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INTRODUCTION: 

Thank you for commissioning the Geodivining Survey to locate and assess the best accessible groundwater

sources for drilling multiple boreholes for a large water supply development at Lochailort Hatchery. 
The accompanying Guide documents provide detailed background information about the varied geology of
Scotland and other regions, and the very variable occurrence of groundwater in different rock formations, in

which, generally, the high yield groundwater flows are confined to narrow vertically oriented faults and
fracture zones, which can be accurately mapped by unique Geodivining survey methods to the extent of
almost certain optimal intersection of these water -bearing structures by exactly positioned boreholes. 

The current guide is: ` GUIDE TO GEODIVINING GROUNDWATER SURVEYS

SURVEY & PROJECT MANAGEMENT FEES — 2018' 

This guide provides all the information you need to know about commissioning a Geodivining Survey and
what to expect from it, with a variety of relevant case studies. We are currently working on a series of
Regional Geology Guides based on the geologically defined regions or ` geological provinces' of Scotland
and other regions; and the most relevant guide or guides may be included with your final survey report. 

A second guide is: GEODIVINING GROUNDWATER SURVEYS; Principles and Substantiation: 

20 years in unconventional exploration - January 2014 - with 2017 update
This guide provides more detailed discussion on Geodivining Survey methodology relative to conventional
Geophysics and focuses on the successful and highly goal -oriented troubleshooting work that we frequently
do, where we are required to find substantial water supplies in places where previous drilling attempts have
failed to find any or to find enough. This demonstrates very clearly, through numerous examples, the
efficacy and economic value of our unconventional Geodivining Survey work, and how this is most likely to
achieve successful and economical results for you as well. 



SURVEY BRIEF: 

The proposed Geodivining Groundwater Survey covers the whole area of the property and environs up to a
catchment estimated to be of sufficient size to provide sustainable yield for the water supply required; to

map any superficial aquifers and detect high -yield structural aquifers in the underlying bedrock, thus
determining the best exact optimum drilling locations to develop the required water supply successfully, 
from one or a specified number of boreholes, based on pre -assessment of the geological setting. 

1 Property Area( hectares) Leased Site on Inverailort Estate

2 Total Survey Area( hectares) 500

3 Type of Water Supply Required - Pure Fresh Water Intake for Hatchery

4 Minimum Daily Water Requirement (M3/day) 864 ( multiple ses

5 Minimum Hourly Water Requirement litres per hour 36,000

6 Ideal Hourly Water Supply Target litres per hour 50, 000

7 Water Quality Specification Best Natural Groundwater

8 1 Range of achievable yields per gravel well litres per hour 4,000 to 20,000 limited sustainability) 

8 1 Range of achievable yields per borehole litres per hour 100 to 10, 000( good sustainability) 

9 1 Likely number of Boreholes needed to achieve MDWR 4 to 8

CLIENT CONTACT DETAILS: 

John Richmond

Freshwater Manager

MARINE HARVEST SCOTLAND LTD

MOBILE: + 44 7501728095

MAIL: Dohn. richmond@malineharvest. com

OFFICE: Stob Ban House

Glen Nevis Business Park

Fort William, PH33 6RX

Scotland, UK

PREPARATORY MAPS AND GEOLOGICAL RESEARCH: 

The following maps and research notes provide a hydrogeological pre -assessment for your survey, which
will form the basis of survey expectations and the brief `basic survey report'. 

In most cases we will have more detailed maps and research collated for reference during the site survey and

these may be incorporated into a more detailed ` Full Report', including details of environmental compliance
criteria, drilling and testing results, and assessment ofwater quality results. 
Additional fees are applicable for Full Reports, as indicated in the Survey Guide. 



LOCATION MAPS: GRID REF: NM 76600 81800. 

Brief Description: Inverailort is located just off the A830 Fort William - Glenfmnan - Mallaig road. 
14 miles after Glenfinnan, turn South onto the A861, cross over Ailort Bridge then double back onto the

old Inverailort road. The Lochailort Hatchery Facility is a large self-evident site. 
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1: 12,500 Map of the SURVEY AREA in detail: 

This map shows the site ( shaded pink) on the flat alluvial / raised beach deposits of the River Ailort, 
surrounded by the rugged hills and mountains typical of Morar and Moidart. The terrain is the product of
many hundreds of millions or years of geological evolution and erosion of this ancient landscape, described
in more detail in the next section. The details of the geology also determine the occurrence and availability

of sustainable groundwater flow that this survey must discover and optimally develop for such a high yield
critical water supply. 
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GEOMORPHOLOGY AND DRIFT GEOLOGY: 

The same 1: 12, 500 map is used to show the Superficial Geology and the Bedrock Geology ( next 2 pages). 
The drift deposits are of very limited extent. From oldest to youngest, there is glacial till (light blue), 
Glaciofluvial sand and gravel ( pink), raised beach deposits ( light green), recent beach and intertidal deposits

cream), and peat soil cover (brown). All unshaded areas are bedrock at or near the surface. 

There' s a possibility of finding a deep gravel- filled channel of limited extent ( within blue- dashed line) under

the beach terrace that may sustain substantial abstraction fed by rainwater and river water infiltration but
with risk of saline incursion if overexploited. 
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BEDROCK GEOLOGY: 

The rock formations are colour coded. In this case, the bedrock is steeply inclined to vertical metamorphic

strata of Precambrian age, consisting of the Morar Psammite Formation ( shaded cream) and Lochailort
Pelite Formation (shaded blue), with intensive igneous dykes ofvarious ages ( pink, purple, green strips). 

Groundwater in these formations is confined to faults and fracture zones and some dyke margins and the

bulk of the host rock is impermeable and barren. Dry boreholes are common. 
There are three local boreholes that I know of, confined on small sites at Lochailort Hotel and at Roshven, 
which produce small yields ( less than 1, 0001/ hr) sufficient for domestic and small hotel water supply. 
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This is quick and easy geological referencing for Groundwater Prospectivity Reports similar to the desk - 
study ` Borehole Prognosis Reports' offered by British Geological Survey ( at cost of £685 to £990). 
Study of the geology at this level can only provide a background upon which to base expectations, may
indicate an area or approximate location of above-average prospectivity, but cannot begin to determine the
exact points to drill to obtain optimum yields. It is still pot -luck at this stage and the BGS reports tell you

that you are dealing with superficial deposits of limited extent and variable permeability, and ancient

rn F, Il phjplly impermeable bedrock formations in which limited groundwater is confined to fractures. I
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A MORE DETAILED STUDY OF THE GEOMORPHOLOGY

Studying the local geomorphology helps in understanding the degrees of weathering and erosion of
different parts of the Catchment Area and the Highland landscape generally, and also the nature, extent
and depth of deposits in the valleys. This is relevant to understanding shallow groundwater flow into
valley aquifers and assessing their sustainable water development potential. 
Using an aerial image from Google Earth below, we can see major geological structures and landscape
features, the valleys and watersheds ( yellow dashed lines) defining the effective catchment area of the
River Ailort, and neighbouring catchments such as Glenfinnan, and we can see the extent and effects of
glacial erosion, which brought down large volumes of detrital metarial, later reworked by glacial
meltwaters and the sea to form the superficial deposits found today at Inverailort. The comes and

glacial landforms are easily visible and the major local glaciers are named in their respective valleys. 
It is evident that the Lochailort catchment is bounded by the Creag Bhan ridge ( 51Om) with a series of
smaller catchments along the Arisaig Fault to the north, and by the higher Rois- Bheinn ( 882m) and Beinn
Odhar Bheag ( 882m) ridges, separating it from the Moidart and Loch Shiel catchments to the south. 
At the height of ice -age glaciations the Rois- Bheinn ridge shed four local glaciers; the Moidart and Glen
Aladale glaciers joining the Loch Shiel Glacier to the south and the Loch Eilt and Cone a' Bhuiridh

glaciers joining to form the Lochailort Glacier to the north. Hemmed in by An Stac ( 814m), the Corre a' 
Bhuiridh glacier carved out a deep come and transported millions of tons of loose rock debris into the
valley to be reworked by glacial meltwaters and tidal currents, forming deep gravel deposits in the glacial
trough at Inverailort, that now constitute a finite but important local fresh water aquifer. 



A MORE DETAILED STUDY OF THE GEOLOGY

Some local geological maps are rather old and a few local areas in Scotland have no current published map

available other than ` broad -brush' regional maps. The most recent British Geological Survey map for the
Lochailort area is Scotland Sheet 61, Arisaig; one of the old ` One -inch Series' ( at a scale of an inch to a
mile, or 1: 63, 360), published in 1971. There is no new map for this area in the 1: 50,000 series, and the

digital mapping shown above simply reflects the lithological information taken from this 1971 map. 

j
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Detail showing the geology of the Lohailort area at 1: 25,000 scale with structural details and symbols. 

The printed map does offer some additional information in symbology, which is not included in the digital

platform, and this indicates other features of the geology that are readily visible, such as the rock types and
the orientation and inclination of strata. Although there are major regional and local fold structures in

evidence, in the immediate Lochailort area the strata are all vertical or very nearly vertical, oriented in a
general SSW -NNE trend, perpendicular to the direction of compression between colliding continents that
formed the fold -mountains of the Scottish Highlands during the ` Caledonian Orogeny' from 500 to 400
million years ago. 



These strata appear to be divided into two basic types coloured purple and sandy beige; however, the

differentiation is rather inexact or arbitrary as the purple areas represent strata that consist dominantly of
pelite with subordinate bands of semi- pelite and psammite, while the beige areas represent strata that consist

dominantly of psammite with subordinate bands of semi- pelite and pelite. 
Psammites are metamorphosed coarse and medium -grained sandstones ( including some beds of quartzite, 

originally high -silica sands), while semi-pelite is a term that encompasses metamorphosed siltstones often
interbedded with thin fine- grained sandstones, limestones and shales, and pelites are mainly metamorphosed

shales and mudstones with high clay content, which transforms to mica minerals. Generally the strata with
highest sand content, consisting of hard incompressible grains, retain higher porosity and permeability and

as metamorphic rocks these strata are more brittle and develop good open fractures as opposed to more

plastic deformation of mica -rich strata. In reality the overall appearance of the strata is that they are quite
well interbedded throughout the area with individual layers ranging from 5mm to 150mm in thickness, as

seen clearly in the extensive outcrops in the road cuttings and in the hills all around. 

Intrusive igneous dykes ( see key below) interrupt the metamorphic strata in several distinct sets of various
ages, the oldest being numerous Caledonian porphyrites and microdiorites running mostly with the grain of

the strata, the most notable being those trending West to East, including a late Caledonian Lamprophyre
dyke that cuts across the Glasnacardoch Peninsula, through the middle of Lochailort and under the hills

about a mile to the south of Inverailort; a late Carboniferous WSW -ENE striking Camptonite dyke across

the hillside on the south side of the valley, about a mile upstream of Inverailort, and a quartz- dolerite plug
and concealed dyke that strikes through the survey area and outcrops just south of the confluence of the Roti
Bum with the River Ailort; and the most numerous being a proliferation of much younger dolerite dykes of
Tertiary age, mainly striking NNW -SSE but criss- crossing in other oriengations too, which are all associated
with the major volcanic centres of the Hebridean Tertiary volcanic centres of Skye, Rum, Ardnamurchan, 

Mull and Arran. Many of the dykes are not mapped at all or only mapped in short outcrops, and their
numbers throughout the area are revealed along the coastline and the beds of bums, where bedrock is most

cleanly exposed and these details are most easily seen. Many of the dykes are intruded into faults and
fracture zones that provided conduits for the rising magma. Some are mapped, though many are not mapped. 

These also show up in great profusion on high- resolution aerial images of the area and region that have
become available in the years since the geological mapping was done, ( see structural analysis below). 



KEY: IGNEOUS ROCKS OF THE LOCHAILORT AREA

IGNEOUS ( INTRUSIVE) 

Dolerite. basalt or

tholeiile, undefined

Mugearite

Olivine- dolerite

Basic rock ( unclassed) 

Dykes, 

mainly N. N. W. 

Sills ( Eigg) 

Sills ( Skye) 

Dykes

Camptonite, manchiquile and Dykes, 
camptonitic olivine -basalt mainly E. -W. 

Quart:- dolerite IPlugs and dykes

Igneous rocks associated with The Caledonian Orogeny of The Scottish Highlands

Felsite l
Lamprophyre jDykes

mainly minette and vogesire) J

pyrite

rid porphyrite

ire

ela- microdiorite) 

nicrodiorite

rock ( unclassed) 

L, PM and OPM classed as LP, Land OL respectively
on one -inch Tobermor . ( 52) Sheet

Dykes

o and

sheets

Coarse- grained acid rocks associated with The Caledonian Orogeny

Trondhjemite } Large masses

Pegmatite } Veins and lenses
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Detailed Structural Analysis: 

The next step after acquiring the basic geological mapping was to search a variety of aerial images and pick
the best ones for detailed geo-structural analysis that goes beyond the scope of the generic BGS desk study. 
With the geology faintly overlaid on the aerial image we can see distinct structural correlations with the

mapped dyke outcrops, suggesting a number of cross -cutting faults and dyke extensions that weren' t
mapped at the time ( Scotland Sheet 61 ARISAIG, 1971). Mapping these features ( arrowed), where visible, 
is an integral part of geo- structural analysis to identify accessible target areas where multiple structures
converge and intersect offering potential for optimised yield at selected and carefully assessed intersections
circled in white ( for example) and circled in blue where potentially accessible from the hatchery site. 



HYDROGEOLOGY: 

These various bedrock formations are broken by faults and fracture zones ( dashed lines), which provide a
variable degree of secondary permeability by which over 90% of actual groundwater flow in the region is
transmitted. These fractures provide a network of deep conduits for relatively rapid groundwater flow

drawing upon extensive volumes of variably permeable bedrock. Small local fractures drain to larger
fracture zones and major faults, including intrusive dyke margins, where hydraulic conductivity can be up to
3 orders of magnitude higher than the low average for the overall rock mass. 

High sustainable borehole yields depend on the intersection of extensive water -bearing fractures and where
major faults or fracture zones are successfully intersected yields up to 10, 000 Uhr (> 200, 000 I/ day) are
achievable, though yields of 300 to 3, 000 1/ hr are more typical. 

Geodivining Survey methods are designed specifically for accurately detecting and assessing concealed
deep water -bearing structures for directly targeted drilling at exactly selected locations, even in areas where
the bedrock is completely covered. Details of the methodology and examples are provided in the
accompanying guide documents. We often discover faults and features that haven' t been mapped before. 

In some areas we can do quite a lot more by detailed geo- structural analysis on the aerial images, but
invariably more site- specific detail is required, and for many locations there' s little or no visible geological
structure as the bedrock is concealed beneath soil and drift deposits, water or wetland, dense forest or

vegetation, buildings, etc, and the geological mapping is often incomplete or inaccurate and does not provide
sufficient resolution to determine where exactly we should drill for water. 
For this we use the best available aerial images and Geodivining Survey methodology as described in the

accompanying Geodivining Survey Guides to plot target -matching water -bearing structures and other
features concealed beneath the survey area and then to exactly locate and assess them on site. 

Aerial Images can be acquired from Ordnance Survey, Canmore, Bing Maps, Google Earth, and other

mapping platforms from which we choose the best available and/ or most recent image, and prepare for the
Geodivining Remote -sensory work at two or three different scales ( below). 
For the Lochailort example we want detailed coverage of the whole area containing the accessible blue - 

circled targets, as this is for a large water supply of at least 36,0001/hr from multiple boreholes. 

Compared to the high resolution image from Canmore, used above, a midday photo from the spring of 2013; 

the last available image on Google Earth is a dark obliquely lit photo from the late Autumn of 2014, not long

after completion of the hatchery. With adjusted brightness and contrast, the low angle of the sun in this
image throws the landscape into stark relief revealing linear depressions along faults and dykes very clearly. 

There are 3 main groups of dykes. The oldest are the late Silurian to early Devonian aged felsite, porphyrite, 
diorite, Appinite, pegmatite and Lamprophyre dykes ( orange arrows) associated with the major plutonic

emplacements of the Caledonian orogeny such as the exposed Strontian, Ben Nevis, Glencoe and Etive
igneous complexes and other plutons still hidden beneath the surface. 

The most significant in terms of groundwater potential are the younger groups consisting of prominent

West -East and WSW -ENE trending faults and quartz- dolerite dykes ( white arrows) of late Carboniferous to
early Permian age and numerous mostly NW -SE trending dolerite dykes of Tertiary age ( pink arrows) that
were intruded during the extensive eruptions of the Hebridean volcanic centres of Skye, Rum, 
Ardnamurchan, Mull and Arran from 65 million years ago until about 40 million years ago. 

These dykes intruded as rising lava that then cooled and crystallised, shrinking in the process. They are
generally well fractured and often have open margin fissures. The dykes cut across the SSW -NNE grain of
the host rock intersecting all pre- existing fractures and providing the conduits for collection and rapid deep
flow along these narrow vertical structures that we have targeted on many occasions in the West Highlands
and Argyll for good sustainable yields of 1, 000 1/hr up to 10, 000 Uhr. 



The Geodivining Survey will map these concealed features in detail and stake exact drilling positions to
strike key intersection points where two or more structures meet. 

To expect to achieve 36, 000 l/ hr from 4 boreholes ( initially proposed) is probably unrealistic and too

ambitious, but a goal of achieving an average yield of 5, 000 1/ hr from 8 boreholes at well -spaced out
intersection points might be achievable in the context of a thorough Geodivining Survey. 
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FINDINGS OF THE SITE VISIT AND FIELD GEODIVINING SURVEY

The fieldwork was done over two days on Friday 14' s and Saturday 15th September, in blustery conditions. 

The hatchery occupies an almost level site south of the river at Inverailort, in the middle of the flat valley
floor that consists of post -glacial alluvial and raised -beach sandy gravel deposits filling a 20 -30m -deep
glacial trough, covered with 30- 90cm of peat soil. 

Local bedrock features on and near the site are concealed beneath the gravel deposits and needed to be

accurately located using well proven Geodivining techniques. 
The gravel deposits themselves present a significant shallow aquifer in a degree of hydraulic continuity with
the river and local burns, and directly recharged by rainfall infiltration over the valley floor as well as run- 
off from adjacent hill -slopes. This also could be assessed at selected locations, estimating depth and
permeability, and therefore potential well yields. 

Hazard Assessment: In sourcing groundwater one must always consider any hazards that must be avoided, 
such as overhead power lines that preclude safe access for drilling equipment and all kinds of historical, 
present or future contamination risks. 

In this case the site has a well recorded prior history as an early settlement and then as the first Commando
training base in Scotland during the second world war. The military history of the site and the incremental
transformation to fish farming is well documented and summarised on an information board outside the
offices ( photographs below). 

Plans show the billets and utility buildings covering several acres immediately to the west ( downstream) of
the new hatchery buildings, with only two small, brick -built ammunition sheds located some distance from

the base, east of the hatchery. This together with the up-to-date plan of the hatchery provides a fairly reliable
guide to the areas in which some diffuse groundwater contamination may exist or is currently occurring. 
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I nverailort

Irlverailort

This was the site of the first ever commando ( raining camp. where a new style
of combat was practiced The camp was in operation from 1940 to 1945. 
Occupied by the Army tot its first two years, the camp hosted 150 Officers and
2, 500 other military personnel A special intelligence unit was stationed at the
site shortly before the change to Navy occupation in 1942. 

Thousands of men of many different nationalities trained at the site including
troops from Britain, Poland, Czechoslovakia, Norway and Canada. During the
occupation by the Navy, members of the Women' s Royal Naval Service were
also stationed at the c̀amp. 

IYj

Several notable figures were associated with the camp including Lord Lovat
who lead the Lovat Scouts, this group became the British Army' s first sniper
unit, at that time called "sharpshooters Colonel William Stirling, a key
contributor to the beginning of the camp and a founding member of the SAS
also aided in the training of commandos at Inverailort. 

The training carried out at Inverailorl inspired a US Colonel to establish a
similar organisation to the Commandos. The Office of Strategic Services ( OSS) 
was set up in America with responsibility for intelligence and special
operations. Modelled upon the training and tasks assigned to the Commandos
the OSS was the fore runner to the modern CIA. 

00k House

Contribution to the War

By the end of the training at this site the Commandos were skilled in mounting
assaults on beaches and cliffs and had been fully trained in signalling, outdoor
survival. close combat and demolition

Historic layo

1

f . 

J

K. Y

Those trained at this site went on to carry out covert missions against German forces
in Europe Key posts for the Commandos included France, Norway, Italy and areas in
the Middle East. 

Commandos played an important role in conflicts such as the D -Day landings and the
Operation Chariot" raid on St. Nazaire' s docks, contributing significantly to Britain' s

success in the war. 
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The camp was built upon agricultural
11   I ground and consisted of tents, nissen

r- 
a huts and a range of brick buildings. 

The black and white photo to the

right shows the war time camp as it

appeared during its occupation. 

WThe most notable of the buildings were the cook -house, 

Lovat
medical block, boiler room, recreation room and the Navy, Army

sniper
and Air Force Institutes building ( NAAFI). These remained in existence

V
for a substantial time, along side the generator house and ammunition sheds

e SAS which were occasionally used as a jail, a paint shed and the NAAFI latrine. 
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The Cameron - 

Head family
owned the

estate during

the army

occupation

Mrs Cameron - 

Head, shown to

the right

curtseying to
His Royal

Highness

Prince Phillip. 
the Duke of

Edinburgh. was

herself

attached to the

camp as an

ambulance

driver. 

n

Training
Training was intense at the camp with man -hunt exercises, obstacle
courseslive ammunition shooting ranges, instruction in laying traps
and demolition charges and living off the land_ Exercises were
carried out over wide areas throughout the Highlands of Scottand
Training lasted between 4 and 6 weeks and it was considered to
be extreme The use of live ammunition and the harsh climate and
landscape are reputed to have caused a number of fatalities at the
camp

Archaeology
Recent archeologu: al surveys found numerous items dating to the
time when the camp was occupied The largest group if

of artifacts

Fo

empty
gun casings, alongside which

pereffect-, 

These finds serve as a clear link to this site' s past as a military can
and a key part of Britain' s war effort. 

Small bull( 

rT

casings

shown bel

and large) 

bullet cas _ 

on the left
were the most

common

archaeological

fords at the

site

From left to right HRH Prince Phillip, Duke of
Edinburgh. Mrs Pauline Cameron - Head, 
or Robin Bradley ( Wine Harvest). 
Dr lain Anderson ( Unilever Research Ltd.) 



The types of contamination that are likely to exist from the military camp are residual accumulations of

contaminated waste materials from old septic tanks for the billets, NAAFI building, and the cookhouse, 
buried rubbish tips, old fuel storage tank locations (generator shed), and possible local hotspots for metallic

contamination at the paint shed, ammunition sheds, a firing range, etc, for which not all locations are known

exactly. 

Contamination from the subsequent fish farming activity is diverse, reflecting the development, in stages, of
the site to the east of the Commando Base, and may include old burial pits, old and new septic tank systems, 

fish farm effluent processing and drainage systems, including the pond to the east of the new buildings and

oxygen tanks, and any old and current fuel and chemical storage locations. 

All these types of contamination in groundwater are potentially hazardous to the health of fish and should be

avoided. Without exhaustive site investigation and testing, as a general rule, we should avoid extracting

shallow groundwater within 50m of any known or likely contamination source, avoiding all areas
downstream of the site, and, if abstracting deeper groundwater from the bedrock beneath the site, we should
ensure that boreholes are constructed with effectively sealed casings to exclude shallow water ingress. 

MARKED DRILLING LOCATIONS AND OTHER FEATURES

TARGETS 1 AND 2

Located in the eastern quadrant of the site, crossing the eastern boundary just south of the pond, Target 1
was confirmed as a fault zone about 4m in width, on which two optimum drilling locations were staked, with
white plastic pipes set firmly into the ground ( see photographs below). 

Drilling at either marker or at any point on the line between them is expected to require 18- 20m of steel

casing to secure a borehole into bedrock, and to encounter water -bearing fractures in a productive zone from
28m to I I5 depth, with potential sustainable yield estimated at 5m3/hr. 

Water temperature is expected to be 10- 11° C. The water quality is expected to be good; pH neutral with low

mineral content in the 150- 250mg/ l range, though possibly with some iron and/ or manganese content at

modest concentrations above the very low limits for potable water standard, which may require filtration. 
The deep groundwater is likely to have low dissolved oxygen content and should be thoroughly aerated

before supply to fish tanks. 

The borehole/ s would be drilled using a permanent sacrificial casing into the bedrock, then open -hole

drilling at 190mm diameter to develop yield from the fractured bedrock. A 5 -inch lining tube should be
installed with triple washed gravel filter medium and bentonite cement grout as described in the drilling
specification page below. 

Target 1 is good for deep groundwater, but too close to the pond for shallow groundwater abstraction, 
however there is open waste ground in the easter comer of the site, Target 2, ( made up with spoil from the
site about 2-3m thick), where a well or pair of wells could be developed in the gravel deposits up to 20m
deep, at least 50m away from the pond, from which the Geodivining measurements indicate potential yield
up to 20m3/hr per well. 
Water temperature is expected to be 8- 9°C. The water quality is expected to be good; pH 6.7 to 6.9 with low

mineral content in the 100- 150mg/ 1 range, though possibly with some iron and/ or manganese content at
modest concentrations above the very low limits for potable water standard, which may require filtration. 

The shallow groundwater is also likely to have partially depleted dissolved oxygen content and should be
thoroughly aerated before supply to fish tanks. 

These wells would be temporarily cased with recoverable steel casing and then constructed with plastic

filter -screen borehole lining tube installed with graded and washed gravel filter -medium or a pre -formed
bonded filter coating according to drillers' preferred specification. 
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Looking along the fault line over the two drilling locations, with the main shed in the background and
recycled water pond to the right. Temporary edge markers were removed, leaving only the drilling points. 

View across the recycled water pond from the north side, looking back to Locations 1 a and 1 b. 



About 20- 30m south of drilling locations la and ab there is a 3- phase overhead power line across the eastern
corner of the site, under which drilling equipment can' t operate, ( ideally not within 17m of any power line). 
Target 2 is in open made- up ground in the eastern comer of the site that is more than 17m beyond the power
line, and 50m from the pond, where drilling could be done to develop water from the shallow gravel aquifer. 



TARGETS 3 AND 4

A second deep fault zone crosses the eastern boundary in the northern quadrant of the site, where two more
white markers were placed on carefully surveyed Locations 3a and 3b, where Target 3 was confirmed as a

fault zone about 5m in width, on which these two optimum drilling locations were staked, with white plastic
pipes set firmly into the ground on both sides of an open ditch that runs northwards to join a quite substantial

bum on the eastern boundary. ( see photographs below). 

Drilling at either marker or at any point on the line between them is expected to require 23- 25m of steel
casing to secure a borehole into bedrock, and to encounter water -bearing fractures in a productive zone from
30m to 130m depth, with potential sustainable yield estimated at 6m3/ hr. 

Water temperature is expected to be 10- 11T. The water quality is expected to be good; pH neutral with low
mineral content in the 150- 250mg/ l range, though possibly with some iron and/ or manganese content at
modest concentrations above the very low limits for potable water standard, which may require filtration. 

The deep groundwater is likely to have low dissolved oxygen content and should be thoroughly aerated
before supply to fish tanks. 

The borehole/ s would be drilled using a permanent sacrificial casing into the bedrock, then open -hole
drilling at 190mm diameter to develop yield from the fractured bedrock. A 5 -inch lining tube should be
installed with triple washed gravel filter medium and bentonite cement grout as described in the drilling
specification page below. 
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Target 3 is good for deep groundwater, and far enough from the pond for nearby shallow groundwater
abstraction as well, within the open triangular area between the ditch and the eastern boundary, Target 4, 
where a well or pair of wells could be developed in the gravel deposits up to 25m deep, at least 50m away
from the pond, from which the Geodivining measurements indicate potential yield up to 25m3/ hr per well. 
Water temperature is expected to be 8- 9°C. The water quality is expected to be good; pH 7.0 to 7.2 with low
mineral content in the 120- 180mg/ l range, though possibly with some iron and/ or manganese content at
modest concentrations above the very low limits for potable water standard, which may require filtration. 
The shallow groundwater is also likely to have partially depleted dissolved oxygen content and should be
thoroughly aerated before supply to fish tanks. 

These wells would be temporarily cased with recoverable steel casing and then constructed with plastic
filter -screen borehole lining tube installed with graded and washed gravel filter -medium or a pre -formed
bonded filter coating according to drillers' preferred specification. 



TARGETS 5 AND 6

Out in the open fields to the northeast of the site, about 100m beyond where the second deep fault zone

crosses the eastern boundary, is a well-defined Yjunction between two tributary faults, where optimum
yield potential may be expected within the well -fractured intersection. Two more white markers were placed
on carefully surveyed Locations 5a and 5b, where Target 5 was confirmed as a fault zone intersection about
6m in width, on which these two optimum drilling locations were staked, with white plastic pipes set firmly
into the ground a few metres to the north of the lone tree that stands on the boundary between the two fields. 
see photographs below). 

Drilling at either marker or at any point on the line between them is expected to require 27- 30m of steel
casing to secure a borehole into bedrock, and to encounter water -bearing fractures in a productive zone from
30m to 130m depth, with potential sustainable yield estimated at 7m3/ hr. 

Water temperature is expected to be 10- 1 VC. The water quality is expected to be good; pH neutral with low

mineral content in the 150-250mg/ 1 range, though possibly with some iron and/or manganese content at
modest concentrations above the very low limits for potable water standard, which may require filtration. 

The deep groundwater is likely to have low dissolved oxygen content and should be thoroughly aerated
before supply to fish tanks. 
The boreholes would be drilled using a permanent sacrificial casing into the bedrock, then open -hole
drilling at 190mm diameter to develop yield from the fractured bedrock. A 5 - inch lining tube should be
installed with triple washed gravel filter medium and bentonite cement grout as described in the drilling
specification page below. 



The best potential to exploit the gravel aquifer also exists at this location, Target 6, in the centre of the valley
where the aquifer is deepest, and well away from sources of contamination. A well or pair ofwells could be
developed in the gravel deposits up to 30m deep, from which the Geodivining measurements indicate
potential yield up to 30m3/ hr per well. 
Water temperature is expected to be 8- 9°C. The water quality is expected to be good; pH 7.0 to 7.2 with low
mineral content in the 120- 180mg/ l range, though possibly with some iron and/ or manganese content at
modest concentrations above the very low limits for potable water standard, which may require filtration. 

The shallow groundwater is also likely to have partially depleted dissolved oxygen content and should be
thoroughly aerated before supply to fish tanks. 

These wells would be temporarily cased with recoverable steel casing and then constructed with plastic
filter -screen borehole lining tube installed with graded and washed gravel filter -medium or a pre -formed
bonded filter coating according to drillers' preferred specification. 
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TABLE OF BOREHOLE LOCATIONS AND ESTIMATES

Site accessibility is good for the preferred drilling locations on site, but some groundworks are necessary to
prepare level sites for drilling. 

Geodivining survey work on site confirmed the fault zones detected on the remote -sensory survey as strong, 
narrow anomalies on the ground about 4- 6m wide. The exact optimum drilling locations were selected and
marked in pairs at Locations la and lb, 3a and 3b, and 5a and 5b. 

The most accessible nearby areas were also assessed for developing pairs of wells in the gravel aquifer at
Targets 2, 4 and 6. 

Casing Depths ( into bedrock) and the potential Productive Depth Ranges were estimated, and finally the
Potential Sustainable Yields were also estimated using ` virtual borehole' Geodivining techniques, with the
following results. 

Boreholes into bedrock structures: 

Location Grid Reference Estimated Casing
Depth

Estimated Productive

Depth Range

Estimated Potential

Sustainable Yield

Is & lb NM 76880 81775

Staked exactly

20m 24 - 115m At 120m, 5, 000 1/ hr

3a& 3b NM 76773 81902

Staked exactly

25m 30 - 130m At 120m, 6, 000 1/ hr

5a& 5b NM 76831 81977

Staked exactly

30m 30 - 130m At 120m, 7, 000 1/ hr

Boreholes into the gravel aquifer: 

Location Grid Reference Estimated Casing
Depth

Estimated Productive

Depth Range

Estimated Potential

Sustainable Yield

Target 2 NM 76894 81715 18m 3 - 18m At 18m, 20, 000 1/ hr

Target 4 NM 76780 81890 23m 3 - 231n At 23m, 25, 000 1/ hr

Target 6 NM 76830 81990 27m 3 - 27m At 27m, 30,000 1/ hr

GENERAL DRILLING RECOMMENDATIONS: 

Drill exactly on the mark through the full depth range specified for optimum results. For yields up to
20m3/ hr the standard 190mm borehole system with l40xl26mm lining provides the most efficient and
economical borehole construction, as specified below. 



STANDARD BEDROCK DRILLING RECOMMENDATIONS

For each borehole, using the 220mm sacrificial casing method, secure
the upper part of the borehole through soil and superficial soil and

weathered rock to estimated casing depth to effect an adequate seat into
firm bedrock. 

Change bit to 190mm diameter rock bit and commence drilling open
hole in the bedrock ( see geological description), to at least the estimated

optimum depth, or deeper only if necessitated by the yield measured off

the drill being below estimate required. 

The fust water strike and flow measurements at intervals thereafter

should be measured and logged ( top right) and once an ideal flow or at
least the minimum required flow, ideally with a 50% margin, is assured, 
at which point a decision can be made as to when to stop drilling. 

Once drilling is completed the borehole should be flushed clean in
preparation for the borehole lining tube / well -screen and filter -pack
installation ( bottom right) and subsequent test pumping. 

Good quality well -screen / lining tube with filter
medium in the annulus between the tube and the

rock prevents any movement of loose rock in the
fractured zone and improves the stability and

longevity of the working borehole. It also provides
a pre -filter, which traps any loose sand grains and

improves longevity of the pump. 4%x -inch Boode
well -screen ( 126mm OD x 113mm ID) with lmm

filter slots ( right) installed with high quality 1. 6- 
2. 5mm graded triple -washed silica filter medium

bottom left) will provide optimum performance

for this borehole. 

The gravel filter medium fills the annular space in

the productive screened portion of the borehole

lining up to a level within bedrock and a few
metres below the foot of the steel casing ( according

to actual drilling findings). 
The tube above this section is solid -walled up to
ground level and this part of the borehole annulus .` 

is filled with bentonite cement pellets ( above left), 

which swell to form a watertight sanitary seal

encapsulating the plastic lining, isolating it from , 
the mild steel sacrificial casing and preventing any

10'° 

risk of contamination from shallow water ingress

from the soil and subsoil layers. 

This method of lining installation is efficient and

economical, providing good quality seals with

flexibility in design to suit ground conditions and aquifer characteristics, compared to
time consuming and inflexible cement grouting methods. 



UNCERTAINTY RISK. 

The risk, of drilling a dry or very low yield hole within the target depth range, or of having to drill to
excessive depth ( more than 100m) to achieve the minimum yield requirement is quite high at random

locations, but on Geodivining locations it is reduced to the minimum level ( under 10%). 

All drilling operations are exploratory to some degree and satisfactory results cannot be absolutely
guaranteed, but Geodivining does optimise the chances of success at economical drilling depths and
achieves unrivalled overall first strike success rates for exceptionally high yields. 

It is possible that the yield potential could be overestimated and that deeper or additional borehole drilling
may be necessary just to secure the minimum required water supply, but based on statistical appreciation of
thousands of results from other Geodivining Surveys it is most likely the yield from the first borehole will
match or exceed the surveyed estimate and should exceed the minimum target yield in the intermediate

depth range without necessitating drilling to the full depth of the productive zone. 

OPTIONAL PROJECT MANAGEMENT & BOREHOLE LOGGING SERVICES: 

For large or specialised commercial groundwater developments boreholes must always be properly logged
and measured, requiring the project geologist to be on site managing the work from start to finish, but for
domestic water supplies and most agricultural water supplies this service is not essential and is offered as an

optional extra if you want that level of confidence and peace of mind knowing we are giving you the best
possible chance of a successful and optimal water supply development... 

The full borehole logging and testing service that Geodivining International provides ( see guide), fully
facilitates proper environmental compliance and detailed recording of the geological and flow logs as the
borehole is drilled. Typically just 1 or 2 days is required for the borehole supervision and logging of each
borehole, and an extra day for a brief drilling report. 

Having the project geologist supervising the work also provides for on -the -spot decisions on when to stop or
continue drilling, dealing with possible unexpected ground conditions, and optimal borehole lining design
and installation. A `Full Report' ( see Survey Guide) may contain all these details. 

YIELD TESTING AND WATER QUALITY ANALYSIS: 

Work to install a temporary pump to test the productivity and quality of the new water supply is included in
the quote from Raebum Drilling, and this is always recommended before installing a permanent pump and
wellhead. 

I look forward to seeing this development drilled and completed. 

In the meantime, please don't hesitate to call about any further queries you may have. 

I am generally available on the mobile phone 07828 417841. 

Yours Sincerely, 

Doug Bates, BSc( geol), FGSA, MGA, MIAH, MSEG, ( Proprietor, Geodivining International) 
Consulting Exploration Geologist & Professional Divinerfor Water, Hydrocarbons, and Minerals. 

DISCLAIMER:- The use of Geodivining methods of water location and assessment together with geological research and observation will

generally achieve optimum productivity in all fields of exploration, however, although Geodivining International maintains a high success
rate, we do not undertake to guarantee a successful outcome nor do we accept any liabilityfor any damage or cost incurred by development
work carried out on the basis ofour recommendations whether successful or unsuccessful. 
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BRAND NEW 2018 HIGH- RESOLUTION AERIAL IMAGE NOW AVAILABLE ON CANNIORE
SCOTLAND, JUST AS THIS REPORT COMPLETED . 
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