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Chapter V

GEOTECHNICAL INVESTIGATIONS AND STUDIES
(Dams, Dam Sites, or Appurtenant Structures)

5-1 GENERAL

An adequate assesament of Ste geologic and geotechnical conditionsis one of the mogt important
agpects of adam sfety evauaion. Evaduetion of the sefety of ether anew or an exiding dam requires,
among other things, thet its foundation has been adeguatdy examined, explored, and investigated so
thet it isasfully understood as possble. Foundation explorations should be directed towards obtaining
only such information as may be important to an evauation of the dam. The exploration program
should identify the factorsthet criticdly affect the safe performance of the dam, and not devdop
extraneousinformation. The fallowing sections of this chapter briefly identify the principa methods
commonly employed in foundation investigations, and are intended to suggest goproaches and socopes
of investigations which, when properly implemented, should comply with FERC reguirements and
expectations. It isemphasized that, because of the dmost infinite variety of geologic conditions from
gteto gte, it would be unreasonable and impracticd to attempt to set forth in these Guiddines specific
investigation programs.

While this chapter is principelly directed toward dams and dam Sites, the types of investigations and
sudies discussad are d 0 gpplicable to other weater retention sructures and gppurtenant structures of
hydropower projects.

5-2 PURPOSE AND SCOPE

The purpose of this chapter isto present guiddines for use by FERC gf for determining the
gopropriateness and leve of geotechnicd investigations and udiesfor dams, water retention structures
and other gppurtenances. Reports on such investigations and sudies mugt be induded in the technica
exhibits supporting; (a) gpplicationsfor license, (b) find desgn reports, and (¢) Part 12 reports (FERC
Regulaions, 18 C.F.R. Part 12) by independent consultants, when such reports have not been
previoudy submitted or referenced.

The soope of this chapter isintended to outline the desirable quantity and qudity of those investigations
required to support design or evaduation condusions It isfully recognized thet the pecific investigation
programs and udiesfor individud projects cannot redidicaly be sandardized, and will vary widdy
acoording to Ste conditions, type of dam, hazard dassfication, and design phase
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Sdection of fidd investigation procedures, and use of data evauation proocedures supporting geologic
or geotechnica reports, are acknowledged to be best guided by criteriaand procedures avallablein
qudified literature, aswdl as by proven locd practice. Reiable sourcesindude publications and
manuas authored by the U.S. Corps of Enginears, U.S. Bureau of Reclamation, American Sodiety of
Civil Enginears, U.S. Commiittee on Large Dams, and other widdy recognized engineering
organizations. In each particular case, variaions based on good judgment and experience are
encouraged and differing goproaches of scope and detail between government and private practice are
redidicdly ineviteble Sdected references areliged in Section 5-13

5-4 SOURCESOF PRE-EXISTING DATA AND INFORMATION

The geotechnicd informetion and data presented in alicensees or goplicant's design report and in
Independent Consultant's (Part 12) report, should incorporate references, where goplicable to avalable
FERC reports. The fallowing reports may be ussful:

. Operation Inspection Reports
. Condruction Ingpection Reports

. Independent Consultants Safety Ingpection Reports
. Other Ingpection and/or Specid Reports on exiing dams or Stestha are avallable

One or more of the above listed reports can be expected to be avalable for licensed projects. If a
license has nat previoudy been issued, the FERC g enginear parforming the review may have
avalable the Preicense Ingpection Report prepared by the respongble FERC regiond office.

For existing dams, geologic and geotechnical detamay be avallable from the fadility owner, previous
owners, date or locd agendiesif thefadility isapublidy owned project, and from the Sate agency
reopongble for dam safety. Also, gedlogicd informetion may be available from Corps of Enginears
Phase | Ingpection Reports of public or private entities having impounding Structures upstream or
downgream of the fedility.

For proposed dams, the source of geotechnicd information will generdly be the licensee and/or the
gpplicant's consultants and enginears

For dl propased dams, the gpplicant will be required to provide those deta necessary to evduate
whether the foundation of the proposed sructure is adequate to safely condtruct the structure proposed
for that gte

Datato be made available should indude, where gpplicable
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Logsof borings, test pits, and exploratory trenches

Site geologic maps and reports

Site sEgmiaty reports

Site geophyscd reports

Materids exploration and testing reports

Resavair rim conditions

Reports and papers published by Geologicd Sodeties and Depatmentsin ther Bulletins
Correspondence that may highlight gedlogica changes or problemsiin the foundation
Design drawings and specifications for foundation excavetion and support

Locd landdide history

I ngpection records

Maintenance records

Aerid photography

Seepage history

Licensegs reports

Condruction photogrgphs

Concrete materids and mix design

Ashuilt drawings

Ingtrumentation and monitoring data

NEED FOR SUPPLEMENTAL INFORMATION



The preferred goproach for assessng the adequiacy of dam foundations should be to minimize the use of
generd assumptions as to foundation conditions and srength parameters. The objective of reviewing
exiding datais sHf-evident. Ste-gpedific information and data-based andyses should be the prevaent
bagsfor judgments on dam sfety. If potentidly hazardous foundation conditions are bdieved or
determined to exig, and the exiding data are insufficient to resolve the problem, it will be necessary to
conduct supplementd investigations and andyses, or develop additiond information to complete the
evduation. Appendix V-C provides sep-by-gep procedures for deve oping the parameters needed in
adahlity andyds The supplementd information will usudly involve additiond explorations and testing,
maeridstesing and sasmic information.

Typicd conditions that would require additiond foundeation explorations for existing dams are suggested
bdow:

. Sgnificant cracking, settlement or doughing of dams or rdlated nearby Sructures.
. Increase in sHttlement rates or indications of downsiream movementt.

. Uncontrolled segpage conditions under, through, and around foundations or abutments, and a
the toe area of any water retention sructures.

. Sudden or steady increase in observed seepage.
. Credible foundation datais insufficient to support sability andyss

. Unexplained high or rgpid risein piezometric presaures ether in the foundation or abutment
materid or within an embankment sructure

. Highly fractured, jointed rock.

. Rock formations that are known to be susceptibleto  seegpage problems, solution activity or
erodible materid.

. Rock formations that are conducive to week seams or planes with low strength characteridics
and adverse orientation (i.e. downstream dip).

. Use of assumed high shear-grength parametersin a gability andydsthat are not judiified or
supported.

. Request by an owner to dlow use of areduced fact
or of safety from the criterianormally required in Table 2 of Chapter 3.



5-6 GEOLOGICAL INVESTIGATION AND REVIEW

Geologicd Investigations should be conducted for new projects and reviewed for exiding sructuresto
oeteminethe falowing:

. The generd geologic sdtting of the areaat and near the project.
. The geologic conditions rdated to selection of the Ste

. The characteridtics of the foundetion soils and rocks
. Any other geologic conditions that may influence design, condruction, and long term operation.

. Sagmiaty of thearea
. The sources of condruction materid.

The extent of the investigations will degpend on whether the project is propased or exiging and/or the
desgn and the complexity of the locd geology. The methods used for the investigations are dependent
on the data that needs to be obtained to fully understand the foundation for both congtructed and
proposad projects. These investigetive methods dso depend on the types and Size of the Structures
involved, and on the extent and qudity of the information nesded.

5-7 INTENSTY OF INVESTIGATIONS

The extent of required investigations should be dictated by hazard dassfication, nature of Sructures,
and quantity of datadreedy avalable Exiding damswithout adequate data should be evauated as
caefully as proposed sructures; not to do S0 isto be dangeroudy presumptive.

Geotechnicd investigations for proposed Stes should be generdly divided into three separate phasesto
minimize cogts and for developing the necessary data a each sage of the goprova, design, and
condruction of aproject:

. Prdiminary Invedigations (Adequete information to judtify Ste sdection and prdiminary cost
edimates).

. Initid Desgn Investigations (Information necessary to obtain regulatory gpprovds, refine cost
edimates, and develop enginearing and environmentd data).

. Find Desgn Investigations (Information necessary for developing plans and pecifications,
obtaining bids, and condructing the project).



For exiding dams, the extent of data needed may be rdaively limited, depending upon the adequacy of
exiding dataand condruction documentation. Evauation of an exising ructure generdly requires
Oetailed foundation data that may only be obtained by drilling, sampling, and testing that is concentrated
on spedific dteareas or problems. Such investigations, when neaded, should be planned to provide the
enginear with information and data to answer questions on pecific dam sefety problems and to perform
dam sfety andyses

5-7.1 Preliminary Investigations (Adequate informetion to judtify Ste sdection and prdiminary
codt estimates).

Thisinvestigation should provide afirg generd impression of the enginesring and geologica agpects of
the proposed dte, and should determine if further Sudy of the Steiswarranted. The fidd work
genardly would indude prdiminary fidd geologic mapping, some prdiminary hand auger halesfor soil
and overburden sampling, alimited number of core halesinto rock and possbly some prdiminary
sagmic refraction lines. Thisinformation would be usad to answer questions raised by an office Sudy.
The datawould aso be usad to plan the type, location, and amount of explorations and laboratory
testing required for future, more detailed invedigations

5-7.2 Initial Design I nvestigations (Information necessary to obtain regulaory approvas,
refine cog esimates, and devel op enginesring and environmentd data).

These invedigations would be undertaken to provide more detalled information on foundation
characterigics on apaticular Ste or severd dtes, and to provide data for preiminary condderations of
the desgn requirements and condruction methods. Thistype of informetion is usudly deveoped for
indusion in the license goplication or in reports providing conceptud andyses of existing project
dructures This phase of fidd investigation should indude surface and subsurface exploration and
sampling through borings, test pits, test trenches, meterid testing, geologic mapping, and additiona
geophysca surveysto supplement drilling. Data developed from these activities should be usad to
compare dterndive Stes, to andyze different types of sructures that might serve the same purpose, and
to develop economic evduaions of the gtes An end product of thisinvestigation usudly isan
gpplication for license, which indudes a ecificaly identified Ste and gppurtenant sructures.

5-7.3 Final Design I nvestigations (Information necessary for deve oping plans and
spedifications, obtaining bids and condructing projects).

Theseinvestigations would be primarily composed of detailed drilling, sampling, and testing
concentrated on specific features & the salected project Ste; and should be specificaly planned to
provide the enginer with information thet is necessary to design Sructures, estimate quantities,
determine rates of congruction progress, develop cost estimates, prepare plans and pecifications, and
obtain bids



5-8 METHODSOF INVESTIGATIONS

The adequecy of the andyds of an engineered structure will normely be primarily dependent on the
extent of the information known about foundation conditions of the Ste and the physical properties of
the foundation meterids. To evauate these properties, the type and gpplication of sampling methodsis
important. Thereisno Ingle sampling method or sampling device that will guarantee the recovery of
sidactory samplesin dl materids, but the less disturbance to the sample, the more accurate the reults
will befrom testing that sample. Different devices and techniques have been deve oped for drilling and
sampling awide variety of materid types Proper sampling is acombingtion of science and art.
Although many procedures have been sandardized, the dteration and adgptation of techniques are
often dictated by spedific investigation requirements

5-8.1 Constructed Projects

For congructed projects, induding evauetion of structures under Part 12 of the Commisson's
Regulations, the methods of investigation generdly consst of researching avallable information as
described in paragraph 5-4. However, if questions of project sefety cannot be properly addressed by
the use of exiding data, then additiond Ste specific fidd investigations should be required. Thiswork
will generdly indude explorations of the foundation, abutments, and Sructures themsaves, usng
equipment and methods discussed in paragrgph 5-8.2 below.

5-8.2 Unconstructed Projects
5-8.2.1 Typesof Exploration

The generd types of explorations used to investigate potentid project Stesfdl into four categories (1)
geologic reconnassance and mgpping (2) borings, (3) gpedid excavations, and (4) geophysica
measurements. These types of exploration methods are discussed in U.S. Corps of Enginears EM
1110-1-1804, and EM 1110-2-1907 (See References, Paragraph 5-13), and briefly presented in

Appendix V-A.
5-8.2.1.1 Geologic Reconnaissance and M apping

Geologic reconnaissance and mgpping is crudd for undersanding ariticd items influenaing sting,
design, and condruction. It givesthe overdl picture. The gedlogic mep isfrequently the only “as built”
drawing of the foundetion conditions and is vary ussful in evauaing any Sability, settlement or seepage
problems that may occur during the operation of the project.

5-8.2.1.2 Borings



Of the different types of explorations, borings are the mogt practicd and accurate method of obtaining
sub-aurface information. The most important agpect of the drilling proceduresis the recovery of the
meterid penetrated. A boring with low recovery isof limited value, and will generdly raise more
guedionsthan it ansvers. (See Appendix V-A).

5-8.2.1.3 Special Excavations

Foedid excavaions are defined as those openings made with machinery other then drill rigsfor the
purpose of obtaining soil or rock samples, or conducting ingtu testing. They congg of tet pits, test
trenches, large diameter borings, tunnds, shefts, drifts or adits. (See Appendix V-A).

5-8.2.1.4 Geophysical

Geophysca exploraions are an indirect method of obtaining generdized sub-surface geologic
information by using spedid ingruments to meke certain physical messurements: Geophysca
obsarvaionsin themsdves are not geologic facts, but are satidical and orderly measurements.
Geophysicd explorations complement core drilling, test pits, or other direct methods of sub-surface
exploration and can provide argpid evauation of cartain geologic conditions. However, their rdiability
isonly as good asther confirmation by conventionad means of exploration. (See Appendix V-A).

5-8.2.2  Location of Explorations

Adeguate informetion about foundetion properties and characteridticsis criticd to afull undersanding
of the adequecy of any design or in the evaluation of an exiging dructure. Therefore explorations
should be adequatdy digtributed over the dam site, induding abutments and dam foundation, and in
specid cases a gppurtenant sructures, induding penstocks, tunnds, spillways, intakes and outlets, a
the powerhouse Ste, (whether surface or subsurface) dong the reservoir rim, and a the materid
borrow dtes.

5-8.2.3 Laboratory Tests

Laboratory testing of foundation materia may indude the performance of such routine tests as direct
shear, unconfined and triaxid compresson, diding friction, modulus of dadtidity, tendle Srength, neturd
and dry dengty, moidture content, consolidation, Atterberg limits, grain-gze andyss, and permeghility.
Lessfrequently, and where unusua geologica conditions exig, tests for foundation rebound, daking,
collgpshility, digoersve characteridics, permeghility, compaction, and determination of the minerd and
chemica compogtion of the rock and ground water may be required. In addition, where liquefaction
potentid may nead to be evduated, dynamic laboratory tests such as cydic direct shear andlor cydic
triaxia compresson tests may be gppropriate. (See References, Paragraph 5-13).



Laboratory tests may be needed to provide information regarding the behavior of foundation rock
under the various condruction conditions to which it will be subjected, such as, rebound due to remova
of load, gpplication of load, scour, exposure to weether, wet-dry, and freeze-thaw cydes. Laboratory
tests are d0 necessary to establish the qudlity of condruction materids such as concrete aggregate,
impervious meterid, rockfill, and riprap. The interpretation, evaluation and gpplication of the test results
to the design of the sructuresis a highly important phase and depends to agreat degree upon
experience and judgment in corrdating and weighing the data accumulated in the test program.

5-8.24 Field Tests

Two of the most important fidd tests performed are permestiility and grouting. Permeghility testscan
be done d@ther by pumping out or hydraulic pressure. Theetestsare discussed inthe U.S. Army
Corpsof Engineers EM 1110-2-3506. (See References, Paragraph 5-13), and briefly presented in

Appendix V-B.

The pumping-out test conggs of bailing or pumping water from wels or borehdles and obsarving the
effect of this operation on the water leve in these and nearby holes Thetest usudly is performed in
one or more of the exploratory borings.

The hydraulic pressure test congsts of pumping water under pressure into an isolaied zone in the rock
or overburden through aborehole and nating the quantity of water pumped at any given pressure.
Destriptions of pressure testing equipment and procedures are contained in EM  1110-2-3506.

Tes grouting may be useful. It condgts of performing experimenta grouting operations on exploratory
borehales to determine, during the design Sage, the extent to which subsurface materids are groutable.

While the above fidd tests may be used to provide information on the foundation, additiond fidd (in-
gtu) tessfor evauating the physicd characteristics of the rock mass asawhole may bejudtified as
follows Test blagting, rock bolt pull-out tests (RTH 323-80, Reference 16), fla jacking tests (RTH
365-80 & References 11,15 & 16), Goodmean jacking tests (Reference 18), chamber tests, and direct
shear srength (RTH 321-80, Reference 16).

5-9 INSTRUMENTATION AND MONITORING

5-9.1 General

Instrumentation is used to document precondruction Ste conditions, to monitor the performance of a
gructure bath during and after condruction, and to provide evidence that design criteriaare satified.
In addition, analyd's of seepage, leekage, pressure and movement data furnishes va uable background
information for usein future desgn work. The extent of indrumentation for monitoring potentid
defidendes a exiding dams should take into account the hazard potentid of adam, or threet to life and
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property should there be afailure or sudden rdease of water from the project. Instrumentation should
adways be inddled becauseit is a necessary supplement for monitoring the performance and long-term
dructurd integrity of dl sgnificant and high hezard potentid projects. If visud digressin the Sructure
cannot be adequatdy monitored by exigting indrumentation, additiond supplementd insrumentation
properly located and inddled, should be provided to ensure proper monitoring. Someleve of
instrumentation may be useful on a case-by-case badsfor low hazard potentid projects The extent of
internd disressin adam cannot dways be directly measured. However, diagnostic procedures are
avalableto asag in identifying problems. Table 5-1 can be usad as an ad to assessing the causes of
deficient behavior, and the means of detecting such problems. A key factor rdlevant to these
procedures is effective indrumentation. A prudently located array of indrumentation spedificaly
tailored to the given dam might indude some of thefallowing: Piezometers, obsarvaion wels, dran
gages, extensometers, accd erographs, sEsmogragphs, indinometers tiltmeters, and dignment
monuments (survey networks). The basic layout should be inddled early o that monitoring can dart
during congtruction and continue after the project becomes operationd. A comparison of operating
conditions with design assumptions will help to determine whether the sructure is performing
sidactorily. In sdecting equipment, spedific requirements are ruggedness, rdidbility over along
period, and Smplicity of congtruction, ingtalation, observetion, and evauation.
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Snce there are many types of dams and many different Ste conditions, each dam will haveitsown
ingrumentation needs thet are spedific to the type of sructure. Some types of indruments are
recommended for mogt dams, while others are recommended only in spedid cases. The number of
indruments and frequency of obsarvations should be carefully optimized. There should be reasoneble
baance between the levd of survelllance sought and economy. Otherwise, the project could be
burdened by unnecessary accumulaions of detathat may interfere with sengble problem andyss. Asa
minimum, dignment monuments should be inddled & dl exising high hazard potentid dams

5-9.2 Geotechnical Instrumentation

Table 5-2 bdow provides an inventory of frequently usad geotechnicd ingruments and the usud factors
measured and monitored. Thefallowing ligt of reference materid covers details for inddlaion of
indrumentation badc to monitoring dams

. U. S Army Corps of Engineers Manud EM 1100-2-1908, Part 1 of 2, 31 Aug 71:
Ingrumentation of Earth and Rockfill Dams (Groundwater and Pore Pressure Observations);
Chepter 5, Ingdlaion, Maintenance of Plezometers and Obsarvetions

. U. S Army Corps of Engineers Manud, EM 1110-2-1908, Part 2 of 2, 19 November 76:
Ingrumentation of Earth and Rockfill Dams (Earth Movement and Pressure Messuring
Devices); Chepter 2, Movement Devices for Embankments and Foundations.

. U. S Army Corps of Engineers Manud, EM 1110-2-4300, 15 September 80:
Ingrumentation of Concrete Structures, Chapter 3, Uplift and Leskage, and Chapter 4,
Fumbing Ingruments and Tilt Messuring Devices

. The Nationd Research Coundl Book, 1983; Safety of Exiging Dams, Evduation and
Improvement, Chapter 10 Indrumentation.

. United States Bureau of Redamation Manud, Embankment |nsrumentation.

Adding insrumentation to exiging dams often reguires goecidized equipment and drilling techniques for
borehdles. During the drilling of boreholes, samples of materias and logs should be obtained of the
borings  These datamay be of Sgnificant vaue for subsegquent data evauation and predictions con-
cerning the ongoing sefety of the Structure under operaing conditions. The drilling, sampling and
ingalation methods, and procedures must be specified and carefully monitored to prevent damage from
these adtivities to the Structure and the foundation.



Table 52 Inventory of Geotechnical Insruments

Ingrument Phenomena Measured

Plezometer, dosed & open Pore water and ground

sysdems obsarvaion wels water measurements

Wers flow meters and flumes Segpage messurements

Temperature Sensors Temperature measurements
of groundwater, seepage
and indirectly rock

Extensometer, indinometers Internd deformation
messLrament

Tiltmeters Roatationd and tilting
meesurement of embankment
and rock concrete dams
and their foundations

Survey equipment Deformation messurements
horizontd and vertica

Crack Monitor Crack movement messurements

5-10 SPECIAL GEOLOGIC HAZARD STUDIES

Specid geologica hazard sudies may be required for aproject thet isto belocated in an arealikdy to
be subject to active naturd geologic forces such asvalcanic and seigmic activity. Evauation of
geologic hazardsis extremdy important in determining if agteis safe for the condruction of aproject.
Therefore, it isimportant that the owner of aproject demondrate thet the Steis geologicaly suitable
and that natural geologic condiitions have been conddered and evauated in the project design.

5-10.1 Volcanic Hazards

Potentid hazards from volcanoes are Sgnificant in the western dates and Alaska: The U.S. Geological
Survey has published amap showing valcanic hezardsin the United States (Mullineaux 1975); this mgp
shows no hazard esst of New Mexico.

Volcanic hazards can be separated into two categories on the bads of disance from the volcano. For
gtesdoseto volcanoes, thereisahigh potentid hazard for hydro projects to be effected by delris
flows or mudflows ash fdlsand lavaflows In addition, volcanic adtivity may ao result in earthquakes
which may cause severe ground sheking. For projects disant from volcanoes, the mogt Sgnificant
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hezard may be ash fdls resuiting from mgor explosons Secondary effects may indude volcanicaly
induced saiches and floods caused ether by the mdting of ice on the volcanic cone (Mt. . Helens) or
falure of damsin valeys draining the dopes of the volcano. Delris or mud flows into neerby ful
reservoirs could cause extensve flooding and endanger the Sructure.

5-10.2 Seismic Hazards

Many regions of the world are subject to potentidly destructive earthquekes. The west coadt of the
United Statesis best known for saamic attivity. However there are other Sgnificant seismic aressin
the Centrd, Midwest, Northeast and Southeast sectors. In highly seismic regions, where earthquiakes
occur frequently and are actively sudied, the seismic hazard is better understiood. In regions of low
saamic frequency and/or intengty, where destructive quakes occur infrequently, the actud danger to
gructures may be much greeter because the seismic hazard is often not well understood or isnat given
the dtention it desarves. Therefore, it isimperative that more than just a cursory evauetion be given to
datato be used in paforming ability andysisfor aproject. The occurrence of an earthquekein the
vidnity of adam can cause damage or even fallure if earthquake loadings have not been given adeguate
condderation during the design phese

The study to define the saismic hazard at a proposad project Ste should indude the following:

. Seismological investigations. Studiesare made of the past occurrence of earthquakes
in the generd region of the Ste, and on that bas's esimates are made of the probehility of future
earthquakes. In order for this gpproach to be vaid, a sufficiently long seismic history must be
avaladle

. Geological investigations. Inthisinvestigation an evduation is mede of the tectonic
processesin the generd Steregion. Faultsin the generd region are identified and the degree of
adtivity of thefaultsis etimated.

. Site soils and geology investigations. Invedigations are made of geologicd
formations, soil depodits and rock at the Ste areato assesstheir possible behavior during
earthquake shaking, and how they might affect the ability of a sructure to ress earthquiakes.

. Liquefaction Investigations. Whereliquefaction potentid may need to be evauated,
fidd
and laboratory tests may be gppropriate. Thesetests can be an ad to determining the cydic
dresslevelswhich may cause liquefaction of asoil.

Judgment based on the information provided by the aboove investigations mugt then be used to establish
gopropriate earthquake design criteriafor the project. This sudy should be detalled in the project

geotechnicd report.



5-11 SUBMITTAL OF GEOTECHNICAL REPORT

The geotechnicd investigative data, induding resuilts of laboratory and fidd tests, should be submitted in
the Geotechnicd Report which is part of the supporting design report for new projects. The
Geotechnica Report is required because the design of dl structures depends on the srengths and
wesknesses of the materiad they are founded on or in. In the independent consultants reports for
exising dams, and particularly for those that have along, satifactory sarvice record, such dataas may
be available should be presented in the summeary of geologicd conditions pursuant to Part 12 of the
Commisson's Regulaions. All geotechnical reports should consst of asuccinat presantation of those
geologica conditions that contribute to characterization of the project Ste and determingtion of the
design of the various sructures.

The Geotechnica Report required for new projects should present a comprehensive assessment and
description of the geology of the project. It should be limited, however, to an effective combination of
brief discussions, tabulated data, and geologicd illudrationsto depict the conditions thet are of
enginearing Sgnificance. Theinformation in the reports should focus on the fallowing topics

1 Sgnificant and contralling topographic conditions

2. Description of dl agpects of bedrock and recent geology, induding discussons of: (a)
compaosition and structure of the rock, (b) engineering description of soilsand of ther
relaionship to the bedrock, () principa engineering properties of the rocks and soilsas
determined by field and laboratory investigations, (d) geologic conditions that present gpecid
engineering problems, (e) remedies proposad or usad for the gpedid problems, and (f) sources
and characteridics of condruction materias

The surface and subsurface invedtigations, laboratory tests, and geologicd illudrationsin geotechnical
reports should be suffidently comprehensve to supply rdiable information on al geological conditions
that can influence the design, condtruction and cogt of the project. Unless a separate seismologicd
report is required, the geotechnica report should review the earthquake history of the region.

Fallowingisalig of illudraive materid that should be induded in the geotechnicd report, and, for the
mog part, indluded or referenced in the geologica summiary in an independent consultant's report.

. Project Location Map
. Resarvoir-Geology map
. Flan of Explorations

. Logsof Exploratory Borings



. Laboratory Test Flots and Tabulaions

. Ste Geology Map

. Photogrgphs

. Top of Rock Contour Map

. Geologic Structure Map

. Geologic Sections and Prfiles

Geologic sactions and profiles should show corrdation of soil and rock units together with such
sgnificant features as water levels, water losses faults sheer zones, faliations jointing, and solution
zones. The sections should aso emphadze geologic structure and show depths of primeary and
secondary weathering. All sections and profiles should be superimposad with outlines of the principd
gructures and the depth of foundation excavation for existing or proposad sructures.

Further, dl gedlogic investigations and tests reguired for devel oping informetion on any of the fallowing
condruction items should be completed and induded in the report:

. Excavation dopes

. Soedid rock excavetion methods for Sructurd excavaions

. Rock balting for dope sabilization or tunndl rock support.

. Foundation trestment by grouting or denta concretefilling.

. Protection of westher-sengitive foundations, such as shale, pending their burid.

. Soecid design and congruction problems rdated to dadtic rebound in foundation meterids
5-12 SUMMARY

In summary, it must be remembered thet no matter how well a project's sructures have been
engineered, if the foundation conditions are not understood and taken into account, dam safety
problems could occur. This chapter is not intended to be a detailed text on enginearing geology, drilling
techniques and program planning, sampling and laboratory testing procedures, or monitoring. Itis
intended as aguide for the reviewing enginesr to determine if the quantity and qudity of the
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investigations and studies performed support the design and/or conclusions presented.  Section 5-13
provides asampling of reference meterid for the above ctivities
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APPENDIX V-A
Types of Exploration

Exploration is nesded to refine the overdl picture obtained from geologic mapping, for callecting
samples to obtain spedific desgn parameters, and to define oecific featuresidentified in geologic
mapping that require Spedific atention asthey rlae to desgn and condruction. The generd types of
fidd explorations usad to invedigate Stes ares

Borings

Of the different types of explorations, borings are the mogt practical and accurate method of obtaining
sub-surface informetion. Borings are divided into soil and rock types or acombination of both. The
mogt important agpect of the drilling proceduresisthe recovery of the materia penetrated. A boring
with low recovery is of little vaue, and will generdly raise more questions then it ansvers

In soil borings the two prevaent methods for obtaining samples are the earth auger and the 2-inch Salit
spoon drive sampler. For investigative sampling it is better to use abucket auger as the continuous
flight auger can provide mideading results in many Stuations by mixing the materid asit movesup the
flights. The 2-inch plit 000N sampler isaso used in performing the Standard Penetration Test (SPT).
While the samples obtained by these two methods are consdered disturbed, they provide the basisfor
Oetermining if, where, and what types of "undisturbed”’ samples are needed. The primary method for
obtaining undisturbed soil samplesis by the Shelby tube sampler. See Reference No. 4, EM 1110-2-
1907 (Soil Sampling) for detall on ol sampling.

For rock sampling, core borings are the most common method. Size of the rock core borings can
rangein diameter from 1 1/2 inches (EX) to 7 34 inches (6 x 7 3/4 inches), but the most common sze
usd for exploratory work is 3 inches (NW). The NW sze drilling usudly produces good core
recovery. Large diameter holes and specid drilling equipment and methods may be judified in some
types of rocksif better recovery and/or identification, sampling and testing of materid are required, and
in extracting the concretelrock interface intact. The equipment and procedures for drilling and sampling
aegivenin deal in reference No. 1. (Geotechnicd Invedtigations), EM 1110-1-1804.

Equaly important as obtaining as complete a sample as possible, with little disurbance, isthe need to
maintain the naturd moisture content of the rock or il sample. Maerid that may possbly be used for
|aboratory testing should be wrapped and/or waxed immediatdy upon removad from the sampler to
preserve the naturd moisture content.



Sandard Szesfor Core Drills
Diamond Core Drill Manufacturers Assoication (DCDMA)
Desgndion Core Sze(in) Hde Sze(in)
EX/EW 0.845 1.485
AXIAW 1.185 1.890
BX/BW 1.655 2.360
NX/NW 2.155 2.980
AQ* 1.062 1.890
BQ* 1432 2.360
NQ* 1.875 2.980
HQ* 2.500 3.782
PQ* 2.344 4.828
2-3/8 X 3-7/8** 2.375 3.875
4 X 5-1/2%* 4,000 5.500
6 X 7-3/4** 6.000 7.750
* Wireline series
**  Lagediamde sies

Special Excavations

Soedid excavaions are defined as those openings made with machinery other then drill rigsfor the
purpose of obtaining soil or rock samples, or conducting in-Stu testing. They condst of test pits, test
trenches, large diameter borings, tunndls, shefts, driftsor adits. These excavations expose large arees
of subsurface materid thus permitting examination of in-gtu subsurface conditions, recovery of large
undisturbed samples, inkStu teding, inddlation of indrumentation, and evaluation of dnormdlities.
Some of these excavations require shegting and shoring to protect the investigetors as required by
OSHA.

Ted pits are openings excavated verticaly from the ground surface to expose the sub-surface materid
for ingtu examination. Excavation is generdly performed by backhoe, dam bucket or by hand. They
are ds0 used asameans of obtaining undisturbed samples of soil materids. Tedt pits are most often
used in connection with soils exploration and testing. Test pits may aso be used to sudy the cheracter
of the overburden-bedrock contact, and the position, characteridtic, and condition of the bedrock
surface and Srata



Ted trenches are Smilar functiondly to test pits, except thet they are usudly limited to rdativey shdlow
depths and extend over agreeter length. Excavation of trenchesis usudly done by bulldozer. Trenches
are paticularly useful for continuous exploration, examination and sampling of soils foundations, and for
examining and corrdating bedrock surface conditions that cannot be defined as accuratdy by
conventiond drilling and sampling methods. Combined with test pits, trenchesareamorerdigble
method of determining the occurrence, composition, digtribution, structure, and sability of

unsatisfactory materidsin degp dluvid and resdud soil foundationsfor high dams

Tunnds and drifts are nearly horizontd underground openings and passages which are excavated by
gandard mining methods They vary in Sze and shgpe depending on the purpose and type of materid
being tunnded. The prindipd function of tunnels as an exploratory deviceisto permit detalled
examination of the compogtion and geomelry of rock structures such asjoints, fractures, faults, shear
zones, and solution channds where these condiitions affect foundation sability, excavation, and
treatment. Although adower investigatory gpproach, excavetion of exploration tunnels should be used
when other methods do not supply adequate information. Geologic logging of the exploration tunnels
should be done concurrently with the excavetion when possble. Sampling and ingtu rock testing may
a0 be done during the excavation.

Geophysical

Geophyscd exploraions are an indirect method of obtaining generdized sub-surface gedlogic
informetion by usng spedd indruments to make certain physical messurements. Geophysca
obsarvaionsin themsdves are not geologic facts, but are datidicd and orderly messurements. The
geologic information is oatained indirectly through andyss or interpretation of these measurements.
Thetechnology for such investigations has improved in recent years; therefore, geophysicd teding has
gained acoeptance among design enginears and geologidts as accuracy hasimproved. However, Snce
these results are not subject to direct visud verification, geophysicd exploraion requires boreholes or
other direct geologica exploration for references and contral of meesurements. Geophyscal
exploraions complement core drilling, test pits, or other direct methods of sub-surface exploration and
can provide argpid evaudtion of cartain geologic conditions: The cost of geophydcd exploraionsis
generdly low compared with the cost of core borings or test pits, and condderable savings may often
be afected by judidous use of this exploration method in conjunction with other methods.
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APPENDIX V-B
Field Permeability and Groutability

Hdd tests to meeaure the permestiility/groutatility of the foundation meterid and the goproximeate yidd
of water are:

1. Pumping-Out Test

The pumping-out test conggs of bailing or pumping water from wels or borehdles and obsarving the
effect of this operation on the water leve in these and nearby holes: Thetest usudly is performed in
one or more of the exploratory borings. Records are kept of the water levels before pumping, thetime
a which pumping is sarted, rate of pumping, amount of dravdown in the borehole, thetime of eech
drawdown meesurement, and the rate of water leve rise after pumping has sopped.

2. Pumping-In Test (Hydraulic Pressure)

The hydraulic pressure test congsts of pumping water under pressure into an isolated zonein rock or
dluvium in aborehole and noting the quantity of water pumped a any given pressure. In generd, weter
pressure should be limited to 1 pound per square inch per foot of depth in rock and to 0.5 pound per
squareinch per foot of depth of overburden to avoid damaging the foundaion. The information
obtained is usad in gppraisng the leskage potentid of the foundation, and in estimating grouting
requirements for reducing segpage and contralling uplift pressures

3. Field Grouting Test

Tedt grouting consgts of performing experimenta grouting operations on exploratory boreholes to
determine, during the design sage, the extent to which subsurface materids are grouteble. Grout is
pumped into boreholesto full-depth or in sectionsisolated by packers. Detailed records are kept of
the grouting operations. The results are evaluated on the bad's of the consstencies and quantities of
grout injected in rdation to the pressures used, rate of injection, and time. Test grouting affords a
method of estimating grout requirements, and in many ingances gives more rdicble data then pressure
testing. Direct corrdation between permeghility and groutability has not been rdigbly established.
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APPENDIX V-C

FERC Parametersfor Developing Stability Analysis

The necessary seps required to adequatdly address the parameters required in deve oping Sability
andyses are presented for condtructed and uncondructed dams. Determining potential modes of fallure
is common to bath.

Constructed Projects Shear Strength Parameters

Deatermine the neaed for additiond fidd Sudies

Determine if condition of dam, as spedified by Section 5-5, warrants supplementa foundation
informeation.

Perform prdiminary dability andyses with the friction angle (N) parameter sdected from the
available records or from the literature and find the cohesion () vaues necessary to meat
FERC saety factorsfor dl loading conditions. Use effective uplift/pore pressure information if
avalable, otherwise use full uplift pressure or totd pore pressure, as mentioned in the
Guiddines,

Perform a sensttivity andyssfor N usng the most conservative vadue for ¢ thet resulted from the
previous andyss. If the condition of the dam is acoeptable and the most consarvetivecand N
vaues are within adefensble range, no fidd investigations would be necessary.

Flan for invedigaions

| dentify the potentidly wesk shear planes by usng the exising information. If no information is
avallable, use enginegring judgement to define reesonable criteria for sdecting such planes

| dentify the types of tests and their scde (lab or fidd) as gpecified by section 5-8.2.1.
Sdect the location of explorations asindicated by section 5-8.2.2.

Prepare the spedifications for the investigetions.

Exploration and Testing

Dams on Bedrock Foundations



. Recover intact cores of concrete, bedrock and a the dam/foundation interface for dassfication
and teding. It isrecommended that three borings be taken as aminimum a the center or degp
section of the dam and one a each abutment. For long Structures, more borings may be
advissble at 100 to 200 feet intervas. More borings should be taken as necessary to document
any anticipated foundation problems (i.e. presence of day seams).

. Drilling must be core type and the use of double or triple split barrdsis highly recommended.
The diameter of the samples should be no less than thet obtained from NW sze equipment.
Preferably, for concrete the diameter should be gpproximatdy Sx inches depending on
maximum d9ze of eggregae

. Core samples should be prepared for performing direct and triaxid shear tests on intact rock
cores and cores containing potentia wesker falure planes. These testswill provide
goproximate values of coneson and angle of internd friction to be used in diding Sability
andysss of thedam. Tedt resulits of intact samples will givee upper bound shear srength vaues
while tests on smooth surfaces give lower bound results

. Unconfined compressive tests should be performed on intact rock samples to determine
unconfined compressive srength of the bedrock. This datawill be used to index rock
characteridics and determine if the foundation has adequiate beering cagpadity to resst theloads
imposed by the dam under dl credible loading conditions

Dams on Soil Foundations

. Recover asgies of "undisurbed” soil samplesfrom dl zones of the embankment and the
foundation, for index, dassfication and enginearing property tess It is recommended thet test
borings be generdly located as above with the exception thet dl zones of meterid mugt be
sampled.

. Thetypes of index and dassification tests for the soil will be sdlected based on the neture of the
materid. Cohesve soils should be tested for liquid and pladtic limits. Cleen ssndsand graves
aretested for gradation limits. Based on these tedts, the need for further investigations for
liquefaction potentid should be assessed.

. Undisturbed soil samples should be tested for shear strength by either triaxia compression or
direct shear goparatus. The tests should be basad on the proposed loading conditions and
drainage condition under which the dam will be subjected.

Constructed Projects Uplift Pressure Parameters

Determine the nesd for additiond information
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If the prdiminary andlyss using full uplift and/or pore pressureindicated in section 5-13.1.1 will
result in defengble shear Srength parameters no additiond informetion will be necessary;
otherwise

Perform a sengtivity andysisto find the range of areduction in the uplift pressure thet would
warant defensble shear drength parameters. If the uplift reduction would have results within
an acoeptable range, enginearing judgement should be used to determineif the collection of
additiond information would be beneficid.

Flan for collecting additiond information

L ocate the messurement sections as mentioned in section 5-8.2.2.

Review the ingrumentation discusson in section 5-9 and if so detlermined, indall piezometersin
the embankment at the interface and within the foundation bedrock or soil foundation to monitor
pore pressures and define the phreatic surface in the embankments and to measure uplift
pressures a the base of or below the dam at a possible foundetion diding plane. Readings
should be taken over aperiod of severd months, & periods of high flowsif possible, to assess
the functioning of internd drainage systems

Unconstructed Projects Shear Strength Parameters

Fed Studies

Perform gedlogicd investigation as mentioned in section 5-6 to determine design criteriafor the
required invesigations.

Fan prdiminary investigations (section 5-7.1), initid desgn invedigations (section 5-7.2) and
find design invedtigations (Section 5-7.3) using the appropriate types of exploration (section 5-
8.2.1), locations of exploration (section 5-8.2.2) and types of laboratory tests (section 5-
8.2.3).

Proposed Dams on Bedrock Foundetions

Ingpect and map the bedrock foundation nating joints or any other Sructurd discontinuities thet
may require remedid measures

Recover asaries of intact rock samples of the foundation to determine the orientation of
bedding planes and for index and dassfication testing.



Perform direct or triaxid shear tests on the intact core samples to determine gppropriate desgn
vauesfor coheson and angles of internd friction. Thisdatawill be usad to assessthe diding
gahility of the dam dong potentid falure planes within the foundation rock below the dam.

A series of unconfined compressive tests should o be meade to determine the bearing capecity
of the bedrock below the dam, occasondly the bearing capecity of the foundation bedrock will
control the design of the proposed dam.

Proposed Dams on Soil Foundations

If the Stuation requires more detailed andyds, afidd reconnaissance to photograph and mep dl
mgjor foundation festures should be done under the direction of an experienced gedlogist
and/or geotechnicd engineer.

A series of borings should be taken to define the geologic Sratigraphy and to obtain
"undisturbed" samplesfor index and in-gtu tests

If feesible, test pits or trenches should be excavated to determine in Stu subsurface conditions
and recover larger soil samplesfor testing.

In-gtu teding is performed to determine gppropriate shear Srength parameters. Avallabletest
procedures indude the Standard Penetration Ted, direct shear, fidld vane shear, dutch cone.

In-dtu testing to determine Sress conditionsis important to assess the effect on the foundation
from congtruction of the proposed dam. Avallable test procedures indude overcoring, flajack
and hydrofracture.

An evduation of deformation characteridics of the foundetion and consolidation due to impossd
loedings of the dam under dl credible loading conditions should be made to determine the need
for any oedid remedid messures.

Unconstructed Projects Uplift Pressure

Ingtrumentation and Monitoring

Determine the type and location of the insrumentation (section 5-9.2).

Desgn the monitoring program.

Reporting and Controls



Perform Qudlity Assurance/Quiity Control of the specified investigations and specified
indrumentation.

Prepare the Geotechnical Report (section 5-11), incdluding the digtribution of the foundetion
shear paamges.

Summarize the monitoring program in the find Geotechnicd Report.



