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1 INTRODUCTION

1.1 Introduction to the guidance

This document provides guidance on representing the following GreenBlue Urban (GBU) SuDS installations within Flow
hydraulic modelling software;

e HydroPlanter.
e ArborFlow Treepit systems.

This guidance document is based upon Causeway Flow software version 9.0 (hereafter ‘Flow’) and assumes that those who
use it are proficient in the use of Flow and the processes involved in modelling attenuation / infiltration storage. Hydraulic

modellers / engineers should satisfy themselves that sufficiently robust coefficients, units and parameters are used throughout
the modelling process.

1.2  Structure of the guidance

The structure of this guidance is set out as follows;

e Section 2 - general workflows and items to be considered in the modelling process.

e Section 3 - contextualisation of the SuDS structures into modelling inputs.

e Section 4 - general modelling approaches when considering inflow, interception losses and outflow.

e Section 5 - modelling considerations specific to within Causeway Flow software.

GreenBlue Urban Hydraulic Modelling 1 January 2021
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2 MODELLING WORKFLOWS

21 GBU SuDS HydroPlanter

Is HydroPlanter
on a slope

No Yes
Model as complex structure
Model as single infiltration with infiltration basin. Add
basin structure additional infiltration basins for
each segment of planter.
Add Interception lossess
Is flow control achieved
using the filter media or a
specific flow control?
Filter Media Both Flow Control
Assign infiltration rate to Model.ﬂov.v gontrpl and Model flow control
base. assign infiltration
Model Overflow
Figure 2-1: HydroPlanter Modelling Methodology
GreenBlue Urban Hydraulic Modelling 2 January 2021
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2.2  ArborFlow Treepit

Add Interception lossess

Does
Treepit Infiltrate

Yes Partial No

Assign infiltration rate to Model flow control and

L Model flow control
base. assign infiltration.

Model Overflow

Figure 2-2: ArborFlow Treepit Modelling Methodology

GreenBlue Urban Hydraulic Modelling 3 January 2021
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3 GBU SUDS COMPONENT MODELLING

3.1 GBU SuDS HydroPlanter

Modelling advice is based upon the GreenBlue Urban HydroPlanter typical verge installation. The following figures show
typical sections. Guidance on Soil (filter media) infiltration rates can be obtained in CIRIA SuDS Manual Table 30.3 and through
discussions with GBU.

Inspection Chamber

Forebay

[T [T

Flush Kerb - To engineers
specification. GBU recommend
provision is made to trap large
debris on the road before
entering the planter

B—

Figure 3-1: HydroPlanter Plan Area

Pre-Cast Concrete weir wall
RRCIVICINA Civic overflow pipe to sit at 75 x 100 x 1200
same level as concrete weir connecting aséandal’d block pla\lm?hmﬂ x ‘\Olt) X -
to 80mm drainage pipe in drainage layer mm running along the penmeter of the

Aluminum edging to both sides of
planter to provide backing to concrete
haunches & provide required depths

Concrete haunching

HydroPlanter to be filled
with ArborSoil Hydro

GBUCWMA to top of drainage layer and.
200mm up the sides of the planter
GBUDRAINA - 150mm minimum depth
of drainage layer to base of
HydroPlanter structure

OT type 1 backfill support base to be
properly compacted to sides of
HydroPlanter or fill with concrete if
adequate compaction is not available
50mm Consolidated blinding sand

bedding
Y SECTION A-A
Figure 3-2: HydroPlanter Section A-A
Inspection cover
|
Silt Trap
Connection to
HydroPlanter
Figure 3-3: HydroPlanter Section B-B
GreenBlue Urban Hydraulic Modelling 4 January 2021
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808mm Section View

1200mm Plan View

Figure 3-4: HydroPlanter Dimensions

Figure 3 5 shows the SuDS feature contextualised into key modelling components, detailed in Table 3 1. It is noted that the
filter media has the potential to provide the outflow control through the delay of flow passing through the soil layer. The rate of
control with depend on various factors including the soil specification and extent of antecedent wetness of the soil.

Inflow HydroPlanter
|:> !_Surface Storage (100% Porosity) I Key
1 [
C lex Struct
Gravel Aggregate (30% Porosity) F W ompiex structure

I Overflow Control

I Outflow Control

Storage Node A Storage Node B

| | | ' |

Losses

Figure 3-5: Conceptualised HydroPlanter as Model Components

GreenBlue Urban Hydraulic Modelling 5 January 2021
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Table 3-1: HydroPlanter Representation within Model

Component Representation in Model Described in Section

Inflows to the system through generation of runoff and

Inflows application to the SuDS feature. 4.1

Surface Storage e . .
9 Represented by an infiltration basin using a complex structure.

The SuDS feature plan area is defined at specified levels
corresponding with interface between layers. 5253

Gravel Aggregate

Bioretention Media
Porosity of individual layers represented by manipulation of

plan area.

Shingle Aggregate

The scale of the applications where this will be used in means
Outflow Control that only simple orifices are likely to be required. Flow can also 441,443
be controlled as flow passes through the soil profile.

Usually represented by a weir overflow as per manufacturers
Overflow Control specifications. Where flow is controlled through the soil profile 4.4.2
the overflow is integral to the structure of the HydroPlanter.

A 'dummy reservoir’ is applied within the Flow storage
Interception Losses tab which is set at an invert level below that of the GBU 4.2.1,5.2
component.

3.2  GBU SuDS Treeplanter - ArborFlow

Figure 3-6 and Figure 3-7 shows typical plan area and cross-sectional details of the ArborFlow system.

ULLSSFEA Uliwarior vertical sl tree guard
1.8m high x 600mm diameter securad 1o grilla

BEPC12UGAL20mm x 1200mm tnee grils
ahw RootRaln irgation inkel

Galvanksed free orile support frame RootRain single inlet imigation system with cast
2at on concrele haunch Iniet
RO1000-R:34 RoctSpace
RoolDirattor, madium, modular Foctpathiroad construction
root barer ayeiem

RRAREY1506 Arborvant 150 single inlat
aetation system with cast inlets
fitted 4o RootSpace Alrflow inlet

BALAPYA Athorguy sirapped anchor
systam Shw deadman plates

GLTWGEHNA twliwall geonet lald v RootSpace:
structure

RoctSpace struckure - 2 upright deep x

10 uprghts acrosz x & uprights wida

{1 x 2x 2 module vold below RooiDHnactor)
loadad with RootSoll 20 & RootSol SUBA ciw
Alrflow deck

GRHN20 plestic apan reinforcing mesh,

Additional twdnwall Geolst (GLTWGHNA) 1o GBUMATSA - 200mm minkum
b insialied where sub-basa Is Inctalad dopth of drainage lavor
balow 3% CBR - Minimum 2%

SECTION A-A BB

Figure 3-6: Typical GreenBlue Urban ArborFlow Section

GreenBlue Urban Hydraulic Modelling 6 January 2021
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Figure 3-7 Typical GreenBlue Urban ArborFlow Plan Area

Figure 3-8 shows the SuDS feature contextualised into key modelling components, detailed in Table 3-2. It is important to
understand that the filter media can provide the outflow control, particularly in small contributing catchments (area which drains
to the HydroPlanter or ArborFlow treepit).

ArborFlow
Treepit

Inflow Key

- Complex Structure

I Overflow Control

[ Outflow Control

Storage Node

} } . ; .

Losses

Figure 3-8 Conceptualised ArbowFlow Treepit as Model Components

GreenBlue Urban Hydraulic Modelling 7 January 2021
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Component

Representation in Model

Described in Section

Inflows to the system through generation of runoff and

Inflows application to the SuDS structure. 4.1
Represented by a depth / area / inf area structure. The SuDS
RootSpace Structure . . o .
feature plan area is defined at specified levels corresponding
with interface between layers. 5.2,5.4
200mm Drainage Layer Porosity of individual layers represented by manipulation of
plan area.
The scale of the applications where this will be used in means
Outflow Control that only simple orifices are likely to be required. Flow will also 441,443
be controlled as flow passes through the soil profile.
Overflow Control Usua.llly re.presented by a weir overflow as per manufacturers 442
specifications.
A 'dummy reservoir’ is applied within the Flow storage
Interception Losses tab which is set at an invert level below that of the GBU 421,52
component.
GreenBlue Urban Hydraulic Modelling 8 January 2021
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4 GENERAL MODELLING APPROACHES

4.1 Establishing Inflows

Rate and volume of inflows to the model should be established via standard practices using the ‘design setting’ tab in Causeway
Flow software. FEH2013 rainfall data for England, Wales, Scotland and Northern Ireland can be obtained from fehweb.ceh.ac.uk

4.2 Representing Interception Losses

Interception storage is the difference in the total volume of rainfall runoff that enters a HydroPlanter or ArborFlow treepit but
does not leave via the positive discharge outlet. This term is also referred to as interception losses.

The extent of interception losses that occur in response to any individual rainfall event will be variable due to various factors
(e.g. antecedent wetness conditions, season etc.) at the time of the rainfall event.

It is considered that the loss likely to be generated is comparable to 20 mm of rainfall per 1 m2 plan area of the HydroPlanter or
ArborFlow treepit, dependent upon various aspects such as antecedent conditions and design of the system.

It is considered prudent to undertake a sensitivity test analysing the flow model with and without the effects of interception
losses to enable understanding the influence of interception and sensibility check the figures being used within the model.

4.2.1 Modelling Interception Storage - Attenuation Systems

The modelling of interception storage can be rationalised and represented as a “dummy” reservoir, where virtual storage is
created below the level of the outlet. Flows entering the system will fill the reservoir before flows start to exit the system via the
flow control. The volume of the reservoir will relate to the volume of interception losses being allocated within the design.

This approach is suitable when considering single rainfall event simulations, or a range of rainfall events when for example
undertaking critical duration analysis, where the baseline conditions are present at the start of each individual analysis.

Where Time Series Rainfall (continuous analysis which includes multiple rainfall events) is applied to the simulation the hydraulic
model should include a mechanism which would allow the dummy reservoir to empty. As TSR analysis is not applied widely by
the design industry, the mechanism of emptying the dummy reservoir is not explored further by this Guide.

4.3  Modelling Flow Through the System

The hydraulic model should take consideration of the soil specification within the HydroPlanter / ArborFlow structure and
catchment draining to the HydroPlanter / ArborFlow units when considering how critical it is to represent the time lag which
would be applied to the flow as it passes through the HydroPlanter / ArborFlow unit. Primary considerations are outlined as
follows:

e During most rainfall events, the soil in the HydroPlanter / ArborFlow units would be expected to be 'dry’ prior to rainfall
commencing. The initial rainfall would therefore be intercepted and would cause a lag in response to rainfall at the point
of discharge from the HydroPlanter / ArborFlow units. However, once the filter media has become saturated there may not
be significant time lag from the time that flow enters the system to the point where flow discharges from the HydroPlanter /
ArborFlow unit.

e Where flows out of the system are controlled via a flow control structure or infiltration into the ground, this is likely to
become the controlling factor for restriction of flows through the system. The control rate (flow control or infiltration rate
to underlying soils) should be compared with the flow rate through the HydroPlanter / ArborFlow soils to determine the
controlling factor.

For the majority of installations which will have small catchments, a flow control is unlikely to be necessary as flows will be
slowed as it passes through the soil structure. BGU advise an infiltration rate of 80 - 100 mm/hr for the soils used in the
HydroPlanter or ArborFlow treepit.

GreenBlue Urban Hydraulic Modelling 9 January 2021
Guidance - Causeway Flow
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Causeway Flow software does not have the ability to model the lag in response as flow passes through the soil structure of
either the HydroPlanter or ArborFlow systems. Where representation for the soil slowing the flow is necessary to assess the
impact on the receiving drainage network, it is possible to mimic the process of flow passing through the soil profile using a
‘dummy’ flow control. This will require the modeller to manually assess the likely rate of flow through the soil and size a dummy
flow control to simulate this process.

This will only be necessary for installations where there is an outflow via positive discharge to a receiving drainage network. It

is not considered necessary where the system is designed to fully infiltrate, as the infiltrating rate is likely to be the controlling
factor.

44  Modelling Outflow

Flows out of the HydroPlanter / ArborFlow will either be via infiltration, positive gravity pipe discharge, or a combination of both.

4.4.1 Qutflow Control

Where a flow control is provided which restricts outflow, this will surcharge flows upstream and utilise the available storage
present within the structure of the HydroPlanter / ArborFlow systems. Flow software has the capability to model a wide range of
outflow controls. For small contributing catchments a flow control should not be necessary, nor would it be considered practical.

The sizing of the flow control opening(s) will be dependent upon the controlled flow rate required for the depths of water
generated for the critical return periods - generally 1in 100 year and 1 in 1 year (with allowance for climate change).

With the capture of silt and floating debris which occurs as flows pass through the HydroPlanter / ArborFlow systems, the risk of
blockage of the flow control can be minimised and small opening sizes (suggested down to 20 mm diameter) are considered
achievable. Consideration should also be given to the requirements of the Local Authority (LA) or Water and Sewerage
Company (WaSC). The LA may stipulate a minimum opening size. The Design and Construction Guidance (DCG) used by
WaSCs identifies a minimum opening size of 50 mm where the flow control is well protected from blockage. The engineer /
hydraulic modeller should check with LA / WaSC (as appropriate) as to what the local requirements are for the site location.

The invert of the outflow control should be at or below the invert of the storage to allow for full drain down, (and situated above
the 'dummy’ reservoir if the model is intended to represent interception losses). The sizing of the control opening(s) will be
dependent upon the controlled flow rate required to be achieved and the type of flow control selected.

The following shows an example of the specification of an Orifice Outflow Control within Flow at a designated node (S2). The
designer inputs the required invert level, design flow and maximum / design flow as well as the diameter of the orifice. To
model an outflow which includes an overflow alongside a control, a ‘complex multistage flow control’ is established. This allows
input of a weir (shown in Figure 4-1) in addition to the orifice control.

Node - | Control Type Orifice v | Diameter (m) 0.020

® S Flap Valve ] Discharge Coefficient |0.600

~ Online / Offline Online v

Downstream Link
(leave blank to use primary link)

Replaces Downstream Link
Loop to Node

Invert Level (m) 98.500
(leave blank to use link invert)

Design Depth (m) 1.000

Design Flow (lis) 1.0

Figure 4-1 Orifice Outflow Control

GreenBlue Urban Hydraulic Modelling 10 January 2021
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4.4.2 Qverflow Control

If required, a weir can be used to represent a high-level overflow to the downstream outlet (refer to Figure 3-5 for conceptual
overview). The width of the weir would be set to the physical dimensions of the overflow. The co-efficient of discharge is
specified at a typical value (0.59 - 0.61) and can be changed as per the weir type where the weir is not sharp crested.

Node . | Control Type Weir ~ | Width (m) 1.000
s 2 Flap Valve ] Discharge Coefficient |0.590
® S2 Online / Offline Online v
o Downstream Link
(leave blank to use primary link)
Replaces Downstream Link

Loop to Node

Invert Level (m) 99.700
(leave blank to use link invert)

Design Depth (m)
Design Flow (Iis)

Figure 4-2 Weir Overflow Control

4.4.3 Modelling Outflow as Infiltration

Where favourable ground conditions exist for infiltration, flows can be discharged to ground.

Ground infiltration rates need to be established at the proposed plane of infiltration using BRE365 methods or similar. It is
recommended that testing should be carried out in consideration of the Guidance set out within The SuDS Guide Chapter 25.

Flows exiting the HydroPlanter / ArborFlow can therefore be modelled to infiltrate through the base of the system within the
storage tab in flow software - refer to Section 5.2 for further information. Note that GBU HydroPlanter / ArborFlow systems are
lined at the sides - therefore side infiltration should be set to zero.

The safety factor should be set to between 1.5 and 10 depending upon the characteristics of the site (refer to Table 25.2 from
CIRIA C753).

GreenBlue Urban Hydraulic Modelling 11 January 2021
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5 CAUSEWAY FLOW MODELLING

Causeway Flow software allows analysis of a full surface water drainage system including links (pipes / swales), nodes (manholes
/ junctions), flow controls and storage.

The software will automatically open the design settings tab on start up. Rainfall data (FSR / FEH / IDF), inflow criteria and design
parameters are set as per standard methods / practice and can be amended later in the design process if necessary.

5.1 Storm Network Generation

Prior to adding any storage structure to the model, a surface water network of a minimum of two nodes and a link must be
established. An example of the nodes and links tabs are shown in Figure 5 1 and Figure 5 2. The "network” can be further
developed to model a series of GBU components within a proposed design.

If only one GBU component is being modelled, two nodes should be set up with one link, with the first node replicating the
inflow and the second replicating the outflow. Designers should ensure that “dummy” features are sufficiently sized to not
impact flows.

Name Area (ha) T of E (mins) Add Inflow (Vs) Cover Level (m)  Diameter (mm) Width (mm) Easting (m) Northing (m) Depth (m) Notes
® S1 0.100 5.0 100.000 00 1.400
52 100.000 1.431 Area is entering an outfail
Pr—

Figure 5-1 Nodes Tab within Flow Software

Name US Node DS Nede Length (m) ks (mm)/n US IL (m) DS IL (m}) Fall (m) Slope (1:X) Dia {(mm) T of C (mins) Rain (mmihr)
Ss1 Ss2 10.000

Figure 5-2 Links tab within Flow Software

Node (manhole) numbers are specified by the user within the nodes tab and link (pipe) numbers are automatically generated
as the user specifies upstream and downstream nodes for each link. Lengths, gradients, and cover levels are taken from site
surveys and / or proposed design details. Contributing impermeable areas are applied to nodes as per drainage design. Other
section types such as ditches, swales, twin pipes etc. can be specified within the link types tab and selected accordingly. As
further nodes / links are added, the software will “optimise” to suit previously specified parameters within the design setting tab,
such as “preferred cover depth” and “minimum velocity”.

5.2  Storage

Within Flow, storage structures are added by selecting the Storage tab. A Depth/Area/Inf Area structure within the Flow Storage
Dropdown list allows the definition of a storage shape using level / plan areas. HydroPlanter and ArborFlow systems can be
represented using multiple storage structures applied to one node which creates layers of different structures which then build
an overall depth / volume storage relationship to be modelled in that node. In this case a separate structure shall represent each
section of the planter when compartmentalised across a slope.

Manipulation of the plan area in each layer allows for representing the volumetric losses for each layer of the construction due
to varying porosities.

The storage tab is shown in the following figure.

GreenBlue Urban Hydraulic Modelling 12 January 2021
Guidance - Causeway Flow



Q
CAUSEWAY &) GreenBIue' M°Cloy\\

URBAN .
Establishing the futue uban landscape Consulting

Node o | Structure Type Depth/Arealinf Area L Load Caic

ot Infiltration Rate(s) [ I
. o Depth {m) Area () inf. Area (m*) | «

& S1 Base Coefficient {m/hr) 0.00500
Side Coefficient (m/hr) 0.00000

Safety Factor 10.0

Porosity 1.00

Invert Level (m)
(leave blank to use node invert)

Time to half empty (mins)

Figure 5-3 Storage Creation Tab

1. Structure Type - set to Depth/Area/Inf Area
2. Infiltration Coefficient Base - rate of infiltration (m/hr) from the structure into the ground.

3. Infiltration Coefficient Side - rate of infiltration (m/hr) from the structure through the side walls of the planter,
assumed to be zero.

4. Safety factor - Infiltration safety factor per table 25.2 from CIRIA C753. Effective infiltration flow equates to
infiltration co-efficient / safety factor.

5. Porosity - Porosity reflects the infill of the structure with media. A porosity of 0.25 represents 25% voids and
75% of the storage taken up by solids (e.g. gravels or soils). As both the GBU HydroPlanter and ArborFlow
Tree Pit system have varying porosity, this value is set as 1.0 as and porosity is defined using depth / plan area
relationships - refer to above notes.

6. Invertlevel - assume as the base of the lowest segment of the system being modelled. Should the GBU system
be on a slope (in the case of HydroPlanter), the average invert level of the lowest segment should be used.
Should interception losses be represented within the model the designer should ensure that the invert level is
made lower to account for this but the depth of the "dummy reservoir” subtracted to determine the actual invert
of the GBU system.

7. Time to half empty - following a simulation run this will demonstrate the length of time the structure takes (in
minutes) to drain to half volume.

Surface storage areas (above ground level) may also be included within the structure and given a porosity of 100%.

Interception losses can be represented using an additional tank with no infiltration at the invert of the structure, as shown on
Figure 5-4.

GreenBlue Urban Hydraulic Modelling 13 January 2021
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Node « | Structure Type DepthAreannt Area L | Load | | Caic
: Infiltration Rate i i
# 51 0 oo R G Depth (m) Area (m*) Inf. Area (m?)
B Base Coefficient (m/hr) 0.00000 . X
0.000 100
Side Coefficient (m/hr) 0.00000 o I
Safety Factor 20 0.024 00
Porosity 1.00
Invert Level (m) 99 000
(leave blank to use node invert)
Time to half empty (mins)
Figure 5-4 ‘Dummy’ Reservoir Storage Inclusion
5.3  Modelling GBU HydroPlanter

The method of modelling the HydroPlanter is as follows:

M<Cloy N

Consulting

1. Determine compartment/ cell size (plan area). It is noted that where HydroPlanters are located on a slope the planter may
be hydraulically sub-divided into 2 or more compartments by adding additional storage structures to the node.

the inverts of each change in layer will be taken). Refer to Figure 5 6.

provides a proportional area the given depth / invert which will provide storage.

be treated as lost in this instance.

Structure Type

Infiltration Rate(s)

Base Coefficient {m/hr)

Side Coefficient (m/hr}
Safety Factor
Porosity

Invert Level (m)
(leave blank to use node invert)

Time to half empty (mins)

Depth/area/inf Area i | Load | |
Calc
Depth (m)
0.00500
0.000
0 00000
0.180
10.0 0.181
1.00 0.680
99150 0.681
0.730
0731
0.830
0.831

Area (m*) Inf. Area (m")
1.9
19
16
1.6

19

o

(=T ]
o th o

Figure 5-5 HydroPlanter Storage Array

- - -

=]
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Determine the average invert across the compartment area. This will act as the base invert level (and the point from which

Define the depth of each layer and the void porosity. The void porosity is multiplied by the cell size / plan area. This

Repeat the definition of areas at each layer change up to and including top kerb level. Volumes exceeding the spill level will

.40
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Cross Section
Solids Voids Solids

‘ l ) Outflow

______________ ., '‘Dummy’ Interception Losses
o e __ .
Reservoir
I | | | . . Standard paving block
Edge ofipto Iy | | [ 1otws2000xa0@m,
fop of tank I I Solder-oourse
of kerb to be ifted and | I . .
relaid flush | I I | - f ;
HB1 PCC kerb I I | :
150{w)x305{hjmm I I
with 125mm upstend | | |
Weir beam formed from | I I I
pre-cast Concrete Lintel | I | | TsecTion A
1501001200 | | I : —
L |
Tank intemal wall = | | | I
G0mm perforated pipe : | I
located 1o centre of I | I
drainage unit I I
L) |
B Plan View
Inspection Chamber
1200mm@

Figure 5-6 HydroPlanter Plan View and Cross-Sections

On sloping sites, the HydroPlanter is split into compartments to more effectively utilise the storage within the
HydroPlanter. Flow are transferred between compartments either through an underdrain (day to day flow) or a weir
(when capacity of the underdrain and storage node is exceeded.
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I ‘Dummy’ Reservoir Storage - fills prior to filling the main storage structure .I

Figure 5-7 HydroPlanter on Sloping Site

5.4  Modelling GBU ArborFlow

Similarly to the HydroPlanter, a Depth / Area / Infinfiltration Area structure should be used to define the storage
shape using level / plan area relationships. Representation of volume of voids can be achieved by specifying a

porosity of 1 but reducing the plan area of each layer to reduce the volume accordingly. Interception losses can also
be applied as per the methodology presented in section 5.2.

GBU ArborFlow treepits have a standard cross-sectional area. To allow for the storage provided within the
ArborFlow, the following storage array is suggested, taking account of the porosities of the respective layers. The
method of modelling the ArborFlow is as follows:

1. Determine compartment / cell size (plan area).

2. Define the depth / invert of each layer.

3. Define the void porosity. The void porosity is multiplied by the cell size / plan area. This provides a proportional
area against the given depth / invert which will provide the storage volume.

4. Repeatthe definition of areas at each layer change up to and including the spill level.
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Node . | Structure Type Depih/Area’int Area bd Load | | Caic
— 1.00
| Infiltration Rate(s) Caic »
8 S1 Depth {m) Area (m®) Inf. Area (m?) | =
. S1 Base Coefficient {m/hr) 0.00500 |
0.000 19 15
Side Coefficient (m/h 000000 F
RIS {roit) 0.180 19 19 .
Safety Factor 10.0 0.181 16 19
Forosity 1.00 0680 16 19
Invert Level {m) 99.150 0.681 65 1.9
(leave blank to use node invert) 0780 65 19 .60
0781 00 159

Time to half empty (mins) :

0.40

- = 0.00

Figure 5-8 ArborFlow Storage Array
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