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Welcome to the course environmental impact assessment. Today we will discuss methods to assess the
impact on soils, land, and geology. They are important components of EIA, and they also play an important
role in other Impact Assessments, such as when you assess water, ecology, ecosystem services, livelihoods,
health, resource efficiency, and so on. We may also note that now conservation and management of soils,
land, and geology are given significant importance within the United Nations Sustainable Development
Goals SDG?’s.
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The SDG’s entered into force in January 2016. We see that soils and land appear in several of the SDG’s
you see these concerns in goals 2, 12 and 15, because of this, such targets apply to all countries. Looking at
the legislations and legal applications within soil protection and conservation, most countries have laws and
controlling procedures for the protection of land. In particular, the development that displaces soil and

converts land from agriculture or forestry to urban use or infrastructure.

Further, we see that contaminated land development activities can introduce new receptors, which means
new receptors that can get contaminated through the contaminated land. For example, housing blocks can
bring occupants as new receptors and they can be blockage to the contaminated land that can be created by
development activities such as removal of soil from the contaminated place or soil replacement and that

contaminated land.

Therefore, whenever development is proposed, it is important to assess whether the changes introduced by

the development will be significant or not. Development has the potential to convert contaminated land to



uncontaminated land and also has the potential to convert uncontaminated land to contaminated land and it

might not change the chemistry of the ground at the depth.

(Refer Slide Time: 3:08)
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Coverage

(1) Definitions and Concepts
(2) Methods in Scoping Stage - Desk study; Field Survey; Laboratory work;
(3) Methods of Impact Prediction - Impact on land and Soi;

(4) Temporary and Permanent Land

Learning Outcomes

(1) Able to Define and explain the Concepts
(2) Able to list and identify various Methods in Scoping Stage

(3) Able to list and chose various Methods for Impact Prediction

So, accordingly, our coverage will include definitions and concepts where we look at geology and
geomorphology, land, soil, soil properties, soil profile, classification, structure, color, fertility, and land
evaluation. Further, we look into methods in the scoping stage, and then we look into methods for impact

prediction. So, that will be our coverage.

Accordingly, our learning outcomes, the expected learning outcomes from you after completion of this
session will include that you should be able to define and explain the concepts of geology and
geomorphology and you should be able to define land, and soil, differentiate between them, should be able

to define soil properties, soil profile, classification, structure, color and so on.

You should be able to list and identify various methods used in scoping stages, particularly at the desk study,
and field survey laboratory work, for you should be able to list and choose various methods for impact



prediction on land and soil, such as temporary land taken soil displacement, permanent land taken soil

displacement, damages to soil structure, soil pollution and critical loads on.

(Refer Slide Time: 4:38)
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Definitions and Concepts

[
Geology

+ Geology is a vast and complex subject.

+ Surface geology concerns superficial deposits while solid geology only
concerns pre-superficial formations.

A number of aspects of geology are of direct importance in EIA, Such as
conservation, protection and management of fossils, stratigraphy, minerals,
or other geological features of concern.

+ The underlying geology also has engineering and construction implications,
and affects both geochemistry and geophysics.

Source: Therivel, R., & Wood, G, 2018

We are now, moving on to definitions and concepts. Let us first see geology and geomorphology. Geology is
a vast and complex subject and only a few aspects that we see in the EIA process. Surface geology concerns
superficial deposits such as drifts, glacier deposits, and river gravel, while when we see solid geology only

concerns pre-superficial formations.

Several aspects of geology are of direct importance in the EIA process such as conservation, protection, and
management of fossils, stratigraphy, minerals, or other geological features, which are of concern. The
underlying geology has Engineering and Construction implications and affects both geochemistry and

geophysics.

Some geological aspects are of indirect importance in assessment, for example, both the storage and
movement of the ground and surface water and water geochemistry these all are influenced as we had also



seen in the water chapter. It also influences the potential for onsite and offsite pollution as a result of

development and it also influences the pathways for any pollution that may have occurred in the path.

(Refer Slide Time: 6:14)
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Geomorphology

+ Geomorphology includes the study of topography (the terrain), and the
includes the nature of the rock and soils in relation to the erosion and
deposition caused by glaciers, rivers and wind.

* Human impacts can include landscape/visual aspects, but also
consequences such as erosion, slope failure, subsidence and
sedimentation in aquatic systems.

+ Aspects of geomorphology, such as' soil erosion, overlap with soil studies.

Source: Therivel, R., & Wood, G, 2018

Geomorphology includes the study of topography, and the terrain and includes the nature of rocks and soils
about the erosion and the possession caused by glacier rivers and wind. We see that human impacts can
include landscape visual aspects, but also their consequences such as erosion, slope failure, subsistence,
sedimentation, and aquatic systems can happen. Some aspects of geomorphology such as soil erosions, also

overlap with soil studies.

(Refer Slide Time: 6:53)
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Land and Soils

+ The quality of land for agriculture and forestry is determined by the
combined physical properties of climate, topography and soil.

+ The value placed on land has social and economic dimensions, which are
influenced by the potential uses of land and also its location in relation to
settlements.

+ Soil contributes towards terrestrial ecosystem services.

Source: Therivel, R., & Wood, G, 2018

Further now, we look into land and soil. Land and soil are often considered to be the same things, so, they
are sometimes taken as the same but there is an important difference between these terms. The quality of
land for agriculture and forestry is determined by the combined physical properties of climate, topography,
and soil. Whereas, the value placed on land also has social and economic dimensions, which are influenced

by the potential uses of land and also the location where the land is located about the settlements.



You may reflect soil has many purposes for us humans. The productive value of soil is determined by
several important physical and chemical properties and appreciation of the development's impact on soil

requires an understanding of basic soil properties.

(Refer Slide Time: 7:55)
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Summary of key soil properties

Soil property Significance

Texture Affects most chemical and physical properties. Indicates some
processes of soil formation.

Clay content As for texture

Coarse fragments Affects water storage and nutrient supply.

Bulk density Suitability for root growth. Guide to permeability.

pH Controls nutrient availability and many chemical reactions. Indicates
the degree of weathering.

Depths to A1, B2, impeding |Used to calculate volumes of water and nutrients (e.g. plant
layers, thickness of solum and | available water capacity, storage capacity for nutrients and
regosols contaminants).

Volumetric water content Used to calculate water availability to plants and water movement.
Plant available water capacity | Primary control on biological productivity and soil hydrology

Source: Therivel, R., & Wood, G, 2018

So, we will look at the soil properties. So, we see here the summary of key soil properties like you see the
texture, you see the clay content, course fragments, bulk density, pH value, and depth, and then also look at
volumetric water content, plant availability, and then the water capacity accordingly.

(Refer to Slide Time: 8:21)
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Soil property Significance

Saturated hydraulic conductivity | Indicates likelihood of surface runoff and erosion. Indicator of
the potential for waterlogging. Measure of drainage.

Electrical conductivity Presence of potentially harmful salt. Indicates the degree of
leaching.

Aggregate stability Guide to soil physical fertility. Potential for clay dispersal and
adverse impacts on water quality

Sum of exchangeable bases Guide to nutrient levels. Indicates the degree of weathering.

Cation exchange capacity Guide to nutrient levels. Indicates the degree of weathering.

Guide to clay mineralogy (when used with clay content).

Exchangeable sodium percentage | Indicator of dispersive clays and poor soil physical properties

Substrate type Control on soil formation, landscape hydrology, groundwater
movement, nutrients and solutes.

Substrate permeability Affects landscape hydrology and groundwater movement

Source: Therivel, R., & Wood, G, 2018

Then we also look see the saturated hydraulic conductivity, electrical conductivity, aggregate stability, and

SO on.

(Refer Slide Time: 8:29)



Soil Profile and Soil Classification - Spodosol

L

F Organic layers = acid with poorly-decayed humus,

H

A Thin mixed organic/mineral horizon.
€a Eluvial, bleached, iron (Fe) depleted = very acid.
= Bh Black illuvial horizon rich in humus,

Bfe Orange illuvial horizon, very iron rich, often concreted.

Bs Orange-brown illuvial horizon rich in iron.

C Parent rock = sand, gravel or sandstone.

Source: Therivel, R., & Wood, G, 2018

For the soil profile and soil classification, it is important to know the type of soil in the study area, a pit dug
helps to understand the topsoil and the subsoil layers, such as the vertical section is called a soil profile.
Each layer is called a horizon. Two different soil profiles are shown, as you can see in the image, not all

these subsoil horizons are always present and the horizons are frequently subdivided.

So, you also see subdivisions within the horizons. Here you may note the profile of a typical spodosol.
These types occur more in the cold and wet higher ground on wide and relatively flat enter fluids and low-
lying receiving sites. They can occur in some freely drained sandy parent material and low nutrients in

lowland areas. The typical vegetation cover is coniferous forest.

(Refer Slide Time: 9:33)
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Soil Profile and Soil Classification - Oxisol

A1 0-10 cm. Dark reddish brown = organic. Many roots.
| A2 10-30 cm. Dark reddish brown.

B1 30-110 cm. Dark red clay. Ferruginous concretions.

B2 110-200 cm. Brighter red clay.

Red with diffuse greyish streaks (mottled clay).

Source: Therivel, R., & Wood, G, 2018

Here you may note the profile of a typical Oxisol as specified these soils are highly weathered forming in
tropical zones with hot and wet moist climates. They are typically soils they are typical soils of tropical
rainforests. Oxisol has a low nutrient status but is well drained and suitable for agriculture production where

fertilizer inputs are available and can be managed in a way that maintains ecosystem services.



(Refer Slide Time: 10:07)

Soil Structure

0 (humus)

A (topsoil)
B (subsoil)

C (substratum)

Organic matter
Minerals plus organic
matter
Sand, silt and clay
particles
Parent rock
Unweather parent
material

R (bedrock)

Source: Biology reader, 2022

Now looking at the soil structure, in most soils, the soil particles or separates are organized into aggregates.

Soil structures called pads vary in size and shape. Each soil horizon in a soil type usually contains the type

of texture and one shape and size of the structure, but structure frequently varies with the depth. For

example, angular and mainly sub-angular blocky structures in looms become coarser with the depth as you

go deeper.

(Refer Slide Time: 10:47)
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Moving on we see soil color, field observation of color can be a clue to soil composition after seeing the

color you can tell what is the soil composition, parent material, and soil drainage status, like how is the

drainage in that particular area. So, soil charts provide standard examples of the normal range of size colors.

(Refer Slide Time: 11:10)
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Soil Fertility

+ Low soil fertility and toxicity

+Low soil fertility is due either to low levels of nutrients in the soil, or their
being made unavailable for plant uptake.

+ Soil toxicity is caused by high levels of toxic elements or compounds
being present in the soil.

Source: Therivel, R., & Wood, G, 2018

Now, looking at the soil fertility, two major soil chemistry issues that are of importance in an EIA, are low
soil fertility and toxicity, both of which will lead to poor plant growth. Low soil fertility is due to the low
level of nutrients, so there is nutrient level is very low. For example, nitrogen, phosphorus, potassium, and

magnesium are low in the soil or they are being made unavailable for plant uptake.

Next, we see soil toxicity, it is caused by high levels of toxic elements or compounds being present in the
soil, usually as a result of human activities such as spraying of pesticides, deposition of industrial waste, fuel
spillage, and spreading of farm manure, slurries, and sewage sludge. So, because of that the soil toxicity can

increase in levels.

(Refer Slide Time: 12:15)
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Land Quality

Land quality’ has two meanings in current ESIA practice.

1. It relates to the quality of undisturbed land and natural soils, their value for
agriculture and forestry, and the provision of terrestrial ecosystem
services.

2. Itis concerned with the degree to which soils have been degraded and
polluted by disturbance and contamination arising from human activity,
and the necessary remedial measures.

Source: Therivel, R., & Wood, G, 2018

Further, we see land quality has two meanings when we look at EIA practice. First, it relates to the quality of
undisturbed land and natural soils, their value for agriculture and forestry, and the provision of terrestrial
ecosystem services. So, what quality does it offer? Secondly, we look at the degree to which wet soils have

been degraded and polluted by the disturbances and contamination arising from human activities. So, what is



the level of disturbance and then the necessary remedial measures, so, what kind of interventions do we need

to take?

So, while doing land evaluation, we focus on natural land quality, primarily the physical properties that
cannot be changed by land management. So, far in the evaluation process, for land use planning purposes,
the focus has been on estimating the relative productive value of different areas of land for agriculture and

forestry, so, we just take the productive value.

The concept of sustainable development has introduced the need to protect the other functions of the soil.
So, not just the productive value, but you also need to look at the other functions of the soil within the
hydrological and carbon cycles, supporting habitats and biodiversity and maintaining terrestrial ecosystem

services.

Now, let us see physical land evaluation methodology, we find land capability classification LCC developed
by the United States Department of Agriculture USDA, which classifies land quality according to long-term
climatic, topographic, and soil limitations to agriculture. So, that is one classification that is available for

usage, while classification purpose, other we see is by FAO.

FAO has developed an evaluation methodology combining physical and social-economic land evaluation,
which also considers social and economic factors and the overarching concept of sustainability. So, it has
many more aspects than what we see in the LLC developed by the United States.

(Refer Slide Time: 14:57)
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Scoping and Baseline Studies Stage

Moving on now, let us look at how to go about scoping and baseline studies for the domain particular
domain, at this stage you will decide like you are scoping you are seeing what all kinds of studies have to be
done.

So, you will decide what study has to be done and to what extent it has to be done or what details the study

has to undertake. At this stage, you will essentially decide if you are going to undertake a test study, work



from your computer or report or undertake a strategic field survey, go to the field and look at selective things
or you have to undertake a detailed field survey and also undertake field laboratory analysis of soils if

required.

Usually at this stage of scoping, when you take site visits, it will be brief, it will be short site visits involving
walkover surveys with your team to identify possible impact of development. So, you will look around and
see what kind of possible impact can happen. For the site visit, you may require an understanding of
geology, geomorphology, land use, and soils, you may assess the impact on the landscape, and you may also

look at the visual impact impacts on water and ecology.

(Refer Slide Time: 16:14)
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Scoping Consideration

+ The geological or soil resources within a project's impact area will have
significant impact.

+ IfYES, than what are doable measures which can be undertaken to mitigate-

reduce the predicted impacts.

Land Capability Classification or undertake a land evaluation.

Need to identify - soils need to be conserved in order to restore the land.

For example, soil restoration is usually planed for mineral extraction sites.

Possibility to developing landscaping.

Assessment of quantity of topsoil and subsoil available.

Need to undertake appropriate site investigation.

Source: Therivel, R., & Wood, G, 2018

While undertaking scoping the most important aspect you need to consider is the significance of the impact.
So, you need to look at how significant whatever impact you are predicting is going to happen, you need to
see whether the geological or soil resources within a project impact area will have a significant impact and if

yes, then what are doable measures which can be undertaken to mitigate reduce the predicted impact?

Whenever you predict a significant impact on land or soil, you may also consider taking a land capability
classification or undertaking land evaluation as you have seen, you need to identify where soils need to be
conserved to restore the lands you need to identify those areas. For example, soil restoration is usually

planned for mineral extraction sites.

So, you do the restoration programs. You may also look at the possibility of developing landscaping in your
project. In your field survey, you should include an assessment of the quantity of topsoil and subsoil

available wherever you anticipate contamination, you need to undertake an appropriate site investigation.

Let us see very briefly the case example of Sacramento where widening project in Sacramento County,
California. The US Army Corps of Engineers and its non-federal partners the state of California Central

Valley Flood Protection Board and Sacramento Area Flood Control Agency proposed to widen the



Sacramento veer and bypass by constructing a new ware structure extending approximately 1500 feet

upstream from the existing there.

So, this example is given to you as reading. This environmental impact statement describes the
environmental resources in the project area and evaluates the direct, indirect, and cumulative environmental
effects of three alternatives. So, it also looks at the alternatives including no-action alternatives, and
describes avoidance, minimization, and compensation measures. Most potential adverse effects could be

either short-term or would be avoided or reduced using best management practices.

So, we see the effects and mitigation measures of the proposed action under the falling titles. So, you can see
how they have identified all mitigation measures under various headings. So, you can look at the geological
resources you can look at the land use hydrological, hydrology and hydraulics, and so on.

Moving on further while you undertake desk study, you will be required to review and understand the
existing data on geology, geomorphology, soils, land quality and also site history, and local climate. This
will allow you to have a comprehensive understanding of the state and the potential impact. You may also

look around nearby areas for possible contamination of the land.

(Refer Slide Time: 19:35)
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Geological Maps Range

+ To cover large areas as whole continents - geological map of
scale 1:20million.

+ For regional maps (between around 1:1million and 1:250,000
scale).

+ For more details you may cover (1:10,000 scale).

Source: Therivel, R., & Wood, G, 2018

We may note that geological maps, range in area, and details we have covered. To cover large areas as a
whole continent you may look at a geological map of scale 1 to 20 million. For regional maps, you can look
at maps of scale 1 to 1 million and 1 is 250,000 scale. For more detail, you may cover 1 to 10,000 scales. So,
all these scales are available. So, as per your requirement, you can look at those maps, you may note that for

maps of areas of special interest to geologists, you may find the following sources.



(Refer Slide Time: 20:19)
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Examples of geological maps and Digital Terrain Model (DTM) data sources
Coverage Name Web link

International | One Geology Portal US Geological Survey - Mineral | portal.onegeology.org

Resources and Geology ASTER Global Digital | hitp:/mrdata.usgs.gov/general/glo
Elevation Map (DTM) Shuttle Radar Topography | bal.html

Mission (SRTM GL1) (DTM) https://asterweb.jpl.nasa.govigdem
.asp

Australia Australian Geoscience Information Network http://www.geoscience.gov.au/

Canada Geological Survey of Canada http://www.nrcan.qc.calearth-
scien-
ces/science/geology/asc/17100
India Geological Survey of India http://www.portal.gsi.gov.in/

South Africa Council for Geoscience (CGS) http://www.geoscience.org.zal/inde
Xx.php

Source: Therivel, R., & Wood, G, 2018

One Geology Portal US Geological Survey

Weblink: portal.onegeology.org

So, this list has been provided to you, you can see that at the international level, you have one geology
portal, the US Geology Survey. You can see here the web link is provided to you and the entire reference is
given to you for this purpose.
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Weblink : http://mrdata.usgs.gov/general/global.html

Then you see mineral resources and geology. Again, at the international level, you can see here you can

access this website and then you can access this information.

(Refer Slide Time: 20:56)
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The GDEM and ASTWED are available for download from NASA Earthdata and Japan Space Systems.

This ASTER product Is avallable at no charge for any user pursuant to an agreement between METI and NASA. For more
information about the GDEM, see the Validation Report: ASTER GDEM V2 Validation Summary Report,

(Weblink: https://asterweb.jpl.nasa.gov/gdem.asp)

Then you can also see Aster's global digital elevation map which can be acquired again at the international

level.
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In India, if you want to cover India you have the Geological Survey of India from where you can acquire the
data.

(Refer Slide Time: 21:13)

" (Weblink - hitps:/lbhuvan-app1.nrsc. gov n/bhuvan2d/bhuvan/bhuvan2d.php )

In the Indian context, you may also find data from the Bhuvan national hydrologic project.
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AUSG'N AUSTRALIAN GEOSCIENCE

L

hilps://www.geoscience gov.au/

In Australia similarly, you can see Australian Geoscience Information Network.

(Refer Slide Time: 21:23)
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Likewise in Canada, you have the Geological Survey of Canada. Likewise in Canada, you have the

Geological Survey of Canada.



(Refer Slide Time: 21:33)
- Sesseswswsw

COUNCIL FOR GEOSCIENCE

BGS maps portal

hitps./www.bgs.ac.uk/

-
) a
.

0S Terrain 50

A 10 st opoky GISTIEASEE 10 help ycr vabsginple bndscapes 1 10 and being your peograghs: analygls to e

hitps://www.ordnancesurvey.co.uk/business-government/products/terrain-50



Could You Be a Mendenhall Research Fellow?

Read hory

hitps://www.usqs.gov/

Similarly, in South Africa, you have counsel for geoscience CGS. So, you can also see the British
Geological Survey at the international level. Likewise, you can see the ordinance survey OS Terrain 50, a
digital terrain model that covers the United Kingdom UK. So, you can see here. You have the US
Geological Survey, which covers only the USA. So, you saw a range of sources that are available free data
available for analysis, these maps can be used in combination with geological and soil maps. Topographical
data and digital terrain models can be created to understand the geomorphology of your study area.

We see that generalized medium to small scale mapping is required that is from 1 is to 50,000 to 1 isto 1
million scales, which may be appropriate for use in studies involving larger areas, when you are studying
larger areas, for example, if you are studying pipeline or electricity transmission line, so on. So, you can
create maps at that scale, but when you study a smaller area, then these might be not that useful, then you

might need detailed and precise pictures for the purpose and have given these sources in the chapter reading.

(Refer Slide Time: 23:13)
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Maps Types:
+ ‘Solid’ maps: Solid map show only pre-Quaternary rocks.
+ ‘Drift’ maps: show superficial Quaternary deposits that have

been laid down more recently after being moved by wind,
water or ice.

Source: Therivel, R., & Wood, G, 2018



Let us familiarize ourselves with two kinds of maps in particular. We see Solid Maps, Solid Maps show only
pre-quaternary rocks, whereas Drift Maps show superficial quaternary deposits that have been laid down
more recently after being moved by wind, water, or ice. It is suggested that the drift maps provide

considerable information on soil parent material in the survey area.

(Refer Slide Time: 23:52)
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Desktop study for Land and soils

+ The information which are available, and the usefulness of the information.

+The scope- how useable that data may be for you? Or its quality at different
level - national and local scale can be very different.

+ Find lot of Published sources, however, they all not be directly applicable to
you proposed projects.

¢ The published study might show you the possible the land and soil type to
be found in your study area.

+ This preliminary knowledge to plan field surveys.

Source: Therivel, R., & Wood, G, 2018

You are now looking at the desktop study for land and soils. So, when you do desktop study, you first look
into the information that is available and the usefulness of the information, you may be mindful of the scope
of how usable the data may be for you or its quality at a different level, national and local scale they can be
difference in that, so, how useful is that data for you? You might find a lot of published sources however,
they are all not directly applicable to your proposed project, but they do give you a direction in which you
further need to find out.

There are a range of data sources for land cover and soil maps as well. For example, ISRIC will soil
information shows the distribution of individual soil types using either the USDA or world reference base
classification plus other soil characteristics including pH, bulk density, organic, carbon and sand, silt, clay
content, and so on. You need to be very cautious about what information you are looking for how you want

to apply and what scale you want to use it in.

(Refer Slide Time: 25:10)



Examples of land cover and soil map data sources

Coverage Name Web link

International, Global Land Cover by National Mapping | http://www.iscgm.org/gm/glcnmo.

national, regional | Organizations (GLCNMO) html

Africa SRIC AfSoilGrids250m (webGIS) http:/www.isric.org/data/AfSoilGr
ids-250m

Australia Australian Soil Resource Information http://www.astis.csiro.au/

System (ASRIS)

Europe European Soil Data Centre (ESDAC) http://www.esdac.jrc.ec.europa.e
u/

United State Soil Survey Geographic (SSURGO) http://www.nrcs.usda.gov/wps/po
rtalln-
res/detail/soils/survey/geol?cid=n
r-cs142p2_053627

Source: Therivel, R., & Wood, G, 2018

Certain examples are given at the international level the continent level and different countries level which

data are available for analysis purposes.
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So, we see Food and Agriculture Organization FAO has a soil portal in the International region. Likewise,
you see the soil grids of 1-kilometer international level as well as national and regional level, it is web Gl

that gives you information.

(Refer Slide Time: 25:47)
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Land Use / Land Cover Mapping at 1:50K using 3 seazons (v, Kharit, Rabi and Zaid) data, the 3d cycle (2015:16)
mapping has also been completed using the satelite data of 2013-16. Apart from magping, the Land Use / Cover changes
with respect 10 181 and 2nd cycles databuse i wiso donw in the third cycls, Samiarly, 3t 1:250,000 scale, 14 cycles of Land
Use / Cover Magping are complated since 2004-05. Blwvan Geoporal provides the actual digital map foe further
exploration hrough an onlne process.

+ Renwwable Energy
»Forest & Environmant

hitps:/www.isro.gov.in/

Likewise, you can see ISRIC as soil grids of 250 meters, web GIS for the coverages for Africa then likewise,
you can see for Australia, you can see Europe, soil data center, then you can look at the United States, all
these references have been provided to you in the chapter reading. You can see India, India has a department

of space, the Indian Space Research Organization ISRO from where you can avail data.
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Desktop study for the Contaminated land

+ First check the possibility of contaminated land on the basis of land-use
history.

* Historic maps

¢+ In some countries historical land use data is commercially as well as
environmental data from regulatory bodies.

+ Approach regulatory bodies for geological and hydrogeological maps.

Source: Therivel, R., & Wood, G, 2018

So, now moving on desktop study for contaminated land, we will look into that, you would first check the
possibility of contaminated land based on the land use history. So, you might look at the secondary data and
like to look at what the land history has been, and land use history has been, and you may get historical

maps wherever available.

In some countries, historic land use data is commercial as well as environmental data are available from
regulatory bodies. You may also approach regulatory bodies for geological hydrological maps, this is
important information looking at the history and the other context it helps you to develop an initial

conceptual site model.

You see that in New South Wales Government in Australia and different environmental agencies in the UK
have produced guidelines on carrying out a preliminary survey of potentially contaminated sites. So, they
give you a guideline. So, you can look at those guidelines on how to undertake this preliminary study, you
may note that type, what type of contamination and to what extent it occurs in the site, and how far the land

is contaminated on a site will depend upon the previous uses of the site.

The operational process, what process had been undertaken by the previous users, and the effectiveness of
environmental protection measures adopted by them. So, how their processes were, determined the
contamination level and extent in your site? You may also check for any possibility of pollution of the

subsurface or neighboring plot because they can travel into your study area.

So, you need to ensure to record all possible activities and management practices adopted and types of
chemicals used on-site and around the site, not only on-site but around the site. No matter how intensive

your study is, there might be some limitations that you should record in your baseline assessment.
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Professional bodies that maintain data on type of materials and
chemicals

+ The Society of Chemical Industry.

+ The Construction Industry Research and Information Association (CIRIA
1995-1998).

+ EPAenvironmental protection agency, United States.

Source: Therivel, R., & Wood, G, 2018

Numerous professional bodies maintain data on the type of material and chemicals that are used for a wide
range of commercial activities and also publish it. So, you can look at society for chemical industry,
construction, industry research and information, and also EPA Environmental Protection Agency. So, they
also provide data guidelines and procedures for gathering information concerning previous land users and

potential contamination.
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Field survey of land and soils

* Required to collect Baseline information on land and soils from field surveys.

+ Information such as landforms, soil types and land quality, ground cover/crops,
land ownership and tenure.

+ Compile information into a GIS for spatial and statistical analysis.

+ Samples to study soils.

* Prepare the sample network and density.

Source: Therivel, R., & Wood, G, 2018

Now, moving on to the field survey, you would be required to collect baseline information on land and soil
from the field survey. Information such as landforms, soil types, land quality, ground cover, land cover, and
tenure, may compile this information into GIS for spatial and statistical analysis. Moreover, it is important to

use land in the study of the area.

Further to study soil, you may take note of from where samples are to be taken, you may prepare this sample
network and density so that it represents the soil variations within the survey area. References for the
detailed soil survey methods and detailed statistical methods are provided to you in the link. Some

geological and geomorphology can be complex with variations in small areas, which may create challenges



for soil surveyors, for field observation, you may use a soil auger to take samples from sequential distances

within a soil profile.

So, we see that as per the international best practices for EIA, it is required that land, soil, and water are
considered natural resources and should be dealt with in totality. Therefore, whenever you investigate, you
should try to identify contamination that might exist in three phases soil, liquid as well and vapor. So, you
look into all these when you look at the contamination, and the countries provide guidelines on this. So, that
is there and you may look at the international guidelines on soil quality and sampling in the 1ISO 18 400

series of documents.

You would be required to hire a suitably qualified person to undertake all land contamination studies,
investigation, and risk assessment, also an experienced practitioner will help us to identify health, safety,
and environmental risks from potentially contaminated sites. So, you may facilitate digging for soil pits to
observe soil structure and extent of crop roots in each of the main soil types for surface mines, topsoil, and

subsoil resource maps obtained from soil surveys.

So, when you make a detailed soil map, it is usually shown on a scale of 1 to 10,000 and it can be interpreted
with a reasonable degree of precision. So, with those maps you can make you may be able to measure soil
properties through the soil depth, you can also look at other properties just by estimation by eye, you can
also use quantified standard techniques for the purpose and these all your decision will depend on the degree

of precision required for the purpose, so what precision you are requiring.

So, you can use very simple things like for example, simple seem when weighing scales can be used for
estimating stone content. Soil texture can be determined by hand, but would need experience, you might also
require adjustment with standard samples and may need laboratory analysis.

You should identify soil resources that would be required for conservation and land restoration. Your survey
should provide information on soil depth, volume, and physical characteristics of available topsoil, subsoil,
and soil formation material and also the description of the original landform and terrain. So, whenever you

prepare, prepare the reporting you give this information.
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Surveys of Contaminated Sites

* I during the desk-study you find possibility of land contamination then you
can take walkover survey to identify the stretch further investigation
required.

+You may not need it for initial project planning stage unless desktop study
suggest of risk.

+ If contamination is confirmed you need to identify the sources and this will
be part of your baseline study.

Source: Therivel, R., & Wood, G, 2018

Looking at now a survey of the contaminated sites, if during the desktop study, you find the possibility of
land contamination, then you can take a walk-over survey to identify stretch to find out whether further
investigation is required or not. Such observations are important for scoping studies, you may not need them
for initial project planning stages unless a desktop study suggests the risk. So, only if it is suggested then
only take when you gather from your desk study.

(Refer Slide Time: 33:41)
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Laboratory Work

+ Lab Evaluations
* Analysis of soil texture and pH.

+ Lab study stages in EIA process:
v' Baseline studies for land evaluation,
v' Mitigation measures.
v Analyses during project construction and operation for monitoring and
management purposes.
v' Particle size identification.

Source: Therivel, R., & Wood, G, 2018

Now moving on, we will look at the laboratory work. So, if the project requires greater precision, if you
need information of greater precision in the information of grading of the land quality, then you may go for
the lab evaluation. For example, analysis of soil texture and pH, and lab analysis are expensive. So, only
when it is required do you undertake that lab studies are taken at very number of stages in the EIA process, it
is taken at the baseline study level as well for land evaluation, and are also taken at the mitigation measure

level to decide what kind of treatment will be given.

Also, the analysis is undertaken during the project construction and operation for monitoring and

management purposes. So, you do take soil samples at different levels, and different stages. So, for



measurement of contaminants for meaningful assessment the soils must be analyzed for all the contaminants
potential in the ground within the site. Investigations of contaminated sites are often hindered by an

incomplete understanding of the polluting activities, so, you need to take care of that.
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Impact Prediction Methods

Guidance for Assessment Relevance and Reliability of Analytical Methods and
Framework used for Impact Prediction: Land Environment

Name Applications Remarks
' Digital Analysis ¢ Provides land use / land
. cover distribution

Techniques
¢ Ranking analysis for soil | ¢ Provides suitability Various parameters viz. Depth, texture,

suitability criteria criteria for slope, erosion status, geomorphology,

developmental / flooding hazards, GW potential, land use

b Affected micro-flora conservation activities | etc. are used

/micro-fauna

Source: MOEFCC, Gol; 2022

Moving on, we will now look at impact prediction methods. So, we will see how the impacts are predicted
mostly we do EIA within the legal context of the country. So, based on that only we identify the impact, you
can see the guidelines given by the MOEFCC government of India, which suggests some of the tool’s
frameworks for impact assessment for the land environment. Many governments may consider mineral
extraction as part of sustainable development and because it provides raw material to industries, so, the site

if not managed well, such mineral sites can result in groundwater pollution by leachates.

There are significant seismic risks, in mining activities like hydraulic fracturing, fracking can lead to
significant geological problems, they can be if we try to understand the fracking process when it involves
pumping liquids into if you try to understand the fracking process, then it involves pumping liquid under

pressure into rock formations to force shale gas out. In the process, the main geological risk is that expelled



gas might contaminate the underground aquifer and will also cause small earthquakes and then there is a

larger risk of earthquake due to wastewater disposal by injection into deep wells.

So, we can see one of the examples, there was an earthquake of magnitude of 5.7 in central Oklahoma in the
United States in November 2011, which destroyed 14 homes and injured people. So, in some countries, even
if volcanic risk is considered, you also need to look into subsistence and slope stability. So, they can be
subsistence by underground mining and are usually associated with traditional coalfield areas. And they can

be issues with natural slope stability, which is very common.

Your purpose in EIA would be to avoid the construction of new developments in unstable areas. Reference
to more information related to planning issues about subsistence and slope stability is provided to you in the
chapter reading. Road development can have a direct impact on geology and geomorphology by displacing
rocks and changing landforms, it may also have indirect effects and might change the hydrology such as
diversion of streams. So, by the road, the streams can get diverted, which eventually affects the recharging

of the aquifer.

Further, we see that it is extensively difficult to preserve geomorphological features and the best of these is
to avoid the proposed development. Further, we see the impact on land and soil impact on offer activities,
such as deforestation, poor planning and management of urban and industrial development lead to problems,
such as soil erosion degradation due to loss, poor environmental management, and also inappropriate

development causes permanent loss of land and soil which could be avoided.

So, whenever you start EIA, first you should identify the study area within which significant impacts are
most likely to occur and then you determine the appropriate temporal scope of the duration of construction,
operation, and restoration phase. So, you look at all those things and then you predict the magnitude of the

potential permanent and temporary impact of land including displacement of soil.

So, your assessment of land will be based on selected physical criteria, your evaluation methodology should
be out and should set out a range of quantified values as class limits for magnitudes and sensitivity

categories. You can adjust these class limits as per the scale of the development project.
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Evaluation methodology for predicting and assessing the impacts
of development projects on land and soils.

+ FAO guidelines for land evaluation provide a set of principles and a
methodological framework for assessing impacts in compliance with
the UN programmes for sustainable development.

+ USDA (2013a) outlines to carry out an EIA.

* Need to calculate the Temporary land-take/pulled and soil
displacement.

* Need to estimate Permanent land take and soil displacement from
activities like land use change.

Source: Therivel, R., & Wood, G, 2018

So, there are numerous evaluation methodologies, you can see FAO guidelines for land evaluation, which is
given, which provides a set of principles. You also see USDA also provides an outline of how to carry out
EIA. You need to calculate the temporary land-take pulled and soil displaced. So, when you are doing this,
you need to see how much temporary land is taken away or the soil is displaced, as well as you need to see

how much permanent land is taken away and the soil is displaced.

You also need to take note of the soil erosion by wind and water which is a serious threat to soil resources.
More soil erosion occurs as a result of agricultural land management practices. You may note that they are

not subject to development planning controls, nor do they fall in the scope of EIA.
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Predictive equations to estimate soil loss due to erosion

* Universal Soil Loss Equation

* Wind Erosion Prediction System

Source: Therivel, R., & Wood, G, 2018

There are several predictive equations to estimate soil loss during erosions. You may find the universal soil
loss equation, which helps you to calculate water erosion assessment and conservation helps you to plan

your conservation.



You will also find wind erosion prediction systems like land management practices and crop rotation, you
need to estimate the damage to soil structure because of the construction activities, vehicles, and mechanics
machinery, such damages lead to reduced infiltration, increased runoff, and erosion. We see that the UK
Government as well as the United States government published legislation and guidance in this regard.
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Soil pollution

Two types of situation exist where soil pollution is an
important factor in an EIA:

(i) The site is already contaminated and a clean-up
operation is required prior to development.

(ii) Pollution may be caused by the project itself.

Source: Therivel, R., & Wood, G, 2018

You need to estimate the soil pollution, there are two types of situations that we see in matters of soil
pollution. First, where the site is already contaminated a cleanup operation is required. Second, where

pollution may be caused by the project itself.

If you observe in the baseline survey that the ground below the site contains contaminants, risk assessment is
based on the pollutant linkages like the source pathway receptor, which we had talked about in the previous
class. A model should be carried out to determine significance, significance may be estimated in terms of
risks to the receptors, and the baseline should be substantial to inform the project activities.

So, whatever assessment you do, should inform the project activities. And take note that the proposed
project can have both positive and negative impacts. You can also undertake a qualitative risk assessment to

establish pollutant linkages, you may use modeling to capture the pollutant path.
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Hydrogeological-flow Models

AQUA3D (SSG 2008)

MODFLOW (USGS 2007)

+ ConSim (EA 2003)

* Remedial targets worksheet (EA 2006)

* Air dispersion models ADMS (CERC 2016)

Source: Therivel, R., & Wood, G, 2018

Modeling techniques like this are the list of modeling techniques, you can use here. You can assess the risk
to human health by a range of modeling tools such as the contaminated land exposure assessment tool, you
can look at USA-based risk-based correction action. And then, there is another terminology in which you
would like to see critical loads. Critical loads provide a means to estimate the vulnerability of land to
atmospheric pollution.

So, how much pollution can take about the receptor soil, geology, freshwater, and vegetation? So, the United
Nations Economic Commission for Europe has specified critical loads for the position in sensitive
ecosystem and a critical load database for the United States is also available, all of the above impacts can

have serious effects on soil, but the soil types outline here will be affected to different extent by each.
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Summary

(1) Definitions and Concepts
(2) Methods in Scoping Stage - Desk study; Field Survey; Laboratory work;
(3) Methods in Impact Prediction - Impact on land and Soil;

(4) Temporary and Permanent Land

So, we have seen all of these. So, summarizing what we covered today, we looked at the definitions and
concepts of geology, geomorphology, land soil, and so on. We also looked at methods in scoping stages,

what we used what was the purpose, and how what are the different methods available to us. Similar way we



looked at impact prediction and the methods that we can take and several tools that are available for the
purpose.
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So, that is all for today. These were the references used and these are the suggested watch and read because
our coverage is very limited. So, you can read more if you are interested and explore further. Please feel free
to ask questions. Let us know about any concerns you have to share your opinions, experiences, and
suggestions looking forward to interacting and co-learning with you while exploring EIA. So, that is all for

today. Thank you.



