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Foreword

The United Nations Industrial Development Organization (UNIDO) is a specialized agency under the
United Nations system to promote globally inclusive and sustainable industrial development (ISID).
The relevance of ISID as an integrated approach to all three pillars of sustainable development is rec-
ognized by the 2030 Agenda for Sustainable Development and the related Sustainable Development
Goals (SDGs), which will frame United Nations and country efforts towards sustainable
development in the next fifteen years. UNIDO’s mandate for ISID covers the need to support the cre-
ation of sustainable energy systems as energy is essential to economic and social development and to
improving quality of life. International concern and debate over energy have grown increasingly over
the past two decades, with the issues of poverty alleviation, environmental risks and climate change
now taking centre stage.

INSHP (International Network on Small Hydro Power) is an international coordinating and promoting
organization for the global development of small hydropower (SHP), which is established on the ba-
sis of voluntary participation of regional, subregional and national focal points, relevant institutions,
utilities and companies, and has social benefit as its major objective. INSHP aims at the promotion of
global SHP development through triangle technical and economic cooperation among developing
countries, developed countries and international organizations, in order to supply rural areas in de-
veloping countries with environmentally sound, affordable and adequate energy. which will lead to
the increase of employment opportunities, improvement of ecological environments, poverty allevi-

ation, improvement of local living and cultural standards and economic development.

UNIDO and INSHP have been cooperating on the World Small Hydropower Development Report since
year 2010. From the reports, SHP demand and development worldwide were not matched. One of the
development barriers in most countries is lack of technologies. UNIDO, in cooperation with INSHP,
through global expert cooperation, and based on successful development experiences. decided to
develop the SHP TGs to meet demand from Member States.

These TGs were drafted in accordance with the editorial rules of the ISO/IEC Directives, Part 2 (see
www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of these TGs may be subject to pa-
tent rights. UNIDO and INSHP shall not be held responsible for identifying any such patent rights.
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Introduction

Small Hydropower (SHP) is increasingly recognized as an important renewable energy solution to the
challenge of electrifying remote rural areas. However, while most countries in Europe. North and
South America, and China have high degrees of installed capacity. the potential of SHP in many de-
veloping countries remains untapped and is hindered by a number of factors including the lack of
globally agreed good practices or standards for SHP development.

These Technical Guidelines for the Development of Small Hydropower Plants (TGs) will address the
current limitations of the regulations applied to technical guidelines for SHP Plants by applying the
expertise and best practices that exist across the globe. It is intended for countries to utilize these a-
greed upon Guidelines to support their current policy, technology and ecosystems. Countries that
have limited institutional and technical capacities, will be able to enhance their knowledge base in de-
veloping SHP plants, thereby attracting more investment in SHP projects, encouraging favourable
policies and subsequently assisting in economic development at a national level. These TGs will be
valuable for all countries, but especially allow for the sharing of experience and best practices be-
tween countries that have limited technical know-how.

The TGs can be used as the principles and basis for the planning, design, construction and manage-
ment of SHP plants up to 30 MW.

® The Terms and Definitions in the TGs specify the professional technical terms and definitions
commonly used for SHP Plants.

® The Design Guidelines provide guidelines for basic requirements, methodology and procedure in
terms of site selection, hydrology. geology., project layout, configurations, energy calculations,
hydraulics, electromechanical equipment selection, construction, project cost estimates., eco-
nomic appraisal, financing, social and environmental assessments—with the ultimate goal of a-
chieving the best design solutions.

® The Units Guidelines specify the technical requirements on SHP turbines, generators, hydro tur-
bine governing systems, excitation systems, main valves as well as monitoring, control, pro-

tection and DC power supply systems.

® The Construction Guidelines can be used as the guiding technical documents for the construction
of SHP projects.

® The Management Guidelines provide technical guidance for the management, operation and main-
tenance, technical renovation and project acceptance of SHP projects.
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Technical Guidelines for the Development of Small Hydropower
Plants-Design
Part 3. Engineering Geology

1 Scope

This Part of Design Guidelines clarifies the basic provisions on engineering geological investigation of
an small hydropower (SHP) station, specifies the technical requirements for investigation in terms
of aspects of regional geology and reservoir engineering geology and defines specific requirements
for investigation technologies and methods to be applied in various stages in relation to aspects of
engineering geology of the dam area, water delivery way, power plant area and natural construction

materials.
2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) ap-
plies.

SHP/TG 001, Technical guidelines for the development of small hydropower plants— Terms and def-
initions.

3 Terms and definitions

For the purposes of this document, the terms and definitions given in SHP/TG 001 apply.

4 Basic provisions

4.1 Basic principles

4.1.1 Engineering geological investigation should be carried out according to the design intention
and engineering characteristics.

4.1.2 Before the field work, the existing geological data shall be fully collected and analysed, the
site survey shall be carried out. the natural environment and working conditions on site shall be
1
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learned, and the engineering geological investigation outline shall be prepared in combination with
the engineering design plan.

4.1.3 The investigation shall be carried out in stages according to the investigation procedure, and
the investigation period and workload shall be reasonable.

4.1.4 According to the characteristics of the project, the complexity of the topographic and geolog-
ical conditions and the requirements of the investigation depth in each stage, a variety of investiga-
tion methods shall be comprehensively applied to reasonably arrange the investigation activities. Ap-
propriate geological mapping. geophysical prospecting, drilling, pit exploration and indoor test shall

be conducted, supplemented by adit exploration and in-situ field test depending on the situation.

4.1.5 The investigation of natural construction materials shall meet the precision and design re-
quirements of each investigation stage.

4.1.6 The project site shall avoid as far as possible the serious seepage. large landslides and col-
lapse, creep, dangerous rock mass, debris flow, active fault and other undesirable geological prob-
lems as well as cultural relics and ecological environment protection areas. The environmental geo-
logical problems that may arise from engineering construction shall be analysed.

4.2 |Investigation outline

4.2.1 Before the investigation, the engineering geological investigation outline shall be prepared in
accordance with the investigation assignment and in combination with the design plan.

4.2.2 The engineering geological investigation outline shall include:

a) Project profile, investigation stage. investigation purpose and tasks as well as the main out-
comes and assessment results of the investigation in the previous stage;

b) Geology of the project site and working conditions on site;

¢) Regulations and specifications and design documents for the investigation;

d) Investigation task requirements, arrangement principle for the investigation, working method
and planned workload of the investigation;

e) Investigation technical requirements and quality target of outcomes;

f) Investigation schedule, resource allocation and environmental, quality and safety-ensuring

measures;

g)> Contents, form and date of the engineering geological investigation outcomes to be submitted;
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h) Floor plan of the exploration work.
4.3 Determination of physical and mechanical parameters of the foundation soil

4.3.1 The geotechnical parameters of the bedrock may be determined by engineering geological

analogy and experience-based judgment; field and laboratory tests may be performed when necessary.

4.3.2 The physical and mechanical parameters of the foundation soil shall be determined on the
basis of laboratory and field tests. combined with engineering geological analogy and experience-

based judgment.

5 Regional geology

5.1 General provisions

5.1.1 The regional geological investigation shall mainly include five aspects, namely topography and
geomorphology, geologic structure, regional tectonic stability and seismicity, geophysical phenome-

non and hydrogeology.

5.1.2 The key emphasis of the actual investigation work shall be determined according to the spe-

cific regional geological characteristics of the project site:

a) In the karst area, the karst development and hydrogeological conditions shall be investigated in

priority.

b) In the area with relatively strong seismic activities, the geologic structure and fault activities

shall be investigated in priority.

¢) In the quaternary distribution area, the type of quaternary sediment, the development history of

the river and the development situation of the terrace shall be investigated in priority.
5.2 Topography and geomorphology

5.2.1 In the topography and geomorphology investigation, the topographic and geomorphic condi-
tions shall be used reasonably according to the layout of the buildings, as well as the type. scale and

construction conditions of the buildings.

5.2.2 During the topography and geomorphology investigation, the following information in the re-
gion shall be learned from satellite images and aerial photos on the basis of collecting and analysing

the latest topographic data of the project site:
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a) Grade of landform;

b) Division of geomorphic unit;

¢) Change of topographic relief;

d) Situation of ground cutting. such as development system, form, direction, density, depth and
width of the valley;

e) Shape, height and gradient of hillside;

) Form, width and flatness of ridge;

g)> Width, depth and gradient of the river valley, as well as the development situation of the ter-

race;

h) Steps, elevation, width, flatness, integrity degree, structure and genetic type of the terrace;

i) Characteristics of different geomorphic units and their interrelationships.

5.3 Geologic structure

5.3.1 For geologic structure investigation, the strength and permeability of the geologic structure
shall be fully considered to avoid the folds and faults.

5.3.2 For geologic structure investigation, the geological data in the region shall be collected as far
as possible. The geological data of the national small scale geological mapping and the completed or
planned projects near the proposed project may be used as the basic data of geological research.

5.3.3 After analysing and sorting the collected data, the geological structure within the proposed

project area may be surveyed on site to verify its accuracy.

5.3.4 When the geological data is not available, a geological survey shall be conducted in and around
the project area to clarify the regional geologic structure.

5.3.5 The general field work methods for regional geological survey include: surveying and prepara-
tion of the geological section, route geological survey and geological mapping. measurement of the
occurrence elements, sampling of specimen and samples as well as general prospecting in mountain-

ous region.

5.4 Regional tectonic stability and seismicity

5.4.1 For the regional tectonic stability survey, it is necessary to propose assessment opinions on
4
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the regional structural stability, judge the possibility of the proposed hydropower project site being
damaged by active fault or seismic activities in the coming one or two hundred years, the damage in-
tensity and damage probability, and then propose the appropriate ground motion parameters for
aseismic design of the project.

5.4.2 The regional tectonic stability survey may be carried out in the following aspects:

a) Background research of regional tectonic stability;

b) Judgment of active fault and research of fault activity;

¢) Analysis of seismic risk and determination of site earthquake parameters;

d) Synthetic assessment of regional tectonic stability of the project site;

e) Monitoring of active fault and seismicity.

5.4.3 Regional structural stability and seismic survey focus on data collection, including the collec-
tion of data concerning regional formation lithology, geologic structure, active fault, ground motion
parameters or seismic basic intensity. and historical seismological data, etc. It is necessary to ana-
lyse and judge the overall stability of the regional structure of the project area, put forward ground
motion parameters or the seismic basic intensity of the project area, and carry out monographic
study of the active fault that might influence the project.

5.4.4 The layout of the project should be in the favourable seismic resistance zone, avoiding the
sections which might produce large-scale secondary disasters. The main structures like the dam,

spillway and powerhouse should not be built on the active fault.

5.5 Geophysical phenomenon

5.5.1 For a geophysical phenomenon, the occurrence and development rules, causes, factors influ-
encing its occurrence and development. formation conditions and mechanism, and development
process and stages shall be studied to make correct assessment and formulate reasonable control

measures.

5.5.2 The possible geophysical phenomenon in the project area shall be preliminarily judged from
the analysis on basic geological data such as topography and geomorphology and geologic structure.
The type and development degree of various geophysical phenomena in the upstream/downstream
area of the basin may be studied through field geological surveying and mapping. and the unfavorable
geophysical phenomena in the reservoir area, dam site, plant site and particularly along the water di-
version route shall be mainly identified, and the ground observation like drilling exploration, geo-

physical prospecting and pit and trough exploration may be arranged when necessary.

ul
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5.6 Hydrogeology

5.6.1 The adverse influence of groundwater on the construction of the project shall be found out
and the control measures shall be proposed by studying the distribution and formation rules of
groundwater as well as the physical property and chemical components of groundwater.

5.6.2 The hydrogeological survey mainly includes data collection, ground survey, exploration,
hydrogeological testing, water chemical testing and observation; the key work shall include the li-
thology and burial and distribution conditions of the main aquifers, the cause, type, recharge-dis-
charge conditions of groundwater in each aquifer as well as the distribution and variation situation of
water quality and volume.

6 Engineering geology investigation of the reservoir area

6.1 General provisions

The engineering geological investigation of the reservoir area shall investigate reservoir seepage,
reservoir immersion, reservoir bank (slope) stability, reservoir sedimentation and reservoir induced
earthquake. In the case of an unstable slope. the underground hydrogeological conditions should also
be evaluated.

6.2 Reservoir seepage

6.2.1 The reservoir seepage investigation shall find out topography and geomorphology, lithology,
geologic structure and hydrogeological conditions of reservoir seepage, analyse the form of
reservoir seepage, evaluate the possible amount of reservoir seepage and propose suggestions and
measures to prevent reservoir seepage.

6.2.2 The study of reservoir seepage is mainly performed by engineering geological surveying and
mapping. The following conditions that may cause the seepage shall be identified:

a) The low thin area on one side of the reservoir area, and the adjacent valley bottom elevation is
lower than the normal pool level;

b) The area near the sharp bend of the river valley of the downstream channel of the dam is thin or
the low thin area between the reservoir area and the downstream tributary of the dam;

¢) The reservoir basin is a formation with high water permeability, such as sand, sand gravel and
loose deposits;

d) The reservoir basin is composed of limestone, gypsum and other solvable rocks, and the seep-
age passage is formed by the karst caves, pipelines and grike;
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The reservoir basin and thin watershed are composed of the loose structure of sand and gravel;

The columnar joints are developed in stretched manner, and the reservoir basin and thin water-
shed are composed of basalts with a lot of holes and caves;

The reservoir basin is an anticlinal valley, which is prone to seepwater externally along the per-
meable stratum;

The reservoir basin is a monoclinal valley, the pervious bed is lower than the normal pool level,
and is exposed in the adjacent valley., with the potential of seeping to the adjacent lower valley
along the inclination direction;

Strongly permeable fault fracture zone and jointed intensive belt, pass through this region, or
pass through the thin watershed or river bend area;

The groundwater is recharged with river water in the reservoir area or the natural riverbed has
already seeped to the adjacent valley, and the seepage will become worse after the reservoir
filling;;

The groundwater level on the reservoir banks is lower than the normal pool level of the reser-
voir, whereas the water permeability of the rock stratum is strong.

6.3 Reservoir immersion

6.3.1

The reservoir immersion investigation shall find out the hydrogeological and engineering geo-

logical conditions of the area to be immersed, and the distribution and relevant characteristics of the

buildings, factories and mines, villages and towns, forest and farmlands, etc. around the reservoir

area. The range of immersion influence shall be determined, and prevention and control measures
shall be proposed.

6.3.2 The reservoir immersion investigation shall be conducted through geological surveying and

mapping and light geological exploration to investigate the relationship between rock strata, ground-

water level and groundwater recharge and discharge within a certain extent above the normal pool

level of the reservoir area.

6.3.3 The sections judged to be impossible to be immersed in the reservoir area shall comply with

the following provisions:

a

b

c)

The sections where the reservoir banks are composed of impermeable rock-soil layers;

The sections without direct hydraulic connection with the reservoir;

The sections which are separated by a relatively impervious bed and the top elevation of the im-
7
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pervious bed is higher than the normal pool level of the reservoir;

d) The sections which are separated by the gulley with constant stream and the water level of the

gulley is higher than the normal pool level of the reservoir.

6.3.4 The sections judged to be unlikely to have secondary salinization in the reservoir area shall

comply with the following provisions:

a) Humid climate region with high precipitation and good runoff conditions;

b) The degree of mineralization of the groundwater is relatively low; cohesive soil on the surface
layer is relatively thin, the water permeability of the underlying aquifer is relatively high and the

drainage condition is relatively good;

¢) The drainage facilities are well-channelled.

6.4 Reservoir banks/rim slope stability

6.4.1 The reservoir bank stability investigation shall find out the engineering geological conditions
with potential instability factors for the reservoir banks, such as a landslide and collapse, evaluate
their influences, ascertain the engineering geological conditions of the soil bank slope and predict the

extent of bank collapse, and propose suggestions on control measures.

6.4.2 The form, formation lithology and physico-geological function of the reservoir banks shall be
learned by engineering geological surveying and mapping and general prospecting means, the stability
of the reservoir bank in the unimpoundment state shall be judged, and the possibility and extentof

bank slumps of the soil bank slope induced by waves and scouring under the effect of reservoir water
and waves shall be studied and predicted.

6.4.3 The geological and topographical conditions of reservoir rock banks shall be ascertained, such
as the slope shape, drainage conditions, material composition, rock mass structure and particularly
the development and combination features of weak intercalations in the rock mass. The possibility of
landslide and rockfall for reservoir rock banks shall be analysed and predicted in combination with the

hydrology. meteorology, reservoir water depth and dispatching mode of the reservoir.

6.4.4 In order to ascertain the type. nature, distribution range, scale, controlling structural surface

characteristics and underground hydrogeological conditions of the unstable slope near the dam and

reservoir area, Test Pits and Trenches, geophysical prospecting, drilling and other exploration

works shall be arranged. The slope stability and the extentand scale of possible deformation and fail-
ure under different reservoir water level conditions shall be predicted and evaluated. The possible
effects of deformation and instability shall be assessed.

8
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6.5 Reservoir sedimentation

6.5.1 The reservoir sedimentation investigation shall include the scour and erosion situation of the
upstream rivers and gully of the reservoir and the source of the sediment runoff in the reservoir area.
The reservoir sedimentation problems shall be assessed and suggestions on control measures shall be
proposed.

6.5.2 The key work of the reservoir sedimentation assessment is to find out the source of the sedi-
ment runoff in the reservoir area. The engineering geological conditions of reservoir area shall be
learned through engineering geological surveying and mapping, to analyse and study the genetic type
and material composition of the rock masses in the sections where sediment runoff originates, the
scouring and cutting strength of the water flow, the slope characteristics, stability degree and dam-
age forms, distribution and activity of the debris flow as well as the situation of solid substances be-
ing carried by the water flow.

7 Engineering geological investigation of the dam area

7.1 General provisions

The engineering geological investigation in the dam area should be carried out according to the accu-
racy requirements of two different design stages of the pre-feasibility study and feasibility study,
mainly including the basic geological conditions. such as the topography. stratum lithology, geolog-
ical structure, and the physical geology, to evaluate the main engineering geological problems in the
dam area.

7.2 Pre-feasibility study stage

7.2.1 In the pre-feasibility study stage, the engineering geological conditions and the main engineer-
ing geological problems of the site selection scheme shall be preliminarily analyzed, to demonstrate
the feasibility of hydropower station construction from the perspective of engineering geology. The
following contents shall be included in the investigation:

a) River morphology and the valley’s topographic features of the river reach where the dam site is
located;

b) Stratum lithology. bedrock types. distribution of weak strata. the cause, structure. basic prop-
erty, composition material and distribution situation of Quaternary sediments in the dam area;

¢) Main geologic structure of the dam area, particularly the development position, type. occur-
rence, scale and composition material of the large-scale fracture zone;

d> Weathering, unloading, landslides, collapse, dangerous rock and other physical and geological
9
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e)

phenomena of the rock mass at the dam site and near the dam area;

Distribution of strongly pervious bed, karst and fossil river course in the dam area.

7.2.2 In the pre-feasibility study stage., the engineering geological investigation mainly focuses on

data collection and geological surveying and mapping. The following requirements shall be met in the

selection of working methods and the arrangement of investigation work:

a

b

c)

d

e)

D

a9)

h)

Geological surveying and mapping: When the engineering geological condition is relatively sim-
ple, the geologic map of the reservoir area may be adopted, while the engineering geological
map of the dam area may not be drawn separately; when the engineering geological condition is
relatively complex, it is recommended to draw a1 : 2000 to 1 : 1 000 scale engineering geolog-
ical map of the dam area.

Arrangement of the investigation work. Main for exploring the mining and trenching. Usually de-
tailed prospecting work is not arranged; when the engineering geological condition is relatively
complex, a small amount of geophysical prospecting and drilling exploration may be arranged

which are usually applied for the axis of the retaining dam.

The geophysical prospecting profile shall be arranged according to the geological and topographi-
cal conditions of the dam area combined with the exploration profile.

The drilling should be arranged on the axis of the retaining dam, the spacing between drilled
holes should not be more than 100 m and the drilling should be arranged on the riverbed and the

dam shoulders of both banks.

For a rock-based dam site, the depth of drilling in the riverbed should not be less than the dam
height. The drilling in the dam shoulders on both banks should be arranged on the elevation
above the dam crest. and the drilling shall go into the relative confining bed. The depth of drill-
ing in the karst area shall not be less than 10 m below the groundwater level.

For a soil-based dam site, the drilling depth should not be less than the dam height; if the soft
layer or highly pervious bed is distributed in the dam foundation, the drilling depth shall be 5 m
to 10 m in the relative confining bed of the solid soil layer or base rock.

Hydrological testing shall be done for all boreholes, water pressure testing should be done for
bedrock, water injection testing or pumping testing should be done for broken bedrock that can-

not be tested by water pressure and overburden.

Sampling, standard penetration tests or cone dynamic penetration tests may be conducted for
the overburden by the properties of the layer.

The geological parameters may be determined by engineering geological analogy and experience-

10
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based judgment. Site and indoor testing may be conducted when necessary.
7.3 Feasibility study stage

7.3.1 In the feasibility study stage, the engineering geological investigation in the dam area mainly
involves the investigation of basic geological conditions such as the topography and geomorphology,
stratum lithology, geologic structure and hydrogeology and physical geological phenomena, as well
as the major engineering geological problems in each dam area, and the preliminary evaluation of the
major engineering geological problems. Through comparison and selection of dam site schemes., rep-
resentative dam site schemes are recommended., and the selected dam site schemes are geologically
certified. The following contents shall be included in this stage:

a) Preliminary identification of the topographic and geomorphic features of each selected dam site,

especially gull, bealock, past river channels and deep groove of riverbed;

b) Preliminary identification of the stratum lithology of each selected dam site, especially the dis-
tribution of weak rock. karst, expansive rock and other bad rock or interlayer; preliminarily

identification of the distribution, cause., basic property and composition of Quaternary sedi-
ments, especially the distribution of soft soil, expansive soil, dispersed soil, silty sand, past

channeland collap sible loess

¢) Preliminary identification of the development location, type, occurrence, scale and composition
of the major faults and fractured zones in the selected dam site, especially the investigation of

along-river faults and low angle faults. Cracks shall be measured by the left bank, right bank and
riverbed.

d) Preliminary identification of the physical and geological phenomena in the selected dam sites,
such as the weathering degree of the rock mass, the unloading depth, the size and distribution

of a landslide, collapse, dumping body. dangerous rock and potential unstable body;

e) Preliminary identification of the permeability of the rock and soil layers and the burial conditions

of the relative water-resisting layers, hydrogeological conditions, such as the recharge and dis-

charge relationship between surface water and groundwater, and the aggressivenessof the con
- crete in each selected dam area. The investigation of ancient river channels in special areas sha

Il also be paid attention to;

f)  Preliminary identification of the development and distribution of karst, investigation of the dis-

tribution, scale and filling of the main cave and seepage channel; initially investigate the storage
of groundwater, water dynamic characteristics and supply relationships. Preliminary

identification of the characteristics of the relatively water-resisting strata, preliminary analysis
of the possible leakage area and type, and offering a suggestion for the treatment scheme.

@) The physical and mechanical parameters of all the kinds of rock and soil shall be proposed. Classi-
11
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fy the dam bedrock by engineering geology. For details, see Appendix A.

7.3.2 When selecting the working methods and arranging the investigation work, the following re-

quirements shall be met.

a)

b

c)

d)

Geological surveying and mapping; 1 : 2 000 to 1 : 500 scale engineering geological map for the

dam area shall be drawn.

Layout of the exploration work: a small amount of geophysical exploration and drilling work shall

be adopted. Each comparative dam area shall have at least one representative exploration

section line in conjunction with the layout the building:

(D)

2)

3)

The exploration line for an earth and rockfill dam shall be arranged along the seepage control
line or axis of the dam.

The exploration line for concrete dams like gravity dams and arch dams shall be arranged

along the axis of the dam.

The exploration line for general barrages shall be arranged along the axis. The auxiliary ex-
ploration section line may be determined according to the position and demand of the civil
structures.

The geophysical prospecting and pit slot exploration shall be arranged according to the geological

and topographical conditions of the dam area. The drill holes are usually arranged on the position

of the main exploration line, in the riverbed and the dam shoulders on both banks. The spacing

between drill holes should not be more than 50 m.

D

2)

3

For a rock-based dam site, the depth of drilling in the riverbed should not be less than the
dam height. The drilling in the dam shoulders on both banks should be arranged on the eleva-
tion above the dam crest, and the drilling shall go less than 10 m into the relative confining
bed. The depth of drilling in the karst area shall not be less than 10 m below the groundwa-

ter level.

For a soil-based dam site, the drilling depth should not be less than the dam height; if the
soft layer or highly-pervious bed is distributed in the dam foundation, the drilling depth
shall be 5 m to 10 m into the relative confining bed of the solid soil layer or base rock.

The drilling in the karst area shall go into the relative confining bed or the weakly dissoluble
rock strata; the spacing between the drilled holes should be penetrated with seismic waves

and tested with the tomographic technique.

For concrete dams, particularly the arch concrete dam, adit control should be provided for the

dam shoulders on both banks; the adit shall be deep enough to expose the intensely weathered
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zone and the unloading belt of the rock mass to ascertain the weak intercalated layer and other

adverse structural surfaces.
e) The following tests shall be carried out:
1) The borehole shall be hydrologically tested in sections.
2) The bedrock should be subjected to the water pressure test.

3) The fractured bedrock which cannot be subjected to the water pressure test should be sub-

jected to the water injection test.

4) The Quaternary overburden should be subjected to the water injection test or the pumping

test.

5) During the drilling process in the karst area, the groundwater level should be observed, and

tracer tests should be carried out if necessary.

f) At least a group of surface water and a group of groundwater samples shall be taken for water

quality analysis to assess its aggressivenessto the concrete and steel structures. For details, see
Appendix B.

g)> When the overburden is needed as the dam foundation, the sampling, standard penetration test

or conical dynamic penetration tests shall be carried out according to the nature of the soil layer;
the effective groups of sampling in each soil layer should not be less than 6.

h) Rock base shall be determined by engineering geological analogy and experience-based judgment,
combined with the field and laboratory tests. The physical and mechanics parameters of the

earth base shall be determined on the basis of the field and laboratory test results., combined
with the engineering geological analogy and experience-based judgment.

8 Engineering geological investigation of the water conductor project

8.1 General provisions

The engineering geological investigation of the water conductor project should be carried out accord-
ing to the precision requirements of two different design stages of pre-feasibility study and
feasibility study. The engineering geological and hydrogeological conditions along the water
conductor line and the building areas should be investigated and studied, and the main engineering

geological problems that may be encountered along the line should be evaluated.
13
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8.2 Pre-feasibility study stage

8.2.1 In the pre-feasibility study stage, the engineering geological conditions and the main engineer-

ing geological problems in the comparison schemes of the water conductor line shall be investigated,

with the following contents as the focus:

a)

b)

c)

d

e)

The topographic and geomorphological features and physical and geological phenomena in the
water conductor line area, especially the distribution of landslides, collapses and debris flows;

Formation lithology, segmentation of the rock and soil layers and distribution of special rock and
soil layers in the line area;

The main geologic structure of the line area, particularly the development position, type, oc-

currence, scale and composition of the fracture zone;

Hydrogeological conditions in the line area, particularly the karst area;

Engineering geological conditions at each opening of tunnels as well as the adverse geologic phe-
nomena affecting the stability of the tunnel.

8.2.2 The following requirements shall be met in the selection of working methods and the investi-

gation work arrangement ;

a)

b

c)

d

The engineering geological investigation is performed mainly to collect regional geological data
and to survey and map for the geology; geophysical prospecting and drilling exploration may be
arranged in the important sections. The scope of the geological surveying and mapping should in-
clude 1 km on both sides of the axis. The measuring scale should be 1 : 50 000 to 1 : 10 000.

For the channels, the surveying and mapping for geology shall be mainly used, and the geophysi-
cal prospecting profile should be arranged, along the centreline if necessary; in the sections
with complex engineering geological conditions, the auxiliary survey line shall be arranged verti-
cal to the axis; the geophysical prospecting methods shall be selected according to the prospec-

ting purpose and physical characteristics of the rock and soil layers.

For the tunnels. the surveying and mapping for geology is mainly used along the centreline. The
drilling should be arranged in the entrance/exit of the tunnel, the shallowly buried section beside
the hill, the ditch-passing section and other sections with complex engineering geological condi-
tions; drilling may be set if necessary and the drilling depth shall be less than 10 m below the

tunnel bottom elevation.

Pump-in (injection) tests shall be performed for the drilled holes; pumping tests shall be carried
out for the confined water distribution areas.

14



SHP/TG 002-3:2019

e) The geological parameters may be determined by engineering geological analogy and experience-
based judgment; field and laboratory tests may be performed when necessary.

8.3 Feasibility study stage

8.3.1 The engineering geological investigation for the water conductor project in the feasibility
study stage mainly include the investigation for the topography and geomorphology, formation lithol-
ogy, geologic structure and hydrological geology, as well as the main engineering geological
problems and preliminary evaluation of its impact on various types of water conductor structures and
the geological certification shall be conducted for selection of suitable water conductor line scheme.
The following contents shall be initially investigated:

a) The topographic and geomorphological features and physical and geological phenomena of the
water conductor line area, especially the distribution of landslides, collapses and debris flows;

b) Formation lithology of the route area, segmentation of the rock and soil layers and whether spe-
cial rock and soil layers are distributed in this area;

¢) The main geologic structure of the route area, particularly the development position, type, oc-
currence, scale and composition materials of the fracture zone;

d) Hydrogeological conditions in the route area, particularly in the karst area;

e) Engineering geological conditions at the openings of tunnels as well as the adverse geologic phe-
nomena affecting the stability of the tunnel;

f)  If the tunnel runs through the coal-bearing stratum, the oil shale and bituminous stratum., the
harmful gases shall be studied; radioactive elements shall be tested and studied in large

intrusive masses;

g) The physical and mechanical parameters of various rock and soil bodies are proposed; the tunnel
surrounding rocks shall be preliminarily classified. For details, see Appendix B.

8.3.2 The following requirements shall be met in the selection of working methods and the arrange-
ment of investigation:

a) Focusing on data collection and geological surveying and mapping. The scope of the geological
surveying and mapping should include 1 km area on both sides of the axis. The measuring scale
for the water conductor project should be 1 : 10 000 to 1 : 5 000; specific geological surveying
and mapping shall be performed for the channel section adjacent to the hill as well as the high
fill, deep excavation and the channel with complex engineering geological conditions. The map-
ping scale should be 1 : 2 000 to 1 : 1 000. The geological surveying and mapping of the en-
trance/exit of the tunnel, the shallow-buried section along the hill, the gully section and other

15



SHP/TG 002-3:2019

b)

c)

d)

e)

)

Q)

9.1

sections with complex engineering geological conditions shall be carried out with the scale of
1:2000 to1:1000.

The geophysical prospecting profile shall be arranged along the centreline of the channel; in the
sections with complex engineering geological conditions, the auxiliary survey line shall be ar-
ranged vertical to the axis; the geophysical prospecting methods shall be selected according to

the prospecting purpose and physical characteristics of the rock and soil layers.

On the basis of the geophysical prospecting profile, the exploration profile should be arranged
along the centreline of the channel, and the exploration points shall be arranged in the sections
across the rivers and ditches and sections with complex engineering geological conditions, and
the spacing should not be greater than 1 000 m; the prospecting should be realized mainly by
Test Pits and Trenches, and drilling exploration; the drilling exploration depth should be 10 m
below the design floor elevation.

Geological surveying and mapping should be carried out along the tunnel. Geophysical profiles
should be arranged along the central line when necessary to explore the thickness of the over-
burden, weathering degree of the rock mass and karst development of the tunnel section.

The drilling should be arranged in the entrance/exit of the tunnel, shallow-buried section along
the hill, gully section and other sections with complex engineering geological conditions; the

drilling depth shall be 10 m below the tunnel bottom elevation.

Pump-in (injection) tests shall be performed for drilled holes; pumping tests shall be carried out
for the confined water distribution areas.

The geological parameters shall be determined by the field and laboratory tests. combined with
engineering geological analogy and experience-based judgment.

Engineering geological investigation of the power plant area

General provisions

The engineering geological investigation of the power plant area should be carried out according to

the accuracy requirements of the pre-feasibility study and the feasibility study. The main engineering

geological problems of the power plant area should be evaluated by investigating and studying the

engineering geological conditions of the power plant, penstock and slope behind the plant.

9.2 Pre-feasibility study stage

9.2.1 In the pre-feasibility study stage, the engineering geological conditions and the main engineer-

ing geological problems in the power plant area should be investigated, with the focus on the follow-
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ing contents:

a

b

c)

d

e)

Morphological characteristics of the topography and geomorphology of the plant area;

Formation lithology, as well as the cause, composition material and distribution of the overbur-
den of the plant area;

Main geologic structure of the plant area. the development position, type, occurrence, scale
and composition materials of the fracture zone;

Physical and geological phenomena such as the weathering degree of the rock mass, unloading,
landslide, collapse and debris flow in the plant area;

Slope stability of the powerhouse.

9.2.2 The engineering geological investigation mainly involves collecting regional geological data

and geological surveying and mapping. A small amount of geophysical prospecting and drilling explo-

ration may be performed in the plant area with complex engineering geological conditions.

a)

b)

c)

d

e)

9.3

9.3.1

When the engineering geological condition is relatively simple and the project is close to the res-
ervoir area, the geologic surveying and mapping may be combined with the geologic map of the
reservoir area, and the engineering geological map of the plant area may not be necessary; when
the engineering geological condition is relatively complex, a1 : 2 000 to 1 : 1 000 scale engi-
neering geological map should be drawn.

When the engineering geological condition is relatively complex., a small amount of geophysical
prospecting and drilling exploration may be arranged in the plant area and the slope behind the
plant.

The geophysical prospecting profile should be arranged along the centreline of the penstock for
the purpose of investigating the overburden thickness, weathering degree of the rock mass and
unloading condition in the sections of the penstock.

The spacing between drill holes shall be determined according to the engineering geological con-
ditions of the plant area. and the drilling depth should be 10 m to 20 m below the foundation sur-

face elevation.

The geological parameters may be determined by the engineering geological analogy and experi-
ence-based judgment; field and laboratory tests may be performed if necessary.

Feasibility study stage

In the stage of the feasibility study, the engineering geological investigation of the power
17
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plant area mainly carries out the investigation of basic geological conditions such as the topography,

stratum lithology, geological structure, hydrogeology and major engineering geological problems of

each selected plant area. Through comparison and selection of different selected plant area schemes,

the representative plant area should be recommended. The following contents in each selected plant

area need to be preliminarily ascertained:

a)

b

c)

d

e)

1D

Morphological characteristics of the topography and geomorphology ;

Formation lithology, as well as cause, composition material and distribution;

Main geologic structure, the development position, type, occurrence, scale and composition

materials of fracture zone;

Physical and geological phenomena such as weathering degree of rock mass, unloading, land-

slide., collapse and debris flow;
The stability of the slope at the back of the powerhouse;
The hydrogeological conditions, focusing on the evaluation of the plant foundation pit seepage

characteristics, forebay leakage and seepage deformation, surface water and groundwater cor-
rosive to the concrete and steel structures, etc.

9.3.2 The following requirements shall be met in the selection of working methods and the arrange-

ment of investigation:

a

b>

c)

d)

In the plant area, the engineering surveying and mapping may be performed in combination with
the engineering geological map of the dam area. The engineering geological map of the plant area
shall be drawn separately if it is not included in the dam area. The measuring scale for the geo-
logical surveying and mapping should be 1 : 2 000 to 1 : 1 000; the mapping scope shall include
the alternative schemes of the surge shaft, penstock, powerhouse, switchyard and other struc-

tures.

The investigation work is carried out mainly by geophysical prospecting and drilling exploration,
and is usually arranged in the surge shaft, the slopes at the back of the powerhouse (including
the forebay and penstock) ., the powerhouse and the switchyard, combined with exploring, min-

ing and trenching.

The exploration profile shall be arranged in combination with the axis of the civil structures; the
exploration profile shall also be arranged on the slopes which might influence the safety of civil

structures.

The drilling in the places such as the surge shaft, forebay. penstock, powerhouse and switch-

yard shall be 5 m to 10 m below the foundation surface; when the foundation is located on the o-
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verburden, the drilling depth shall be determined according to the distribution of the bearing

stratum.

e) Pump-in (injection) tests shall be performed for the drilling in the surge shaft, forebay and pow-
erhouse; when the foundation is the main aquifer of the Quaternary, the drilling pumping test

should be carried out.

f) At least one group of surface water samples and one group of groundwater samples shall be
taken for water quality analysis to assess its corrosiveness to the concrete and steel structures.

g) Sampling, standard penetration test or conical dynamic penetration test shall be carried out ac-
cording to different soil properties when the foundation of the forebay, penstock. powerhouse
and switchyard is the overburden, and the number of effective sampling groups in each soil layer

should not be less than 6.

h) The geological parameters shall be determined according to the field and laboratory tests, com-

bined with the engineering geological analogy and experience-based judgment.

10 Geological investigation of natural construction materials

10.1 General provisions

The investigation of natural construction materials shall be carried out according to the requirements
at different design stages and the types and quantities of construction materials; when natural con-
struction materials affect the basic dam type, a detailed investigation shall be carried out in the engi-
neering geological investigation at the feasibility study stage; comprehensive utilization of the engi-
neering excavation materials shall be fully considered in the selection of material sources; when out-
sourcing is adopted, the quality of the purchased natural construction materials shall be reviewed and

their supply capacity shall be evaluated.
10.2 Pre-feasibility study stage

10.2.1 In the pre-feasibility study stage. a general survey for the natural construction materials re-

quired by the project shall be carried out.

10.2.2 The geological investigation around the project area shall be carried out on the basis of col-
lecting and analysing the relevant data in the region. The safety and environmental factors shall be
fully considered in the selection of natural construction materials field; its quality and reserves may
be judged preliminarily according to the engineering geological analogy and experience-based

judgment to meet the project needs.
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10.3 Feasibility study stage

10.3.1 In the feasibility study stage. natural construction materials such as rock, sand and gravel,
and the soil materials for project construction shall be investigated. The investigation shall be per-
formed from near to far, and the qualitative and quantitative research of natural construction materi-
als shall be carried out. The safety and environmental factors of the planned material field shall be
fully considered, and the impact of natural construction material mining on the environment shall be

analysed.

10.3.2 The investigation shall focus on data collection, geological survey and geological mapping,

and pit. trough and drilling surveys should be arranged when necessary.

10.3.3 The investigated reserves of various natural construction materials shall be twice as much as

the design requirements.

10.3.4 The selected block stones shall be judged on the basis of the origin. If the strength and quali-
ty of the rocks highly exceed the design requirements, the physico-mechanical indices of the rocks
may be determined by the engineering geological analogy and experience-based judgment to estimate

the reserves.

10.3.5 The quarry area with a strongly weathered overburden and rocks shall be investigated; the
investigation holes should be arranged in latticed form, and the spacing should be less than 100 m;
the hole depth shall be 5 m to 10 m below the elevation of the bottom to be excavated.

10.3.6 Rock samples shall be taken from the quarry area to measure the density and compressive
strength of the rocks. If the selected block stones are used as the artificial aggregates of the con-
crete, the water absorption, soundness, crushing value and alkali activity of the rocks shall be test-
ed.

10.3.7 The Test Pits should be arranged for the sand-gravel quarry area according to the following

requirements:

a) With regard to the quarry area with widely distributed and stable sand-gravel and a thick produc-
tive layer, the spacing between Test Pits shall be 100 m to 200 m.

b) With regard to the quarry area where sand-gravel is distributed in strip form and the productive
layers vary remarkably, the spacing between Test Pits shall be 50 m to 100 m.

¢) At least three Test Pits shall be arranged in every quarry area. and the well depth shall be 1 m
below the maximum excavation depth.

10.3.8 The sand-gravel quarry area shall be sampled for screening test to calculate the reserves of
sand-gravel materials at all levels. The organic matter and sediment percentage of sand material shall
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be measured.

10.3.9 The exploratory points of the soil material field should be arranged according to the

following requirements:

a) With regard to the soil material field with a large area, flat terrain, a thick productive layer and a

single soil layer, the spacing between exploratory points shall be 100 m to 200 m.

b) With regard to the soil material field with a small area, undulating terrain, a highly variable
thickness of the productive layer and complex soil layer structure, the spacing between explora-
tory points shall be 50 m to 100 m.

c) At least three Test Pits shall be arranged in each material field, and the well depth shall be 0.5 m

to 1T m below the maximum excavation depth.

10.3.10 The soil material field shall be sampled for routine test and compaction test; the routine
test mainly includes the natural water content, density., specific gravity, liquid limit, plastic limit,
particle analysis, organic content and water-soluble salt content.

10.3.11 In order to learn about the compactibility of the soil material, the compaction tests shall be
carried out to determine the relationship between the density and water content of the soil material;
for some expansive soils. the expansibility, chemical components and clay minerals should also be

measured.

10.3.12 The investigation of the impact of mining conditions and environmental geology should be
conducted, mainly including the distance between the quarry area and the proposed project area., the
existing access road, groundwater level and water yield property of the quarry area. The damage to
vegetation the impact on the geological environment after mining shall be forecasted, and sugges-
tions on treatment and restoration shall be presented when necessary.

21



SHP/TG 002-3:2019

Appendix A

(Informative)

Engineering geologic classification of the dam foundation rock mass

Engineering geologic classification of the dam foundation rock mass of SHP plants shall meet the reg-

ulations in Table A.1.

Table A.1

Engineering geologic classification of the dam foundation rock mass

Type

Rock mass characteristics

Rock mass engineering

property evaluation

Rock mass main

characteristic value

A hard rock (Rb>>60 MPa)

A7 : The rock mass is in a monolithic or
blocky structure. and in the huge-thick
formation or thick-rock formation. The
structural surfaces are poorly developed
or do not develop and are mainly closed
with poor extension. Differences in rock
mass mechanical properties in different

directions are not obvious.

The rock mass is complete and has high
strength, skid resistance and resistance
to deformation, so no special foundation
treatment not required. This belongs to
the high-quality concrete dam founda-

tion.

Rb>>90 MPa
Vp>5 000 m/s
RQD>85%
Kv>0.85

Ay : The rock mass is in a blocky or sub-
blocky structure, and in the thick-rock
formation. The structural surfaces are
moderately developed, and weak struc-
tural surfaces are not controllable ones
and partially distributed. There is no
large-scale wedge body or pyramid body
that affects the stability of the dam

foundation or dam shoulder.

The rock mass is complete and high in
strength, skid resistance and resistance
to deformation and the weak structural
surfaces do not control the stability of
the rock mass, so no great amount of
work is needed for special foundation
treatment. This belongs to the high-

quality concrete dam foundation.

Rb>>60 MPa
Vp>4 500 m/s
RQD>70%
Kv>0.75

Ap:: The rock mass is in sub-blocky
structure, and in the medium-or thin-
rock formation. The structural surfaces
are moderately developed and the weak
structural surfaces with low-angle dips
and high dip angles (dam abutment) are
distributed in the rock mass. There is a
wedge body or pyramid body that
affects the stability of the partial dam

foundation or dam shoulder.

The rock mass is relatively complete,
poor in partial completeness, and high in
strength. The skid resistance and resist-
ance to deformation are controlled to
some extent by the structural surfaces.
Partial special foundation treatment is
required to treat the rock mass deforma-

tion and stability.

Rb>>60 MPa
Vp=4 000~4 500 m/s
RQD=40% ~70%
Kv=0.55~0.75
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Type

Rock mass characteristics

Rock mass engineering

property evaluation

Rock mass main

characteristic value

A hard rock (Rb>60 MPa)

Apq.: The rock mass is in an intercalated
or inlaid structure, and in the medium-or
thick-rock formation. The formation sur-

face is in a siliceous or calcite cementa-

The rock mass is high in strength and
lacks partial completeness. The skid re-
sistance and resistance to deformation
are controlled by the degree of develop-

ment of the structural surfaces, the in-

Rb>>60 MPa
Vp=3 000~4 500 m/s

il|
tion thin stratified structure. The struc- | terlocking between rocks, and the RQD =20% ~40%
tural surfaces are developed and mostly | overall strength characteristics of the Kv=0.35~0.55
closed with poor extension. Interlocking | rock mass. Foundation treatment is re-
between the rocks is good. quired to improve the rock mass com-
pleteness.
Ay : The rock mass is in a intercalated
or thin stratified structure. The | The rock mass lacks completeness. The
interlayer bonding is poor, and the | skid resistance and resistance to deform- Rb>>60 MPa
structural surfaces are relatively well de- | ation are controlled by the structural | Vp=2 500~3 500 m/s
veloped. The structural surfaces and | surfaces. Whether it can be used for the RQD=20% ~40%
large wedge body or pyramid body affect | high concrete dam depends on treatment Kv=0.35~0.55
the stability of the dam foundation or | difficulty and effect.
dam shoulder.
v
o The rock mass is broken and lacks skid
Ay, : The rock mass is in inlaid or cata- ) ]
) resistance and resistance to Rb>>60 MPa
clastic structure. The structural surfaces . )
) deformation. This rock mass cannot be Vp<<2 500 m/s
are well developed and are mainly open ) )
. ) } used for high concrete dams. When this RQD<<20%
or with debris and mud. Interlocking be- . . .
) rock mass is used in a partial dam foun- Kv<Z0.35
tween rocks is poor. ) ) ) )
dation, special treatment is required.
V. The rock mass is in a loose | The rock mass is broken and cannot be
v structure, consists of rocks with mud or | used for high concrete dams. When this

surrounded by mud. and has characteris-

tics of loose continuous medium.

rock mass is used in a partial dam foun-

dation, special treatment is required.
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Table A.1 (continued)

Rock mass engineering

Rock mass main

Type Rock mass characteristics ) o
property evaluation characteristic value
B medium-hard rocks (Rb=30 MPa~60 MPa)
I J— J— —_
The rock mass is complete, has high
strength, and relatively high skid resist-
] ) Rb=40~60 MPa
.| ance and resistance to deformation, so
By : The rock mass structure of By is ) Vp=4 000~4 500 m/s
I o the not much work for special
similar to that of A;. . ) . RQD>70%
foundation treatment is needed. This be-
Kv>0.75
longs to a good concrete dam founda-
tion.
The rock mass is relatively complete and
has suitable strength. The skid
resistance and resistance to deformation
Rb=40~60 MPa
) are controlled to some extent by the
Byq: The rock mass structure of By, is Vp=3500~4 000 m/s
o structural surfaces and rock strength.
similar to that of Ay. ] ] ) ) RQD=40% ~70%
Partial special foundation treatment is
] Kv=10.55~0.75
required to treat the structural surfaces
that affect the rock mass deformation
and stability.
il|
Bp.: The rock mass is in a sub-blocky
structure, in the medium-or thick-rock ) )
) ) . ) The rock mass is relatively complete and
formation and in the siliceous or calcite ) ) Rb=40~60 MPa
] ] . lacks partial completeness. The skid re-
cementation thin stratified structure. . . _ Vp=3 000~3 500 m/s
sistance and resistance to deformation
The structural surfaces are moderately RQD =20% ~40%
) are controlled by the structural surfaces
developed and are mainly closed. Inter- Kv=0.35~0.55
and rock strength.
locking between the rocks is poor. There
are rare penetrating structural surfaces.
By : The rock mass is in the intercalated
or thin stratified structure. The
) ] ] Rb=30~60 MPa
interlayer bonding is poor. There are
Vp=2 000~3 000 m/s
weak structural surfaces and a large | Same as that of Ay;.
dge bod id body that aff RQD =20% ~40%
wedge body or pyramid body that affect
o - P . Kv<{0.35
the stability of the dam foundation or
IV | dam shoulder.

Byi: The rock mass is broken or has a
thin stratified structure. The structural
surfaces are well developed and mainly
opened. Interlocking between the rocks

is poor.

Same as that of Ay,.

Rb=30~60 MPa
Vp<<2 000 m/s
RQD<C20%
Kv<{0.35
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Rock mass engineering

Rock mass main

Type Rock mass characteristics ) o
property evaluation characteristic value
B medium-hard rocks (Rb=30 MPa~60 MPa)
vV Same as that of Av. Same as that of Av. —
C Soft rock (Rb<<30 MPa)
| — — —
I - _ —
Cp : With the rock strength of 15 MPa to
30 MPa, the rock mass is in the mono-
o ) } ) ] ] Rb<30 MPa
lithic or in the huge-thick formation. The | The rock mass is complete and the skid
) ) ) Vp=2 500~3 500 m/s
I} structural surfaces are not or are only | resistance and resistance to deformation
RQD>50%
moderately developed. Differences of | are controlled by the rock strength. Kv>>0.55
v>0.
rock mass mechanical properties in dif-
ferent directions are not obvious.
) The rock mass is complete and lack
Cy : When the rock strength is greater
strength, skid resistance and resistance
than 15 MPa. the structural surfaces are ) ) Rb<30 MPa
) ) to deformation. This rock mass cannot
relatively well developed; if the rock ) Vp<<2 500 m/s
\% ) be used for high concrete dams. When
strength is less than 15 MPa, the ) ) . ) RQD<50%
this rock mass is used in partial dam
structural surfaces are moderately de- ) ) ) Kv<<0.55
foundation, special treatment is re-
veloped. .
quired.
vV Same as that of Av. Same as that of Av. —
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Appendix C

(Informative)

Rock and soil permeability classification

Rock and soil permeability classification of SHP plants shall meet regulations in table C.1.

Table C.1

Rock and soil permeability classification

Permeability standards

Permeability Permeability | Permeability Rock mass Soil
classification coefficient K rate g characteristics
(mm/s) (Luw)
o Intact rock. including rock mass
Infinitesimal ] ] ;
. K<<107° g<<0.1 with cracks of equivalence opening Clay
permeability
small than 0.025 mm
Including rock mass with cracks of
Slight permeability 1075<<K<C1074| 0.1<<g<<1 equivalence opening 0.025 mm to Clay-silt
0.05 mm
Low Lower 1<g<3 Including rock mass with cracks St £
ilt, fine
permea Middle 1074<<K<<C1073 3<<g<56 with equivalent opening 0.05 mm | q
soil san
bility Upper 5<q<10 to 0.1 mm
) Including rock mass with cracks
Medium . . .
. 1073<<K<C10"'"| 10<{g<{100 | with equivalent opening 0.1 mm to | Sand and gravel
permeability
0.5 mm
Including rock mass with cracks .
) - ) ) ) Gravel-grit,
High permeability 107 '<<K<1 with equivalent opening 0.5 mm to )
rait
2.5 mm g
100<<q
Including through cavities or rock Boulders with
Pole-strength i i ) )
. 1<K mass with cracks with equivalent even grain
permeability ) )
opening greater than 2.5 mm diameter
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Appendix D

(Informative)

Slope engineering geologic classification

Rock and soil permeability classification of SHP plants shall meet regulations in table D.1.

Table D.1

General slope engineering geologic classification

Classification

basis

Classification name

Classification characteristic description

Relationship with
the engineering

Natural side slope

Slope that is not manually transformed

Engineering slope

Slope that is manually transformed

Lithology

Rock slope

Slope consists of rocks

Soil slope

Slope consists of soil layers

Slope with rocks and

soil combined

Slope consists of rocks in one part and soil layers in the
other part

Deformation

Slope that is not deformed

Slope rock and soil bodies with no deformation and dis-

placement

Deformed slope

Slope rock and soil bodies with deformation and displace-

ment
Slight slope 6<10°
Slope 10°<C6<30°
Slope angle Steep slope 30" < 6<45°
6 Sharp slope 45° < 9<65°
Extremely sharp slope 65° < 6<C90°
Adverse slope 90° <6
Super high slope 150<<H
Engineering High slope 50<< H<"150
slope height
H(rm) Medium slope 20<CH<<50
Low slope H<<20
Extra-large landslide 10X 10°<<V

Unstable slope
volume
V(im®)

Large landslide

1x105<< V<10 x 10°

Medium landslide

100 X 103 << V<1 x 108

Small landslide

V<100 x 10°

31



2019

SHP/TG 002-3

's10108}
Q0uelSISal PIS  9|qeinOAE)
-Un OU Y}IM S92BLINS |edn}
-ONJ1S PauIquIOd 8sAjeue pue
SO11S14910BJRYD  UOIINQLIISIP
399YD C
‘yby s adojs

ol ayl

8yl Usym 18s 9q 1louued
Jyoesy Buipl Y J40 IND
80 10UUED UOIIBWIO} D0l
syl -s|bue uollBWIO) YO0l
8yl uey} Je1ealb aqg 1ou |jeys
adojs uonleAROXs Byl |

‘POINQIIISIP B1RIIS X004 1J0S Auew
UM suoiBal pue uoIl1ew.IO} }904-Ulyl
8U} Ul UOIIBAROXS AQ pasned ag Aew
uollewoyep dealo pue adojs ‘8jIypa
‘a|ge1s AjaAne|al si U ‘Ajjelausp

dis ‘¢

Buliquinio |eied ‘g

‘sdwnp pue swliojep ‘sdeald
uollewlo) X004 8d%elNg |

uonelqin -y

J91EM

3yoesd Jo sypedw| ‘g
juswdo|an

-9p e3eJ1S )o0J 10S 7
juswdo

-lJoAsp wlol Ajjeloadse
‘aunssiy ol jo Buliy
pue juswdojpnag |

‘90e}INS
ado|s ayy Agq 440 Ind 10U S|
90BJINS UOI1BWIO} Y204 By}
pue 9|bue uOIlEWL.IO) 300l
9yl ueyl Jojjews sI 9|Bue
adojs 8yl ‘uolloaIIp Bwes
ayl ul
3204 8y} pue adeyins ado|s
Y1 UM s3004 pappeq pJeH

QdeJins uollew.ol}

'24n1onJls
Buiy|1y desls ul
adojs 004 8y}

se uo119al1p
awes ay} ul s|
winieJ1s ay|

abeulelp Ja1epA ‘G
uoijuanaid dis 4o} pasn
Buliesuibus Buipioddng
[11$19eq pue

|eAOWSJ B1RIIS )O0J 1JOS '€
Burioyoue |elned ‘g

e1eJ1s 004 1j0s Joj di|s
Buippaq }JO uolUBARI] |

‘g|geIsun aq Aew 24n3onJis
|IA1D 8yl ‘sAep Auled uQ - (sAep Auilel
uo Ajeroadss ) Unooo Ajises ued difs
Buippaq ‘ejetis X004 140S S| 249y} |
‘UOI1BABOXS 01 8NP 440 1Nd Ajlusnbauy
80 UED 9OBLINS UOIIBWIO) 3004 8y]

e1eJ1s 300l
140s oy} Buoje Buideas) ‘g

1004 adojs 140s
01 onp uollewuosep doeaud
JO uollewJsojep Jaddn g

Buipls Buiyoles °|

Bul

-||1} pue sol11S14910eIRYO
juswdol|aAsp IO ‘€
yibuauis Jeays aoey
-INS UOI1ewL.O} Y00y °Z
9|Bue wniens |

‘90e}
-ins ado|s ay1 AQ 4JO 1IN0 SI
90BJINS UOIBWIO) 204 3y}
pue 9o|Bue uollEWIO) 004
a8yl ueyy Joleaub si 9|bue
adols ay] ‘uolloalIp Bwes
syr ul
3004 8yl pue adepns ado|s
9yl YlIM S3004 psppsq pleH

Qdelins uollewlol}

‘91N10NJ1s
Bunyn
ybIs ur adojs
3004 }O 1eyl
Se uol19alIp
awies ay1 Ul si
wnjeJis ayl

‘syoeld ybnoayy Builiy
Jo1em AQq pasned ado|s ayi

‘adojs ays
UO S84NJONJIS JOIONPUOD JBIEM WIOJ
abeyes| Ag pesned asdejjod |erled

Sawll1dwos palind

-00 Buliqunio |eryed pue

$211S1191)

ABO|OY3I| wIofIuN USA

JO Aujigelsul |eined juanaid | B 01 uoniluslle Aed “unddo  syoeld syo0.
paJind20 AjdeinBal  syoe D | -OeJeYD BulldyleapN ‘Z | -9 AJ9AIIR[9J YLIM UOIIBWIO)
0l pabuesie Ajdedoud | Buipeojun  usym  fasdejjod  |eined Ao0|g yum
Buipeojun yim  sepow Buly|iy pue | yo1yi-abny ayi uo o0u4 Aley
9q ||leys sbeuresp ado|s ‘g | Jo Aujigissod syl asAjeue pue sjulof ado|s o0y
ulew 8yl aJe uollewlo) | BUIlIND 8UNSSI4 WUIO “| | -UBWIPSS JO X004 dllewbeln
‘Buljquinio |eryed aAey Aew | 9|geinoAejun  JO  UOIIRUIQWIOD By}
-9p pue S)OBJO ‘SSBUSSO0T
JBYl SSew 004 Joyouy ‘| | 01 uonuane Aed pjnoys am  “9jIYm
‘9|0e1s AjdAneal st 1 ‘Ajjesausn
suol1sabbns pue spoylew Sopow uay0.iq pue AlljIgels ay} 10844k
Bulissuibua syl yim diysuoliiejay 211S14910B1BYD UIBA| adA] ado|S

pue j1uswieasl 4o s|dioulid

uollewoyap o|gissod ulelp

eyl sJoloey Ule

uoljeoljisse|o adojs yo0y gZ'd o|9el

32



2019

SHP/TG 002-3

33

uoneiqin -y
abeulelp 191ep) S Bul Ja1em
90B4INS BY] UO | -Je8q peo| pue Alljigels Jap|noys wep d 3yoesd jo spedw| ‘g padojanap AjBuoJis si 1eyl syo0.
asde||0) -
uol399304d UOI198[e JOYoUYy g | 01 d|gelnoAejun ‘ajgeswsad Jolem B 199 "¢ juswdo | ainssiy uiol JenBaull sey | uay0iIq YIM
ulquiniy -
‘1004 ado|s 9|qe1s B | fAlajes aInIONIIS |IAID 8yl Bullosy AN 7L -]JoABp 24NSSI4 IO °Z | 1eyl Sy004 pley yim ado|s adojs o0y
109|9s pue ued|d Ajiadoid ‘L | -4e ‘und20 Ajises ued asde||0d |elled Buiysnud
Apoq xo0u Jo saibaq ‘|
‘A
-eSsa9au 4| 2do|s 8y} Joyoue uoljew.oy
9|Bue ue Bulwio) dde)
10 ues|d Apedoud pue ‘apis apI|s piousyds ‘g uswl |euoBelp
‘a|qe1s AjoAllejal sI 11 ‘Ajjesausn -ins ado|s 8yl pue uolvalIp
piouayds e jo Aljqgissod Buljqwni) | | -dojaasp aunssiy uior ul syoo0.
3904 8yl YHM S)004 pappag
81 8sAjeue <9ouUs44nd00 UOI] yum ado|g
-ngu3sIp ainssiy ol 398y)
So11S|
dijs pue Buijquinid |ellied ‘s | -4810edeyd  Bulisyieam
Burioyoue |eiied ¢
‘PaINQIJISIP B1RJ1S X004 140S Auew ‘1004 9dO|S 8y} JB | puB  SS8JIS  [BISNID
‘dis pue 90B4INS UOI1BULIOS Y00l uol1ew.oy
UM suoifas pue uOllewIO) D04 | PO1ed0| SJe BleJlS X004 140S | Jolem punosbiepun ‘g
Buniqwnio  |eiyed  jusAaid 8y} wouy uonoalip alsoddo 9sJonal
-UIY} Ul uolleAedxd Ag pasned ag Aew | aylr uaym 1ued saddn ayi ejells
01 ado|s syl nd Apadoud 8yl ul  oodeuns  oado|s ul sydol
uollewoyep dealo pue ado|s ‘8|IYAA | Ul SINd20 uOollBwWIOdg g | Y004 1jos pue ABojoyl
pue S911S14910kIEYD  UOIING 9yl yum Ssyo0J pappag yum ado|g
‘9|ge1s  Aj9Allelal SI 1 ‘Ajjessusn uollewloep | -I| JO uonlNguUIsIq ‘¢
-L1sIp aunssiy ol 308y °|
9s00| pue Buiyn deai) | S211S14910B4BYD UOIING
-111SIp @JNsSl} JUIOf "L
suol1sabbns pue spoylew Sopow uay0.iq pue AlljIgels ay} 10844k
Bulissuibua syl yim diysuoliiejay 211S14910B1BYD UIBA| adA] ado|S
pue juswieasl o 9|dioulid uollewloyap a|qissod ulep 1eY1 SJ10310B} UIB\|

(penuiiuod) z'q o|qel



2019

SHP/TG 002-3

aplispuel
jusioue  pue ueq Builybno|s
9yl 1S8i0) pue JOLUUO\ €

Bu11Ino ado|s sjqeuosesy ‘g

‘|eAIABI BpI|SpUE|
jusIoUR S8sned BulAjipiwny ¢ BuiyoeId
oelq pue asde|j0d asned

01 asld Aew |9A8| Jalem punoiBiapun

SS90|

‘apl|spue| paads-ybiy e
aney Aew adojs ybiy ay| ‘p

‘uoneayjiy
-ul J81em 01 anp SINd20
uoilezi|ibie ued Aepd

‘1aMm

uaym  aunioniis  9diynw
JO  24N1ONJIS  UOI1edl}

ul dn smoys sasde||0o Ajjenl

llos

-1ed 11 Aup usym pue ¢Aip si

asde|jo) ‘g | 8yl ‘usiem AQq payeos | 3| ‘sdojaasp Buijuiol Jeuwn| | adojs ss807
‘a|qissod se | 8yl fu9lem JIOAJSSaS dy) JO Bupjeos
3oeJI0 UoIsua] °z | S| adojs ayy ‘Jalem Ag | -09 s}| ‘Buippag Ou ¢IudIU0d
Je} se obeyes] wodj 94N1oNJ1S | 0} anp 8pljs JO asde|j0d Aew J10AID
Buljqwini) | | @sde||oo ued 1| "4dleMm | ainisiow |eanieu MO|
J010Npu0od Jalem judAald |leys | -saJ 4O adojs dueq ay} {4dlem 0} anp
AQ paloajse Ajulew Si 3| | ‘Jusluod wnioed ybly sey
aBeuiesp pue jooidisiepn L | aplispue| aAey Aew adojs |auueyd ayl
1| "8in1xal U8aAd ul 9dolned
Japmod sapnjoul Ajulew 3
91es uonoedwo) ‘g
‘1d uollepunoy ‘wninje
}40 Bui@ad pue asde||0) ‘g Ja1em punoubispun
3yl Jo abeulesp 8yl ul INJJ0 Aew |10S pue uoI1ew.04 20432141 8yl
‘abeuresp 031 uoljualle Aed pue |1os Buimolj pue Buidid ‘g | pue Jalem
Buimoly pue Buidid -spiispue| |ellsed uo ayuelb pasayleam Ajerald
9ouUBApE Ul Sainseaw Buisold ‘90104 | [BUJSIXD JO S1094F ¥
9ABY OS|e Aew UOIIRIGIA |EIIUBYDSIN -wod sapnjoul pue ‘Alljige | adojs pue
pue uo13oedwo2-0IgIA el ‘€ AloleiqIA Byl JO 108448 8y} uolelqip ‘g
*SIN220 ayenbylies ue uaym -awad Jalem ybiy pue 82104 | |10S Apues
1004 Jossaud adojs 1n) g Japun api|spue| uolloejanbi) 91N1SI0W SUIRIUO) ‘g
Sapl|spue| uolloe}anbl|  8Aey ease 9AISYOD  MO|  ‘UOI11oNJIS
abeulelp Jalepp (L aney Ajisea ued |10S Apues 1ua10
Alisuaiui-ayenbylies ybiy e ul adojs -Uuod 9S00| ‘pues Ajulew
paleinies yium adojS | | -144900 Alluwiojlun pue
9IN10NJ1S [IAID JBY10 JO ado|s [suuey)d JO sonsueloeleyd  sey 1
jJusuodwod Jejnuels L
asde|jo) ‘¢
AJp adojs pue Buiuiesp ‘Buimeyy 8zaa1) 01 anp usay0.q Buimeyy azoauy Buimeyy
Jolem adojs ‘abesanod uol1199) | JO 40 pajead aq Aew suoiBas pjod ul | Ag pasned 440 Buljged g 97994} JO S199}3 '€
JOM Usym
-04d Jo Bunued sseuBb :Buigad | sadojs BulisauiBua ¢Bulpijs Aejo abue. ‘Buidaaud 1004 Jalem JO S1098)43 °Z .
UOISUSIX8 Jalje  SdIqUINID
Buimeyy azeauy yum ado|g ‘g | -opim Ag pasned sioedwl assaApe | ado|s 01 anp api|spue| paads ‘s|eJauiw 8|gqn|os pue ado|s Ae|)
pue AJp uaym pJey S| pue
1004 Jossaud adojs 1N ‘g | 01 uonuane Aed "AlaAlep Jaiem pue | -ybly e asned ued adojs | uoisuedxa ‘oljiydoipAy
Aejo Jo s1SI1Suod Ajurew 1
Bulu | Juswpunodwi 01 anp 4ndo0 Aew api|s | ybly feplspue|] e 8sned | JO 1ualuod  Ajeroadse
-leJp Ja1em pue jooudialepp ‘L | -pue] adojs Aejd |suueyd J0 JI0AISSaY | Ajisea ued [essulw dljiydolp | ‘uoiusodwod [essuly (L
-AYy anIsuedxa yum Ae;) ‘L
suo|1sabbns pue spoylaw S9poW UdY0.iq pue Alljigels ayy 10844k
BurissuiBus syl yum diysuone|ay 011S14810B1RYD UIBA adAl ado|g

pue 1uswieasl 4o s|dioulld

uollew.o}ap a|qissod ulelp

ey} sloloey Ulely

uoljeoljisse|o adojs [10S €' ©|9el

34



2019

SHP/TG 002-3

asealoul

Ssaulles JOj JusWaAoIdWI Ja1em

J91eM YlMm

‘paJta1eds Apjoinb aq
pue sajoinied |10s 1o pinbi

uoisuadsns ul Jajem Buimoly

pue 1uswieasl 4o s|dioulld

uollew.o}ap a|qissod ulelp

ey} sloloey Ulely

JUSWUOUIAUS Bulisauibul °g apl|spue| | 10e1U0D Ul |I0S payeN ‘€ | AQ Aeme paysem aq pue
JuswaAoIdwl J91deIRYD [0S ‘P ‘uoll | pue ||qwnid  ‘asdejjo) ‘g wnipaw Alull | 440 |jey  AJj9AISS900NS  Aewl
Builles 49114 popeo '€ | -edodo pue uol1}dNIISUOD BulNp SISO S9|0Y uoIsOJ | -eyje ybiy pue Judluod | [0S dJelNS Byl ‘Ssaulljes | odojs |10S
[lOS WoJ} Jalem | |e13udlod JO 94NJoeJ) PUE UOI1BWIO0LBP | -100 pue asde||od ‘Buidid g | wnipos ybiy yim ssjoy | mo| yim Jaiem  Ajjeroad | aAlssadsiq
Builesedas ¢paso|d Ajjelo] ‘g | wopues sey ado|s |guueyd pue we(q sobes | Ul uoIIN|OS JBIBAA Z | -S@ ‘paysem-ialem ag Aew
‘s|elal -sed pue s8|0y INOYSEAA L SSBUIES MO| YIIM | UOIYM “SHUO||IHOWIIUOW LNIPOS
-Bw UOoI10NJ1SU0D JO UOol1epunoy J91eM |BJUSWIUOIIAUT ‘| | JO 1uNOWeE Uulelidd B YlIm
se pasn ag 1lou p|noys 1 ‘L Aejdo Ajis pue Aejp onsed
wnipaw 4O S1SISU0D 1|
2Jnso|o uolnoeloid
pue Buloiojuiel abeulelq ‘v
'S109440 10M
‘9|Bue ado|s a|qe1s e 109|198 'S
-AJp  SNOIAQO pue sjesaulw
"UoI1eA uoljeAedxs adols Jaije uolelb
uollelb J91EM JO S109}}3 “Z | 9|gepuedxa Jaylo pue a8iu
-19said 2iNn)SIoW JOJ UOIIBABD | -91UISIP pue uolsuedxa JaAe| 9deyns adojs |10S
-2luISIp JoAe| |eloipiadng g safueyd | -Oj|lJOWIUOW YoIJ JO) ||ews
-X9 J9}Je UOOS }| JOAOD "‘PAAJSS | pue Sabueyd Suol}Ipuod |einjeu Aq aAIsuedx3
apI|SpuUE| MOJ|eYS | | d13ew|d 3@m pue Aig "L | S| 9jBue uoI101}  |[euJdIul
-a4 S| JaAe| aAno9104d By °Z | pasned asde|jod JO 9pl|S SNoNUIIU0)
s}| "selliaedoid |eolueyosw
B[qls
pue |eoisAyd |eloads sey 3}
-sod se Jej se |10S 8y} JO Jolem
Buluieyuod ayy abueydo jou og ‘|
uollelqiA pue
‘uollewo}
uol} ssa004d snousabox3y g ‘uollewioep moy4 onseid
-9p Buimol} 01 anp asde||0o Aew ado|s fado|s e w04 0}
-eoljIpljos obeuleip J9IBA\ b (UOI1BWIO0}BP MOJ} | SNOIIBS Sey pue ‘[10S Ajonw
9yl 1004 S1l 1e |10 1JOS sey ado|s | 1noIpIp SI U ¢sasde|jo) ‘€ ado|s
Bul|(1} yoeq ainssald ‘g onse|d pue A1lligissald | pue 1ead <abpn|s se yons
93Ul USYM {UOI1ew.IOo)op MOJ) Ol11se|d | UuOl1ew.o}dap MOJ} d1ise|ld g |loS 1408
PIOAY ‘2 -wod ybly  ‘yibuasis | ‘yibusails Bulieays Mo| Yiim
0] onp eaJe |I0S 10OS 8yl ybnoiyi aplispueT "L
|[eAowas ybnoioy] | Bulieays Mo| JO SOI1SI | |IOS JO SISISUOD Ajulew 1
BuloB usaym WOy JouuRd |dUUBYD By |
-1910BJEYD) |10S 140S |
suo|1sabbns pue spoylaw S9poW UdY0.iq pue Alljigels ayy 10844k
BurissuiBus syl yum diysuone|ay 011S14810B1RYD UIBA adAl ado|g

(penuiiuod) ¢'q 8|qeL

35



2019

SHP/TG 002-3

‘poliad abeiols

a8yl Bulnp ueq J410AJ8S8 8y}

‘uon

‘19Ae| |10S

8y} bBuoje siabbels 10 sdeaud

‘Apoqg ay1

‘Buiddejiano siaAe| adiyjnw

yum  ¢‘sued  Jamo| 8yl

JO SUOI199S A9 8y} JOMUOI\ € | -BJQIA pue wJiolsulel ‘juswpunodwl ojul Bupjes| Jalem yum pauiquiod
ssew ool Jaddn a8yl ‘g uo JaAe| [10s pue ped saddn
‘ado|s ay1 | Jo1je yo0Jpag 8yl Buoje undd0 Aew pue Jalem Ag payeos |10S
‘'sdwiejo 9yl UO UOI1BW.O} 3204 8y} IO
olul uonoslur Jeiem sjuanaud | apis e ‘abue sI adojs syl pue ado|s Buieq JoAe| |I0S °C pue syo0.
Ajjernied JsAe| j10s 8yl ‘g ‘14ed Jamo| 8y} uo uolew
Buiuayibua.ls ebeulesp ado|S "z | paxiw 004 pasodwiiadns ay)y JO 3o0. Q9ouaJ yum ado|g
‘ueauelIa1gns -10} o004 pue ued saddn ayy
'9|Bue | paq a8yl usamiaq a|bue dip ayl usypa -1Nd20 ueauelg1gNg ‘|
Buoje sapi|s JoAe| |l0S 8y ‘| uo JoAe| |l0s sI ado|s ayl
adojs a|geis e 199j9s Ajadoud ‘|
‘poliad abeiols
‘apI|Spue| asned Q9oudJ ‘ainionuis adnnw
Ul Ul ueq JIOAJ8Sal By}
Aew J10AJ9SDJ BY} Ul J91BM JO BUl|D -INd220 UBBUELISINS ‘€ | puUB 8iN1oNJlS paxiw 3d0l
JO SU0I1199S A9y 8yl JOLUOI\ '€
-ap dueys “Buj|i} J10AI8S81 0} anp lied Buiu | pls  ‘eJnioniis  uolenw
‘ado|s ay1 asde||0) ‘¢ adojs |10s
Jaddn ayy ui yoeld 1o asde|jod Ajjerried -1elu0d Ja1em ado|g 'z | -ndoe ul dn Smoys pue ¢|10s
olul uonoslur Jeiem sjuanaud apI|spue| |10S ‘| Aj|eneln
Aew oado|s 8y} ‘il0AJ8Sal JO ado|s SOI1S148) | Aj|oAeIB 10 sajdoiued  |10S
Buluayibualls abeuielp ado|g ‘g
5 Jueq se pasn Buldg USYAA "UOIIBABIXSD -oeJeyd uolINguISIp pue | Apues pue sjuawbes) 3o0.
*9|Bue
! uoI19NJISU0D AQ pasned asdejjo) |ellled U910 9oIed Ae|) | | pdey JO S1SISUOD ado|s SIyL
adojs a|geis e 199|9s Apadoud ‘|
suo|1sabbns pue spoylaw S9poW UdY0.iq pue Alljigels ayy 10844k
BurissuiBus syl yum diysuone|ay 011S14810B1RYD UIBA adAl ado|g

pue 1uswieasl 4o s|dioulld

uollew.o}ap a|qissod ulelp

ey} sloloey Ulely

(penuiiuod) ¢'q 8|qeL

36



2019

SHP/TG 002-3

‘utes AAeay snonujiuod
INOAE|
Jo1je opl|s Ajises ued ado|s ayi
9IN10NJIS  [IAID 1O}
‘19Ae| Aejo e S| a1ayl Usypp ‘sno
ajeldouddeur ase saddn
-119s s| ab1ob 8y} Jo ado|s dosls apl|spue|
010 ‘o|Id jue)SISal-apIIS 0] WO0310g Woly uol}
‘seale abiob pue pue ybiy Jo abps neale|d ssa0| SS90
‘aunjonuis Buipoddng g -BABOXS aJe apl|spue|
[I'Y Ul eale JIOAI9Sa) WO} ay1 1e aplspue ‘dweld pue Alljiq
Apoq adojs pue Buipeo| pesay
a|doad jo uoI1BD0j81 puR -eawuad Jolem o) Ases ale pue
8yl pue oadeyns ado|s ¢Bu1lINO 1004 :9pow apl|spue| | uoilewioep
Juswpunodwl eaJe JI0AI9SaI dojoAsp sainioel) [BOI1JBA 8y
ayr Jo ebeuresg ¢ uoneAeoxas Jadosdw ‘g |10S Buipls
Joyye Buipls 01 uollud]
*ainpaosoud ainsodxa pue ayenb .
-1e Aed ‘adojs |suueyo 01 apljs ados
ue 8poW UOIIBABIXD -yes ‘uolneiqip -
P P . 3|geINoOABIUN SI BpI|SpUET “ HEIAIN "¢ e o) pesy Ajisee pue yiBuens
8y} 01 uolluane Aed ‘L Aynoiip abeuresp pue oyl oonpel Ueo  BUIANpILINY opl|spue|
uoloaful Jalem |enuew .
JO ||Bjuled SNONUIUOD  “A}NDI4 Ae|n
‘Bupjeos  wuolsulel .
-4Ip 9Beulesg ‘1om uaym sdwield
191EM 4O S10943 71 pue Aip usym pJiey siI Aejo ayl
Alessaoau }I Buip 1004 8y} 1e (duoz
-pays peo| uoiso|dx3y '91geISUN usym 2iNjoel} 1|Ne} pue Weas |eod se
JoI94 SSaN1S P
Bulioyoue 1o | SI9ISesIp 9sned SSeul Xo0. yons) siaAe| 1JOS aJe al1ayl uaym
abeulelp papad
BuiNoiB uonepijosuo) ‘g | Buliquunid fwep yote ue jo Ajleroadsa  ‘aunjoniis  AYo0|q
-W| pue wJolsuiey ‘g ado|s
‘POYIBW pue 9|eds | Bulieag-ainssaid 8yl o} ul JO UOIIeWIO} O04-2IY} 8yl uol1ew.0}ap
uolnelqip ‘¢ uoljewuosp | adojs
uoiso|dxa 8yl |0J1U0D ‘g | 9|gelnOABUN SI S)OBID 0] uo S04 pJey ul SINd20 Ajuiew Nol=Th)
paysem 30eld 300y
‘pabewep Ajjenuew | [e2I1J9A UOIlleWIOjop able| abueyd a|Bue ybis ay] -Buijjos uoIsua |
JO  pauslos  Jayl uoisua |
10 psausyos  Jayuny | ¢Buijoosd-sbedsss Jspjnoys uolie|jeds 10 1uswadk|dsIp
-in4 s| 1004 ado|s 8y}
s 100y oadols 8yl | Wep 01 J|geisnoAeun S| Jeays ou sI asayl I1ng ‘sbueyo
16 JaAe| 1J0s 8yl ‘|
1e J9AE| 1JOS 8y} a4oym | Ajljigeswuad Jolem MOT 9|6ue 1ybijs yum adojs ayy wo.y
uol1eN1IS 8y} UdA8Id °| SPJEMINO SPUSIXe SSeu X204 8y]
suollsabbns BurisauiBua JamodoipAy
Allj1ge1s ayy 10944e aweu uol3edl}Isse|d adAl

pue spoylaw pue

juawiealy jo sjdioulld

pue sa8d4nosal

1918M yum diysuonejay

1By} J0o1oe} UIB

J11s1191081BYD UIB\|

a|140id d11BWBYOS

ado|g

uollewlioleq

(sol3s1i9}10eIRYD UOI}BWIOSp AQ) UOI}EDI4ISSE|D ado|s pawiojeq p'd o|9el

37



2019

SHP/TG 002-3

*Sopl|spue| 9|eds
'saJn1onJ1s -obie| 40} Ajjeroadsa  ‘@oepIns
abeulelp Jalepp - IAID JO InOAe| 8yy Jo Blay pue | |eanyoniis eam  d 1M apl|spue
ledp JBIEAN “E | [IAID 4O ] | 8y} Jo} yblay p jednion.y A Yy yu R plispue|
[eAOW | 9|geinsun S| pue ‘olel | epesb  ado|s ‘€ | JUSISISUOD SAeM|E JOU S| UdIYym = 3904 ado|s | uollewsosep
-aJ |eined JO [eAOWRY “Z | -01J918p SUOIlIPUOD Jdlje J91eM JO S109443 ‘g | ‘49Ae| 1nd Jo dJe ul dn smoys = 140S Snoa 300y Buipls
PIOAY | | Jn2208J Aew ‘a|eds-able) yibuails o0y | | shemje aoejns  Buipis 8yl uaBowoH
B U0 S| aplspuel ayl ‘yibualls o004 ayy Ag pajj0JIuod
Ajulew si ssew dis 8yl
‘INOAe| ai1njonJls
'90B4INS 10B1UOD 1UBWSSEq
[IAID  Joj ojendoud
ay} puoje sapl|s sAem|e
-deur aie Jaddn o031 apl|spue|
pue ‘wnun@ adojs ayi uo
WI01100 WOJ4 UOIIBARD |los
910 ‘a|Id JUE)SISaI-OPI|S ‘se Ajutewr ‘Ayljiqeswied Jetem ybiy
-X98 ale apl|spue| pue ) AlloAelD
‘aumonuis Buipoddng ‘g | -a4e 8B40B6 pue |1y ul eale sey ‘aJnjoniis 8soo| ul dn smoys
Buipeo| pesay <Buy
Apoq adojs | Jl0AJ9s91  wouy  9jdoad ‘pexiw suols pue yies sey }
-1Nd 1004 ‘9pow uol}
8yl pue o9oeyns ado|s | JO UOIIRIOJDS puB JUBW apl|spue| | uollewLIo}ep
-eneoxa Jadosdw| ‘g
aylr 4Jo e8beuiesg ‘g | -punodwi eale JIOAISSA j1os Buipls
ainsodxa pue ayenb ‘wilolsuiel
‘ainpaodoud | Jaye Buipls 01 uoluLd} ’
-Yies *uonelqIA ‘C | e 03 8np JoleMm UleIp O} }NDILIP
pue 8pow uolleAedXa | -1t Aed fado|s [suueyd 0}
A | s1 11 uaym Ajises epis Aew adojs
8y} 01 uollualle Aed ‘| | 9|gednoAejuN S| apijspue apl|spueT]
-|nd141p abeuleIp pue | oy “JeAe| pues pajeinies e s >
210
uoiosful Jalem [enuew | gisy) USUM INd20 ABW SplSpue|
‘Bupjeos  wuolsulel | yonepinbi] pasnes-uolleleA B 0S
fJ81eM JO S10844F ‘L | ‘Ayjigeswaad Jsiem yBly sey 1
suolisebbns Buriesuibus JanmodoipAy
AlljIgels ayy 109)4e SWeu UoI1ed|1}ISselo adAy
pue spoyiaw pue pue s89.4nosal 011S14910RIRYD UIE| 9|140.d 211EWBYIS
1By} Jojoe} ulep| adojg uoljeuoeqg

jusuwieasy Jo ajdioulld

Ja1em yum diysuoniejsy

(Penunuoo ) y°q e|qeL

38



2019

SHP/TG 002-3

‘ado|s ‘y1bualls ssew
'9]eds ||ews e
|ouueyo e se 9|gelns J91eM JO S109443 °€ | X004 painioel) ayy AQ pa||0J1u0d >
uo uaym Buinoddng g et apl|spue|
-un sI 3] tJspnoys wep | yibusiis ssew Yooy ‘¢ | SI 9oens Bulpls 8yl pue ssew ol
abeulelp Ja1epN 2 3o0J [|em
ayl jo Buijooid-abedass Bull | 004 painioel) By} WOJ4 SINI20
Buries|o Buiysnin
a8yl 01 9AIONPUOd A|YBIY | -IND 84NsSI4 UIOL “| | 9desns Bulpls a8yl ‘padojaAsp
pue Buinino adojlg |
10U SI Alljiqeawad Ja1epp Ajesusp aJe saunssiy ol ayy
'9|eos e18J1S 204 140S pue adojs | uoneulojep
|lews e uo uaym Buld 20p}INS |eanionJls ‘sainssiy julof ; 390y Buipiis
'S9JN1ONUIS |IAID JBYI0 IO 7
-oyoue Jo Buinoddng ‘g pauljoul  Ajpusn)  “p | 4o sdnoub |esonss AQ pa)j|0J1uod apl|spue|
s|auueyd jo sado|s Buiaq -
abeulep Ja1epN T JaleM JO S109443 "€ | SI sniels ssew dijs ayl os ‘iaAe| juanbas u|
J0} 9|geMNS 10U Sl }
|eAOW U16uaJ1s Ssew 300y °Z | 8yl }40 SInd adepins Buiplls ayl
-aJ |elled JO [eAowsYy | Bu111no wior L
‘[lews uolleA
‘ado|s |suueyd
S| 9|eds a8y} uaym Buu -eoxa Jadoudwi pue 'SN1els ul uoll
e se 9|geunsun s|
-oyoue Jo Bunioddng g BuilINd  UOISOJT  °Z | -Bwlo} 3004 AQ Pa||0JIu0d Ajulew apl|spue|
*AJ1JND8S 8INJONUIS [IAID BY}
abeulelp Ja1ep) g yibuaiis Buiieays | SI YdIym ‘uOIlewlO) 204 3y} Buippag
10944€ ||Im 1 ‘adojs ainy
|eAow Buippaqg | Buoje siNd20 Ajjesauab apispue]
-0NJ1S [IAID SB Pasn S| 1 4|
-aJ |e1ued Jo [eAowdy | J0O B1B11S X00J 14OS |
suollsabbns BurisauiBua JamodoipAy
AlljIgels ay} 1094k SWeu uoI1ed1}ISse|d adAy

pue spoylaw pue

juawiealy jo sjdioulld

pue sa8d4nosal

1918M yum diysuonejay

1By} J0o1oe} UIB

J11s1191081BYD UIB\|

a|140id d11BWBYOS

ado|g

uollewlioleq

(penuiiuod) §'q 8|qeL

39



2019

SHP/TG 002-3

‘g|Bue ado|s
|ednieu ay) ueyl Joreaub
aq 10U pnoys 9|Bue
UOIIBAROXS 8Ul fW0110q
01 dol wol} |eAowsy ‘S

Apoq

‘aln}

-ONJIS [IAID pue [duueyd

‘9oRJINS  |aUUN)  ‘ulep
ay3 Jo wswinge jo sado|s
syl g 01

“uawpunoduwil

a|gelnsun
S| 1l os
Jolje wiojep Aew >ueq

Ay noiy4ip abeulelp
pue Bul|i} J91EAA €

‘Buidwinp snolias

e Jo 1uawdojeAsp 8yl Jeye
SJN250 UOILPUOD SIY] ‘UOI1eW.O}

3004 819|dWOd JBMO| 8yl WOy

ado|s
uollewlolap

JIOAJBSdJ BYl U0 Sdpoq uollelqip ‘g doaalto
ado|s a8yl pue aoens pajejedas A|SNOIACO 10U dJe
pauasoo| 9|eos-ab.e| 9|Bue uoljeAedxy | 95007
ado|s ay} jo abeuleuq ‘¢ pue uds00| S)20J 8y} fJoplo }O
ay] esde|jod  shonull
919 INO S| BlEJIS JO UOISS9IINS Y|
-Uod sasned ualo 9|bue
-B1S Ajjednieu pue sniels
UoIleABOXD 8U} ¢Bullesq
leulbio  ayy dedy |
pue Buiyooid-abedass
01 9|gednoAejun si 3 ado|s | uoilewuosep
ooy deai)
‘POAIDS
-9J 8Q ||eys JoAe| 9AI1109]
-oid uollBAROXD UB ‘1SBj "a0eyIns adojs a1 uo
S| UOIIBWIOBP BY} }| '€ 9|6ue SOWI1BWOS INJ20 S)HUBQ 9SJIOASI
Apog | UolleAeoxs Ag pasneo asde) tyidep Aq  Ajjenpesb  saonp
Ana1441p abeulelp ado|s
ado|s 8yl pue o8oepNs| -|0O SNONUIIUOD ‘Buliesaq -4 epnydwe dwnp {swniells
pue Bulji} Joiepn ‘€ uol1ew.o}ap
ado|s oy jo abeulesp| Buipeo] Buliesuibus 01 U99M18Q JUBWDAOW dAIle[a4 8Y)
uoneIqip ‘g daaid
10} Buiyooud-sbedssg ‘g | sjgeinoAejun fUOIIRWIOLEP ¢sdojoAsp a4nioely dyl ¢SuUasoo|
. 9|Bue uolleAedxy | dwnqg
9|Bue adojs | aouspisgns aBie| fAlljIqe SSew )04 8y} pue J4spJo JO INO
leimeu syl ueyr Je1ealB| _gyyjad-jue ajgeinoAeUN S| BlRIIS BUl JO UOISS9IINS 8y}
8q j0u  pjnoys  s|Bue $SpJBMINO S1|11 SSew 3904 Ay
uolleABOXd 9yl {Wo0110q
01 do} wolj [eAOwWRY °|
suollsabbns BurisauiBua JamodoipAy
Allj1ge1s ayy 10944e aweu uol3edl}Isse|d adAl

pue spoylaw pue

juawiealy jo sjdioulld

pue sa8d4nosal

1918M yum diysuonejay

1By} J0o1oe} UIB

J11s1191081BYD UIB\|

a|140id d11BWBYOS

ado|g

uollewlioleq

(penuiiuod) §'q 8|qeL

40



2019

SHP/TG 002-3

Apoq adojs
syl pue aoeyins adojs

‘ado|s
94N10NJ1S |IAID JO [uueyd
8yl se pesn ag 1ou

AliAelB
1O uonoe wuial-buo|
syl JO Ss109448 8yl
Japun
Buimol} |10s ado|S '€

uollewlojep

‘uollew.oep apl|s
Jo Bululemaloy e si 1| ‘suolieniis

snoues Ul asde||od 4o 8pljspue

ado|s

syl jJo obeulesg ¢ B USAD JO ‘UOI}1eWJO} UOI1Bw.IO} ado|s | uollewsogep
' |leys ado|s siyl ‘"uoileiq “JOM Uaym uol1ew.0}ap
1es|] ¢ -op dealo syl Buoje juswsAow |10S daai)
100y adojs e[qels -IA JO J91BM SI91UNOJUS | UOIIBWIO4ep Buimoly doaud |10
A adojs ayl usym | aAey Aew Apoq |10S WBls 4o Bunin ‘seimoely ssew
k] uolleAneoxy -
WA " 3 Noo0  Aew  epijspue | usyoiq eyl Jo 1ooy | IIOS Jaddn 01 pes| Aew Buimoly
adojs a8yl ie |10S ‘g | 410 uollewiosep desid onseld |10S
J91eM JO S109447 °|
‘ado|S Jl0AJBSal
‘uollewsoy mol) onseld ‘uollew.oy 1Jos
JO |duueydo syl se pasn
oy} Buoje ssew >o0.l 9Yl U0 199}40 UOl}
Buleq uaym opl|s Ajises ado|s
Jaddn syl anowsy g -ewogep Buimol4 ‘g ‘el
ued adojs a8yl °-Aundoes uol1ew.0}8p
Burioyoue |eiied ¢ *J9leM JO S1094J0 | -BJ1S 3004 10s dlise|d Jamo| sy
91N10NJ1S |IAID 8] S10844e doalo moyy
Apoq adojs ay) Japun pag | Buoje AjmO|S @AOW SX00J 3)11l4g
yolym ‘sasde|jod Ajjerned olse|d
syl pue aoeyns ado|s 3(110Np 8yl 01 SINd20
10 Amols sanow  1Jed
sy} Jo obeulesg L uoliez|||ibie Jayun4 "L
Bumno eyl Jeye adolg adojs | uoneuw.ojep
'saJnioed} uolleledas SNOIAQO 390y deai)
Burioyoue |eiied ‘g 9pOW UOIIBABIXD
*Aljesauab ybiy -Uuou  YlIM  SINd20  swinielis
JoAe| uonoaloud Jadoudwi  pue Bulp
10U sI Ayljigeawuad Jalem U93M1aQ JUSLIBAOW ¢ (UOIIBULIO) ado|s
uolleABOX Buinesay g -EO|UN UOIIBARIXT
‘sioAe|  ooepns  1deox3y -9p 01U0109] 8Y] WOJ) 90USIDLIP uol1ew.0}ap
‘ale uoleiqip ‘s
"AJIND2S  2INIONUIS  |IAID 01 uonuaue  Aed )  saini dealto
-1udoudde aq ||eys a|bue J91EM JO S1098443 °C
8y} S109}e UOILIOISIP MOJS -0BJ} M3} ULM SPJEMINO Spuaq pauoisig
UOl1BABIXD By} f|eAow uoljew.oap Buimoyy
J0 Buipl|s Buippaq [elled UOIJBWLO) 904 8yl  £SINd20
-aJ Joj Builino adois | 3004 JO S109443 |
U9140 UOI1BWIO} 3004 UIYl d13seld
suollsabbns BurisauiBua JamodoipAy
Allj1ge1s ayy 10944e aweu uol3edl}Isse|d adAl

pue spoylaw pue

juawiealy jo sjdioulld

pue sa8d4nosal

1918M yum diysuonejay

1By} J0o1oe} UIB

J11s1191081BYD UIB\|

a|140id d11BWBYOS

ado|g

uollewlioleq

(penuiiuod) §'q 8|qeL

41



2019

SHP/TG 002-3

‘pamo|e si
}JO Bui@ad snonuiuo) °s109440
dosp ou sey yolym ‘jjo spgad
‘POAIBSAl S| ‘Butuieiutews Aynoly P 4o HO Sl
Buliayleap) "€ | uollewIO) }00J pnw Buliayieam
JaAe| aanoaloud syl € | -4Ip 8yl Buiseasoul ‘asde) ado|s adojs
S109}}0 10M-AI(Q °Z | 9Sualul Byl ¢S1094}0 1OM-AIp 0} uol1ew.I0}ap
abeulesp J91eA\N "¢ | -|OD pue S8deLINS Byl UO uollewlosp | (]10s)
Buimeyy azeau) | anp }jo |9ad Aew seale uisyinos Buijead
uolo9304d Jo) abeianod | 9soo| ale sadojs Bulisau Buijead 300y
jo $109443 ‘L | ul sedojs Aejd pieH ‘suolloe
adojs Bunueyd sseury ‘| | -1IBus J8Yl0 JO |BUUBRY)
MeYl}-9z9al} 01 anp  JdAg
20e4INS Byl Ul 40 |9ad seale
pjoo pue yBiy ur sadojs Ae|)
90B4INS [BJNIONIIS pue
'SSBUSS00| pue
uoI1eIo0sse  [ed160j0Y}
‘paxeos Bulaq uollew.oap daaid ‘uollew.oap
Bunioddns |eined ‘g -l 9|geinoABUN P
Jolje 9pI|S 0} dnuIluod Buipl|s yim adojs paswiojep adAl
1es|) ‘¢ uolelqip ‘€ ado|s adojs
Ajleriied Aew 3] "Ajuans -punodwod si pue Ajjeined dweld uollew.oap
abeulelp Apoq abeulelp papad uoIlewloep | (]10S)
-un wuo4ep 1o Muls Ajises Aew ado|s eyl ‘1|4 Ajdenbau asde||0)
adojs pue  Buiyooud -W| pue wJoisuiey ‘g asde||0) 300y
ued  Ayljigeswuad Jalem Jou S| @odepns  Buipls 8yl
-obedaas aoepns adojg | uoI1euw.Oo}
ybly yum spgep 9sooT ‘Ajjoym 10 Ajennied sepiis pue
-op deald uonew
' sasde||00 Apoq (]10S) 3004 8do|S
-104 MO} dniiseld L
‘paJtinbal s| Juswi ‘Ajuan
-BaJ] JUSWISDI0LUIB] pUB | -BUN SWUOJOP pue SyUIS
Buiualjos uoisoss
Buijoosd-obedsss |epads | suugep 8yl  {Buijooud 1004 ado|s 8y} 1e 81e|NWNd
J91em 1004 ado|s “p
‘suugep Buisn 3jIing sI | -obedeas 01 9|geinOAe} -0 U910 S)00|q [10S "1004 ado|s
uolelqip ‘€ ado|s adojs
uol1epuNOy} 8yl UBYAA ‘€ | -un sI pue Alljigeswuad 31 O1UO S||B} IO JBAO S[|OJ )00l uol1ew.0}ap
abeulelp papad uoIlewloep | (]10S)
Bunoddns pue | yelem  ybly yum paus Jayijow 8yl woJd} pajeledss asde||0)
-W| pue wJoisuiey ‘g a|qwini) 300y
Bulioyoue  |eiled g | -SOO| SI uUOIlRINUWNJJE By} Ajusppns sI Apog  ( |10S )
uolsuedxs Buizealy
*9JNI0NUIS [IAID | fA1IND3S BINIONJIS |IAID 3004 Jaddn sy ‘edojs deelg
pue Buuayieapy L
a8yl 109104d 01 SY00J | UOIIONJIISUOD BYl 108}je
snoJabuep ayl anoway ‘| | Ajpides ued uollewsoseq
suol1sabbns BurissuiBua JamodolpAy
AlljIgels ay} 1084k aWeu UoI1eD1}ISSe|d adAy

pue spoylew pue

juswiealy jo ajdioulid

pue sa8dJnosal

J91eM yum diysuoliejay

1Byl 4010} UleIA|

211S14810B1BYD UIBA|

9|1;04d d11EWBYOS

ado|g

uollewlojaq

(penuiiuod) §'q 8|qeL

42



SHP/TG 002-3:2019

Appendix E
(Informative)
Environmental water-based corrosion evaluation

E.1 Evaluation of concrete corrosion in the environmental water shall comply with the regulations in

Table E.1.

Table E.1 Evaluation standards for concrete corrosion in the environmental water

Corrosion type

Corrosion judge basis

Corrosion degree

Threshold indicators

Magnesium

Mg?* Content

Weak-corrosive

Non-corrosive pH>6.5
] Weak-corrosive 6.5=>pH>6.0
General acid PH value )
Moderate-corrosive 6.0>pH>5.5
Strong-corrosive pH<5.5
Non-corrosive C0O,<<15
Corrosion CO, content Weak-corrosive 15<CC0, <30
Calcareous type )
(mg/L) Moderate-corrosive 30<CCO, <60
Strong-corrosive CO, =60
Non-corrosive HCO; >1.07
] HCO; Content Weak-corrosive 1.07=HCO; >0.70
Bicarbonate type )
(mmol/L) Moderate-corrosive HCO; <0.70
Strong-corrosive —
Non-corrosive Mg?* <1 000

1 000<<Mg?* <1 500

(mg/L)

Moderate-corrosive

Strong-corrosive

(mg/L) Moderate-corrosive 1 500<<Mg** <2 000
Strong-corrosive Mg?* =2 000
Non-corrosive SO%~ <250
S03~ Content Weak-corrosive 250<S0;~ <400
Sulphate

400<.S0%~ <<500
SO~ =500

E.2 Environmental water-based evaluation of rebar corrosion in the reinforced concrete structure
shall comply with the regulations in Table E.2.

Table E.2 Standards for environmental water-based evaluation of rebar corrosion in the

reinforced concrete structure

Corrosion judge basis

Corrosion degree

Threshold indicators

Cl-Content(mg/L)

Weak-corrosive
Moderate-corrosive

Strong-corrosive

100~500
500~5 000
=5 000
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E.3 Environmental water-based steel-structure corrosion evaluation shall comply with the
regulations in Table E.3.

Table E.3 Standards for environmental water-based steel-structure corrosion evaluation

Corrosion judgement basis Corrosion degree Threshold indicators
Weak-corrosive pH value: 3-11, (CI~ +S0%™ )<500
pH value, (ClI~ + S0O3~ )content (mg/L) Moderate-corrosive pH value: 3-11, (CI~ +S03~ ) >=>500
Strong-corrosive pH<<3, (ClI~ +S0% ) any concentration
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