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INTRODUCTION
Background

FCC Environment (FCC) has appointed Caulmert Ltd (Caulmert) to undertake a review of the
hydrogeological risk assessment (HRA) as part of the environmental permit variation
application for Whisby Landfill Site, Lincoln. The site is operated by Lincwaste Ltd, a wholly
owned subsidiary of FCC Environment.

The site is currently managed under Environmental Permit EPR/BW2978ID issued in May
2005. The permit has been varied several times since, the most recent variation
issued in June 2018.

The Operator proposes to vary the existing permit to include the treatment of Incinerator
Bottom Ash (IBA) within the boundary of the permitted installation.

The original HRA was written by Golder Associates as part of the permit application in 2005,
with subsequent reviews undertaken every 6 years in compliance with condition 3.1.5 of the
permit, in May 2009 (Golder Associates), March 2015 (FCC Environment) and May 2021
(Caulmert Ltd).

At the time of this review, Phase 2 and Phases 3,4 and 5 at the site have been permanently
capped. Areas A and B within the permitted area currently remain undeveloped, however it is
proposed to develop Area A to construct four additional Cells (IBA Cells 1-4) for the processing
and filling of IBA materials.

This report will review the conceptual model and risk assessment for the site as a whole. The
report will include a detailed review of monitoring data obtained since January 2015 and will
determine if it is compliant with the Environmental Permitting Regulations (2010). Where
significant changes to the conceptual model are noted, additional modelling will be
undertaken as appropriate.

This report utilises the EA guidance ‘Landfill Operators: Environmental Permits, what to
include in your hydrogeological risk assessment’ (October 2022) and adopts the terminology
within the Groundwater Daughter Directive and Environmental Permitting Regulations 2014.

Third party information supplied by FCC Environment has been used in good faith within this
document. Caulmert Ltd has not attempted to verify the information.

The following documents have been used for reference purposes:

e  Whisby HRA (Golder Associates 2004)

e  Whisby HRA review (FCC 2015)

e  Whisby HRA Review (Caulmert Ltd 2021)
e Whisby Landfill Permit

Caulmert Ltd
5671-CAU-XX-XX-RP-0-0309 1 August 2023
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2.0 REVIEW OF CONCEPTUAL HYDROGEOLOGICAL MODEL
2.1 Site Setting and Development

2.1.1  Whisby Landfill Site is located on Thorpe Road, Whisby and is centred at National Grid
Reference SK 8980 6670. The landfill is bordered on the south by a railway line, to the north
by sand and gravel extraction operations, Thorpe Road to the east and public footpaths to the
west.

2.1.2 The site is operated as a non-hazardous landfill. Phase 2 (Cell 1-4) and Phase 3, 4 and 5 (Cells
1-8) on the southern side of the site are permanently capped and restored.

2.1.3 Areas A and B on the northern area of the permitted boundary are currently undeveloped.
The operator proposes to vary to existing permit to include for the treatment of Incinerator
Bottom Ash (IBA), in the area that currently makes up Area A. This includes the construction
of four IBA Cells, in which processing and infilling of IBA materials will occur. A copy of the
proposed development and phasing plan is shown on drawing WR7855/1/001.

2.1.4 The site is operated on the basis of hydraulic containment. Table 1 below summarises the
engineering details for the site.

Table 2. Site engineering details

Phase 2 Phase 3,4,5
IBA Cells 1-4
Cells 1-4 Cells 1-4 Cell 5 Cells6,7 & 8
No No 1m thick . 1m .thICk
. . . 1m thick engineered clay
engineered engineered engineered . .
engineered clay and separation
clay clay clay .
geotextile above
Basal No basal No basal Grayel Radial plp('i‘d spine drainage
drainage drainage drainage drainage gravel drainage system
& g g blanket system y
1m thick
engineered clay.
Side slope Geocomposite
INNELCEE 1m engineered clay. No drainage drainage layer
drainage with back wall
drains to pump
groundwater.
Inert soils cap
Cell 1 cap: Im 1m . 1m . HDPE with minimum
. engineered engineered .
engineered geomembrane. hydraulic
. clay and 1m clay and 1m . L
clay and soils . . 1m cover soils conductivity of
cover soils cover soils =
1x107" m/s

Caulmert Ltd
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2.1.5 Groundwater is present in Area A and B (Are B also known as the lagoon area), and therefore
groundwater will be required to be pumped from IBA Cells 1-4 to drains on the north western
edge of the site, during the operational phase. A geocomposite drainage layer shall be
installed against the sand and gravel side slopes on the northern and southern sides of the
cell to relieve groundwater pressures and shall extend down to a drain which shall be installed
beneath the base of the side slopes.

2.2 Source
Leachate Levels

2.2.1 Leachate levels are required to be monitored quarterly in all cells in accordance with the
permit. Compliance limits are set on a cell by cell basis on the basis of hydraulic containment
with values based on 1m below the surrounding groundwater. Table 2 below presents the
recorded leachate levels for the review period 2015-2023. Leachate hydrographs are
presented in Appendix 1.

Table 2. Summary of leachate levels in the current review period (2015-2023)

Leachate Level (mAOD) Compliance No. of

Monitoring Location
& 95%ile Max Limit exceedances

LCP1
LCP2
LCP3
LCP4
LCP5
Cell 6 sump

Cell 7 sump
Cell 8 sump
LW2.1B
LW2.2
LW2.3*
LW2.4*
LW2.5*
LW2.6B*
* Leachate monitoring points in Phase 2 — Cells 2-4

2.2.2 Time series graphs presented in appendix 1 show that leachate levels in cells within phase
3,4,5 generally remain under respective compliance limits. Levels in Cell 8 sump were variable
across the review period, where the most exceedances were recorded within this phase. Cells
3 and 4 within this phase show a steady increase in levels from January 2020 to 2023, however
do not exceed the compliance limits.

2.2.3 LCP5 shows two isolated peaks in December 2015 and July 2016, which are likely to be
erroneous values. Levels at this location remain under the compliance limit for the rest of the
review period.

2.2.4 The majority of exceedances were recorded within Phase 2 Cells 2, 3 and 4. The original cap
for these cells was stripped in circa 2005 during a period of overtip. Permanent restoration

Caulmert Ltd
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2.2.5

2.2.6

2.2.7

Phase 2

Monitoring Location

Phase 3-5

Table 2: Summary of Leachate Quality Data (2015-2023)

Monitoring Location

was achieved in Cell 1 however Cells 2-4 were temporarily restored until Autumn 2021, when
a permanent cap was placed on top of these cells. The leachate levels in the uncapped areas
would suggest that infiltration into the waste mass resulted in the high leachate levels
observed. Levels are variable in these cells; however levels show a general decrease in Phase
2 Cells 2-4 in October 2021.

Levels within IBA Cells 1-4 will also be managed on the principal of hydraulic containment.
Limits have been proposed at 4.5mAQD for the operational phase and 7.5mAQOD for the non-
operational phase. This is discussed in more detail in section 3 below.

Leachate Quality

Leachate Quality was analysed quarterly in operational cells and annually in non-operational
cells in accordance with permit requirements. Summary statistics are presented below, and
time series graphs are included in appendix 2.

In the original HRA the non-hazardous modelled determinands are ammoniacal nitrogen and
chloride and nickel and the hazardous determinands mecoprop and cadmium. It is noted that
mecoprop and cadmium have since been reclassified as non-hazardous substances.

Ammoniacal nitrogen (mg/l) Chloride (mg/I)
Avg | 95%ile Max Count Min Avg | 95%ile Max

Cell 6 sump 482 | 672 904 923 7 2420 | 3119 3876 3900 7
Cell 7 sump 366 | 1101 1501 1570 7 892 | 1987 2666 2840 7
Cell 8 sump 642 | 1612 2283 2300 8 590 | 1445 1953 2040 8
LCP1 39 92 145 158 8 87 152 214 221 8
LCP2 107 | 177 251 264 8 211 377 475 485 8
LCP3 137 | 508 794 797 7 336 | 3565 6414 6720 7
LCP4 133 | 816 1246 1300 7 333 | 6548 | 11159 | 11900 7
LCP5 104 | 571 1000 1040 8 1010 | 2361 3939 4530 8
LW2.1B 858 | 949 1050 1070 6 1450 | 1667 1948 2020 6
LW2.2 832 | 979 1251 1350 6 1310 | 1565 1878 1910 6
Lw2.3 450 | 1056 1273 1280 8 612 | 1559 2475 2730 8
Lw2.4 357 | 703 1043 1170 31 361 772 1245 1340 31
LW2.5 525 | 1032 1186 1190 29 529 | 1293 1506 1670 29
LW2.6B 590 | 1013 1179 1330 22 726 | 1262 1650 3090 22

Count ‘ Min

Nickel (mg/l)
Min Avg 95%ile

Mecoprop (ug/l)

Max Avg 95%ile Max

(1IN 0.076 | 0.093 | 0.105 | 0.106 7 18.00 | 27.15 39.08 40.70 4
(o]|WASVIiol  0.054 | 0.157 | 0.199 | 0.203 7 10.46 | 41.97 61.86 63.60 4
(]I ol  0.192 | 0.250 | 0.299 | 0.300 8 5.90 33.34 50.14 51.50 5
LCP1 0.006 | 0.033 | 0.085 | 0.100 8 5.78 9.16 10.00 10.00 5
LCP2 0.011 | 0.021 | 0.035 | 0.037 8 10.00 | 14.71 24.28 26.43 5
LCP3 0.013 | 0.090 | 0.171 | 0.192 7 10.00 | 14.60 20.11 20.50 4
LCP4 0.011 | 0.147 | 0.222 | 0.225 7 10.00 | 14.14 18.27 18.30 4
LCP5 0.043 | 0.080 | 0.137 | 0.142 8 10.00 | 32.20 69.78 76.90 5
LW2.1B 0.254 | 0.280 | 0.325 | 0.339 6 70.00 | 99.40 | 143.62 | 151.00 3
LwW2.2 0.170 | 0.239 | 0.348 | 0.374 6 64.00 | 115.57 | 189.07 | 201.00 3
Lw2.3 0.221 | 0.286 | 0.345 | 0.349 8 10.00 | 54.22 69.04 69.40 5
LW2.4 0.042 | 0.109 | 0.171 | 0.249 31 14.21 | 105.66 | 344.30 | 350.00 20
LW2.5 0.057 | 0.147 | 0.190 | 0.202 29 35.00 | 310.35 | 560.00 | 680.00 17
LW2.6B 0.088 | 0.142 | 0.173 | 0.205 22 47.40 | 117.34 | 199.20 | 282.00 13

Caulmert Ltd
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Monitoring Location

Avg

Cadmium (mg/I)

95%ile

Cell 6 sump <0.0001 <0.0001 <0.001 <0.001 7
Cell 7 sump 0.001 0.001 0.001 0.001 7
Cell 8 sump 0.0008 0.001 0.0013 0.0014 8
Phase 3-5 LCP1 <0.00002 <0.0001 <0.001 <0.001 8
LCP2 <0.00002 <0.0001 <0.001 <0.001 8
LCP3 <0.00002 0.0009 0.0012 0.0013 7
LCP4 <0.00002 0.0008 0.0012 0.0012 7
LCP5 <0.0001 0.0004 0.001 0.001 8
LW2.1B 0.00020 <0.001 <0.001 <0.001 6
LW2.2 0.00042 <0.001 <0.001 <0.001 6
Lw2.3 0.00046 <0.001 <0.001 <0.001 8
Lw2.4 <0.0001 <0.0001 <0.001 <0.001 31
LW2.5 <0.0001 <0.0001 <0.001 <0.001 29
LW2.6B <0.0002 <0.0001 <0.001 <0.001 22

Table 3: Comparison with the previous Review results

Parameter

Ammoniacal Nitrogen

Chloride

Nickel

Mecoprop

Cadmium

Units

original HRA

Phase 2

Phase 3, 4,5

Phase 2

2009 Review

Phase 3,4, 5

Phase 2

2015 Review

Phase 3,4, 5

Phase 2

2023 Review

Phase 3,4, 5

1950 4100 1660 2720 1350 2300
2010 11,800 2200 16400 3090 11900
1.11 0.89 0.7 0.73 0.37 0.3
107 25 86 38 680 76.9
0.005 0.004 0.012 0.005 <0.001 0.0014

2.2.8

2.2.9

2.2.10

2.2.11

Ammoniacal nitrogen concentrations within Phase 2 remain lower than the modelled values.
Concentrations within Phase 3,4 and 5 are higher than the modelled values, however, are
lower than concentrations reported within the 2009 and 2015 review. It is not considered that
these results represent a significant shift in ammoniacal nitrogen concentrations, and no
remodelling is considered to be required.

Chloride concentrations across all cells are comparable to the previous review. The maximum
concentration was recorded in Phase 2 in LW2.6B at 3090 mg/|, however it is considered this
value may be erroneous as the 95%ile recorded at this location is 1650 mg/I. High chloride
concentrations were reported within Phase 3,4 and 5 in both the 2009 and 2015 review and
results over this review period show similar spatial trends to those previously reported.
Therefore, it is not considered there is an increase in risk associated with chloride and that
the source term remains valid.

Nickel concentrations within Phase 2 also remain below the modelled concentrations.
Concentrations within Phase 3, 4, 5 are higher than the modelled concentrations, however,
are significantly lower than those reported in the 2009 and the 2015 review.

No cadmium was detected within Cells 1,2, 6 and 7 within Phase 3,4 and 5 and Phase 2 cells 1
and 2. The maximum concentration was detected within Cell 8 at 0.0014 mg/| which is lower
than the maximum values reported in the 2009 and 2015 review.

Caulmert Ltd
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2.2.12

2.2.13

2.2.14

2.2.15

2.2.16

The leachate quality in the uncapped cells Phase 2 Cells 2-4, is slightly different in comparisons
to the other monitoring locations. The ammoniacal nitrogen concentrations are similar in
strength, however the average chloride concentrations appear to be slightly lower which may
be reflective of the age of the waste or due to the increased infiltration into these cells. The
most apparent difference is in the concentrations of mecoprop which appear to be
significantly higher than all other areas and has increased between review periods. The cause
of this increase is unclear however the decrease in chloride concentrations would suggest this
is not associated with an overall increase in leachate strength.

With respect to the risks posed by the increased mecoprop concentrations, these are not
considered to represent an increase in risk posed by the site due to the management of the
site on the principle of hydraulic containment. The mecoprop concentrations are significantly
below the maximum concentration gradient modelled for chloride which indicates that the
advective flux is significantly greater than the diffusive flux. Therefore, it is not considered
mecoprop is a risk to groundwater as the concentrations reported are significantly lower than
the modelled concentrations of chloride within the original HRA.

Changes in Source Term

The majority of source term parameters are comparable to the previous review period.
Monitoring data from 2015-2023 has indicated no discernible increasing trends and results
show similar spatial trends to those previously reported. The site remains in hydraulic
containment and therefore it is not considered the concentrations reported will have a
significant impact on the modelled risks.

Although mecoprop concentrations are significantly higher than previous modelled values,
the advection vs diffusion modelling undertaken within the original HRA remains valid. The
above assessment therefore indicates that the leachate quality source term remains valid and
no remodelling for Phases 2 and 3,4 and 5 is required.

The proposed IBA Cells (1-4) will be for the infilling of IBA material. Landfill leachate data is
not appropriate to assess the source term for the IBA materials and the current datasets are
not representative. Therefore, the source term from these cells has been established based
on studies on IBA leaching behaviour. This is discussed more in section 3 below.

Caulmert Ltd
5671-CAU-XX-XX-RP-0-0309 6 August 2023



Lincwaste Limited Whisby HRA

Hydrogeological Risk Assessment Update 2023

2.3

231

2.3.2

233

234

235

Pathway

The site is an excavation into the Balderton Sand and Gravel Member (Older Sands and
Gravels), which are between 5.3m and 8.3m deep. Underlying the drift deposits is an
unproven but substantial thickness of the Scunthorpe Mudstone Formation (Lias Clay).

The Balderton Sand and Gravel Member is classified by the Environment Agency as a
secondary A aquifer which is defined as ‘permeable layers capable of supporting water
supplies at a local rather than strategic scale, and in some cases forming an important source
of base flow to rivers. These are generally aquifers formerly classified as minor aquifer.’

The Scunthorpe Mudstone Formation underlying the sands and gravels is classified as a
secondary B aquifer, defined as ‘predominantly lower permeability layers which may store
and yield limited amounts of groundwater due to localised features such as fissures, thin
permeable horizons and weathering’. The clay beneath the site is not considered to contain
any significant water bearing parts.

The site does not lie within any source protection zones.

Two pathways have been specified and assessed in the original HRA review and subsequent
2009 and 2015 reviews and remain valid.

e  When hydraulic containment is present at the site, advective movement of leachate
out of the site cannot take place. Contaminants have the potential to migrate through
the sidewall by diffusion, and perched leachate at an elevation above the surrounding
groundwater elevation may migrate advectively through the sidewall.

e When leachate levels within the site are elevated above the external groundwater
elevations, advective movement of leachate through the sidewall can occur.

Groundwater Levels

Table 4. Groundwater Elevation Data 2015-2023

Groundwater Level (mAOD)

Monitoring Location

Min Avg 95%ile Max Count
Pz02 5.90 8.38 11.35 11.39 33
Pz03 3.02 6.42 9.18 9.55 34
BH02/14 10.15 10.71 11.14 11.17 33
BH17Asand 9.10 9.96 10.83 11.41 33
WBY1100 8.90 9.91 10.95 11.73 33
WBY4100 9.94 11.01 11.57 11.99 32
WBY5100 9.06 11.00 11.73 12.13 32
WBY6100 9.55 10.91 11.72 12.40 34
BH13Csand 10.24 10.85 11.36 11.89 32
BHO8A 9.24 10.57 11.38 12.01 35
BH02/04 9.71 11.13 11.91 12.78 28
BHO1 7.03 8.01 9.19 9.98 29
BH01/04 9.35 10.18 11.72 12.07 19
BHO3A 7.31 8.51 9.65 10.66 34
WBY3100 7.18 8.16 9.78 11.31 31

Caulmert Ltd
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2.3.6 Groundwater levels are presented in Table 4 above. Groundwater levels fluctuate over the
monitoring period with some seasonal change evident. Highest groundwater levels were
generally recorded in boreholes located in the south and east of the site and lowest
groundwater levels in the north and west, indicating groundwater flows in a general north
west direction. This is consistent with the groundwater flow direction reported in previous
HRA reviews.

2.3.7 The reported average groundwater levels are higher than the 95" percentile value leachate
levels and therefore it is considered that the site remains in hydraulic containment.

2.3.8 Groundwater levels within PZ02 and PZ03 on the north western area of the site, adjacent to
Area A show a variation in groundwater levels over the review period, as shown in the graph
below. Water has previously been pumped from this area, showing a reduction in
groundwater level in these boreholes. It can be seen following the cessation of pumping in
early 2020, the groundwater levels rapidly recover and remain fairly stable when no pumping
is being undertaken.

Groundwater Levels - PZ02 and PZ03

12

10

Groundwater Level (mAOD)
[e)]

4
2
0
01/04/2012 27/12/2014 22/09/2017 18/06/2020 15/03/2023 09/12/2025
—e—Pz02 —e—PZ03
Groundwater Quality

2.3.9 Groundwater quality is monitored in accordance with the permit conditions. Compliance
limits have been assigned on an individual borehole basis. Summary statistics are presented
in table 5 below and time series data is presented in appendix 4.

Table 5. Groundwater quality (2015-2023)
Compliance Limit Ammoniacal Nitrogen (mg/I)
(mg/1) i 95%ile Max

Monitoring Location

BHO1
BHO01/04
BH02/04
BH02/14

BHO3A
BH17Asand
WBY1100

Caulmert Ltd
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Monitoring Location

WBY4100
WBY6100
PZ02
WBY3100

BHOSA
BH13Csand
Pz03
WBY5100

Monitoring
Location
BHO1
BHO01/04
BH02/04
BHO3A
BH17Asand
WBY1100
WBY3100
WBY4100
WBY6100
BH02/14
BHO8A
BH13Csand
Pz02
PZ03
WBY5100

Monitoring
Location

BHO1
BHO01/04
BH02/04
BHO3A
BH17Asand
WBY1100
WBY3100
WBY4100
WBY6100
PZ02

Compliance Limit
(mg/1)

Avg

Ammoniacal Nitrogen (mg/I)

95%ile

Max

BH02/14
BHO8A
BH13Csand
Pz03
WBY5100

0.01 0.08 0.23 0.3 32
0.01 0.16 0.41 1.2 28
10 0.01 0.32 0.90 1.1 32
0.02 0.41 1.03 1.1 8
0.01 0.11 0.23 0.27 32
No limit 0.02 0.52 0.80 1 30
0.01 0.26 0.90 1.1 30
0.01 0.04 0.13 0.2 31
Compliance Limit Chloride (mg/l)
(mg/1) Min Avg 95%ile ‘ Max Count
39 51 58 62 18
32 38 42 43 4
22 39 48 48 15
38 84 140 147 32
200 44 57 73 80 33
9 59 106 114 32
15 42 57 59 8
47 61 89 92 32
5 46 82 154 28
38 84 140 147 32
44 54 60 91 32
No limit 49 62 88 117 30
685 721 774 830 32
810 884 929 996 30
49 87 144 181 31
Compliance Limit Nickel (mg/l)
(mg/l) Min Avg 95%ile Max Count
<0.001 0.003 0.004 0.006 18
<0.001 0.004 0.006 0.006 4
<0.001 0.004 0.008 0.009 15
<0.001 0.002 0.005 0.007 31
0.2 <0.001 0.001 0.002 0.003 31
’ 0.001 0.002 0.003 0.005 31
0.004 0.006 0.010 0.011 8
0.011 0.052 0.087 0.100 31
<0.001 0.002 0.003 0.005 31
<0.001 0.004 0.013 0.016 31
<0.001 0.002 0.004 0.005 31
0.016 0.145 0.328 0.342 32
No limit 0.008 0.035 0.048 0.053 29
<0.001 0.005 0.010 0.022 29
0.014 0.051 0.108 0.119 30

Monitoring

Compliance Limit

Cadmium (mg/I)

Location (mg/l) Avg 95%ile

BHO1 <0.00002 0.00009 0.0001 0.0001 18
BHO01/04 0.00008 0.0001 0.0001 0.0001 4
BH02/04 <0.00002 0.00009 0.0001 0.0001 15
BHO3A <0.00002 0.0001 0.0003 0.0007 31
BH17Asand <0.00002 0.00009 0.00014 0.00016 31
WBY1100 <0.00002 0.00008 0.00011 0.00015 31
WBY3100 <0.00002 0.00008 0.00015 0.00017 8
WBY4100 <0.00002 0.0025 0.0052 0.0074 31
Caulmert Ltd
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Monitoring Compliance Limit Cadmium (mg/I)
Location (mg/l) i Avg 95%ile
WBY6100 0.0001 0.00042 0.001 0.002 27
PZ02 <0.00002 0.00008 0.0001 0.00015 31
BH02/14 <0.00002 0.00008 0.00011 0.00013 31
BHO8A 0.00009 0.0019 0.0045 0.0076 31
BH13Csand No limit <0.00002 0.0014 0.0041 0.0047 29
Pz03 <0.00002 0.00007 0.0001 0.0001 29
WBY5100 0.00043 0.0031 0.0090 0.0094 30

2.3.10 Ammoniacal nitrogen concentrations did not exceed the 2.59 mg/l compliance limit at BHO1,
BHO2, BH01/04, BH02/04, BH17ASand, WBY1100, WBY4100 and WBY6100. A spike in
concentrations was recorded at BHO3A with a maximum concentration of 20.9 mg/| in
September 2021. Concentrations have since decreased at this location and have remained
below the compliance limit since May 2022. PZ02 and PZ03 did also not exceed their
respective 10 mg/l compliance limit over the review period. A concentration of 13 mg/|l was
reported at PZ03 in September 2020; however this was considered an anomalous result.

2.3.11 Concentrations of chloride did not exceed the 200 mg/l compliance limit at any location
throughout the review period. Concentrations remain comparable to those reported in
previous review periods, with significantly higher chloride concentrations recorded at PZ02
and PZz03.

2.3.12 No exceedances of the 0.2 mg/I nickel compliance limit were recorded over the review period.
Highest concentrations of nickel were recorded in upgradient borehole BHO8A, with a
maximum concentration of 0.342 mg/I.

2.3.13 Cadmium concentrations also remained below the 0.03 mg/l compliance limit throughout the
review period. The maximum concentration was reported in upgradient borehole WBY5100
at 0.009 mg/l. Concentrations across the site are generally lower than those reported in
previous reviews.

2.3.14 Mecoprop concentrations largely remained below the laboratory detection limit at all
locations throughout the review period. Concentrations remained below the compliance limit
with the exception of one sporadic peak recorded at BHO3A of 0.52 ug/l in September 2021.
BHO8A also recorded a peak of 1.38 ug/l on the same date. PZ02 and PZ03 also recorded a
sporadic peak of mecoprop in September 2022, with concentrations of 0.73 mg/| and 0.21
mg/|, respectively.

2.3.15 No discernible concentrations of hazardous substances were detected within groundwater
over the review period.

24 Receptor

2.4.1 The following receptors were identified and assessed within the original HRA and the
subsequent 2009 and 2015 reviews, and are considered to remain valid:
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e Groundwater in the sand and gravel aquifer surrounding the site
e Surrounding surface water bodies, specifically The Pike Drain
Surface Water

2.4.2 Surface water from Phase 2 currently discharges directly to the Pike Drain, whereas surface
water from Phase 3, 4 and 5 currently discharge to the Pike drain via a series of drainage

ditches on the western and northern edge.

2.4.3  Surface water is monitored at the Pike Drain at both upstream and downstream locations and
at the Pike drain discharge point. Area A lagoon is located on the northern side of the site,
within the area where IBA Cells 1-4 are to be constructed. The SRC ditch monitors surface
water runoff from the SRC area (Cells 1-4). Limits are stipulated in the permit for Pike Drain

downstream and the SRC ditch.

2.4.4 Summary statistics are presented in Table 6 below and time series graphs are included in

Appendix 5.

Table 6. Surface water quality results (2015-2023)

Area A Pike Drain Pike Drain Pike drain
Lagoon Discharge Downstream Upstream

SRC Ditch

Ammoniacal Nitrogen (mg/I)
Compliance

Limit

Min <0.01 <0.01 <0.01 <0.01 <0.01
Avg 0.06 0.10 0.06 0.07 0.14
95%ile 0.20 0.54 0.20 0.23 0.48
Max 0.90 1.10 0.50 0.41 1.30
Count 100 65 86 58 66

Chloride (mg/l)

175 175
Min 24 40 39 29 93
Avg 53 53 53 47 450
95%ile 62 61 61 57 1120
Max 75 69 129 59 1370
Count 100 65 85 58 62
I (mg/I)

Min <0.001 <0.001 <0.001 <0.001 0.005
0.001 0.001 0.002 0.002 0.016
95%ile 0.003 0.002 0.003 0.003 0.037
Max 0.005 0.003 0.006 0.004 0.045
Count 101 66 86 59 38
Caulmert Ltd
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Min
Avg
95%ile
Max

Count

Compliance
Limit

Pike Drain

Discharge

Pike Drain
Downstream

Suspended Solids (mg/l)

Pike drain
Upstream

SRC Ditch

9 10 12 13 23
29 16 25 54 89
84 237 212 129 237
100 65 85 58 38

245

2.4.6

2.4.7

2.4.8

249

2.4.10

2411

2.4.12

Ammoniacal nitrogen concentrations did not exceed the 2mg/| compliance limit at Pike Drain
downstream or at the SRC ditch throughout the review period. The maximum concentration
recorded at these locations was 1.3 mg/| at the SRC ditch. Concentrations at both the Pike
Drain upstream and downstream locations were comparable.

Concentrations of chloride at Pike Drain downstream remain below the 175 mg/| compliance
limit. Concentrations at the SRC ditch exceed the compliance limit on a number of occasions,
showing a pattern of increasing in concentration during the summer months and decreasing
during the winter months. The SRC ditch measures the runoff from the SRC area and where
the chloride concentrations exceed the compliance emission limit, it is understood that the
water is recirculated prior to discharge. Concentrations within the Pike Drain remain low,
indicating there is no impact from the discharge of the SRC area.

Nickel concentrations at both the Pike Drain downstream and the SRC ditch also remained
significantly below the 0.12 mg/l compliance limit.

Isolated sporadic peaks of suspended solids were recorded at both the Pike Drain downstream
and the SRC ditch. A maximum concentration of 959 mg/l was recorded at Pike Drain
downstream; however, this is considered an anomalous result, with the 95 percentile at this
location recorded at 89 mg/I.

Mecoprop remained below the detection limit on all occasions. No visible oil or grease was
recorded throughout the review period.

Selenium remained below the detection limit on all occasions at the SRC ditch and therefore
did not exceed the 0.01 mg/lI compliance limit.

No discernible concentrations of hazardous substances were recorded within the SRC ditch.

Concentrations in the Pike Drain remained comparable to previous review periods with
upstream and downstream concentrations remaining similar, indicating the landfill is not
having a detrimental impact on the surrounding surface water environment.
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2413

2.4.14

2.4.15

Summary of Conceptual Model

On review of the monitoring data across the review period, it is observed that some
exceedances in leachate levels were recorded where cells were temporarily restored over the
review period. Cells have now been permanently capped and levels have since reduced.
Leachate quality remains comparable to the previous review for all source term parameters
within Phase 2 and 3,4 and 5, with the exception of mecoprop. Higher concentrations of
mecoprop do not represent an increase in risk as the site remains in hydraulic containment
and therefore the advection vs diffusion modelling undertaken within the original HRA
remains valid.

Groundwater quality remains comparable to the previous review, with no exceedances of
compliance limits throughout the review period. Overall, there has not been any discernible
changes in water quality over this review period.

The proposed construction of fur IBA Cells on the northern area of the site indicates a change
in the conceptual model. It is considered the source term within this cell will be significantly
different to the existing cells and therefore requires separate assessment.
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3.0 HYDROGEOLOGICAL RISK ASSESSMENT
3.1 The nature of the hydrogeological risk assessment
Phases 2 and 3,4 and 5

3.1.1 The original HRA was undertaken as part of the permit process (Golder Associates). A complex
risk assessment approach was carried out using the probabilistic Monte Carlo simulation
package.

3.1.2 The leachate source term within phases 2 and 3-5 has been reviewed against the modelled
values on each occasion. For all parameters, with the exception of mecoprop, there is no
discernible difference between the 2021 and the 2015 HRA data ranges and therefore the
2015 assessment of the risks posed by the source term is considered also to reflect the risks
posed currently by the site. It is noted that mecoprop and cadmium have been reclassified as
non-hazardous substances in 2017, however this has no material effect on the current risk
assessment. As no new waste is to be accepted within these cells the source term is
considered to remain valid.

3.1.3 Mecoprop concentrations are higher than those previously reported, however as the site
remains in hydraulic containment the advection vs diffusion modelling undertaken within the
original HRA remains valid. Mecoprop in the original HRA was modelled conservatively. The
conclusion from the original HRA was that as the high concentrations of chloride modelled did
not represent a risk to the surrounding groundwater, other contaminants present in lower
concentrations would also not represent a risk. Therefore, it is not considered mecoprop is a
risk to groundwater as the concentrations reported are significantly lower than the modelled
diffusive flux concentrations of chloride within the original HRA.

3.1.4 The review of the environmental monitoring data within these phases has identified the
following:

3.1.5 The site experienced a period of elevated leachate levels with the timescales of this review,
likely due to temporary restoration in areas of the site. These cells have now been
permanently capped and levels have since reduced, however works are still ongoing to reduce
these levels.

3.1.6 The leachate quality is generally comparable to the previous review, however higher
concentrations of mecoprop were recorded. The concentrations for mecoprop were below
the maximum concentration gradient (diffusive flux) modelled and therefore these higher
concentrations are not considered to represent a risk to the surrounding environment.

3.1.7 Groundwater levels are consistent with previous results and the flow direct appears to be in
a north westerly direction. The surrounding groundwater levels remain higher than the
leachate levels, thus the site remains in hydraulic containment. PZ02 and PZ03 show a
recovery in groundwater levels following the cessation of pumping within this area.
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3.1.8

3.1.9

3.1.10

3.1.11

3.2

3.21

3.2.2

3.2.3

There are no discernible changes in groundwater quality, with concentrations remaining
comparable to the previous review.

High levels of chloride were recorded at the SRC ditch. This location monitors the surface
water runoff from the SRC area and where high concentrations are recorded the water is
recirculated prior to discharge to the Pike Drain. Concentrations of leachate indicators remain
comparable at both the upstream and downstream locations at the Pike Drain, indicating that
there is no impact from the site.

Therefore, there is no evidence that these phases are having an unacceptable impact on
groundwater or wider environment and there is no discernible change in the leachate source
term. Based on current guidance, therefore, the existing risk assessment for these areas of
the site is considered to be valid and there is no requirement to amend the existing risk
assessment model.

IBA Cells 1-4

It is proposed to construct four additional cells, known as IBA Cells 1-4, on the northern area
of the site (area formerly known as Area A), for the processing and infilling of IBA materials.
This is a change in the current conceptual model and therefore these cells require further
consideration. It is considered the source term within these cells will be significantly different
to that modelled in the existing phases and therefore requires a separate assessment. As the
site is managed on the basis of hydraulic containment, the EA’s contaminant fluxes
spreadsheets have been utilised to model the potential impact from these cells.

Contaminant Flux model — IBA Cells 1-4

Due to the proposed use of Area A to infill with IBA materials, the source term for this area of
the site will be significantly different to that reported within the wider area of the landfill. The
current leachate dataset is not considered appropriate to assess the source term of the IBA
materials and therefore the source term for these cells has been established using studies on
IBA leaching behaviour.

It is considered that the waste types are unlikely to contain a significant proportion of rapidly
degradable organic content. Ammoniacal nitrogen is also not expected to be present within
significant quantities in the IBA leachate. Similarly, solvents, refined petroleum fuels or other
chemical spillages will either be excluded based on the waste acceptance criteria or destroyed
during the incineration process, prior to the produce of the IBA.

The primary pollutants considered from IBA is chloride or sulphate, and non-hazardous and
hazardous metals. There is limited readily available datasets from landfill sites which have a
single waste type consisting of IBA or have a high proportion of IBA with limited to negligible
organic content. However, information on IBA leaching behaviour is available from literature
studies.
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3.2.4 A number of studies have been undertaken to collate IBA leachate information, including
Environment Agency studies?, which reviewed field data studies, including a landfill site which
is shown in the table below (Johnson et al 1999). This is also compared to data reviewed from
laboratory tests on untreated IBA materials.?

Table 7. Literature study data on IBA material. All data is presented in mg/I.

Study Johnson et al (1999) Env Agency (2004)

Laboratory Test Data

Source Type Landfill Site Review Max

Background
Piezometer Range (Ave- Water Quality
Parameter (Ave) Max) Range (Min-Max) (BH2/14)

S04, 1027 1,190-2,141 8-500 250 (guide value) 231

cl, 2574 1,190 -3,657 360 - 2,700 250 104

\ER 1449 1,024 - 2,098 200 - 1,300 200 69
K, 757 460 — 944 160 - 1,300 None 12
Ca 265 329-644 40 - 1,000 None 153
Mg <1.2 15-26 3to 15 None 25.2
B 2-4 1
Si 8 4-6
Al 3.1 0.8-4.0 0.2
NVOC, NH4-N 137 10-45 3t020 0.5 (guide value) 1.2
Cd 0.002 0.0002 - 0.001 0.005 0.00011
Hg 0.000002 -0.0001 0.001 <0.0001
As 0.0002 - 0.001 0.01 <0.001
Cr 0.007 0.002 - 0.025 0.05 <0.001

Cu 1.3 0.10-0.48 1.2-1.7 2 <0.001
Ni 0.016-0.18 0.02 0.006
Zn 0.006 0.01-1.3 5 0.013
Pb 0.005 0.003 —0.007 0.06 -5 0.01 <0.001

3.2.5 Preliminary screening of the source material parameters presented above indicates the
following:

3.2.6 Itis considered that the combustion process will remove the any solvents, refined petroleum
products, pesticides and putrescible organic matter, and therefore it is considered highly
unlikely that there will be sufficient organic substances present to produce sustained
concentrations of concern within the leachate. It is also noted within the environment agency
study (2004b), that modern incinerators are likely to meet a higher standard in terms of
screening and burn-out efficiency in comparison to the leachate quality reported within the

1 Environment Agency. (2004a). Improved definition of leachate source term from landfills. Phase 1: review of data from
European landfills. Environment Agency Science Report P1-494/SR1.

2 Environment Agency. (2004b). Testing of residues from incineration of municipal solid waste. Environment Agency
Science Report P1-494/SR2
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3.2.7

3.2.8

3.2.9

3.2.10

3.2.11

3.2.12

3.2.13

data sources above. Therefore, it is considered unlikely that organic substances will be present
within the leachate and will not pose a risk to the surrounding groundwater, and therefore
has not been considered within the source term for IBA Cells 1-4.

The resultant risk is therefore likely to be from substances that persist through the combustion
process and are likely to be present in the waste types. This includes chloride and sulphate
and non-hazardous and hazardous metals.

A number of metals are also shown to not be expected at concentrations of concern, due to
the low concentrations reported within the data set sets (below DWS and background quality)
such as arsenic and chromium. Hazardous metals cadmium and mercury also show expected
concentrations below the DWS and background water quality. However, cadmium has been
included within the modelled source term as to assess the potential impact of hazardous
substances. Other metals, copper, zinc and lead are expected to have higher concentrations
than those reported in the background water quality and therefore these have been
considered in the source term.

Parameters sodium, potassium, calcium and magnesium show higher expected
concentrations within the leachate than the DWS or reported background water quality.
However, as these parameters are conservative tracers it is considered that the potential risks
on the advection vs diffusion will be assessed and valid from the modelling of conservative
tracers chloride and sulphate, which are likely to be present in higher concentrations.

Although ammoniacal nitrogen concentrations are expected higher than the background
water quality data, the concentrations are significantly lower than those reported in the
leachate in existing phases at the site. It is therefore considered the risk from the expected
concentrations within IBA is not significant and this parameter is not considered further.

Therefore, considering the above discussion, table 8 shows the leachate source term
considered within the models.

Table 8. Leachate Source Term for IBA Cells 1-4

Parameter Unit IBA Min
Sulphate
Chloride
Copper

IBA Max

Zinc
Lead

Cadmium

The maximum values reported above have been used within the models as a worst case
scenario, however it is considered that this a conservative approach.

The hydraulic containment model is a steady state model, which calculates the diffusion of
contaminants through a geological strata or liner that does not take leachate depletion into
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3.2.14

3.2.15

3.2.16

3.2.17

account. Therefore, unlike models such as LandSim, the effects of the depletion as
contaminants are removed, such by abstraction, are not considered within the model
conclusions and any conclusions drawn are therefore conservative with regards to the
immediate and long term.

Groundwater levels in adjacent groundwater wells PZ02 and PZ03, to the proposed IBA Cells
are variable over the review period. There is a clear relationship showing groundwater levels
rapidly responding when water is being pumped from Area A and subsequently recovering
rapidly following the cessation of pumping. It is considered that the time taken for leachate
breakout to occur through the liner is likely to be significantly longer than the operational
phase at the site and therefore the natural rest groundwater levels have been used within the
model.

Leachate compliance limits for IBA Cells 1-4 have been proposed on the basis of keeping the
site in hydraulic containment. These have been based on the water levels reported at PZ02
and PZ03, with the operational limit based on the minimum groundwater levels reported
when pumping has previously occurred at this part of the site, and non-operational limit based
on the minimum recovered groundwater levels. These are as follows:

e Operational phase — 4.5 mAOD (1.5 above base of cell)
e Non-operational phase — 7.5 mAOD (4.5m above base of the cell)

Model Assumptions
The following assumptions are considered within the models:

e Leachate heads are maintained 1m below the minimum recovered groundwater level

e Sidewall liner comprising 1m engineered clay at 1x10° m/s

e Permeability of the sand and gravel aquifer has been selected to represent a mid-
range value for a sand and gravel aquifer.

The downgradient distance to the compliance point from the landfill has been input as a
generic value of 100m. Although it is recognised that this represents an average value, the
models are not sensitive to this parameter and therefore changing the distance to the
receptor does not change the predicted concentrations.

Table 9. IBA Cells 1-4: Emissions to groundwater

. Predicted concentration
Source Concentration o
at monitoring well

Parameter (me/1) (mg/1)
Sulphate 2141 0.313
Chloride 3657 0.53
Copper 1.7 6.86e-7

Zinc 13 6.014E-05
Lead 5 4.2E-4

Cadmium 0.001 1.27E-09
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3.2.18 The above assessment indicates that there are no significant risks posed from the leachate in
IBA Cells 1-4.

3.2.19 Leachate levels within this cell will be required to be maintained at 1m below the minimum
surrounding groundwater levels during both the operational phase (during groundwater
pumping) and the non-operational phase (following cessation of pumping and recovery in
groundwater levels).

3.3 Review of Technical Precautions

Capping

3.3.1 There are to be no changes to the capping regime with capping systems in Cells 1-5 in Phase
3, 4 and 5 comprising of a minimum of 1m low permeability (<1x10° m/s) engineered clay and
covered by minimum 1m of soils. Capping systems in Phase 2 comprise of a 200mm thick soil
binding layer and minimum 1m of soils. Capping systems in IBA Cells 1-4 will consist of inert
soils, with a minimum hydraulic conductivity of 1x107 m/s.

Lining Design

3.3.2 Lining system properties have not changed since the previous HRA and therefore remain in
compliance with the Landfill Directive and continue to be appropriate. IBA Cells 1-4 will be
constructed with a 1m thick engineered layer with a minimum permeability of 1x10° m/s and
an additional separation geotextile.

Leachate Management

3.3.3 Leachate elevations in all cells should be maintained within the limits stipulated in the site
permit in order to maintain hydraulic containment. Leachate at the site is currently treated
and effluent put through the SRCs and tankered off-site for disposal. Leachate drainage in IBA
Cells 1-4 will consist of spine drains as detailed on Drawing WR7855 01 04. This reduced
drainage design is considered to be suitable for IBA Cells 1-4, as the waste within these cells
will consist of homogenous processed IBA materials. Due to the nature of the fine material,
processed IBA materials are reported to have a higher permeability than that of traditional
waste and are comparable to those reported for sand (1.4x10® to 2.5x10°).2 Therefore, it is
considered that due to the waste type, limited leachate will be generated within these cells
and the higher permeability indicates that leachate will be easily extracted. Leachate from IBA
Cells 1-4 will be tankered for off-site disposal.

3.3.4 Leachate levels within this cell will be required to be maintained at 1m below the surrounding
groundwater levels during both the operational phase (during groundwater pumping) and the
non-operational phase (following cessation of pumping and recovery in groundwater levels).

3. B. Muhunthan, R. Taha & J. Said. Geotechnical Engineering Properties of Incinerator Ash Mixes. Journal of the Air &
Waste Management Association. February 2012.
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Groundwater Management

3.3.5 Groundwater is controlled via a sump in the northwest corner of Area A. Groundwater will be
collected from a back wall drains in IBA Cells 1-4. The proposed groundwater management is
shown on drawing WR7855 01 06.

Surface Water Management

3.3.6 Surface water from Phase 2 drains into Area B to the north, Surface water from Phase 3, 4 and
5 discharges to the Pike Drain via drainage ditches on the western and northern edges.
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4.0 REQUISITE SURVEILLANCE

4.1 Leachate Monitoring

4.1.1 The current monitoring schedule is shown in the Tables below. Leachate Limits have been

proposed for IBA Cells 1-4 based on the operational phase and the non-operational phase.

This is due to the pumping of groundwater surrounding the cell affecting the surrounding

groundwater levels whilst the cell is operational. Water levels have shown a rapid recovery in

levels within the sand and gravel aquifer to the north of the site following the cessation of

pumping. Therefore, the proposed limits have been based on 1m below the minimum

surrounding groundwater in the operational phase and non-operational phase so that the cell

is maintained within hydraulic containment.

4.1.2 There are no proposed changes to the leachate quality monitoring requirements. IBA Cells 1-

4 should be monitored in accordance with operational cells.

Table 10. Leachate levels and compliance monitoring requirements

Monitoring point reference / Limit (mAOD) Monitoring Monitoring standard and
Description frequency method
LCP1 9.3 Quarterly In accordance with Environment
Agency document LFTGNO2
LCP2 93 (February 2003)
LCP3 9.5 ‘Guidance on Monitoring of
LCP4 95 Landfill Leachate, Groundwater
and Surface Water’
LCP5 9.3
Cell 6 Sump 9.0
Cell 7 Sump 8.0
Cell 8 Sump 8.0
LW2.1B 5.5
LW2.2 4.5
LW2.3 5.5
LW2.4 4.5
LW2.5 4.5
LW2.6B 5.5
IBA Cells 1-4 — Operational 45 Monthly
Phase
IBA Cells 1-4 — Non- 7.5 Quarterly
Operational Phase
(following completion of the cell
and cessation of groundwater
pumping)
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Table 11. Leachate quality monitoring parameters

Monitoring point

Parameter

Monitoring

Monitoring standard

or method

Other

reference/description

frequency

Operational Cells or Phases (Any cells or phases that do not
have a final engineered cap agreed in accordance with the
existing ‘landfill engineering’ condition)

MEPP

pH, EC, total
alkalinity,

ammoniacal
nitrogen,

Chloride, COD,
BOD,

cadmium,
chromium,

copper, lead,
nickel,

iron, arsenic,
magnesium,
potassium, total

sulphates,
calcium,

sodium, zinc,

manganese

Quarterly

MEPP

Hazardous
substances

Annually

MEPP

Depth to base
(mAOD)

Annually

Non Operational Cells or Phases (Any cells or phases that

have a final engineered cap agreed in accordance with the

existing ‘landfill engineering’ condition)

MEPP

pH, EC, total
alkalinity,

ammoniacal
nitrogen,

Chloride, COD,
BOD,

cadmium,
chromium,

copper, lead,
nickel,

iron arsenic,

magnesium,

Annually

At leachate
compliance point as
listed in table S3.1

As specified in
Environment Agency
Guidance TGNO2
‘Monitoring of Landfill
Leachate,

Groundwater and
Surface Water’

(February 2003) or
such subsequent
guidance

specifications

None
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Other

specifications

Monitoring point Parameter Monitoring Monitoring standard

or method

reference/description

frequency

potassium, total

sulphates,
calcium,

sodium, zinc,

manganese
MEPP Hazardous Once every

substances four years
MEPP Depth to base Annually

(mAOD)

4.2 Groundwater Monitoring

4.2.1 The groundwater monitoring regime is shown in the tables below. There are no proposed
changes to the monitoring regime, however it is noted that the mecoprop and cadmium
compliance limits have not been adjusted since the reclassification of these parameters as

non hazardous in 2017.

Table 9. Groundwater emission limits and monitoring requirements

Monitoring Parameter Reference Monitoring Monitoring
point reference Period frequency standard and
method
BHO1, BH02/14, Ammoniacal 2.59 mg/I Spot Quarterly In accordance
BHO01/04, Nitrogen Sample with
BH02/04, BH3A, Environment
BH17ASand, Agency
WBY1100, document
WBY4100 and LFTGNO2
WBY6100 (February 2003)
PZ02, WBY3100 | Ammoniacal | 10mg/| ‘Guidance on
Nitrogen Monitoring of
Landfill
Leachate,
Groundwater
and Surface
BHO1, BH01/04, Chloride 200 mg/I Water’.
BH02/04, BH3A,
BH17Asand,
WBY1100,
WBY3100,
WBY4100 and
WBY6100
BHO1, BH01/04, Nickel 0.2 mg/l
BH02/04, BH3A,
BH17Asand, Cadmium 0.03 mg/I
WBY1100,
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WBY3100, Mecoprop 0.1 pg/I Annually
WBY4100,
WBY6100 and
Pz02
Pz03 Ammoniacal [no limit] Spot Quarterly
Nitrogen Sample
Chloride
Nickel
Cadmium
Mecoprop Annually

Table 10. Groundwater monitoring requirements

Monitoring Parameter Monitoring Monitoring standard or method
point
reference/

frequency

Description

Up gradient Water level, electrical Quarterly As specified in
MEPP conductivity, chloride, Environment Agency Guidance
ammoniacal nitrogen, pH TGNO2 ‘Monitoring of Landfill

Leachate, Groundwater and
Surface Water’ (February 2003)
and Horizontal Guidance Note H1

total alkalinity, Annually
magnesium, potassium,
total sulphates, calcium, — Environmental Risk
sodium, chromium, Assessment for permits, Annex J,

copper, iron, lead, nickel, version 2, April 2010)

zinc, manganese

Hazardous substances Annually for
first six
years of
operation
Down or cross Water level, electrical Quarterly As specified in
gradient conductivity, chloride, Environment Agency Guidance
MEPP . . L .
ammoniacal nitrogen, pH TGNO2 ‘Monitoring of Landfill
Total alkalinity, Annually Leachate, Groundwater and
magnesium, potassium, Surface Water’ (February 2003)

total sulphates, calcium,
sodium. chromium After the initial 6 year monitoring

copper, iron, lead, nickel, period for hazardous substances,

zinc, manganese if the results of quarterly or

annual monitoring suggest an
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Monitoring Parameter Monitoring Monitoring standard or method

point frequency
reference/

Description

Hazardous substances Annually for increase in contamination, the

detected in leachate first six operator shall also undertake a
years of full hazardous substances screen.
operation
then every
two years

MEPP Base of monitoring point Annually
(mAOD)

4.3 Surface Water Monitoring

4.3.1 Surface water monitoring is carried out at 5 locations, including at the SRC ditch. There are no
proposed changes to the monitoring regime which is presented in the tables below.

Table 11. Point source emissions to water (other than sewer)-emission limits and monitoring
requirements

Emission Parameter Source Reference Monitoring Other
Point Period Frequency specifications
W1 Pike Ammoniacal Surface 2 mg/l Spot Sample Monthly As specified
Drain Nitrogen water in
(Downstrea Chiorid collection 175 | Environment
m) oride system me/ Agency
Nickel 0.12 mg/I Guidance
TGNO2
. ‘Monitoring
Suspended Solids 50 mg/I
P ¢/ of Landfil
SRC Ditch Ammoniacal 2 mg/l Spot Sample Prior to Leachate,
monitoring Nitrogen discharge Groundwater
points - and Surface
Chloride 175 mg/I Water’
(February
2003)
Nickel 0.12 mg/I
Suspended Solids 50 mg/|
Selenium 0.01 mg/|
Hazardous 10 pg/!
substance suite
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4.3.2 Selenium is not required to be monitored at any other location associated with the permit
area. The specific requirement for selenium to be monitored in just the SRC is unclear and the
benefit of undertaking this monitoring is questionable when the assessment of non hazardous
metals are provided through the monitoring and assessment of nickel. It is recommended that
selenium is removed from the compliance monitoring of the SRC Ditch. This would result in a
consistent approach across the site.

Table 12. Surface water monitoring requirements.

Monitoring Parameter Monitoring Monitoring Other

point frequency standard specifications

reference/ o rEshes

description

MEPP Ammoniacal Monthly Spot As specified in
Nitrogen, Chloride, Sample Environment
Suspended Agency Guidance
Solids, Visual Oil and TGNO_Z _
Grease, pH, electrical Monitoring of

L Landfill
conductivity
Leachate,

SRC Ditch Ammoniacal Nitrogen, Prior to Spot Groundwater and

mqnltorlng Chlorldg, Suspended Solids, discharge sample Surface Water’

points Visual oil and grease, pH,

Electrical Conductivity, (February 2003)

Calcium, Copper (d),
Chromium (total),
Magnesium (d), Manganese,
Nickel, Lead, Zinc (d),
Hazardous substances
including Cadmium and
Mercury
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5.0

5.1.1

5.1.2

5.1.3

514

5.1.5

5.1.6

5.1.7

5.1.8

5.1.9

CONCLUSIONS

This hydrogeological risk assessment review has been undertaken in line with the
Environment Agency guidance on Hydrogeological Risk Assessment reviews.

On review of the monitoring data across the review period, it is observed that some
exceedances in leachate levels were recorded in Phase 2 where cells were previously
temporarily restored. These cells have now been permanently capped and levels have since
reduced.

Leachate quality remains comparable to the previous review for all source term parameters,
with the exception of mecoprop. Higher concentrations of mecoprop are not considered to
represent an increase in risk posed by the site. The site remains in hydraulic containment and
therefore the current risk assessment models for phases 2 and 3,4 and 5 are considered to
remain valid.

The construction of IBA Cells 1-4 on the northern area of the site (Area A), for the processing
and infilling of IBA materials, indicates a change in the conceptual model. The source term for
these cells is considered to be significantly different to that reported within the existing
phases at the site and have been modelled using source term values from a literature review.

IBA Cells 1-4 were modelled utilised the EA’s contaminant flux spreadsheet models for
hydraulic containment landfills. Results indicated there was no significant risk to the
surrounding groundwater from the leachate in IBA Cells 1-4, provided that these cells are
managed at 1m below the surrounding groundwater levels.

Leachate levels in IBA Cells 1-4 are to be managed on the principal of hydraulic containment,
and limits have been proposed for both the operational phase at 4.5mAOD (whilst
groundwater pumping in this area is taking place), and for the non-operational phase at 7.5
mAOD (when groundwater levels have recovered following the cessation of pumping).

In general, the groundwater quality remains comparable to the previous review, with no
exceedances of compliance limits throughout the review period. Overall, the groundwater
quality represents a stable trend.

High levels of chloride were recorded within the SRC ditch; however, this surface water runoff
is associated with the coppice area and is monitored prior to discharge. It is understood that
any water is recirculated prior to discharge. Concentrations of many leachate indicators within
the Pike Drain remain comparable at upstream and downstream locations which therefore
indicate no discernible impact from the site on surface water environments.

The risk assessment review concludes that the site remains in compliance with section 22 of
the Environmental Permitting Regulations.
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Contaminant Fluxes from Hydraulic Containment ENVIRONMENT
Landfills Worksheet Version 1.0 AGENCY

© Environment Agency, 2004. Prepared by ESI
Produced under Science Group: Air, Land & Water Project SC0310

Statement of Use

This worksheet has been prepared to help assessors quantify the contaminant flux from a hydraulic containment landfill

constructed to the specifications in the Landfill Regulations (2002). It has been prepared to allow Agency staff to assess third party calculations
of the diffusive contaminant flux from hydraulic containment landfills.

Data needs to be entered only in YELLOW cells. Assessors have to specify a preferred option from a pull-down menu
in BLUE cells, interim calculation results are presented in GREY cells and final results in GREEN cells.
Only data in YELLOW or BLUE cells may be changed.

Site name

Whisby IBA Cells 1-4
Assessor's name
Alice Daly

Date

Sth July 2023

Liability: The Environment Agency does not promise that the worksheet will provide any particular facilities or functions.

You must ensure that the worksheet meets your needs and you remain solely responsible for the competent use of the worksheet.

You are entirely responsible for the consequences of any use of the worksheet and the Agency provides no warranty about

the fitness for purpose or performance of any part of the worksheet. We do not promise that the media will always be free from

defects, computer viruses, software locks or other similar code or that the operation of the worksheet will be uninterrupted or error free.
You should carry out all necessary virus checks prior to installing on your computing system.
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Whisby IBA Cells 1-4 5th July 2023

Alice Daly

CONCEPTUAL MODEL AND LANDFILL CONSTRUCTION Justification / Reference / Notes
Scenario 3

Is a geomembrane present? No

Basal width perpendicular to groundwater flow Width_LF 210 m Width of IBA Cells 1-4

Basal length parallel to groundwater flow Length_LF 280 m Length of IBA Cells 1-4

Elevation of base of landfill LFbase_elev 3 maOD Construction/design

Elevation of base of aquifer Agbound_elev 6 maOD Base of Sand and Gravel Aquifer
Leachate head inside landfill Head_inLF 7.5 maOD 1m below minimum rest groundwater level
Groundwater head outside landfill Head_outLF 8.5 maOD Minimum rest groundwater level interpolated from adjacent groundwater boreholes
CONTAMINANT PARAMETERS

Contaminant name Cont_Nme Sulphate -

Contaminant type Cont_Type Inorganic -

Contaminant classification Cont_Class List Il -

Concentration in landfill leachate Conc_LF 2141 mgl/l Source term value

Free water diffusion coefficient Dw_cl 0.000000005 m2/s Default value

Partition coefficient in clay Kd_cl 0 l/kg Conservative tracer

Half life in clay (0 for no decay) thalf_cl 0 days

Decay in sorbed phase? Decay_sorb No -

MINERAL BARRIER / LINER

Thickness of mineral liner thick_clbr 1m Design spec

Hydraulic conductivity k_cl 0.000000001 m/s Design spec

Average pore radius pore_radius 0.00001 m Default value

Effective porosity n 0.162 - Default value

Dry bulk density rho 1750 kg/m3 Typical clay values

Tortuosity tau_cl 5- Default value

STEADY STATE DILUTION

Hydraulic gradient in the aquifer aq_| 0.004 - Calculated from GW levels

Hydraulic conductivity of the aquifer k_aq 0.00001 m/s Expected for Sand and Gravel Aquifer
Downgradient distance of compliance point from landfill dist_cp 100 m

Dilution flow in aquifer downstream to the landfill

agq_Q

0.000021 m3/s
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Statement of Use

This worksheet has been prepared to help assessors quantify the contaminant flux from a hydraulic containment landfill

constructed to the specifications in the Landfill Regulations (2002). It has been prepared to allow Agency staff to assess third party calculations
of the diffusive contaminant flux from hydraulic containment landfills.

Data needs to be entered only in YELLOW cells. Assessors have to specify a preferred option from a pull-down menu
in BLUE cells, interim calculation results are presented in GREY cells and final results in GREEN cells.
Only data in YELLOW or BLUE cells may be changed.

Site name
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You are entirely responsible for the consequences of any use of the worksheet and the Agency provides no warranty about

the fitness for purpose or performance of any part of the worksheet. We do not promise that the media will always be free from

defects, computer viruses, software locks or other similar code or that the operation of the worksheet will be uninterrupted or error free.
You should carry out all necessary virus checks prior to installing on your computing system.



SELECT LANDFILL CONSTRUCTION SCENARIO

Scenario 1
o I It The landfill is constructed in a clay pit, underlain by a confined aquifer.
Gy 2T Landfil e Water and contaminant fluxes occur across the bottom of the landfill only.
ay ~ - i I
Aquitard_ _ _ _ _ _ _ R I
R B DO O Select Scenario 1
Aquifer
Scenario 2
The landfill is lined and located in a permeable formation
Landfill  ~ a finite distance above an impermeable layer. The water and
contaminant fluxes can occur through the base and sides of the landfill.
Landfill Liner ‘
Aquifer O Select Scenario 2
s
Scenario 3
The landfill is lined and located in a permeable formation
Landfill 7 a finite distance below an impermeable layer. The water and
Landfill Liner contaminant fluxes can occur through the sides of the landfill only.
\ ‘ Aquifer

; ; ; ; ; ; ; ;/ @® Select Scenario 3
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Whisby IBA Cells 1-4 5th July 2023

Alice Daly

CONCEPTUAL MODEL AND LANDFILL CONSTRUCTION Justification / Reference / Notes
Scenario 3

Is a geomembrane present? No

Basal width perpendicular to groundwater flow Width_LF 210 m Width of IBA Cells 1-4

Basal length parallel to groundwater flow Length_LF 280 m Length of IBA Cells 1-4

Elevation of base of landfill LFbase_elev 3 maOD Construction/design

Elevation of base of aquifer Agbound_elev 6 maOD Base of Sand and Gravel Aquifer
Leachate head inside landfill Head_inLF 7.5 maOD 1m below minimum rest groundwater level
Groundwater head outside landfill Head_outLF 8.5 maOD Minimum rest groundwater level interpolated from adjacent groundwater boreholes
CONTAMINANT PARAMETERS

Contaminant name Cont_Nme Copper -

Contaminant type Cont_Type Inorganic -

Contaminant classification Cont_Class List Il -

Concentration in landfill leachate Conc_LF 1.7 mg/l Source term value

Free water diffusion coefficient Dw_cl 0.000000005 m2/s Default value

Partition coefficient in clay Kd_cl 100 I/kg Conservative tracer

Half life in clay (0 for no decay) thalf_cl 0 days

Decay in sorbed phase? Decay_sorb No -

MINERAL BARRIER / LINER

Thickness of mineral liner thick_clbr 1m Design spec

Hydraulic conductivity k_cl 0.000000001 m/s Design spec

Average pore radius pore_radius 0.00001 m Default value

Effective porosity n 0.162 - Default value

Dry bulk density rho 1750 kg/m3 Typical clay values

Tortuosity tau_cl 5- Default value

STEADY STATE DILUTION

Hydraulic gradient in the aquifer aq_| 0.004 - Calculated from GW levels

Hydraulic conductivity of the aquifer k_aq 0.00001 m/s Expected for Sand and Gravel Aquifer
Downgradient distance of compliance point from landfill dist_cp 100 m

Dilution flow in aquifer downstream to the landfill

agq_Q

0.000021 m3/s



Contaminant Fluxes from Hydraulic Containment ENVIRONMENT
Landfills Worksheet Version 1.0 AGENCY

© Environment Agency, 2004. Prepared by ESI
Produced under Science Group: Air, Land & Water Project SC0310

Statement of Use

This worksheet has been prepared to help assessors quantify the contaminant flux from a hydraulic containment landfill

constructed to the specifications in the Landfill Regulations (2002). It has been prepared to allow Agency staff to assess third party calculations
of the diffusive contaminant flux from hydraulic containment landfills.

Data needs to be entered only in YELLOW cells. Assessors have to specify a preferred option from a pull-down menu
in BLUE cells, interim calculation results are presented in GREY cells and final results in GREEN cells.
Only data in YELLOW or BLUE cells may be changed.

Site name

Whisby IBA Cells 1-4
Assessor's name
Alice Daly

Date

Sth July 2023

Liability: The Environment Agency does not promise that the worksheet will provide any particular facilities or functions.

You must ensure that the worksheet meets your needs and you remain solely responsible for the competent use of the worksheet.

You are entirely responsible for the consequences of any use of the worksheet and the Agency provides no warranty about

the fitness for purpose or performance of any part of the worksheet. We do not promise that the media will always be free from

defects, computer viruses, software locks or other similar code or that the operation of the worksheet will be uninterrupted or error free.
You should carry out all necessary virus checks prior to installing on your computing system.



SELECT LANDFILL CONSTRUCTION SCENARIO

Scenario 1
o I It The landfill is constructed in a clay pit, underlain by a confined aquifer.
Gy 2T Landfil e Water and contaminant fluxes occur across the bottom of the landfill only.
ay ~ - i I
Aquitard_ _ _ _ _ _ _ R I
R B DO O Select Scenario 1
Aquifer
Scenario 2
The landfill is lined and located in a permeable formation
Landfill  ~ a finite distance above an impermeable layer. The water and
contaminant fluxes can occur through the base and sides of the landfill.
Landfill Liner ‘
Aquifer O Select Scenario 2
s
Scenario 3
The landfill is lined and located in a permeable formation
Landfill 7 a finite distance below an impermeable layer. The water and
Landfill Liner contaminant fluxes can occur through the sides of the landfill only.
\ ‘ Aquifer

; ; ; ; ; ; ; ;/ @® Select Scenario 3
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Whisby IBA Cells 1-4 5th July 2023

Alice Daly

CONCEPTUAL MODEL AND LANDFILL CONSTRUCTION Justification / Reference / Notes
Scenario 3

Is a geomembrane present? No

Basal width perpendicular to groundwater flow Width_LF 210 m Width of IBA Cells 1-4

Basal length parallel to groundwater flow Length_LF 280 m Length of IBA Cells 1-4

Elevation of base of landfill LFbase_elev 3 maOD Construction/design

Elevation of base of aquifer Agbound_elev 6 maOD Base of Sand and Gravel Aquifer
Leachate head inside landfill Head_inLF 7.5 maOD 1m below minimum rest groundwater level
Groundwater head outside landfill Head_outLF 8.5 maOD Minimum rest groundwater level interpolated from adjacent groundwater boreholes
CONTAMINANT PARAMETERS

Contaminant name Cont_Nme Lead -

Contaminant type Cont_Type Inorganic -

Contaminant classification Cont_Class List Il -

Concentration in landfill leachate Conc_LF 5 mgl/l Source term value

Free water diffusion coefficient Dw_cl 0.000000005 m2/s Default value

Partition coefficient in clay Kd_cl 27 kg LandSim default minimum value

Half life in clay (0 for no decay) thalf_cl 0 days

Decay in sorbed phase? Decay_sorb No -

MINERAL BARRIER / LINER

Thickness of mineral liner thick_clbr 1m Design spec

Hydraulic conductivity k_cl 0.000000001 m/s Design spec

Average pore radius pore_radius 0.00001 m Default value

Effective porosity n 0.162 - Default value

Dry bulk density rho 1750 kg/m3 Typical clay values

Tortuosity tau_cl 5- Default value

STEADY STATE DILUTION

Hydraulic gradient in the aquifer aq_| 0.004 - Calculated from GW levels

Hydraulic conductivity of the aquifer k_aq 0.00001 m/s Expected for Sand and Gravel Aquifer
Downgradient distance of compliance point from landfill dist_cp 100 m

Dilution flow in aquifer downstream to the landfill

agq_Q

0.000021 m3/s



Contaminant Fluxes from Hydraulic Containment ENVIRONMENT
Landfills Worksheet Version 1.0 AGENCY

© Environment Agency, 2004. Prepared by ESI
Produced under Science Group: Air, Land & Water Project SC0310

Statement of Use

This worksheet has been prepared to help assessors quantify the contaminant flux from a hydraulic containment landfill

constructed to the specifications in the Landfill Regulations (2002). It has been prepared to allow Agency staff to assess third party calculations
of the diffusive contaminant flux from hydraulic containment landfills.

Data needs to be entered only in YELLOW cells. Assessors have to specify a preferred option from a pull-down menu
in BLUE cells, interim calculation results are presented in GREY cells and final results in GREEN cells.
Only data in YELLOW or BLUE cells may be changed.

Site name

Whisby IBA Cells 1-4
Assessor's name
Alice Daly

Date

Sth July 2023

Liability: The Environment Agency does not promise that the worksheet will provide any particular facilities or functions.

You must ensure that the worksheet meets your needs and you remain solely responsible for the competent use of the worksheet.

You are entirely responsible for the consequences of any use of the worksheet and the Agency provides no warranty about

the fitness for purpose or performance of any part of the worksheet. We do not promise that the media will always be free from

defects, computer viruses, software locks or other similar code or that the operation of the worksheet will be uninterrupted or error free.
You should carry out all necessary virus checks prior to installing on your computing system.



SELECT LANDFILL CONSTRUCTION SCENARIO

Scenario 1
o I It The landfill is constructed in a clay pit, underlain by a confined aquifer.
Gy 2T Landfil e Water and contaminant fluxes occur across the bottom of the landfill only.
ay ~ - i I
Aquitard_ _ _ _ _ _ _ R I
R B DO O Select Scenario 1
Aquifer
Scenario 2
The landfill is lined and located in a permeable formation
Landfill  ~ a finite distance above an impermeable layer. The water and
contaminant fluxes can occur through the base and sides of the landfill.
Landfill Liner ‘
Aquifer O Select Scenario 2
s
Scenario 3
The landfill is lined and located in a permeable formation
Landfill 7 a finite distance below an impermeable layer. The water and
Landfill Liner contaminant fluxes can occur through the sides of the landfill only.
\ ‘ Aquifer

; ; ; ; ; ; ; ;/ @® Select Scenario 3
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Whisby IBA Cells 1-4 5th July 2023

Alice Daly

CONCEPTUAL MODEL AND LANDFILL CONSTRUCTION Justification / Reference / Notes
Scenario 3

Is a geomembrane present? No

Basal width perpendicular to groundwater flow Width_LF 210 m Width of IBA Cells 1-4

Basal length parallel to groundwater flow Length_LF 280 m Length of IBA Cells 1-4

Elevation of base of landfill LFbase_elev 3 maOD Construction/design

Elevation of base of aquifer Agbound_elev 6 maOD Base of Sand and Gravel Aquifer
Leachate head inside landfill Head_inLF 7.5 maOD 1m below minimum rest groundwater level
Groundwater head outside landfill Head_outLF 8.5 maOD Minimum rest groundwater level interpolated from adjacent groundwater boreholes
CONTAMINANT PARAMETERS

Contaminant name Cont_Nme Zinc -

Contaminant type Cont_Type Inorganic -

Contaminant classification Cont_Class List Il -

Concentration in landfill leachate Conc_LF 1.3 mg/l Source term value

Free water diffusion coefficient Dw_cl 0.000000005 m2/s Default value

Partition coefficient in clay Kd_cl 38 I/kg LQM/CIEH

Half life in clay (0 for no decay) thalf_cl 0 days

Decay in sorbed phase? Decay_sorb No -

MINERAL BARRIER / LINER

Thickness of mineral liner thick_clbr 1m Design spec

Hydraulic conductivity k_cl 0.000000001 m/s Design spec

Average pore radius pore_radius 0.00001 m Default value

Effective porosity n 0.162 - Default value

Dry bulk density rho 1750 kg/m3 Typical clay values

Tortuosity tau_cl 5- Default value

STEADY STATE DILUTION

Hydraulic gradient in the aquifer aq_| 0.004 - Calculated from GW levels

Hydraulic conductivity of the aquifer k_aq 0.00001 m/s Expected for Sand and Gravel Aquifer
Downgradient distance of compliance point from landfill dist_cp 100 m

Dilution flow in aquifer downstream to the landfill

agq_Q

0.000021 m3/s



Contaminant Fluxes from Hydraulic Containment ENVIRONMENT
Landfills Worksheet Version 1.0 AGENCY

© Environment Agency, 2004. Prepared by ESI
Produced under Science Group: Air, Land & Water Project SC0310

Statement of Use

This worksheet has been prepared to help assessors quantify the contaminant flux from a hydraulic containment landfill

constructed to the specifications in the Landfill Regulations (2002). It has been prepared to allow Agency staff to assess third party calculations
of the diffusive contaminant flux from hydraulic containment landfills.

Data needs to be entered only in YELLOW cells. Assessors have to specify a preferred option from a pull-down menu
in BLUE cells, interim calculation results are presented in GREY cells and final results in GREEN cells.
Only data in YELLOW or BLUE cells may be changed.

Site name

Whisby IBA Cells 1-4
Assessor's name
Alice Daly

Date

Sth July 2023

Liability: The Environment Agency does not promise that the worksheet will provide any particular facilities or functions.

You must ensure that the worksheet meets your needs and you remain solely responsible for the competent use of the worksheet.

You are entirely responsible for the consequences of any use of the worksheet and the Agency provides no warranty about

the fitness for purpose or performance of any part of the worksheet. We do not promise that the media will always be free from

defects, computer viruses, software locks or other similar code or that the operation of the worksheet will be uninterrupted or error free.
You should carry out all necessary virus checks prior to installing on your computing system.



SELECT LANDFILL CONSTRUCTION SCENARIO

Scenario 1
o I It The landfill is constructed in a clay pit, underlain by a confined aquifer.
Gy 2T Landfil e Water and contaminant fluxes occur across the bottom of the landfill only.
ay ~ - i I
Aquitard_ _ _ _ _ _ _ R I
R B DO O Select Scenario 1
Aquifer
Scenario 2
The landfill is lined and located in a permeable formation
Landfill  ~ a finite distance above an impermeable layer. The water and
contaminant fluxes can occur through the base and sides of the landfill.
Landfill Liner ‘
Aquifer O Select Scenario 2
s
Scenario 3
The landfill is lined and located in a permeable formation
Landfill 7 a finite distance below an impermeable layer. The water and
Landfill Liner contaminant fluxes can occur through the sides of the landfill only.
\ ‘ Aquifer

; ; ; ; ; ; ; ;/ @® Select Scenario 3
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Whisby IBA Cells 1-4 5th July 2023

Alice Daly

CONCEPTUAL MODEL AND LANDFILL CONSTRUCTION Justification / Reference / Notes
Scenario 3

Is a geomembrane present? No

Basal width perpendicular to groundwater flow Width_LF 210 m Width of IBA Cells 1-4

Basal length parallel to groundwater flow Length_LF 280 m Length of IBA Cells 1-4

Elevation of base of landfill LFbase_elev 3 maOD Construction/design

Elevation of base of aquifer Agbound_elev 6 maOD Base of Sand and Gravel Aquifer
Leachate head inside landfill Head_inLF 7.5 maOD 1m below minimum rest groundwater level
Groundwater head outside landfill Head_outLF 8.5 maOD Minimum rest groundwater level interpolated from adjacent groundwater boreholes
CONTAMINANT PARAMETERS

Contaminant name Cont_Nme Cadmium -

Contaminant type Cont_Type Inorganic -

Contaminant classification Cont_Class List | -

Concentration in landfill leachate Conc_LF 0.001 mgl/l Source term value

Free water diffusion coefficient Dw_cl 0.000000005 m2/s Default value

Partition coefficient in clay Kd_cl 100 I/kg LQM/CIEH

Half life in clay (0 for no decay) thalf_cl 0 days

Decay in sorbed phase? Decay_sorb No -

MINERAL BARRIER / LINER

Thickness of mineral liner thick_clbr 1m Design spec

Hydraulic conductivity k_cl 0.000000001 m/s Design spec

Average pore radius pore_radius 0.00001 m Default value

Effective porosity n 0.162 - Default value

Dry bulk density rho 1750 kg/m3 Typical clay values

Tortuosity tau_cl 5- Default value



Contaminant Fluxes from Hydraulic Containment ENVIRONMENT
Landfills Worksheet Version 1.0 AGENCY

© Environment Agency, 2004. Prepared by ESI
Produced under Science Group: Air, Land & Water Project SC0310

Statement of Use

This worksheet has been prepared to help assessors quantify the contaminant flux from a hydraulic containment landfill

constructed to the specifications in the Landfill Regulations (2002). It has been prepared to allow Agency staff to assess third party calculations
of the diffusive contaminant flux from hydraulic containment landfills.

Data needs to be entered only in YELLOW cells. Assessors have to specify a preferred option from a pull-down menu
in BLUE cells, interim calculation results are presented in GREY cells and final results in GREEN cells.
Only data in YELLOW or BLUE cells may be changed.

Site name

Whisby IBA Cells 1-4
Assessor's name
Alice Daly

Date

Sth July 2023

Liability: The Environment Agency does not promise that the worksheet will provide any particular facilities or functions.

You must ensure that the worksheet meets your needs and you remain solely responsible for the competent use of the worksheet.

You are entirely responsible for the consequences of any use of the worksheet and the Agency provides no warranty about

the fitness for purpose or performance of any part of the worksheet. We do not promise that the media will always be free from

defects, computer viruses, software locks or other similar code or that the operation of the worksheet will be uninterrupted or error free.
You should carry out all necessary virus checks prior to installing on your computing system.



SELECT LANDFILL CONSTRUCTION SCENARIO

Scenario 1
o I It The landfill is constructed in a clay pit, underlain by a confined aquifer.
Gy 2T Landfil e Water and contaminant fluxes occur across the bottom of the landfill only.
ay ~ - i I
Aquitard_ _ _ _ _ _ _ R I
R B DO O Select Scenario 1
Aquifer
Scenario 2
The landfill is lined and located in a permeable formation
Landfill  ~ a finite distance above an impermeable layer. The water and
contaminant fluxes can occur through the base and sides of the landfill.
Landfill Liner ‘
Aquifer O Select Scenario 2
s
Scenario 3
The landfill is lined and located in a permeable formation
Landfill 7 a finite distance below an impermeable layer. The water and
Landfill Liner contaminant fluxes can occur through the sides of the landfill only.
\ ‘ Aquifer

; ; ; ; ; ; ; ;/ @® Select Scenario 3
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Whisby IBA Cells 1-4 5th July 2023

Alice Daly

CONCEPTUAL MODEL AND LANDFILL CONSTRUCTION Justification / Reference / Notes
Scenario 3

Is a geomembrane present? No

Basal width perpendicular to groundwater flow Width_LF 210 m Width of IBA Cells 1-4

Basal length parallel to groundwater flow Length_LF 280 m Length of IBA Cells 1-4

Elevation of base of landfill LFbase_elev 3 maOD Construction/design

Elevation of base of aquifer Agbound_elev 6 maOD Base of Sand and Gravel Aquifer
Leachate head inside landfill Head_inLF 7.5 maOD 1m below minimum rest groundwater level
Groundwater head outside landfill Head_outLF 8.5 maOD Minimum rest groundwater level interpolated from adjacent groundwater boreholes
CONTAMINANT PARAMETERS

Contaminant name Cont_Nme Chloride -

Contaminant type Cont_Type Inorganic -

Contaminant classification Cont_Class List Il -

Concentration in landfill leachate Conc_LF 3657 mgl/l Source term value

Free water diffusion coefficient Dw_cl 0.000000005 m2/s Default value

Partition coefficient in clay Kd_cl 0 l/kg Conservative tracer

Half life in clay (0 for no decay) thalf_cl 0 days

Decay in sorbed phase? Decay_sorb No -

MINERAL BARRIER / LINER

Thickness of mineral liner thick_clbr 1m Design spec

Hydraulic conductivity k_cl 0.000000001 m/s Design spec

Average pore radius pore_radius 0.00001 m Default value

Effective porosity n 0.162 - Default value

Dry bulk density rho 1750 kg/m3 Typical clay values

Tortuosity tau_cl 5- Default value

STEADY STATE DILUTION

Hydraulic gradient in the aquifer aq_| 0.004 - Calculated from GW levels

Hydraulic conductivity of the aquifer k_aq 0.00001 m/s Expected for Sand and Gravel Aquifer
Downgradient distance of compliance point from landfill dist_cp 100 m

Dilution flow in aquifer downstream to the landfill

agq_Q

0.000021 m3/s
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