CIWEM Manual of Practice

NATURAL

WASTEWATER

TREATI\/I ENT



Notation

Abbreviations

Acknowl edgements

1.

Introduction

1.1 Natural wastewater treatment

1.2 Maintypesof NWT inthe UK

1.3 Advantages and disadvantages of NWT for UK villages
1.4 Fowsand loads

1.5 Preliminary treatment

1.6 Hedth and safety

Septic Tanks

2.1 Description

2.2 Septic tanksfor villagesin the UK
Constructed Wetlands

3.1 Types of constructed wetlands

3.2 Free-water-surface CW

3.3 Subsurface horizonta -flow CW
3.4 Vertical-flow CW

3.5 Physical design

3.6 Operation and maintenance

3.7 Compact VF-CW treating raw wastewater
3.8 CW design examples

Waste Stabilization Ponds

4.1 Introduction

4.2 Facultative ponds

ONTENTS



4.3 Maturation ponds

4.4 Polishing ponds

4.5 Physical design

4.6 Sampling and performance evaluation

4.7 Operation and maintenance

4.8 WSP design examples

4.9 Case study: Combined CW-WSP system at Vidarasen, Norway

5. Rock Filters
5.1 Types of rock filter
5.2 Unaerated RF for BOD and SSremoval
5.3 Aerated RF for ammoniaremoval
5.4 Comparison with constructed wetlands
6. NWT Technology Selection
6.1 Comparative costs
6.2 Technology selection
References
Contacts
Figures
1.1  Constructed wetland at Airton, North Y orkshire
1.2  Oneof thefour secondary facultative pond at Hawkwood College, near Stroud
2.1 18 000-litre prefabricated cylindrical septic tank
3.1 Freewater-surface constructed wetland treating mine drainage water
3.2  Longitudinal section of a subsurface horizontal flow constructed wetland
3.3  Subsurface horizontal-flow constructed wetland at Airton, North Y orkshire
34  Ammoniaconcentrations in the effluent of atertiary subsurface horizontal-flow
constructed wetland
35 Free-water-surface constructed SUDS wetland at Appleton Court, Wakefield, West
Y orkshire
3.6  Longitudinal section of a compact vertical-flow constructed wetland
3.7  Bed medium of recycled glassin the VF-CW at Bernard Matthew Ltd, Great
Witchingham, Norfolk
4.1  Waste stahilization ponds at Tigh Mor Trossachs, Perthshire
4.2  Primary facultative pond at Scrayingham, North Y orkshire



4.3  Mutudistic relationship between algae and bacteria in facultative and maturation
ponds

4.4  Algeetypicaly found in facultative ponds

45  Determination of base dimensions of a pond from its mid-depth dimensions

4.6  Floating electric mixer/circulator pump on afacultative pond in Canada

4.7  The primary Aero-fac® lagoon at Errol, by Dundee

4.8 Internd circulation of the contents of one of the four secondary facultative ponds
at Hawkwood College

4.9  Principa mechanisms of faecal bacterial die-off in facultative and maturation
ponds

4,10 Dosing chamber feeding secondary facultative ponds at Hawkwood College

411 Scum baffle at the inlet of a primary facultative pond in France

412 Primary facultative pond at Botton Village, North Y orkshire, with marginal
planting

4.13 Combined CW-WSP treatment system at Vidarasen, Norway

5.1  Rock filter around the outlet of the facultative pond at Scrayingham

5.2  Shallow partially planted pond with cross pond gravel filters receiving the effluent
from the primary facultative pond at Scrayingham

5.3 BOD and SSremovalsin aerated and unaerated rock filters at Esholt, Bradford

54  Ammoniaremoval and nitrate production in aerated and unaerated rock filters at
Esholt, Bradford

55  Pilot-scalerock filters and subsurface horizontal-flow constructed wetland at
Esholt, Bradford

56  Ammoniaremova and nitrate production in the aerated rock filter and subsurface
horizontal-flow constructed wetland at Esholt, Bradford

Tables

1.1  Energy requirements of various wastewater treatment processes

3.1  Consent conditionsin dry weather and during storm events

4.1  Algal species commonly found in facultative and maturation ponds

4.2 Influent and effluent concentrations for the various treatment stages at Vidarasen,
Norway

6.1 Capital and O& M costs of various wastewater treatment processes for a population
of 1000 in France in 1998

6.2  Capita and O&M costs of various wastewater treatment processes for a population
of 500 in Germany in 1996

6.3  Conversion of SSHF-CW 1994 costs to 2005 costs

6.4  Land and construction costs for a primary facultative pond in the UK

6.5 Land arearequirements of CW and WSP systems designed to achieve two different

effluent qualities



®» O VS zZz-XFFFT O O OO P>

> D
()

¢

OTATION

Area, m? or ha

Concentration, mg/I

Depth, m

Base of Naperian logarithms

Evaporation or evapotranspiration, mm/d

First-order rate constant for BOD removal, d *

First-order area-based rate constant for BOD removal, m/d
First-order rate constant for FC removal, d *

First-order area-based rate constant for ammonia-N removal, m/d
BOD concentration, mg/I

Number of FC per 100 ml

Number of maturation ponds

Population (or population equivalents) served

Flow, m%d

Porosity

Retention time, d

Surface BOD loading rate, kg/had

Arrhenius constant

Subscripts:

e

F

[

M
M1

effluent
facultative (pond)
influent

maturation (pond)

first maturation (pond)

polishing (pond)



BOD
CAPEX
CVF
cw
DEM
DWF
FC
FWS
HLR
ICE
IWA
NWT
OPEX
OTR
O&M
p.e.
RBC
RF
RW

SSHF
SUDS
TOC
UASB
usD
UWWTD
VF

WSP
WHO

Biochemical oxygen demand (5-day, 20°C)
Capital expenditure

Compact vertical-flow (CW)
Constructed wetland(s)
Deutschmark(s)

Dry westher flow

Faecal (i.e., thermotolerant) coliforms
Free-water-surface (CW)

Hydraulic loading rate(s)

Institution of Civil Engineers
International Water Association
Natural wastewater treatment
Operational expenditure

Oxygen transfer rate(s)

Operation and maintenance
Population equivalent

Rotating biological contactor(s)

Rock filter(s)

Raw wastewater

Suspended solids (= total suspended solids, TSS)

Subsurface horizontal-flow (CW)
Sustainabl e drainage systems

Total organic carbon

Upflow anaerobic sludge blanket (reactor)
United States dollar(s)

Urban Waste Water Treatment Directive
Vertical-flow (CW)

Waste stabilization pond(s)

World Health Organization
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