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Introduction

Introduction

This document provides specific guidance on how to undertake a groundwater risk
assessment to support permit applications for the discharge of treated effluent to subsurface \
infiltration systems under the Environmental Permitting (England and Wales) Regulations %

2010 (EPR). Q’\

This new guidance document is a technical annex to our H1 Environment Risk Assess \t
Annex (j) Groundwater (Environment Agency, 2011a). Annex (j) Groundwater sets

broad concepts, terminology and approaches to assessing the risks to groundwatb& nd
readers will need to be familiar with this before using this document. \9

How this document fits in with our H1 environmental risk assessment frem&)rk is illustrated
in Figure A. &®

This guidance is primarily focussed on discharges of treated s e effluent (domestic and
non-domestic) and trade effluent to constructed infiltration s s (drainage fields). We will
undertake all initial risk assessments for discharges of up t m®day of treated effluent.
For volumes over this and for trade effluents or where @n house risk assessment has
indicated the need for further information and we ha quested this, you will need to read
this guidance (see Figure B). b

The document, although new, does not rep nt any fundamental change in the way we will
assess permit applications. EPR has givgn, us the opportunity to consolidate existing
guidance and produce this suite of gr%@vater risk assessment documents.

S
S

Discharge of quui%&ﬂuents to the ground

out in our Grou ter Protection: Policy and Practice (GP3), Part 4 - Legislation and
Policies, (E \@ ment Agency, 2008 or as updated)' and further guidance is provided in our
Pollution ntion Guidelines Note 4 (PPG4): Treatment and disposal of sewerage where
no fou ris available, (Environment Agency/SEPA/EHS 2001, update 2006). We

rec nd that you check these documents before starting a risk assessment and contact
ugit\any of our position statements affect you.

)

\(\\ Risk assessment can, in some cases, become a lengthy and costly process and, therefore,

& we would recommend that you read the “Things to consider before you start” of our main
groundwater risk assessment document: Annex (j) Groundwater, Environment Agency,
(2011a).

Our overall app@c:r% the permitting of discharges of liquid effluents to the ground is set

' Groundwater Protection: Principles and Practice (GP3) Part 4 and Part 5 due for launch in 2012
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Introduction

Figure A How the HI Framework is structured with respect to this guidance

EPR H1 Horizontal Guidance '\
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&Q Hydrogeological risk assessments for landfills |«

and the derivation of groundwater control

levels and compliance limits I
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Main focus of this guidance

This guidance is primarily focussed on discharges of treated sewage effluent (domestic and ®
non-domestic) and trade effluent to constructed drainage fields (infiltration systems) that r\
comply with the requirements of BS6297:2007 (+ A1:2008). To permit these discharges w

need to be satisfied that the rate of infiltration will not exceed the attenuation capacity of @/

soil and/or substrata and therefore, will not result in an unacceptable impact on groun(ﬂa

quality. This document does not consider discharges to surface waters although thi @

mentioned where relevant. )\\

Q

It is possible for polluting effluents to fall outside the categories of sewage gntrade, for
example, contaminated surface run-off or recirculation of abstracted wate\ir domestic
cooling systems. If such circumstances lead to the requirement for a it you should, for
the purposes of applying this document, treat them as if they were effluents (see

Section 1.1 and Box 1.1). \Q

Our guidance? requires that for sewage and trade effluents“we'will only consider granting an
environmental permit for a discharge to ground if it car& be demonstrated that is it not
reasonable to connect to mains sewer. This is beca the higher levels of treatment and
management that are associated with sewage trea t works. Criteria for assessing
reasonableness include distance from existing f@uj.sewer, cost, and sustainability, geology,
and river / rail / road crossings. (b

The discharge of raw sewage directly l\gé ground or to sub surface drainage systems will
not be permitted and therefore will @re an appropriate level of pre-treatment. Depending
on the environmental risk theseQﬁomprise the following levels (see Box 1.2):

e Primary treatmen@n as a septic tank system;

e Primary + Secorndary treatment such as a biological treatment. For example, a
package fre nt plant

. Prima@&econdary + Tertiary treatment (such as a reed bed).

\

iglance is not directly intended to apply to discharges to the land surface (for example
reed beds or grass plots).® In the case of discharges of contaminated surface water
ff (such as run-off from lorry parks) use of this guidance may be difficult due to the likely

‘\@ariability of flow and water quality. However in either case, the principles described

,Q(\

will be relevant. Dealing with such discharges requires site specific consideration in
consultation with our local staff.

2 Refer to our Pollution Prevention Guidance Note No. 4 and EPR 7.01:How to comply with your environmental
permit - additional guidance for water discharge and groundwater activity permits

3 Disposal of liquid wastes onto the surface of land is not permitted by the Landfill Directive (1999/31/EC) although
there are some limited circumstances where use of the land surface may be accepted as part of an infiltration and
treatment system for sewage effluent. For example, unlined reed beds or grass plots.
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An infiltration system is defined by BS6297:2007 (+ A1:2008) as “a series of infiltration pipes,
placed in either single trenches or one large bed, used to discharge effluent in such a way
that it percolates into the disposal area”.

Cesspools, cesspits or boreholes are not classed as infiltration systems and pose a higher ®
risk of groundwater pollution. You should not normally make discharges to soakage pits '\
because they concentrate the discharge in one place and bypass the soil layers limiting t Q
potential for attenuation of contaminants. Therefore we are likely to refuse an environm r:gl/

permit for such discharges. Discharging effluents into boreholes is generally only acgv e

in cases where there is no other alternative and where there is adequate evidence o}b

sufficient unsaturated zone beneath the base of the borehole to allow for effecti e'b{ nuation
of the contaminants (see Environment Agency 2008 or as updated). \é
Regulatory requirements $

6{0

Our regulatory requirements under EPR for groundwater risk%}sment and environmental
permits are summarised in Box A. Please also refer to Annﬁ/ Groundwater (Environment
Agency, 2011a) and government statutory guidance on %)u dwater Activities (Defra 2010).

>
b&

Hazardous substances @Q

For hazardous substances (Appen i>($\n will be necessary to demonstrate:

e There is no discernible €dncentration of a hazardous substance in the discharge.
This would also cle come within the exclusion under Paragraph 3 (3)(b) of

Schedule 22 of 2010)4, with only limited assessment needed to make this
judgement.

Or, \6

e There 1@&0 discernible concentrations of hazardous substances attributable to the
disc in groundwater immediately down-gradient of the discharge zone, subject
to uate monitoring (or in the case of new discharges a detailed predictive

rogeological impact assessment).

6 There are (or are predicted to be) discernible concentrations of hazardous substances

‘\% in the groundwater down-gradient of the discharge zone attributable to the discharge
,Q(\ but all of the following conditions apply:
e concentrations will not result in any actual pollution or a significant risk of pollution in
the future;

*The input of pollutants “is or would be of a quantity and concentration so small as to obviate any present or
future danger of deterioration in the quality of the receiving groundwater”.

H1 Annex J 4: Infiltration Systems v1.1 November 2011 8



¢ there should be no progressive increase in the concentration of hazardous
substances outside the immediate discharge zone. This means, there will be no
statistically and environmentally significant and sustained upward trend or significant
increasing frequency in pollutant ‘spikes’;

o all necessary and reasonable measures to avoid the entry of hazardous substances
into groundwater have been taken (see below). ®

N
v

1. More data and assessment are needed as you progress down this list. The ideﬁll
situation is to ensure that there are no discernible concentrations of hazard

substances in the discharge. }\

2. The immediate discharge zone is the boundary of the activity giving rithe input
into the groundwater (for example, the limits of a drainage fieId).@ antrations are

Notes:

being assessed by monitoring boreholes, these should be as nea easonably
possible to the point of input within the uppermost flow horizon®

S

Necessary and reasonable measures ’\Q,Q

Assessment of necessary measures must be precedeaﬁmvestigation to determine
pathways and is a site-specific judgement.

A reasonable measure would be one where@recessary technical precautions to prevent
inputs to groundwater are technically feasibl€/not disproportionately costly and are within the
control of the operator. Such measur ®J|d include: source control, alteration of discharge
mechanism, treatment of the disch rg?. terception or diversion of contaminated
groundwater, and diversion of t arge to another disposal route. For new
developments this could incluhmply not conducting the activity in a location where
valuable groundwater resourc ould be particularly vulnerable to inputs of hazardous
substances. Any measureéken should not result in a net environmental disbenefit.

O
If there is actual po‘ll@n, or a substantial risk of such pollution, remedial measures must be
taken. Cost-bengfit assessment is not a factor in deciding whether to take action in such
cases but ma consideration in determining which precautions are necessary.

\
No @ardous pollutants
O

‘\@ur objective is to limit the input of non-hazardous pollutants to avoid pollution. This relates
\(\ to both direct and indirect inputs to groundwater. We must be satisfied that pollution of
& groundwater will not be caused (which includes avoiding deterioration in the status of a

groundwater body or causing an environmentally significant and sustained upward trend in

the concentration of pollutants). Therefore, we must ensure that the proposal and any
conditions necessary to achieve this objective are attached to the permit.
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More general requirements when considering an application for a permit which might lead to
the discharge of a pollutant include the requirement for prior investigation of the
circumstances of such applications. As a minimum requirement a permit may not be granted
unless hydrogeological conditions, the purifying powers of the soil and subsoil and the risk of
pollution and alteration of the quality of the groundwater have been examined. Where a
permit is granted, conditions on the permit must require any necessary technical precautions
to be observed to prevent inputs of hazardous substances, and to limit the input of non-

of groundwater. (l/

P p»

,QQ

Box A Schedule 22 Groundwater activities (EPR, 2010) '\\QV

Exercise of relevant functions

6. For the purposes of implementing the Groundwater Directive, the Water Framewor@eotive
and the Groundwater Daughter Directive, the regulator must, in exercising its rele functions,
take all necessary measures—

(a) to prevent the input of any hazardous substance to groundwater; and @
(b) to limit the input of non-hazardous pollutants to groundwater so as to %&re that such inputs

do not cause pollution of groundwater.
&Q

Applications for grant of environmental permit

7.—(1) This paragraph applies to an application for the gram n environmental permit
relating to—

(a) a discharge mentioned in paragraph 3(1)(a), (b) o@); or

(b) an activity that might lead to such a discharg

(2) When the regulator receives an application, it%hust ensure that all necessary investigations
have been carried out to ensure that it gras& y permit in accordance with paragraph 6.

(3) If it grants the permit, it must includ @fditions requiring all necessary technical
precautions to be observed to ens ’Qobjectives of paragraph 6 are achieved.
(4) A permit may not be granted—O

(a) without examination of—

(i) the hydrogeological cor@ons of the area concerned,

(ii) the possible purifyi owers of the soil and subsoil, and

(iii) the risk of pow and alteration of the quality of the groundwater from the

discharge, an

(b) without lishing whether the input of pollutants to groundwater is a satisfactory
solutio f@n the point of view of the environment.
(5 it may only be granted if the regulator has checked that the groundwater (and, in
patiicdlar, its quality) will undergo the requisite surveillance.

3

Who this guidance is aimed at and the level of assessment that is
likely to be required

H1 Annex J 4: Infiltration Systems v1.1 November 2011
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This document is mainly aimed at larger, complex discharges or discharges within sensitive
locations. It only applies to discharges to ground (not surface waters). Our risk based
assessment framework aims to ensure that the effort of assessment is proportionate to the
level of environmental risk as follows (see also Figure B):

e New?®discharges in SPZ1: We will not permit new discharges in SPZ1 (see \
Environment Agency 2008 or see our web site for further information). ,\%

e 2m®day or less (domestic sewage only): Most small sewage effluent discharges Q
ground of 2 m*/day or less may be eligible to be exempt from the requirement f ﬁ{rn/
environmental permit. Such discharges will have to satisfy certain criteria. PI%;,
refer to our web site for further information. \

e Discharges to ground of greater than 2 m®day and less than 15 y, and
small sewage effluent discharges that cannot comply with the sn&j\led criteria
for exemption: We will carry out an initial risk assessment for you éhis initial
assessment fails we may ask you to undertake further assessm accordance with
this guidance or advise you that the proposed discharge is ptable.

arrants further
e the risk assessment in

e Discharge to ground of over 15 m®day (or if the disc
assessment from the previous step): You need to un
accordance with this guidance.

e Combined sewage/trade or trade effluents: %eed to undertake the risk
assessment in accordance with this guidan@

¢ Intermittent or seasonal discharges: would use the maximum daily discharge

rate when applying the 2 m*/day or 1 ay thresholds to decide responsibility for
undertaking the risk assessment. er or not the frequency and cumulative
volume of the discharge shoul factor in deciding overall risk and acceptability
will be a matter for the risk Epg;fent itself.

e If you already have ap for a discharge to ground but the circumstances
have changed or a re\@v in line with the requirements of EPR reveals that a
modification to the it may be required, this guidance will support decisions on the
approach to provi additional risk assessment.

® In the case of small sewage effluent discharges to ground: A new discharge is one that was made after the 6
April 2010. An existing discharge is one that was made before the 6 April 2010. For an existing discharge: if the
point of discharge has been modified since the 6 April 2010 it is classed as a new discharge. These dates relate
to the implementation of the Environmental Permitting (England and Wales) Regulations 2010.
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igure B

be required for an application for a new permit

lllustrative flow chart indicating the level of assessment that is likely to

Is your discharge located within an
SPz1?

Yes

We will not permit any new discharge of

No

\ 4

Is your effluent classed as sewage
effluent? (If your discharge is
combined sewage and trade then
you should answer no)

No

pollutants in SPZ1. We will consider

discharges that do not satisfy the criteﬁi/
for exemption on a case by case t\e@‘s\

permitting existing small sewage efﬂuent\

(\'\\

A\
N

Yes

A

Is your discharge 2m3/day or less
and do you fulfil the criteria for
exemption?

Yes

§\

No
y

Is your existing discharge 2m*/day
or less but you do not fulfil the
requirement for exemption?

Yes

W\
You do n\t@lo read this guidance.
.S\\' e our web site

-
.S

No

N
v ('\0

Is your discharge tahan
2m?®/day and less t§<r1 m“/day?

Q

Yes

3
~%ill carry out an initial risk assessment
b’ or you. This may be sufficient for us to

>

either grant the environmental permit or
refuse it. If our initial assessment shows
that we cannot grant your permit without
further assessment then you may need to
supply more information, submit a
quantitative risk assessment or modify
your discharge.

D

60 No

A

Is your discharge greater than
15m°/day?

Yes

You may find this guidance useful.

We will carry out an initial risk assessment
for you. This may be sufficient for us to
either grant the environmental permit or
refuse it. If our initial assessment shows
that we cannot grant your permit without
further assessment then you may need to
supply more information, submit a
quantitative risk assessment or modify
your discharge.

You will need to read this guidance and
submit a risk assessment. If this is
acceptable we will grant the environmental

A

permit. If not we may either refuse the
environmental permit or ask you to refine
your assessment and put other measures
in place.
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This guidance sets out the requirements for additional assessments arising from the above
steps. Throughout the assessment the overall aim should be to minimise the risk to
groundwater through appropriate location, design and operation of liquid effluent treatment
and disposal.

We are likely to require a detailed quantitative groundwater® risk assessment (see Chapter 3) ®
wherever the presence of polluting substances are of concern. You will need to support all r\
such assessments with adequate site specific data. The scale of the assessment and the Q
amount of information required will depend on the volume of the discharge, the substanc

present, the complexity and the environmental sensitivity of the site. Q(l/

By following this guidance, and providing the appropriate information and anal '\k will
have the necessary information against which to decide whether the activity cx permitted
and if so what permit conditions we need to give you to ensure that groundyateris
adequately protected and that the risks remain low during the operation$ activity.

>
However, a permit cannot be granted if we do not have the relevar&ormation necessary
for permit determination, or it is clear there would be an unacp@b e impact on

groundwater. &\
&
O

Chapter 1 - Background information on tl-,éi}charge of treated effluent to infiltration
systems.

Chapter 2 — The Activity and its s includes guidance on describing the site’s
environmental setting and identifyi urce-pathway-receptor (S-P-R) linkages within a
conceptual model.

Layout of this document

Chapter 3 — Risk assess Bq't approach includes guidance on methods and approaches to
quantifying risks for the tion of groundwater from the disposal of treated effluent.

Chapter 4 — Monitorifg provides guidance on any potential monitoring requirements to
demonstrate that?fh Isposal is being operated in accordance with permit conditions and

that groundwatgmisvadequately protected.

Appendic

Appe Hazardous substances and non-hazardous pollutants

A Ix B Environment Agency Minimum Reporting Values (MRVs)

. endix C  Summary of research on sewage effluent
\%ppendix D Information requirements
& Appendix E How to undertake a percolation test
Appendix F Example calculations

® The terms ‘groundwater risk assessment’ and ‘hydrogeological risk assessment’ have identical meanings.
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Groundwater risk assessment for treated
effluent discharges to infiltration systems

Chapter 1 Background information

| Q
1.0 Introduction
troduct qu],

This chapter provides background information on treated effluent discharges and é\
associated risks to groundwater. The emphasis is on discharges to construct c%b-surface
drainage fields (infiltration systems’), but the general principles can also be aMd to
discharges to the land surface (for example, infiltration sustainable draina stems -
SuDS). A classification of the effluent types (domestic or trade) covere this guidance is

given in Box 1.1. &

1.1 Revised interpretations of domestic se e and trade effluent

EPR has allowed us to look again at our definiti ‘domestic sewage’ and change to the

one based on the Urban Waste Water Treatm irective (UWWTD) definition and in the
case of the Water Industry Act 1991 (WIA), e'law.

are carried out. Therefore, sewage schools, restaurants, takeaways, holiday parks and
nursing homes is domestic. Detegmining whether a discharge contains trade effluent should
not involve a detailed audit of @ ubstances used by an applicant on a particular site. If the
effluent is broadly of a do ic nature it is domestic sewage. If a significant proportion of the
waste generated by a c rcial enterprise is different from that found in a normal home
then it becomes a m%J of domestic sewage and trade effluent.

Domestic sewage includes wastes @g from normal domestic activities wherever these

N

” An infiltration system is defined by BS6297:2007 (+A1:2008) as “a series of infiltration pipes, placed in either
single trenches or one large bed, used to discharge effluent in such a way that it percolates into the disposal
area”.
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Groundwater risk assessment for treated
effluent discharges to infiltration systems

Box 1.1 Domestic or Trade activity analysis
Activity Trade or Domestic

Toilet waste Domestic '\®

Chemical toilet waste (regardless of whether site is commercial or | Trade (Note 1)

residential) ﬁ\q

Personal washing, showering and bathing Domestic \QV
Domestic cooking for family and friends Domestic (\'\\

\
Household washing of clothes, bedding, etc. using domestic Domestic \_

detergents, etc
Washing of dishes and cooking utensils after use on the premises 2@§tic
Q

consumption on or off the site (for example, restaurant, pub,

Commercial cooking - for sale directly to consumers and Pomestic (Note 2)
food outlet, sandwich bar) SE

Commercial cooking - for sale off the site (for example 6 Trade

manufacture of ready meals or jams, preparation of iches
for sale at petrol stations, canteens, etc.)

>N
Washing at commercial premises of clothes o@éﬁ from Domestic
activities or residents on the site (for exam amp site

launderette

: %)
Washing at commercial premises % es or linen received Trade
from off the site bedding, tablec§t owels, etc solely for use on

the site (for example, camp sit nderette open to non-
residents, high street Iaunde{(i or centralised laundry for hotel

chain) r\\)

Swimming pool ﬁlte.r%c‘kﬁ/ash water Domestic or Trade
(Note 3)
Hospitals, ve@%mols and universities Domestic or Trade
QO (Note 4)
N

Né@(r.l)Box 11

. Note 1 — It is recommended that chemical toilet waste is not discharged to a package treatment plant, as the
%nemicals may poison the treatment system and cause pollution.

& Note 2 - The definition of ‘domestic activity’ goes beyond basic activity definitions, such as ‘cooking’. It also takes
in the nature of the activity. Thus, cooking food to serve as a meal is a normal domestic activity, even if the meal
is sold to a customer. Cooking meals in quantity for sale elsewhere, or cooking food to put in cans is not a normal
domestic activity. Where a commercial enterprise generates effluent that is different to that of a normal home,
then it will cease to be a domestic only activity and will be a combination of domestic sewage and trade effluent.

Note 3 — Depends on the nature of the swimming pool. Pools at houses or hotels where they are provided free for
the use of residents are domestic. Municipal or commercial pools, where the pool is a major part of a commercial
activity are trade. Note that small package plants and septic tanks are unsuitable for the treatment of pool filter
backwash, as it contains bactericidal chemicals that can damage the treatment process. They should only be

H1 Annex J 4: Infiltration Systems v 1.1 November 2011 15



Groundwater risk assessment for treated
effluent discharges to infiltration systems

discharged to treatment plants if they will be substantially diluted by other waste components, which is unlikely to
be the case for smaller package plants. If a public sewer or large private treatment plant is not available, then the
backwash should be discharged to a properly designed infiltration system.

Note 4 — Depends on the nature of the discharge and how waste and drainage is managed. For example, larger

hospitals are likely to discharge trade effluent due to the kind of activities taking place on site, but a smaller \
hospital may well discharge solely domestic sewage. Where the discharge includes animal wastes or clinical \%
wastes that would not be expected to occur in domestic sewage that part of the discharge will be trade effluent. Q

For more information please refer to: \(1/

Annex 1 - Definition of “Domestic Sewage” and “Trade Effluent” for permitting (EPR\@L]{

1.2 Liquid effluent disposal §
o

The main components of a liquid effluent disposal system to th@suﬁace are shown on
Figure 1.1 and are summarised below: .\
\

e Collection and treatment of raw effluent. Examplgs.of systems for domestic sewage
can include septic tanks (Primary treatment) ditional treatment via a package
treatment plants (Secondary treatment). In 5§ cases, the effluent may also be
routed through a reed bed and undergo @ti ry treatment before discharge; (Box

1.2). Q

e Collection and distribution of trea d(@luent to the infiltration system.

e Discharge to ground via the&@etion system or drainage field.

The drainage field is an impertant component of the system, as significant attenuation
processes can take pla% re and in the underlying unsaturated strata.

o
1.3 Efflueré.éﬁ\eatment

Liquid Qdischarges to infiltration systems occur largely from septic tank systems,
pac reatment plants, and sewage treatment works. Non-sewage related effluents (for
e le, from the treatment of industrial wastewaters), may come from a variety of other
treéatment plants. Further information on sewage treatment systems is provided in Box 1.2. A
‘\c.pescription of the range of treatment processes and systems for other wastewaters is beyond
,QQ the scope of this guidance.

H1 Annex J 4: Infiltration Systems v1.1 November 2011 16



Groundwater risk assessment for treated effluent discg'a%es to

\V
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Figure 1.1 Septic tank&aem and discharge to an infiltration system (also shown are some of the key attenuation processes).
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Box 1.2 Types of Primary, Secondary and Tertiary treatment

Septic tank systems (compulsory Primary treatment) consist of a tank, a subsurface
drainage field (the infiltration system or ‘soakaway’) and connecting pipe work as illustrated
on Figure 1.1. On modern systems a distribution chamber is typically located between th
septic tank and the drainage field to allow sampling of the effluent and visual inspectio e‘{l/
fluid levels. ?'f/

The raw sewage will undergo settlement or floatation (physical separation) of the b&?ds,
storage and partial decomposition (anaerobic digestion) in the tank, whilst the igtid
component is released via the inspection chamber and distribution box to thee&@nage field.

A correctly operated septic tank and drainage field system can result in %onable
standard of treatment and produce an effluent similar to that resultin conventional
sewage treatment. This will require the septic tank to be emptied p cally to prevent it
filling with solid materials and overflowing or the drainage field g as a result of the
carryover of solids normally held within the tank. Under poor?* ating conditions, the quality
of the discharge is likely to deteriorate with time and the hy; ic performance of the
drainage field will also deteriorate. %

The Building Regulations Approved Document H (;g@ersion as amended, Building
Regulations 2010) sets out design criteria for thg , drainage field and pipe work.

A0

N

U
Package treatment plants (PTPs), (apigitional Secondary treatment) are small scale sewage
treatment works. They treat efflue higher standard than septic tank systems. Note: a

discharge to surface water is ngtallowed without Secondary treatment.

i\

AN

Ov
Reed Beds (furthe?\@tiary treatment). A reed-bed or wetland system should improve the
quality of ef‘flue%’ﬁjscharges from septic tanks, a settlement tank or package treatment
plants. This g ced level of treatment might be required before a discharge is allowed into
for examp ensitive or small watercourse, a watercourse that receives many discharges,
or adrai field where groundwater is vulnerable.

Re ds are specially designed and constructed plots with a granular medium and an

i eable base which can be used to improve effluent quality. They have the advantage
L.of Tlaving no moving parts and require less maintenance than package treatment plants.
ﬁeed-beds rely on the ability of certain plants to absorb and transport oxygen through their

stem system to the root zone, which supports micro-organisms capable of breaking down the

effluent where it can be taken up by the organic material present in the sewage and so purify

the effluent.
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Many package sewage treatment plants and septic tanks available within the UK market are
designed, manufactured and pre-constructed as modular units in accordance with British or
European design Standards. The current design and construction British Standard

(BSEN12566) incorporates the minimum European requirements for package treatment

plants and septic tanks for up to 50 persons. From April 2010 (Environment Agency 2010b), ®
we will require new or replacement units to comply with BSEN 12566: 2000. '\

1.4 Liquid effluent composition

The chemical composition of liquid effluent will depend on the effluent source}fq:example,
domestic or trade), the type of treatment system and the state/condition o @treatment
system. Sewage effluent is likely to be more consistent than the pote i$large range in
compositions from the treatment of other wastewaters (such as trag\%uent). Most of the
following subsection is focussed on treated sewage effluent.

Ss\\@
1.4.1 Sewage effluent 6
ub&nces of concern is given in Box 1.3.
nd package treatment plant is given in

A summary of the main chemical and biological
The chemical composition of a typical septic t
Table 2.3. Non-domestic sources of sewag ent may have distinct characteristics that
produce higher or lower strength effluent. effluent from a sewage treatment works will
usually be of a higher quality as a resuj@a higher standard of treatment.

For domestic and non-domestic Qms it will be important to prevent the disposal of
pharmaceutical, chemicals (pe@ des, solvents), oils and greases. You should be aware that
bleaches and household clgapers may affect the treatment process or may result ultimately
in the risk of an unacce input to groundwater. Good practice for the design, operation
and maintenance of septie tank and package treatment plant systems has been published by
CIRIA (1993) and rongly recommend that this is followed. British Water has also
produced a seri f useful guides (see Section 2.10).

)

1.4.2 T{ﬁ\effluent
O

T <>hemical composition of trade effluent will be dependent on the activities which produce
. aste water and the type of treatment process. Some trade effluents may also vary though
\Q\ he year. Therefore its chemical composition will need to be characterised (for example,
& minimum, average, maximum or 90 / 95%-ile concentrations) by chemical analysis to
determine the absence or presence of hazardous substances and non-hazardous pollutants.
In our guidance notes for the application form for a permit, a list is provided of the
substances for analysis that should be considered, but this list is not exhaustive and the
analysis should be based on knowledge of the activities feeding the waste water stream.
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Box 1.3 Key contaminants of concern for sewage effluent

Ammoniacal nitrogen (predominantly the ammonium ion NH,"), is a non-hazardous
pollutant and likely to be a primary contaminant of concern with respect to groundwater as it

is present in sewage at concentrations that are significantly in excess of drinking water Q

(0.39 mg/I N or 0.5 mg/l as NH,") or environmental quality standards. The environmental
quality standard for total ammonia (NH3 + NH,") is 0.3 or 0.6 mg/l as N depending on t
alkalinity of the water course.

Ammoniacal nitrogen can be expressed as mg/l as N or mg/l as NH," where: Q'\
1 mg/l as N = 1.28 mg/l as NH," Q
The conversion is based on the molecular ratio of NH;" to N (18/14 = 1.2@

Ammonium may be transformed (nitrified) to nitrate. Nitrate may b (Q'sue if concentrations
in groundwater are close to or exceed 50 mg/l as NOg, or if the water body is at poor
status as a result of nitrate. This may require additional treatn‘{q' (such as denitrification of
nitrate) prior to discharge.

present in effluent, although concentrations are likel e lower than ammonium, except
under higher pH (alkaline conditions). There is ing water standard for ammonia, but
there is an environmental quality standard (EQ 0.015 mg/l as N.

Ammonia (NH3) (also referred to as free ammoniadw«ized ammonia) may also be

The chemical equation that drives the relatioﬁp between ammonia and ammonium is:
NH; + H,O <> NH," + OH" ’@

When the pH is low, the reactioi is‘giiven to the right, and when the pH is high, the reaction
is driven to the left. The activité‘aqueous ammonia also is much lower at low temperatures
and higher at warm temperaturés. This means that at low temperatures and low pH the
activity as NH3 is Iower,ﬁws NH," is higher. Therefore, sensitive aquatic organisms can
tolerate a higher total “amnonium-N plus ammonia-N” at low temperatures than at high
temperatures due h\ﬁyjch less aqueous NH3; being present in the water.

N

e

X
Q

Microbio al contaminants. Microbiological contaminants are neither hazardous

substa nor non-hazardous pollutants (so are not covered by EPR, 2010). Precautionary

mea Qgs may be necessary to protect soil functions. Sewage effluent contains large

n@rs of micro-organisms (for example, bacteria, viruses and protozoa), some of which

car/cause infectious disease if ingested. The term ‘pathogens’ is used here to group these

rParmful organisms. Routine testing of drinking water supplies often takes place for micro-

" organisms that are indicative of the presence of raw sewage, rather than for the pathogens
themselves. The tests then indicate whether a pathway exists that poses a risk to water
quality.
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Box 1.3 continued

Phosphorus and phosphates. These are non-hazardous pollutants. Concentrations of

a particular issue where there is a discharge to surface water for which low (0.04 to 0.12
as P) environmental quality standards may be set. Phosphate will readily sorb to parti

to the soil and to the rock and in many cases phosphate from the discharge will be séay
within the drainage field / unsaturated zone. However for high discharge rates the e\v
potential for the attenuation capacity to be exceeded or bypassed. Some phos;@& ill also

be taken up by microbes, and potentially plant roots, as it is a nutrient.

phosphate in sewage effluent are typically in the range 10 to 20 mg/l as P. Phosphate ma@\
t

Other Contaminants. Organic compounds (including hazardous sub @ ) may be
present at low concentrations, but the available data (for example, onment Agency,
2002, BGS, 2007) indicates that their occurrence is sporadic a compounds present
vary over time. ‘\

Other chemicals (including hazardous substances) used in tWousehold products / equipment
may also be present, such as the metals cadmium an@cury, which are both hazardous
substances. Medical products (pharmaceuticals) a ir metabolites may also be present
in trace concentrations. Due to the likely variabiljt s not possible to characterise the
discharge in terms of organic pollutants and f er or more complex discharges, chemical
analysis will be required.

For domestic systems the presence of h rdous substances can be avoided by ensuring
that chemicals are disposed of appg&gfy (CIRIA 1993).

1.5 Discharges to ground surface and infiltration systems

1.5.1 Discharges to the ground surface
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The methodology described in this document can also be applied to discharges of effluent to
the ground (for example, irrigation of grass plots and woodland). The information
requirements will be similar and the overall objective of a risk assessment will be to
demonstrate that the activity is acceptable.

1.5.2 Infiltration systems (1>(1/

Requirements for the design and installation of drainage fields and infiltration s% s for
domestic properties are set out in BS6297:2007 (+ A1:2008). Further guidan contained
in Part H of the Building Regulations (2002 edition)® on drainage and wast%gsp al.

Infiltration systems typically comprise a network of below surface %@ted pipes which sit
in gravel filled trenches. Unless properly designed and operated ation systems can
cause excess hydraulic loading. This may mean: \

N

e the underlying ground is unable to accept the rat o@ﬂscharge, resulting in surface
breakouts;

e rapid travel times through the unsaturat Z& or by-pass flow resulting in limited
attenuation of the effluent;

e groundwater mounding below the d@e field, resulting in a reduced unsaturated

zone thickness.
xS
C(b

To minimise the risk to ground sgker you should ensure that the size of the drainage field is

appropriate to the rate of d| ge and the infiltration capacity of the ground. In addition, you
should ascertain that ther sufficient depth to the water table (minimum of 1.2 m) to
ensure attenuation of th luent. You should also consider the proximity to receptors such

as water supplies al urface water courses. Good practice for the location of drainage
fields is set out i 297:2007 (+ A1:2008) Code of practice for the design and installation
of drainage fielér use in wastewater treatment - Amended 2008 and Pollution Prevention
Guidelines (PPG4 Environment Agency/SEPA/EHS 2001 update 2006). The Building
Regulatio art H 2002) also prescribe certain criteria. Key requirements to protect water
arisin%) these standards are summarised in Box 1.4.

60

N
'Box 1.4 Location of infiltration systems or drainage fields

Discharge to a drainage field should not take place on land:

¢ within 10 m of the nearest watercourse;

8 The Building Regulations have been updated for 2010
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¢ within 50 m of a well, spring or borehole or other source of water intended for human
consumption;

o thatis steeply sloping or waterlogged;

e where there is less than 1.2 m depth to water table below the invert of the drainage
pipes;

e where percolation rates fall outside an upper and lower range of values (see
Percolation tests).

vV

Reference should also be made to Environment Agency (2006-2008) '\\Q
laN

v

N

e

O

O
Both BS6297:2007 (+ A1:2008) and the Building Regulations (Part H @2010) require
you to carry out a percolation test to determine whether the rate of & lation is suitable. If
it is too low the effluent will not infiltrate, if it is too high infiltratio@be too rapid and
important attenuation mechanisms will not occur. s’\\,

BS6297:2007 (+ A1:2008) also requires you to dig a trj le to determine the minimum

depth to water table. The recommended minimum in the Standard is 1.5 m below the
base of the proposed trench. b
Information on the depth to water table, soil cription and percolation tests will need to be

provided as part of the application for @mn.

Depending on the circumstanceg, Q may need to demonstrate a greater depth to the water
table to provide confidence th%«enuation will occur; otherwise you may need to consider
modifying the infiltration sy r reduce the risk in other ways such as increasing the level
of treatment. This might b§re case for larger discharges, or where the effluent contains
hazardous substances, ®where the underlying strata are characterised by rapid flow (for

example, fissure(z\a'@\@ers).
>3
\)@

e

&

?:;TAY SAFE. Standing adjacent to or entering even shallow excavations is potentially
dangerous if they are unsupported and it is very important that you comply with relevant
health and safety legislation and guidance. If it is necessary to excavate deeper than
recommended it may be more appropriate to consider the use of an auger or small drilling
rig. Do not work alone.
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Drainage fields are frequently located at a lower level than the building/treatment plant that

they serve so that drainage is gravity driven. However, surface or groundwater flooding of

drainage fields and tanks is a potential problem and generally, you should not locate them in ®
areas that are known to suffer from flooding. Flooding of the tank and/or drainage field (but '\

not the property it serves) will mean that the contents will result in environmental poIIution(l/Q

and human health issues. (1>

The drainage field may also need occasional maintenance to remove any cloggin&}?
result of biofouling and in the long-term may need to be replaced when perforw@s alls.

Drainage fields with subsoil infiltration systems are typically maintained as gr areas to
prevent penetration of the distribution pipes by the roots of larger plants (s@s nd trees).

6{0
1.6 Percolation tests $’\<.Q

Percolation test procedure is given in British Standar &297:2007 (+A1:2008). We have
provided an overview of this in Appendix E.

The percolation test allows you to assess th&inage characteristics of the soil and to
calculate the floor area of the drainage fi ee Box 1.5). The test must be carried out to the
current British Standard 886297:2007’(\' :2008). The results of this test will give you a
percolation value (Vp) figure which&ld be provided as part of the supporting information
of the permit. Vp relates to the per bility of the soil/drainage field. Vp is measured in
seconds per mm. The results @percolation test should be within the range Vp = 15 - 100

sec/mm. \'
O

The minimum value ¢f 15 allows sufficient attenuation (the effluent cannot percolate too
rapidly into the g , potentially resulting in the pollution of groundwater. The higher the
value for Vp thegve attenuation will take place but values over 100 may result in effluent

ponding. @
If tw between 1-15, or greater than 100, you will need to discuss alternative options
S

X %\/here soils are too permeable (Vp = 1-15), the rate of downward movement can be slowed

,QQ and contaminants attenuated through the use of constructed drainage mounds or sand
filters.

Where soils are insufficiently permeable (Vp = 100+), then an alternative disposal method in
place of an infiltration system will be needed.

H1 Annex J 4: Infiltration Systems v1.1 November 2011 24



Groundwater risk assessment for treated
effluent discharges to infiltration systems

You will need a value for Vp in order to calculate the floor area of the drainage field (Box
1.5). The Infiltration Worksheet (Environment Agency 2011c) can also be used to calculate

the area of the drainage field.

"OO
\\
o)
&
o
| BOX'1.5 Floor area of drainage field

. C
NS4
;QQ Floor area of drainage field

For domestic properties the floor area of the drainage field required can be
calculated as follows

For septic tanks (Primary treatment): A=px Vp x 0.25

Where,
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A = required drainage field floor area in square metres (m?).

p = number of people served by the tank (for domestic applications (this should be

the maximum number of people that could live in the dwelling). \
Vp = percolation value. '\Q
For effluents which have received additional Secondary treatment (such as a (1/
Package Treatment Plant), the area should be reduced by 20% as follows: 1']>
A=pxVpx0.20 \Q)

Example calculations: Q'\

The calculation for the floor area of drainage field required for a septic tan ing

12 people with a percolation value of 20 seconds/mm would be:

A=pxVpx0.25 &

A=12x20x 0.25=60 m? 5\\'

The calculation for the floor area of drainage field required Y’&a septic tank and
secondary treatment serving 12 people with a percolati alue of 20 seconds/mm
would be:

A =pxVp x0.20 (reduced by 20% due to Seco@&reatment)

A=12x20x0.20 = 48 m? Q)
Floor area conversion S@

The floor area “A” should be coq@o a linear trench based on the width of the
trench

Drainage trench widths sh be between 0.3 m to 0.9 m. Examples of conversions
for different trench widt given in Table 4 of BS6297:2007 (+A1:2008).

For example, for a @:h of 0.9 m in width and for a calculated floor area of 60 m?
then from Table 4‘(' 6297:2007 (+A1:2008) the linear trench length is given as 66

Referenc Kﬂ Standards (BS6297:2007 (+A1:2008). Code of practice for the design and
/nstallat/o ainage fields for use in wastewater treatment, ICS 13.060.30, BSI 2008

@llutlon and attenuation processes

&\Q 1.7.1 Key processes

The key processes likely to reduce the impact on groundwater of liquid effluent discharges to
a drainage field are given below and some of these processes are illustrated in Figure 1.1.
The key processes of sorption, retardation, biodegradation, abiotic degradation, volatilisation,
dispersion and diffusion are considered in Box 1.6.
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Box 1.6 Key attenuation processes dependencies and effect
Process Description Dependencies Effect
(&
Sorption Reaction between Dependent on aquifer Removes solutes fi m’
aquifer matrix and properties (organic groundwater via \
solute whereby carbon, clay mineral sorption to th é]ler
contaminants become | content, bulk density, matrix. Redp%
sorbed on organic specific surface area and appare e of solute
carbon or clay porosity) and the movem retards
minerals. Sorption can | hydrophobicity of the contaminants relative
be represented by pollutant. t undwater).
linear or non-linear d taminants can
equations. é&desorp back into
. ,\\'Q groundwater from the
\A\ aquifer matrix.
Retardation Reduction in rate of Dependent on aguiier and | Reduction in apparent
contaminant migration | contaminant Qﬁrties. rate of solute
to processes including $ movement.
sorption, ion
exchange, 6
precipitation/dissolutio Q}Q
n and fissure/pore
water diffusion. \Q
Biodegradati | Microbial degradatign ™ Dependent on: Results in a loss of
on of contaminantss\ e contaminant contaminant mass and

<y

N

¢

S
%O\)
\\

concentration
(degradation may be
inhibited at high
concentration — toxicity
effect);

supply of electron
acceptors (oxygen,
nitrate, sulphate). If
insufficient supply, then
degradation will be
inhibited;

geochemical
environment. For
example, some
compounds will
degrade at faster rate
under aerobic
conditions.

reduction in
contaminant
concentration.
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Box 1.6 Key attenuation processes dependencies and effect
Process Description Dependencies Effect
Abiotic Chemical Dependent on Results in a loss of
degradation | transformations (for contaminant properties contaminant mass aan\
example, hydrolysis) and groundwater reduction in )
that degrade geochemistry. contaminant \(1/
contaminants. concentration.@%ﬁ
typically mL@d} er
than bio‘w ation.
Volatilisation | Volatilisation of Dependent on the vapour Remove\:’
contaminants pressure (Henry’'s Law c inants from
dissolved in constant) and air-filled water and
groundwater into the porosity of the chemical. _ | ?@nsfers them to soil
vapour phase (soil é
gas). XQ
Dispersion Spreading of a Dependent on aqui Results in longitudinal,
contaminant plume as | properties and transverse and vertical
a result of observation. @endent spreading of the
groundwater moving of contam roperties. | contaminant plume as
at different it moves through the
rates/following Q aquifer.
different pathways (b Reduces contaminant
through the aquifer. <O concentrations.
Dispersion is typically X%
represented by @
empirical equati
(derived from 9g/Sls
of plume dl@'nsmns)
Diffusion Spreadi Dependent on Diffusion of
cont nt due to contaminant properties contaminant from area
gar diffusion. and concentration of relatively higher
gradients. Generally concentration to areas
Q_) unimportant relative to of lower concentration.
@ dispersion except at very Red taminant
low groundwater educes contaminan
\) gre e concentrations.
O velocities. Diffusion _
60 significant in dual porosity For.dual porosity
i systems in controlling aquifers, can resultin a
\(Q contaminant movement decrease in the rate at
,QQ' between fissure water and | Which a contaminant
pore water. can migrate through
the aquifer.
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1.7.2 Degradation®

For degradable contaminants such as ammonium (Environment Agency 2003a), the
calculation of an attenuation factor is sensitive to the assumed rate of degradation. Evidence ®
must be provided for the use of degradation. Any values used must be justified. Thus it is '\

essential that: Q
v

¢ the conceptual model for the site provides evidence that degradation is likely to@

e arealistic or conservative value is used and, where possible, this is based %l data

(Environment Agency, 2000). \\

For ammonium it will also be necessary to consider whether its transfor to nitrate
could result in nitrate concentrations in groundwater that exceed 50 m NOs; as
discussed in the following section. &

The conceptual model should also consider the factors that awinfluence the rate of
degradation. These include contaminant concentration, th chemical environment (for
example, aerobic or anaerobic) and, in the case of degra@ation of oxidisable contaminants,
the availability of oxidants such as dissolved oxygen$@a e and sulphate (Environment

Agency 2002b). b

If you use a literature-based decay rate this(ﬁﬁld be:

e based upon a field observation 65.\5 natural system similar to the one in question;

e reviewed and agreed upong\the appropriate parties.

This is to safeguard ag@he use of too rapid a rate of biodegradation, which may result in
an underestimate of Impact on groundwater quality and hence insufficient aquifer
protection. In the absefice of validated degradation rates, degradation should be assumed to

be negligible.
)

Guidanc assessing degradation due to natural attenuation is given in Environment
00). Rates of degradation for some contaminants are published in other
Envj ent Agency reports for a range of geochemical environments and aquifer settings

The degradation rates given in these reports mainly relate to the groundwater environment
(saturated zone). The unsaturated zone may be characterised by higher degradation rates as
it may contain higher bacteria populations, higher levels of oxygen and a higher proportion of
organic material.

9 Reference should also be made to Enviroment Agency 2011c
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Most analytical models assume that degradation can be represented as a first order reaction

(for example, exponential decay of contaminant degradation). This assumption will need to

be justified based on the conceptual understanding of the site and particularly where

degradation may be inhibited due to the geochemical environment. In some cases, a first

order reaction is not appropriate for representing the degradation of organics as degradation ®
may be rate-limited and dependent on contaminant concentration and/or the availability of '\

electron acceptors. (19

1.7.3 Filtration of particulate matter and microbial contaminar@

Within infiltration systems, the process of filtration is aided by the opment of a bio-mat
beneath the effluent discharge. Filtration is also likely to be i t within the unsaturated
zone where flow is intergranular. Highly fissured unsaturate material is likely to be
poor at filtering any particulate contaminants which pass t the bio-mat.

&

Pathogens are typically only viable within a host or and therefore, will show a decline
in numbers over time as a result of die-off. It is typically assumed that micro-organisms
remain viable in the subsurface for 50 to 70 d ough some viruses can survive much
longer than this). Pathogens (and other mi %ganisms) will be attenuated by firstly
attaching to solid materials and then being fikered out. They are then prone to predation.
Some micro-organisms, notably crypto@idium, form cysts that are resistant to die-off and
predation and hence can be long Ii@u the environment. Transport of pathogens is
therefore, most likely to occur where iow beneath the drainage field is via a fractured and
fissured unsaturated zone. Pa&gens will be filtered out by more sandy, intergranular
material and die off. Unsatwrated zones with large fractures would be unlikely to pass the
percolation test in any casg}

2
1.7.4 Sorptio@@?d precipitation of metals and phosphate
etals onto clays and precipitation of metals under oxygenated and / or alkaline

tions is likely to render the already low concentrations of metals below
trations which would cause an unacceptable impact.

&)

\Q\ The fate of phosphates in sewage effluent discharges is an area of active investigation. Most

& conceptual models suggest that phosphate is rapidly mineralised (precipitated as calcium
phosphate) within a short distance of the point of discharge. This is likely to be the case
where calcium carbonate is present. However, in some groundwater environments, notably
in areas of hard rock, this may not occur.

H1 Annex J 4: Infiltration Systems v1.1 November 2011 30



,QQ

Groundwater risk assessment for treated
effluent discharges to infiltration systems

1.7.5 Sorption, retardation, degradation of organic contaminants

The large organic loading and microbial activity within the treatment system and the
presence of a biofilm beneath the pipe work of the infiltration system are likely to promote
sorption and degradation of most organic contaminants before discharge to the infiltration

system. (19

1.7.6 Sorption, retardation and nitrification of ammoniacal nitrogenQ'\\

A\

Within sewage, nitrogen starts off in an organic form (for example, urea), Is converted to
ammoniacal nitrogen (predominantly present as the ammonium ion — ) as it passes
through the treatment system and drainage field. Within and bene Iﬁ drainage field,
ammoniacal nitrogen is oxidised by microbially mediated reacti@( rification), first to nitrite
(NO) and then to nitrate (NOs) in the presence of oxygen. Th\ of reaction is
temperature dependent and is very slow below 7°C. Some Qirification (reduction of nitrate
to nitrite, nitrous oxide (NO) and then nitrogen (N,)) may alss*occur within the saturated
pockets in the unsaturated zone. @

O

1.7.7 Soil water partition coefficient K‘%Q

%
The critical importance of the sorpms%racteristics of soils/aquifer materials and the Kq
values used in these equations gh be emphasised. Literature based Ky values can vary
by several orders of magnitudé(the same substance and great care must be exercised in
selecting the most approprigte value(s) or mean and standard deviation for probabilistic
calculations. For larger, r@ﬂex or hydrogeologically sensitive discharges it might be
preferable to undertake h testing to determine site specific K4 values. Although it should
be noted that the pr ce of other substances competing for sorption sites in the soil /
aquifer matrix will leadto lower actual K, values. Thus, multi-element batch testing for Kd
values would b%eferable and more realistic to single element testing. The estimation of
the most ap @ iate Ky value and degradation coefficient if applicable is a key aspect of the
whole riskéessment process.

O
O
60

.\%.7.8 Cation Exchange Capacity

Cation Exchange Capacity (CEC) is the capacity of the soil / sub-surface matrix for ion
exchange of cations between the matrix and the solution. Under certain conditions, CEC
may be used to calculate the partition coefficient of a solute, usually a trace metal. The
formulation is presented in detail in Domenico and Schwartz (1998) and Appelo and Postma
(1993). However, the assumptions behind this calculation mean that it often may not be
appropriate for assessing partition coefficients in typical contaminant plumes. In such cases
more complex geochemical modelling would be required. Therefore, we will accept CEC as
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a viable attenuation process, but only when robust supporting evidence is provided (for
example, geochemical modelling such as PHREEQC).

Other processes include:

e uptake of nutrients (nitrogen and phosphorus) by microbes and plants (19
e volatilisation where the discharge is to the land surface (]>

e dilution at the water table. '\\Q

1.8 Recent research on attenuation (b$0

The available information on attenuation processes in the uns d zone below infiltration
areas for discharges from septic tanks (BGS 2007, IEPA 200 ggests high rates of
transformation of ammonium for these particular scenarios Appendix C). Therefore, it is

important to properly look after the system. 6

1.9 Risk reduction Q)
x<Q

In designing the effluent disposal the overall aim should be to minimise the risk to the
environment. O

A range of measures are @l able to reduce the risk to groundwater. These include:

e Locating ?e@inage field in accordance with relevant British Standards

(BS62972007 (+A1:2008)) to minimise the risk to groundwater (and surface water)

ing efficient drainage by providing adequate surface area to the infiltration
ches based on percolation tests and ensuring infiltration rates are not too fast
sulting in rapid movement through to the water table with limited attenuation.

d Ensuring there is at least the minimum thickness of 1.2 m'® of dry subsoil

’\% (unsaturated zone) below the infiltration trench. In some cases, you may need to

demonstrate a greater depth to the water table to allow attenuation processes to
occur.

¢ Being vigilant about what goes into raw effluent. For example, not pouring paint
thinners down a domestic sink (see CIRIA 1993 and Britsh Water guides).

'% The minimum depth of 1.2 m must not be subject to seasonal fluctuations where the water table could rise
above this depth.
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o Designing and operating the system according to best practice; desludging and other
maintenance in accordance with manufacturer’s recommendations.

Chapter 2 The activity and its setting

2.0 Introduction
N

This chapter outlines the information that you will need to provide as part o@h?failed
quantitative risk assessment. In summary you will need to:

e Characterise the discharge in terms of quantity and qua%?sed on adequate
understanding of the discharge mechanisms and infragn“{g' re (for example,
infiltration system layout), the volumes, concentratio d chemical nature of the
discharge.

¢ Demonstrate a conceptual understanding of se@élationship of the discharge,
pathways and receptors within their wideg h geological setting including the likely
fate and transport processes, particularl{ within the unsaturated zone.

e Describe the local soil conditions an@ydrogeology, where necessary supported by
site investigations; and in parti @describe the strata (soils, rock) below the
drainage field, the depth to able and the permeability of the strata (for
example, from percolation

O

You should refer to our H@nvironmental Risk Assessment Annex (j) Groundwater
(Environment Agency, 2@13) for the key principles in describing an activity and its potential
impact on ground @ This section provides further details on the information that will be
needed to suppo&roundwater risk assessment.

If we are r&ﬁfident in the description of the activity, its site setting and the conceptual
model, Il need to be conservative in how we review your environmental permit
applic&. This could lead us to ask you to undertake further work or refuse your

a& lon. The amount of work and the sophistication of the risk assessment will depend on
t ature of the discharge and the environmental sensitivity of the site.

©

A general guide to the typical levels of information (basic, extended, comprehensive) needed
for different discharges is given in Table 2.1 and in Table D1 in Appendix D. Basic data
requirements covers information required in the application for a permit. Groundwater
vulnerability, the constituents of trade effluent and the level of treatment involved must also
be taken into account when deciding what data are needed for an individual site. Reference
should also be made to Box 1.1.

H1 Annex J 4: Infiltration Systems v1.1 November 2011 33



Groundwater risk assessment for treated
effluent discharges to infiltration systems

The applicant / permit holder is responsible for providing us with this and any other relevant
information. Site investigation may be required for large disposals or where the proposed
discharge is located in a sensitive setting.

Table 2.1 Guidance on data requirements

O

q/Q

~\
[ § \
Discharge Volume Data requirements for assessment (refer als %l/
m3/d Table D1 (Appendix D) for a description of & ;
extended and comprehensive data needgiN
\y
0-15 Basic information. For discharges tha ot comply
with the exemption criteria or those ail our in-
house risk assessment, you m Q to supply an
extended set of information 36
I
Sewage effluent >15 - <50 Extended or compWsive set of information may be
needed $
)N
\)
>50 Compre@isive set of information needed
9
0-25 | Extended or comprehensive set of information may be

Trade Effluent

Q

needed

Comprehensive set of information needed

Combir&
sewag@)

@\

ovefldows (CSO)
a mergency

~verflows (EO)

Extended or comprehensive set of information may be
needed

N
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2.1 Construction, operation and management

We will need you to provide the following information in support of your application and to Q'\
demonstrate that the necessary construction or engineering will be or has been put in pla\e

to control the discharge: (]/

¢ details of the type and source of effluent (for example, domestic sewa@'\\

¢ details of the discharge rate, frequency and duration;

e details of the treatment process; Q

e details (plans and cross sections) of the infiltration system; QQ»

e results of the percolation tests; \?
e

e adescription of how the quality of the construction or iheering has been or is to be
controlled. Examples of quality controls include Bui Regulations certificates;

¢ a detail of proposed operation and maintenanc‘z@ensure the system continues to
perform to design (for example, de-sludgin@ ptic tanks, servicing of package
sewage treatment plants, etc.). 6

O
o>
x<Q
2.2 Discharge rate, freque@@ and duration

2.2.1 Overview O

2
You need to pr details of the discharge rate, its frequency and duration. For many
discharges, ischarge rate will be relatively constant throughout the year. Variations to
this may for discharges of treated sewage effluent from some premises (i.e. holiday
cottageq tels) and for sewage treatment works where summer or dry weather flows'" (Box
2.2)é@| ely to be lower and more concentrated than winter flows. The assessment should
c er the range of discharges.

@
N

" DWF is only needed for water company STW which receive sewage and rainwater from combined sewers -
private STPs should avoid allowing rainwater into the plant
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2.2.2 Discharge rates for sewage effluent discharges

The discharge rate for treated sewage effluent can be estimated based on the type of \
premise (Table 2.2) or estimated (sewage treatment works) based on population equivalents <b
(Box 2.1). For large discharges, it will be generally necessary to measure the discharge. Q'\

2.2.3 Discharge rates for trade effluent '\\

For trade effluent discharges you will need to estimate the quantities of tre (&\‘ﬂuent
(minimum, maximum and average) that will be discharged to the ground ughout the year

and whether this might change. For larger discharges, typically great n 50 m%d, we
may require actual measurements. This may include for example, ant flow monitoring
subject to conditions in the environmental permit. \\'Q
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Table 2.2 Typical rates of sewage generation (from British Water, 2009a)

O
Premise Sewage Premise Sewage \(LQ

Generation Generation

Rate Rate (l/
person/litres/d person/litres/ Q
” MO
\
Domestic 180 Hotels, pubs and clubs Ay
Industrial Prestige hotel 30@Q
Office/factory without 50 3* or 4* hotel Q@
canteen 6
Office/factory with 100 Bedroom only o ’\\'Q 80
canteen $\
Open industrial site for 60 Residential ? 350
example, construction, conferencelftr,

quarry, without canteen

Schools Non-r @ntial 60
co?g\ce/training

Non-residential without 50 @0“ ay camp 227

canteen é\'

Non-residential with 90 6 Restaurants (per customer) 30

canteen 5\

Residential 203\0 Public House (per 12
customer)

Hospitals and O Amenity Sites

residential care ‘\

homes \

Residential ol Q 350 Local community sports 40

peoples/ n ome club

Small als 350 Health club/sports centre 50

Lagospitms 450 Golf club 20
100

Caravans (touring) not

’\% serviced
/QQ Caravans (static) serviced 180
Campsites 75

http://www.britishwater.co.uk/publications/Publications_and_ Technical Guides.aspx
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Box 2.1 How to calculate the discharge

Example 1: Single 3 bed roomed house

The sewage generation rate per person per day for a domestic property is 180
litres/person/day (Table 2.2)

The total sewage output can be calculated as 180 x P then divided by 1000, where P is t
minimum recommended population load based on the number of bedrooms in each pr
plus 2.

For example, a house with 3 bedrooms is considered tobe a 5 P (3 + 2 ) syste h&ba total
sewage output of 180 x (5 P)/1000 = 0.90 m®/day 6

Note: This approach would apply to groups of small 1 or 2 bedroom hous r apartments
(For example, a one bed roomed house is (1+2) = 3 P), but a single d withup to 3
bedrooms is treated as a 5 P system. A five bedroom house would {e’@ +2)=T7P.

A
Example 2: For a group of domestic properties comprisin@ﬁvo, athree, afour and a
five bed roomed house:

Calculate the P value for each property (as above), th?b%ﬂd together:

Q

2+2)=4P 6
3+2)=5P @Q

(

(

4 bed roomed house = (4 + 2) \@
5 bed roomed house = (5+2) =7 @.

=22P 5\

2 bed roomed house =

3 bed roomed house =

made to allow for the bal

If the calculated total P fc;r&gqp of houses is between 12 to 25 then some reduction may be

effects on daily flow:

For P values of 12tp 2 ultiply by a factor of 0.9

22x0.9=19.8 \Ahl\ic':}should always be rounded up so in this example P = 20
= (180 x 20)/ =3.60 m*/d

ForPv of 26 to 50 multiply by a factor of 0.8. For a P value of 36:

36 = 28.8; so P would equal 29

=®80 x 29)/1000 = 5.22 m*/d

3Vhere there are larger groups of houses, the P value should be estimated using both the
expected total load and the flow, considering both peak and total flow.
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Box 2.1 continued
Calculations for non-domestic properties are more straightforward:

Example 3: 75 persons within a four star hotel \(1/
The sewage generation rate for a 3 or 4 star hotel = 250 litres/person/day (Table 2.\ (]/

Number of persons = 75
Therefore discharge = 75 x 250 = 18 750 litres/day or 18.75 m®/d \9

Example 4: 150 persons on a static serviced caravan park §
The sewage generation rate for a serviced caravan park = 180 Iitr%Q@on/day (Table 2.2)

Number of persons = 150 s\\'Q
Therefore discharge = 150 x 180 = 27 000 litres/d or 27.0 m&éay

&

\
For more information please refer to Flows and Load&\— Sizing criteria, treatment capacity for
sewage treatment systems, British Water, BW-C&P (2009a).
O\

g

(o
x<Q
2.3 Area of drainage field@ percolation tests

You will need to provide details of the drainage field including:

O

a map showirgplocation and layout of the drainage field;

the desi xf drainage system;
e the of drainage field and how this has been determined;

Cﬁ)q}results of infiltration or percolation tests.
. 6"he hydraulic loading rate (area averaged volumetric rate, for example, m*/ha/d) will be also
\Q\ need to be provided, although this can simply be calculated by dividing the discharge (the
volume Q in Box 2.3) by the area (A = ha) of the drainage field (Box 2.3). For discharges
from septic tanks and package treatment plants the area of the drainage field can be

calculated as set out in Box 1.5 and 2.3. The Infiltration Worksheet v1.1 (Environment
Agency, 2011) can also be used to undertake these calculations.
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2.3.1 Dry weather flow

Box 2.2 provides additional information on Dry Weather Flow (DWF) \

DWEF is only needed for water company STW which receive sewage and rainwater from '\
combined sewers - private sewage treatment systems should avoid allowing rainwater m@

the plant
'\\Q

Box 2.2 Dry Weather Flow (DWF) \

Dry Weather Flow is the average daily flow to a sewage treatment wor@ng a period
without rain.

An estimate of DWF can be obtained using the following formula: &
DWF=PG+I|+E

\
where: $

P = Population served by the works @
G = Domestic water consumption (typically 180 i e&er head per day)
I = Infiltration of groundwater into the sewer(@cally 50% of PG)

E = Trade effluent flows.

Example calculation: 6®

Population served (P) = 4 000

Domestic water consump &i = 180 litres/day

Groundwater |nf|Itrat|on 0 (Assuming sewer above groundwater table and therefore no

infiltration)

Trade effluent |@E) = 16 000 litres/day

DWF
DWF =@x 180 + 0+ 16 000 = 736 000 litres/day or 736 m°/d
C

A

O

@
N
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Box 2.3  Standard equations for infiltration systems

For an infiltration system the hydraulic loading or infiltration rate (Inf) can be calculated
from:

> |O

where:
Q\

Inf = Infiltration rate through the infiltration system (m/d)

Q = discharge rate to drainage field (m*/d). The discharge rate can be measu&or estimated
using the information provided in Table 2.2. $

A = area of drainage field (m?) (see below)

Note: The infiltration rate (Inf) should not exceed the maximum infi
from percolation tests. This would indicate re-design of the draj
some infiltration systems (for example, where the discharge ik
the design may include for storage to deal with peak flows,«i

ion rate determined
ield was necessary. For
es surface water run-off)
ese cases the infiltration rate

Inf === (Equ?b'f;a‘r)Q

should be set as the maximum infiltration rate. @9
N

N
Example calculation: Infiltration rate w@ea of drainage field required for septic tank
serving 12 people

Number of people served by septic&(p) =12

Calculated percolation rate (V, 5\2 seconds/mm (see Section 1.6 and Appendix E)
Therefore: \

Area of drainage field (. %)‘\ =0.25(see Box2.1)xpxV

% x 12 x 20 = 60 m?

Discharge rate (Q{’\ = 12 x 180 litres/day = 2 160 litres/day or 2.16 m*/d
(based on generation rate of 180 litres/day from Table 2.2)

Infiltration r. nf) = 2.16/60 = 0.036 m/d
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2.4 Effluent quality

2.4.1 Overview Q

The chemical composition of effluent will depend on effluent source (domestic or tr %pe
of treatment and operation and maintenance of the treatment system (see Sectlo

You should consider the concentration (or range and variability of concentr. \”9) of all
hazardous substances and non-hazardous pollutants that may be relea\s s a result of the
activity. Where there is a wide range of substances present you will identify
representative substances or groups of substances. The risk asse@t will need to focus

on:
e whether or not there is likely to be an input of hazardo@ystances to groundwater;

¢ whether any input of non-hazardous pollutants to grﬁdwater will be sufficient to

cause pollution. @9

(See also Introduction, Defra (2010) and Envirog Agency (2011a).

2.4.2 Treated sewage effluent dis@ges

The main substances which ar s&(concern for sewage effluent discharges are described in
Box 1.3. A key contamina o&ncern will be ammonium (Table 2.3). For septic tank and
package treatment plant nt discharges, where the quality of the discharge is unlikely to
vary significantly or confaigiinusual substances, it should be possible in many cases to use
published informatiop-fromn studies which have characterised the key substances and their
concentration va iab%. Table 2.3 provides a summary of the chemical composition of a
typical septic ta d package treatment plant. Where this is not appropriate or where the

[ [ */day, analysis of the effluent is likely to be needed as a basis of any
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Table 2.3 Contaminants in septic tank and package treatment plant liquid effluent
and their typical concentrations

Contaminant Sewage Septic Tank Package Domestic waste
Discharge Treatment water from CO\
Plant single property }\
(mg/)* (mg/)? (mg/l)? (mgh)® Q
BOD (5 day ~380 368 55 300 (1>(1/
ATU) (residential Q

properties) ?\\
COD 677 210 400 \Q

Ammonium ~50 104 89 50
(as NH,")* (residential §
properties) K®
Chloride 68.6 88.1 6
Phosphorous 15.8 10.5 05\{0 10
Boron 0.84 0.37
Lead 7&@96
Zinc 0.03 $
Copper 0.015 b 0.007
Iron 013 OV 0.04
Cadmium <0.00 (b <0.002
Arsenic <0, <0.015
Pharmaceutic @. formation  No
als Os\ information
Other organic \' Sporadic: Sporadic:
products O mineral oil, mineral oil,
quintozene, quintozene,
’\% methoxychlor,  4-methyl-
\, permethrin, phenol,
@Q phenol, 4- toluene,
@ methyl-phenol,  phthalates
\) toluene,

phthalates

~O

1 @J Water (2009).
GS (2007). For package treatment plants effluent quality will depend on the type of plant and treatment
rocess.

&\Q\ 3 IEPA (2007).

4 Ammonium may be transformed to nitrate in the drainage blanket and/or unsaturated zone and the assessment
(Section 4) may need to consider the impact of nitrate on groundwater quality. In theory 50 mg/l of ammonium
(NH4") could be converted to 172 mg/l of nitrate (NO5') if there were no losses of nitrogen.
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2.4.3 Quality of trade effluent discharges

For trade effluent discharges, we will require an assessment of the likely quality of the

effluent based on analysis of the effluent. We may also require information on the treatment ®
system and what substances it has been designed to treat (for example, BOD rather than '\
pesticides / herbicides which may represent the main risk to groundwater). (19

Analytical data should be reviewed to identify substances which are above the rele ggl/
environmental standards applicable for the receptors at risk. If time series data a ilable
it is often helpful to graph the key parameters to show how they change throu Qg%year and
whether this can be related to changes in waste streams and treatment proceﬁi .

N
2.4.4 Thickness and nature of the unsaturated zone &(b
S

RN
Depending on the constituents of the effluent to be discharg@and the characteristics of the
site, attenuation processes in the unsaturated zone bel he infiltration system may play an
important role in preventing the input of hazardous s I&ces to groundwater and reducing
concentrations of non-hazardous pollutants to acce&b e levels.

O

For sewage effluent discharges from septic Qs and package treatment plants
BS6297:2007 (+ A1:2008) requires that the 8ase of the trench shall have a minimum 1.2 m of
unsaturated soil present above the s%& lly highest groundwater level.

Sufficient information (refer to A jSx D) should be provided on the depth to the water

table and the lithology of the sfrala underlying the drainage field to allow this assessment
(note that BS6297:2007 (+\q§,‘2008) requires a trial hole investigation).

@)
N\

N
2.5 The po ial for mounding of the water table

t
%)
Where @on rates are high, but the capacity of the saturated aquifer to transmit this

water y is limited, the discharge may lead to an increase in water levels and so reduce

t:b@:kness of the unsaturated zone. We may therefore, require additional assessment of

this)"especially for larger discharges, leading to modification of the drainage field (for
‘\qyxample, use of drainage mounds as described in BS 6297:2007 + (A1:2008). You can

estimate the extent of mounding of the water table by calculation or for an existing operation
& by measurement of groundwater levels in boreholes adjacent to the field.

H1 Annex J 4: Infiltration Systems v1.1 November 2011 44



,QQ

Groundwater risk assessment for treated
effluent discharges to infiltration systems

2.6 Rapid pathways

o

In fractured and weathered rocks, fissures may provide preferential pathways for water or '\
effluent movement through the unsaturated zone. This can occur in any strata, but is of Q
particular concern in limestone aquifers (such as the Carboniferous Limestone and in (1/
chalk) where solution of the rock renders it karstic due to the enlargement of fractur%sié
also Section 3.7.1) '\\

We may require an investigation to demonstrate that karst features (such as s oles,
swallow holes or dolines) or other preferential pathways are not present i @vicinity of the
drainage field and / or that there is a significant thickness of overlying n&eposits or an
appropriate drainage medium. Appropriate investigation should be u aken by a specialist
consultant or contractor. You should discuss the scope of such inv&gations with us to

avoid any unnecessary effort. ‘\\'Q

N\

&
2.7 Attenuation properties and grounq\(gfer flow

An overview of the attenuation processes Mﬁ may reduce the impact of treated effluent
discharges to the sub-surface is givensi\r@e ion 1.7.

Risk assessments for large dis a@s or for infiltration systems located in sensitive areas
will require supporting informaé\on the properties of the unsaturated zone (thickness and
lithology of soils, sub-soil a k, moisture content, soil bulk density, fraction of organic
carbon) and groundwater&in the aquifer below the drainage field (flow direction, hydraulic
gradient and aquifer pr: es). Further information is given in our H1 Environmental Risk
Assessment Annex (fL.Groundwater (Environment Agency, 2011a) This information will be
needed to supp&i\ detailed risk assessment including calculation of attenuation and

dilution factors pter 3 and Appendix F).
Z@Qwvestigative monitoring

N/

If the effluent discharge is currently being made or has been made historically at the location
under investigation we may require monitoring as part of the investigations to determine
whether any unacceptable impact has occurred or might occur in the future. This may
involve down-gradient and up-gradient monitoring as well as monitoring of the effluent itself.
Such information will increase the confidence attached to predictive assessment allowing
refinement of the site conceptual model and in some cases may mean that less emphasis on
modelling of unsaturated zone processes is needed.
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Monitoring data may allow you to estimate site specific dilution and attenuation factors which
you can then use to derive discharge limit values and the necessary treatment criteria for the
discharge. Monitoring may also help to provide evidence for the use of degradation in the risk

assessment model. \

Groundwater level monitoring can be used to determine the depth to the water table and/or Q'\
the direction of groundwater flow. The thickness of the unsaturated zone will have an

important influence on attenuation processes and therefore, on the impact of the disch \

on groundwater water quality. Groundwater levels can vary seasonally and may be %d
by the hydraulic loading from the infiltration system (for example, mounding of grq\ﬁater

levels see Section 2.5). \9

For larger, complex discharges and discharges in sensitive locations or&lJ our in house
risk assessment has determined that more site specific data is require may need to
carry out investigations to provide further information as part of th it application.

g\‘@
S

This may involve intrusive site investigation and m%’&ﬁg to ascertain the depth of the
groundwater, the hydraulic gradient12 and flow pagime, hydraulic properties (such as
moisture content, effective porosity, hydrauli§g uctivity, presence of fractures/fissures,

2.9 Site investigation

etc.) and the background quality along with r site specific data such as the effects of
earlier discharges. Evidence for the use gf dégradation in the detailed quantitative risk
assessment will also be required (se% ion 1.7.2).

The purpose of the investigatioénay be twofold:

1. To support the ris@sessment and decisions as to whether a proposed or existing
discharge is accepltable.

2. To identify\rlé%rements for long term monitoring of the discharge
We recc@d that where appropriate, you consider whether investigative boreholes should
be ins as groundwater monitoring installations (see below). In some cases, these
bqr s may be suitable for the ongoing monitoring of the permitted discharge provided
tr%\ re appropriately located and installed.
,QQ Boreholes installed to monitor groundwater quality may not always provide the best

information on groundwater levels and so the purpose of the monitoring should be carefully
considered when designing investigations.

2 To determine the hydraulic gradient, a minimum of three monitoring points in triangular formation is required.
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The details of monitoring point location, design and construction will inevitably be site specific
taking account the local three-dimensional flow regime.

All construction should be designed so as to prevent any risk of cross contamination between \
different layers of strata. ,\b

quality monitoring points, Science Report SC020093. Environment Agency (2006a)

1844325342. '\\

Note: Investigation monitoring is for the purpose of providing information to ass$istin
assessing whether a permit can be granted. This differs from monitoring eck on-going

compliance with a permit (see Chapter 4).
2

Reference should be made to: Guidance on the design and installation of groundwater§ﬂ (1/

2.10 Further reading $
British Water, 2009b Code of Practice: A g& for users of small wastewater

treatment syste@r package sewage treatment plants and
septic tanks. (b

British Water, 2009¢ Code o ctice: Guide to the Installation of Sewage

Treatment systems.

@ie of Practice: Guide to the Desludging of Sewage

\s)\ﬁ'reatment systems.
O

British Water, 2010'\% Code of Practice: A Guide to the Maintenance Requirements

British Water, 2009d

@Q for Sewage Treatment Systems (under development)
BSEN 1@2000 Small Wastewater Plants (<50 PT). Part 1 Prefabricated Septic
Q Tanks. Part 2 Soil Infiltration Systems. Part 3 Packaged and
6(3 or Site Assembled Domestic WW Treatment Plants. Part 4

\% Septic Tanks Built in situ from prefabricated kits (execution
/QQ standard). Part 5 Filtration systems (including sand filters).
Part 6 On site testing (Notes Parts 2 to 6 in press).

BSEN 12566: 2007 Part IV for Septic Tanks assembled in situ from prefabricated

units.
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BSEN 12566:2005 Part Ill for package or site assembled domestic sewage

treatment plants.

BS 6297: 2007 (+A1:2008) Code of practice for the design and installation of drainage ®
fields for use in wastewater treatment. ICS 13.060.30, BSI Q'\

2008 (Amended 2008). (’l/
P
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Chapter 3 Risk assessment approach

3.0 Introduction Q’\CO
This chapter provides guidance on the steps in the evaluation of the risks posed by t e(]il/
proposed discharge to groundwater (and the wider water environment). The objecti the
risk assessment is to ensure that the proposed discharge meets the requirement PR to

prevent inputs of hazardous substances to groundwater and to avoid pollutio @1 non-
hazardous pollutants. Definitions of the main terms used in this section are r\x:un Box 3.1.

&

Box 3.1  Standard terms used as part of the risl@%‘é’essment

RO

Compliance Point: A compliance point is a suitable point ablgﬁg‘fhe contaminant
pathway between the source and a receptor at which you sé€®a compliance value.
The compliance point may be a virtual point (for the p@e of predictive
assessments) or it may be a physical monitoring p(& ch as a borehole. In some
cases the compliance point may be the receptor'ﬁ .

Compliance Value: This is a concentration compliance point that should not
be exceeded. Depending on the level of as@sment, a compliance value may take
account of some or all of the dilution a tenuation processes along the
contaminant pathway to the receptor(gi™The purpose of the selected compliance
value is to provide protection to a -gradient receptor — provided the compliance
value is met the relevant environgnental standard for the receptor(s) should also be
met. In some cases a compliaQde value may form a condition to the permit in
addition to the limit values\S%uhe discharge itself.

A Limit Value is a valu&T as a condition in the environmental permit to control a
specified paramet @he discharge with the aim of preventing the input of
hazardous substaqnces to groundwater or limit pollution due to the input of non-

hazardous poIIu@ﬂ s.
)]

Dilution P@? describes the amount of dilution of the discharge by groundwater
flow an alculated from the ratio of groundwater below the drainage field and the
disch to the drainage field.

Ne)

*

\éffluent concentration and the predicted concentration at the base of the unsaturated

A@h‘ﬁation Factor (unsaturated zone) describes the amount of attenuation of a
'éubstance in the unsaturated zone and can be calculated as the ratio between the

zone.

Attenuation Factor (saturated zone) describes the amount of attenuation of a
substance in the saturated zone and can be calculated as the ratio between the
concentration of the substance in groundwater below the drainage field and the
predicted concentration at a point down-gradient of the drainage field.
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Box 3.1 continued ;\CO\

The Environmental Standard used to derive the compliance values will depend on
(a) whether the substance is hazardous substance or a non-hazardous pollutant and 1']>
(b) the use of the receptor (for example, a potable abstraction or surface water). )

Examples of environmental standards are: t\\

e Limits of detection (LOD) or where applicable a minimum reporting val g
(MRV). These are typically used to assess the discernibility of haza,@us
n

substances as a basis for deciding whether their input has been ted.
¢ Natural background (up-gradient) quality. This might be us ssess the
discernibility of hazardous substances where background entrations are

higher than detection limits or the MRV. Alternatively i.ti@t be used for non-
hazardous pollutants where the natural background ntration exceeds
the relevant standard such as a drinking water standard (DWS) or
environmental quality standard (EQS):

DWS or EQS. In some cases it will be appropriat&&\.lse lower concentrations than
these to provide satisfactory protection to a rec%égr. For example, it may be suitable
to apply a factor to provide greater security t xisting drinking water supply (for
example, 0.75 x DWS). In other cases whe&g DWS or EQS represents a
significantly higher concentration than t atural background quality, use of such
values might represent a significant I?@‘ deterioration (for example, a DWS of
250mg/I of chloride compared to a ground concentration of for example, 30mg/l).
You may need to discuss this and derive a more suitable value between the
MRV or background concentr and the EQS or DWS.

0\'
Before using this section~you should consult the guidance provided in Chapter 4 of our main
groundwater risk aé\ ment guidance (Annex (j) Groundwater, Environment Agency
2011a). This maifhguidance also describes how a conceptual model should be formulated
and its impo € in any risk assessment.

It is as@n the following paragraphs that basic requirements for water protection as set
outb 3 (Environment Agency 2006-2008) and in Box 1.4 have been complied with.

9

N

3.1 Risk assessment approach

In undertaking the risk assessment we advise the following tiered approach as this will avoid
unnecessary effort:

e risk screening
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e generic quantitative risk assessment
« detailed quantitative risk assessment.

Y —

o

The outcome from each stage will be one of the following: y\

a) There is sufficient information to determine that the discharge does not present an \(l/
unacceptable risk.

b) Further assessment is required (by moving to the next assessment tier with ad;{\?
information) or alternatively, modifications need to be made to the activity sm%a
improved treatment of the effluent or changes to the drainage field or its lo n.

¢) The activity presents an unacceptable risk and a permit will not be g@

This tiered approach to risk assessment should ensure that trﬁ@required is consistent
with the complexity of the activity and its setting. The assess should be as simple as
these factors allow and summarised in the conceptual mode§Q

&

As part of the risk assessment process you will ne%et one or more compliance points
and to derive an appropriate compliance value. ‘Coripliance points and compliance values
are defined in Box 3.1 and are described in m etail in section 3.5. . Exceedance of the
compliance value would indicate that the di@ge is not acceptable and that additional

treatment or modifications to the drainage,system will be required before we would grant a

ermit.
: >

The objectives of risk assessmst‘ in terms of regulatory requirements, are noted in Box A.
For non-hazardous poIIutarg[iL requirement is to assess whether pollution will take place.
This is described in the rest®f this chapter and follows our standard approach to the
assessment of groundwg%ollution (see also the Introduction text on hazardous
substances and no.nw@ dous pollutants).

N\
N
>3

3.2 Rii,&\creening

O

R@cheening (RS) may identify that the proposed discharge is acceptable and a permit can
. ae granted or that the activity needs more detailed assessment (for example, taking it to the
\Q\ ext stage — a generic quantitative risk assessment).

Risk screening should not be confused with an assessment as to whether an activity may be
excluded from the definition of 'groundwater activity' under the EPR. You will have reached
the stage of risk screening because such exclusions cannot be applied and some level of
assessment is needed.
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For treated sewage effluent discharges up to 15 m*/day we will already have undertaken a
screening assessment for you based on the information supplied with your application. From
this we will identify whether we require you to undertake any further assessment.

For all other discharges (see Introduction) we will want you to include a risk screening '\%\
section in your own risk assessment which considers factors such as those set out below: Q

o
&

From an initial risk screening of the site, can the discharge be shown to be ac@able based
on one or more of the following: §

3.2.1 Examples of factors as basis of risk screening

e The discharge has concentrations of hazardous substance %lently close to our
relevant ‘minimum reporting value’ (MRV: usually a det blevel or agreed
minimum practical analytical value) or the natural bac d level in groundwater
(whichever is the higher concentration) for an asses t to be made at a qualitative
level that their input will be prevented by virtue of able attenuatlon processes in
the unsaturated zone and/or immediate dilutio e water table™

e The discharge has concentrations of non-ha@dous pollutants less than the relevant
environmental standard or natural backg@nd level applicable to the receiving
groundwater.

e The presence of unproductive dri @anroductlve bedrock strata (there are no
aquifers beneath or near the a Unproductive Strata) and remoteness from
surface waters means that 1§ any identified groundwater dependent receptor is
very low.

e The volume or hydrauli@aading rate of the discharge is very small such that only
minimal dilution in rlying groundwater will be required to avoid pollution by non-
hazardous pollu

N
The basic infor s&1’on required for a screening assessment (as referred to in Appendix D)
would includ@f@size of discharge; the results of percolation tests; depth to water table;

geology ( nd strata descriptions and thicknesses from logs from excavations) and
details Ximity to receptors

O

isting disposal activities then groundwater monitoring data may be used to support the
. cassessment. This will involve comparison of groundwater quality data in down-gradient
@oreholes with the relevant environmental standard or MRV. If there are no exceedances
& then provided the monitoring data are representative then it would be reasonable to conclude
that attenuation and dilution is sufficient to reduce the concentrations of hazardous
substances and/or non-hazardous pollutants to acceptable levels.

'® This would relate to the assessment of your permit application/review and therefore does not relate to the
determination of whether or not an exclusion under EPR would apply.
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More detailed quantitative risk assessment will involve an assessment of whether attenuation
and dilution will reduce the concentrations of hazardous substances and non-hazardous
pollutants to acceptable levels.

O

A generic quantitative risk assessment (GQRA) is used when the source, pathway a@
receptor terms are sufficiently well understood that they can be confidently repres&‘ by
conservative assumptions. This includes activities where the source can be wﬁ ihed and

the known properties of the soil are easily sufficient to reduce risks to underly&o
groundwater to low regardless of uncertainties in the thicknesses and propextie

underlying strata. $

O

Basic quantitative risk assessments will typically use these conser e assumptions as
input values to relatively simple scoping calculations of for exg@, dilution, unretarded and
retarded travel time, and attenuation factor. Some basic eq@q and examples are
presented in Appendix F: 6

3.3 Generic quantitative risk assessment

f

Box F1 Basic calculations for determining tha@:act of a discharge on groundwater
quality and for determining disch limit values.

Box F2 Standard equations for calc@on of dilution factor.

Box F3 Standard equations fo;ﬁﬁlation of attenuation factors.

Box F4 Example calcula@éattenuation factor for the unsaturated zone.

Box F5 Calculation QKd'Qion and attenuation factors using monitoring data.

Box F6 Example@%lation for determining the impact of a discharge on groundwater
quati d for determining discharge limit values.

&

The calculag and examples in Boxes F1 — F6 are provided for illustration. Our Infiltration
Worksh .1 (Environment Agency, 2011c) will usually be used to calculate these
para .

‘6\%.4 Detailed quantitative risk assessment
Detailed quantitative risk assessments (DQRA) should be carried out where a potential risk

has been identified from the generic risk assessment based on simple calculations and
conservative assumptions.

A detailed quantitative risk assessment will require more detailed site specific information
supported by investigations and typically use a probabilistic modelling approach to assess
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the impact of uncertainties in input data. They may also be needed where the quantity and
quality of the activity’s discharge may change significantly through time (as potentially the
case for trade effluent discharges).

O

3.5 Compliance points and compliance values \(LQ

As part of the risk assessment process you will need to set one or more complian \ants
and to derive an appropriate compliance value. Compliance points and comp i@e alues
are defined in Box 3.1.

For discharges to the ground, the following compliance points should Pb' nsidered:

\S
For hazardous substances: ,\\'Qb

>

N
e Groundwater at the point of entry into the satura d&ne immediately below the

infiltration field. $®,
Or, where borehole monitoring is necessary t(@iate the assessment:

e As near as practically possiblg@e point of entry into the saturated zone, if
necessary further down-grg@, t, or as near as possible to, the boundary of the

infiltration field. 5\
@)

The aim is to account onl he instant dilution that occurs as the discharge comes into
contact with the ground but not attenuation in the saturated zone or dilution by
groundwater flow belew 6f outside the mixing zone.

N\

For non—haza@s pollutants:

\) n existing water use (for example, abstraction borehole, spring, wetland, stream
or river) or a suitable point between this receptor and the discharge along the
6() contaminant pathway.

>

,&\Q\ Or, where it is the groundwater resource rather than defined receptors at risk:

o The distance to the compliance point will need to take account the environmental
sensitivity of the aquifer. The receptor in this case would be a theoretical
abstraction borehole at a point not exceeding 50 metres from the boundary of the
discharge (in a Principal or strategically important Secondary Aquifer) or a point
up to 250 metres from the boundary of the discharge (in a Secondary Aquifer of
local importance).
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Figure 3.1 Compliance points

Intermediate monitoring \Q

C €--------- Gompliance---------- F -- &Q ---------- >
B Nint &(b

Concentration

Source aturated Receptor
% Pathwav

A = Environmental standard nece&ﬂ&to protect the receptor.

= Compliance value at a comp ce point, set to ensure the environmental standard at
the receptor is/will be mﬁﬂay be physical, such as the actual monitoring point or a

virtual point used for “'Q prediction).
C = Quality measure tintermediate monitoring points to provide advance
information.
D = Discharge ‘l& concentration.
= Possible e of compliance point locations according to site specific conditions —

cou%gat the receptor itself, or some other point along the pathway.

Eﬁgadance of the compliance value indicates that the discharge is not acceptable and that
adeitional treatment or modifications to the drainage system will be required before we can

&rant a permit.
For further guidance on compliance points please refer to our H1 Environmental Risk
Assessment Annex (j) Groundwater (Environment Agency, 2011a)
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3.6 Processes and substances to model

o

3.6.1 Processes \

The main processes that you will need to consider within a generic or detailed risk (]gl/
assessment are: \Q
o]

e Attenuation in the unsaturated zone, including retardation and degrad @\
substances. It will be important to consider rates of movement throu ri\bg
unsaturated zone - in particular where this is thin or rapid flow occ or example,
fissured strata).

(dilution factor of 1 to 3). If higher dilution factors have alculated then this will
need to be justified (for example, the value of hydrag ductivity is plausible).

¢ Dilution by groundwater flow. For most aquifer settings dilujgﬁ(glikely to be low

and in particular degradation will typically be sl than in the unsaturated zone, but

may be still be significant. $

As part of the assessment of degradation, Qeed to consider transformation products (for
example, nitrate derived from the degradatiorf of ammonium) and whether the resulting
secondary contamination is significa% example, exceeds water quality standards).

S
3.6.2 Substances to m@bl
@)

The risk assessgeﬁ\onéeds to focus its effort on hazardous substances and non-hazardous

e Attenuation in the saturated zone (for non-haze:ﬁ ollutants only). This process

pollutants in th harge which are most likely to have an effect on groundwater or
associated s ive receptors. You need to identify substances to model according to the
following @

DCHazardous substances in high concentrations compared to their minimum reporting
values (MRVs) and background concentrations in groundwater; and / or

% e non-hazardous pollutants in high concentrations compared to their appropriate

,&\Q\ environmental standards.

From these two groups, consideration should be given to those substances that, during the
movement of the discharge down through the subsurface soils, rocks and strata, are:

e least likely to be attenuated (and could be used as a marker substance in monitoring);
and
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¢ attenuated by different mechanisms (for example, the metal cadmium being
attenuated by sorption / precipitation or ammonium being attenuated due to
transformation to nitrate).

The main substances of concern (and most likely) in sewage effluent are identified in Box '\
1.3. As a minimum the assessment should be undertaken for ammonium and total inorgani
nitrogen. For ammonium consideration will need to be given as to whether it transforms
nitrate and whether this could result in groundwater concentrations exceed 50 mg/I

(see Box 1.3). For nitrate background concentrations may be elevated due to other es
of nitrogen (for example, fertilisers, atmospheric deposition) and consideration ed to
be given as to whether the total nitrogen loading is acceptable. Assessment o(r | nitrogen
may need to be included in future assessments because a complete understariding of the
impact from sewage involves the various breakdown products. The extent hich we do
this will depend on the scale of the activity and the proximity to water s@

\S

The Infiltration Worksheet v1.1 (Environment Agency 2011c) p S an ammonia
conversion calculator for the various laboratory analyses. S’\\.

For larger discharges the assessment should also inclyﬁ

e orthophosphate particularly if the receptgiNis surface water and its falls under the
Habitats Directive; Q

e metals (subject to analysis of the eff@nt)
e hazardous substances (subje @nalyss of the effluent);
e hydrocarbons (subject t sis of effluent);

xf the effluent);

e other substances eed to be considered (such as pharmaceuticals, chlorinated
hydrocarbons, e@.

e boron (subject to analy@

For large sewage é@nt discharges (>50 m®/d) and trade effluent chemical analysis will be
required. The r@dfor chemical analysis for smaller sewage effluent discharges will be site

specific.

%)
&
O

B&Qisk assessment calculations and modelling tools

Nt

A quantitative analysis requires the use of calculations or numerical models to assess the
impact of a discharge on groundwater and to assess the significance of attenuation and
dilution. In Appendix F we have summarised the basic calculations to determine this impact.
Supporting calculations for determining dilution and attenuation factors are given in Boxes F4
and F5 together with example calculations. We emphasize that these are relatively simple

' In theory 50 mg/l of ammonium as NH4" could convert to 172 mg/l of nitrate as NO3™. This assumes there is no
loss of nitrogen as gas (N2) or through sorption.
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equations and more complex numerical approaches may be required. Any calculations need
to be consistent with the conceptual understanding of the activity and its potential impact on
groundwater and need to be justified as part of the risk assessment.

We have developed a spreadsheet tool (Infiltration Worksheet v1.1, Environment Agency \@
2011c) to assist in the assessment of discharges to infiltration systems. However, you needQ

to assess whether the use of this spreadsheet tool is appropriate for the site, and if not, {l/
alternative numerical model should be used and justified. (i}

You should only employ the Infiltration Worksheet v1.1 or other risk asse H?éht tools
where arobust conceptual model has been developed and you are satis@that the
calculations performed by the worksheet are relevant to the processes.described
within that conceptual model. §

The development of a robust conceptual model is perhaps the mo&aportant aspect in the
process of successfully estimating and evaluating environmen s. The use of any
mathematical modelling tool without first developing a robust ¢ eptual model is likely to
result in meaningless output and poor decision-making. sQ

&

The Infiltration Worksheet v1.1 or other risk assess@%iools should only be used by
suitably experienced hydrogeologists or those fufly conversant with our approach to
groundwater risk assessment and the relevan land and Wales legislation and guidance.

>

Probabilistic calculations (such as Cor;ij?Environment Agency 2003b) use ranges of
realistic input values, with an infor umption of the distribution (for example, normal,
log normal, etc.) of values within t ge, to produce a distribution of output values. Such
calculations are typically undeé@n in detailed quantitative risk assessments. The
Environment Agency ConS'gria del includes an option to model discharges to soakaways.
The soakaway can be tre% s an infiltration system by using the area and infiltration rate
derived from percolatior@ . There are other numerical modelling tools that may also be
appropriate.

In undertaking th riak assessment calculations you must either justify the choice of
parameter valuér demonstrate that they are not important to the outcome of the
assessmen (@ xample, through sensitivity analysis).

The CQ? m user manual provides further information on assigning values to uncertain
pa@e ers.
N

3.7.1 Fissure and fracture flow systems — use of risk assessment models

Please note our Infiltration Worksheet v1.1 (Environment Agency 2011c) is only applicable to
intergranular flow systems
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If the preliminary risk assessment has identified the presence of fissure or fractures the

Infiltration Worksheet v1.1 (Environment Agency 2011c¢) equations for dilution and

attenuation factors assume that flow is through the matrix of the soil or rock and that there is

no rapid bypass flow (it is intergranular). Most rocks have a degree of fissuring and you can

take this into account to some extent by adjusting parameter values such as porosity and ®
permeability to approximate to an intergranular flow system. However, if fissure flow is '\
dominant on a scale where such approximation is unreasonable or if the rock is karstic an Q
rapid bypass flow is more likely, then the assessment may need to be more conservative\g;lg
limited to simple dilution using the assumption of high permeability. Attenuation is lik be
very limited in fast flow karstic situations. To make such assessment less conserv @ ou
would need more detailed field evidence, such as groundwater tracer testing andBQ
measurement and you may need to adopt a more sophisticated modelling ap@h.

For highly fissured or karstic limestone systems, any models need to be Qervative and
allow for dilution only. More detailed investigation may be needed to m that the
discharge is not over a major fissure / karstic feature (percolation t hould indicate
whether there are rapidly draining strata). Drainage fields com&@ranular material and
there is the potential for significant attenuation to take place ig drainage blanket. The

thickness of the drainage blanket may also be increased t nce attenuation.

For dual porosity systems such as Chalk then an e '@ént effective porosity can be
assumed (diffusion between fissure and pore w e%uis needs to be considered on a case
by case basis. A key aspect will be the desigréstem such that discharge rate does not
exceed hydraulic capacity of unsaturated z% ading to rapid bypass.

check the approach and undertak own analysis. Any model submitted should be
supported by the relevant site sﬁ%“ data. You should undertake a sensitivity analysis on
identified key input parameters({jrther guidance can be found in Environment Agency

2001a). S
@)

Note that the use of model should be undertaken by a competent person and that a
model is just a riEE a\sessment tool that should be based on a good site conceptual model

We will usually ask you to provide us sﬁ&zn electronic copy of the model to allow us to
cﬁ(\

and hydrogeol expertise.

&

3.7.2 her information on the use of numerical models

. @or further information on the use of numerical models you should refer to our guidance on
'Q(\ using numerical models and to assigning values to uncertain parameters:

Guidance on the assessment and interrogation of subsurface analytical contaminant fate and
transport models, NGWCLC report NC/99/38/1, Environment Agency, June 2001.

Guidance on conceptual models in subsurface contaminant fate and transport modelling,
NGWCLC report NC/99/38/2, Environment Agency, June 2001.
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Guidance on assigning values to uncertain parameters in subsurface contaminant fate and
transport modelling, NGWCLC report NC/99/38/3, Environment Agency, June 2001.

3.8 Linking risk assessment to permit conditions Qq/

Assuming the risk assessment for the activity and its setting has demonstrate %'}cceptable
outcome, then to ensure this is sustained during the operation (and aftercare)%‘\ e activity
and site, we will set corresponding conditions in the permit to control para rs such as the
discharge rate and discharge quality. In addition to limit values, we m uire you to
monitor the effluent and / or provide down-gradient monitoring. You wifl)oe required to
manage and operate the discharge in accordance with a manage system and be able to
show that you are minimising pollution. ‘,\\'Q
N

Potential post-application monitoring requirements are d@ﬁed in Chapter 4.

>
e}&

3.9 Reporting Q}Q
<

The completed environmental pern %’plication should include the following:

e description of the prop@ activity including the volume and type of discharge;

e chemical compoﬁ& of the discharge and identification of hazardous substances
and non-hazard pollutants;
o details of{@@ainage field (for example, location, area and construction details);

e result Q\vestigations of the disposal area (for example, trial pits, boreholes) and
per, on tests;

o Q}ps to define the boundaries to the activity and its regional context (for example,
cation in relation to water courses, springs and boreholes);

d identification of potential receptors (for example, private wells, surface courses);
description of unsaturated zone (for example, depth to water table, lithology);
e assessment of attenuation properties of the unsaturated zone;

e assessment of groundwater flow below site (for example, direction of groundwater
flow direction, groundwater hydraulic gradient and aquifer properties);

e results of any groundwater level and quality monitoring;
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e conceptual model describing the discharge, pathways and receptors together with an
assessment of dilution and attenuation processes. Supporting evidence should be
provided where the risk assessment involves the use of degradation rates;

¢ justifications for the risk approach adopted and for any supporting calculations and ®
numerical modelling; }\

e results of the risk assessment including proposed limit values and monitoring. \(]/Q

Y

For smaller discharges we will have undertaken the risk assessment for you and ﬂ@l be

placed on file by us. @
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Chapter 4 Monitoring
o)

4.0 Introduction r\

effluent for a newly granted or existing environmental permit. Investigative monitori y
be required during the permit application and risk assessment process. Please relt(
‘Investigative Monitoring’ (Chapter 3) for more details. \\

This chapter describes specific elements of monitoring related to discharges of treatg;s !\,

For more information on monitoring in general please refer to our H1 E mental Risk
Assessment Annex (j) Groundwater (Environment Agency 2011a) w e‘? e describe the
need and benefits of monitoring and the required approach, with li relevant guidance.
The decision for whether or not you will need to install investigatj nd/or post-permit
monitoring will be assessed on a site specific basis. s\

&
>
4.1 Ongoing monitoring of the acti\&@

in the risk assessment. Monitoring m prise one or more of the following:

e checks and records; s\é

¢ measurement of theddistharge rate and effluent quality;

We need to make sure that, if permitted,ge(g:tivity is carried out within any limits assumed

e measurement ofggndwater levels and groundwater quality in boreholes located
around the jn iltration system;

o measurenQ'Rbof water quality in related receptors.

Under th ent environmental permitting ‘charging for discharges’ scheme we will normally
undert ssential monitoring of the effluent and groundwater (where and if existing
bor%@gs are available) for the purposes of checking compliance with the permit - unless

y ve entered into an Operator Self Monitoring arrangement whereby you take over some
0

is responsibility. However, in all cases we will require you to provide the necessary
’\%lfrastructure and access arrangements.

,QQ

You will normally be responsible for conducting measurements of discharge flow rate if this is
required by the permit.

You should check our EP charging scheme pages for further information.
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Groundwater risk assessment for treated
effluent discharges to infiltration systems

The extent of monitoring required will be site specific and depend on the size and type of
discharge and the sensitivity of the environmental setting. For smaller discharges,
monitoring may be limited to checks and records; for larger discharges (typically greater than
50 m*/day) or where the site is in a particularly sensitive location then we may require
monitoring of groundwater levels and quality. We would advise you to discuss this with us at ®
an early stage as this will influence the scope of the risk assessment. Q'\

4.1.1 Effluent monitoring t\\

Q

For treated sewage effluent the parameter suite should typically include a \r?ﬂm and total

inorganic nitrogen. For larger discharges, you should set out the recom ations for
monitoring of effluent discharge rate and quality including the frequen measurement and
which parameters will be measured. 6

4.1.2 Recommendations 6
&2

The proposals should include recommendationﬁr essential monitoring of groundwater.
This requires careful planning, usually on a a@ y-case basis, to determine parameters to
be measured or sampled and analysed, freé&ncy of measurement / sampling and location
of monitoring points. Reference shoul ade to the conceptual model when designing the
monitoring system. For more detai sampling of groundwater please refer to: British
Standard BS ISO 5667-11:2009 ( nce on Sampling of Groundwaters).

In line with, European Gui mge (EC, 2007 — CIS No 17), we recommend that you consider
the following points whe posing a groundwater monitoring programme:

e Up-gradient n?h@' background monitoring: It may be necessary to report on the
unaffected / ground situation in the subsurface either before a new activity is set up
or up-gragigiht of an existing source of contamination. For the larger discharges, up-
gradie ompliance monitoring should be outside the zone of influence (that is away
from potential groundwater mounding).

O

o é@nitoring intervals (frequency) should take into account the behaviour (for example,
ravel times) of the known pollutants and their degradation products.

¢ Construction (technical) characteristics of the monitoring wells and the depth of
monitoring within each observation well should be dependent on the nature of the input
and on the seasonal water level fluctuation.

¢ Sampling methods, sample preservation and analysis methods will be dependent on the
nature of the input and its expected pollutant concentration. Commercial analytical
laboratories can advise on sample preservation and analysis.
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Groundwater risk assessment for treated
effluent discharges to infiltration systems

e The parameters monitored at each well should be indicative of the type of pollutant(s)
and their expected impact. Possible indicator parameters (redox, pH, electrical
conductivity, temperature, salts) could be used to reduce the monitoring effort. \

e The cost-benefit of the number of wells versus the level of information that will be '\

obtained. \(]/Q

The details of monitoring point location, design and construction will inevitably be si\@a cific
taking account the local three-dimensional flow regime.

H1 Annex J 4: Infiltration Systems v1.1 November 2011 64



Glossary

Glossary of terms
o)

Aquifer A subsurface layer or layers of rock or other geological strata of '\
sufficient porosity and permeability to allow either a significant flpﬁ
of groundwater or the abstraction of significant quantities of (1/

groundwater (Water Framework Directive, 2000). Q
Attenuation A decrease in contaminant concentration or flux thro H\\
biological, chemical and physical processes, individ l%or in

combination (for example, dispersion, precipitation, iGa.exchange,
biodegradation, oxidation, reduction). See als@ral attenuation.

Background See baseline. K®

Baseline In the context of an environmental p@e measurements that
characterise the pre-permit physic mical or other distinctive
properties of groundwater and s water beneath / around a
site. %

Biodegradation The breakdown of a subs@ or chemical by biological
organisms, usually baeterta.

Cess pit/pool Sealed tank use%llect sewage. It has no outlet and requires
periodic emptying.

Compliance point A complian%;point is a suitable point along the contaminant
pathway een the source and a receptor at which you set a

comphance value. The compliance point may be a virtual point (for
the ;@)ose of predictive assessments) or it may be a physical
%qjtoring point such as a borehole. In some cases the
(%npliance point may be the receptor itself.

Compliance value\g This is a concentration at the compliance point that should not be
exceeded. Depending on the level of assessment, a compliance

Q value may take account of some or all of the dilution and
@ attenuation processes along the contaminant pathway to the
@ receptor(s).
Coné@ual model A simplified representation or working description of how the real
6 (hydrogeological) system is believed to behave based on
qualitative analysis of field data. A quantitative conceptual model
‘\6 includes preliminary calculations for the key processes.
’Q(\ Conservative Contaminants which can move readily through a permeable
contaminants medium with little or no reaction and which are unaffected by
biodegradation (for example, chloride).
Contamination / The introduction of any substance to water at a concentration
contaminant exceeding the baseline concentration. A contaminant is any such
substance.
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Detection limit The lowest concentration of a substance that can be reliably
measured to be different from zero concentration.
Dilution Reduction in concentration brought about by mixing (typically with
water). \

Dilution factor The dilution factor describes the amount of dilution of the '\
discharge by groundwater flow and is calculated from the ratio{l/
groundwater below the drainage field and the discharge to t

drainage field. \

Discernibility The GWD states that all measures necessary to pr \@ the input
of any hazardous substance into groundwater must be_taken.
One of the criteria that define ‘Prevent’ is that th bstance being
discharged is not discernible in comparison her the natural
background concentration of groundwat { inimum reporting
value if this is at a higher concentration. %

Discharge A release of effluent to the ground s or to infiltration system

Dispersion Groundwater - Irregular spreadinﬁ solutes due to
heterogeneities in groundwa stems at pore-grain scale
(microscopic dispersion) or eld scale (macroscopic dispersion).

Down-gradient In the direction of decreasing water level (in groundwater this is
following the hydra adient).

Drainage field System of mﬂl@o‘&plpes placed in trenches and arranged so
that effluent &a, e discharged to the ground.

Dry weather flow DWEF i tbaverage daily flow to a sewage treatment works (STW)

(DWF) duri period without rain. It only relates to water company STW
sé¢ving combined sewered area.

Environmental qualityO\ water quality and biological standard for a surface watercourse.
standard (EQS) . %
N

Groundwater (s\\. In this document the definition used is that given in the Water
@ Framework Directive (2000/60/EC) as “all water which is below the
surface of the ground in the saturation zone and in direct contact

\)® with the ground or subsoil”.

H us Defined in the WFD as: “substances or groups of substances that
S ances are toxic, persistent and liable to bio-accumulate, and other
substances or groups of substances which give rise to an
\Q equivalent level of concern.”
& Hydraulic A coefficient of proportionality describing the rate at which a fluid
conductivity can move through a medium. The density and kinematic viscosity

of the fluid affect the hydraulic conductivity, so that this parameter
is dependent on the fluid as well as the medium. Hydraulic
conductivity is an expression of the rate of flow of a given fluid
through unit area and thickness of the medium, under unit
differential pressure at a given temperature. (See also
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permeability).

Hydraulic gradient The change in total head (of water) with distance in a given
direction. The direction is that which yields a maximum rate of
decrease in head. ®

Infiltration system An infiltration system is defined by BS6297:2007 (+ A1:2008) as
“a series of infiltration pipes, placed in either single trenches o
one large bed, used to discharge effluent in such a way that (t
percolates into the disposal area”.

Limit value A limit value is a compliance value specifically set s %t if it is
exceeded, the receptor will be at risk of being polluted:

Minimum reporting The lowest concentration of a substance whic onrted in the

value (MRV) results of an analysis. It is not necessarily t tection limit.

Natural attenuation Natural processes which, without hum rvention, reduce the
concentration, mass, flux or toxicity. taminants in
groundwater and surface water. &\

Non-hazardous Any substance capable of cau@g pollution that has not been

pollutant classified as a hazardous ance.

Partition coefficient Soil water partition coﬁ'ﬁ:ient (I’kg). In a heterogeneous system of

(Kq) two or more phases uilibrium, the ratio of activities (or less
accurately the co@rations) of the same molecular species in
the phases is a=gonstant at constant temperature. The constant is
termed the%gon coefficient.

Pathway The rg{; one which a particle of water, substance or
cont@ ant moves through the environment.

Package treatment &S%kage treatment plants (PTPs) are small scale sewage

plant atment works
Permeability ’\6 A measure of the rate at which a fluid will move through a
medium. The permeability of a medium is independent of the
@Q properties of the fluid. See also hydraulic conductivity.
PoIIutan\S@ Water Framework Directive: “any substance liable to cause
C) pollution, in particular those listed in Annex VIII [of the WFD]”.
P@on Defined in EPR (2010) as: “the direct or indirect introduction, as a

result of human activity, of substances or heat into the air, water or
\% land which may be harmful to human health or the quality of
,Q(\ aquatic ecosystems or terrestrial ecosystems directly depending
on aquatic ecosystems, which result in damage to material
property, or which impair or interfere with amenities or other
legitimate uses of the environment.”

Porosity The ratio of the volume of void spaces in a rock or sediment to the
total volume of the rock or sediment.
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Potable water Water of suitable quality for drinking.

Principal Aquifer Geological strata that exhibit high permeability and usually provide
a high level of water storage. They are capable of supporting
water supply on a strategic scale and are often of major ®
importance to river base flow (formerly known as Major Aquifer). '\

Receptor An entity / organism, material property or any existing or poten gn/
active or passive use of water that is being or could be harméﬁy
a potential pollutant, including groundwater or surface wa\
resources, amenity uses or abstraction points. ?\

Recharge The amount of water added to the groundwater syst y natural
or artificial processes. Q

Retardation A measure of the reduction in solute velocit tive to the
velocity of the flowing groundwater caus processes such as
adsorption.

Risk A quantitative or qualitative comb \on of the probability of a
defined hazard causing an adver consequence at a receptor,
and the magnitude of that c @ uence.

Risk assessment The process of identifyin d quantifying a risk, and assessing
the significance of tha&k in relation to other risks.

Saturated zone The zone in whic@vmds of the rock or soil are filled with water
at a pressure gigater than atmospheric. The water table is the top
of the satu%&one in an unconfined groundwater system. In
general,@ n a macro scale is horizontal and typically faster

than f aturated zone flow. Flow rates between different types
of st vary over several orders of magnitude.

Septic tank ed tank receiving and treating sewage by bacteria and
Oettlement of solids from which effluent overflows, usually to a
.\% drainage field.

Small sewage@aent Defined by EPR (2010) as a treated sewage effluent discharge to

discharge @ ground of 2 m*/day or less.
Soakaw The former term for an infiltration system. Permeable area of
C) ground, or buried structure, designed to speed the drainage of

clean surface water into the ground.

O

éorptlon Absorption; adsorption, chemisorption and ion exchange
considered jointly. Sorption is generally removal of a solute from
/Q(\ solution. Can be reversible.

Trade effluent Effluent derived from commercial process/premises.

Unproductive Strata These are geological strata with low permeability that have
negligible significance for water supply or river base flow (formerly
part of the Non-Aquifers).
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Unsaturated zone The zone between the land surface and the water table. The pore
space contains water at less than atmospheric pressure, as well
as air and other gases. Saturated bodies, such as perched
groundwater may exist in the unsaturated zone. Also called the \
vadose zone. '\Q)

Up-gradient In the direction of increasing hydraulic head (in groundwater thigA
moving up the hydraulic gradient).
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List of abbreviations

AF Attenuation Factor

BGS British Geological Survey

BOD Biological oxygen demand

BS British Standard

COD Chemical oxygen demand y\\
DF Dilution Factor Q
DQRA Detailed Quantitative Risk Assessment \
DWF Dry Weather Flow &Q
DWS Drinking Water Standard K®

EPR Environmental Permitting Regulations 6

EQS Environmental Quality Standard "\{Q

GP3 Groundwater Protection: Principles and Pra@e

GQRA Generic Quantitative Risk Assessmen%b'@

IEPA Irish Environmental Protection Agen

LOD Limit of Detection

MRV Minimum Reporting Value Q

PPG Pollution Prevention Gui Ii@s

PTP Package Treatment F;)g@

RS Risk Screening

S-P-R Source-Pathth eceptor

SPZ Source Proféction Zone

STW Sewage tment Works

SuDS Sustainable Drainage Systems

UWWTD UQg\ Waste Water Treatment Directive

WFD ter Framework Directive

WIA Water Industry Act 1991
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Appendix A

Hazardous substances and non-hazardous pollutants Q'\
a\
Box Al Schedule 22 Groundwater Activities, EPR (2010) .~
N
Meaning of “hazardous substance” \S
4.—(1) A hazardous substance is any substance or group of substances thatarétoxic,

persistent and liable to bio-accumulate. $

(2) This includes in particular the following when they are toxic, pe ﬂent and liable to

bioaccumulate— .
N
(a) organohalogen compounds and substances which n‘%form such compounds in the
aquatic environment, $®'
(b) organophosphorous compounds, 6

(c) organotin compounds,

(d) substances and preparations, or the bre@own products of such, which have been
proved

to possess carcinogenic or mutagiéfé&perties or properties which may affect
steroidogenic, thyroid, reproduo@q r other endocrine-related functions in or via the

aquatic environment, O
(e) persistent hydrocarbo d persistent and bioaccumulable organic toxic substances,
(f) cyanides,

(g) metals (in partiéa@ cadmium and mercury) and their compounds,
(h) arsenic and,'§ mpounds,

(i biocide@p ant protection products.

(3) ThQ'}%ulator must publish a list of substances that it considers to be hazardous

S%@ﬂCGS.

Fl?/leaning of “non-hazardous pollutant”
5. A non-hazardous pollutant is any pollutant other than a hazardous substance.

The former Groundwater Directive (80/68/EEC) defined two lists of substances that were
deemed to pose the greatest risk to groundwater quality. These were referred to as List 1
and List 2, with substances on List 1 being of most concern. The Water Framework Directive

H1 Annex J 4: Infiltration Systems v1.1 November 2011 75



Appendices

(WFD, 2000/60/EC) and its daughter Groundwater Directive (2006/118/EC) consider a wider

range of potential pollutants and refer to them as hazardous substances or non hazardous

pollutants. This terminology is used in the Environmental Permitting Regulations (2010) and

further details are provided below: ®

Q’\
Hazardous substances are defined in the WFD as “substances or groups of s@nces that

are toxic, persistent and liable to bio-accumulate, and other substances or grotips of
substances which give rise to an equivalent level of concern” $

Hazardous substances

Under EPR (2010) we are required to publish a list of hazardous s@ nces and the Joint
Agencies Groundwater Directive Advisory Group (JAGDAG) is dy that confirms these

determinations. All former List | substances are hazardous s nces. Due to their nature,
it is considered that all radioactive substances are hazardo bstances.

Non-hazardous pollutants Qb

A non-hazardous pollutant is any sub capable of causing pollution that has not been
classified as a hazardous substan non-hazardous list of pollutants does not simply

replace the former List II; it is wide for example, nitrate is now termed as being non-
hazardous whereas before it w ot a Listed Substance.

Further information on t@l}l of substances considered to be hazardous, can be found on
the UKTAG website

o
All substances \e to cause pollution that are not considered hazardous are deemed non-
hazardous p nts.

N
a>°°
)
/\~0\
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Appendix B

Assessing discharges of hazardous substances to groundwater. Environment
Agency indicative Minimum Reporting Values for selected substances in clean r\

water.

o

Substance MRV |Comment \QV

(na/l) A
1,1,1-trichloroethane 0.1 \\)

Ty,
1,1,2-trichloroethane 0.1 \Q
1,2-dichloroethane 1 A®
2,4 D ester 0.1 methyl, ethyl, isopropyl, |sob§64 and butyl each to 0.1
\A
2,4-dichlorophenol 0.1 A0
N\~
2-chlorophenol 0.1 R
4-chloro-3-methylphenol 0.1 Ca
aldrin 0.003 ,‘k
atrazine 0.03 A“
azinphos-ethyl 0.02 0\)
azinphos-methyl 0.001 . (0
benzene 1 ,&0
s

cadmium 0.1 ND
carbon tetrachloride pﬁ\

NS
chlorfenvinphos J410.001
chloroform M 0.1
chloronitrotoluenes % 1 2,6-CNT; 4,2-CNT; 4,3-CNT; 2,4-CNT; 2,5-CNT each

\\ to 1ugl/l
PCB (individua$ songeners) [0.001
\4
demeton (0 0.05 |demeton-s-methyl only
N

diazinph) 0.001
digJ@\J 0.003
ditnthoate 0.01
‘%ndosulfan 0.005 |endosulphan a and endosulphan b, each to 0.005ug/|
endrin 0.003
fenitrothion 0.001
fenthion 0.01
hexachlorobenzene 0.001
hexachlorobutadiene 0.005
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Substance MRV |Comment
(na/l)
hexachlorocyclohexanes 0.001 |a-HCH, y-HCH and &-HCH each to 0.001pug/l \
B-HCH to 0.005ug/l \@
isodrin 0.003 A
malathion 0.001 (\\“ l/
mecoprop 0.04 \(\V
mercury 0.01 A'\\v
mevinphos 0.005 \\)
op DDT 0.002 |o = ortho; p = para \Q -
op DDT 0.002 §
op DDE 0.002 A
pp DDE 0.002 x\\(\v
op TDE 0.002 KN
pp TDE 0.002 -
parathion 0.01 ‘k -~
parathion methyl 0.015 )\*
pentachlorophenol 0.1 4
permethrin 0.001 ci%n ‘rans-permethrin both to 0.001ug/|
simazine 0.03 ,:\,
tetrachloroethylene 0.1 ""?
toluene 4-’\\
tributyltin compounds R (}.'601
trichlorobenzene Qv 0.01 135 tcb; 124 tcb; 123 tcb each to 0.01
trichloroethylene +. &9 0.1
trifluralin X0 0.01
triphenyltin g@}c;unds 0.001
xylenes 3 3 o-xylene and m/p-xylene each to 3ug/I.
O(:}) May not be possible to separate m- and p-xylene.
O
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Appendix C

O

This appendix provides a summary some recent research of the attenuation processeg t (l/
may affect sewage effluent in the sub-surface and provides an overall summary of \
attenuation processes and they can affect contaminant concentrations. Long tern‘\
substantive evidence must be provided before considering the conclusions gi\ elo

Summary of research on sewage effluent

W.

Attenuation of sewage effluent 6\
N
BGS (2007): The BGS study investigated the impact of sew@e effluent disposal on Chalk
groundwater beneath drainage fields serving a number omestic properties. The BGS
study did not encounter ammonium (NH4+) in groung beneath and down-gradient of
0

the drainage field of a septic tank serving eight do IC properties, suggesting that it had
attenuated or been diluted within a short distancbf e point of disposal.

O
IEPA (2006): Irish EPA studies investiga me impact of sewage effluent disposal at 4
domestic properties in typical settings. more detailed IEPA (2006) studies found that
significant ammonium attenuation d in the unsaturated zone beneath the drainage
field. A significant conclusion fram{{his study was that the majority of the treatment of the
septic tank effluent took place j eﬁbe distribution gravel and first 300 mm of subsoil where
there was also a reduction in the’total nitrogen load.

O

Similar results were sg/ed for a package treatment plant. They concluded that the
remaining unsatura one provided a polishing effect on effluent quality.

FiItra&)@ f particulate matter and microbial contaminants.
. tudies undertaken by the Irish EPA (2006) into discharges from septic tanks to ground

&\Q\ ound that:

“1.2 m of unsaturated subsoil did not fully remove all enteric bacteria from the septic
tank effluent. Isolated incidences of low concentrations of E. coli were found in the
subsoil on both septic tank sites.”

However, numbers were substantially reduced with depth.
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Studies conducted by BGS (2007) on effluent discharges to the Chalk found some low-level
impact on the aquifer from the effluent discharge. Septic tank and the PTP systems had very
similar microbial populations dominated by high numbers of faecal bacteria, particularly
coliforms and bacteroides. They concluded that low bacteria numbers, the chemical and
physical conditions within the treatment systems, and dilution in the aquifer all contribute to a
low or insignificant impact on the aquifer

Sorption, retardation and nitrification of ammoniacal nitrogen. Q'\\

The IEPA (2006) studies indicated that ammonium concentrations fell f%} arting
concentrations of ~50 mg/l (as N) to ~5 mg/l (as N). They also found ost of the
oxidation occurred within the gravel trench fill and the first 300 mm soil, with the
remaining unsaturated zone providing limited additional attenuatj ome denitrification
may occur, leading to a reduction in the total nitrogen Ioadi@ to loss of nitrogen as N2

(gas). Further information on the attenuation of ammonium be found in the Environment
Agency 2003 report ‘Review of ammonium attenuation i%m and groundwater’

G$(b
Further reading @Q

BGS, 2007  Assessing the impact %age effluent disposal on groundwater. Science
Report SC010070/ repared by BGS [Trick, J K, Lelliott, M, Pickup, R,
Heaton, T E andﬁ() J] for Environment Agency).

IEPA, 2004  An investigaiion into the performance of sub-soils and stratified sand filters for
the treat f wastewater from on-site systems: Literature Review.

IEPA, 2006 An in\@tigation into the performance of sub-soils and stratified sand filters for
the. trédtment of wastewater from on-site systems: Synthesis Report.

IEPA, 200@6 of Practice: Waste water treatment systems for single houses.

@
N

H1 Annex J 4: Infiltration Systems v1.1 November 2011

O

80



Appendices

Appendix D

Information requirements (see Table 2.1)

Table D1 Information requirements

\\J
Information Description / Source of Level of information n@d
Information / Comments

Basic Ext(&@ Comprehensive
ON

Details of premises | Domestic (single or multiple | v/ Eg(u v

dwelling), industrial, STW
Location of 12 figure grid reference. v d\\'\ v v
discharge Location map (1:10000) $
Details of drainage Plan area, depth, details of & v v
field construction and drainage  (\
Number of persons | Where applicable N Y v v
Type of effluent Sewage effluent, tra N v v

effluent, combined
Details of pre- Septic tank, p v v v
treatment of effluent | treatment p eptlc tank,

reed beq\
Soil /subsoil Thickn? description (clay, | v v v
characteristics silt elow drainage field.
(where relevant) to 3 ole logs and trail pits
m below base of ential for extended or
drainage field \c omprehensive

A
Geology includ@. Borehole logs and trial pits, | v v v
solid and driftr, geological maps
\"4

Presence@tarst Solution features, large v v v
features, ) fissures, cave systems
Rat ischarge Measured or calculated v v v

( based on number of persons
- and type of premise (Table
\O 2.2, Box 2.1) or estimated
dry weather flow (Box 2.2)
where applicable.

Hydraulic loading Discharge divided by area of | v/ v v
drainage field (Box 2.3)

Details and results of | Results of percolation or v v v

percolation tests other infiltration tests

Composition of Results of chemical analysis | v v v
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Information Description / Source of Level of information needed
Information / Comments
Basic Extended Comprehensive
discharge or published data (for small N
sewage discharges) QY
‘ a—d
Groundwater Principal Aquifer, Secondary | v v v \l/
Environment A or B, Non-Productive (1/
Strata SPZ, Water Protection \Q
Zone, Safeguard Zone, etc. '\
Environment SSSis, SPAs, etc 4 4 \
Surface water Location and distance from v v Q v
course(s) and drainage field $
wetlands Additional information may | &®
need to be obtained on <>
stream flows, water quality, . \\'Q
ecological status and use $\
(for example, salmonid
fishery, source of potable 6
water supply) Q\‘@'
Distance to nearest | Type, purpose, size of b v v v
abstraction(s) abstraction. Further
(springs, wells, information may be c@ired
boreholes). on dewatering opsyation,
unlicensed so T@
potential or@hed water
use
Depth to water Seasor@) water level v v v
table/unsaturated variqion
zone thickness id'ence of water logging
+ ChDetails of any water
\\ seepage or standing water
_{\Y | levels in trial pits
Flood risk@ Is site within floodplain v v v
N
His(édl discharge | Details of historical v v v
P\ discharges to drainage field
O
+_CHlydraulic Basic can include literature v v v
\Q\ conductivity of the values
& aquifer Extended or comprehensive:
site specific data
Historical land use Industrial site, contaminated v v
land, other
Details of operation | Monitoring of discharge v v
and maintenance rates, effluent quality, liquid
levels in distribution chamber
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Information

Description / Source of
Information / Comments

Level of information needed

Basic Extended Comprehensive

Flow mechanism

Fissure/intergranular flow

v v

N

Direction of
groundwater flow

Groundwater monitoring
boreholes

v v

o
A\

Hydraulic gradient

Groundwater monitoring
boreholes

v /\‘\Q v

Effective porosity of | Literature v \
the aquifer A
— \°

Mixing depth Borehole logs, groundwater

quality sampling, theoretical
calculation

\{(b v

Soil and rock

Lithology, moisture content,

properties fraction of organic carbon v
content, other factors for $
retardation (%5
N
Groundwater quality, | Groundwater monitoring ‘b
up-gradient and Q v

down-gradient of
discharge field

boreholes b
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Appendix E

How to undertake a percolation test ®

Avoid carrying out this test in extreme weather conditions such as drought, frost and hea{l,Q
rain. (1/

a) Excavate at least two (three in Northern Ireland) holes 300mm square to a d {TéOOmm
below the proposed invert level (bottom of pipe) of the infiltration pipe and spa@yem evenly
along the proposed line of the subsurface irrigation system. Q

b) Fill each hole with water to a depth of at least 300mm and allow t&@p away overnight.

c) Next day, refill each hole with water to a depth of at least 3@ and observe the time in
seconds for the water to seep away from 75% full to 25% f@. . a depth of 150mm).

&)

d) Divide this time by 150. This answer gives the a@ time in seconds (Vp) required for
the water to drop 1mm. b

€) The test should be carried out at least th imes with at least two trial holes. The
average figure from the tests should be @en. This is the percolation value Vp (in seconds).

and dividing by the number of es used.

3

g) Drainage field dispos ould only be used when percolation tests indicate average
values of Vp betwqe 15and 100 and the preliminary assessment of the trial hole tests has
been favourable. =\

f) The average figure for the per§o®n value (Vp) is obtained by summing all the values

h) The mi&@ value of 15 ensures that untreated effluent cannot percolate too rapidly into

ground .
X

i)&}re Vp is above the limit of 100 effective treatment is unlikely to take place in a drainage
fiela'as there will be inefficient soakage in this location which may lead to sewage ponding on
’\%\e surface.

& j) For domestic premises, the floor area of the drainage field (A in square metres) required
may be calculated from:

A = p x Vp x 0.25 for septic tanks
A =p x Vp x 0.20 for package sewage treatment plants
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Where:

p is the number of people served by the tank (this should be the maximum number of people
that could live in the house). Q)\

Vp is the percolation value described above. \('l/Q

If in doubt, consult your professional advisor or local authority building control oﬁiie\%

advice. @

Reference: Pollution Prevention Guidelines Note 4 (PPG4 Environment A y/SEPA/EHS
2001 update 2006).
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2=AF,DF. C,
(iig enuation in unsaturated and saturated zone and dilution (non-hazardous pollutants only)
. ‘b DCL; = AF,. AF; DF. C,

Appendices

Appendix F Calculations

Box F1 Basic calculations for determining the impact of a discharge QS\
groundwater quality and for determining discharge limit v GB .

Concentration at compliance point. (l/
The concentration of a substance at different points along the pollutant pathway can be czh\ ted as

follows: \
(i) Water table (attenuation in unsaturated zone only):

Cop = Co/ AF,. &Q

(i) Borehole adjacent to infiltration system (attenuation in unsaturated@-nd dilution)

DCL = C, /(AF,.DF)
$\

(iii) Attenuation in unsaturated and saturated zone and dilutior@on -hazardous pollutants only)
DCL = C,/ (AF,. AF; DF) $

where
C., = Concentration at compliance point (mg/l). C(@kration should be below the compliance value
C. = Effluent concentration (mg/l)

AF, = Attenuation factor (unsaturated zon @e Box F3)

DF = Dilution factor (see Box F2)

AF, = Attenuation factor (saturatedi&e Box F3)

DCL = Discharge limit values O

Discharge limit values.

Discharge limit values (DC@ be calculated as follows:
(i) Attenuation in unsatyrated zone only:

DCL, = @kc
(ii) Atten@@unsaturated zone and dilution

» where,

DCL = Discharge limit value

DF = Dilution factor (see Box F2)

AF, = Attenuation factor (unsaturated zone) (see Box F3)

AF = Attenuation factor (saturated zone) (see Box F3)

C, = Compliance value set to protect receptor (mg/l) (for example, water quality standard or minimum
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Box F2 Standard equations for calculation of dilution factor

(i) DF calculated taking background concentration into account
(Gw+ Inf .A).Ct—(Gw.Cu)

Inf.ACt Q(]/

(i) DF calculated with no allowance for background concentration )\\

DF =14+ -2 \9

Inf.A ?
(iii) DF calculated taking background concentration into account and usi luent
concentration &®
oE _ _(Gu+ Inf A)Ce 6

Gw.Cu+ Inf .ACe S\\'Q

DF =

and
Gw = K.i.wg.M: %)

where, $®'

DF = dilution factor

Ct = compliance value (mg/l) (for example, wateiﬁﬁty standard or minimum reporting value)
Cu = background concentration (mg/l)

Ce = effluent concentration (mg/l) \Q

K = hydraulic conductivity (m/d) @

i = hydraulic gradient 5\

wy = width of disposal field pefjéendicular to flow direction (m)

Inf = infiltration rate (m/d) Q

A = area of drainagefigid, (m°)

M, = mixing zone tw( ess (m). The mixing zone thickness can be calculated using the following
equation

= (0.011 +d,.(1-exp[(-L.Inf/K.i. d)]
Note for Ifow aquifers: If Mz> d, then Mz=d,

L=I of site parallel to groundwater flow (m)
d uifer thickness (m)

The dilution factor (DF) for groundwater below the drainage field can be calculated from: N

g
-~

» Example calculation of dilution factor

A discharge of 5 m3/day is applied to a drainage field covering 100 m? (10 m by 10m).ay Information on
the aquifer thickness, hydraulic gradient and hydraulic conductivity of the underlying aquifer has been
obtained from borehole drilling and testing.

The dilution factor can be calculated using the following equation (no allowance made for background

concentration):
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K.i.wd.M;

DF =1+

Inf.A
where
K=15m/d Q @
i=0.01
\V

wg=10m

M, =4 m (based on saturated thickness of aquifer) '\\
Inf =5/100 = 0.05 m/d @

A =100 m?

Therefore calculated dilution factor (DF) =1 + (15 x 0.01 x 10 x 4)/(0.05 x 100L§®)
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Box F3 Standard equations for calculation of attenuation factors

An attenuation factor (AF) for the unsaturated zone can be calculated from the following equation

AF =1/ eXp{Z_[; — {Z—ZJH (4at/u )H
D = unsaturated zone thickness (m) (]>

a = vertical dispersivity in the unsaturated zone (approximately D/10) (m)
A = unsaturated zone decay constant (d‘1) = In(2)/half life for degradation

. o Inf \9
u = retarded contaminant velocity in the unsaturated zone (m/d) where U = R_ Q

R = retardation factor where R =1+ Kd.p &@
0 = effective porosity of unsaturated zone 0’\(0
Inf = infiltration rate (m/d) $

Kd = partition coefficient (I/kg) 6

P = soil bulk density $(b’

0.

N
An attenuation factor (AF) for the saturated z@é can be calculated from the following equation (no
allowance for vertical or lateral dispersion),@

AF =1/ exp[z—);jl ~J1 +Qﬁgu)}erfc{ﬁ - (x —uty1+(4a4/ u))}
x = distance to compliance pohq'&n-gradient of the disposal field (m)
« =longitudinal dispersivit e saturated zone (m)
A = saturated zone dgc%c nstant (d”) = In(2)/half life for degradation

. N\ - Inf
u = retarded con@oant velocity in the saturated zone (m/d) where u = ﬁ
K = hydrauli ductivity (m/d)

i= hydra@ radient

n= ve porosity of the saturated zone

Kd.p

3 =retardation factor where R =1+
3

Kd = partition coefficient (I/kg)

P = aquifer bulk density

NB This equation ignores dispersion in the vertical or lateral direction. Further equations can be found
in Environment Agency 2006 and 2011.
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Box F4 Example calculation of attenuation factor for the
unsaturated zone

A discharge of 5 m3/day is applied to a drainage field covering 100 m? (10 m by 10m).
Ammonium is present in the discharge and is considered to represent a risk of pollution of
groundwater. The concentration of ammonium in the discharge i |s 30 mg/l. Information on the
unsaturated zone thickness (15m), soil bulk density (1.8 gm/cm?®) and water filled porosﬂy
(25%) was obtained from site investigation boreholes. Evidence for the use of degradatlovi}
was agreed with us. Literature values indicate a half life for the degradation of ammo

to 2 years and a partition coefficient of 2 I/kg. r\

The attenuation factor can be calculated using the following equations: $Q
AF =1/ exp{i - {i 1+ (4a/1/v)H {b
2a (2a 6
where *’\(Q
Inf =0.05 m/d $

S=15m Q'
a=D/10=1.5m $
6=10.25 b

p)

=1n(2)/365 = 0.0019 d’ (assuming a half life @days)
Kd=2l/kg

P =1.8 gm/cm® GQ'

R:1+—Kc;'p = 1+ 248 %53

Inf

V- = 549\}?“’0 013 m/d

Thereforeé&sf /ex [2X15 {le5\/1+(4><15><00019/0013)H=6.4

The lated attenuation factor for ammonium for the unsaturated zone is 6.4. For an
e concentration of 30 mg/l then the calculated concentration at the base of the
u urated zone = 30/6.4 = 4.7 mg/l.

2

"@

H1 Annex J 4: Infiltration Systems v 1.1 November 2011

91



Appendices

Box F5 Calculation of dilution and attenuation factors using
monitoring data

Dilution and attenuation factors can be calculated from monitoring data for existing discharges as
follows

The dilution factor (DF,) can be calculated for a conservative contaminant such as chloride from:

where, (]>

CB = mean concentration in monitoring borehole down-gradient of disposal field (mg/l) \
C, = up-gradient or background mean concentration (mg/l) Q
C. = mean concentration in effluent (mg/l) \\

The attenuation factor (AF) can be calculated for a non-conservative contamm@@m'
= ((C. - C.)/(CB - C)/ DF a}{b

The calculation of dilution and attenuation factors is dependent on:

Presence of conservative contaminant such as chlorlde& ischarge;
The contaminant is present above background in groun

|
DF = (Ce - C,) /(CB - Cy) (LQ

uf

Example calculation: Groundwater monitoring data are avai for two boreholes, one located up-
down-gradient and one located adjacent to a drainage fi eiving an effluent discharge. The

nd down-gradient of the drainage field is 24

The observed chloride concentration in groundwat
éﬁammomum in the two boreholes are 0.1 and 0.4

mg/l and 60 mg/l respectively. The concentratio
mg/l respectively.

The dilution factor can be calculated usi following equation:

DFC| = (Ce - Cu) /(CB - Cu

where, \O
CB =60 mg/l O

C, =24 mg/l O
C, =90 mg/l \%

Therefore DF,, ={90-24)/(60-24) = 1.8
The attenu@factor (AF) can be calculated for ammonium from:

e

“§B = 0.4 mgll
C,=0.1mgl/l
C. =20 mgl/l

DF,=1.8

= ((Ce - Cu)/(CB - Cu))/ DI:cl

Therefore AF = ((20-0.1)/(0.4-0.1))/1.8 = 36.85

effluent has an average chloride concentration of 90 a nd an ammonium concentration of 20 mg/l.
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Box F6 Example calculation for determining the impact of a
discharge on groundwater quality and for determining discharge limit
values

Calculation of impact on groundwater
A discharge of 5 m3/day is to be applied to a drainage field covering 100 m (10 m by 10m).

)
Ammonium is present in the discharge and is considered to represent a risk of pollution of \(1/

groundwater. The concentration of ammonium in the proposed discharge is 30 mg/l (as NH," )

Information from site investigations together with literature values were used to determine a\
attenuation factor for the unsaturated zone and a dilution factor. These factors are:

DF = 2.2 (see Box F2)

AF,=6.4 (see Box F4) 9
The concentration of ammonium in groundwater immediately down-gradient of ainage field can
be calculated as follows:

Ce = Co/ (AF,.DF) (see Box F1) &
=30/(6.4 x 2.2) $\
=2.13 mg/l
This calculated concentration exceeds the drinking water ard of 0.5 mg/l such that:

e The application should be refused; or

e Further assessment undertaken on attenu 'Qn the unsaturated zone and also on whether
attenuation in the saturated zone is significant; or

e Additional treatment of the effluent @I e required prior to discharge.

In the latter case a discharge limit vah& be calculated as follows:

5\

DCL = AF,.DF. C, see Box F1)

—64x22>6b
—7mg/
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Would you like to find out more about us, 3\

or about your environment? (199\
©
Then call us on @N
Q
03708 506 506 (Mon-Fri 8-6) Q,\*
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email 30
enqwrles@enwronmgﬁt -agency.gov.uk

or visit our websna@

WWW. enwronrgéht agency.gov.uk

6
incident hogiine 0800 80 70 60 (24hrs)

floodling®845 988 1188
S
NI

'ﬂ‘ Environment first: Are you viewing this on screen? Please
@@ consider the environment and only print if absolutely necessary.
If you are reading a paper copy, please don’t forget to reuse and

recycle if possible.





