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Appendix Dto 8 222.6 -- Recommended Cuidelines for Safety Inspection of Dans
Departnent of the Arny -- Ofice of the Chief of Engineers

Pr ef ace

The recommended gui delines for the safety inspection of dans were prepared to outline
principal factors to be weighed in the determ nation of existing or potential hazards
and to define the scope of activities to be undertaken in the safety inspection of
dans. The establishnent of rigid criteria or standards is not intended. Safety must be
evaluated in the light of peculiarities and local conditions at a particular dam and
in recognition of the many factors involved, some of which may not be precisely known.
This can only be done by conpetent, experienced engi neering judgnent, which the

gui delines are intended to suppl enent and not supplant. The guidelines are intended to
be flexible, and the proper flexibility nust be achieved through the enpl oyment of
experienced engi neering personnel .

Condi tions found during the investigati on which do not neet guideline recomendations
shoul d be assessed by the investigator as to their inport fromthe standpoint of the
i nvol ved degree of risk. Many deviations will not conpromi se project safety and the
investigator is expected to identify themin this manner if that is the case. Qhers
wi Il involve various degrees of risk, the proper evaluation of which will afford a
basis for priority of subsequent attention and possible renedial action.

The gui delines present procedures for investigating and eval uating exi sting conditions
for the purpose of identifying deficiencies and hazardous conditions. The two phases
of investigation outlined in the guidelines are expected to acconplish only this and
do not enconpass in scope the engineering which will be required to performthe design
studies for corrective nodification work.

It is recognized that sone States nmay have established or will adopt inspection
criteria incongruous in sone respects with these guidelines. In such instances
assessnents of project safety should recognize the State's requirenents as well as
gui del i ne reconmmrendati ons.

The gui delines were devel oped with the hel p of several Federal agencies and nany State
agenci es, professional engineering organizations, and private engineers. In review ng
two drafts of the guidelines they have contributed nmany hel pful suggestions. Their
contributions are deeply appreci ated and have made it possible to evol ve a docunent
representing a consensus of the engineering fraternity. As experience is gained with
use of the guidelines, suggestions for future revisions will be generated. Al such
suggestions should be directed to the Chief of Engineers, US. Arny, DAEN CVE-D,

Washi ngton, D.C. 20314.
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RECOMVENDED GUI DELI NES FOR SAFETY | NSPECTI ON OF DAMS
CHAPTER 1 - Introduction

1.1. Purpose. This document provi des recommended guidelines for the inspection and
eval uation of dans to determine if they constitute hazards to human life or property.
1.2. Applicability. The procedures and guidelines outlined in this docunent apply to
the inspection and evaluation of all dans as defined in the National Dam I nspection
Act, Public Law 92-367. Included in this programare all artificial barriers together
wi th appurtenant works which i npound or divert water and which (1) are twenty-five
feet or nmore in height or (2) have an inpounding capacity of fifty acre-feet or nore.
Not included are barriers which are six feet or less in height, regardl ess of storage
capacity, or barriers which have a storage capacity at nmaxi rum wat er storage el evation
of fifteen acre-feet or |ess regardl ess of height.

1.3. Authority. The Dam I nspection Act, Public Law 92-367 (Appendix II1), authorized
the Secretary of the Arny, through the Corps of Engineers, to initiate a program of
safety inspection of dans throughout the United States. The Chief of Engineers issues
t hese guidelines pursuant to that authority. Chapter 2 -- General Requirenents

2.1. dassification of dams. Dans should be classified in accordance with size and
hazard potential in order to formulate a priority basis for selecting dans to be
included in the inspection programand al so to provide conpatibility between guideline
requi renents and invol ved risks. Wen possible the initial classifications should be
based upon information listed in the National Inventory of Dans with respect to size

i npoundnent capacity and hazard potential. It may be necessary to reclassify dans when
addi tional information beconmes avail abl e.

CHAPTER 2 — GENERAL REQUI REMENTS

2.1.1. Size. The classification for size based on the height of the dam and storage
capacity should be in accordance with Table 1. The height of the damis established
with respect to the maxi mum storage potential measured fromthe natural bed of the
stream or watercourse at the downstreamtoe of the barrier, or if it is not across a
stream or watercourse, the height fromthe | owest elevation of the outside limt of
the barrier, to the maxi numwater storage el evation. For the purpose of determning
proj ect size, the maxi mum storage el evati on may be considered equal to the top of dam
el evation. Size classification may be determ ned by either storage or height,

whi chever gives the |arger size category.

TABLE 1

S| ZE CLASSI FI CATI ON

I mpoundnent
Cat egory Storage (Ac-ft) Hei ght (Ft)
Snal | < 1000 and 050 < 40 and 025
I nter nedi ate 01000 and < 50, 000 040 and < 100
Lar ge 050, 000 0100

2.1.2. Hazard Potential. The classification for potential hazards should be in
accordance with Table 2. The hazards pertain to potential |oss of human life or
property danmage in the area downstream of the damin event of failure or misoperation
of the damor appurtenant facilities. Dans conforming to criteria for the | ow hazard

potential category generally will be located in rural or agricultural areas where
failure may damage farmbuildings, limted agricultural land, or township and country
roads. Significant hazard potential category structures will be those located in

predominantly rural or agricultural areas where failure may danage isol ated hones,
secondary hi ghways or mnor railroads or cause interruption of use or service of
relatively inportant public utilities. Dans in the high hazard potential category wll
be those | ocated where failure may cause serious danage to hones, extensive
agricultural, industrial and comercial facilities, inportant public utilities, min
hi ghways, or railroads.
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TABLE 2

HAZARD POTENTI AL CLASSI FI CATI ON

Cat egory Loss of Life Econom ¢ Loss
(Extent of Devel opnent) (Extent of Devel opnent)

Low None Expected (No permanent | M ninmal (Undevel oped to
structures for human occasi onal structures or
habi t ati on) agricul tural)

Si gni fi cant Few (No urban devel opnent Appr eci abl e (Not abl e
and no nore than a snall agriculture, industry, or
nunber of inhabitable structures)

structures)

H gh More than a few Excessi ve (Extensive
communi ty, industry, or
agriculture)

2.2. Selection of dans to be investigated. The selection of dans to be investigated
shoul d be based upon an assessnent of existing devel opnents in flood hazard areas.
Those dans possessing a hazard potential classified high or significant as indicated
in Table 2 should be given first and second priorities, respectively, in the

i nspection program Inspection priorities within each category nay be devel oped froma
consideration of factors such as size classification and age of the dam the

popul ation size in the downstream fl ood area, and potential devel opnents antici pated
in flood hazard areas.

2.3. Technical Investigations. A detailed, systematic, technical inspection and

eval uati on shoul d be made of each dam sel ected for investigation in which the
hydraul i ¢ and hydrol ogi c capabilities, structural stability and operational adequacy
of project features are anal yzed and evaluated to determine if the damconstitutes a
danger to human life or property. The investigation should vary in scope and
conpl et eness dependi ng upon the availability and suitability of engineering data, the
validity of design assunptions and anal yses and the condition of the dam The m ni mum
investigation will be designated Phase |, and an in-depth investigation designated
Phase Il should be made where deenmed necessary. Phase | investigations should consi st
of a visual inspection of the dam abutnents and critical appurtenant structures, and
a review of readily avail abl e engineering data. It is not intended to performcostly
expl orations or anal yses during Phase |. Phase Il investigations should consist of al
addi ti onal engineering investigations and anal yses found necessary by results of the
Phase | investigation.

2.4. Qualifications of investigators. The technical investigations should be conducted
under the direction of |icensed professional engineers experienced in the

i nvestigation, design, construction and operation of dams, applying the disciplines of
hydrol ogi ¢, hydraulic, soils and structural engineering and engi neeri ng geol ogy. Al
field inspections should be conducted by qualified engi neers, engineering geol ogists
and ot her specialists, including experts on nechanical and el ectrical operation of
gates and controls, know edgeable in the investigation, design, construction and
operation of damns.



ER 1110-2-106
26 Sept 1979

CHAPTER 3 - PHASE | | NVESTI GATI ON

3.1. Purpose. The primary purpose of the Phase | investigation programis to identify
expeditiously those dans which may pose hazards to human life or property.

3.2. Scope. The Phase | investigation will devel op an assessnment of the genera
condition with respect to safety of the project based upon avail able data and a visua
i nspection, determ ne any need for energency neasures and conclude if additiona

studi es, investigation and anal yses are necessary and warranted. A review will be nade
of pertinent existing and avail abl e engineering data relative to the design,
construction and operation of the dam and appurtenant structures, including electrica
and nechani cal operating equi prent and neasurenents frominspection and perfornmance
instrunents and devices; and a detailed systematic visual inspection will be perforned
of those features relating to the stability and operational adequacy of the project.
Based upon findings of the review of engineering data and the visual inspection, an
eval uation will be nade of the general condition of the dam i ncludi ng where possible
the assessnent of the hydraulic and hydrol ogic capabilities and the structura
stability.

3.3. Engineering data. To the extent feasible the engineering data |listed i n Appendi x
I relating to the design, construction and operation of the dam and appurtenant
structures, should be collected fromexisting records and reviewed to aid in

eval uating the adequacy of hydraulic and hydrol ogic capabilities and stability of the
dam Where the necessary engineering data are unavail abl e, inadequate or invalid, a
listing should be made of those specific additional data deened necessary by the

engi neer in charge of the investigation and included in the Phase | report.

3.4. Field inspections. The field inspection of the dam appurtenant structures,
reservoir area, and downstream channel in the vicinity of the dam should be conducted
in a systematic manner to mnimze the possibility of any significant feature being
over | ooked. A detailed checklist should be devel oped and foll owed for each dam

i nspected to docunent the exam nation of each significant structural and hydraulic
feature including electrical and mechani cal equi prent for operation of the contro
facilities that affect the safety of the dam

3.4.1. Particular attention should be given to detecting evidence of |eakage, erosion,
seepage, slope instability, undue settlenent, displacenent, tilting, cracking
deterioration, and inproper functioning of drains and relief wells. The adequacy and
qual ity of nmintenance and operating procedures as they pertain to the safety of the
dam and operation of the control facilities should al so be assessed

3.4.2. Photographs and drawi ngs should be used freely to record conditions in order to
m ni m ze descriptions.

3.4.3. The field inspection should include appropriate features and itens, including
but not limted to those listed in Appendix Il, which may influence the safety of the
dam or indicate potential hazards to human life or property.

3.5. Evaluation of Hydraulic and Hydrol ogi c Features.

3.5.1. Design data. Original hydraulic and hydrol ogi c desi gn assunptions obtained from
the project records should be assessed to determine their acceptability in evaluating
the safety of the dam Al constraints on water control such as bl ocked entrances,
restrictions on operation of spillway and outl et gates, inadequate energy dissipators
or restrictive channel conditions, significant reduction in reservoir capacity by

sedi nent deposits and other factors should be considered in evaluating the validity of
di scharge ratings, storage capacity, hydrographs, routings and regul ation plans. The
di scharge capacity and/ or storage capacity should be capable of safely handling the
recomrended spillway design flood for the size and hazard potential classification of
the damas indicated in Table 3. The hydraulic and hydrol ogi c determi nations for
desi gn as obtained fromproject records will be acceptable if conventional techniques
simlar to the procedures outlined in paragraph 4.3. were used in obtaining the data.
When the project design flood actually used exceeds the recommended spillway design
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flood, fromTable 3, the project design flood will be acceptable in evaluating the
safety of the dam

TABLE 3
HYDROLOG C EVALUATI ON GUI DELI NES
RECOMVENDED SPI LLWAY DESI GN FLOODS
Hazard Si ze *Spi | lway Design Fl ood (SDF)
Low Smal | 50 to 100-yr frequency
I nternedi ate 100-yr to % PMF
Lar ge ¥ PMF to PMF
Si gni fi cant Smal | 100-yr to % PMF
I nt er nedi at e ¥% PMF to PMF
Lar ge PVF
H gh Smal | % PVF to PMF
I nt er nedi at e PVF
Lar ge PVF

*The recommended design floods in this colum represent the nmagnitude of the spillway
design flood (SDF), which is intended to represent the largest flood that need be
considered in the evaluation of a given project, regardless of whether a spillway is
provided; i.e., a given project should be capable of safely passing the appropriate
SDF. Were a range of SDF is indicated, the nmagnitude that nost closely relates to
the involved risk should be sel ected

100-yr =100- Year Exceedence Interval. The flood nmagni tude expected to be exceeded, on
the average, of once in 100 years. It may al so be expressed as an exceedence
frequency with a one-percent chance of being exceeded in any given year.

PMF =Probabl e Maxi mum Fl ood. The flood that nay be expected fromthe nobst severe
conbi nation of critical meteorol ogic and hydrol ogic conditions that are
reasonably possible in the region. The PMF is derived from probabl e maxi mnum
precipitation (PMP), which information is generally available fromthe
Nati onal Weather Service, NOAA. Mst Federal agencies apply reduction factors
to the PMP when appropriate. Reductions nay be applied because rainfal
i sohyetals are unlikely to conformto the exact shape of the drai nage basin
and/or the stormis not likely to center exactly over the drainage basin. In
sone cases |local topography will cause changes fromthe generalized PWP
val ues, therefore it may be advisable to contact Federal construction agencies
to obtain the prevailing practice in specific areas.

3.5.2. Experience data. In some cases where design data are |acking, an evaluation of
overtoppi ng potential may be based on watershed characteristics and rainfall and
reservoir records. An estimate of the probabl e maxi mum flood may al so be devel oped
froma conservative, generalized conparison of the drainage area size and the
magni t ude of recently adopted probabl e nmaxi num fl oods for dansites in conparable
hydr ol ogi c regions. Wiere the revi ew of such experience data indicates that the
recomrended spillway design flood woul d not cause overtopping additional hydraulic and
hydrol ogi ¢ determi nations will be unnecessary.

3.6. Evaluation of structural stability. The Phase | evaluations of structura

adequacy of project features are expected to be based principally on existing
conditions as reveal ed by the visual inspection, together with avail abl e design and
construction informati on and records of perfornmance. The objectives are to determ ne
the exi stence of conditions which are hazardous, or which with tinme m ght develop into
safety hazards, and to fornmul ate recomendati ons pertaining to the need for any

addi tional studies, investigations, or analyses. The results of this phase of the
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i nspection nust rely very substantially upon the experience and judgnment of the
i nspecti ng engi neer.

3.6.1. Design and construction data. The princi pal design assunptions and anal yses
obtai ned fromthe project records shoul d be assessed. Original design and construction
records shoul d be used judiciously, recognizing the restricted applicability of such
data as material strengths and perneabilities, geological factors and construction
descriptions. Oiginal stability studies and anal yses shoul d be acceptable if
conventional techniques and procedures simlar to those outlined in paragraph 4.4 were
enpl oyed, provided that review of operational and perfornmance data confirmthat the
ori gi nal design assunptions were adequately conservative. The need for such anal yses
where either none exist or the originals are inconplete or unsatisfactory will be
determ ned by the inspecting engi neer based upon other factors such as condition of
structures, prior maxi mum | oadi ngs and the hazard degree of the project. Design
assunptions and anal yses shoul d include all applicable |oads including earthquake and
indicate the structure's capability to resist overturning, sliding and overstressing
with adequate factors of safety. In general seepage and stability anal yses conparabl e
to the requirenents of paragraph 4.4 should be on record for all dans in the high
hazard category and |arge dans in the significant hazard category. This requirenent
for other dams will be subject to the opinion of the inspecting engineer.

3.6.2. Operating records. The performance of structures under prior nmaxi mum | oadi ng
conditions should in sonme instances provide partial basis for stability eval uation.
Sati sfactory experience under |oading conditions not expected to be exceeded in the
future should generally be indicative of satisfactory stability, provided adverse
changes in physical conditions have not occurred. |nstrunentation observations of
forces, pressures, |loads, stresses, strains, displacenents, deflections or other
related conditions should also be utilized in the safety eval uation. Were such data
i ndi cat e abnornmal behavi or, unsafe novenent or deflections, or |oadings which
adversely affect the stability or functioning of the structure, pronpt reporting of
such circunstances is required without the delay for preparation of the officia

i nspection report.

3.6.3. Post construction changes. Data should be coll ected on changes whi ch have
occurred since project construction that mght influence the safety of the damsuch as
road cuts, quarries, mning and groundwater changes.

3.6.4. Seisnmic stability. An assessnent should be made of the potential vulnerability
of the damto seismc events and a recomendati on devel oped with regard to the need
for additional seismc investigation. In general, projects |located in Seisnmc Zones 0,
1 and 2 may be assuned to present no hazard from earthquake provided static stability
conditions are satisfactory and conventional safety margins exist. Dans in Zones 3 and
4 should, as a mnimum have on record suitable anal yses nmade by conventiona
equi val ent static |oad nethods. The seisnmic zones together with appropriate
coefficients for use in such anal yses are shown in Figures 1 through 4. Boundary |ines
are approxinmate and in the event of doubt about the proper zone, the higher zone
shoul d be used. Al high hazard category danms in Zone 4 and high hazard dans of the
hydraulic fill type in Zone 3 should have a stability assessnent based upon know edge
of regional and | ocal geol ogy, engineering seisnology, in situ properties of materials
and appropriate dynam c analytical and testing procedures. The assessnent should
include the possibility of physical displacenent of the structures due to novenents
along active faults. Departure fromthis general guidance should be nade whenever in
the judgnment of the investigating engineer different seismc stability requirenments
are warranted because of |ocal geol ogical conditions or other reasons.
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CHAPTER 4 -- PHASE |1 | NVESTI GATI ON
4.1. Purpose. The Phase Il investigation will be supplenmentary to Phase I and should
be conducted when the results of the Phase | investigation indicate the need for

addi tional in-depth studies, investigations or analyses.

4.2. Scope. The Phase Il investigation should include all additional studies,
i nvestigations and anal yses necessary to evaluate the safety of the dam Included, as
required, will be additional visual inspections, neasurenents, foundation exploration

and testing, materials testing, hydraulic and hydrol ogic anal ysis and structura
stability anal yses.

4.3. Hydraulic and hydrol ogi ¢ anal ysis. Hydraulic and hydrol ogi ¢ capabilities should
be determ ned using the following criteria and procedures. Depending on the project
characteristics, either the spillway design flood peak inflow or the spillway design
fl ood hydrograph should be the basis for determ ning the nmaxi numwater surface

el evation and maxi mumoutflow. If the operation or failure of upstreamwater contro
proj ects woul d have significant inpact on peak flow or hydrograph anal yses, the inpact
shoul d be assessed

4.3.1. Maxi mum wat er surface based on SDF peak inflow Wen the total project

di scharge capability at maxi mum pool exceeds the peak inflow of the recommended SDF
and operational constraints would not prevent such a release at controlled projects, a
reservoir routing is not required. The maxi num di scharge shoul d be assuned equal to
the peak inflow of the spillway design flood. Flood volunme is not controlling in this
situation and surcharge storage is either absent or is significant only to the extent
that it provides the head necessary to devel op the rel ease capability required

4.3.1.1. Peak for 100-year flood. Wen the 100-year flood is applicable under the
provisions of Table 3 and data are avail able, the spillway design flood peak inflow
may be determ ned by use of "A Uniform Technique for Determ ning Flood Frequencies,"
Wat er Resources Council (WRC), Hydrology Committee, Bulletin 15, Decenber 1967. Fl ow
frequency information fromregional analysis is generally preferred over single
station results when avail able and appropriate. Rainfall-runoff techniques may be
necessary when there are inadequate runoff data available to nmake a reasonabl e
estimate of flow frequency.

4.3.1.2. Peak for PMF or fraction thereof. Wen either the Probabl e Maxi mum Fl ood peak
or a fraction thereof is applicable under the provisions of Table 3, the unit
hydrograph -- infiltration |oss technique is generally the nost expeditious nethod of
conputing the spillway design flood peak for nobst projects. This technique is

di scussed in the follow ng paragraph.

4.3.2. Maxi mum wat er surface based on SDF hydrograph. Both peak and vol une are
required in this analysis. Wiere surcharge storage is significant, or where there is

i nsuf ficient discharge capability at nmaxi mum pool to pass the peak inflow of the SDF
considering all possible operational constraints, a flood hydrograph is required. \Wen
there are upstream hazard areas that would be inperiled by fast rising reservoirs

| evel s, SDF hydrographs should be routed to ascertain available time for warning and
escape. Determ nation of probable nmaxi mum precipitation or 100-year precipitation,

whi ch ever is applicable, and unit hydrographs or runoff nodels will be required
followed by the determ nation of the PMF or 100-year flood. Conservative |oss rates
(significantly reduced by antecedent rainfall conditions where appropriate) shoul d be
estimated for conputing the rainfall excess to be utilized with unit hydrographs.

Rai nfal | values are usually arranged with gradually ascendi ng and descending rates
with the maximumrate late in the storm Wen applicable, conservatively high snowrel t
runoff rates and appropriate rel eases fromupstream projects should be assunmed. The
PMP may be obtained from National Wather Service (NWS) publications such as

Hydr onet eor ol ogi cal Report (HWR) 33. Special NWS publications for particul ar areas
shoul d be used when available. Rainfall for the 100-year frequency flood can be
obtained fromthe NW5 publication "Rainfall Frequency Atlas of the United States,"
Techni cal Paper No. 40; Atlas 2, "Precipitation Frequency Atlas of Western United
States;" or other NWS publications. The maxi rum wat er surface el evation and spillway
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design flood outflow are then determ ned by routing the inflow hydrograph through the
reservoir surcharge storage, assuming a starting water surface at the bottom of
surcharge storage, or |ower when appropriate. For projects where the bottom of
surcharge space is not distinct, or the flood control storage space (exclusive of
surcharge) is appreciable, it may be appropriate to select starting water surface

el evations below the top of the flood control storage for routings. Conservatively
hi gh starting | evels should be estinmated on the basis of hydroneteorol ogica

condi tions reasonably characteristic for the region and flood rel ease capability of
the project. Necessary adjustment of reservoir storage capacity due to existing or
future sedinent or other encroachnment nmay be approxi mat ed when accurate determ nation
of deposition is not practicable.

4.3.3. Acceptabl e procedures. Techni ques for perform ng hydraulic and hydrol ogic

anal yses are generally available from publications prepared by Federal agencies

invol ved in water resources devel opnent or textbooks witten by the acadenic
community. Sonme of these procedures are rather sophisticated and require expensive
conput ati onal equi pnent and | arge data banks. Wiile results of such procedures are
generally nore reliable than sinplified nethods, their use is generally not warranted
in studies connected with this program unl ess they can be perforned quickly and

i nexpensi vely. There may be situations where the nore conpl ex techni ques have to be
enpl oyed to obtain reliable results; however, these cases will be exceptions rather
than the rule. Wienever the acceptability of procedures is in question, the advice of
conpetent experts shoul d be sought. Such expertise is generally available in the Corps
of Engi neers, Bureau of Reclamation and Soil Conservation Service. Many ot her

agenci es, educational facilities and private consultants can al so provi de expert

advi ce. Regardl ess of where such expertise is based, the qualification of those

i ndi vidual s offering to provide it should be carefully exam ned and eval uat ed

4.3.4. Freeboard all owances. Quidelines on specific mninmmfreeboard all owances are
not consi dered appropriate because of the many factors involved in such

determ nations. The investigator will have to assess the critical paraneters for each
proj ect and develop its mnimmrequirenent. Many projects are reasonably safe wi thout
freeboard all omwance because they are designed for overtopping, or other factors

m ni m ze possi bl e overtoppi ng. Conversely, freeboard all owances of several feet may be
necessary to provide a safe condition. Paraneters that should be considered include
the duration of high water levels in the reservoir during the design flood; the
effective wind fetch and reservoir depth available to support wave generation; the
probability of high wind speed occurring froma critical direction; the potential wave
runup on the dam based on roughness and slope; and the ability of the damto resist
erosion from overtoppi ng waves.

4.4 Stability investigations. The Phase Il stability investigations should be
conpatible with the guidelines of this paragraph.

4.4.1 Foundation and material investigations. The scope of the foundation and
material s investigation should be linmted to obtaining the information required to
anal yze the structural stability and to investigate any suspected condition which
woul d adversely affect the safety of the dam Such investigations may include borings
to obtain concrete, enbanknent, soil foundation, and bedrock sanples; testing

speci mens fromthese sanples to determne the strength and el astic paraneters of the
materials, including the soft seams, joints, fault gouge and expansive clays or other
critical materials in the foundation; determning the character of the bedrock
including joints, bedding planes, fractures, faults, voids and caverns, and ot her

geol ogical irregularities; and installing instrunents for determ ning novenents,
strains, suspected excessive internal seepage pressures, seepage gradients and uplift
forces. Special investigations nay be necessary where suspect rock types such as

i mestone, gypsum salt, basalt, claystone, shales or others are involved in
foundati ons or abutments in order to determ ne the extent of cavities, piping or other
deficiencies in the rock foundation. A concrete core drilling program shoul d be
undert aken only when the existence of significant structural cracks is suspected or
the general qualitative condition of the concrete is in doubt. The tests of materials
wi Il be necessary only where such data are |acking or are outdated
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4.4.2. Stability assessnent. Stability assessnents should utilize in situ properties
of the structure and its foundati on and pertinent geol ogic information. Geol ogic
information that should be considered includes groundwater and seepage conditi ons;
l'ithol ogy, stratigraphy, and geol ogic details disclosed by borings, "as-built"

records, and geologic interpretation; nmaxi mum past overburden at site as deduced from
geol ogi ¢ evidence; bedding, folding and faulting; joints and joint systens;

weat hering; slickensides, and field evidence relating to slides, faults, novenents and
eart hquake activity. Foundations may present problens where they contain adversely
oriented joints, slickensides or fissured material, faults, seans of soft materials,

or weak layers. Such defects and excess pore water pressures nay contribute to
instability. Special tests nmay be necessary to determ ne physical properties of
particular materials. The results of stability analyses afford a nmeans of eval uating
the structure's existing resistance to failure and al so the effects of any proposed
nodi fications. Results of stability analyses should be reviewed for conpatibility with
per f or mance experi ence when possi bl e.

4.4.2.1. Seismc stability. The inertial forces for use in the conventional equivalent
static force nmethod of analysis should be obtained by multiplying the weight by the
seism c coefficient and should be applied as a horizontal force at the center of
gravity of the section or elenment. The seismc coefficients suggested for use with
such anal yses are listed in Figures 1 through 4. Seismic stability investigations for
all high hazard category dans |ocated in Seismc Zone 4 and hi gh hazard dans of the
hydraulic fill type in Zone 3 should include suitable dynam ¢ procedures and anal yses.
Dynam c anal yses for other dans and hi gher seismc coefficients are appropriate if in
the judgnment of the investigating engineer they are warranted because of proximty to
active faults or other reasons. Seismic stability investigations should utilize
"state-of -the-art" procedures involving seisnological and geol ogical studies to
establ i sh earthquake paraneters for use in dynanmic stability anal yses and, where
appropriate, the dynamc testing of materials. Stability anal yses may be based upon
either time-history or response spectra techniques. The results of dynam c anal yses
shoul d be assessed on the basis of whether or not the dam woul d have sufficient
residual integrity to retain the reservoir during and after the greatest or nost
adver se earthquake which might occur near the project |ocation.

4.4.2.2. day shale foundation. day shale is a highly overconsolidated sedi nentary
rock conprised predonminantly of clay mnerals, with little or no cementation
Foundations of clay shales require special neasures in stability investigations. Cay
shal es, particularly those containing nontnorillonite, may be highly susceptible to
expansi on and consequent |oss of strength upon unl oading. The shear strength and the
resi stance to deformation of clay shales may be quite | ow and high pore water
pressures may devel op under increase in |oad. The presence of slickensides in clay
shales is usually an indication of |ow shear strength. Prediction of field behavior of
clay shal es shoul d not be based solely on results of conventional |aboratory tests
since they may be m sl eading. The use of peak shear strengths for clay shales in
stability anal yses may be unconservative because of nonuniformstress distribution and
possi bl e progressive failures. Thus the avail abl e shear resistance may be less than if
the peak shear strength were nobilized sinmultaneously along the entire failure
surface. In such cases, either greater safety factors or residual shear strength
shoul d be used.

4.4.3. Enbanknent dans.

4.4.3.1. Liquefaction. The phenonenon of |iquefaction of |oose, saturated sands and
silts may occur when such materials are subjected to shear deformation or earthquake
shocks. The possibility of liquefaction nust presently be eval uated on the basis of
enpirical know edge suppl enented by special |aboratory tests and engi neering judgnent.
The possibility of liquefaction in sands dimnishes as the relative density increases
above approximately 70 percent. Hydraulic fill dans in Seismc Zones 3 and 4 shoul d
receive particular attention since such dans are susceptible to |iquefaction under

ear t hquake shocks.

4.4.3.2. Shear failure. Shear failure is one in which a portion of an enbankment or of
an enbankment and foundati on noves by sliding or rotating relative to the renai nder of
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the mass. It is conventionally represented as occurring along a surface and is so
assuned in stability anal yses, although shearing may occur in a zone of substantia
t hi ckness. The circular arc or the sliding wedge nethod of analyzing stability, as
pertinent, should be used. The circular arc method is generally applicable to
essential |y honbgeneous enbankments and to soil foundations consisting of thick
deposits of fine-grained soil containing no layers significantly weaker than other
strata in the foundati on. The wedge nethod is generally applicable to rockfill dans
and to earth dans on foundations contai ning weak | ayers. O her nethods of analysis
such as those enpl oyi ng conpl ex shear surfaces may be appropriate depending on the
soil and rock in the damand foundati on. Such nethods should be in reputable usage in
t he engi neering profession.

4.4.3.3. Loading conditions. The | oading conditions for which the enbanknent
structures should be investigated are (1) Sudden drawdown from spillway crest

el evation or top of gates, (Il) Partial pool, (I11) Steady state seepage from spill way
crest elevation or top of gate elevation, and (IV) Earthquake. Cases | and Il apply to
upstream sl opes only; slopes; and Case |V applies to both upstream and downstream Case
11l applies to downstream sl opes. A summary of suggested strengths and safety factors
are shown in Table 4.
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TABLE 4
FACTORS OF SAFETY '
Fact or of
Case | Loadi ng Condition Saf ety Shear Strength '™ | Remarks
| Sudden dr awdown 1. 2* M ni mum conposite | Wthin the drawdown zone
fromspillway crest of R and S shear subnerged unit weights
or top of gates to strengths. See of materials are used
m ni mum dr awdown Fi gure 5. for computing forces
el evati on. resisting sliding and
saturated unit weights
are used from conputing
forces contributing to
sl i di ng.
11 Partial pool with 1.5 (R+S)/2 for R < S| Conposite of
assuned hori zont al i nt ernedi at e envel ope or
st eady seepage Sfor R>S R and S shear strengths.
saturation. See Figure 6.
111 St eady seepage from 1.5 Sanme as Case ||
spillway crest or
top of gates with
Kh/ Kv = 9 assumed**
(Y] Ear t hquake (Cases 1.0 *oxk See Figures 1 through 4
Il and Il with for Seismc Coefficients
sei sm ¢ | oadi ng)

t

Tt

* %

* k%

Not applicable to enmbankments on clay shal e foundation. Experience has indicated
speci al problens in determ nati on of design shear strengths for clay shale
foundati ons and acceptabl e safety factors should be conpatible with the confidence
I evel in shear strength assunptions.

O her strength assunptions nmay be used if
pr of essi on.

in conmon usage in the engineering

The safety factor should not be less than 1.5 when drawdown rate and pore water
pressure devel oped fromflow nets are used in stability anal yses.

Kh/Kv is the ratio of horizontal to vertical perneability. A mninmumvalue of 9 is
suggested for use in conpacted enbanknents and al |l uvi al sedinents.

Use shear strength for case
anal yze sudden drawdown for
classified according to the

anal yzed without earthquake. It is not necessary to
eart hquake | oadi ng. Shear strength tests are

control |l ed drai nage conditions naintained during the
test. R tests are those in which specinen drainage is allowed during consolidation
(or swelling) under initial stress conditions, but specinen drainage is not allowed
during application of shearing stresses. S tests allow full drainage during
initial stress application and shearing is at a slowrate so that conpl ete speci nen
drainage is permtted during the conplete test.
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4.4.3.4. Safety factors. Safety factors for enbankment dam stability studies should be
based on the ratio of avail able shear strength to devel oped shear strength, Sp

& otan g
R S —.
P F3 FS @
Wher e:

C = Cohesion
g¢ = Angle of internal friction
+ = Nornmal stress
F.S. = Factor of Safety

The factors of safety listed in Table 4 are recommended as mi ni nrum accept abl e. Fina
accepted factors of safety should depend upon the degree of confidence the

i nvestigating engineer has in the engineering data available to him The consequences
of a failure with respect to human |ife and property danage are inportant
considerations in establishing factors of safety for specific investigations.

4.4.3.5. Seepage failure. Acritical uncontrolled underseepage or through seepage
condition that develops during a rising pool can quickly reduce a structure which was
stabl e under previous conditions, to a total structural failure. The visually
confirmed seepage conditions to be avoided are (1) the exit of the phreatic surface on
t he downstream sl ope of the dam and (2) devel opnent of hydrostatic heads sufficient to
create in the area downstream of the dam sand boils that erode materials by the
phenonenon known as "pi ping" and (3) localized concentrations of seepage al ong
conduits or through pervious zones. The dans nobst susceptible to seepage problens are
those built of or on pervious naterials of uniformfine particle size, with no
provisions for an internal drainage zone and/or no underseepage controls.

4.4.3.6. Seepage anal yses. Review and nodifications to original seepage design

anal yses shoul d consider conditions observed in the field inspection and pi ezoneter
instrunentati on. A seepage anal ysis shoul d consider the perneability ratios resulting
fromnatural deposition and from conpaction placenent of materials with appropriate
variati on between horizontal and vertical perneability. An underseepage anal ysis of

t he embanknent should provide a critical gradient factor of safety for the maxi mum
head condition of not less than 1.5 in the area downstream of the enbanknent.

HiD B~ W
: = Fa A = Da (?’ ?’ ) (2)
i HiD, Hyw

Wher e:

ic = Citical gradient

i Desi gn gradi ent

H= Uplift head at downstream toe of dam neasured above tail water

Hc = The critical uplift

D, = The thickness of the top inpervious blanket at the downstreamtoe of the dam

¢ = The estinmated saturated unit weight of the material in the top inpervious bl anket
W= The unit weight of water

Where a factor of safety less than 1.5 is obtained the provision of an underseepage
control systemis indicated. The factor of safety of 1.5 is a recomrended m ni mrum and
may be adjusted by the responsi bl e engi neer based on the conpetence of the engineering
dat a.

4.4.4. Concrete dans and appurtenant structures.
4.4.4.1. Requirenents for stability. Concrete dans and structures appurtenant to

enbanknent dans shoul d be capabl e of resisting overturning, sliding and overstressing
with adequate factors of safety for normal and maxi num | oadi ng conditions.
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4.4.4.2. Loads. Loadings to be considered in stability analyses include the water |oad
on the upstreamface of the dam the weight of the structure; internal hydrostatic
pressures (uplift) within the body of the dam at the base of the damand within the
foundation; earth and silt loads; ice pressure, seismc and thernal |oads, and other

| oads as applicable. Were tailwater or backwater exists on the downstream side of the
structure it should be considered, and assuned uplift pressures should be conpatible
with drainage provisions and uplift neasurenents if available. Were applicable, ice
pressure should be applied to the contact surface of the structure of normal poo

el evation. A unit pressure of not nore than 5,000 pounds per square foot should be
used. Normally, ice thickness should not be assuned greater than two feet. Earthquake
forces should consist of the inertial forces due to the horizontal acceleration of the
damitself and hydrodynam c forces resulting fromthe reacti on of the reservoir water
agai nst the structure. Dynam c water pressures for use in a conventional methods of
anal ysis may be conputed by neans of the "Wstergaard Formul a" using the parabolic
approxi mation (H M Wstergaard, "Water Pressures on Dans During Earthquakes," Trans.,
ASCE, Vol 98, 1933, pages 418-433), or simlar nethod

4.4.4.3. Stresses. The analysis of concrete stresses should be based on in situ
properties of the concrete and foundati on. Conputed maxi mum conpressi ve stresses for
nornmal operating conditions in the order of 1/3 or less of in situ strengths shoul d be
satisfactory. Tensile stresses in unreinforced concrete should be acceptable only in

| ocati ons where cracks will not adversely affect the overall performance and stability
of the structure. Foundation stresses should be such as to provide adequate safety
against failure of the foundation naterial under all |oading conditions.

4.4.4.4. Overturning. A gravity structure should be capable of resisting al
overturning forces. It can be considered safe against overturning if the resultant of
all conbinations of horizontal and vertical forces, excluding earthquake forces,
acting above any horizontal plane through the structure or at its base is |ocated
within the mddle third of the section. Wen earthquake is included the resultant
should fall within the limts of the plane or base, and foundation pressures nust be
accept abl e. When these requirenments for location of the resultant are not satisfied
the investigating engi neer should assess the inportance to stability of the
devi ati ons.

4.4.4.5. Sliding. Sliding of concrete gravity structures and of abutnent and
foundation rock masses for all types of concrete dans should be eval uated by the
shear-friction resistance concept. The available sliding resistance is conpared with
the driving force which tends to induce sliding to arrive at a sliding stability
safety factor. The investigation should be nmade along all potential sliding paths. The
critical path is that plane or conbination of planes which offers the | east

resi st ance.
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4.4.4.5.1. Sliding resistance. Sliding resistance is a function of the unit shearing
strength at no normal |oad (cohesion) and the angle of friction on a potential failure
surface. It is determ ned by conputing the maxi mum horizontal driving force which
could be resisted along the sliding path under investigation. The follow ng general
formula is obtained fromthe principles of statics and may be derived by resol ving
forces parallel and perpendicular to the sliding plane:

Ry =V tan (§+e) + o4 (3

cosa(l— tan gtan o)

Wher e:

Rz =Sl i di ng Resi stance (nmaxi mum horizontal driving force which can be resisted by the
critical path)

g =Angl e of internal friction of foundation material or, where applicable, angle of
sliding friction

V =Summation of vertical forces (including uplift)

C =Unit shearing strength at zero nornal |oading along potential failure plane

A =Area of potential failure plane devel oping unit shear strength "c"

z =Angl e between inclined plane and horizontal (positive for uphill sliding)
For sliding downhill the angle & is negative and Equation (1) becones:
Ry =V tan (o) + cd (4)

cos el + tan gtan o)

When the plane of investigation is horizontal, and the angle a is zero and
Equation (1) reduces to the foll ow ng:

Ry =Vtan g+ cd (5)

4.4.4.5.2. Downstream Resi stance. Wien the base of a concrete structure is enbedded in
rock or the potential failure plane lies below the base, the passive resistance of the
downstream | ayer of rock may sonetines be utilized for sliding resistance. Rock that
may be subjected to high velocity water scouring should not be used. The nagnitude of
the downstreamresistance is the |l esser of (a) the shearing resistance along the
continuation of the potential sliding plane until it daylights or (b) the resistance
avai | abl e fromthe downstream rock wedge al ong an inclined plane. The theoretical

resi stance offered by the passive wedge can be conputed by a fornula equivalent to
formula (3):

B =1 tm (§+ )+ A ®

cos ] = tan gtan o)

Wher e:

Pp = Passive resistance of rock wedge
W= Wi ght (buoyant weight if applicable) of downstreamrock wedge above inclined
pl ane of resistance, plus any superinposed | oads
Angle of internal friction or, if applicable, angle of sliding friction
Angl e between inclined failure plane and horizontal
Unit shearing strength at zero nornal |oad along failure plane
Area of inclined plane of resistance

>0 0w
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When consi dering cross-bed shear through a relatively shallow, conpetent rock strut,
wi t hout adverse jointing or faulting, Wand & may be taken at zero and 45°,
respectively, and an estinmate of passive wedge resistance per unit w dth obtained by
the foll owi ng equation:

P =2cD )

Wher e:
D=Thi ckness of the rock strut

4.4.4.5.3. Safety factor. The shear-friction safety factor is obtained by dividing the
resi stance RR by H, the summation of horizontal service |loads to be applied to the
structure:

R
Say = ﬁ (8

When the downstream passive wedge contributes to the sliding resistance, the shear
friction safety factor formul a becones:

_AtE

Sy =

(%)

The above direct superinposition of passive wedge resistance is valid only if shearing
rigidities of the foundati on conponents are simlar. Al so, the conpressive strength
and buckling resistance of the downstreamrock |ayer nmust be sufficient to devel op the
wedge resi stance. For exanple, a foundation with closely spaced, near horizontal
relatively weak seanms m ght not contain sufficient buckling strength to devel op the
magni t ude of wedge resistance conputed fromthe cross-bed shear strength. In this case
wedge resi stance should not be assumed without resorting to special treatnent (such as
installing foundati on anchors). Conputed sliding safety factors approxi mating 3 or
nore for all |oading conditions w thout earthquake, and 1.5 including earthquake,
shoul d indicate satisfactory stability, depending upon the reliability of the strength
paraneters used in the analyses. In sonme cases when the results of conprehensive
foundati on studies are available, smaller safety factors may be acceptable. The

sel ection of shear strength paraneters should be fully substantiated. The bases for
any assunptions; the results of applicable testing, studies and investigations; and
all pre-existing, pertinent data should be reported and eval uat ed.
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CHAPTER 5 -- REPCRTS

5.1. General. This chapter outlines the procedures for reporting the results of the
techni cal investigations. Hazardous conditions should be reported i medi ately upon

detection to the owner of the dam the Governor of the State in which the damis

| ocated and the appropriate regul atory agency w thout delay for preparation of the

formal report.

5.2. Preparation of report. A fornal report should be prepared for each dam

i nvestigated for submission to the regul atory agency and the owner of the dam Each
report should contain the information indicated in the foll ow ng paragraphs. The
signature and registration identification of the professional engineer who directed
the investigati on and who was responsi ble for eval uation of the dam shoul d be incl uded
in the report.

5.2.1. Phase | reports. Phase | reports should contain the follow ng information

5.2.1.1. Description of damincluding regional vicinity map showi ng | ocati on and
pl ans, el evations and sections show ng the essential project features and the size and
hazard potential classifications.

5.2.1.2. Summary of existing engineering data, including geol ogi c maps and
i nformation.

5.2.1.3. Results of the visual inspection of each project feature including
phot ographs and drawi ngs to mnim ze descriptions.

5.2.1.4. Evaluation of operational adequacy of the reservoir regulation plan and
mai nt enance of the dam and operating facilities and features that pertain to the
safety of the dam

5.2.1.5. Description of any warning systemin effect.

5.2.1.6. Evaluation of the hydraulic and hydrol ogi ¢ assunpti ons and structura
stability.

5.2.1.7. An assessnent of the general condition of the damw th respect to safety
based upon the findings of the visual inspection and review of engineering data. Were
data on the original design indicate significant departure fromor non-confornmance

wi th guidelines contained herein, the engineer-in-charge of the investigation wll
give his opinion of the significance, with regard to safety, of such factors. Any

addi tional studies, investigations and anal yses consi dered essential to assessnent of
the safety of the dam should be listed, together with an opi nion about the urgency of
such addi ti onal work.

5.2.1.8. Indicate alternative possible renedial neasures or revisions in operating and
mai nt enance procedures which may (subject to further evaluation) correct deficiencies
and hazardous conditions found during the investigation.

5.2.2. Phase Il reports. Phase Il reports shoul d describe the detailed investigations
and shoul d suppl enent Phase | reports. They should contain the follow ng i nformation

5.2.2.1. Sunmary of additional engineering data obtained to determ ne the hydraulic
and hydrol ogic capabilities and/or structural stability.

5.2.2.2. Results of all additional studies, investigations, and anal yses perforned.

5.2.2.3. Technical assessnent of dam safety including deficiencies and hazardous
conditions found to exist.

5.2.2.4. Indicate alternative possible renedial neasures or revision in maintenance
and operating procedures which may (subject to further eval uation) correct
defi ci enci es and hazardous conditions found during the investigation.
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APPENDI X
ENG NEERI NG DATA

Thi s appendi x |ists engineering data which should be collected from project records
and, to the extent available, included in the Phase | investigation report. The |ist
is intended to serve as a checklist and not to establish rigid data requirenments. Such
a conpilation should also facilitate future inspections and investigations. Only data
readily available will be included in Phase | reports, but data | acking and deened
necessary for an adequate safety evaluati on should be identified

1. General Project Data

a. Regional Vicinity Map showing the location of the dam the upstream drai nage area
and the downstream area subject to potential damage due to failure of the dam and
m soperation or failure of the operating equipnent.

b. As-Built Draw ngs indicating plans, elevations and sections of the dam and
appurtenant structures including the details of the discharge facilities such as
outlet works, limted service and enmergency spillways, flashboards, fuse plugs and
operating equi prent.

2. Hydrol ogic and Hydraulic Data including the follow ng:

a. Drainage area and basin runoff characteristics (indicating pending changes).

b. Elevation of top of conservation pool or nornal upper retention water surface
el evation, as applicable (base |level of any flood i npoundment).

c. Storage capacity including dead or inactive storage, corresponding to top of
conservation or normal upper retention |evel (cumulative, excluding flood control and
surcharge storage).

d. Elevation of the top of flood control pool

e. Storage capacity of flood control zone (increnental).

f. Elevation of maxi mum desi gn pool (corresponding to top of surcharge storage or
spillway design flood).

g. Storage capacity of surcharge zone (increnental, above top of flood control poo
or, above normal upper retention level if flood control space not provided).

h. Hei ght of freeboard (di stance between maxi mum design flood water surface and top of

dam .
i. Elevation of top of dam (|l owest point of embanknent or non-overflow structure).

j. Elevation of crest, type, width, crest length and | ocation of spillways (nunber,
size and type of gates if controlled).

k. Type, location, entrance and exit inverts of outlet works and energency drawdown
facilities (nunber, size and shape of conduits and gates, including penstocks and
sl uices').

. Location, crest elevation, description of invert and abutnments (concrete, rock,
grass, earth) and length of limted service and enmer%ency spillways.

m Location and description of flashboards and fuse plugs, including hydraulic head
(pool elevation) and other conditions required for breaching, along with the assuned
results of breaching
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n. Location and top elevation of dikes and floodwalls (overflow and non-overfl ow)
affected by reservoir. Include information on | ow reaches of reservoir rim

o. Type, location, observations and records of hydromneteorol ogi cal gages appurtenant
to the project.

p. Maxi mum non-damegi ng di scharge, or negligible danmage rate, at potential danage
| ocati ons downstream

3. Foundation Data and Geol ogi cal Features including | ogs of borings, geological maps,
profiles and cross sections, and reports of foundation treatnent.

4. Properties of Enbanknents and Foundation Materials including results of |aboratory
tests, field perneability tests, construction control tests, and assuned design
properties for materials.

5. Concrete Properties including the source and type of aggregate, cenent used, m x
desi gn a and the results of testing during construction

6. Electrical and Mechani cal Equi pnent type and rating of nornal and energency power
suppl i es, hoists, cranes, valves and val ve operator, control and al arm systens and
ot her electrical and mechani cal equi prent and systens that could affect the safe
operation of the dam

7. Construction H story including diversion schene, construction sequence, pertinent
construction problens, alterations, nodifications and nmai nt enance repairs.

8. Water Control Plan including regulation plan under normal conditions and during

fl ood events or other energency conditions. The availability of damtenders, neans of
communi cati on between dam tenders and authority supervising water control, and nethod
of gate operation (manual, automatic, or rempbte control) should be included. Flood
war ni ng systens shoul d be described in sufficient detail to enable assessnent of their
reduction in the flood hazard potenti al

9. Qperation Record.

a. Summary of past major flood events including any experiences that presented a
serious threat to the safety of the project or to human life or property. The critica
project feature, date and duration of event, causative factor, peak inflow and
out fl ow, maxi mum el evati on of water surface, wind and wave factors if significant,

i ssuance of alert or evacuation warnings and adequacy of project feature involved
shoul d be included in the summary of past experience of serious threat to the safety
of the project.

b. Records of performance observations including instrunentation records.

c. List of any known deficiencies that pose a threat to the safety of the damor to
human life or property.

d. History of previous failures or deficiencies and pending renedi al neasures for
correcting known deficiencies and the schedul e for acconplishing renedial neasures
shoul d be indicated.

10. Earthquake History including a summary of the seismc data of significant recorded
earthquakes in the vicinity of the damand informati on on nmgjor damage in the vicinity
of the dam from both recorded and unrecorded earthquakes. Regi onal geol ogi c maps and
ot her docunents showing fault |ocations should be collected

11. Inspection Hstory including the results of the last safety inspection, the
organi zation that perfornmed the inspection, the date inspection perforned and the
authority for conducting the inspection.

12. Principal Design Assunptions and Anal yses.
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a. Hydrol ogic and Hydraulic Determ nations.

(1) Quantity, time and area distribution, and reference source of depth-area-
duration data of spillway design stormprecipitation (point precipitation if
appl i cabl e).

(2) Maxi mum design flood inflow hydrograph including |loss rates (initial and
average for design flood conditions) and time of runoff concentration of reservoir
wat er shed (peak inflow only when applicable).

(3) Maxi mum desi gn flood outfl ow hydrograph (maxi mum outfl ow only when
appl i cabl e) .

(4) Discharge-frequency relationship, preferably at dansite, including
estimated frequency of spillway design flood for small danms, when appropriate.

(5) Reservoir area and storage capacity versus water surface elevation (table
or curves).

(6) Rating curves (free flow and partial gate openings) for all discharge
facilities contributing to the maxi mum desi gn flood outfl ow hydrograph. Al so a
conposite-rating of all contributing facilities, if appropriate.

(7) Tailwater rating curve i mediately bel ow dansite including el evation
correspondi ng to maxi mum desi gn flood di scharge and approxi mat e nondanegi ng channel
capacity.

(8) Hydrol ogic map of watershed above dansite including reservoir area,
wat er cour se, el evation contours,, and principal streamflow and precipitation gaging
stations.

b. Stability and Stress Analysis of the dam spillway and appurtenant structures and
features including the assumed properties of materials and all pertinent applied
| oads.

c. Seepage and Settlement Analyses. The determ nation of distribution,, direction and
magni t ude of seepage forces and the design and construction neasures for their
control. Settlenment estimates and steps adopted to conpensate for total settlement and
to mnimze differential settlenents.
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APPENDI X |1
I NSPECTI ON | TEMS

Thi s appendi x provi des guidance for performng field inspections and nay serve as the
basis for devel oping a detailed checklist for each dam

|. Concrete Structures in Ceneral.

a. Concrete Surfaces. The condition of the concrete surfaces should be exam ned to
eval uate the deterioration and continuing serviceability of the concrete. Descriptions
of concrete conditions should conformwi th the appendix to "Quide for Making a

Condi tion Survey of Concrete in Service", American Concrete Institute (AC) Journal,
Proceedi ngs Vol. 65, No. 11, Novenber 1968, page 905-918.

b. Structural Cracking. Concrete structures should be exam ned for structural cracking
resulting fromoverstress due to applied | oads, shrinkage and tenperature effects or
differential novenents.

c. Movenent Horizontal and Vertical Alignnent. Concrete structures should be exam ned
for evidence of any abnornal settlenents, heaving, deflections, or lateral novenents.

d. Junctions. The conditions at the junctions of the structure with abutments or
enbanknments shoul d be determ ned.

e. Drains Foundation, Joint, Face. Al drains should be exam ned to determ ne that
they are capabl e of performng their design function.

f. Water Passages. All water passages and other concrete surfaces subject t6 running
wat er shoul d be exam ned for erosion, cavitation, obstructions, |eakage or significant
structural cracks.

g. Seepage or Leakage. The faces, abutnments and toes of the concrete structures should
be exam ned for evidence of seepage or abnornml |eakage, and records of flow of
downstream springs reviewed for variation with reservoir pool |evel. The sources of
seepage shoul d be determined if possible.

h. Monolith Joints Construction Joints. Al monolith and construction joints should be
exam ned to determne the condition of the joint and filler material, any novenent of
joints, or any indication of distress or |eakage.

i . Foundation. Foundation should be exam ned for damage or possi bl e underm ning of the
downst ream t oe.

j. Abutnents. The abutnents shoul d be exam ned for sign of instability or excessive
weat heri ng.

2. Enmbanknent Structures.

a. Settlement. The enbanknents and downstream toe areas should be exam ned for any
evi dence of localized or overall settlenment, depressions or sink holes.

b. Slope Stability. Enmbanknent sl opes should be exam ned for irregularities in
alignnment and vari ances from snooth uni form sl opes, unusual changes from ori gi nal
crest alignnent and el evation, evidence of novenent at or beyond the toe, and surface
cracks which indicate novenent.

c. Seepage. The downstream face of abutnents, enbankment slopes and toes, enbanknent
structure contacts, and the downstream vall ey areas shoul d be exam ned for evidence of
exi sting or past seepage. The sources of seepage should be investigated to determ ne
cause and potential severity to damsafety under all operating conditions. The
presence of animal burrows and tree growth on sl opes which m ght cause detrinental
seepage shoul d be exami ned.
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d. Drainage Systens. All drainage systens should be exam ned to determ ne whether the
systens can freely pass discharge and that the discharge water is not carrying
enbankment or foundation naterial. Systens used to nonitor drainage shoul d be exam ned
to assure they are operational and functioning properly.

e. Slope Protection. The slope protection should be exam ned for erosion-forned

gul lies and wave-forned notches and benches that 'have reduced the enbanknment cross-
section or exposed | ess wave resistant materials. The adequacy of slope protection
agai nst waves, currents, and surface runoff that may occur at the site should be
eval uated. The condition of vegetative cover should be eval uated where pertinent.

3. Spillway Structures. Exam nation should be nmade of the structures and features

i ncl udi ng bul kheads, flashboards, and fuse plugs of all service and auxiliary
spi | I ways which serve as principal or energency spillways for any condition which nay
i npose operational constraints on the functioning of the spillway.

a. Control Gates and Operating Machinery. The structural menbers, connections, hoists,
cabl es and operating machi nery and the adequacy of nornal and energency power supplies
shoul d be exam ned and tested to determine the structural integrity and verify the
operational adequacy of the equipnent. Wiere cranes are intended to be used for
handl i ng gates and bul kheads, the availability, capacity and condition of the cranes
and lifting beans should be investigated. Operation of control systens and protective
and al arm devices such as limt switches, sunp high water alarns and drai nage punps
shoul d be investi gated.

b. Unlined Saddl e Spillways. Unlined saddle spillways shoul d be exam ned for evidence
of erosion and any conditions which may i npose constraints on the functioning of the
spillway. The ability of the spillway to resist erosion due to operation and the
potential hazard to the safety of the dam from such operation shoul d be deterni ned

c. Approach and Qutlet Channels. The approach and outl et channels should be exam ned
for any conditions which may inpose constraints on the functioning of the spillway and
present a potential hazard to the safety of the dam

d. Stilling Basin, (Energy Dissipators). Stilling basins including baffles, flip
buckets or other energy dissipators should be exam ned for any conditions which may

pose constraints on the ability of the stilling basin to prevent downstream scour or
erosion which may create or present a potential hazard to the safety of the dam The
exi sting condition of the channel downstream of the stilling basin should be

det er m ned.

4. CQutlet Wirks. The outlet works exam nation should include all structures and
features designed to rel ease reservoir water below the spillway crest through or
around the dam

a. Intake Structure. The structure and all features should be exam ned for any

condi tions which may i npose operational constraints on the outlet works. Entrances to
i ntake structure should be exam ned for conditions such as silt or debris accumulation
whi ch may reduce the discharge capabilities of the outlet works.

b. Qperating and Energency Control Gates. The structural menbers, connections, guides,
hoi sts, cabl es and operating nmachi nery including the adequacy of nornmal and energency

power supplies should be examined and tested to deternmine the structural integrity and
verify the operational adequacy of the operating and energency gates, val ves,

bul kheads, and ot her equi pnent.

c. Conduits, Sluices, Water Passages, Etc. The interior surfaces of conduits shoul d be
exam ned for erosion, corrosion, cavitation, cracks, joint separation and | eakage at
cracks or joints.

d. Stilling Basin (Energy Dissipator). The stilling basin or other energy dissipater
shoul d be exam ned for conditions which may i npose any constraints on the ability of
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the stilling basin to prevent downstream scour or erosion which may create or present
a potential hazard to the safety of the dam The existing condition of the channe
downstream of the stilling basin should be deternined by soundi ngs.

e. Approach and Qutlet Channels. The approach and outl et channels should be exam ned
for any conditions which nay i npose constraints on the functioning of the discharge
facilities of the outlet works, or present a hazard to the safety of the dam

f. Dramdown Facilities. Facilities provided for drawdown of the reservoir to avert

i mpending failure of the damor to facilitate repairs in the event of stability or
foundati on probl ens shoul d be exam ned for any conditions which may i npose constraints
on their functioning as pl anned.

5. Safety and Performance Instrunentati on. Instrunents which have been installed to
neasur e behavi or of the structures shoul d be exam ned for proper functioning. The
avai | abl e records and readings of installed instruments should be reviewed to detect
any unusual performance of the instrunments or evidence of unusual performance or

di stress of the structure, The adequacy of the installed instrunentation to neasure
the performance and safety of the dam shoul d be determ ned

a. Headwater and Tailwater Gages. The existing records of the headwater and tailwater
gages shoul d be exami ned to determine the rel ationship between other instrunentation
neasurenents such as streamflow, uplift pressures, alignnent, and drai nage system

di scharge with the upper and | ower water surface el evations.

b. Horizontal and Vertical Alignment instrumentation (Concrete Structures). The

exi sting records of alignment and el evati on surveys and neasurenents from
inclinoneters, inverted plunb bobs, gage points acr6ss cracks and joints, or other
devi ces shoul d be examined to determ ne any change fromthe original position of the
structures.

c. Horizontal and Vertical Mpvenent, Consolidation, and Pore-Water Pressure
Instrunentati on (Enbankment Structures). The existing records of measurenents from
settl ement plates or gages, surface reference nmarks, slope indicators and ot her
devi ces should be exam ned to determ ne the novenent history of the enbanknent.

Exi sting pi ezoneter neasurenents should be exam ned to determne if the pore-water
pressures in the enbankment and foundati on woul d under given conditions inpair the
safety of the dam

d. Uplift Instrunmentation. The existing records of uplift nmeasurenents should be
examned to determine if the uplift pressures for the nmaxi mum pool would inpair the
safety of the dam

e. Drainage SystemlInstrunentati on. The existing records of neasurenents of the

dr ai nage system fl ow should be exam ned to establish the normal relationship between
pool el evations and di scharge quantities and any changes that have occurred in this
relationship during the history of the project.

f. Seismc Instrunentati on, The existing records of seismc instrumentation should be
examned to determine the seismc activity in the area and the response of the
structures to past earthquakes.

6. Reservoir. The follow ng features of the reservoir should be exam ned to determ ne
to what extent the water inpounded by the dam woul d constitute a danger to the safety
of the damor a hazard to human life or property.

a. Shore line. The |and fornms around the reservoir should be exam ned for indications
of major active or inactive |andslide areas and to determ ne susceptibility of bedrock
stratigraphy to nassive landslides of sufficient nmagnitude to significantly reduce
reservoir capacity or create waves that mght overtop the dam

b. Sedi mentation. The reservoir and drai nage area should be exam ned for excessive
sedi nentation or recent devel opnents in the drai nage basin which could cause a sudden
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increase in sedinment |oad thereby reducing the reservoir capacity with attendant
i ncrease in maxi mum out fl ow and maxi mum pool el evati on.

c. Potential Upstream Hazard Areas. The reservoir area should be exam ned for features
subject to potential backwater flooding resulting in loss of human life or property at
reservoir levels up to the maxi mum wat er storage capacity including any surcharge

st or age.

d. Watershed Runoff Potential. The drai nage basin should be exam ned for any extensive
alterations to the surface of the drainage basin such as changed agriculture
practices, tinber clearing, railroad or highway construction or real estate

devel opnments that might extensively affect the runoff characteristics. Upstream
projects that could have inpact on the safety of the dam should be identified.

7. Downstream Channel . The channel i medi ately downstream of the dam shoul d be

exam ned for conditions which mght inpose any constraints on the operation of the dam
or present any hazards to the safety of the dam Devel opnent of the potential flooded
area downstream of the dam shoul d be assessed for conpatibility with the hazard

cl assification.

8. (peration and Mi ntenance Features.

a. Reservoir Regulation Plan. The actual practices in regulating the reservoi 7r and

di scharges under nornmal and emergency conditions should be examined to determne if
they conply with the designed reservoir regulation plan and to assure that they do not
constitute a danger to the safety of the damor to human life or property.

b. Mai ntenance. The nmai ntenance of the operating facilities and features that pertain
to the safety of the dam shoul d be exanined to deternine the adequacy and quality of
t he mai nt enance procedures followed in nmaintaining the damand facilities in safe
operating condition.
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, *ﬁ L Public Law 92-367
e 92nd Congress, H. R. 15951
ﬁ‘ﬁi’ August 8, 1972
An Act

To authorize the Secretary of the Army to undertake a national program of
inspection of dams

Be it enacted by the Senate and the House of Representatives of the United States of America in Congress,
assembled, That the term “dam” as used in this Act means any artificial barrier, including appurtenant works, which
impounds or diverts water, and which (1) is twenty-five feet or more in height from the natural bed of the stream or
watercourse measured at the downstream toe of the barrier, or from the lowest elevation of the outside limit of the
barrier, if it is not across a stream channel or watercourse, to the maximum water storage elevation or (2) has an
impounding capacity at maximum water storage elevation of fifty acre-feet or more. This Act does not apply to any
such barrier which'is not in excess of six feet in height, regardless of storage capacity or which has a storage
capacity at maximum water storage elevation not in excess of fifteen acre-feet, regardiess of height.

Sec. 2. As soon as practicable, the Secretary of the Army, acting through the Chief of Engineers, shall carry out a
national program of inspection of dams for'the purpose of protecting human life and property. All damsinthe
United States shall be inspected by the Secretary except (1) dams under the jurisdiction of the Bureau of
Reclamation, the Tennessee Valley Authority, or the International Boundary and Water Commission, (2) dams
which have been constructed pursuant to licenses issued under the authority of the Federal Power Act, (3) dams
which have been inspected within the twelve-month period immediately prior to the enactment of this Act by a State
Agency and which the Governor of such State requests be excluded from inspection, and ég% dams which thé
Secretary of the, Army determines do not pose any threat to human life or property. The Secretary may inspect dams
which have been licensed under the Federal Power Act upon request of the Federal Power Commission and dams
under the jurisdiction of the International Boundary and Water Commission upon reguest of such Commission.

Sec. 3. As soon as practicable after inspection of a dam, the Secretary shall notify the Governor of the State in which
such dam is located the results of such investigation. The Secretary shall immediately notify the Governor of any
hazardous conditions found during an inspection. The Secretari/) shall provide advice to the Governor, upon request,
relating to timely remedial measures necessary to mitigate or obviate any hazardous conditions found duri ng an
inspection.

Sec. 4. For the purpose of determining whether a dam aﬁncl uding the waters impounded by such dam) constitutes a
danger to human life or property, the Secretary shall take into consideration the possibility that the dam might be
endangered by overtopping, seepage, settlement, erosion, sediment, cracking, earth movement, earthquakes, failure
of bu_lt he??ﬁ f(ljashboard, gates on conduits, or other- conditions which exist or which might occur in any areain the
vicinity of the darn.

Sec. 5. The Secretary shall report to the Congress on or before July 1, 1974, on his activities under the Act, which
report shall include, but not be limitedto- )
1) an inventory of all damslocated in the United States;

2) areview of each inspection made, the recommendations furnished to the Governor of the State in which
such damis located and information as to the implementation of such recommendation;

(3) recommendations for a comprehensive national Pr_ogram_for the inspection, and regulation for safety
Purpose of dams of the Nation, and the respective responsibilities which should be assumed by Federal, State, and
ocal governments and by public and private interests.

Sec. 6. Nothing contained in this Act and no action or failure to act under this Act sliall be construed (1) to create
any liability inthe United States or its officers or employees for the recovery of damages caused by such action or
failure to act; or (2) to relieve an owner or operator of adam of the legal duties, obligations, or ligbilities incident to
the ownership or operation of the, dam.

Approved August 8. 1972.



