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HYDROLOGICAE RISK ASSESSMENT, PROPOSED NORTH SHAI'T
INVESTIGATION BOREHOLE, DOVE’S NEST,
NORTH YORKSHIRE

1 INTRODUCTION

The purpose of this hydrological risk assessment is to provide the UK regulator lor
Controlled Waters in England, the Environment Agency, with sufficient information to
support a planning application to construet an investigation borehole for a proposed mine
shaft. Foltowing advice received from the Environment Agency (Ref. 13, Form WR-9, the
Qil and Gas UK Guidelines for the Suspension and Abandonment of Wells (Ref. 2) and
other relevant Environment Agency guidance (Ref, 3) have been used in the plcp'uatum of
this document. S 1

Basic information on the at,olo;:,u.al units and hydrogeology of fhe Clev&land&m1 llah_u%}
been summarised in Ref, 4 for use in this document, PERIOA
2 BASIC DETAILS

2,1 GRID REFERENCE

N

'The National Grid Reference (NGR) ftEl the proposed borehole is 489297 95434.
The general location of the proposed botetiole driiling site 18 shown in Figure 1 al
1:2,500 scale which includes an insert at 1:25,000 scale.

2.2 INDICATED DEPTH

The indicated maximum depth for the proposed borehole (terminating within the
Fordon Evaporites), based on the borehole prognosis (Table 1), is approximately
1,600 metres.

2.3 MINE WORKINGS

There are no lornier or cwrrent mine workings (coal, jet, ironstone cic.) anticipated at
this location.

24 GROUNDWATER ABSTRACTIONS

There are no domestic drinking water groundwater abstractions within 250 m ol the
proposed drilling site. Enviromment Agency records indicate the nearest registered
groundwater abstraction is approximately 4 km northwest of the site, to the southeast
of Ruswarp., Local Authority records indicate the neacest recorded wiilised private
water supply is located at the Mooside Supply South {serving Moorside Farm,
Moorside House and Thornhilly at NGR 488753, 505094, approximately 620 m WSW
of the proposed site and at approximately 190 m AOD. These records also indicate
that the Low Moor caravan site at NGR 489460 503944 has a water supply borchole
based on BA and ficld obscrvations as being located at NGR 489570, 503620,
approximately 1.48 km S of the proposed botchole site, and that Newton House has a
private waler supply at NGR 483880 504006, approximately 1.50 km SW of the
proposed borehole site.

March 2 : 1431 HRA. Doves Nest, Noth Shaft
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2.5 ANTICIPATED GEOLOGICAT SEQUENCE

The anticipated geological sequence to be encountered by the proposed borehole,
based on available geological information, is given in the borehole prognesis in
Table 1.

2.5.1

2,52

Near-Surface Geology

The [:10560 and 1:1:50,000 scale geological maps (Figures 2 and 3) indicate
the near-surface geology on site comprises the Moor Gril Sandstone, underlain
by the Scarborough Formation, both of which are part of the Ravenscar Group
(Table I},

There are no geological borehole logs in close proximity to the site available
rom the BGS Geolndex database. FWS Consultants Ltd have undertaken a
number of preliminary site investigations of the Doves Nest site. “I'vial pit logs
contirm the presence of 0.25 m of topsoil across the site, underlain generally
by between 2.4 and 3.95m of clay, thinner to the east and thicker to the west.
Bedrock has been identified as sandstone, forming a roughly horizontal
rockhead surface at depths ranging from 2.65 to 4.20 m bg],

Geological Borehole Data

Available geological borehole logs from the BGS Geolndex database,
proximal to the proposed borehole location, are as follows:-

BOREHOLE NAME REFNO. | DEPTH i} | EASTING | NORTHING

Sneaton Low Moor

Caravan site NZSOSES 132 489570 503620

! RTZ 3 NZIONW-| 1269.8 491805 506634
YPS NZSONEY 1285.95 439566 506853

The nearest available Water Well data from the BGS Geolndex archive are:-

BOREHOLIE NAMIE REF NO. DEPTH {m) | EASTING | NORTHING
Sneaton Low Moor -
caravan site NZ30/7 13.2 489570 503620

The borehole log for NZ80/7, which is located approximately 1,480 m south
[rom the proposed site, includes hydrogesological and puniping test data from
the Scarborough Formation (Secondary A aquifer unit in this arca). Water was
struck at 68.6 m bgl, towards the base of a 6.7 m thick grey soft sandstone unit
which is most likely patt of the Scarborough Formation, and rose (0 a rest
water level of 56.1 m bgl. During pumping, at a rate of 720 gallons per hour,
the groundwater level fell to 59.7 m bgl, and recovered, on completion of
pumping lests, to the original rest water level within two minutes. A record of
the groundwater quality is also given, indicating a pH of 6.8, low levels of
trace metals, 0.1 mg/l ivon, 0.1 mg/l manganese, 30 mg/l chloride, 206 mg/|
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CaCO; alkalinity, 0.04 mg/l free ammonia and <I coliform bacteria per

100 mils.

In addition, York Potash Ltd have boiehole records for their SM3/3A
exploration borehole which was located approximately [ km southeast of the

proposed borehole site (Ref. 10).

2.6 ANTICIPATED AQUIFER UNITS

An assessment of the anticipated aquifer units to be intercepled by the proposed
botehole, within the geological profile summarised in Table 1, is based on Rel’ 4.

2.6.1 Principal/Major Aquifers

There are two Principal/Major aquifers, as identified by the Enviromment
Agency, that will be intercepled by the proposcd borehole al depths below
780 m (Table ). These are as loHows:-

o Sherwood Sandstone Group:

o Brotherton Formation (Upper Magnesian Limestone),

2.0.2  Secondary A/Minor Aquifers

There are a number of Secondary A aquifers anticipated to be intercepled
within the upper 250 m (Table 1) by the-propesed-borehole as lollows:-

o Moor Grit Member,
¢ Scarborough Formation;
¢ Cloughton Formation;

o Eller Beck Formation;

. . bk e _
o Saltwick Formation (may/may not be present al this [6Cation),

o Dogger Formation;

¢ Blea Wyke Sandstone Formation (if present);

¢ Cleveland Ironstone Formation:
o Staithes Sandstone Formation,

2.6.3 Sccondary B/Non-Aquifers

There are a number of Secondary B

the proposed borehole as [ollows:-

——— ]

acuifers anticipated to be intercepted by

Mereh 20043
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Redear Mudstone Formation:
o Penarth Group;
o Mercia Mudstone Group;
o Roxby Formation;
o Shetburn Anhydrite Formation;
o Billingham Anhydrite;
o Fordon Evaporites.

2.6  Unproductive Strata/Non-Aquifers

o Whitby Mudstonc Formation.

2.7 GROUNDWATER VULNERABILITY

The Groundwater Yulnerability status ol the proposed borchole drilling site, based on
the Environment Agency Groundwater Yulnerability Map for the area (Figure 5) is:-

Low: This status relates to the combined presence of a near-surface Secondary A

aquifer and a low vulnerability soil: Low vulnerability soils are soils in which the

pollutants are unlikely to pencirate the soil layer because cither water movement is

largely horizontal, or they have the ability to attenuate diffuse pollutants. Lateral flow
3 from these soils may contribute to groundwater recharge elsewhere in the caichment.
{ They gencrally have a high clay content and are represented by soils of the
i Denchworth, Satop and Brickfield Associations (Ref. 8). The presence of a 2.4 - 3.95
; m tow permeability clay beneath the site has been conlirmed by trial pitting. The low
§ vulnerability status has been confirmed by reference to (he current EA online
: groundwater vulnerability maps located within the general web address:-

hip:/maps.environment-agency.gov.uk/wiyby
2.8 SURFACE WATERS

Based on the results of a site visit, and the Ordnance Swvey map (1:25,000 scale), the
nearest surface waters to the proposed borehole drilling site are:-

SURFACE WATER DISTANCE (m) AZIMUTH

Surface water drain leading from the
spring dischurge water storage taak (o
north of Doves' Nest Farm discharging to RA ] SE
surtiace water drain 380 m SE of proposed
sHe (see below).

Surface water drain 1o East of Doves' Nest
Farm leading o Sneaton Thorpe Beck. Khid) SE

A\-}(u‘:.'h—j’_f?!} . T30 - HRA, Doves Nest, Nooth Shajt
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A field deain previously in close proximity lo the proposed drilling sitc has been
removed as part of the development of the Doves Nest site. The nearest surface water
to the proposed site is therefore 340 m to the SE.

2.9 HYDROLOGICAIL FEATURES

¥

The nearest relevant hydrological fealures (such as springs, wetlands, bogs etc.) are:-

&
HYDROLOGICAL FEATURE | r-DISTANGE- () | —_AZIMUTH _
Spring. North of Doves® Nest Farm 30 : SE
Spring, East of Doves® Nest Farm | B0 SE !
Probable Spring, Moor House Farnt * ‘ 620 SwW -
Spring at Windmili Hill Plantation - Ua80 ~ N
Cavered Reservoir bl 480 NW

2.10 FLOOD RISK

The Environment Agency oniiﬁe Floodriskbmap shows the site i;_;_ﬂg_qgﬁitkle any aregi at
risk of flooding from rivers aml% sea, T
‘g"-.
2,11 DRILLING METHOD STATEMENT

[

A detailed drilling method statement has been prepared by (he York Potash Drilling
Supervisor {Appendix 1). The following constitutes a general sunimary of the drilling
method statement as it relates to the proposed boring, and ultimately the sale
completion/abandonment of the investigation borehole, to prevent pollution of
controlled waters.

We understand drilling is likely 10 be undertaken using a lorry mounted drilling
platform and drawworks, together with a power generator and mud pumps, Topsoils
and subsoils will be stripped o a depth of around 1 m and stockpiled as part of the site
development. The drill rig will be established on a level drilling platform comprising
approximately 0.25 m of suitable, compacted, imported, crushed, inert slone if
earthworks are required at this site in order to achieve a level drilling platform,

It is planned to drill the exploration borehole using a two casing systent, as has been
discussed previously with the Environment Agency. This would be in line with other
oil and gas drilling programmes in the North Yorkshire area. The borehole will be
cased from swface to within the Sneaton Halite (1,240m bgl). The casing diameter
will decrease progressively downhole. Proposed casing depths, based on the borehole
prognosis, are given in Figure 5.

A concrete-lined pressure vessel sump will be eslablished from ground fevel to
approximately 2 m bgl. This will prevent interaction between any return drilling
fluids and the superficial deposits/rockhead. A conductor pipe will be installed within
the concrete cellar, and scaled into the cellar to prevent any discharge of fhiids from
the conductor pipe or cellar, Following drilling of the cased section, [ibreglass
casings will be advanced from surlace to the casing point. The external annulus of the
casing will be cemented in place at the proposed casing depth identified in Figure 5,
and pressure tested, before commencement of the next stage of dritling, Permanent

March 2014 1433 HRA. Doves Nest. North Shaft
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casings are cemented 1o prevenl interaction between the drilling muds and
groundwater in the intercepted shallow aquifer units of the Ravenscar Group, and/or
pollution/interaction of groundwaters from different depths,

Our current proposal is as follows:-

Drill from surface down to the Whitby Mudstone Formation (WMF) —~ install a
permanent casing and cement this section. This will mean all the shallow Sccondary

‘A aquifers (principally in the Ravenscar Group) locally utilised for water supplies, or

providing baseflow to rivers ete., will be protected in exactly the same way as with all
previous boreholes.

Drilling/wircline coring will continue beyond the easing point to the base of the
Eskdale Group at around a depth of 1,200 m bgl. This section will be completed by
cither open hole drilling, with subscquent wireling logging, or by coring. In the
Hydrogeological Risk Assessment produced on the 3™ January, 2013 it was planned
to terminated the borehole at this depth and subsequently cement back to suface
level, As a consequence, no second casing would have been required. However,
whilst a decision has nol yet been made, it is possible that York Potash may wish 1o
drill/core beyond the total depth of [,200m bgl identified in January 2013, to a total
depth of 1,580m bgl so as to investigate the potash resource from 1,200 to 1,580m
begl. I York Potash does decide to drill/core this additional section from 1,200 to
1,580m bgl, then a second casing will need to be installed and cemented in place at
1.240m bgl, as stated in the most recent Drilling Method Statement for the Notth
Shalt Borehole, a copy ol which accompanies this Hydrogeological Risk Assessment
{Appendix 1). Other than increasing the total depth of the borehole, and requiring the
installation of a second casing, there is no significant impact on the results of the
HRA irrespective of which borehole termination depth is used,

The borehole will intercept the Cleveland Ironstone Formation (CIF), the Slaithes
Sandstone Formation (SSF) and the Sherwood Sandstone Formation. The detailed
seolagical log for the nearest York Potash exploration borchole (SM3) indicates the
following geological deposits and thicknesses are likely o be present at the Doves
Nest site based on geological cuttings:-

FORMATION | GEOLOGY FROM o i THICKNESS
o 3 (m bgl} {m bpi) {m}
Mudstone, siltstone and silty
sundstone bands, mid o light 171.2 199,2 220

Clevetund [ronstone

Forawtion . . s
arey, occasionally pyritic,
Silty sandstone, argilliceous
Staithes Sandstone | with beds of “cleaner™ } - -
Ahes Sat . 199.2 2457 6.3
Formation sundstone, occasionally

carbonaceous and pyritic,

The BGS/EA report (“The physical properties of minor aquifers in England and
Wales” {(EA R&D Publication 68) also notes the CIF comprises a succession of
around 20 m of mudstones, sittstones and ironstones, The Formation is essentiatly an
argillaceous non-aquifer with a potential to impact on groundwater fow in areas
where it has been mined. Current information indicates no mining of the CIF in the
York Polash area of interest,

.!-Imrh LR 1443 - HRA. Doves Nest Noah Shaft
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The $SF in the EA R&D Publication 68, is described as a less
the Ravenscar Group and thinning ta the south of Stailhes (within the York Potash
area of interest) with the development of shales and mudstones. Primary utilisation of
this aquifer is to the south and west of the York Potash exploration area, around
Thirsk and Northallerton.

The geological evidence from boreholes SM3 and SMII suggests that only the
“cleaner” beds of sandstone coutd act as aquifer units. Whilst the thicknesses of these
individual units are nol known, they are not considered to make up a substantial part
of the Staithes Sandstone Formation.

Thus within the area of the Doves Nest site, the CIF and SSF may be regarded as
equivalent to Sccondary B/non-aquilers. The Redear Mudstone and Penarth Group
{Rhaetic), which lie between the Whitby Mudstone Formation (WMF) and the Mercia
Mudstone Group (MMG), are both Sccondary Bfnon-aquifers, and thus will not be
affected.  So the section bencath the Whitby Mudstone Formation, down to the
botchole Total Depth (TD) at 1,200 m bgl is effectively a non-aquifer. The only
aquiler present below the WMG that will be intercepted before reaching the Eskdale
Group at 1,200m bgl will be the Sherwood Sandstone Formation (which is typically
saline).

It is proposed to drill the borehole from surlace to the Whitby Mudstone Formation
using overpressured drilling muds containing only non-hazardous materials, namely
water, bentonite and pH adjusters such as a stall amount of caustic soda. Thus there
will be no anticipated groundwater inflow into the borchole during drilling, and no
potential for contamination of near-surface groundwaters. Any substantial aquifer
units encountered from surface to the Whitby Mudsione Formation during drilling
will be scated off, as necessary, using a cement grout. Once (he casing is installed and
cemented in position, any aquifer wits will effectively be isolated {rom the borchole
and from cach other, The shallow Secondary A aquifers down to the Whitby
Mudstone Formation will be isolated from the drilling fluids to be used in the next
stage of drilling rom the Whitby Mudstone Formation down to the base of the
Eskdale Group at £,200 m bgl, and from interaction with any ingress of saline
groundwatet from the Sherwood Sandstone Formation aquifer.

Currently the borehole may be terminated at a depth of ,200mbsgl, as specified in the
Hydrogeological Risk Assessment produced on 30 January, 2013, or it will be
continued down to a total depth of 1,580mbgl, as specilied in the most recent Drilling
Method Statement (Copy autached). lirespective of which termination depth is
chosen, a second casing string will be installed at 1,240mbgl and cemented in place
prior to either drilling the evaporite sequence with saturated brine drilling fuids as per

significant aquiler than ™

the South Shalt Exploration bérchole or cementing the borehole back up to surlace as.

per (he borehole completion'staterment.

e e

e

The drilling platform will be located a inimum of 10 m from a waier c0ursei>50 m

from any spring or well, o [tom any borchole not used to supply water for domestic

or food production purposes; and >250 jn from any well, spring or from an}{,b brehole

used to supply water for domestic o food production purposes in ordef to be

compliant with Environment Agency Standard rules for environmental permits
:

March 2003
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2,12 BOREHOLE COMPLETION STATEMENT
The borehole completion objectives are to:-

o remove the hazard of a deep, open hole;

o prevenl the borehole from acling as a conduit for conlwmination to enter
groundwater,;

o prevent the mixing of saline and potentially potable groundwaters from different
aquifer units;

o prevent the flow of groundwaler from one geological horizon to another, and:

¢ prevent access ol water to the salt formations where uncontrolled dissolution could
oceur, and a hazard presented to {uture mineworkings.

On completion of drilling to the required depth, the borehole will be logged by
standard wireline geophysical methods that involve the lowering of a sonde with a
radiation source (o the {ull depth of the borehiole. Best elforls will be made to recover
any radiation sources from the well. Where radiation sources cannat be successtully
recovered, these will be notified to the Environment Agency, as appropriate.

On completion of drilling, primary and secondary permanent barrviers will be installed
in the cased borehole based on cuirent guidelines (Ref. 2). There is no anticipated
requiremeiyt for a through-tubing abandonment. The internal annulus of each borehole
will be infilled with a suitable cement grout from the base upwards, up 1o the base of
the pressure vessel sump at 2 m bgl.

3 RISK ASSESSMENT

A summary of the risks associated with various relevant criteria covered in this document
is tabulated in Table 2.

Groundwaler Source Protection Zone

The sile is not within an Environment Agency Zone VH/Total Catchment Groundwater
Source Protection Zone. There are no utilised potable drinking water spring discharges
located within 250 m from the identified proposcd drilisitc boundary. The nearest
licensed/known groundwater abstraction borehole (at Moorside  Supply South) s
approximately 620 m south-west of the site. Therefore there is # LOW risk to potable
drinking water/Groundwater Sottree Protection Zones,

Groundwater Vulnerability

The groundwater vudnerability of the proposed site is LOW. The site is designated as a
Low Soil Class vulnerability and overlies a Sccondary A aquiter (the Moor Grit), The
depth of the water table in this aquiter is not known, but is potentially < 10 m bgl. The
proposed site is underlain by topsoil and a low permeability boulder clay to a proven
depths of between 2,65 and 4,20 m bgl. The groundwater vulnerability risk is LOW.,

el 30 o I - HEBN, Doves Nost, North Shajft
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Groundwater Contamination e H

The shallowest bedrock (Secondary A) aquifer is the Moor Grit. A further three aquifer
units containing groundwater potentially suitable for utilisation, dischacge to springs, or to
provide baseflow to surface waters within the Ravenscar Group are thought to be present
beneath this unit. A number of groundwater {ssues/springs occur inn the area, but most are
more than 500 m from the proposed site and are thercfore at LOW risk. The nearest
spring clischarges to the proposed site associated with Doves Nest Farm 320 m southeast
of the site. This is a former water supply spring to the property but now discharges into a
surface water drain together with a septic tank discharge.

The bedrock secondary A aquifer is located between 2.65 and 3.20 m below the proposed
site and the groundwater level in this aquifer is unknown. Springs emerging to the W and
E of the site coincide approximately with the hiterface between the Moor Grit and the
underlying  Scarborough Formation, and  pr obably tcplcsent discharge of shallow
groundwaters infiltrating the superficial deposits and moving down into the largely
unsaturated Moor Grit belore being discharged at the Mopr Grits c;u,lg_gﬁongh Formation
contacl. There is a MEDIUM risk of groundwater contahination from (PHTITg*}H{L_\O[]
this shallow groundwater aguifer. 1lowever. as (he sprit g dl Dovu; Ncsl laun ‘provides ™

The Enviconment Ageney's What's in your backyard WIYBY) website page indicates
that the Enviromnent Agency DO NOT restrict activitfes that may pollute waler supplies
in the area identified for the proposed drilling platform -

Prior to drilling, a cellar and conduetor pipe will be ttstalled and adequately sealed and
tested to ensure no drilling fluids can thigrate out of titeu;llmmwh&d%l‘juo the
surrounding bedrock. This should provide protection against contamination ol StinHow:.
groundwater in the Moor Gril (and ultimately into Sneaton Thorpe Beck) from drilling
[luids. The borehole will be drilled with drilling muds containing no hazardous
substances, and will be permanently cased, from swface to the Whitby Mudstione
Formation, thus mitigating the risk of any hazardous substances within the drilling mud or
surface contamination cntering the Secondary A aquifers via the borehole once the casing
is installed. During drilling, any significant drilling fluid losses, once identificd, are sealed
using a cement grout to prevent loss of drilling Fluids lo formation. The permanent casing
will also mitigate the risk of any contamination of these shallow aquifer units from
interaction with the drilling muds whilst drilling thvough the underlying Lias Group and
into the Mercia Mudstone Group, Sherwood Sandstone Group and the Eskdale Group., On
completion, the borehole will be filled with cement grout to within approximately 2 m of
ground level thus removing any potential preferential pathway to/from surface. All nearby
surface springs associated with Moorhouse Farm, Moorside House and Soulsgrave Farm
are currently being monitored For potential impact as part ol the current Doves Nest site
devetopment, and drilling of SM11 (Doves Nest South), No impacis have been identified
during drilling of SMI1 and thus 1o impacts are anticipated during drilling of the North
Shaft investigation borehole.

The implementation of the identified mitigation procedures above leaves a residual LOW
tisk of contamination.

SMarcl 204 2 B 113~ R, Paves Sost, Notth Shaft
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Nearest Surface Waler/Other Hydrological Features

Current EA regulations specify a minimum distance for any potentially polluting activity
of 10 m from any water course, 50 metres from any spring or well, or from any borehole
not used to supply water for domestic or food production purposes; and 250 mettes [rom
any well, spring or from any borehole used to supply waler for domestic or food
production purposes, During site preparation and removal of surface soils an the Doves
Nest site, a field drain previously withinn 10m of the proposed drilling site was removed.
There are no surface waters within [0m of the drill site, Any risk (o surface waters during
drilling are LOW.

Flood Risk
The site is not at risk from flooding,

4 CONCLUSION

Based on (he information above for the proposed borehole drilling site a1 Doves Nest site,
we consider the highest fevel of risk to Controlled Waters (surface water and groundsaler)
o be MEDIUM. Mitigation measures, including the use of conductor pipesfeellars,
permanent casing of the well and wiilising non-hazardous drilling mud in geological
formations above the Whitby Mudstone have been identified that will reduce the overall

risk to LOW,
DR J P LDEARLOVE PP DR F W SMITH
PRINCIPAL CONSULTANT DIRECTOR

¢P-K WELLS
GEOLOGIST

18 March 2013

Menehy 24 3 o HIY - HRA, Daves Nest, Nooh Shaft
10




§ REFERENCES S —

1 Email from Sharon Thomas {Environment Agency) 4 February, 201 1.

2 Oil and Gas UK, 2009. Guidelines or the Suspension and Abandonment of Wells,
Issue 3, January 2009.

3 Environment Agency, Undated. Decommissioning Redundant Borcholes and Wells,
National Groundwater and Contaminated Land Centre, Document Downloaded from
Environment Agency Website March 2011,

4  FWSC, 2011, A Review of the Hydrogeology of the Cleveland Basin, North
Yorkshire. Report 1433, March 2011,

5 BGS, 1879. Geological Map of the June 1879 Area of Fylingdales Moor. [:10560
Scale. June 1879.

6 BGS, 1998, Whitby and Scalby. England and Wales Sheet 35 and 44, Solidt and Drift
Geology. 1:50,000 Provisional Series.

7 Environment Ageney, 1994, Sheet 9. Northeast Yorkshire.  Groundwater
Vulnerability 1:100,000 Map Series.

8 IFWSC, 2011. Provisional Factual Geological Report, Borchole SM3, Raikes Lane,

Mareh 2013 ) U437 - HRA. Doves Nest, Nouth Shaft

3o R I
?{ﬁ MAR 201




SCALE: 1:25000

-
PONATR
gt o
1LY

PLANNING LAYOUT

NORTH
DRILLING PLATFORM

Tt Hlnarale batwet

YORKSCOTASH ¢

SCALE: 1:25800

NQRTH

e~
S




Key

Approximate location of North Shait Investigation Borehole - []

FLTRI

0y
=

i

o
S
%,
P

Forerpe
I

e
s

& g il
...

i
i e

e
I JA‘AIE!:-
iy

Mernngton Hleuse. Memngton Leng Indostiial Esiate,
Spennyanas, Ua Parbant
™G 2LE

Tzl H1383 120433 Fax D1M§419764
whaw Fusconsuitants som

~ N} A 3
.
T
T -
./
—F -
10RTOLE GENT ME
=~ January 2913
Fovireansentat ond Geologlon Consultanty Moject W Yotk Petash

DRAWN BY

DRAWING TIHLE

Extract fram 10 S0 spabe seatearcal map rRel’ 34

DRADING SUMBER

figure 2

STATLS

SCALE

NTS




Key

Approxfmate Ioca(ign of North Shail Investigation Borehole - [___j

57 8a

o

v g e
b5 —‘“‘“'Q‘lkf? :
Areatanalinn
?BE \ -{‘} 4

‘ A
SAEY

ETFS
Aty

b

|

ot

> "’r..'-‘} ”\

TERIS] consurranys 1D

Ervivonmentafind Geotogioul Consiltents

Mearingten House, Marmineton Line Industelal £szase,
Speany meer, Co Dutham
DLIG LT

Tl 11583420633 Fax 01388319708
waw fascoasafiints com

IoRILE CUERT DAIE
Faguagy 2013
e 3 York Patash
Brofect 49 (UFTY T
DRAWING TITLE DRAWIXG SUMBER, STATES SCALE
Fatrartof [ 30.000 scale vetorical mapiRef 8) Fieure 3 Ni%




Key

Approximate location of°
North Shat [nvestigation
Borehole -

i

_
E_ .!7,.,
R},
S
;‘
ih

B e
S

Ry

g, A

; T

A

i

Lost iy

U e
— R s
'.,M.
il A
1

VST coNsULTANTS 17D

Envlrornmentaland Grotogleal Camulton,

Metnaman Hoose, Metringion Lna ladusidad Estare.
Syrenny e, o Butham
DLle AT

el 24383920633 fax HISISEME
W fw sconsultants com

JOR HILE CLIENT DAE
Janstary 2033
o LR DR
Profect 4 York Potash DRAWN RY
DRAWING T{ILE DRAWING NUMBER STATLS SCALE
Figure 4 IS

Fxarxd of groundwater sulnerahiling mip et )




Depth

Ground Level (~202,2 mOI)

Pressure Casings

Vessel
Sunmpf i\

m bgl 0
- IOt Erd el lFered rasterrals [eTimatad] g =sna
100 [ Gren ; @D Permanent
H ]
— j asing
[0 m casing
——————————— °T = by Wudvtons feematan ’ Bermanent
200_____, : Cieeélufilms}aferst{ﬂik-Fﬂ C(\Slﬂg
Staithes Sandatene Farmatize I @ OpCll Hole
3 3 Drilling/
300 : Coring
400 _ Redear louditont Fermaten :
500 |
. Penerth Group
600
Hercia Mudstora firovp [rpper 1octant :
700 _ |
Rgl5it @
800 Sppet Bunter Shatrs
200}
i Shet aocd Savhitans Feimatin
1008
[ X H]
1100
Evkdr'e Group [upper sectiang
1200, 1203
Brodkelatiater o [240m
1300 i
Beratyy Hatte { ng Beulby Palash)
1 400
1500
Ferdea fnapedifes
1580'm
Y00 PO UL | O .. LS -
16345 92
17001 NB: All depths are provisionalfestimated

JER¥iS] consurranys Lo

Easiromanental nitef Grotogledt Cousultants

Megsington Howse, Maringoa Lare Industriad

Eatare. Spranyannr. Co Durham,

DLIGTIUT

Teb 0388 120631 Fana i 388 S1e08
W [ seomstlrants.com

OB TILE CLIENT RATE

JAN 2043
N v

Project 40 York Potash DRAWN BY
cn

DRAWING [IILE DRAWING NUMBER STAILS ScAlLy

Provisional Proposed Borchole Casing . . .

Depths l B Figure § NTS




[E8ViS  consuLranTs LTD

TABLE 1 BOREHOLE PROGNOSIS - North Shaft

Based on Intersectlons encounterad at 511 to date {22/1/13), Sii2, SM3 and SM7 and surface ground fevel of 202.2m AOD

STMﬂ:?{\PH(C FROM T0 THICKNESS
{m bpl} {mi bgl)
Quatemary | Devensian glactal dilft 0.00 340
Midgle Jurassic {Ravenscar Group and Dogger Formatlen 340 109,21 105,81
Lias Group
- Whitby Mudstone Formation 109,21 179.21 7000
-Cleveland Irenstone Formation 179,21 206.21 27,00
- Staithes Sandstane Formatton 206.21 25541 49,20
Lower durassic [ gedcar Mudsione Formation
legnstona Shales, Banded Shales and Pyritous Shales 255.41 348.21 92,80
stliceous Shales ] 148.21 394,21 " A6.00
Caleareous Shales 394,21 491,21 97.00
Penarth Group {Rhaetic] #9121 51341 22,20
Merdla Mudstone Gr"aglg '
- Upper Triton Fotaration 513,41 522,21
- Keuper Anhydrite Member 5222t 562.21 40.00
- Lower Triton Formatlon 562,21 642.01 79.80
Triassle - Upper Dowsing Formation 642,01 748.21 106,20
- Rot Salt 748.21 793.21 45.00
- Upper Bunter Shale 793.21 801,21
Sheawvood Sandstone Group
- Upper Bunter Sandstone 801,30 396.21 24.91
- Midd!e Shale Unit {Red Marl) 836,21 83771 41.50
- Middle Bunter Sandstane 9371 1032.21 94,50
Eskdale Groun
- Roxby Formation
Transiticn Geds 1032.21 1136.81 104.60
tower Bunter Shales 1136.81 1203.21 66.40
Brockelschiefer Member 1203,21 1228.26 25,05
- Uitlebieck (Top} Anhydrite 1228.26 1229.14 0.88
- Slelghts Siltstone 1229.14 123158
Stalntondale Group
- Snedlon Halite {Unit E} 1231.58 1235.16
» Sneaton Halite {Unit D) 1235.16 1252.40 17.24
- Sneaton Potash {Unit €} 1252.40 1256.39
- Sneaton Halite (Unit £) 125629 1264.32
« Sneaton Halite {Unit A) 1264.32 1272421 9.89
~ Sherburn Anhydrite 1272021 128252
- Carnallitic Marl 128252 §301.19 18.68
Yeesside Group
- Boulby Halite {Unit 0} 1301.19 1303.3¢4
Permban - 2oulby Potash {Unit C} 130334 1306.70
- Boulby Halite {Unit B} 1306.70 133887 32,17
- Boulby Halite {Unit A} 1338.87 1348.74 10,38
- Bllitngham Anhydrite 1349.74 1365.25 15,50
- Brotherton formatton 1365.25 141262 47,32
- Graver Saleton 1412 .62 1413.62
'_&Is!a by Group
- Tordon Evaporile Formation 1413162 1413,62
Halite and anhwydrlite 14%3.62 1445.02 31,40
Upper Anhydrite 1445.02 147847 33.45
Upger Polyhalite Deposit s 147847 152065 ¢ 41,19
Hallte vith minor polyhalite and anhidrite {Sulphatlc e
Halite] - 152065 ¢ 157692, : 55.27
Lower Polyhatite Deposit P AN B .
{May be present, I not, then expect émphatic Liatite} 157692 161692 40,00
Halile & Anhydrite 1616.92 : 20.00
- Kirkham Abbey Farmatlon s i
! |
13/12/12 1433/Prognosis




Envzronmenml and Geoloatcal Consultants

_ Merringron House. Merringron Lane Indusirial Extate. Spennymoor. Co Durham. DL16 7UT
Tel: 01388 420633 Fax: 01388 819705 Web: www_fwsconsultants.com

TABLE 2: NORTH SHAFT INVESTIGATION BOREHOLE — HYDROLOGICAIL RISK ASSESSMENT SUMMARY SHEET
CRITERIA RESULT EVIDENCE RISKTO RESULTANT
CONTROLLED | RISK AFTER
WATER MITIGATION
Protzction of mujor Qutside groundwater source protection zone EA Groundwiter souree protection zone
groundwater abstractions and no drinking waterspring discharge or map, response from Local Authority and LOW LOW
groundwazer borehole within 250 m of the discussions with site owner
proposed drilling site.
Groundwarter vulnerability Low vulnerability status EA Groundwater vuinerability map
No superficial deposit aquifer Online Superficial deposit aquiter
designation map. LOW LOW
Superficial deposits:
Between 1.9 and 3m of stiff 1o very stiff Site investigaton mial pits
boulder clay over sandstone rockhead. One
pceurrence of running sund in wial pits.
Groundwater contamingzion Secondary A bedrock aquifers potentially Online Bedrock aquifer designation map
providing baseflow to surface waters und Ret, 4.
Shallowest aguifer: Moor GrivScarborough BGS Geology Map and Ref, 4
Formation estimated at < 10m bal. MEDIUM LOW
No reported utilisation of groundwater spring Site observations. discussions with land
dixcharge — Doves Nest Farm reported by owner, Local Authority and Environment
owner 1o be on Mains water supply. Spring Ageney records
discharge runs to surface drain
Nearest surface waters There are no surface waters within 10 mofthe | Site observations - During site preparation LOW LOW
drill siee. and removal of surface soils on the Doves
Nest site. 2 field drain previously within
{Om of the proposed drilling site was
removed.,
Other hydrological features Multiple spring dischurges providing baseflow | Site observations and OS map MEDIUM LOW
{e.g. springs. wetlands., bogs 1o surface waters. Nearest spring providing
elc) baxeflow to surfuce waters iy approXimately
320 m from proposed drillsine,
Flood risk None — outside EA flood zome EA online flood risk map LOW LOW






