SAPPMA Quality Workshop IV

Co-presented by:
Vollie Brink

Albert Vaartjes
Alaster Goyns
Johann Wessels

lan Venter



SAPPMA Quality
Workshops

lan@sappma.co.za



Presenters SAPPMA Quality Workshop IV



Woater Cycle



Resilient Opportunities - Pathways

World Opportunities Outcomes
& Low Stress/ Risk
Pathways High Resilience
Resilient
Stressors
Social Daily Choices
Bio Physical

High Stress/Risk
Low Resilience



Sewer Systems



QUALITY WORKSHOP IV






THE NATIONAL BUILDING
REGULATIONS

THE "NBR” IS THE PRIMARY STANDARD FOR THE
DESIGN OF THE SANITARY DRAINAGE SYSTEM OF

A BUILDING

THESE “REGULATIONS” WERE PROMULGATED IN
1977 AS SABS 0400 AND LATER AS SANS 10400

22-07-2020

10



NBR “PARTS”

THE NBR CONSIST OF VARIOUS “PARTS” FOR THE VARIOUS
ELEMENTS OF A BUILDING

SANS10400-A IS THE ADMINISTRATION REGULATORY PART

SANS10400-P IS THE PART THAT ADDRESS THE SANITARY
DRAINAGE, DESIGN AND CONSTRUCTION
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COMPLICATED
BUILDINGS

HOSPITALS,
SHOPPING CENTERS,
COMPLEXES,

ETC.

THESE ARE TO BE “RATIONAL DESIGN”
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PRINCIPLES ?

THERE ARE A NUMBER OF
“PRINCIPLES” WHICH ARE
IN SOME CASES MORE
IMPORTANT THAN
“REGULATIONS” OR
“RULES”.

(SOIL AND WASTEWATER
MUST NOT TO BE
COMBINED
HORIZONTALLY)
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TERMINOLOGY

THE WORD “SEWER” IS NOT
USED IN BUILDING
DRAINAGE,



THE TOTAL SANITATION
SYSTEM?

THE SANITARY DRAINAGE
OF A BUILDING FORMS
PART AND PARCEL OF THE
TOTAL SANITATION
SYSTEM OF A CITY OR
TOWN ETC.
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THE DESIGN OF A BUILDING AFFECTS THE
DESIGN OF THE MUNICIPAL SEWAGE SYSTEM



HOW?

HOW THE VOLUME OF EFFLUENT DISCHARGED IS
CALCULATED

THE VOLUME OF WATER USED TO FLUSH A WC USED
TO BE 12 LITER AND NOW IT IS FLUSHED WITH
6LITER, THIS IS CAUSING SERIOUS BLOCKAGES






SEE VARIOUS TABLES TO SIZE PIPING






22-07-2020

26



3. AGREMENT CERTIFICATE
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ETCH 3 - GRC IET, 1
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WHAT IS NOT ALLOWED IN
A DTSR DESIGN UNDER A
GROUND FLOOR IN THE
GROUND?

1. NO BEND

2. NO CHANGE OF
DIRECTION

3. NO CHANGE OF
GRADIENT

NO CONNECTIONS

NO ACCESS (MH/IC
(INSPECTION
CHAMBER) OR CE
(CLEANING EYE)



6. ALL PIPING INSIDE A BUILDING
SHALL BE ABOVE GROUND

7. THIS IS AS PER THE DTSR, BUT IT
CAN BE ADDRESSED BY RAS DESIGN
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8. WITH THE DTSR DESIGN YOU ARE NOT
ALLOWED TO HAVE A GRADIENT LESS
THAN 1:60

22-07-2020
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RATIONAL DESIGN (RD)

A RATIONAL DESIGN MUST COMPLY WITH “7
REGULATIONS”

SEE PART P FOR THE REGULATIONS AND IN
PARTICULAR P2
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LARGE FOOTPRINT BUILDINGS

LARGE FOOTPRINT BUILDINGS WILL REQUIRE
PIPING UNDER THE GROUND FLOOR IF IT IS
GROUND.

THE DESIGNER MUST THEN FIND SOLUTIONS
FOR BENDS, CHANGE OF DIRECTION,
CONNECTIONS AND ACCESS ETC.
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VERY IMPORTANT

DO NOT ALLOW “ELBOWS” UNDER FLOOR
ONLY ALLOW LONG RADIUS “BENDS”
ONLY ALLOW LONG RADIUS JUNCTIONS

DO NOT ALLOW PIPING LESS THAN 100MM
DIAMETER (DO NOT ALLOW 50MM UNDER
THE FLOOR, IT IS BASICALLY IMPOSSIBLE TO
ROD OR TO INSPECT BY CAMERA

A
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Sewer Systems



Multilayer pipes



Cost reduction sewer pipes options
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Reasons for ML

1. Cost Savings by Weight Savings
2. Maximize CaCOg3 content in core layer (EN 134706)
3. Process factory scrap in core layer

4. Process Post Consumer scrap in core layer
(Sustainable solution)

5. 0.2mm coating at outside and/or inside
(UV resistant outside layer , camera inspection
inside layer)

6. Marketing tool (different colour of layers,striping)
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What Profit do you make on Pipe
Break down pipe price UPVC

Material 62%

Profit 3%

Labour+Direct
overhead 8%

Maintenance
3%
Depreciation
3%

Energy 3%

Indirect
overhead 11%

Sales -
Marketing 7%
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What Profit do you make on Pipe

Break down pipe price RDA CaCo3

Material 54%

Labour+Direct
overhead 6%

Maintenance
3%
Depreciation
4%
Energy 3%

Indirect
overhead 11%

Sales -
Marketing 7%

Profit 12%
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What Profit do you make on Pipe

Break down pipe price ML Foamcore

Material 45%

Labour+Direct Maintenance
overhead 7% 3% L
Depreciation
5%
Energy 4%
Indirect

overhead 11%

Sales -
Marketing 7%

Profit 18%
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Recycling !

In PVC pipes, there are some limits on where recycled
material can be used :

1. Not in drinking water pipes
EN-ISO 1452: 0%

2. In compact sewage pipes

EN 1401: < 10%
3. In the core of foam pipes

EN 13476 — ISO 21138: 100%
4. In a central compact layer (structured wall)

EN 13476 — 1SO 21138: 100%
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C a C O 3 fi I I e r Notched Impact test (Charpy)

1.30
1.20
1.10
1.00 weight/m [EUR]
0.90
0.80

0.70
cost/m [EUR]

phr Calciumcarbonate

0.60

0.50 Skin largest impact 18 phr

0.40
20 30 40 50 60 70

E - Modulus (Tensile)

More filler => more foam
Not lowest specific weight but
lowest cost per METER

N/mm?
N N

Higher stiffness = thinner skins
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Coat hanger (manifold) principle

Resulting also in:

The principle of a coat hanger with different flow lengths for
the melt (melt flow is viscosity dependent)
=> uneven melt flow => impact issues at welding line
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Integrated ML branching Die

Equal distances
Low Inventory
Precise flow control
Excellent welding
Easy to clean

No weak parts

Rollepaal branching
Technology independent

on output and viscosity
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Integrated Branching Die

* K57-K67-Scrap-Virgin-High CaCO3 foam

e PVC—-PE-PP—-ABS—-PE/PP combinations
* Formulation (changes) independent

e Suitable for high CaCO3 content

e QOutput independent

* Low residence time (low stabilizer content)
* Smallest wall thicknesses on skins possible
e Quick Tool Change

* Processing Post Consumer Waste

* High Overall Equipment Effectiveness
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ML Flexibility Line

Sewer , Pressure & Foam
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ML Foam Die Technology

Low volume

Short land length

Wall thickness

Diameter change

Individual layer compression Range change

3 layer double compression
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Quick Tool Change

Pilot hole for fast centering

Smart centering cone

Wall thickness change

Foam / Compact Ring



Die-Head Range ML

RMD 4

RMD 7

RMD 8

RMD 12

RMD 16

RMD 20

RMD 24

RMD 32

Pipe size range 20 till 125 mm

Pipe size range 32 till 200 mm

Pipe size range 60 till 270 mm

Pipe size range 85 till 325 mm

Pipe size range 160 till 410 mm

Pipe size range 200 till 520 mm

Pipe size range 250 till 630mm

Pipe size range 315 till 820 mm

RMD 20 Production
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From today onwards

« Today, pipe applications shall have a good
performance regarding the environment

« Alow carbon footprint will give a clear advantage

« PVC, with its low fossile content (43%), already
has an environmental advantage

« End-of-life fate, of an item has a strong
influence on the carbon footprint

— Recycling is a key-point in sustainability
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Refreshment Break



Refreshment Break (3 Minutes)



Sewer Systems
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NATURE’S WATER CYCLE

FOR A START LET US CONSIDER
NATURE’S WATER CYCLE

AND COMPARE THIS
TO MAN’S WATER CYCLE



DIFFERENT TYPES OF PIPELINE REQUIRE
DIFFERENT MATERIAL TYPES

Dam
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MAN USES CLEAN WATER

MAN MAKES WATER DIRTY

MAN SHOULD BE RESPONSIBLE
FOR THIS DIRTY WATER



SHOULDN’T JUST THROW IT OUT
INTO THE STREET

T SHOULD BE TAKEN AWAY &

OR THE WATER SUPPLY

AAAAAA QUALITY WORKSHOP: SEWER SYSTEM DESIGN PRINCIPLES BY ALASTER GOYNS
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FUNCTION OF PIPELINES

Conveying water for man

Fresh water supply
Wastewater disposal
* sewage

* stormwater

* industrial

To provide these pipelines must have
the required properties
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Basic principles Parameters to calculate

e Continuity e Capacity

e Energy e Velocity

e Momentum These give the size needed

Impact of minimum and maximum
velocity essential — this usually not done
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WHAT SIZE PIPE NEEDED

Start from expected peak design flow (PDF)
PDF = (ADF) x (PFF) It/day
Where (ADF) - average daily flow {70 -~ 160 It/p/day)
(PFF) - peak flow factor
Legge < 7000 persons
PFF = 6.51/p%38 It/day where p is 10G0 persons
Harmon > 7000 persons
PFF =1+ {14/(4 + p®°) where p is 1000 persons
For 1000 people assuming 110 It/p/day
PDF = 1000 x 110 x 6.51/(1°%38x 24 x 3600) = 8.29 It/s
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Designer needs to
understand similarities
and differences
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FLOW IN GRAVITY PIPELINES

Energy line Energy line
Hydraulic grade line Free water surface
V2
V2
p 28 e
Y
Full flow D Part full Y

Most stormwater & sewer outfalls are designed to
operate as part full gravity systems

V2

Total energy, H=vy + 2

88
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WHAT IS FLOW REGIME ?

2T
MOMENTUM CROUDE NO Q 3
GRAVITY gA
MOMENTUM V
FROUDE NO

GRAVITY 3%
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VELOCITY CALCULATION

Manning + Continuity easy to use

V =1/n R%351Y2 & Q= AV
Roughness Discharge Area
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00820 082 1303 0.250  1.379
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Sheet1

		velocity 600 & 1200 pipes flowing full

		gradient		600		1200

		0.0100		2.17		3.447

		0.0067		1.77		2.815

		0.0050		1.54		2.438

		0.0025		1.09		1.724

		0.0033		1.25		1.990

		0.0025		1.09		1.724

		0.0020		0.97		1.542

		0.0017		0.89		1.407

		0.0014		0.82		1.303

		0.0013		0.77		1.219

		0.0010		0.69		1.090



0.01	6.6666666666666671E-3	5.0000000000000001E-3	2.5000000000000001E-3	3.3333333333333335E-3	2.5000000000000001E-3	2E-3	1.6666666666666668E-3	1.4285714285714286E-3	1.25E-3	1E-3	2.1716000000000002	1.7731039751426501	1.5355530860247066	1.0858000000000001	1.2537738445721915	1.0858000000000001	0.97116904398770876	0.88655198757132503	0.82078764958683781	0.76777654301235332	0.68672021668216521	0.01	6.6666666666666671E-3	5.0000000000000001E-3	2.5000000000000001E-3	3.3333333333333335E-3	2.5000000000000001E-3	2E-3	1.6666666666666668E-3	1.4285714285714286E-3	1.25E-3	1E-3	3.4472000000000005	2.8146270137740577	2.4375384961062667	1.7236000000000002	1.9902418479504782	1.7236000000000002	1.5416347064074551	1.4073135068870288	1.302919131357408	1.2187692480531334	1.0901003550132438	





Sheet2






Sheet1

		discharge 600 & 1200 pipes flowing full

		gradient		600		1200

		0.0100		0.614		3.900

		0.0067		0.502		3.185

		0.0050		0.434		2.758

		0.0025		0.307		1.950

		0.0033		0.355		2.252

		0.0025		0.307		1.950

		0.0020		0.275		1.744

		0.0017		0.251		1.592

		0.0014		0.232		1.474

		0.0013		0.217		1.379

		0.0010		0.194		1.233





0.01	6.6666666666666671E-3	5.0000000000000001E-3	2.5000000000000001E-3	3.3333333333333335E-3	2.5000000000000001E-3	2E-3	1.6666666666666668E-3	1.4285714285714286E-3	1.25E-3	1E-3	0.61430000000000007	0.50157384966390217	0.43437569568289613	0.30715000000000003	0.35466627036318715	0.30715000000000003	0.27472331171562414	0.25078692483195109	0.23218357576956827	0.21718784784144807	0.19425871666414352	0.01	6.6666666666666671E-3	5.0000000000000001E-3	2.5000000000000001E-3	3.3333333333333335E-3	2.5000000000000001E-3	2E-3	1.6666666666666668E-3	1.4285714285714286E-3	1.25E-3	1E-3	3.9003000000000001	3.18458161459241	2.7579285786618914	1.9501500000000001	2.2518392549202977	1.9501500000000001	1.744267186528486	1.592290807296205	1.4741748340778889	1.3789642893309457	1.2333831557954729	




For sewers roughness determined by the biofilm and
the effectiveness of the jointing
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Sewers flow
part full and
have transitions

Make adjustments
e depth of flow
* energy losses

FRICTION SLOPE M/M
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RELATIVE FLOW DEPTH

PROPORTIONAL FLOW

At depth
61% of
diameter
70% of full
flow
capacity 107% of
full flow
velocity

HYDRAULIC ELEMENTS:PART/ FULL
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RAPIDLY VARIED
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Performance dependent upon
* The pipes

* The joints

e Surrounding soil
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WHAT IS MEANT
BY FAILURE ?

106
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Healthy water supply and disposal systems
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Questions and Answers



Sewer Systems






Johann Wessels/
Deon Vos

PIPE SYSTEM
CONDITION
ASSESSMENT AND
REHABILITATION



Presentation will have 6 Parts:

1: Introduction

2: Trenchless technology for construction
of new services

3: Trenchless technology for rehabilitation
of services

4: Motivation for condition assessment

5: Condition assessment of networks with
analogue CCTV( Close circuit television) and
rehabilitation

6: Condition assessment of outfalls with
multisensor inspections and renovation



Trenchless technology (TT) is technology for the
servicing, rehabilitation and replacement of existing,
and the construction of new, public utilities and other

services underground without the digging of
trenches,

It includes the development of all kinds of
underground mapping techniques, tunnelling
devices and specialist machinery, materials and
equipment.
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ISTT GUIDELINES



You can find the Guidelines
on the ISTT website. (You
will have to join if not
already a member)

It is interactive and will
explain, with pictures,
what each technology is all
about..

7/22/2020

120



7/22/2020



7/22/2020 122



HDD can go
underneath
existing roads or
rivers or in-
between existing
services to drill a
new position,
increase the
diameter by back
reaming, and
pulling In the
delivery pipe.



7/2

2/2020

Schematic Diagram of HD



Pipe Jacking

Note that man access is required,

therefore only large diameter pipes or
culverts are installed.



Micro Tunnelling

There is a tunneling machine in front and pipe sections
are added behind as the work is progressing..
For control purposes a laser projected through the
pipe on a target behind is utilized.



Auger boring

It is important to note that the setup must be very
good- the process is not steerable at all.

Old technology

Installation of a steel sleeve
100 - 1000mmgo

Steel casing is jacked
simultaneously from the
drive pit during excavation

After installation of the new
service in the steel sleeve,
the annulus is commonly
grouted up

Restricted by geology
Essentially non-steerable
Cost effective



Pipe Ramming
Old technique- the correct setup is very
important as the technique is not

steerable.

« Old technology
* |Installation of a steel sleeve

100 — 1000 mmg

- Steel casing is jacked

simultaneously from the
drive pit during excavation

« After installation of the new

service in the steel sleeve,
the annulus is commonly
grouted up

* Restricted by geology
- Essentially non-steerable
+ Cost effective



Earth Piercing tool/ Impact Moling
Again: the correct setup Is very
important as the technique is not
steerable

* Widely used

* Installation of small
diameter conduits

« Soil displacement by impact
using percussion
(pneumatically driven)

* The new conduit is normally
drawn in behind the mole
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Pipe Bursting

(The ability to upsize after destroying the old pipe is a
unique ability of this technique, which is very useful)



Cured-In-
Place (CIPP)
Relining

* Inserting the inverted
IPP lining (using water,
air pressure or steam)

* Curing the CIPP once
it is in place by
circulating hot water
or steam or pulling
through a UV lighting
unit



Cured in place pipe (CIPP)



Slip lining — Segmental
(The replacement conduit is specially manufactured for
the purpose- in this case lining an egg-shaped conduit)



Spirally Wound Lining
(The materials come in big rolls wherefrom it is winded
down and joined inside the conduit. Man entry is
needed)

Only suitable for larger @ pipes and ducts

Pipe is installed and can then be fusion
welded or chemically sealed



Localized Point Repair to Pipelines

(Repair piece is wetted out with epoxy, placed on a
Vetter bag and pulled in place and inflated, then cured)



Point Repairs

A fiberglass mat is impregnated with resin
according to a set method, then folded and
wrapped around the prepared foil-
protected packer.

The pre-assembled repair assembly is
introduced into the pipe section with the

help of air push rods or pulled in place with
a rope.



Close Fit Slip lining

(A distinction should be made between ,tight fit” (Fold
Down) and ,,interference fit” (Swage Lining). In last-
mentioned case the diameter is temporarily reduced,
then pulled in. The pipe then tries to resume the
original size, causing a very tight fit.)



Flood grouting for
sewer rehabilitation

* The fluid is introduced to the pipe by way of
sealing off manholes before and after a section to
be sealed and filling the manholes with the liquid
which will seep through cracks and solidify






The customers demand
effective service delivery
at the lowest cost! One
has to understand the
needs and capabilities of
available techniques and
put it together.
Overflowing sewers are
due to lack of capacity
and stormwater ingress,
but the overall situation is
made worse by..

Nobody needs this:
Overflowing sewers due to lack
of capacity. The overflowing is
exacerbated by poor physical
condition and storm water
ingress ...
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Fat build up..



Tree root infiltration









Why specifically trenchless

replacement?

Open excavation replacement can cost up to seven
times as much as trenchless replacement! And that is
not even including the cost of blockage removal and
the cost of purification of storm water ingress or
infiltrated water!



For Tshwane the issue was forced
there was no other option!

A collapsed pitch fiber sewer in Hermanstad had to be
replaced: It was under a thick concrete slab, next to a high
wall and under piles of car wrecks. | decided to replace by

pipe bursting (it was a fairly new technology in South Africa
at the time, which was 1987) ...
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Aim at 100% coverage, with repetitions and
contract incentives 90% plus is possible.
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Checking on the pipe slope.
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Grading
Plan
Explanation



Example Plan with 6 different cases:

Note that we are looking for pipes with a grading weight over 600. Over an
average of 60m that means more than 10 grading points per meter.



1+2
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This plan is used for
overall control. The red
shows where CCTV and
cleaning has been done

and the green means
rehabilitation has been
done. The bars on each

suburb: black GIS
(Geographical
information system)
length, blue CCTV done,
yellow replacement/
rehabilitation still to be
done and white :
replacement/
rehabilitation
completed.
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Where:
(Risk) x (Rand value of failure)
= huge!



Condition assessment and prioritization
on outfall sewers is even more important
than on networks but the technology is
different: Multi sensor inspections with
laser above waterline augmented by
sonar below as well as a digital camera

apply.



Multi sensor setup



Sonar/ laser equipment



Inserting the crawler



Sonar laser crawler observation
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This is how the floater is pulled
through the outfall (in the upstream
direction)



Sonar laser observation in pipe-
All three equipment types take continuous
readings. The sonar has a “6 degree of freedom”
sensor providing feedback and ensuring accuracy.



Digital camera observes severe root
intrusion.



Flat observations report



A closer look at the rolled open view



Multi sensor inspections: Report 2
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Sonar laser report
Here is another illustration of ovality observed:
a little bit on the sides but mostly on top.



Multi sensor Inspections: Report 3
The red circle on the grid shows where the photograph
was taken. The yellow shows very mild erosion.
There also seems to be a nearby intrusion..



You can have 3D view, which will make it easier to see certain things such
as protrusions...The benefits of digital cctv is that certain incidents which
are hard to identify with sonar or laser can be very accurately determined
with digital CCTV which can be manipulated in a computer to look
sideways to the incident and also presents a picture which is recognizable.

The digital CCTV augments the sonar and laser observations and the
identification of incidents.



Multisensor inspections Report 4:
Debris



Remaining useful life scoring
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Red: Outfalls inspected in first Tshwane
contract, green: were to be done in
second contract- not awarded.
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Questions and Answers



Sustainability

Choices Design

Fabrication
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