartha Conservation, 2020)
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Temporary barrier fabric used to retain erosion of sand, silt, and clay. Geotextile silt fencing acts as a vertical, permeable,
interceptor to sediment-laden waters from construction.

Silt Fence Post

Safety Cap on each
Steel Y Post

SiltFence clips

(2-4 spacings between ev-elyYPosl) 2.5mmWire

Soil

Example of Silt fencing inuse

Bowman Construction Supply (2023) Available
at:<https://www.bowmanconstructionsupply.com/produc
ts/silt-fence/>

Geotextile Embedded Detail Silt Fence Geotextile

in Anchor Trench

Retained Silt from Runoff

Conceptual graphic of asilt fence

Available at: https://www.pub.gov.sg/Documents/SiltFences. pdf . R
ps:// pub.gov.se/ / ‘ P Silt fences control runoff by allowing water to pass through

the fabric while collecting leftover sediment.

SiitFence 200mm into
ground and 170mm upslope along
base of trench

Example of Silt fencing inuse

(EnviroPro, 2022) Available at:
<https://www.enviropro.co.uk/entry/153977 /Siltbuster/Terrastop-silt-
fences-for-erosion-and-runoff-control/>

Conceptual graphic of asilt fence
Tech Weave (2020) Available at:<https://techweave.com/silt-fences/>
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Example of a temporary spill pallet bund (Road Ware, 2023)

Available at: <https://www.roadware.co.uk/bp4c-covered-4-drum-spill-pallet-bund-

sump/?gclid=CjOKCQiA8a OeBhCWARISANRFrQFNE1gbC8i90UP2HLpHeKcFDNjrurp_ui5SNz

6rmRa1WbINXRH17di8a An-kEALw_wcB>

.
o

£
\ - T -
N
Example of a temporary spill pallet bund (Road Ware, 2023) 7 .
Available at: <https://www.roadware .co.uk/ibc-storage-tank-pallet-spil l- j
containment-bund- : -
stand/?sku=IBCSP&gclid=CjOKCQiA8a OeBhCWARISANRFrQFTsDISEUrk4rdov L Example of a temporary spill pallet bund (Road Ware, 2023)
4TcTBQOwNZguishepS-yj6_qxINexUXnAvEONkaAq8ZEALw_wcB> Available at: <https://www.roadware.co.uk/gsp2ibc-galvanised-steel-double-ibc-spill-
pallet-
bund/?gclid=CjOKCQiA8a0Oe BhCWARISANRFrQGfh5e3IUi9TcfRiIXMACEnilLoSgFmKIbO_dH
i7MRkIwiMOcU7F2oa AKDSEALW_wcB>
Site Name: Project No. 603676 Drawn By: Colleen McClung
Firlough Green Energy — Wind Farm Graduate Project Scientist
Client: JoD
Figure Name: Date: 03/05/23 Reviewed By: Sven Klinkenbergh
Appendix 9.4 — Conceptual & Information Graphics — Tile 19 Revision: 02 Principal Environmental Consultant
Examples of Mitigation Measures During Construction Phase- Environmental evision:
‘Good Practice’ of Bunded Materials




Example of a spill kit deployed in surface water
(Oracle Environmental Experts Ltd., 2022)
Available at: https://www.oracle-environmental.com/spil l-kits

Maintenance Spill Kit

(Hyde Park Environmental, 2023) Available at: https://hydepark-
environmental.com/1100-litre-maintenance-emergency-spill-
kit?utm_source=email&utm_medium=email &utm_campaign=HMK234%2F0

3.23

Polymer Spill Kit

(Yellow Shield Ltd., 2023) Available at:

https://www.yellowshield.co.uk/polymer-spill-kit
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VOLVO

Construction.co.uk, 2023
<https://www.construction.co.uk/c/2
17313/wheelwash-ltd>

Meeds Environmental, LLC, 2012
<http://www.meedsenvironmental.co
m/wheel.php>

Neptune Wash Solutions, 2023
<https://www.neptunewash.com/aut
omated-wheel-wash-systems/>

KKE Corporation, 2023
<https://kkewash.com/en-gh/8-4-
agc-portable-tire-wash/>
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* The three principal materials excavated in order of depth will include topsoil
at the surface, subsoils, and weathered and broken bedrock (Horizons A-C,
respectfully).

* A suitably qualified geotechnical /soil scientistwill supervise all excavation
and the principal material types (topsoil, subsoil and bedrock) will be
segregated as they arise.

* Temporary storage locations and stockpiled arisings willbe managed insuch
a way that as to not mix induvial soils types which will, in turn will facilitate
reuse on Site. Some measures which will betaken include;

* Designated areas for each type of material which will beadequately
sized based on Material Balance Assessmentcalculationsand
planned storage height.

* Incorporatingthe planned movement of materials for example;
actotelm peat will bethe first material to be excavated and the last
to be used in reinstatement.

* Adequate spacebetween stockpiles toreduce the potential of
mixing when material is being deposited or removed, or iflocalized
stability issues arise for example; stockpilecollapse.

* Itisalsoimportantto mitigate againsttheentrainment of solidsin
runoff (EIAR Chapter 9 — Hydrology & hydrogeology).

* Inorder to reduce the amount of arisings to be managed or stored atanyone
time duringthe construction phase,a Materials Balance Assessmentand
Materials Management Plan will be developed with a view to identifying
suitablelocations for permanent reinstatement as early as possible, for
example; as the construction phase progresses, opportunities to move
arisings to a permanent reinstatement area in one movement will betaken
as often as possible.

* Backfillinginlayerswill becarried outat the designated reinstatement
locations, this willinclude; use of material as fill under infrastructure, backfill
around newly installed infrastructure e.g. foundations, and potentiallyin
improvement areas.

0.0
Horizon A

0.5

Horizon B

10.0

Thin actotelm peat layer

Peat and subsoils / tills

' -
* Infillingwith material inidentified soil horizons to revert these areas to Horizon C edrock Pk :,-‘!{'ir_
] punrgee i
baselinelevels. T Nl VIR A
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* All stockpiles will be covered with high-grade polythene sheeting to prevent
run-off of rainwater and leaching of potential contaminants fromthe
stockpiled material generation and/or the generation of dust.

* Recovered material destined for reuse off site will comply with Article27 or
Article 28 of the EPA to be classified as a by-productor as end-of-life waste,
or Certificate of Registration for soils.

* Excess soilswhich cannotbe reused will betested and classified as a waste
and disposed of appropriately.

* Temporary stockpiles willavoid areas on Site near artificial drainage channels
(outside designated surface water buffer zones and will adhereto mitigation
measures outlinein EIAR Chapter 9 Hydrology and Hydrogeology, indealing
with entrainment of soilsin surface water runoff.

Dl

Silt fencing

Segregated
Soil Horizon B
(catoelm peat
and/or tills)

Soil Horizon C
(bedrock)

Segregated Soil
Horizon A
(actotelm peat)

Surface Water
or Drainage
Buffer Zone

3

urerq 10 J3Je/\2IeNS .
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Conceptual Management of Stockpiles Graphic
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Existing Drainage Scenario

Proposed Drainage Scenario

Existing artificial drainage networks cut throughout peatlands drain surrounding areas of water held up in 1
peat for extraction purposes and add preferential pathways for surface water runoff to connect to Checked dams \
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at measuredrate to stream/river
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Existing Drainage Scenario

(Pre-Development) Rainfall

Existing Track Surface LeveJ

Rainfall runoff v

Cutover Bog Surface Level

Subsoil Surface Level

(Post-Development) Peat
Hardstand Surface Level Drain Deposition

\% Surface Level

Subsoil/Fill
Berm.

Existing Track Surface Level
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Existing Drainage Scenario

Artificial drainage networks cut throughout peatlands reduce the water Rainfall is no longer absorbed/held up on Site and is lost

table and impeded the reestablishment of Sphagnum moss (the acrotelm/ to surface water receptors as runoff. This can lead the

uppermost layer in peat bogs) which is capable of hold over 20 times its erosion and entrapment of exposed peaty soils.

dry weight in water Rainfall

Existing Track Surface Level

\ e Runoffcarried off
. 4 by drainage /

Cutover Bog Sur ditches
Subsoil Surface Level
proposed Drainage Scenario Restorative mitigation measures aim to improve the hydrological regime of the Site while creating
conditions more favorable for e.g. the recolonization of Sphagnum mosses / reestablishment of an
upper acrotelmlayer, indicative of Active Blanket Bog. i
B Subsoil berms act as barriers to retain iy v g Rainfall B’
peat deposits within specified areas Historic drainage network is blocked which
around turbine hardstands. reduces the runoff and facilitates rewetting of
Subsoil/Fill Peat Peat Subsoil/ . g
. Deposition previously degraded peatland.
Berm. Deposition Drain Hardstand Surface Level : ’ Fill
Existing Track Surface Level Surface Level Drain Surface Level Berm.

2 Y
————— N
e I N e e P e
Cutover Bog Surface T
Subsoil Surface Level
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Conceptual Treatment Train Flow Diagram

Input / Sources Primary Secondary Tertiary Process Output Primary Secondary Discharge
Treatment Treatment Treatment Treatment Treatment
Storm Water Rainwater ___
(Roads) (Roofs)  ( : i i =y s T T s ,
. . RO Hydrogen 1 Upstream Monitoring
* * Filtration 1§ 1y (70% EDL gy DEMIN Production 2 (Baseline Chemistry)
(Ultrafilter) . (Deionization) Storage d Waste/s
ows Rail er : Efficiency) (Electrolyzer) Constructed Wetland
Oil Water Sep. > Storage g HIGH BOD LOADING
--------- - : G R RETENTION TIME C. 12DAYS
i : ases / Oxygen Septic Tank / L AREA =c. 70m2
1 : (To Atmosphere) Settlement
Groundwater ' :
: : . Pond /Sump
Storage 1 Bresmrnemmresnnsasmssssssassssssssssnss e 1 T
1 1
? : »|  Welfare Facilities - i |
1 ]
i o | 1 1 11
EEInEE Gr 1 Intervention ! 1 Welfare Wastewater 1 : — |
Monitoring (Boreholes) H Storage ] 1 Discharge Rate? [ *
H i 1 [PE] 1! Wastewater " :
L :'_> Chemical Composition? --:' - Storage My tl-St‘:lg:ﬂ:?‘ r;structe
H (Nutrients) . )
Mains Water ! : : Max averaged monthly m:"e I:‘e::t“:n"; Discharge to Surface
1 £ _Manage Water / River
i 1 1 wastewater =2.82m3/hr or recirculation as necessary) > . o
| 1 1 0.781/sec. RETENTION TIME = 24 HRS (Relying on assimilative
1 1 1 PER STAGE x 2 no. STAGES capacity?)
4.3m3/hr 1 1 Process Wastewater 1 A (Based on 20 x30m 40%
D3mE i : 1 (Concentrated 1 porosity with 1.31/sec
- : : Discharge Monitori
| 4.8 m3/hr or 1.3 I/sec 1 Groundwater) 1 <+ inflow) 3 i
> - : > Discharge Rate? : 1
| 1 C 1.8l/sec 1 [l Ltcep@® 8| e
: 1 Chemical Composition? 1 I 1
1 1 (Concentrated GW) ] : 1 Disch Monitori
! 1 : i H ischarge Monitoring —
1 1 . ety
Solid Waste / i 1 Discharge Monitoring 1 E : ) s e
Consumables (Collected) 1 1 1 1 1 =
[ [ ———— 1 @
! I ] Gate / Valve 3
1 | 1
... """\  stormoverflow \ I 1 L
Fromesy Process Promes  Precees EMERGENCY v
Desc. Unit (Welfare CW Stage 1 Stage 2 Stage 3 Stage 4 SUBTOTAL INTERVENTION
; : ; =—— = ko) T
(W 3 20 20 20 3
[Area :Q 80 800 800 800 300
Note. b tool . . "
k&a{ure Depth m e 0.5] 0.5 0.5 05 05 DISCharge Monltorlng
Feature Volume m3 40 300 300 300 150
:’vo:oamvy‘ %3 IEI?(: 41“2":; 41“2":; ﬂﬂ;; IEI:; == =] sma" Pond / sump
jater Volume m
Flow, m3id; 13/ 115.2 115.2 115.2 115.2 . i il
. L[ s Pl
Flow, Isec Vsec 12 12 13 13 Sludge (Collected) (Assimilate mistry)
Eydlall\ic retention time Hours 25 25 25 125 87.5] __—
[Note wieb tool
ic retention time: Days. 1.04 1.04 1.04 052 3.65| T P
Site Name: Project No. 603676 Drawn By: Sven Klinkenbergh
Firloiugh Green Hydrogen - Principal Environmental Consultant
Client: Mercury Renewables
Figure Name: Date: 03/05/23 Reviewed By: SK
Tile 27 . R&D TECHNICAL REPORT P2-159/TR2 16
. . . Revision: 02
Hydrogen Site — Conceptual Process & Treatment Train Flow Diagram

Conceptual Graphics & Design for consideration at detailed design phase and engineered specification of required infrastructure. Not to scale.




Conceptual Treatment Train Flow Diagram
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Conceptual Treatment Train Flow Diagram
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Conceptual Treatment Train Flow Diagram

Flow / Discharge rates based on Peak Flow.
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# | Guidelines

Design

The top surface of the treatment area should be at least
3m’ per person equivalent (PE). The minimum total area
s 15m regardless of the population served, and the.
‘minimum width or length of the top surface is 2m”. The
aspect ratio of the top surface is not important.

To ensure sufficiently low area loading rate for effective
treatment, and to ensure “edge efiects” are not significant

INB the British Wter Code of Practice for Flows and Loads
fron :

The wetland sides and base should be lined with a
ted waterproof ar
ininert ground of V™ > 100 s/mm

To ensure treated effluent s directed to outlet. The
i Agency ic tank effl infikrate.

into soakaway between 15-100 s/mm, therefore infiltration at

smaller rates whers Vp 3100 s/mmis scceptable.

i prodf liner s needed, a pi

#4 (current at the time of writing these
that domestic properties be designed for 3 minimum of
5 people PE)i.e. 15m’.

yrthatic protected with
gestextile membrane sbove and below according to the
manufacturers recommendation.

The tatal bed area should be undivided, or else divided
into two equal beds to facilitate maintenance. If two beds
are used, these should be lnaded simultaneously fexcept
when undergoing maintenancel.

To ensurs comect sewsge loading rate to wetland surface
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The wetland should be drained from the base using one
or more *Base Drainage Pipes” connecting to a single pipe
discharge of at least 70mm minimum bore.

To ensure the treatment layer is free draining.

Asingle, rigid base pipe 70mmin dismeter is adequate for
bed width <3m. For larger bed widths, parallel base pipes
with 2m or less between centres would provide adequate
drainage.

Unparforatad pipe - (ventilation and
emergencyaverflow) (Tomm min_ bors) -

Extend min. 100 mm above bed surface.
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Guidelines
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Table 3. Background concentrations of water quality constituents of concern in free water surface FWS constructed

wetlands (EPA, 1999)
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Conceptual Treatment Train Flow Diagram

Flow / Discharge rates based on Peak Flow.
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Artificial drainage networks cut throughout peatlands reduce the water Rainfall is no longer absorbed/held up on Site and is lost

table and impeded the reestablishment of Sphagnum moss (the acrotelm/ to surface water receptors as runoff. This can lead the
uppermost layer in peat bogs) which is capable of hold over 20 times its erosion and entrapment of exposed peaty soils.
dry weight in water Rainfall
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Existing Track Surface Level

o Runoffcarried off / :

by drainage
ditches
Subsoil Surface Level
| —
. ) - Restorative mitigation measures aim to improve the hydrological regime of the Site . Historic drina ; ;
ge network is blocked which
Slese] berr:ns act_a§ barnefs. to retain while creating conditions more favorable for the recolonization of Sphagnum Rainfall ediEss e et and Belisies Eeeting ef
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( | ) Subsoil/Fill Peat ;eat . Subsoil/Fill
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https://www.chegg.com/homework-help/questions-and-answers/old-mathjax-webview-figure-shows
process-treatment-po-q84945924

Question: Old MathJax Webview The Figure Shows The Simplified
Diagram Of The Physical-Chemical Process For The Treatment Of...

Old MathJax webview

The figure shows the simplifid diagram of the physical-chemical process for the treatment of polluted
groundwater. The plant is composed of two parallel lines. Highly contaminated groundwater [ @ =160 m 3
h -1]is first treated by coagulation-flocculation, dosing 41% and 35% solutions of ferric chloride and sodium
hydroxide, respectively (pH increase up to pH = 11, converting the ammanium ions into free ammenia in
order to aid the subsequent stripping process). The effluent of the coagulation-flocculation step s heated
to & temperature of 38°C. The stripping air (flow rate 120,000 Nm 3 h -1 for each ling) flows through the
towers in countercurrent to the water.

The two stripping towers (one tower per ling) are made of concrete with an inner lining in polypropylens
and have an internal diameter of 5.5 m and 12 m packing height (Pall rings).

The outgeing air from the stripping towers, enriched with ammenia, feeds the absorption towers (two
towers per ling), which are made of polypropylene, with an internal diameter of 2.6 m and a 9 m packing
height. A countercurrent recirculating absorbent solution of sulfuric acid is fed to the towers. The bottom
flow of the absorption towers consists of a 30% ammonium sulfate solution (@pproximately 2,500 kg d -1as
pure ammonium sulfate). The top air flow is recirculated to the stripping tower. The liquid effluent from the
stripping towers is cooled [with heat recovery) and then filtered through the sand beds prior to the final pH
neutralization and discharge to the watercourse. weakly contaminated groundwater (@ =140m 3 h -1)is
fed through this final stage of filtration and neutralization, giving the added benefit of reducing the
consumption of the neutralizing acid

Calculate the material balance and energy balance of the Units (stripping tower, absorption tower and heat
exchangers)
stripping air

(closed locg)
[ -

at!

Hy80, so%

Palyslectrolyte

NHy)2 504
solution 30%

Legsnd
" CF_ Coagulation-focculalion  F  Sand filration
high pelisted  Jow palluted SED N

wells walls ST Siripping tower Hi Pials heat exchanger {heating)
asom® K’ auom?n! AT Absorption tower HZ Tube heat exchanger (coeing)

Take the missing parameters which are need to complate the calculstion with standard or closer to
standard values.

-simplified-d iagram_physicm_é}gprﬁééﬁwww.frontiersin.org/arti cles/10.3389/fenvs.2021.815159/full

& frontiers | Envionmental science Sections v  Articles  Research Topics  Editoria

N Removal in Wastewater Treatments and Marine
Environments

The classical technology for N removal in wastewater treatments is based on
anaerobic denitrification (Figure 1). The microbiota involved in anaerobic
denitrification include several strains, such as Pseudomonas and Bacillus stains
and function enzymes are usually detected as NAS, NAR, NIR, etc. (Kuypers et
al., 2018). Aerobic denitrification and Anammox are also key pathways in
wastewater treatments and direct ammonia oxidation (Dirammox) is a newly
recovered process for ammonia removal (Mai et al., 2021; Wu, M. R. et al,,
2021). The microbicta of aerobic denitrification used in wastewater treatments
are frequently identified as Alcaligenes faecalls, Zoogloea sp. and Shinella
zoogloeoides (Ji et al,, 2015), while Anammox bacteria, Ca. Brocadia sinica
strains, are usually observed in wastewater treatments (Speth et al,, 2016). In
terms of other processes implemented in wastewater treatment, e.g., OLAND,
SHARON and CANON, the participated microorganisms are frequently
identified as strains found in nitrification, dentification and Anammox, such as
Sphingomonas sp., Ca. Kuenenia and Nitrosomonas sp. (Schmidt et al., 2003)

Figure 1

FIGURE 1. N remaoval process in wastewater
treatments and marine systems_ In
wastewater treatments, N removal pathways,
including nitrification/denitrification.

Anammox and dissimilatory nitrate reduction
to ammonium (DNRA), were outlined and
different technigues (SHARON. CANON.
OLAND) based on the present reactions
were highlighted by colors. In marine
systems. biclogical assimilation occurs in the
surface water, while anaercbic
denitrification, Anammox and DNRA prefer
DO-insufficient environments, such as
exygen minimum zone and sediments
Compared with marine systems.
environmental factors, such as temperature,
could be well controlled in wastewater

treatment tanks.
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Conceptual Treatment Train Flow Diagram - Contam Loading
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P90

P90 is all about quantifying the uncertainty of annual energy yield predictions.
P30 is the energy WMI predicts that a wind turbine is 90% likely to produce
over an average year, given the uncertainties in the measurement, analysis
and wind turbine operation. P50, on the other hand, is the average annual
energy yield predicted for your site - the annual energy output you are most
likely to achieve.

Investor decisions are commonly based on P30 (P95 or even P80 are
sometimes used). Better instrumentation, long term data, analysis and wind
turbine operation are all able to close the gap between P90 and P50, so

¥ increasing your project value.

- =7

p=4d

Wind Measurement International aims to maximise P90 from initial survey to final bankable report. Our range of services offer a
consistent P50/P90 through the energy valuation matched to your risk/cost requirements.

https://greensolver.net/wind-p50-and-p90/#:~:text=The%20P50%20figure%20is %20the,90%25%200f%20the%20projects %20life.
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P90
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P90 is all about quantifying the uncertainty of annual energy yield predictions.
P30 is the energy WMI predicts that a wind turbine is 90% likely to produce
over an average year, given the uncertainties in the measurement, analysis
and wind turbine operation. P50, on the other hand, is the average annual
energy yield predicted for your site - the annual energy output you are most
likely to achieve.

Investor decisions are commonly based on P30 (P95 or even P80 are
sometimes used). Better instrumentation, long term data, analysis and wind
turbine operation are all able to close the gap between P90 and P50, so

increasing your project value.

Wind Measurement International aims to maximise P90 from initial survey to final bankable report. Our range of services offer a

consistent P50/P90 through the energy valuation matched to your risk/cost requirements.

P90 in wind measurement:
http://www.windmeasurementinternational.com/wind-analysis/p90-wind_anyalsis.php#:~:text=P90%20is%20the%20energy%20WMI,analysis%2 0and%20wind%20turbine%20operation.
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