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Scope

This booklet aims to inform operators and local authority
planners on how to assess the potential pollution risks to
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groundwater from new and existing cemetery development
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Introduction

The burial of corpses in cemeteries,
and their subsequent degradation,
may potentially cause pollution of
groundwater. Local authorities have
a responsibility for control of new
cemeteries through the planning
process. The Environment Agency
(the Agency) has new powers under
the Groundwater Regulations 1998
to take action where groundwater
pollution occurs, or is likely to occuf
Clearly, measures to prevent pol n
must be appropriately consi ;
given the sensitivity and

of cemeteries. s\
r@ms, and

ecision making

x
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tudy of existing
was commissioned
by ¥Qe Agency to:

eview published studies relating
to the potential environmental
threat posed by cemeteries;

e identify and quanti& risks
of pollution, wi ssible, by
reference to hed cases;

e review o ent approaches to

assessigreL proposals for extending
ce ¥¢s or developing new ones;

that require consideration in terms
of the potential impact of a
cemeteryon groundwater.

° @ide guidance on assessing the
6re ative importance of the factors

The output of this study, R&D
Technical Report P223, forms the
basis of this summary guidance
document, which focuses on a
risk-assessment framework for
the issues raised.

Assessing the Groundwater Pollution Potential of Cemetery Developments II|
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Legal framework

The earliest legislation governing the
location, development and operation
of cemeteries is the Cemeteries
Clauses Act of 1847. The Local
Planning Authority is the principal
body controlling such developments,
under the Town and Country
Planning Act 1990 and the Planning
and Compensation Act 1991. The
only means of control is through
conditions set in the Decision

Notice, an obligation (agreement or
undertaking) under Section 106 of
the 1990 Act, or ultimately by refusal
of planning permission.

As a statutory consultee, the Agency’s
views must be considered unless the
Local Planning Authority can justify
why its requirements should not be
included. Planning permission is not
required, however, for:

e private non-commercial bur@
f

e the burial of a limited n
individuals on their gw!

e the re-ordering of s within

Anglican chur%

anele.
All of these g iJ*subject to any
restrictive cc@ants affecting the
use of@nd, and the burials must
notgreat® other nuisances such as

SrR{e pollution.
o

The Agency has a duty to protect the
quality of surface and groundwater
resources under the Water Resources
Act 1991 (see Table 1). However,
this only gives us limited powers to
control such developments directly.
The Policy and Practice for the
Protection of Groundwater ? (PPPG)
was published to influence others
and to ensure groundwater poll

is prevented. It provides a risk
framework for evaluating m als
and seeks to influence & g
decisions about th, &m of any
new developmen t'may have an

impact on grggwater or any other
specific sourc water supply.

Enrgbent Agency tools
roddwater vulnerability mapsi
groundwater Source Protection
ones" (SPZ) are tools for
highlighting areas where there are

likely to be particular risks posed
to groundwater.

Groundwater vulnerability maps
show the dangers from pollution to
groundwater. Aquifers are defined
according to their relative importance
in yielding water supply into major,
minor and non-aquifers. Reference is
also made to the vulnerability of the
soils in terms of their leachability and
attenuation of contamination.

N

i Groundwater vulnerability maps are available from The Stationery Office. Tel: 020 7873 8732,

quoting ref 54.

ii Available on the Agency’s website at: www.environment-agency.gov.uk, in ‘What’s in your back yard”.

Assessing the Groundwater Pollution Potential of Cemetery Developments
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Origin Legislation

Europe EC Groundwater Directive
(80/68/EEC).

UK Water Resources Act 1991
(s.92).

Water Resources Act 1991
(s.161).

Water Resources Act 1991

(5.93). protection zones.
Waste Management Licensing Powers to prevent @g on
Regulations 1994 (from s.33 of the by substances \sd W EC
Environmental Protection Act 1990). Groundwater ive.
Groundwater Regulations 1998 Powers@vent or control
(brought into force between activiti \1 t may result in the
02/12/98 and 01/04/99). dis of specified pollutants
%}roundwater.
Table 1 Groundwater protection legislation dire: itblemented by the Agency

groundwater abstractions used for
public consumption and are

by travel-time of biological/;
contaminants in ground o the
abstraction. Three zo%a e defined:

e Zone |l - 50- '[Qel-time ora
minimum from the source

to the ab@ ion point;

° zo — 400-day travel-time
per cent of source
hment area;

Zone Il - total catchment area
for the abstraction.

Assessing the Groundwater Pollution Potential of Cemetery Developments

SPZs are delineated around 000

Agencyrole

Competent authority.

Powers to control discharges O
to controlled waters. Q‘
Powers under regulations to &
require pollution prevention

measures to be taken.

Provision for statutory w.

P reparation and methods
of burial

Current UK practices for the
preparation of bodies for burial
and methods of burial are
summarised below:

e embalming - half of all burials
involve some embalming with
formalin solution. The use of
toxic metals or alkaloids has
been banned since 1951;

e coffins—mainly constructed
of chipboard or MDF with a
paper veneer;
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e for a single burial, the base of the
coffin must be 1.8m below
ground level;

e commercialburial of petsis in
accordance with the voluntary
code of conduct set out by the
Association of Private Pet
Cemeteries and Crematoria;

e at green burial sites, the corpse is
enclosed by a biodegradable
coffin or shroud at a depth of at
least 1.3m with grass or shrub
cover over the grave.

Special cases

Green Burials

Between 50 and 100 green burials
occur annually in Great Britain.
They are located in areas such as
woodlands, nature reserves and
gardens. Case law confirms that in
such cases no planning permission
is required for “a limited num

unmarked and unfenced a@
ob'

orities

However, the Instituti
Burial and Crematio
recommends thagepeOple
contemplatin e burial should
consult the Cy and their local
councjl'sgavironmental Health
Depar ?a about possible pollution
oé&nvironment and public
nce. There is no law against
Qrial in one’s own garden, but a
@burial authorisation form must be
completed beforehand giving details
of the date and location of burial.

The burial must also be recorded in
a land burial register and a detailed
plan identifying where the body is
buried should be kept with the
deeds of the property.

It is recommended that a suitable
grave should:

e be located more than 10m from
standing/running water and m
than 50m from a well, bore Q
spring supplying potabl r for
human consumptiory

e have no standi at the

bottom whenv'i\Q"rst dug

e not be du ery sandy soil;
e be dee@ough to prevent

for;d@. nimals from disturbing

ther information can be
0) tained from The New Natural
Death Handbook?.

Pet cemeteries

Most domestic animals are buried on
the owner’s premises or landfilled by
veterinary practices. However, the
use of private pet cemeteries and
crematoria is on the increase. The
Association of Private Pet Cemeteries
and Crematoria has produced self-
regulatory guidance®.

This recommends burial of
unembalmed remains in
biodegradable cardboard coffins
at a depth of at least 0.9m, with
grave plots avoiding watercourses,

Assessing the Groundwater Pollution Potential of Cemetery Developments

N

©




&

drains and wells. Up to 30 per cent
of pet burials may be in small
chipboard coffins. The density of
canine burials (the most common
subject in pet cemeteries) is around
10,000 per hectare (about four times
the normal human occupancy rate).

Human mass burials

When a large number of bodies
require disposal, for instance after a
major disaster, the remains are most
likely to be cremated. However, in
many cases temporary storage
facilities are required. In all cases,

a ‘wet’ area must be designated to
contain bodily fluids/wastes and
chemicals. If drain discharges from
this area are unsuitable (for example,
a soakaway), then all drains must
be sealed and liquids must be
collected and disposed of safely

by a specialist contractor.

Composition of corpses
potential pollution re

The composition ands%mental

componentsofat I'human

body are indi@n Table 2 .

The poIIuta@ erived from human

corpges%ﬁ ound as dissolved and

g3 eobg ganic compounds and

j ed nitrogenous forms

rticularly ammoniacal nitrogen).
ere is also the potential, depending

upon the background environment,

for increased pH resulting from the
high proportion of calcium.

Assessing the Groundwater Pollution Potential of Cemetery Developments

Composition (% weight)*

Water 64
Protein 20
Carbohydrate 1
Mineral salts 5
Fat 10

Elemental
component mass ‘q)\

o\

Oxygen @O
Carbon 6 000
Hydrogen . Q 7000
Nitrogen \\' 1800
Calcium 1100
Pho 500
140
Gatassium 140
Sodium 100
Chlorine 95
Magnesium 19
Iron 4.2
Copper 0.07
Lead 0.12
Cadmium 0.05
Nickel 0.01
Uranium 0.00009
Total body mass 70000

Table 2 Composition and elemental
components of a typical

human body

S
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Factors affecting rate of release

The proportions of degraded matter
in a human corpse are shown in
Table 3.

Category %

Readily degradable 60

Moderately degradable 15

Slowly degradable 20*

Inert (non-degradable) 5*

* Assumes that mineral salts (ashes) form
final stable residue. The slowly degradable
component of bones may be considered
inert for practical purposes.

Table 3 Proportions of readily and

slowly degraded matter in
a coffined human corpse

The primary process governing the
production, release and potential
migration of pollutants from a burie
corpse is microbial decay. The ra@f
decay depends on the extent
microbial growth and acti&

This is influenced by t

e availability of nutr S (carbon,
nitrogen, pho orus sulphur)
and m0|st e high water
content o orpse and the
fav carbon:nitrogen:

O;p\orus ratio in vertebrate
s (about 30:3:1) encourages

pid and complete degradation of
the corpse;

e pH - neutral pH conditions are
most favourable;

e climate — warm temperatures
accelerate decomposition;

e soil lithology — well-drained soil will
accelerate decomposition, whereas
poorly drained soil (for example.
peat) has the reverse effect.

e burial practice — depth of burial

and coffin construction control \\
the ease with which invertebraﬁ
€

vertebrates may gain access t
corpse and hasten its dec

t, but
nd rapidly

Pathogens may also be
these will die off ngt
reduce in concem n with

rom the grave.

increasing d|$
Their survival 18Iso governed by

physical itions (for example,
temp e, moisture content,
content, pH).

ential contaminant
release rates

A human corpse normally decays
within 10 to 12 years. It is estimated
that over half of the pollutant load
leaches within the first year and
halves year-on-year. Less than 0.1
per cent of the original loading may
remain after 10 years (see Table 4).

The time taken to flush out
contaminants from the burial is
directly related to the effective rainfall
and infiltration rate through the soil
and grave. Table 5 (overleaf) provides
an estimate of the infiltration of
water through a typical grave plot.
Therefore, to estimate the possible

IZ| Assessing the Groundwater Pollution Potential of Cemetery Developments
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Year TOC NHy Ca Mg Na K P SO4

1 6.00 0.87 056 0.010 0.050 0.070 0.250 0.210
2 3.00 0.44 0.28 0.005 0.025 0.035 0.125 0.110
3 1.50 0.22 0.14 0.003 0.013 0.018 0.063 0.054
4 0.75 0.11 0.07 0.001 0.006 0.009 0.032 0.027
5 0.37 0.05 0.03 <0.001 0.003 0.004 0.016 0.012
6 0.19 0.03 0.02 <0.001 0.002 0.002 0.008 0.006
7 0.10 0.01 0.01 <0.001 0.001 0.001 0.004 0.003
8 0.05 <0.01 <0.01 <0.001 <0.001 <0.001 0.002 0.001
9 0.02 <0.01 <0.01 <0.001 <0.001 <0.001 0.001 <0.00
10 0.01 <0.01 <0.01 <0.001 <0.001 <0.001 <0.001 0.001 <0.001

N

Table 4 Potential contaminant release (kg) from a single 70&@rial

average composition of effuent form @nyde in the ground, so the
reaching the water table beneath cqé\trations are likely to be lower.
the burial ground, the contaminant
release is divided by the total annual
infitration. For instance, an
embalmed body contains 180g
of formaldehyde in 9 litres of @
embalming fluid. Assumi @t
about half of this is d gré
rapidly in the deco ition process
and with grass surf cover
controlling the Kfall infitration
(see Table initial
concentgatiorin the effluent would
be ab Omgl™. Four years later
t h this would have declined to
ottt 5mgltand ten years later
ould be only 0.1mgl™.

e embalming of bodies is
discouraged for green burials,
so they are not considered to be a
significat potential source of
formaldehyde pollution.

Transportof microbes/pathogens

The transport of microbes/pathogens
within the groundwater is affected
by the characteristics of the organism
(size, shape, activity) and the method
of transport through the aquifer.
Water extracted from shallow depth
with a shorter travel-time since
recharge has a higher pollution risk

than an extraction drawing on water
However, these estimates take no with a long residence time. Using

account of the natural degradation of short travel-times/pathways as a

Assessing the Groundwater Pollution Potential of Cemetery Developments




Infiltration from
grass surrounds (1yr")

Surface

infiltration (1yr?)

>0

Chippings 750 500 1,250

Grass 500 500 1,000

Green burial 250 760 1,010
Assumes:

1 astandard grave size 0f2.1 x 1.2m

2 mean annual rainfall of 650mm and typical evapotranspiration losses
3 1976 graves per hectare for conventional burials
4

1580 graves per hectare for “green” burials

Table 5

prime criteria, many spring systems
and shallow wells are more vulnerable
to microbial pollution problems than
deep wells or boreholes.

Attenuation of contaminants
f rom burial sites

Contaminants from a burial site may

migrate into: g

e the saturated zondo)the aquifer.

e the soil zone surrounding th

e the unsaturated zone o@
underlying aquifer;

Figure1 show? atural
attenuation sses that may

Estimation of water flux through a typical grave area

is generally goo@s the soil is
waterlogged@ uraging the rapid
oxidationép:o utants. The main
proces tributing to the

atte n of pollutants are
n, sorption, biodegradation

Itr
é chemical oxidation/reduction.

Below the soil, in the unsaturated
zone, less chemical and biological
activity takes place than in the
overlying soils. Oxygen diffusion
from the surface is low and anoxic
conditions may develop. However,
chemical and biochemical reactions
may continue to attenuate pollutants.
Filtration and sorption may continue

take pJage,ip each zone to remove to de-mobilise particulates and some
co m\ ts, including microbial/ dissolved pollutants.
o] n contaminants.

nd are the site of intense
biochemical reactions, so
contaminants may change while
passing through them. Air access

&Is are complex in composition

The potential for the aquifer matrix
to remove pathogenic organisms by
filtration depends on the nature of
the matrix. Where the major route
for groundwater flow is through a
porous intergranular matrix

Assessing the Groundwater Pollution Potential of Cemetery Developments
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Sod mone Ciranis Somption
Intenss chemica and biochem ical
degradation.

Elnsasar ated 2one
Comtinused sorpon.

R=duscsd chemical and biochemical
degradation.

¥arer tabie
L

Sateated rone

Driluticn and dispersion domin.abes
Estent of filtration dependent @

:_ mafure of aoguier. Chemical r N

Lroumcheaater Flioar depandent on -;'rul':d.w@.ﬂ!:'.lr_;.
0\\§

Figurel Natural attenuation processes in the sub-surface

(intergranular flow), such as report Gidelines for Envionmental
sandstone aquifers, there is high Risk A ent and Management?®
filtration potential. Conversely, in an &D Technical Report P223*.
aquifers where fractures provide

the predominant flow route, such 6

as chalk aquifers, the potential for @'Q

filtration of microbes is limited.

Further details can be obtai

from the booklet Microbi
Contaminants in Gro. TS or
the report on whichgMbased, R&D

Technical Repor§P139’A Review of
the Microbiologi ontaminants
in Groundm@' .

Asse’s@nt of risks
f cemeteries

assist in the decision-making
process, a three-tiered approach
to assessing the risks from cemeteries
or potential cemetery sites is
recommended. This is based on the

Assessing the Groundwater Pollution Potential of Cemetery Developments IZ|




Problem formulation

Low
risk
clearly
defined

Tiered risk assessment

Intermediate/high risk or
risk not clearly defined

Y

High risk or risk not
clearly defined

*Stages within each tier
of risk assessment \

+ Collect data, iterate processes
and monitor

Figure2 | Risk assessment framework 8

Assessing the Groundwater Pollution Potential of Cemetery Developments




Figure2 shows the framework to
follow for assessing the risks using

a tiered approach. The level of effort
and detail put into assessing each risk
is in proportion to its priority

and complexity in relation to
understanding the likely impacts.

P roblem formulation

Before undertaking a risk assessment,
the objectives must be clearly defined.
This will also determine the limits of
the scope of the study (for example,
geographical, chronological, and
financial). The objectives should
cover why the risk assessment is
being undertaken and include
consideration of any social or
political issues.

Assessing the Groundwater Pollution Potential of Cemetery Developments II|

Common stages of the
risk assessment

Each tier of the risk assessment
involves the same series of stages,
namely:

e hazard identification;
e identifiction of consequences;

e magnitude of consequences;
e probability of consequenc@Q

e significanceof risk. %

Tier 1: Risk scmenir&
This is essentiaH@k—study stage,
where a preli y site assessment
should take pMe, using all readily
availa rmation. The research
sho Clude published maps
(t raphical, geological,
erogeological) and abstraction
icence records. However, the most
important data sources in this desk
study are the groundwater
vulnerability maps, the SPZ maps
and information on springs, private
drinking water supply boreholes and
groundwater-fed surface waters.

An assessment of the hazard(s)
should be made, potential pathways
and receptors should be identified
and reviewed, and a qualitative
assessment undertaken of the
significace of the risks posed for
example, high, intermediate or low.

The consequences of the hazards
can be modified by social factors.
For example, the risk of odour at a

S
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green burial site in a rural location
may be seen as acceptable
compared to a similar odour in

a metropolitan cemetery.

The vulnerability of potential
receptors must be determined. In
the case of burial sites, the most
important receptor is groundwater
(including boreholes, wells and

springs used for human consumption).

Other receptors, including surface
water, are not considered further in
this document. The principal factors
controlling groundwater vulnerability
are listed below:

e s0il nature and type, including
structure, leaching potential and
soil vulnerability based on physical
properties affecting the downward
migration of water and the ability
of the soil to attenuate;

e presence and nature of drift,
including type and thickness;

e depth to the water table,

unsaturated zone can aé&e

contamination by pﬁgilc )
biological and che@ processes;

mechanism
fissured);

e groundwater
(intergran

* groungwa vulnerability and
aquih( pe (major, minor, non
ger);
stractions;
groundwater SPZs;
e proximity of watercourses, springs
and drains.

In a Tier 1 assessment, a qualitative

Assessing the Groundwater Pollution Potential of Cemetery Developments

o
&)Ianning conditions.

approach can be used whereby each
item listed can be ranked using a
scoring system to prioritise those
that are of most concern. The overall
vulnerability can then be assessed as
low, medium or high. An example is
given in the R&D report*.

S
Once the vulnerability of the site is \\b‘
known, it is necessary to consider
what level of risk assessment is Q
appropriate. This depends g
scale of the developmentgd ms
of estimated burials p%r and
whether the bodi be human
or animal. If they Il risk is low,
the proposal e accepted by
the Agen ithout further detailed
assess owever, there will
pro@ e a request for pragmatic

Is to comply with best practice

these will be implemented by

Such controls include:

e 250m minimum distance from
potable groundwater supply source;

e 30m minimum distance from
watercourse or spring;

e 10m minimum distance from
field drains;

e no burials into standing water.

Any proposal located within a Source
Protection Zone | (Inner Zone) is
likely to be opposed by the Agency
as the risk to groundwater is
considered to be high. A minimum
of a Tier 3 assessment (detailed
quantitative risk assessment) would
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be required.

Proposals within a Zone Il (Outer
Zone) are likely to have restrictions
imposed on them. Further Tier 2
assessment (generic quantitative risk
assessment) or Tier 3 assessment will
probably be required as the risk is
likely to be intermediate or high.

Any proposal located within a Zone
Il (Total Catchment) would generally
be considered of intermediate risk
unless the site’s intrinsic vulnerability
was higher.

Borderline cases should be dealt with
in the intermediate category unless
clarification can be gained that
would allow the site to be classified
as low risk. For example, a small
extension to a low-use graveyard

of a small parish church near a
waterourse may be acceptable if
there are no records of adverse
effects from previous burials.

After the Tier 1 risk assess @'has
been carried out, the¢jsk&e&n be
d further in

prioritised and conﬁ_|

the options appyaisatHere, the
options for ri@agement are
identified aqy aluated. Options
may |n e:

° dmng the hazard through
technology, procedures

@:r investment;

e mitigating effects through
improved environmental
management techniques.

Due to the sensitivity of the issues

associated with burial sites and the
complex, site-specific nature of the
hydrogeological assessments, the
application of qualitative screening is
limited. A Tier 1 assessment is likely
to be of use only for an existing site,
with no prior history of
environmental problems, where a
minor change is proposed. In all
other cases, at least a Tier 2 Q
assessment should be carried @\t-

Tier 2: Preliminary ug@ative
risk assessment witl@ ailed

desk study ang Nninary
site investiga

ent should be
r sites designated as
te-risk sites in Tier 1, or
he risks are not clearly defined.
ch sites should be subject to a
more detailed desk study, some level
of investigation and monitoring to
identify the hazards. Applicants will
also have to provide additional data,
which may include an assessment of
the potential contaminant loading
and likely attenuation within the
transport pathways through simple
calculations. Table 6 lists the
minimum information requirements
for a Tier 2 assessment.

A Tier 2 agses

For any proposal to be acceptable,
the assessment should show that no
impact on groundwater would occur
or, at worst, that the impact would
not amount to pollution as defined
in the Groundwater Directive (that
is, no impact from List | and ideally

D
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Information

required

Site description

Number, type
and sequence
of burials

Meteorological
factors

Soil/subsoil
characteristics

Superficial
geology/
hydrogeology

Tier 2 Assessment

Local survey to supplement data
on appropriate Ordinance maps
Survey (e.g. Superplans).

Projections on which annual
numbers are based should be
available, along with supporting
data and explanation.

Long-term average Met. Office
data on local rainfall and
MORECS soil moisture data.

Soil Survey maps. Possible s
investigation and percolaj
tests.

Geological and hydrc@

ogical

maps and me, British
Geological S ”Limited
site invesNg (trial pits and

drilligg) @ be necessary if

i ient data is available.
ater Vulnerability data
Ocation of any nearby

n
&lrce protection zones.

Solid geolog@ As above, with an assessment

hyd rgg@;y
\\

S

of the aquifer characteristics
from available published data.

Tier 3 Assessment
(additional works or
variations from intermediate
risk requirements)

Location, area and topography
based on accurate site survey.
Any landscaping included in
the proposal is to be identified.

Projections on which annual
numbers are based should be
available, along with suppQr

data and explanation. P he
proposed sequence | area
usage with indica xpected
progression Qv

Analysis of* le Met. Office
data to monthly mean,
maxim®w§and minimum effective

rai%amd soil moisture data for
il, short-rooted vegetation
deep-rooted vegetation.

Site survey with augering and
trial pits.

Lithology, mineralogy and grain
size distribution to be determined
by drilling investigation. Presence/
absence of shallow groundwater,
fluctuations in water table
(seasonal or otherwise) to be
monitored for not less than one
year of monthly measurements.

For non-aquifer, proof of lithology
by direct investigation (not less
than 10m) required to exclude
the likelihood of any local higher
permeability horizons.

Table 6 | Potential information requirements for Tier 2 and Tier 3 risk assessments

Assessing the Groundwater Pollution Potential of Cemetery Developments
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Solid geology/
hydrogeology

Groundwater
quality

Surface water
quality

Proximity to
water source/
resource

Proﬂ@o
h% r oth
6 pments

Data assessment

protocols

If aquifer is present, a minimum
of three investigation boreholes
are required. One on the up-
gradient side of the site
boundary and two close to

the down-gradient boundary.

Background quality data required; Monthly sampling atm ne
e

quarterly sampling and analysis
for at least one year to detect
any seasonal variations. See
‘Monitoring’ section for
recommended analytical suites.

As above, quarterly sampling
for at least one year. See
‘Monitoring’ section.

Environment Agency recorgs
of licensed abstraction so
Local Environmental H
Department record ivate
domestic sources (th&£ are
not compre . Search
should incl ace and

ground& urces.

Check local/regional/national
planning authority for potential
residential, educational,
commercial/ industrial
developments, roads, rail

and mineral extractions.

er

Simple pollutant flux and water
balance calculations.

Assessing the Groundwater Pollution Potential of Cemetery Developments

&Environment Agency records of

If aquifer is present, a minimum of
three investigation boreholes are
required. One on the up-gradient
site boundary and two close to
the down-gradient boundary.
Holes to be at least10m below the
minimum groundwater level.
Geological data to be obtained
and hydrogeological

QO
investigations to be undertaken \

(e.g. estimation of permeability \

based on falling head test, W

test, tracer tests).

year from local
. See

boreholes (see
.Monitorir@ alytical suite.
*

Mgathly sampling for at least one

ee ‘Monitoring’ section.

licensed abstraction sources. Local
Environmental Health Department
records of private domestic
sources (these are not
comprehensive). Search to
include groundwater and surface
water sources for potable and
non-potable usage.

Investigation to include water
features survey of an area around
the site dependent on the size of
site, proposed usage rate and
nature of the aquifer.

As for intermediate risk sites.

Possible use of stochastic models to
assess range and probability of risk.




no impact from List Il substances). If
the proposal is deemed acceptable,
conditions should be requested that
ensure pollution does not take place.
Othenise an objection will be raised
by the Agency or a more detailed site
investigation will be requested from
the applicant.

Tier 3: Detailed quantitative
risk assessment

If the risk is deemed to be high or is
still not clearly defined from the Tier
2 assessment, a Tier 3 assessment is
required. Sites falling into this
categoryarelikely to be large in
terms of both input rate and total
area. A burial rate of 1,000 per year
would be typical of a town with
150,000 to 250,000 inhabitants and
would equate to about 70 tonnes per
year.

In cases where there seems to be
high risk of pollution to grouna@,
a more detailed site investi @ risk
assessment and monit riré
required. The use of ndwater
modelling techniqu other
stochastic mod&a’ll probably be
necessary. T sts the information
requirementNd@r a Tier 3 assessment.
*
Dirggt m%tigation of the properties
ils and rock to 1m below
e depth would be expected.
drogeological investigations
should be based on site-specific data.

Where this is not available,
investigations should be conducted by

O

the applicant with our agreement.

For a proposal to be acceptable,
the assessment should show that
no List | and, ideally, no List Il
substances should impact upon
the groundwater. Microbiological
contaminants must not endanger
water resources or supplies.

When a proposal is accepted,
conditions should be applie

ensure pollution does no @w.
If this is not achievabl bjection

will be raised.
0

Other factor@rons:deratlon

Sites with, allow water table may
requir tering to take place
w w graves are dug. The

easures for the disposal of such
entially contaminated water
should be considered.

Green burial sites usually exhibit
accelerated decay rates due to the
relatively shallow depth of burial, the
biodegradable nature of the coffins or
shrouds and the lack of embalming
fluids. The infiltration rate may be
lower on such sites due to
evapotranspiration by trees and
shrubs. Decay will principally be
aerobic, producing carbon dioxide,
water, nitrate and sulphate, which
are generally less polluting than
those from anaerobic decay.

Pet cemeteries may have a lower or
equivalent pollution potential than
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human burial grounds. Body mass is
less, but burial density is greater
than a typical human cemetery.
Depth of burial (1m standard), the
use of readily biodegradable coffins
and the lack of embalming
encourage rapid decay processes.
Pet cemeteries may require a waste
management licence under the
Environmental Protection Act
(1990). Appropriate operational
controls and monitoring can be
maintained by applying licence
conditions.

Monitoring

In the absence of specific guidance
for monitoring and sampling around
burial sites, the Agency recommends
that requisite monitoring and
sampling should be carried out in

The minimum requirements for
groundwater monitoring are given
in Table 7 overleaf.

If values of the indicator

determinands consistently depart

from the background levels, the
recommended suite of determinands
should be increased to those listed \\
for establishing baseline conditiogs.

Also, if evidence of contaminaty

is indicated by the inorganj
determinands, sampli g@acterial
indicators (especially maona

on a quarte

demonstrates that
ter pollution is taking
urials at the site should be
élted while further investigations are
ndertaken to determine the reason

If mon
grou

accordance with current best practic Q =
Eori %. for deterioration.

for monitoring of groundwater
around landfill sites. This is se
the report Guidance on Mo
of Landfill Leachate, Gro@ ter
and Surface Water 9 ests a
risk-based approac eS|gn|ng a
monitoring progdéamme. Monitoring
should be car&ut to:

o d efinethQaseIine water quality

an ical conditions in

Qxfo nding groundwater and
@ ace water before development;

identify all vulnerable receptors
and help identify potential
pathways;

in

e provide an early warning of
adverse environmental impacts.

More information

Further National Centre and Science
Group reports and other booklets in
this series are available from the
Agency website:
http://www.environment-
agency.gov.uk.
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Minimum
borehole
monitoring
period

Minimum
number of
boreholes
for site
monitoring

Off-site
monitoring

Number

and frequency

of monitoring
points for surface
waters, if affected

Frequency of
monitoring

and suite* of
determinands
for monitoring
of baseline
conditions prior
to development

Frequency of
monitoring**
and suite of
determinan

for long-germ
monit@

o] thedsite is
i nsS(indicators

ntamination)

&

None

None

None

None

None

S

Ny

Intermediate-risk site

12 months before site
development and 12
months after site
development.

One hole on the up-gradient
boundary of the site and two
boreholes on the down-
gradient boundary (spaced
no more than 100m apart).

None

One point upstream and
one downstream. To be
monitored on a monthly

basis. $
Quarterly — Watel,
pH, temperat@ ectrical
conductivi olved
oxygen, N , Cl.
Six s@ly ~50,, TON
(s O3+ NO,),
OD, COD, alkalinity,
é, K, Ca, Mg, Fe, Mn, Cd,
r, Cu, Ni, Pb, Zn, P.
Six monthly — water level,
pH, temperature, electrical
conductivity, dissolved
oxygen, TON (sum of NO3
+NO,), TOC, BOD, COD,

ammoniacal nitrogen, SOy,
Cl, Na, K, Ca, Mg, Fe, P.

High-risk site

12 months before site
development and 12
months after site
development.

One hole on the up-gradient
boundary of the site and tw
boreholes on the down-
gradient boundary (spa

no more than 100m .

Monitoring betw; site
and recepto @own-
gradient. O for each
recept pathway

IocaTe\gt e pathways
coné\q site and receptor.

oint upstream and

%e downstream. To be
onitored on a monthly

basis.

Monthly — water level,

pH, temperature, electrical
conductivity, dissolved
oxygen, NH,, N, Cl.
Quarterly — SO4, TON

(sum of NO3 + NO,),

TOC, BOD, COD, alkalinity,
Na, K, Ca, Mg, Fe, Mn, Cd,
Cr, Cu, Ni, Pb, Zn, P.

Six monthly — water level,
pH, temperature, electrical
conductivity, dissolved
oxygen, TON (sum of NO3
+NO,), TOC, BOD, COD,
ammoniacal nitrogen, SOy,
Cl, Na, K, Ca, Mg, Fe, P.

* Other determinands that may need to be considered on a site-specific basis are organics, List | & I
substances and Red List substances.

** May be reduced to annual monitoring if stable conditions are proven.

Table 7 | Recommended minimum requirements for groundwater monitoring
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WWwWw.environment-agency. V. UK

We welcome feedback incluai 1c comments about the content and
presentation of this repart.

If you are happy w'tk. ~ur service please tell us. It helps us to identify
good practice ena vewards our staff. If you are unhappy with our
service, ple- se let us know how we can improve it.

Qcher copies of this report or other reports published by the
vVironment Agency, contact general enquiries on 0845 9333111 or
email us on enquiries@environment-agency.gov.uk
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