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updated regulatory approach
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Why is groundwater protection
important

* Groundwater is at heart
of water environment
 Fundamental in supporting

surface waters / Chalk A
streams / wetland habitats P&
* 1/3 public drinking water |
» 10,000’s of private supplies i g

* Directly supports
agriculture, brewing, food
manufacturing, industry, etc

Environment
LW Agency



Groundwater vulnerable to pollution

« Many activities can lead to pollution of
groundwater
» Agriculture
« Urban drainage
» Landfills
+ Petrol filling stations
» Cemeteries

« Qut of sight, out of mind
* Prevention is better than cure

Environment
LW Agency



Responsibility for protection of
groundwater

« EA has statutory responsibility for
managing and protecting England’s
groundwater

* Apply a risk based and proportionate
approach to regulation

» to all sectors and activities that can potentially
Impact groundwater quality

 The Environment Agency’s Approach to GW
Protection

* Gov.UK — Groundwater Protection (landing page)

Environment
LW Agency


https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/692989/Envirnment-Agency-approach-to-groundwater-protection.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/692989/Envirnment-Agency-approach-to-groundwater-protection.pdf
https://www.gov.uk/government/collections/groundwater-protection

Applying a proportionate regulatory
framework to cemetery developments

 Environmental Bespoke
Permitting permits
Regulations (EPR)

201 6 Standard Rule permits

« EPR 2016 — risk
based hierarchy of
regulatory
approach

Risk to GW and Regulatory Effort

Exemptions



Environmental Permitting —
groundwater activities

Current situation

« Cemeteries are
‘groundwater
activities’ under
EPR 2016

* Prevent and Limit
requirements

* Previously relied
on TCP regime to
control pollution
risk




Environmental Permitting —
groundwater activities

Current situation

* Bespoke permitting
iIntroduced in April
2022 for HIGH RISK
new cemetery
developments

 Protecting
groundwater from
human burials

* No abillity to
apply SRs or
exemptions

Bespoke
permits

aX)ermits
Ean

Stand

Risk to GW and Regulatory Effort



https://www.gov.uk/government/publications/protecting-groundwater-from-human-burials/protecting-groundwater-from-human-burials
https://www.gov.uk/government/publications/protecting-groundwater-from-human-burials/protecting-groundwater-from-human-burials
https://www.gov.uk/government/publications/protecting-groundwater-from-human-burials/protecting-groundwater-from-human-burials

The Future

Environmental Permitting —
groundwater activities

Bespoke

We need a risk S
based,

proportionate

regulatory regime

EPR Provides such

a framework, but

Stanrmits
legislative change N
needed Ve
Defra Consultation

Risk to GW and Regulatory Effort

(Sept-Dec 2021) — proposed changes



Defra’s Consultation —
response to the consultation

« Defra’s Consultation of the Groundwater EPR
amendments — Sept - December 2021

 Original intention for Consultation response to be
published April / May time last year

* The Consultation response is however due to be
published imminently

« Cemeteries — reassurance

« Defra and EA very conscious of concerns raised, particularly in relation to
existing cemeteries

* You have been listened too and significant changes in approach have
been made



Applying a proportionate regulatory
framework to new cemetery

developments
* High RISk NEW s
cemeteries permits

¢ Med|um -”Sk neW— Standard Rule permits
cemeteries

o LOW MSK
new Cemeteries Exemptions

Risk to GW and Regulatory Effort




Thank you —

and any Questions

Environment
LW Agency



Managing Water Within'Cemete
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Managing Water in Cemeteries
Alex Vickers



Soils, Water and Risks Posed by Cemeteries —
A Basic Introduction to Soils and
Water Flow Through Them



Managing Water Within"Cemete

Soil Type and its
Effect on Water Movement



Managing Water Within'Cemete

Evaporation
'Y

Transpiration

Surface run-off

By-pass flow
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Managing Water Within'Cemete

Texture
Relates to the size of particles

Structure
s the configuration of these particles



Managing Water Within"Cemete

Soil Mineral
Fractions

Fraction Name

Sand 2.00
Very Coarse 2.00
Coarse 1.00
Medium 0.5
Fine 0.25
Very Fine 0.10
Silt 0.05
Coarse 0.05
Medium 0.02
Fine 0.01
Clay < 0.002
Coarse 0.00

Fine < 0.0002

to

to
to

to
to

to

to
to
to
to

to

Diameter (mm)

0.05
1.00
0.5

0.25
0.10
0.05

0.002
0.02
0.01
0.002

0.0002



Managing Water Within'Cemete

Fine Sand

Silt |

Relative Sizes

| Clay. ‘s



Managing Water Within"Cemete

100,
Texture abbreviations
CLASSES
80 \J C clay S sand
AM CL clay loam LS loamy sand
/\ AT LOAMS L'GHT\ < ZC silty clay SL sandy loam
SANDS SiLTS / % ZCL silty clay loam SCL sandy clay loam
3 % ZL silt loam SC sandy clay
IS S B
SUBGROUPS Q«,f? y AN \ s SZL sandy silt loam
R CLAY )
q,§ < f fine grade m medium grade
éf’ SILTY ¢ coarse grade

CLAY

»ﬁdo CLAY ANYAVA .
C,@/\/v VanvanvaRvARNEN

SANDY CLAY CLAY LOAM SILTY CLAY

\LOAM\/ N \/ y LOAM/ \®
\/\/ N /N 7 /\/

SANDY LOAM SANDY SILT SILT LOAM

/\K/V\/ WAVAVAVAY

<+—— Sand fraction 60 - 2000 pm (per cent.)
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Surface

10N

Compact



Managing Water Within'Cemete

Compaction at
Tine Depth



Managing Water Within'Cemete
1

Porosity and Water
Retention
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Managing Water Within‘Ceme;g
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Managing Water Within'Cemete

WHICH WILL TAKE THE MOST WATER?
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Managing Water Within'Cemete

1 Gram of 0.2 Micron Clay

Has a Surface Area

= 20 - 80 square metres!



Managing Water Within"Cemete




rgravity = fension
|

Physical |
Principles of l
Soil Drainage
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Fine soil

P hyS I Ca | i T - - - Coarse soil
Principles of

. . Percljed waterltable
SOl | D Faln age Tension > gravity



Managing Water Within'Ce

Physical
Principles of
Soil Drainage



Soils, Water and Risks Posed by Cemeteries —



Managing Water Within"Cemete

What is the Cause of
Poor Drainage?



Managing Water Within"Cemete

Temporary Water Tables



Managing Water Within'Cemetefgss |

Hydraulic Conductivity and Infiltration Rate



Managing Water Within'CemeLe

High / Rising Water Tables



i
High Water Tables

Water Within Cem

Managing



Managing Water Within"Cemete

Standing Water Level (m bgl)

-3.1

-3.2

-3.3

-3.4

-3.5

-3.6
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-3.8

-3.9

1.

Bore Hole 2 Results Borough Cemetery
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Confined Aquifer
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1

Effect of depth on drain spacing

Dry Wet Dry

| 7

e O
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1

Effect of depth on drain spacing

Dry Dry Dry
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Effect of depth on drain spacing

Dry Wet Dry

| _
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Managing Water Within'Cemete
1

Effect of depth on drain spacing

Dry Dry Dry




Managing Water Within"Cemete

1.

Capillary Rise



Managing Water Within"Cemete

Two forces cause capillarity

ADHESION
COHESION



Managing Water W_ifi’lil.Ze

Drainage Design
Consideration
(Laboratory Tests)




Managing Water Within"Cemete

Capillary Rise



Managing Water Within"Cemete
1.

Drain spacing and capillary rise
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Managing Water Within"Cemete
1.

Migration of Water
From Adjacent Land
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Inadequate Outfall




Managing Water Within'Cemete

1:162

Position

Drain Survey

Observation
Start nodae type, manhale, reference number :
SWMH 1

Water level, 5% of the vertical dimension

General remark Remarks: DUE TO UNABLE TO
ACCESS SWMH 1 IN GARDENS SURVEY 1S

BEING RESUMED FROM CP 3, SURVEY WILL
Mﬂﬁg{%ﬁﬂﬂﬁ PUSHROD AND NOT

PAM & CRAWLER DUE TO ACCESS
Joint displaced, medium

Joint displaced, large

Joint displaced, madium

Line deviates down

Line deviates down

Grade

(Constr) 0

(Serv) D

(Misc) 0

(Struct) 1

| Struct) 1

(Struct) 1

(Struct) 1

{Serv) O

(Serv) D




Achieving Outfall




s

e
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Managing Water Within"Cemete
1.

Runoff and Drain Flow
Attenuation



Managing Water Within'Cemete

Detention Basins




Managing Water Within‘Cemet’s

Swales
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Attenuation
Ponds
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Soakaways
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Water Harvesting
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Poor Drainage Design
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1

Inappropriate
specifications




Managing Water Within"Cemegg

Orientation of Surface Drains



Managing Water Withiri'CemeLe

Grade/Fall






Managing Water Within"Cemete
1.

Poor Drainage
Practice



Managing Water Within"Cemete

1.

Poor
Conditions
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Managing Water Within'Cemete

1

Deep Drainage



Managing Water Within‘Ceme;g

Deep
Dralnage




Managing Water Within'Cemete

Removing Water
From at Least 1m
Below Burial Depth




Water Treatment — Reed Beds




Managing Water Within"Cemete
1.

Surface Water Drainage



Managing Water Within"Cemete

Removing Surface Water Using Shallow Drains




Managing Water Within'Cemete
1

Removing Surface Water Using Shallow Drains



Managing Water Within'Cemete

Combining Shallow Drains

With Memorial Headers



Managing Water Within'Cemete

Combining Shallow
Drains

With Memorial
Headers
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1

Raising Land



Managing Water Within'Cemete
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1

Lifting the base of a
grave at least 1m
above the
groundwater




aising Land




.H. i l‘_

---------

Raising Land
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Need relevant EA approvals

Must avoid contaminating the
land




Managing Water Within'Cemete
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1

Thank Youl!

Any Questions?
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Groundwater Protection

Grey Water Contaminants from Cemeteries

Organic elements and compounds
eFormalin

eAmmonium

eSulphides

eChlorides

eMercury

Virus

Hepatitis

Protozoa

Cryptosporidium

Prions

CID

Bacteria

Faecal streptococci
C.difficile

C.tetani

Pseudomonas aeruginosa
Botulism

Leptospirosis

Other coliform and clostridia



Groundwater Protection

Home News Northern Ireland

Toxins leaking from embalmed bodies in
graveyards pose threat to the living

Farmaldehyde uted in embaliming bodies in cameteries including Milltewn in Balfast could be getting into our water supply

Belfast Telegraph (May 2015)



Groundwater Protection

A study carried out on a cemetery in the West Midlands, located on
the second-most important drinking water aquifer in England.

The water table is 5m below the surface. The results revealed that
groundwater in proximity to the cemetery, had slightly elevated
concentrations of chloride and sulphate, as well as "highly
contaminated" levels of pathogenic bacteria.

Groundsure 1t November 2019



Groundwater Protection

Abstract:

The results showed that most formaldehyde percolated through the soil between week 6
and week 14 of interment, with a greater amount being leached from sand.

Concentrations of up to 15 mg/L formaldehyde were recorded on two occasions,
exceeding the tolerable concentration recommended by the World Health
Organisation.

* Environmental Earth Sciences Journal 2018

* A laboratory study of the pollution of formaldehyde in cemeteries (South Africa)
* Sunette van Allemann, Jana Olivier & Matthys A. Dippenaa



s

Groundwater Protection

In an interview with VICE, the former gravedigger, who wishes to be referred to as
Dermot, insisted that he had expressed fear to his employers about the risks he
and his colleagues were facing on a daily basis. Laborers like Dermot had been
handling this toxic water, which was filling graves as quickly as they could dig.

"In the four years | worked there, no protection was given to any grave digger
when working in these water-filled graves. We had to wear a normal uniform. Not
only were staff being put at risk, but the public were also exposed," Dermot

explained.

Vice Publication June 2015
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Groundwater Protection

E E = Sign in 1 Hame IF Htswm - Sport |: e ather l;' iPlayer I“ Spunds

e Cost of Living | War in Ukraine  Coronavirus | Climate | UK | World | Business | Politics | Tec

Politics | Parliaments | Brexit

EU embalming fluid ban 'to change
funerals'

(D) 23 Movernbes 2018 - B Comments




Groundwater Protection

According to the Berkeley Planning Journal, conventional burials in the US
every year use:

* 30 million square feet (700 acres) of hardwood.
e 2,700 tons of copper and bronze,

e 104,272 tons of steel,

e 1,636,000 tons of reinforced concrete.

e 3,600,000 litres of formaldehyde



Groundwater Protection

Formaldehyde



Groundwater Protection

Safety Data Sheet
Metasyn 35
SDS Revision Date:

22 Labal alamsnts
Lizing the Tawicity Data Ested in 2ection 11 and 12 ™ procuct is lsbeled 53 folloms

SOOPE

Danger

He2d Flammaidle liguid and vapor.

H302 Hanmiul if swialkrasd

H311 Toeic in contae! wiih shin,

H314 Causes sevens skin burms and sye damage.

H31T May csuse an alongc shin reaction

H318 Causan serious e Gamags.

HI330 Fatal if innaled.

H341 Suspected of causing genetic delects.

HAGD May Euss Cancer

HIT1b May Gause dafmage 1o organs il inhaled or wall owed
HIT1h May cause damage |0 organs in contact with skin.
H10 Wary i o auatc e with long laeting alfects

[Prevention]:

P20 Obtsin specal instrucions befiore ues.

P02 Da not handle urtl 81 safety precautions Rave Baen resd and understsod.
PZ10 Beop away from heal f sparks J apen flames [ hat surfaces - Mo smaoking,
P24 Lise enpinsion-prood glectrical ! verilating ! light | equipman.

P26 Avoid bresfng dust | fumne fgas ! mist | vapors | speay.

P264 Wash thornughly atiar handing.

F270 Do nol aat, drink or smioke when using ihis product

P2T1 Use onlly culdoors ar in 8 well-ventilssed amsa.

P72 Contaminated work Sothing shauld nal be allowed out of e workplace.
F273 Aunid releass 1o the: ersinonmsm

P2 Wear pritective gloves | aye proteciion / face prolecion.

Pt \Wiaar respiratony protection.

[Rasporsal -

G2 Bzo14

Safety Data Sheet

Metasyn 35
SDS Revision Date: oM 2014

11. Toxicological information

Aeute toxicity

Expesura bo sohvant vepor concantrations from the component solvents in excess of the staled occupational

lirrite miany resul in acdverss healih afects such &2 mucous membrane ard respiratory Sysiemn irtation and adverse
effecls on the kidreys, liver and cenlral nersous system. Symploms include hesdachs, nauses, dizxness, faligue,
muscular weakness, drowsiness and in exfreme cases, loss of consciousness.

Repealed or prolonged comact with the prepamtion may cause remowval of ratural fat from the skin resulting in
dryniess. irilafion and possible non-alierngic contact dermatiis. Sobvents may alse be absared Mrough the skin.

Splashes of liguid In the ayes may ceuse irilation and soranass with revarsible damage.
Ingradient Ornl LOSD, | Skin LOS, | i

mglig motg Wapor LDS), DustMist LDS), | Gas LDED,

gLk FRm
Formaidenyde - [50.00-0) BO0.00. Rat mmw usun.t Fo data 168,00, Fal
Calingry: 4 | | ] |C-¢hr-m
Weathana] - (87-56-1] mm H.mm mmm 1um. ml Feodata|[B4,000.00, Ral -
mendntin Categary: A

Fropyiens ghyrn - [ 4354-16-4] | P dstn hi: Satn
m -un avaikable avaiatie

Item Category  Hazard

Acaile Toxicity {mouth) 4 Harmiful if Swaliowed.

Acaile Toxcily {skin} 3 T iry Soriact wilh Skin.

Acube Tomicity (inhalation) 2 Fatal il inhaled.

Skin comosioniritation 1B Causes severs skin burns and ye damags.

Eye damageirritation 1 Caubes asmious ye damags.

Sensilizalion (respiratary) - Mat Applicabie

Sansitizalicn (skin) 1 May cause an alargic skin reaction.

Garm foalcity z Suspecied of causing genalic dafecis.

Carcinogenicity 1B May cause Cancer.

Repraductive Toxicity - Mat Applicable

Specilic 1argal angan systemic loxcity 2 May cause Camage o organs.

isingle expesure]

Specific targel argan ayatamic Texcity Mat Applicable

{rapaabad exposung)

Agpiration hazamd - Mat Applicabie




Groundwater Protection

LD50

Median Lethal Dose Definition.

The median lethal dose, or LD50, is a term used in toxicology as a
measurement of a lethal dose of a substance (e.g., pathogen, medication,
toxic substance, etc.). Specifically, the LD50 represents the dose at which a
substance is lethal for 50% of tested subjects.



Groundwater Protection

Less toxic
100,000 ? .‘ma
mg oG ma/kg
90,000 mg/kg | 29,700 mg/
90 g/kg 29.7 a/kg
WATER SUCROSE
_lll:ﬂ:l. sugar]
| eee— ¥,
| 6,000 mg/kg | 3,000mg/kg | 1,944 mg/kg
6 a/kg 3 a/kg 1.944 g/kg
MELAMIMNE SODIUM
{Found in dishwars and CHLORIDE ACETAMINOPHEN
.l'-lﬂﬂit erasers”) | 3 [=ali} | (parocetamol)
A A A
810 mg/kg 636 mg/kg
0.81 g/kg 0.634 g/kg
1
[i= S
METHANOL IBUPROFEN

Fl F'

STEVIOSIDE
[From stewia)

=

1,270 mg/kg |

1.27 g/kg

i

0.57 g/kg

4

SOLANINE
(component of
nightshode plants)

More toxic

14,063 mg/kg

14 g/kg

GASOLINE
(Petral)

'

980 mg/kg
0.98 g/kg

W B

CANMABIDIOL
{CBE)

m Il'lﬂfkg
0.28 g/kg

<,

PSILOCYBIMN

F

- &

21.8 mg/kg
0.0218 g/kg

HEROIN LSD

? | ?
0.8 mg/kg 172 pg/kg
0.0008 g/kg 0.000172 g/kg

o
0.0165 g/kg

MNICOTIMNE SARIN
j Imm agent]
5 pa/kg
0.000005 g/kg 0. Dourum:i gf kg
O
-
CRTX-A LATROTOXIN
{from box jellyfish) [From widow spider
venom|

ARSENIC

?

25 pg/kg
0.000025 g/kg

§ &

INLAND TAIPAN
VENOM

q

2-7 pa/kg
0.000002 g/kg

&

| BATRACHOTOXIN
| [irom poisan dart frog) |

S50DIUMm ﬂlNle
22 pg/kg
0.000022 g/kg

RICIMN
"l'DI'I'l castar oil plant)

130 ng/kg
0.00000013 g/kg

MAITOTOXIN
(from algae eaten by
ciguatera fish)

0.0043 g/kg

CHLOROTOXIN
(seorpion taxin)

20 pg/kg
0.00002 g/kg

TCDD
[in Agent Orange)

——

10 ng/kg

0.00000001 g/kg

weapons production

and bn aliminats cabicl



Groundwater Protection

Month1 Month2 Month3 Month4 Month5 Month 6

pH 6.9 6.9 6.5 6.7 6.7 6.6 Screening value
Temperature on Receipt 5.40 5.40 5.40 5.40 5.40 5.40
Electrical Conductivity at 20 °C 350 440 580 700 550 280
Sulphate as SO, 23.6 27.0 29.4 123 54.8 21.4 250 mg/|

0.3 0.16 0.19 0.5 mg/|
27.5 15.1 10.3
3.59 19.0 9.63 11.3 mg/|
25 320 280 100 pg/l
Chemical Oxygen Demand (Total) 160 81 180 125 mg/|
Total Oxidised Nitrogen (TON) 19 9.9 15 mg/|

Total Chlorine |'<005 <0.05 |'<005 |'<005 |'<o.05 |'<o.05

Dissolved Oxygen + 6.2 6.6
120
0.16 0.12
14
126

Ammonium as NH,

Total Organic Carbon (TOC)
Nitrate as N

Nitrite as N

1.40 1.81 17.7

21 67 1600

90 59 60

0.14 0.14 0.16
21.4 12.6 12.5

Heavy Metals / Metalloids
Calcium (dissolved)

Iron (dissolved)
Magnesium (dissolved)
Phosphorus (dissolved)
Potassium (dissolved)
Sodium (dissolved)

140 100 62 250 mg/I
0.20 0.17 0.092 0.2 mg/I
13 11 4.7 50 mg/I
22.3 40.0 89.5 2200 mg/I
5.8 6.2 3.9 12 mg/I
46 29 7.8 200 mg/I

0.24
25.1

3.1
21

Environmental Forensics
Formaldehyde <50 | <50 | 390 | <50 | 93 | 8 | 5 | ugh |




Groundwater Protection

Pathogens



Groundwater Protection

Downstream of
Burials

Sample Matrix

Ground Water

Ground Water

Ground Water

Ground Water

Ground Water

Ground Water

Ground Water

/

Regulations:

The maximum
allowance of
enterococci bacteria in
drinking water is zero

Sample Date 16/11/2020 25/02/2021 24/05/2021 28/06/2021 27/07/2021 31/08/2021 24/09/2021
Sample Time 12:50 00:00 14:00 15:15 13:45 13:50 13:45
Point Code

Analyte

Clostridium Perfringens,

Conf 0 0 0 1 0 3 4 I/
Enterococci 47 10 1 500 >10000 5600 52 I
Calcium, Filtered as Ca 101 105 107 — pums T ———
Iron, Filtered as Fe <0.23 <0.23 <0.23 <0.23 <0.23 <0.23 <0.23
Potassium, Filtered as K 3.62 3.55 5.51 6.43 7.43 7.82 7.47
Sodium, Filtered as Na 7.99 8.17 9.54 12.3 13 13.4 12.8
pH 7.6 7.4 7.8 7.6 7.4 7.6 7.7
Conductivity- Electrical

20C 460 496 493 531 551 568 574
Ammonium as NH4, Low

Level <0.08 <0.08 <0.08 <0.08 0.1 <0.08 <0.08
Nitrate as N 1.5 1.3 2.2 3.7 4.6 4.7 4.5
Nitrite as N <0.08 <0.08 <0.08 <0.08 <0.08 <0.08 <0.08
Nitrogen, Total Oxidised

as N 1.5 1.3 2.2 3.7 4.6 4.7 4.5
Phosphorus, Filtered as

P <0.12 <0.12 <0.12 <0.12 <0.12 <0.12 <0.12
Sulphate as SO4 9.7 10.4 13.4 16.7 20.1 18.8 21.5
Dissolved Oxygen, Fixed 9.1 8.9 7.8 7.8 7.1 7.5 6.7
BOD +ATU (5 day) <1 <1 <1 11 4 2 6
COD (Total) 23 33 105 70 73 48 49
TOCas C 1.9 1 1.2 1.2 1.8 1.8 1.5
Formaldehyde <0.029 <0.029 0.956 <0.029 <0.029 <0.029 <0.029
Total Chlorine <0.10 <0.10 SEEA/C SEEA/C SEEA/C 0.61 SEEA/C




Soils are your first

line of defence in

protecting ground
water



Groundwater Protection

b

Soils need to be in balance




Groundwater Protection

Dishing the dirt!

* One teaspoon of soil contains 10 billion micro-
organisms

* There is sufficient DNA in 1 gm of soil to extend
1,598 km

* 25% of living beings on earth live in the soil

* Soil is technically a living entity

* 95% of all food production relies on soil

* |t takes 500 years to produce 25 mm of topsoil
e Topsoil is a nonrenewable resource

* Topsoil is depleting 4 x faster than its being
regenerated




Groundwater Protection

Soil is a finite resource!
How to screw-up 3,500
years of Mother Natures
hard work




Groundwater Protection




Groundwater Protection

Understanding soil chemistry important in groundwater protection?

Starting with Cation Exchange Capacity (CEC)



Groundwater Protection ’

Cation Exchange Capacity

Why is CEC important to me as a Cemetery Manager?
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Groundwater Protection

Cation Exchange Capacity

What is CEC?

Cation-exchange capacity (CEC) is a measure of how many cations (nutrient
elements) can be retained on soil particle surfaces.



Groundwater Protection

Cation Exchange Capacity

What is CEC?
Light coloured sands 3-5
Loams 10-15
Silty loam 15-25
Clay and clay loam 20-50
Organic soils 50-100
Bentonite 65-95

Zeolite 180-300



Groundwater Protection

Clay soils



Clay colloid



Clay colloid



Groundwater Protection

Sandy soils



Groundwater Protection

Typical CEC (Meq/100gm soil

Light coloured sands 3-5
Loams 10-15
Silty loam 15-25
Clay and clay loam 20-50
Organic soils 50-100
Bentonite 65-95

Zeolite 180-300
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Groundwater Protection

Typical CEC (Meq/100gm soil

Light coloured sands 3-5
Loams 10-15
Silty loam 15-25
Clay and clay loam 20-50
Organic soils 50-100
Bentonite 65-95

Zeolite 180-300



Groundwater Protection

Zeolite and mitigation



Groundwater Protection

Zeolite Molecular Sieve.

Uses:

Water filtration

Medicine

Anti-bacterial

Odour suppressant

Dentistry

Food additive

Wound healing

Radiation contamination clear up




Zeolite amended
Clay soil Sandy soil Sandy soil

-Ve Charge

Groundwater Groundwater Groundwater




Groundwater Protection

Ash Scattering and Toxicity



Groundwater Protection

Cremated Remains composition

Element % of ash | Charge Acid or alkaline
Phosphate 45% Negative Alkaline
Calcium 25% Positive Alkaline
Sulphate 11% Negative Weak Alkaline
Potassium 1% Positive Highly Alkaline
Sodium 1.0% Positive Alkaline
Chloride 1.0% Negative Neutral
Micro-elements |13% vary vary




Groundwater Protection
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Groundwater Protection

Ashes increase salinity

DLess pods
D Less seed weight
D Low yield

D Less harvest index

Stunted growth
Inhibits cell elongation




Groundwater Protection

Ashes increase sodicity

— (Osmotic stress

Lower growth rate

Low transpiration I8 |

/@79

Changes in the architecture
of the root

Tonic stress

Chlorosis and necrosis

Low conductance

Plant death

Reduced availability of water
and nutrient deficiency

» Oxidative stress +




Groundwater Protection

Tuesday

Emmae Emma
WL

Erm Justin, what did you
0 put in the plant?

08:50
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South London 1937




Managing Water Within'Cemete
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Thank Youl!

Any Questions?
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Discover what’s beneath.

What.is Cemetery wWaste?

All operational burial facilities across the UK have one thing in common, they

all produce excess burial arisings.
* Any material that is to be discarded would be classified as a waste

* |t only stops being a waste when something is done to the material

Many burial sites attempt to ‘lose’ these materials onsite.


Presenter Notes
Presentation Notes
Operational burial facilities across the UK all have one thing in common, they produce excess burial arisings during their operational processes, which requires temporary storage on site prior to subsequent off site disposal to a licensed landfill site. Any material that is to be discarded would be classified as a waste. The main types of cemetery waste are topsoil, natural arisings, organic materials (grass clippings) and potentially made ground materials – depending on location / historical setting. 

Many burial sites across the UK treat burial arisings as a material to be ‘lost’ on site in order to reducing operating costs and help to reduce the cost of burial plots to the wider public. However, the construction/formation of mounds/bunds or the infilling of areas of the site, without an approved material management plan is considered to be illegal landfilling and sites could be prosecuted by the Environment Agency.
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Presenter Notes
Presentation Notes
Excess burial arisings need to be disposed of in line with the current guidance, as part of this, it is the waste producers responsibility to appropriately classify the material prior to off site disposal to ensure the material is sent to an appropriately licensed landfill. Alternatively, IF the burial arisings can be used for a valid purpose within the grounds on the existing cemetery, then the works can be managed under an approved material management plan.


Discover what’s beneath.

Legislation and Guidance

* The current legalisation and technical guidance for waste is WM3 — ver 1.2GB.

* The purpose of waste classification is to indicate whether a material, in this
case excess soil arisings from burial excavations, would be hazardous or non-
hazardous. Following which additional WAC analysis can be used to determine
which landfill would be appropriate to receive the waste material.

* Cemeteries are listed in Section 20 of the List of Waste (England) 2005 and are
listed as a Absolute Non-Hazardous Entry.


Presenter Notes
Presentation Notes
The current relevant waste legislation and technical guidance (WM3 1st edition version 1.2 GB, 2021) provides details for the assessment and classification of hazardous waste and sets out the requirements for classification and provides the methodology employed to ensure compliance with the regulations. 
The purpose of waste classification is to indicate whether a material, in this case excess soil arisings from burial excavations, would be hazardous or non-hazardous. Following which additional WAC analysis can be used to determine which landfill would be appropriate to receive the waste material. 

Cemeteries are listed in Section 20 of the List of Wastes (England) Regulations 2005 and are indicated to be an Absolute Non-Hazardous Entry. This means that any waste soil, assuming the site is situated on natural ground rather than made ground, originating from a cemetery can be disposed of as Non-Hazardous, however, additional WAC testing would be required to determine if the material could be sent to an Inert Landfill. 





Presenter Notes
Presentation Notes
The main issue with the Absolute Non-Hazardous Entry is that it does not consider the sites historical usage or setting. For example, a cemetery constructed on a former brownfield site could include a significant covering of made ground, which could potentially include hazardous concentrations of certain contaminants, including asbestos in either bulk form or loose fibres.

Another example would be a former agricultural field which has been historically used for farming, in this instance, due to the historical use of pesticides and/or herbicides, there is a risk of residual contamination associated with the break-down of the chemical used. This could lead to increased concentrations of heavy metals, notably Lead and Arsenic, which would potentially affect the classification of the waste soils. 
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Presenter Notes
Presentation Notes
As a waste producer you have a duty of care to ensure that the material you send off site has been correctly classified and is being sent to the correct waste facility. Therefore, even though the list entry for cemetery soil arisings is Absolute Non-Hazardous, due diligence is required on your behalf to ensure that the Non-Hazardous classification is actually the correct one. 



To WAC or not'to WAC

i

Burial Arisings

STAGE 1 -

Total Suite
WAC Testing Treatment

Made
Ground

Non-Hazardous

INERT

Natural
Soils

o


Presenter Notes
Presentation Notes
The underlying soils should be screened for a ‘full suite’ of chemical components, the composition of this suite and number of samples required will depend on a number of factors, including site size and site history. These results can be used to classify the soils as Non-Hazardous / Hazardous. Following which WAC analysis can be undertaken to determine the final waste facility. 

When we talk about Inert soils, we are mainly looking at the Natural subsoils, Non-HAx would be Topsoil (due to high organic content) and some made ground soils (soils with no visible asbestos fragments or less than 0.1% fibres by weight). Haz soils would be some made ground soils. 




The costs of a mis-ma?gge ‘

INERT NON-HAZARDOUS HAZARDOUS

£280 per load £480 per load £1,300 per load

* Aload is roughly 20m3

* The above is fees only, doesn’t include transport or labour costs


Presenter Notes
Presentation Notes
Inert waste £280, Non-Haz £480 and Haz £1300 per load. A load is roughly 20m3, doesn’t include haulage and labour costs. 

It does raise the major issue of soil mixing. Should topsoil (or to some extent the organic wastes – grass clippings) be mixed with the natural subsoils, then you are looking at increased waste disposal costs. To a worse extent, if your cemetery has a more industrial history and made ground is an issue, you run the risk of polluting all of your waste stream with hazardous waste. 

Great care should be taken to remove and store the individual waste types to prevent mixing. 

For larger cemeteries, with available space or a yard. A solution would be to establish a series of separate soil / waste bins. 

It is obviously a lot more complex for small cemeteries with limited space. But with smaller space, we would be looking at a lower burial number, with more chance to organise and dispose of the waste streams. 

This mixing of materials leads to an increased cost for disposal, so not only is correct waste classification essential from a legal standpoint, but the correct management of the material on site is essential to ensure that the disposal of waste material off site is financially feasible. 




What are the Altern'at}\‘es?

* Landscaped bunds
*|nfilling of areas for future burials

* Excess materials could be utilised across your
area

*Each cemetery is different


Presenter Notes
Presentation Notes
An alternative option to the offsite disposal of excess arisings which could be explored is the re-use of clean site won burial arising for defined purposes on site. The creation of a detail materials management plan would enable the site to clearly define how site won arising would be re-used on site for a clear a defined purpose. Under a material management plan, the site would then be legally able to re-use burial arisings for a define purpose on site, reducing the cost to dispose of arisings. 

The creation of landscaped mounds, or infill of areas to make them suitable for future burial would be considered appropriate, however some uses may be subject to planning consent.

Given that Topsoil is a finite resource (Justin will elaborate), excess materials could potentially be utilised across your area or network – be this topsoil and composable materials to parks and recreation departments, or given that a cemetery is usually bounded by some allotments, the tenants would no doubt bite your hands off for these materials. 

But in the end, each cemetery is different. You all have different soils and site restraints. So if you have concerns or queries or questions in regards to how you should be disposing of or managing your waste, I’m always available by email or for a chat!







Presenter Notes
Presentation Notes
To finish off, I’d just like to show you a recent site I’ve visited. It wasn’t for a cemetery, but it’s to mainly give you a reason why we do site investigations. 
The site itself is in an agricultural setting, with mudstone mapped across the site. Before I show you the next photo, I’d just like to explain that my client had purchased the site on desk study information alone. 
What he didn’t expect, was for me to find the 20,000m3 of illegal refuse material that had been disposed of in complete secret! 
This shows why site investigation is so important prior to purchase. This is something that also applies to cemeteries. Its worth doing some research and site investigation before purchasing your extension land, to ensure that its actually suitable and not hiding anything – such as shallow groundwater, the requirement for non-burial buffers, buried services that need easement or an illegal landfill!  
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Presenter Notes
Presentation Notes
To finish off, I’d just like to show you a recent site I’ve visited. It wasn’t for a cemetery, but it’s to mainly give you a reason why we do site investigations. 

The site itself is in an agricultural setting, with mudstone mapped across the site. Before I show you the next photo, I’d just like to explain that my client had purchased the site on desk study information alone. 

What he didn’t expect, was for me to find the 20,000m3 of illegal refuse material that had been disposed of in complete secret! 

This shows why site investigation is so important prior to purchase. This is something that also applies to cemeteries. Its worth doing some research and site investigation before purchasing your extension land, to ensure that its actually suitable and not hiding anything – such as shallow groundwater, the requirement for non-burial buffers, buried services that need easement or an illegal landfill!  



Questions or'Advice? 8

* Any Questions?
* Drop me an email — callum.ward@thecdsgroup.co.uk






Discover what’s beneath.

EnvironmentA

The regulations cover developments from 1 April 2022 which require new

planning permission under section 57 of the Town and Country Planning Act
1990.

The guidance applies to proposals to:

Environment
LW Agency

* develop a new cemetery

e expand an existing cemetery






Discover what’s beneath.

Groundwater Risk Nomograph
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Presenter Notes
Presentation Notes
Rare that the environment agency would accept a Tier 1 desktop assessment

A groundwater assessment is to assess superficial, bedrock, groundwater levels, from this assessment the risk of the site can be analysed

A nomograph is produced, if the site is considered high risk then further investigation may be required

In the form of groundwater monitoring – to assess levels of groundwater weekly over a period of 12 months 




Presenter Notes
Presentation Notes
Cemetery searching, there are things we can do to screen out any potential on site issues


Discover what’s beneath.

Burial Land EnvirenmentaliConsiderations

* Groundwater Depth

* Groundwater Source Protection Zone
» Superficial Geology

* Bedrock Geology

* Flood Risk

 Landfill



Presenter Notes
Presentation Notes
GIS systems and processes that we use to produce geospatial constraints maps 
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Presenter Notes
Presentation Notes
Zones surround abstraction points in order to protect potable supplies from potential pollution. 

Groundwater source protection zone 1’s are shown in the image. EA do not permit cemeteries in Zone 1’s so we need to avoid these locations. 


e Alluvium
* River Terrace
Deposits


Presenter Notes
Presentation Notes
Superficial deposits are derived from glacial action and rivers and overlay bedrock in places. Some superficial deposits are unsuitable due to inherent shallow groundwater or their granular, unconsolidated nature. 

The map shows the location of what we consider to be unsuitable superficial deposits for the proposed cemetery development.  


Bagshot
Formation
e Chalk bedrock
* Lambeth
Group
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Presenter Notes
Presentation Notes
Several bedrock types underlay the catchment area. Some of which are more suited to cemetery development than others. The image shows what we consider to be unsuitable bedrock types. 

This includes chalk bedrock due to its sensitivity as a Principal bedrock aquifer which is used for potable purposes. The Bagshot Formation and Lambeth Group are also more sandy and present a risk for encountering shallow bedrock and/or shallow groundwater.
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* Areas where
superficial
deposits are
absent and
directly on the
unsuitable
bedrock types.
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Presenter Notes
Presentation Notes
Increase in risk as no opportunity for any mitigation prior to burial pollutants reaching the bedrock and aquifers. Also potential to encounter shallow, unaltered bedrock which the EA do not permit burials into. 
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Presenter Notes
Presentation Notes
Technically there are no rules against placing cemeteries within Flood Zones 2/3 however there is a greater risk of encountering shallow groundwater. 

In addition, when it comes to submitting a planning application, we will be required to demonstrate via a Sequential Test that there is no other site outside of Flood Zone 2/3 suitable for a cemetery so it is prudent to avoid these zones from the outset.
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Presenter Notes
Presentation Notes
There are a number of landfill sites mapped across the catchment area. These sites are recommended to be avoided as treatment for landfill can be costly and it is likely that the public would have a negative view on developing a cemetery on a former landfill site. 

Land Gas Monitoring

Much of the historical landfills were before they were regulated therefore no records of what contamination may be present. 




SPzZ1

Unsuitable superficial
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Flood Zone 2

Historical Landfill



Presenter Notes
Presentation Notes
Essentially, the blank areas are more suitable for cemetery development as they are not constrained by key environmental factors. Our site searching will therefore focus on land falling outside of the coloured areas. A fair proportion of the target area has been ruled out due to unsuitable superficial deposits being present. We suggest that if we cannot find 15 sites that are 10 hectares+ within the unconstrained areas as it stands, we would perform a more detailed geology review to try and identify pockets of superficial deposits where the risk of shallow groundwater is lower. 
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Presenter Notes
Presentation Notes
Areas of Yorkshire where flat parcels of land are unattainable 

In these cases we can work with the land through engineering solutions such as retaining walls.

Where retaining walls are considered over budget we can consider cut and fill exercises ,with cut the main issue is the removal and transportation of the soils, these can be mitigated through schemes such as the CL:ARE protocol
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Presenter Notes
Presentation Notes
Allotments 
Roadsides 
Quarrying – areas of mineral safeguarding zones
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Presenter Notes
Presentation Notes
Important due to land value 

Can be beneficial where cemeteries can act as a buffer between two settlements to prevent coalescence 


Under the Environment Act 2021, all planning permissions granted in England (with a few exemptions) will have to
deliver at least 10% biodiversity net gain from an as yet unconfirmed date in November 2023.

Credit purchase

Net loss ’

Land required
for
development

)

Credit sale

habitat

No Net Loss of Biodiversity


Presenter Notes
Presentation Notes
If you do have existing land make sure the land is consistently maintained 

The net-benefits for biodiversity approach by Welsh Government has the same intent – to deliver an overall improvement in biodiversity - but does not utilise a metric. 
Instead, it puts the emphasis on proactive consideration of biodiversity and wider ecosystem benefits within a placemaking context early in the design process8 . 
The aim is that the planning system will encourage the use of high calibre ecological expertise and early discussions with planning teams to design developments on a case-by-case basis that positively impact ecosystem resilience. There is no mandatory length of time that management is required for in Wales. 
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Presenter Notes
Presentation Notes
Essentially, the blank areas are more suitable for cemetery development as they are not constrained by key environmental factors. Our site searching will therefore focus on land falling outside of the coloured areas. A fair proportion of the target area has been ruled out due to unsuitable superficial deposits being present. We suggest that if we cannot find 15 sites that are 10 hectares+ within the unconstrained areas as it stands, we would perform a more detailed geology review to try and identify pockets of superficial deposits where the risk of shallow groundwater is lower. 
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Presenter Notes
Presentation Notes
Common question we get asked is, do we need planning for our cemetery extension


Cemetery.Exten
(s

: OQ‘PIanning

Is the site beyond the geographical extent of an existing cemeteries planning boundary?

Yes

Full planning permission required

The same as new cemetery
planning.

Not sure
Or
No

Two Options:
1) Historic Data Search
2) Certificate of Lawfulness



Cemetervy.Extension.Plannin
Ve

Is it clear on the historic data search that the site is within the planning boundary?

Yes No
Proceed with development in accord with Certificate of lawfulness
approved plans

Or
Submit an application to differentiate from

the approved layout




| Certi?i!c’ageto f k

What is a lawful development certificate?

A proposed use of buildings or other land, or some
operations proposed to be carried out in, on, over or under
land, would be lawful for planning purposes under section
192 of the Town and Country Planning Act 1990.

You’ll need:

e An application form

* Evidence verifying the information within the application.

e This would include architectural plans and elevations
* Asite location plan
e Afee

vfulness




| Certi'fic‘age*o \u&:lness

Benefits of a certificate of lawfulness, if
approved: —

* Covered legally for any burial operation on the site

* Removes the consultation of the Environment Agency =
from any application with regard to burial use &

 The site can operate under the same regulations of the -
existing site as it is not considered a ‘new cemetery’ .




Discover what’s beneath.

EnvironmentA

The regulations cover developments from 1 April 2022 which require new

planning permission under section 57 of the Town and Country Planning Act
1990.

The guidance applies to proposals to:

Environment
LW Agency

* develop a new cemetery

e expand an existing cemetery



Thank you Yor listening.
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