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PREFACE

The study reported here was authorized by Headquarters, U.S. Army Corps

of Engineers (HQUSACE), as part of the Operations Management problem area of

P

the Repair, Evaluation, Maintenance, and Rehabilitation (REMR) Research Pro-
gram. The work was performed under Work Unit 32280, "Development of Uniform
Evaluation Procedures and Condition Index for Deteriorated Structures and
Equipment," for which Dr. Anthony M. Kao is Principal Investigator. Mr. John
R. Mikel (DAEN-CWO) is the REMR Technical Monitor for this work.

Mr. Jesse A. Pfeiffer, Jr., DAEN-RDC, is the REMR Coordinator at the
Directorate of Research and Development, HQUSACE; Messrs. Mikel and Bruce L.
McCartney (DAEN-CWH-D) and Dr. Tony C. Liu (DAEN-ECE-D) se~ e as the REMR
Overview Committee; Mr. William F. McCleese (WESSC-A), U.S. Army Engineer
Waterways Experiment Station, is the REMR Program Manager; Dr. Kao is also
Problem Area Leader for the Operation Management problem area.

This work was conducted by the U.S. Army Construction Engineering
Research Laboratory (USA-CERL) during the period October 1984 to December 1985
under the general supervision of Dr. R. Quattrone, Chief of the Engineering
and Materials Division. COL Paul J. Theuer is Commander and Director of

USA-CERL, and Dr. L. R. Shaffer is Tachnical Director.

. x‘\

Accennton For
Lo R
}

........................... A AL T bl AT

P SR Bbem snasw



TS B Rt W ta Al B a0 o ), Yl A A ALY L ORI P R Pg L 10 RO LER U1, R ERLSJCRL AR g R s L LRy,

CONTENTS

PREFACE ® & & 6 s e & & & & * 8 4 0 s & 4 e ¢ & s 2 " s s ¢ e o s+ o+ @
PART It INTRODUCTION. . & ¢ ¢ ¢ ¢ & o o ¢ o o o o s o o o o o o o s

Background. « « ¢« ¢ ¢ vt 0 4 4 bt 4 e e bt e b s e e e e e e e
ObJECELVE 4 o o o o o o o o o o o o o o o o o o o o o o o o o o
Approache o « o o o ¢ o ¢ 6 o o o s s s 6 s s e e 4 o e s s a s
Mode of Technology Transfer . . « ¢« ¢« o ¢« 4 ¢ ¢ ¢ o o o o & & &

PART II: CONCRETE/MASONRY DAMS AND CANALS v « ¢ « o o o o o o o o
Maintenance Inspection Procedures + « o « o o o o o o s o ¢ o &

U.S. Army Corps of Engineers. « « « o o o ¢ o o o ¢ o o o o &
Bureau of Reclamation + « « v ¢ ¢ 4 4o ¢ o ¢ ¢ o o o s o o o
Los Angeles Flood Control District. o o o « o o o o o s o o &
Tennessee Valley Authorify. . o ¢ ¢ o o+ o o o o « o o o & o »
Ohio Department of Natural ResOUIrCeS: « « + o o o o & o o &
North Carolina Department of Environmental Resources. . . . .
Pennsylvania Department of Environmental Resources. . « . . .
Colorado Division of Water Resources. + « « s « « o o o o o &
Kansas Division of Water ResouUrces. « « « + o ¢ o o o o o o &
Pacific Gas & Electric Company, + « « « .« &
Federal Emergency Management Agency (FEMA). . . . . . . . . .

4=
bt pmt et et et fmd s et s [
WNMNDNFH= == OWE 0O 0O N UVt

®

-

Evaluatione o o o o o o o o o o o o o o o o o o o s o s o o o o

e

Part III: ROCK AND EARTH DAMS + . & ¢ & 4 ¢ ¢ o o o o o o o o o o & 15
Maintenance Inspection Procedures « o« « o o o o o o o ¢ o o o & 15
U.S. Army Corps of Engineers. « « « o o« » o o o « o o o o o & 15
Bureau of Reclamation . « o ¢ & ¢ 4 & ¢ 4 ¢ o o ¢ o o o o o o 16
Resources Agency of California. « v v ¢ o o o o o o o o o « & 16
Ohio Department of Natural ReSOUTCES.: « « o o o o o ¢ o ¢ o 16
Virginia Bureau of Water Control Management . . . + +« « + o . 17
North Carolina Department of Natural Resources. . « « « « o+ . 18
Pennsylvania Department of Environmental Resources. . « « o . 13
Colorado Division of Water Resources. « « « o« « o ¢ o o o o o 19
Kansas Division of Water ResourcesS. « « « o o s o o o« o o o « 20
Other agencies and publicabtions « « « « o o o o &« ¢ o o o o & 20
Evaluation. . . L] . . L * L] L] L2 . L] * L] . L 2 L] Ll . L] . L . * * . 21
PART IV: SPILLWAYS, STILLING BASINS AND OQUTLET WORKS. . « + « « « & 22
Maintenance Inspeztion Procedures o o o o o o o o o o o 5 o o o 22
Nashville DISEFIiCEe o ¢ o o o o o o o o o o o o o o o o o o & 22
Portland/Walla Walla DiStrict « o o o o o o o o o o o o o o » 23
Omaha Di-stri-ct. * L] L L . » (] L] . L] ] L] L] . L] L] » * . L . * L] 23
Rock Tsland DiStricCLe o o o o o o o o o o o o o o o o« o o o o 23
Headquarters, U.S. Army Corps of Engineers (HQUSACE). . . . . 24
Evaluation. « o v v v 4 o v 6 4 i e e e e e e e e e e e e e e 24

LS VL PR e L - PESEPN
—_— LR Y X 4 ; 3 - s - LY a o o a - - ). v k4 . - - - ry » - A F _F o ¥ W W e W e e am o & s &



N E N A P g otk TS pARH U A A L e A YA A AN NS (e A A AR ARAR AR A AV A

PART V: LOCKS, LOCKWALLS, LOCKGATES, OPERATING EQUIPMENT. . . . . . 25

Maintenance Inspection Procedures « « « « o o« o ¢ o o o o o o« & 25
Nashville DISEELICE. o o o o o o o o o o o o ¢ 2 o o o o o o o 25
Portland/Walla Walla DistricCES. o o« o o o o« o o o o o ¢ o o« 26
Rock Island District«. . * L] L] [ ] . . * Ll * * L] L] L] [ ] . L] L] L) . 26

Evaluation. L] L] . * L] . * L . L] L] . . . . * L] L] * L) . L] . . - * 27

PART VI: POWERHOUSES AND PUMPING PLANTS ¢« ¢ ¢ ¢ o ¢ ¢ o« o o « o o« & 28

Maintenance Inspection Procedures « « o o o o o o o o o« o o & & 28
U.SQ Al‘my COt‘pS Of Engineers; . L3 L] - . . L] . » . L] . . . . . 28
Bureau of Reclamation .+ « o « o o o o o o o o o o o o o s o o 29
Los Angeles Flood Control Districte « ¢ o o o ¢ o o ¢ o s o & 31

Kansas Division of Water ResourceS. « « o « ¢ o o o o o o o 31
Federal Emergency Management Agency (FEMA). . . . . . . . . . 32

Evaluation. . . . - . L] L] * L] - L2 L L] L] . . . L] L] . L] . L] L] . L) 32
PART VII: BRIDGES AND ROADS . & & + & o o ¢ ¢ ¢ o o o o o o o o ¢ » 33
Maintenance Inspection Procedures « o« « &+ o« ¢ o« ¢ o o« o o o o & 33

Federal Highway Bridge Replacement and RBehabilitation

Program « o ¢ o ¢ o ¢ o o ¢ o ¢ o s o o s s o s 6 o s & a 33
Corps of Engineers' Pavement Maintenance Management

for Roads and Parking Lots (PAVER). « « ¢ ¢« ¢ « ¢ « o « & 33
Indiana Department of Highways. « « o o ¢ ¢ o o o o o o« o « & 34

Evaluation. L] . L . L] L] L] L] . L] L] L] * * L] L] L] . L] . . . L] L] L] LJ 35
PART VIII: MISCELLANEOUS FACILITIES o + o o s ¢ o ¢ ¢ o o ¢ o o o 36
Maintenance Inspection Procedur@s + « « ¢ o o « o o « o o o o 36

TRADOC's BMAR and DMAR Rating SyStems « « o« o o o o o o + o o 36
FORSCOM Regulation 420-30 e & 8 e e & & & e ¢ o ¢ e * s+ & e o 37

U.S. Army Corps of Engineers, Southwestern Division . . . . . 38
The Rescurces Agency of the State of California . . . . . . . 38
Evaluation‘ . L . . . L] * . * L] . L] L] . L] L] L] L] . - L] . . * . . 39

PART IXt CONCLUSIONS: o ¢ o o o « o« o o o ¢ o o o o o o o o o s o o 40
REFERENCES L . € . L] . . L] L] L] . . . . L] L] L] . L] . L] L ] L) * L) L] L] . L] 4 l
TABLES 1-7

APPENDIX A: CHECKLISTS AND EXPLANATORY MATERIALS FOR CONCRETE/
MASONRY DAMS L] L ] . L] L . . . ? L] . 4 . . L] ] . . . L] * L] Al

APPENDIX B: CHECKLISTS AND EXPLANATORY MATERIALS FOR ROCK AND
EARTH DAMS L] * L] . . L L] L] . . . - . . . L] L] L] L] . . L] . Bl

APPENDIX C: CHECKLISTS AND EXPLANATORY MATERIALS FOR SPILLWAYS,
STILLING BASINS, AND OUTLET WORKS . « « « ¢« « « & « . . Cl

APPENDIX D: CHECKLISTS AND EXPLANATORY MATERIALS FOR LOCKS,
LOCKWALLS, LOCKGATES, AND OPERATING EQUIPMENT. . . . . D1

AE L LAY N Tm amte W Am AtV 4 AN TAT e




e Sl 'y e oy e - Sy RSy 4

APPENDIX E: CHECKLISTS AND EXPLANATORY MATERIALS FOR POWERHOUSES
AND PUMPING PLANTS. ¢« o « ¢ ¢ o ¢ ¢ ¢ o o ¢ s o o o« o El

APPENDIX F: CHECKLISTS AND EXPLANATORY MATERIALS FOR BRIDGES AND
ROAD s . L ] * L] * L] L] . L] L] . . . . . L] . L] . . . . L . L ] F l

APPENDIX G: CHECKL1STS AND EXPLANATORY MATERIALS FOR MISCELLANEOUS
FACILIT,IES. . * L] . L] . . . . L] L ] L] . L] L] . L ] L] . L) L] . Gl

DISTRIBUTIGH

W B S A Sl Uel Sl Sl ORI Sl Sl Sl oo, ol Skl Sl A A B . R T M AL N, W A N S N N S P LR T ST R R




- -

7 -

L ™ ot

Pl Sy

-tV .

s

AR ke e et e

#

A A 7

bar’ b

4
{
 t
i
5
1
A

R AN AN B1ARA VA S0 100 1 H 0N 1 4 LT ALY LA AR A T I NS 0 PRGN oM WSS VA i A

EVALUATION OF EXISTING CONDITION RATING PROCEDURES FOR
CIVIL WORKS STRUCTURES AND FACILITIES

PART I: INTRODUCTION

Background

1. Civil works structures, which include highways, bridges, navigation,
hydropower, and flood control facilities, and irrigation and drainage systems,
are subject to varying degrees of deterioration. Periodic care and
maintenance are required to prevent or decrease the development of any
unsatisfactory condition, such as abutment erosion, concrete cracks, and
seepage through the embankment or structural foundation. To obtain the
longest life and most efficient use of these facilities, a maintenance program
is required that includes reliable checklists and procedures to systematically
improve and replace deteriorated elements.

2. Many state and national agencies as well as international organiza-
tions and private firms set standards for civil works maintenance programs.
Among the most active U.S. organizations are the U.S. Army Corps of Engineers,
the Bureau of Reclamation, the Resources Agency of the California Deparrment
of Water Resources, the Tennessee Valley Authority, and the Los Angeles Flood
Controi District. The American Society of Civil Engineers and the National
Academy of Sciences are the most active of the national organizations in
publishing manuals and reports on maintenance activities. Many of these
agencies use checklists, computer data systems, and other schemes to maintain
civil works structures under their jurisdictions.

3. Use of effective maintenance management procedures on the Corps of
Engineers' civil works structures could greatly reduce costs and lengthen
facility life. Also, personnel whose duties include inspection and mainte-
nance procedures may often be inexperienced at this type of work. Therefore,
a study was needed that would demonstrate not only how effective the various

systems are, but also how easy they are to use.
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Objective

4, The objectives of this study were to (a) ascertain the state of the
art of existing evaluation methods and condition indexes and to determine if
any present system can be adapted for use on civil works structures and (b)
determine the efficiency and reliability of these methods when used by

inexperienced personnel.

Approach

5. Numerous government and private agencies were contacted and a
literature search was conducted to determine existing civil works mainte-
nance rating procedures used by organizations that maintain these types
of facilities. For each group, procedural components (e.g., checklists,
manuals, rating systems, computer applications, technical and professional
requirements, frequency of inspection, and repeatability) were recorded and
evaluated.,

6. Parts II through VIII of this report evaluate maintenance procedures
of the following civil works structures and facilities: concrete dams and
canals} rock and earth dams; spillways, stilling basins, and outlet works;
lock walls, lock gates, and operating equipment; powerhouses and pumping
plants; bridges and roads; and miscellaneous facilities. Tables in each
chapter rate maintenance procedures according to whether they include the
following criteria:

a. Checklists.

b. Manual (explanatory) for maintenance inspeclLion procedures.
c. Rating system.

d. Computer application.

e. Technical evaluation with photographs.

f. Requirement of professional engineer.

g. Requirement bf technical knowledge.

h. Repeatability (a term used for maintenance systems and proce-
dures that will yield identical results when performed by
different individuals).

i. Requirement of periodic inspection.

TN T T e e LT e A N T e Y e e b LA



7. Agencies that use any or all of these criteria are indicated for
each category of civil works structure. The appendices provide checklists,

computer output, and other information applicable to each type of structure.

Mode of Technology Transfer

8. It is recommended that the results of this study be transferred

through Engineer Technical Letters, Engineer Circulars, and the REMR Notebook

(Ref. 29). No existing documents will be impacted by the results of this

study.
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PART II: CONCRETE/MASONRY DAMS AND CANALS

9, This chapter describes an investigation of maintenance programs
conducted by agencies involved with operating concrete dams and canals. The
agencies include two offices of the U.S. Army Corps of Engineers, the Bureau
of Reclamation, the Los Angeles Flood Control District, the Tennessee Valley
Authority, five state dam safety agencies, the Pacific Gas & Electric Company,
and the Federal Emergency Management Agency. The following sections present
detailed descriptions of the procedures used by these sources. Appendix A
provides example checlclists and information on concrete/masonry dams and

canals.

Maintenance Inspection Procedures

U.S. Army Corps of Engineers

J0. The Omaha District and Headquarters, U. S. Army Corps of Engineers
(HQUSACE) have developed checklists to maintain and inspect concrete dams.
However, neither program has a rating system that applies to the cemponents of
the maintenance tasks.

11, Cmaha District. The Omaha District requires a technical inspection

report consisting of photographs, interviews, notes, and data from monitoring
devices. It requires that the observer construct an individual checklist for
each site. This report, which is completed by an engineer, includes a
descriptive section that assesses the general condition and offers a: opinion
about the urgency of repair. It also includes suggestions for possible
remedial measures. A general guideline lists questions to be answered (Ref.
6) (see Figure Al).

12, HQUSACE. HQUSACE lists componencs that must be checked and
conditions that should be monitored. Figure A2 lists the engineering data
that must be included in any investigative report (Ref. 28).

The HQUSACE guidelines present instructions for inspecting concrete dams that
may serve as the basis for developing detailed checklists. This information
is very useful for dam safety inspections but cannot be directly used for

other facilities.
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Bureau of Reclamation

13. The Bureau of Reclamation supervises the operation and maintenance
of a large number of concrete dams in the western United States. It also has
programs for detecting and redressing deficiencies at these facilities. The
programs provide for periodic on-site examination of the structures and the
completion of comprehensive checklists.

14, The checklists generally do not have a rating criterion or computer
approach to data collection. They are used as guides, but can become a
permanent part of the reference material kept for a specific site. They can
also be modified to consider each dam's individual features.

15. All of the Bureau's checklists generally consist of a short outline
of information and special instructions for conducting the examination. For
the most efficient examination, it is necessary to include sheets with a list
of items requiring additional work and for recording special problems. Use of
photographs is also common for identifying special features. The fcllowing
sections discuss checklists and rating procedures for two of the Bureau's
programs,

16. RG&M Program. The Review of Operation and Maintenance (RO&M)
Program is a Bureau-wide activity that schedules evaminations of all project
facilities, including concrete dams. It considers facilities in three
classes: major structures, special features, and minor facilities. Storage
dams and more complicated diversion dams are among the major structures, whil:
less complicated dams are considered minor facilities.

17. Examinations under the RO&M Program are conducted by proje ¢ and
regional personnel on a biannual or triannual basis. For efficiency, three
categories of recommendations are made according to the importance of the
problem:

a. Category l: These recommendations relate to severe
deficiencies, such as majer cracks, in the
concrete.

b. Category 2: Recommendations under this category cover a wide
range of important matters in which action is
required to prevent or reduce further damage.

c. Category 3¢ These recc-mendations are useful for the
maintenance and consideration of less important
items.,
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18, Figure A3 illustrates a checklist used by the RO&M Program for the
maintenance of concrete dams (Refs. 8, 32). Space is provided for each item
on the checklist for the comments of the rater/engineer.

19, SEED Program. The Safety Evaluation of Existing Dams (SEED) Program
uses on-site examination and analysis to maintain the safety of concrete
dams. The program includes an explanatory manual covering the Bureau's
policies, principles, and concepts, as well as typical on-site examinations,
examination reports, and checklists. Figure A4 illustrates a typical
checklist (Ref. 34).

Los Angeles Flood Control District

20. The Los Angeles Flood Control District operates and maintains
several flood~control reservoirs with a combined capacity of more than 106,000
acre~feet. Since debris swept down from steep mountain areas can be deposited
on Los Angeles streets, causing property damage and loss of life, the district
also operates and maintains debris dams and basins, For flooding protection,
about 150 miles of permanent improvements have also been constructed; these
consist of reinforced concrete channels and levees of riprap or concrete.

21, Following the Verdugo channel failure in September 1983, the
district began an emergency program to identify, evaluate, and repair struc-
tural deficiencies in the open channel system. Because of the emergency
action, it was concluded that under normal circumstances the structural
inspection should be conducted by Operation and Maintenance (0&M) field
personnel within the framework of the existing maintenance management system.

22, The inspections generally begin in March each year with sufficient
resources allocated to conclude by the first of May. The district has
provided detailed facility monitoring and inspection procedure for dams,
debris basins, regulating basins, pumping plants, covered channels and storm
drains, debris disposal areas, and inlets to underground systems.

23, A rating system for channel inverts and walls is also available
based on the severity of their distress (Figure A5). For instance, the
deterioration of a channel wall is low if the hole's cross~sectional area is
legs than 0.25 sq ft. The deterioration is cousidered medium if the hole's
cross-sectional area is between 0.25 and 0.50 sq ft and high if the area is

greater than 0.50 sq ft. The rating system also includes the extent and

10
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condition of exposed steel, spalling and pitting, scour, slab cracking, ground
water seepage, joint damage, faulting, slab bulging, and wall cracking.
Figure A6 shows the application of these rating procedures using a checklist

for a channel inspection.

Tennessee Valley Authority (TVA)
24, The TVA information includes a checklist used for concrete dam

inspection (Ref. 40). The only rating categories on the list are "satisfac-
tory" and "unsatisfactory." A space is provided for comments if a rating is
unsatisfactory. Photographs are also taken as a record for comparison over a
span of years. There is no detailed rating system used by the TVA, and the
computer is not used for data collection.

25. Lengthy reports are written and recommendations made by civil,

mechanical, and electrical engineers (Figure A7).

Ohio Department of Natural Resources

26. The Ohio Department of Natural Resources (ODNR) encourages owners to
thoroughly inspect their facilities visually at least twice a year. The forms
provided by the ODNR are helpful for these inspections (Ref. 20).

27. The dam inspection checklists have different parts, with one part
dealing with concrete dams. The forms require observations by an inspector,
and there is space for general comments, sketches, and field measurements.

Figure A8 illustrates a concrete dam inspection checklist,

North Carolina Department of Environmental Resources

28. The Dam Safety Section of the North Carolina Department of Natural
Resources has established a dam inspection checklist (Ref. 19), part of which
can be used for concrete dams (see Figure B7 of Appendix B). Information must
be provided for different parts of the facility, and a section is also
included for comments. Examiners complete a followup inspection report. The

checklist does not contain a rating system or manual.

Pennsylvania Department of Environmental Resources

29. The Pennsylvania Department of Environmental Resources publishes a

checklist for an annual dam inspection (Ref. 1), The owner performs a

11
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comprehensive visual examination and takes photogra,hs to provide the
Department of Environmental Resources with information about the facility's
condition,

30. The concrete/masonry dam section of the imspection checklist (Figure
A9) includes observations and recommendations/remarks on seepage, junction of
structures, drains, foundations, cracking, spalling, and staff gage or
recorder. The inventory provides a subjective evaluation of the dam and

photographs. There is no rating system.

Colorado Division of Water Resources

31. The Colorado Division of Water Resources has developed the Dam

Safety Manual, which 1s designed to provide specific guidance that will enable

the owner to maintain a safe dam, avoid costly repairs, and prolong the
facility life (Ref. 5).

32. The manual includes guides for visual inspection, seepage, upstream
slope, crest, downstream slope, monitoring and instrumentation, maintenance,
standard operating procedures, emergency plans, Colorado laws, and fundamen-
tals of concrete dams. The chapter on concrete dams covers problems associ-
ated with this type of facility. These include structural cracks, foundation

weaknesses, cracks at construction joints, shrinkage cracks, and deterioration

“y

from spalling.

33, The manual also contains specific information that applies to

T 8 B PR aniln B
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different types of dams. It includes many diagrams and photographs that
should be easily understood by nontechnical personnel (see Figure B9 of

Appendix B). This manual has a checklist, but does not have a rating system.

Kansas Division of Water Resources

34, The Water Structures Section of the Kansas State Division of Water
Resources publishes a checklist for inspecting concrete/masonry dams (Ref.
16). The listing requires comments on engineering and construction data at

the time it is considered during the inspection. There is no vating system.

Pacific Gas & Electric (PG&E) Company

35. PG&E regulations require a comprehensive inspection of all company

dams once a year by an experienced engineering specialist. The engineer must

12
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also be aware of the facility's past performance. To provide this informa-
tion, the following four forms or reports are required for each inspection
(Refs. 23, 24):

a. The "Water Collection Inspection Checklist" (Figure AlO) is a
comprehensive checklist that indicates any repair work or
further inspection required.

b. The "Dam Inspection Report" consists of data and/or a descrip-~
tion of the general condition of the dam's various functional
parts. There is also space for listing any work required.

c. A summary of work required is sent to the appropriate PG&E
department.

) d. A report is submitted to the appropriate department after
completion of the repair work.

Y 36. If inspection shows any signs of overall instability, the proper
authorities are informed immediately. Items in this category are noted by an

asterisk in the "Water Collection Inspection Checklist."

37. Routine inspections are made more frequently by operating personnel
assigned to the dams. It is recommended that the operator use the "Water

Collection Inspection Checklist"; however, he/she need not complete the

form. The Divisions must maintain a list of inadequacies and corresponding

corrective actions. The appropriate department is notified of any critical

problems.

38. Special inspections are performed immediately after occurrences such

as a moderate earthquake in the area, flooding, and other possible causes of

problems.

Federal Emergency Management Agency (FEMA)

39, The malerial provided by FEMA does not contain any form of checklist

or rating system. However, the information found in Federal Guidelines for

Dam Safety is pertinent to dam inspection (Ref. 9), It states that checklists
should be prepared to cover the various structural, electrical, and mechanical
features involved. It also recommends inspection every 5 years by a licensed
professional engineer with expertise in investigation, design, construction,

and operation of dams.
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Evaluation

40. Most agencies emphasize checklists; however, the Los Angeles Flood
Control District uses a rating system. Since none of the procedures reviewed
appears to be repeatable, no appropriate overall rating system was found that
may be directly used for periodic maintenance of concrete/masonry dams and
canals. .

41, None of the sources recommends any computer approach for data
collection. Howe@er, some ag:ncies require the expertise of a trained
engineer or a person with technical knowledge to perform inspections. Only
four organizations use manuals: the SEED Program of the Bureau of Reclama-
tion, the Ohio Department of Natural Resources, the Colorado Division of Water
Resources, and the Pacific Gas & Electric Dam Program.

42, Table 1l illustrates the evaluation of maintenance procedures of the

sources.
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PART III: ROCK AND EARTH DAMS

43, Information about the msintenance of rock and earth dams was
obtained from the following organizations: U.S. Army Corps of Engineers
Nashville District, Bureau of Reclamation, Resources Agency of California,
Ohio Department of Natural Resources, Virginia Bureau of Water Control
Management, North Carolina Department of Natural Resources, Pennsylvania
Department of Environmental Resources, Colorado Division of Water Resources,
and Kansas Division of Water Resources. The following sections provide
details about specific procedures conducted at these sites. Appendix B

provides example checklists and computer output for rock and earth dams.

Maintenance Inspection Procedures

U.S. rmy Corps of Engineers

44, The Nashville District's mainteiance manual includes a section on
rock and earth f£ill dams (Ref. 18). Weekly visual observations are recommen-
ded for embankments and fills., Similarly, berm areas must be inspected weekly
to check for irregularities such as caving, scour, erosion, seepage, settle-
ment, burrowing animals, and need for mowing. Other areas of inspection
include checking for erosion, slides, settlement, springs, boils, and other
unusual conditions. Embankments and fills should be checked annually to
detect leaks, settlement, excessive erosion, slides, lack of vegetation cover,
and deterioration.

45. The maintenance program uses a checklist, manual, computer, and time
schedule, but it requires some technical knowledge.

46, The manual contains a comprehensive maintenance task analysis thar
assigns an inspection routine to eacu task (Ref. 26). The tasks have been
computerized, with four maintenance reports generated:

a. Maintenance work history (work and cost required to maintain
items in the system).

b. Maintenance inspection report (items to be inspected and the
date of inspection).

c. Delinquent report (items not inspected at the established time).

d. Maintenance summary report (labor required to maintain the items
in the system).

15
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Figure Bl shows examples of these four reports. Although this particular
output applies to locks, the same type of report can be produced for rock and

earth dams.

Bureau of Reclamation

47. The Bureau of Reclamation's RO&M Program has developed a checklist
(Figure B2) for earth dams (Refs. 8,32). The RO&M maintenance procedures also
require photographs and a technical report from a professional engineer. The
Bureau's SEED Program also has a checklist for earth dams (Figure B3) (Ref. 34).

These procedures use photographs and require a professional engineer.

Resources Agency of California

48. The Resources Agency of the State of California uses an inspection
report for the San Luis Dam (Ref. 31); however, when compared with other
checklists, the basic azeas of inspection are quite similar. Dam condition is
rated as requiring improvement, substandard condition, or standard condition.

49, The inspection form requires detailed inspection and photographs,
but there is no manual that pertains directly to the facility. Generally, the
dam and its related structures are inspected twice a year. Figure B4

illustrates the inspection form.

Ohio Department of Natural Resources

50, To provide for safe dams, dikes, and levees, the Ohio Department of

Natural Resources (ODNR) has developed the Operation Maintenance and Inspec-

tion Manual (Ref. 20). The publication is designed to help owners maintain,

operate, and inspect their facilities. It is nontechnical and easy to
understand. Although emphasis is on the maintenance of small earth dams, the
information can be applied to all types and sizes of dams as well as to dikes
and levees. The sections that apply directly to small earth facilities are
failure and emergency action, maintenance of embankments, and operation,
inspection, and maintenance checklists.

51. The failure and emergency action cection describes overtopping,
seepage, and structural failures. This section also provides a step process
for owners to follow in case of an emergency. The section on maintenance of

embankments discusses and, in most cases, illustrates typical vegetation,

16
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erosion, seepage, cracks, slides, settlement, rodent control, and monitoring
devices. The operation section discusses lake drains, reservoir levels,
¢recordkeeping, winterizing techniques, vandalism, design modifications,
sedimentation and dredging, and low-head dams. The manual also provides basic
instructions and a form for recording operation, maintenance, rainfall, and
pool-level records.

52. The last section of the manual provides maintenance checklists. ODNR
encourages owners to visually inspect their facilities thoroughly at least
twice a year. The forms provided should help with inspection tasks. Although
use of the checklists is not mandatory, the forms are used by the dam inspec-
tion section of the ODNR, and their use by owners is encouraged.

53. The dam inspection checklists include embankments, dikes and levees,
and miscellaneous areas. They require observations by an inspector and
specification of any required action. There is space for general comments,
sketches, and field measurement. Although these checklists provide a thorough
examination of dams during inspection, no rating system has been established.

Figure B5 illustrates each type of checklist.

Virginia Bureau of Water Control Management

54, The Virginia Bureau of Water Control Management has compiled the

pamphlet Safety Evaluation of Small Earth Dams (Ref. 35). The booklet

presents general guidance to owners for inspecting and maintaining their
structures. Although the information sets forth common problems, it is not
intended to cover every type of condition, situation, or emergency that could
render a facility unsafe. It also illustrates a "problem'" dam and a "sound
dam.,"

55. The pamphlet provides very basic information, with illustrations,
about various types of dams and their principal parts, supplies information
about inspection procedures, and furnishes checklists. The wording of the
checklist (Figure B5) is general so that it can be applied to as many
different facilities as possible, including the embankment, principal
spillway, emergency spillway, reservoir area, downstream channel, watershed
area, and the downstream region., A 'yes" or "no" answer is required for all
questions, and there is space for the inspector's comments. Maintenance tips

are also supplied for each topic addressed by the questions.
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56. The pamphlet also discusses maintenarce priorities, stressing
ongoing upkeep of the facilities. The outline for maintenance priorities
is: what needs to be done at oncc, what needs to be done within the next
yrar, and what needs to be done on a continuing basis. The last section of

the pamphlet provides forms for recording dam history and inspections.

57. Safety Evaluation of Small Earth Dams tells how to evaluate the

safety of a small earth dam and makes owners aware of general aspects of
preventive maintenance. It can be understood easily by the layman. The
checklists cover the major areas of dam maintenance, but there is no rating

system.

North Carolina Department of Natural Resources

58. The North Carolina Department of Natural Resources and Community
Development may inspect any dam at any time upon the request of any affected
person or agency or upon a motion of the Environmental Management Commission.
Therefore, it must assemble data needed to properly review and study the
design and construction of dams, reservoirs, and appurtenances.

59. Dams should be examined every 2 or 5 years, depending on the
particular type of construction. The department's Dam Safety section has
developed a checklist (Figure B7) for inspecting earth dams, concrete dams,
and spillways (Ref. 19). The checklist provides for recording information
about different parts of the facility and allows space for comments. The
inspectors use this information to complete a followup inspection report. The

form does not contain a rating system and there is no manual.

Pennsylvania Department of Environmental Resources

60. The Pennsylvania Department of Environmental Resources has developed
an inspection checklist to be used annually (Ref. 1), The facility owner uses
the form to do a comprehensive visual examination, with photographs, that will
provide the Department with information about the facility's condition.

6l. The visual inspection forms (Figure B8) that apply to earth dams
include embankment, reservoir and water shed, downstream channel, and
instrumentation, The embankment section includes observation of cracks,
movement, sloughing or erosion, crest alignment, riprap failure, seepage,

drains, and junction of structures. The reservoir and watershed portion
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provides recommendations on slopes, sedimentation, and watershed description.
The downstream channel section includes observations and recommendations on
condition, obstructions or debris, slopes, and population. The instrumenta-
tion section gives recommendations or remarks on monumentation, observation
wells, weirs, and piezometers.

62. The checklist provides a subjective evaluation of dams, along with
illustrative photographs. There is no rating system. However, the {inal
report should indicate plans for correcting any deficiencies indicated by the

inspection,

Colorado Division of Water Resources

63. The Colorado Division of Water Resources has developed the Dam

Safety Manual (Ref. 5) to provide specific guidance for maintaining a safe

dam, avoiding costly repairs, and prolonging facility life.

64. The manual covers fundamental dam components, visual inspection,
seepage, upstream slope, crest, downstream slope, outlet system, spillways,
concrete dams, monitoring and instrumentation, maintenance, standard operating
procedures, emergency plans, and Colorado law.

65. The chapter on dam fundamentals diagramatically illustrates the
various facility components and defines or discusses each one. This is an
informative section for personnel who are not very familiar with dams.

66. The section dealing with visual inspection includes a checklist
(Figure B9) and itemizes the equipment needed and its use.

67. The chapters on seepage, upstream slope, crest, downstream slope,
outlet system, and spillways all have the same format. Several problems that
commonly occur are described. There is a diagram or photograph of the
problem, a description of the harm resulting from the problem and its causes,
and corrective action needed. Figure B9 is an example. It is interesting to
note that most actions require an engineer.

68. The chapter on concrete dams covers problems associated with
concrete dams. This includes structural cracks, foundation weakness, cracks
at construction joints, shrinkage cracks, and deterioration from spalling.

69. The presentation on monitoring and instrumentation provides
descriptions and diagrams of monitoring devices. Special forms are included
for recording measurements from drains, seepage and wet areas, and observation

wells (Figure BY).
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70. The chapter on dam maintenance includes methods for tree, brush, and
weed control, earth placement, repair of rodent damage, filling in ninor
cracks, sealing reservoir basins, and rodent control.

71. The section on standard operating procedure presents activities
schedules for high-hazard, moderate-hazard, or low-hazard dams.

72. The emergency plan chapter gives owners a written procedure to
follow in case of an emergency. It lists potential problems and immediate
actions to be tal.en if these problems occur. It also provides four forms to
help owners prepare an emergency plan. The last chapter covers Colorado laws
that relate to dams.

73. This manual can be understood easily by the layman. It has a

checklist, but does not contain a rating system.

Kansas Division of Water Resources

74, The Water Structures Section of the Kansas Division of Water
Resources has developed a checklist for dams that is patterned after the Corps
. of Engineers National Dam Inspection Program (Ref. 16). The checklist
requires the inspector to comment on engineering and construction data as it
is considered. The checklist (Figure Bl0) is divided into three sections:
earth embankments, instrumentation, and reservoir. The drawbacks of this
system are that the observations are subjective, and there is no rating

system.

Other agencies and publications

75. Safety of Existing Dams is a 1983 publication of the National

Academy of Sciences (Ref. 36). It includes a failure mode evaluation matrix
for embankment dams (Figure Bl12) that includes slope failure, seepage,
foundation movement, unprotected slopes, uplift, undermine, spillways, gates
and hoists, obstructions, vandalism, outlet works, piping, and landslides.

76. The evaluation matrix also includes a tabulation of defects,
possible indicators, possible causes, effects, and potential remedial measures
associated with each failure mode. This type of information may be valuable

when developing evaluation techniques.
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Evaluation

77. Table 2 provides a comprehensive evaluation, in matrix form, of the
maintenance procedures for rock and earth dams. None of the manuals and
checklists used will completely fill the needs of a comprehensive maintenance
program for rock and earth dams because none has a numerical rating system.

It is also questionable whether the maintenance checklists are repeatable.
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PART IV: SPILLWAYS, STILLING BASINS, AND OUTLET WORKS

78. Spillways and outlet works are generally inspected as part of the
overall dam inspection process. This chapter discusses procedures used for
those facilities by the following agencies: U,S. Army Corps of Engineers,
Tennessee Vallewv Authority (TVA), Bureau of Reclamation (RO&M and SEED),
Pacific Gas & Electric (PG&E), North Carolina Department of Natural Resources,
Pennsylvania Department of Environmental Resources, Colorado Division of Water
Resources, Kansas Division of Water Resources, Ohio Department of Natural
Resources, and Virginia Bureau of Water Control Management. Appendix C

provides example checklists for spillways, stilling basins, and outlet works.

Maintenance Inspection Procedures

79. Information about maintenance programs was obtained from several
Corps of Engineers districts (Nashville, Omaha, Portland/Walla Walla, and Rock
Island) and the Office of the Chief of Engineers.

80. The Nashville District and the Portland/Walla Walla Districts¥* have
computerized maintenance programs. However, neither program has a rating
system that can be applied to the maintenance task components.

8l. The variety and scope of the submitted formats shows that there are
several levels of sophistication among the districts, ranging from simple
checklists to comprehensive computer tracking systems. However, none of these

maintenance procedures has a rating component

Nashville District

82. The Nashville District has developed an extensive program that
includes a detailed manual from the Operations Division of the Hydro-Power
Branch (Ref. 18). This publication, which specifically addresses the
maintenance of spillways and outlet works, consists of a comprehensive
maintenance task analysis with an inspection routine assigned to each item.

However, the manual appears to assume that the operator has a working

*The Portland and Walla Walla Districts use the same procedures and forms, and

are considered together for this discussion.
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knowledge of the various tasks, malfunctions, states of repair, etec. The
maintenance tasks have been computerized and four different maintenance

reports are generated (Figure Bl). The output is a very useful management

:

tool for the allocation of personnel and cost, but the results neither reflect
the state of deterioration nor prioritize items in the system., However, each
item does have a maintenance notification card that ligts the service required
and the various codes, and provides space to record the inspection date and
manpower commitment per job. It appears that all items are weighted equally

and are repaired on an ongoing or as-needed basis.

Portland/Walla Walla District

83. Data for the Portland/Walla Walla District is similar to that of the
Nashville District. They both use a project management data card system to
maintain multipurpose and flood control projects (Ref. 27). Each card
contains detailed descriptions, functions, and requirements for the piece of
equipment being considered. A handwritten record is kept of each item on the

preventive maintenance inspection and trouble report.

Omaha District

84. The Omaha District requires a technical report on the facility's
condition that includes photographs, interviews, notes, and data from
monitoring devices. The observer must first establish an individual checklist
for each specific site. Using information from the checklist, an engineer
then finishes the report, which includes a descriptive section evaluating the
overall condition and an opinion about the immediacy of repair. The report
also suggests possible remedial measures. A general guideline provides

questions to be answered (Ref. 6).

Rock Island District

85. The Rock Island District has developed an inspection checklist for
the spillways and outlet works on the Mississippi River under its jurisdiction
(Ref, 33). The form has space for, and requires a comment on, each item.
Figure Cl shows a questionnaire used specifically for the Saylorville Dam.

86. No manual or suggested procedure accompanies the checklist, so the
type of support provided to ensure consistent judgment and repeatability of

the inspection process cannot be determined.
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HQUSACE

87. The information provided by HQUSACE does not include a rating
system, but does list che components that must be checked and conditions that
should be monitored (Ref. 28). Also included is a tabulation of engineering
data that might be considered in any investigative report. Specifically, the
report presents detailed instructions for inspecting spillways and calculating

safety factors for dams (Figure A2).
Evaluation
88. All these organizaticns use checklists, but none uses a rating

system. Table 3 gives an evaluation of the maintenance procedures of each

agency or system.
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PART v: LOCKS, LOCKWALLS, LOCKGATES, AND OPERATING EQUIPMENT

89. Four districts of the U.S. Army Corps of Engineers (Nashville,
Portland, Walla Walla, and Rock Island) supplied information about maintenance
programs for locks and associated facilities. The following sections provide
detailed descriptions and/or checklists. Appendix D provides example

checklists and information for lock walls, lockgates, and operating equipment.

Maintenance Inspection Procedures

Nashville District

90, The Operations Division of the Nashville District's Hydro-Power
Branch has develuped an extensive maintenance program that includes a detailed
manual (Ref. 18). While the manual addresses the maintenance of dams (con-
crete, earth, and rockfill) and the associated equipment, the sample computer
output studied is specifically for the Watts Bar Lock.

91. The program, which consists of a comprehensive maintenance task
analysis, assigns an inspection routine to each task. However, the program
appears to assume that the operator has a working knowledge of the various
tasks, malfunctions, states of repair, etc. (Examples include: 'Repair as
necessary," "Do test," and "Maintain as required.") Tracking of these tasks
has been computerized, and four different maintenance reports (Figure Bl) are
generated.

92, The output is a very effective management tool for allocating
personnel and funds. Nevertheless, the results neither indicate the state of
deterioration nor prioritize the items within the general maintenance
system. Each item has a maintenance notification card that lists the services
needed, the various codes, and a record of the inspection date and manpower
commitment per job. All items appear to be weighted equally, and repairs are
performed on an ongoing or as-needed basis.

93. The maintenance components in the Nashville plan include:

a., Checklist,
b. Manual.

c. Computer application.
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d. Requirement of technical knowledge.
e. Time schedule.
Portland/Walla Walla Districts

94  The Portland/Walla Walla Districts generate data similar to that of
the Nashville District. The sample computerized output considered for this
study includes that generated for a lock network {Ref. 27). For example,
items of repair associated with locks listed on the computer output show that
a navigation lock staff gage was replaced, a handrail was painted, and a
tainter valve was restored. The districts use a project management data card
system; each card contains detailed descriptions, functions, and requirements
for the equipment involved. A handwritten record for each item documents the
preventive maintenance, inspection, and trouble reports investigated.
Computerized output is also available that indicates the particular mainte-
nance shop charged, the associated cost, and the manpower hours. Figure D1
gives a sample output list.

95, The Walla Walla District also has a system in which a 15-person
inspection team performs a thorough structural investigation every 5 years.

Their findings are published as an extensive technical report.

Rock Island District

96. The Rock Island District does not have a computerized approach, but
does use an inspection checklist (Figure D2) for the locks and dams on the
Mississippi River under its jurisdiction (Ref. 33). The documentation allows
space for the inspector to comment on each item. These items include approach
walls, lock walls, miter gates, and tainter valves, and they are evaluated by
the condition and alignment of structural concrete, wall joints, and other
general details. Gate valves, seals, and operating equipment are also

considered.
Evaluation
97. The Nashville District and the Portland/Walla Walla Districts have
developed very sophisticated computerized maintenance programs. While their

formats are different, both approaches address similar items and generate

typical information for tracking costs and managing manpower.
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98. The Portland/Walla Walla and Rock Island Districts provided
illustrative formats without supplementary documentation. The Sample Program
Management cards indicate the amount of technical knowledge needed to perform
the required maintenance tasks, the suggested frequency of inspection and the
degree of repeatability. Of the systems reviewed, the card system of the
Portland/Walla Walla Districts provides the most extensive and practical task
analysis for equipment maintenance; however, a rating system is not used.

99, Table 4 gives a comprehensive evaluation, in matrix form, of the
maintenance procedures for lock walls, lock gates, and operating equipment.

Since there is no numerical rating system and it is questionable whether the

results are repeatable, the checklists will not be adequate for a comprehen-
sive maintenance program for locks, lockwalls, lockgates, and operating

equipment.
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PART VI: POWERHOUSES AND PUMPING PLANTS

100. A review of the literature concerned with powerhouse and pumping
equipment and with instrumentation indicates that there are no specific
maintenance programs for this category. However, these components are
included as peripheral items to other facilities such as dams and locks.

101. The American Society of Civil Engineers (ASCE) has published an
article (Ref. 21) on the operation and maintenance of irrigation and drainage
systems. The components discussed include pumps and minor mechanical,
electrical, and hydraulic equipment.

102. This chapter discusses procedures used for powerhouses and pumping
plants by the U.S. Army Corps of Engineers, the Bureau of Reclamation, the Los
Angeles Flood Control District, the Kansas Division of Water Resources, and
the Federal Emergency Management Agency. The following sections provide
detailed descriptions and/or checklists. Appendix E provides example check-

lists and computer output for powerhouses and pumping plants.

Maintenance Inspection Procedures

U.S. Army Corps of Engineers

103. Nashville District. The Nashville District's Operations Division of

the Hydro-Power Branch has an extensive program that includes a detailed
manual (Ref. 18) which addresses the maintenance of equipment associated with
dams and outlines a maintenance task analysis and inspection routine for each
item. However, these procedures assume that the operator comprehends the
various tasks, existing malfunctions, states of repair, etc. Examples
include: "Repair as necessary,'" "Do test," "Maintain as required." These
tasks are tracked by computer, and four maintenance reports (Figures Bl and
El) are generated:

a. Maintenance work history (work and cost required to maintain
items in the system).

b. Maintenance inspection report (items to be inspected and the
date).

c. Delinquent report (items not inspected at the established time).

d. Maintenance summary report (labor required to maintain the items
in the system).
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104, This output appears to be a useful management tool for allocating
personnel and funds, but the results neither reflect the state of deteriora-
tion nor prioritize items within the system. However, a maintenance notifica-
tion card for each item tabulates recorded inspection dates and the cumulative
manpower commitment per job. Figure E2 shows a maintenance notification card
for switchboards. It appears that all items are weighted equally and are
repaired on an ongoing or as-needed basis.

105. Portland/Walla Walla Districts. The Portland/Walla Walla Districts

generate about the same information as the Nashvilie District. They have
compiled a detailed inventory that describes each piece of mechanical and
instrumentation equipment. To maintain their multipurpose power and flood
control projects, these districts use a project management data card system.
A handwritten record is kept on each item for the preventive maintenance,
inspection, and trouble reports investigated (Figures Dl and E3). A compu~
terized output shows the maintenance shop charged, the cost incurred, and the
personnel hours used. The data cards present a comprehensiv. . ..« of the
desired state of each piece of equipment. Components of this system are:

a, Checklist,

b. Manual.

c. Computer application.

d. Requirement of technical knowledge.

e, Repeatable.

f. Time schedule.

106. The Walla Walla District also requires a 15-person team to conduct a

comprehensive structural investigation every 5 years. The results are

presented in an extensive technical report.

Bureau of Reclamation

/

107. The Bureau of Reclamation supervises the operation and maintenance
of a large number of dams and dikes in the western United States. Checklists
have been developed for periodic on-site examination of these structures, but
they are not adapted to computer application. The listings include structures
such as power facilities and pumping plants and are open-ended so that only

knowledgeable personnel can provide the desired feedback.
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108. Review of Operation and Maintenance (RO&M) Program. The RO&M

Program requircs scheduled inspections of all project facilities, including
power and pumping plants (Refs. 8, 32). Project and regional personnel
examine all major, minor, and special features biannually or triannually.
Figure E4 shows the checklist for pumping and powerhouse facilities. There
are three categories of recommendations for each item:

a. Severe deficiencies: immediate action is needed to maintain
structural safety or adequate functioning.

b. Action required to prevent or reduce further damage or an
operational error.

c. Recommendations that are considerad useful but less important
than those of the first two categories.

109. These recommendations are identified and recorded as follows:

a. The first two digits indicate the year that the recommendation
was made (80).

b. The third digit indicates one of the three recommendations
categories (2).

c. A letter individualizes each recommendation made (a) (b) (c).
110, The components of this maintenance program are:

a. Checklist.

b. Technical evaluation,

c¢. Requirement of professional engineer.

d. Requirement of technical knowledge.

e. Rating system.

f. Frequency of inspection.

111. Safety Evaluation of Existing Dams (SEED). The Bureau's program

includes checklists for dams and power facilities, bul is a guideline rather
than a specific maintenance program. This program uses on-site examination
and analysis to maintain facility safety (Ref. 34). Checklists are organized
like those of the RO&M program. Information for outlet works and power
features is included in the checklist (see Figure ES5).

112, Checklists are to be used as guides and are not to limit the
examination. They can become a permanent part of the Bureau's reference
materials., Each checklist is individualized for the specific site, so the
general checklist must be kept updated as required.

113. The Bureau's checklists consist of a short outline of information

and special instructions for the examination. Sheets must be included for
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special items, additional notes, and identification of unique features.
Photographs are also taken to maintain an historical recurd.
114, The components of this maintenance program are:
a. Checklist.
b. Manual.
c. Technical evaluation.
d. Re. .irement of professional engineer.
e. Requirement of technical knowledge.
f. Frequency of inspection.
Los Angeles Flood Control District
115. The Los Angeles Flood Control District operates and maintains

several flood control reservoirs. After the Verdugo Wash Channel failure in
September 1983, the district started an emergency program to identify,
evaluate, and repair structural deficiencies in the open channel system
(Ref. 17). It was concluded that under normal circumstances the structural
inspection should be conducted by operations and maintenance field personnel
within the framework of the existing maintenance management system. A
checklist and a rating procedure have been developed (Figure A5), and a
detailed facility monitoring and inspection procedure (Figure A6) is also
used.
116, The components of this maintenance program are:

a. Checklist,

b. Manual.

¢. Technical evaluation.

d. Requirement of professional engineer.

e. Requirement of technical knowledge.

f. Repeatability.

g. Frequency of inspection,
The district's checklist and maintenance rating procedures also include care

of pumping plants.

Kansas Division of Water Resources

117, The water structures section of the Kansas State Division of Water
Resources has patterned its checklist (Figure E6) for dams after the Corps of

Engineers' National Dam Inspection Program. The checklist requires comments
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on engineering and construction data as the data are examined, and items on
the form also address instrumentation (Ref. 16). The observations made in

filling out the checklist are subjective.

Federal Emergency Management Agency (FEMA)

118, FEMA does not have any form of checklist or rating system for
powerhouses and pumping plants. Nevertheless, they suggest that checklists be
prepared for the various structural, electrical, and mechanical features of
powerhouses and pumping plants. Also the inspection should be conducted by a
licensed professional engineer experienced in the investigation, design,
construction, and operation of dams. The recommended frequency of inspection

is once every 5 years.
Evaluation

119, Table 5 illustrates, in matrix form, the evaluation of maintenance
procedures for powerhouses and pumping plants. Of the programs reviewed, the
individual cards used by the Portland/Walla Walla Districts provide the most
extensive task analysis for equipment maintenance. Most agencies and publi-
cations emphasize checklists, but only the Los Angeles Flood Control District
uses a rating system. Since none of the procedures appears to be repeatable,
no appropriate rating system was found that applies directly to maintenance of

powerhouses and pumping plants.
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PART VII: BRIDGES AND ROADS

120. This chapter outlines maintenance programs used by three programs
responsible for maintaining roads and highways: the Federal Highway Admini-
stration's Bridge Replacement and Rehabilitation Programs, the Corps of
Engineers' Pavement Maintenance Management for Roads and Parking Lots {PAVER),
and the Indiana Department of Highways manual. The following sections provide
details about these programs. Appendix F provides examples for bridges and

roads.

T

Maintenance Inspection Procedures

Federal Highway Bridge Replacement and Rehabilitation Program

121. The Federal Highway Administration developed the Bridge Replacement
and Rehabilitation Program for state highway departments to use in rating the
condition of bridges and tunnels (Ref. 30). The program uses trained
technicians rather than professional engineers to inspect structures. The
inspection procedures have been simplified so that different trained techni-
cians who inspect the same bridge would be likely to produce identical
evaluations. Thus, the process is repeatable.

122, To determine the condition of a bridge, the technician checks each
component of the structure and assigns it a rating number from 0 to 9 (Figure
Fl). These values are recorded on an inspection checklist. When the inspec-
tion is completed, the values are transferred to a computer input sheet. Use
of this system requires knowing the bridge's dimensions, which are used to
calculate the facility's functional obsolescence and safety. The checklist
ratings and dimensions are then considered in calculating the overall
sufficiency rating.

123. This is an excellent system that could easily be adapted for rating

and maintaining civil works structures and facilities,

Corps of Engineers' Pavement Maintenance Management for Roads and Parking Lots
(PAVER)

124. The PAVER system is used to inspect and rate the pavement of roads

and parking lots (Ref. 39). The system is designed to help optimize the

aliocation of pavement repair funds.
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125. The first step in the rating procedure is dividing the pavement
network into manageable sections. Each section is then further subdivided
into sample units. Each unit is given a pavement condition index (PCI) rating
related to its structural integrity, structural capacity, roughness, skid
resistance, hydroplaning potential, and deterioration rate. The PCI scale
ranges from 0 to 100. A separate inspection form is required for each sample
unit. Nineteen different distress types may be used in assigning the PCI
value, In each pavement section, the type, diversity, severity, and the PCI
reduction number are determined and recorded.

126. The overall PCI may be computed by subtracting the sum of the
reductions from 100, The deterioration rate can also be determined by placing
this value along with the PCI from previous years .a a PCI-versus-time graph.

127. This system provides for a repeatable procedure for rating road
condition. A manual is available that contains a series of photographs
representing examples of high-, medium- and low-severity pavement distress.

128, Figure F2 shows an example of the PCI scale and condition rating and

illustrates the computer output for PAVER,

Indiana Department of Highways

129, The Indiana Department of Highways' publication, Development and Use

of a Management Information System to Identify Areas of Routine Maintenance

Productivity Improvement was reviewed (Ref. 38). The review did not investi-

gate the methods used to rate or check the condition of roads and bridges.
Instead, it dealt with the results of studies performed to analyze fund
distribution methods. Findings pertinent to this investigation that may be
used during the development and operation of a comprehensive maintenance
management system were as follows:

a. In a study performed by the Pennsylvania Department of Transpor-
tation, an inverse relationship was found between efficiency and
quality of work.

b. Specific maintenance actions are rarely consistently recommended
following a report of specifi: problems.

c. Although the amount of money spent on repairs increases with the
number of lane-miles, the relationship is not directly propor-
tional.
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Evaluation

130, Table 6 is an evaluation matrix of the maintenance procedures for
bridges and roads. Both the Federal Highway Administration and PAVER have a
systematic, repeatable rating system. They also both have an exceptional
range of qualities that may be useful for developing an overall maintenance

management system for bridges and roads.
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PART YIII: MISCELLANEOUS FACILITIES

131, Because of the variety of miscellaneous facilities investigated,
evaluations were made on the merits of each program rather than in reference
to a particular facility type (Refs. 3, 11, 12)., Organizations involved
included the Training and Doctrine Command (TRADOC), the Forces Command
(FORSCOM), Southwestern Division of the U.S. Army Corps of Engineers, and the
Resources Agency of the State of California. The following sections summarize
each organization's procedures. Appendix G psovides example checklists and

information for miscellaneous facilities.

Maintenance Inspection Procedures

TRADOC's BMAR and DMAR Rating Systems
132. The purpose of TRADOC'S BMAR (Backlog of Maintenance and Repair) and

DMAR (Deferred Maintenance and Repair) rating systems is to facilitate the
distribution of available funds for maintenance and repair projects on U.S.
Army installations (Refs. 2, 42).

133, Both systems involve the following steps:

a. Compilation of necessary information for a project by an
installation officer.

b. Verification of the project by a TRADOC validator.

c. Decision on funding: the TRADOC score and the existing design
status are the two items used to determine the funding ratio
among competing projects. The TRADOC score, which is assigned
by the TRADOC validator, reflects the project's overall degree
of need. The design status is a statement of the condition of
readiness to begin work on the project.

134, For BMAR, the scoring is determined by the following five major
groups:
a. Functional use of the facility.
b. Justification factors related to maintenance and repair.
c. Type of project (choose one of the following):
(1) Buildings and grounds.
(2) utilities.
d. Condition of the facilicy.

e. Priority assigned by the installation.
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135, For DMAR, the scoring is determined by the following five major
groups:

a. Category of family housing.

b. Category of requirement.

c. Type of work.

d. Condition of the facility.

e. Prior‘ty assigned by the installation.

136, Each of the five major groups in both BMAR and DMAR are further
divided into areas that are assigned a numerical rating between 1 and 10,
Figure Gl gives an example of this detailed breakdown.

137. The ratings obtained from the firsi four groups in both BMAR and
DMAR are added to obtain the "base score." The sum of the "base score" and
the ratigg value calculated from the project's priority is multiplied by 1000
to obtain the "TRADOC score."

138. The rating value is obtained from an expression that alters the
assigned priority number so that a priority of 1 translates to a rating value
of 10, and those with second, third, etc., priority numbers receive rating
values that are progressively less than 10. Figure G2 gives a sample listing

of some BMAR project ratings and scores.

FORSCOM Regulation 420-3

139. The purpose of FORSCOM Regulation 420-3 is to set priorities on
maintenance and repair projects for all FORSCOM installations and subinstal-
lations. The FORSCOM procedure includes three main steps (Refs.,

10, 15):

a. The installation lists its maintenance and repair projects.
Then reports, which include a general information sheet and a
rating worksheet for each project, are sent to the FORSCOM
authorities,

b. A FORSCOM Technical Service Division representative vigits the
installation, reviews the project priority system used, and
decides whether to approve it. A spotcheck of all project
documents is also made.

c. A decision is made on funding. Funding is based on several
items, including the following:

(1) FORSCOM's priority score. Besides its own priority score,
FORSCOM will also consider the priority given to the
project by the installation.

37




RS aPS. S0 . 0D, AP0 S G LIS DL IR SE SN TS I L. T T SR LR B PO PSP T P

PR ah Al i e it i atd el adh odh gnd
PR R R AR N A SRR SAR S W DR L S

(2) Results from FORSCOM's field reviews,

(3) The project status. The project status indicates the
ability to design and/or obligate funds for the project
during the current fiscal year.

140, The project rating system recommended by FORSCOM is divided into
five categories:

a. Facilities use factor.
b. Project purpose factor.
¢. Project type factor.

d. Mission factor,

e. Condition factor.

141. Each factor is further subdivided into functional areas which are
assigned a rating range that varies from eight to ten. Figure G3 provides
additional details. An intermediate score is then obtained by adding all the
rating values from the five categories. The final score for the project is
determined by adding the intermediate score to the priority rating score and
multiplying the sum by 1000.

142, The priority rating score is obtained by an expression which alters
the assigned priority number so that a priority of 1 gets a score of 10, and
those with second, third, etc., priorities get values that are progressively

less than 10.

U.S. Army Corps of Engineers, Southwestern Division

143. The Southwestern Division has submitted a proposal for a project
operation and maintenance funding level matrix (Ref. 22). Since this appears
to be an application of global program development and justification rather
than a specific itemization of maintenance procedures, considerable modifica-~
tion may be necessary for it to be useful for civil works projects. Figure G4

is a sample entry of this matrix.

The Resources Agency of the State of California

144, The Resources Agency of the State of California has developed
inspection reports for operation and maintenance of aqueducts and dams based
on the following rating system (Ref. 31):

a. P Poor quality
b. G: Good quality
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c. E: Excellent quality
d. N.C.t No change in quality
145, Figure G5 shows an example of this procedure. Photograplhs and
specific remarks are also required. Generally, headquarters personnel inspect
the aqueducts about once a year. However, dams and related structures are
usually inspected twice a year. This procedure involves, in part, a general
checkliist., However, except for dams, the checklists do not have a comprehen-

sive rating system.

Evaluation

146, Table 7 illustrates, in matrix form, the evaluation of maintenance
procedures for miscellaneous facilities. TRADOC and FORSCOM maintenance and
repair funding programs use basically the same procedures with some minor
internal differences. Both deal with the maintenance and repair of facilities
on U.S. Army installations. Each uses a numerical rating system that helps
compare projects. Actual rating procedures appear to be repeatable if the
raters are experienced and have completed a comprehensive training course.
Therefore, both systems appear to offer approaches that, with modification,
may be applicable for developing a comprehensive maintenance management

program,
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PART IX: CONCLUSIONS

147. This report has described and evaluated various maintenance proce-
dures related to several civil works (type) structures and facilities. Most
of the procedures studied for this research include the use of checklists for
maintenance and review operations. However, TRADOC, FORSCOM, and FEMA do not
use the checklist format. Twelve agencies have developed manuals and/or
explanatory materials for maintenance systems. Various other rating systems
are used by eight sources. Most of the rating systems evaluate facilities
according to the following categories: yes/no, satisfactory/unsatisfactory,
high/medium/low, excellent/good/fair/no change/bad/critical, etc. Five
sources use a computer data bank to assist in maintenance operations, and
eight sources require the use of photographs in technical evaluations.

148. Sixteen sources require professional engineering and technical
knowledge to conduct maintenance evaluations. The structures which need
professional engineering services and/or technical knowledge for maintenance
and inspection include spillways, stilling basins, rock and earth embankments,
shore and bank stabilization, bridges, lockwalls and gates, powerhouse
equipment, and various miscellaneous facilities. Repeatable systems also
generally require extensive training and explanatory guidelines. Only four
systems were found to be repeatable.

149. For most maintenance systems, it is vital to have a time schedule or
an overall frequency of inspection plan. Fifteen sources were found to
inspect their facilities at specific time schedules.

150. No specific or uniform pattern was observed among the procedures
studied that can be used as a general guideline for civil works maintenance.
The facilities differ markedly in their nature, purpose and use, amount and
type of building material, geographical location, environmental and geological
condition, and physical, mechanical, engineering, and architectural aspects.
Therefore, no appropriate overall rating system was found to apply directly to
the periodic maintenance of civil works structures, and no system appeared to
be easily usable and reliable when used by inexperienced raters. However, the
Corps of Engineers' PAVER and the Federal Highway Bridge Inspection Program
appear to offer approaches that, with modification, may be applicable to

certain types of civil works structures.
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Table 2
Summary of Existing Maintenance Procedures for Rock and Earth Dams
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Maintenance Procedures for Spillways, Stilling Basins, and Qutlet Works
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Table 4

Summary of Existing Maintenance Procedures for Locks,

Lockwalls, Lockgates, and Operating Equipment

Procedures
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1, liecklist

~
N\
N

2. Manual
(explanatory)

~
~

3. Rating System

4. Computer . ,// ’//

Application

w

. Technicczl
evaluation
w/o photographs

6. Requires
professional
engineuvy

7. Requires /// ///

technical |
knowledge

[+

Repearability

9. Frequency of V// ’/

inspection
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Table 5

Summary of Existing Maintenance Procedures for

Powerhouses and Pumping Plants

Procedures

Cude
List

Control District
Wacter Resources

Engineers
Portland/Halla Walla

Engineers

Nashville Districe
"Operation & Maintenance
of Irr. & Drainage Syst."

U. S. Army Corps of
Bureau of Reclamation

R O & M Program
Bureau of Reclamation

U. S. Army Corps of
SEED

Los Angeles Flood
Kansas Division of
ASCE Publication

1. Checklist

NN
SN

2. Manual
(explanatory)

N\
NN
N
N\
NN

N

3. Rating System 7~ ,/”

4, Computer ,/,' ,//

Application

5. Technical .
evaluation ,// ,/,r ’///

w/o piiotographs

6. Requires
professional V//’ i’// v -

engineer

7. Requires / / / / / /

technical
knowledge

[+2]

Regearability

Y. Frequency of y// ’/’ v V/ f// ,’//

wnspection
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Table 6

Summary of Existing Maintenance Procedures for

Bridges and Roads
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Summary of Existing Maintenance Procedures for

Table 7

Miscellaneous Facilities

TS

w/o photographs

Procedures - ]
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1, Checklisc ’//
2. Manual " ’//
(explanatory) " l//
3. Rating System * v ’/’ ,’/
4, Computer (//’ V//
Application
5. Technical
evaluation "/

6. Requires

professional
engineer

7. Requires

technical
knowledge

[+

Regearability

Frequency c’
inspection
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APPENDIX A: CHECKLISTS AND EXPLANATORY
MATERIALS FOR CONCRETE/MASONRY DAMS
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2,

k
3.
4.
5.
6o

7e

8.
9.
10,
12

13,
4.

[Se

Goneranl Guldeiines for the OCbserver, There are so many conditions
thich might andanger a dam that great care must be taken lest some

>e overlooked, For thls reason, a checklist of questlons such as
the following should be used.

Have changes occurrad In the environs of +he reservoir that may
necessitate resxamination of the design or of the surveillance
program (@.g., industrlal actlvitles such as deep excavation,
trenching, tucnsilng, bullding construction, or sforago' ot
explosives or flammable materials)?

Are thers utilities such as oil, water, or sewerilnes near or
crossing the dam or Its appurtenances that would jeopardize
saézty ¢ thay were brcken?

Are acoess raads and communication lines to the damsite located
and constructed so that they will not be dlisrupted during
axirems emergency?

Are the structural analyses of the dam satisfactory, or should
new analyses be made using the latest design technology?

Is the outiet capaclity adequate to lower the reservolr raplidly
durlag an emergency?

is the spiilway capabie of discharging floodflows projected on
the buosis of up-to~date hydrologlcal records?

Is there danger of spliliway disctiarge undercutting the
structure?

Are adequate suxllliary power and othor redundant systems
provided for bolst cpiratlion or cther requirements ducing an
emergancy?

Is the spiliwavy channel constructnd and maintzlned so that
there wiii be no dangscrous eros.on, or debris deposited, In the
river channei?

|s adequato venfliation provided In shsfts, tunnels, and
gatlerles to prevent corrosion and to protect personnel from
nox fous gases? ‘

Is esssntlal machinery operable, espccla'lly such {tems as
gate,, valves, and hoists? .

Are dralinage sump pumps, |t *ny, operabie?

Are automatic alarms and tolemetering devices functioning?

Is riprap, soll=cesent, or other revetment Intact as
constructed?

Is all Instrumentation In satlsfactory worklng order,

Figure Al. Dams and public safety
(Omaha District, USBR, 1980)
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s} 16, Is there vegqetation on embankments or abutments that might
b obscure adverze conditions from the lnspector's view?

: 17, In the case of concrete dams, is there any reason to doubt the
! strength of the concrete? Has thls been confirmed by
nondastructive tests or tests of cores?

18, Are Intake works for outlets and splliways free from slilt and
4 debris?
L 19, Are adequate emergency supplies and equipment avallable for
\ hand!ing adverse situations at the dam?

20, Have operating mechanisms that operate Infrequently been checked

or exercised to ver!tfy that they function properiy?

21, Are vulnerable facliities protected against vandalism or sabotrage
3 by Installation of fencing, locks, and Intrusion-detection
g devices?

22, Are competent, tralned personnel assigned to survelllsnce?

23, Do operations personnel have proper Insiructlions and authority
:; for action to be taken during an emergency?
¢ 24, Are plezometer readings and water levels In wells reasonable,
¢ steady, and consistent with reservoir helght?
235. Are additlional plezometers, wells, or weirs necessary for proof

ot satfety?

26, Are reservoir linings, If any, performing as designed?
27, Are survelllance data receiving timely onalyses?

]

2 28, Has the dam crest settled and thereby reduced the freebocard for
: fiood discharge?

& 29, |s leskage of water excesslve? |s It Incressing or decressing?
: Is It clear or turbi<- Are there large varlations In Individual
% draln discharges? .

q 30, Are wet spots visible on the downstream face of the embankment or
j at abutment groins or immediately downstreom?

; 31, Is there avidence of dissolution of toundation rock by seepage?

p 32, Is potentlally dangerous seepage apparemt In the vicinlity from
" soirces other than the reservoir, such as In the abutments at

high level?

33. Ars slgns vislble of any sloughlng or slumping of embankments,
abutments, or the reservoir environs?

34, 1s piping eavident, especlaily where fllls have been placed
against or coversd by structures?

55. At dams with concrete face slabs, Is there visihle warping or
other distress?

36, Has cracking  daveloped In  structures, embankments, or
toundations?

37, Are theres any signs of erosion of the embankment or Its
foundation?

38, Has any change occurred In allnement of parapet walls or’
retalning walls?

39, Has any recant seismic actlvity been recorded In the area? |If
so, are There any sligns of detrimental ettects on the reservolr
or Its environs?

Figure Al. (Continued)
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This appendix provides guidance for performing field inspections and
may serve as the basis for developing a detailed checklist for each dam.

%, Conecrete Structures in General.

a, Concrete Surfaces. The condition of the concrete surfaces should
be examined' to evaluate the deterioration and continuing serviceability
of the concrete. Descriptions of concrete conditions should conform
with the appendix to '"Guide for Making a Condition Survey of Concrete
in Service,” American Concrete Institute (ACI) Journal, Proceedings
Vol. 65, No. 11, November 1968, page 905-918.

b. Structural Cracking. Concrete structures should be examined for
structural cracking resulting from overstress due to applied loads,
shrinkage and temperature effects or differential movements.

¢. Movement - Horizontal and Vertical Aligmment. Concrete structures
should be examined for evidence of any abnormal settlements, heaving,
deflections, or laterzl movements.

d. Junctions. The conditions at the junctions of the structure
with abutments or embankments should be determined.

€. Drains - Foundation, Joint, Face. All drains should be examined
to determine that they are capable of performing their design function.

f. Water Passages. All water passages and other concrete surfaces
subject to running water should be examined for erosion, cavitationm,
obstructions, leakage or significant structural cracks.

g. Seepage or Leakage. The faces, abutments and toes of the concrete
structures should be examined for evidence of seepage or abnormal leakage,
and records of flow of downstream springs reviewed for variation with
reservoir pool level. The sources of seepage should be determined if
possible.

h. Monolith Joints - Construction Joints. All monolith and construc-
tion joints should be examined to determine the condition of the joint
and filler material, any movement of joints, or any indication of distress
or leakage,

i. Foundation. Foundation should be examined for damage or possible
undermining of the downstream toe.

Figure A2. Inspection items (HQUSACE)
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j. Abutments. The abutments should be examined for sign of
instability or excessive weathering.

2, gybankment Structures,

a. Settlement. The embankments and downstream toe areas should be
examined for any evidence of localized or overall settlement, depressions
cr sink holes.

b. Slope Stability. Embankment slopes should be exawmined for irregu-
larities in alignment and variances from smooth uniform slopes, unusual
changes from original crest aligmment and elevation, evidence of move-

‘ ment at or beyond the toe, and surface cracks which indicate movement.

c. Seepage. The downstream face of abutments, embankment slopes
and toes, embankment - structure contacts, and the downstream valley
areas should be examined for evidence of existing or past seepage.

The sources of seepage should be investigated to determine cause and
potential severity to dam safety under all operating conditions. The
presence of animal burrows and tre: growth on slopes which might cause
detrimental seepage should be examined.

d. Drainage Systems. All drainag systems should be examined to
determine whether the systems can freely pass discharge and that the
discharge water is mnot carrying embankment or foundation material.
Systems used 'to monitor drainage should be examined to assure they are
operational and functiorning properly.

e, Slope Protection. The slope protection should be examined for
erosion~formed gullies and wave-formed notches and benches that have
reduced the embankment cross-section or exposed less wave resistant
materials. The adequacy of slope pratection against waves, currents,
and surface runoff ‘hat may occur at the site should be evaluated. The
condition of vegetative cover should be evaluated where pertinent.

3. S8pillway Structures. Examination should be made of the structures
and features including bulkheads, flashboards, and fuse plugs of all ser-
vice and auxiliary spillways which serve as principal or emergency
spillways for any condition which may impose operational constraints
on the functioning of the spillway.

a. Control Gates and Operating Machinery. The structural members,
connections, hoists, cables and operating machinery and the adequacy of
normal and emergency power supplies should be examined and tested to
determine the structural integrity and verify the operational adequacy
of the equipmeut. Where cranes are intended to be used for handling
gates and bulkheads, the availability, capacit:- and condition of the
cranes and lifting beams should be investigated. Operation of control

Figure A2. (Continued)
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systems and protective and alarm devices such as limit switches, sump
high water-alarms and drainage pumps should be investigated.

b+ Unlined Saddle Spillwavs. Unlined saddle spillways should be
examined for evidence of erosion and any conditions which may impose
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 should be determined.

c. Approach and Outlet Channels. The approach and outlet channels
should be examined for any conditions which may impose constraints on the
functioning of the spillway and present a potential hazard to the safety
of the dam.

‘ d. Stilling Basin (Ehergy Dissipators). Stilling basins including
baffles, flip buckets or other energy dissipators should be examined 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 existing condition of
the channel downstream of the stilling basin should be determined.

4, OQutlet Works. The outlet works examination should include all
structures and features designed to release reservoir water below the
spillway crest through or around the dam.

a. Intake Structure. The structure and all features should be
examined for any conditions which may impose operational constraints
on the outlet works. Entrances to intake structure should be examined’
for conditions such as silt or debris accumulation which may reduce
the discharge capabilities of the outlet works,

b. Operating and Emergency Control Gates. The structural members,
connections, guides, hoists, cables and operating machinery including
the adequacy of normal and emergency power supplies should be examined
and tested to determine the structural integrity and verify the opera-
tional adequacy of the operating and emergency gates, valves, bulkheads,
and other equipment.

¢. Conduits, Sluices, Water Passages, Etc. The interior surfaces
of conduits should be examined for erosiom, corrosion, cavitacvion, c¢racks,
joint separation and leakage at cracks or joints.

d. Stilling Basin (Energy Dissipator). The stilling basin or other
energy dissipator should be examined for conditions which may impose any
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 existing condition of the cbannel downstream of
the stilling basin should be determined by soundings.

Figure A2. (Continued)
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e. Approach and Outlet Channels. The approach and outlet channels
should be examined for any conditions which may impose comstraints on
the functioning of the discharge facilities of the outlet works, or
present a hazard to the safety of the dam.

£. Drawdown Facilities. Facilities provided for drawdown of the
reservoir to avert impending failure of the dam or to facilitiate repairs
in the event of stability or foundation problems should be examined for
any conditions which may impose constraints on their functioning as
planned.

5. Safety and Performance Instrumentation. Instruments which have
been installed to measure behavior of the structures should be examined
for proper functioning. The available records and readings of installed,
instruments should be reviewed to detect any unusual performance of
the instruments or evidence of unusual parformance or distress of the
structure. The adequacy of the installed instrumentation to measure
the performance and safety of the dam should be determined.

a., Headwater and Tailwater Gages, The existing records of the head-
water and tailwater gages should be examined to determine the relationship
between other instrumentation measurements such as stream flow, uplift
pressures, alignment, and drainage system discharge with the upper and
lower water surface elevations. '

b. Horizontal and Vertical Alignment Instrumentation (Comcrete
Structures). The existing records of alignment and elevation surveys
and measurements from inclinometers, inverted plumb bobs, gage points
across cracks and joints, or other devices should be examined to determine
any change from the original positica of the structures,

¢. Horizontal and Vertical Movement, Consolidation, and Pore-Water
Pressure Instrumentation (Embankment Structures). The existing records

of measurements from settlement plates or gages, surface reference marks,
slope indicators and other devices should be examined to determine the
movement history of the embankment. Existing piezometer measurements
should be examined to determine if the pore-water pressures in the
embankment and foundation would under given conditions impair the safety
of the dam.

d. Uplift Instrumentation. The existing records of uplift measure-
ments should be examined to determine if the uplift pressures for the
maximum pool would impair the safety of the dam.

e. Drainage System Instrumentation. The existing records of measure-
ments of the drainage system flow should be examined to establish ‘the

normal relationship between pool elevations and discharge quantities
and any changes that have occurred in this relationship during the history
of the project.

Figure A2. (Continued)
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f. Seismic Instrumentation. The existing records of seismic instru-
mentation should be examined to determine the seismic activity in the
area and the response of the structures to past earthquakes.

6. Reservoir. The following features of the reservoir should be
examined to determine to what extent the water impounded by the dam would
constitute a danger to the safety of the dam or a hazard to human life
or property.

a. Shore line. The land forms around the reservoir should be
examined for indications of major active or inactive landslide areas
and to determine susceptibility of bedrock stratigraphy to massive
landslides of sufficient magnitude to significantly reduce reservoir
capacity or create waves that might overtop the dam.

b. Sedimentation. The veservoir and drainage area should be sxamined
for excessive sedimentation or recent developments in the drainage basin
which could cause a.sudden increasé in sediment load thereby reducing
the reservoir capacity with attendant increase in maximum outflow and
maximum pool elevation.

c. Potential Upstresam Hazard Areas. The reservoir area should be
axamined for features subjact to potential backwater flooding resulting
in loss of human life or property at reservoir levels up to the maximum
water storage capacity including any surcharge storage.

d. Watershed Runoff Potential. The drainage basin should be examined
for any extensive alterations to the surface of the drainage basin such as
changed agriculture practices, timber clearing, railroad or highway con-
struction or real estate developments that might extensively affect the
runoff characteristics. Upstream projects that could have impact on the
safety of the dam should be jdentified.

7. Downstream Channel. The channel immediately downstream of the dam
should be examined for conditions which might impose any constraints om
the operation of the dam or present any hazards to the safety of the dam.
Development of the potential flooded area downstream of the dam should be
assessed for compatibility with the hazard classification.

8. Operation and Maintenance Features.

2. Reservoir Regulation Plan. The actual practices in regulating the
reservoir and discharges under normal and emergency conditions should be

examined to determine if they comply with the designed reservoir regulation
plan and to assure that they do not constitute a danger to the safety of
the dam or to human life or property.

b, Maintenance. The maintenance of the operating facilities and
features that pertain to the safety of the dam should be examined to
determine the adequacy and quality of the maintenance procedures followed
in maintaining the dam and facilities in safe operating conditionm.

Figure A2. (Continued)
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Concrete Dam

Upstream face

Downstream face

Crest
Roadway .
Walks

Parapet wall

Lighting, etc.

Galleries

Concrete

Metalwork

Electrical

Ventilation

Drains and drainage

Elevator shaft

Metalwork

Equipment

Safety inspection

Abutments

Foundation at dowvnstream toe of dam

Leakage around dam

Location

Amount

Measurement methods

Performance instruments and devices

Uplift measurements

Drain flow

Figure A3. Concrete dams checklist (Bureau of
Reclamation RO&M Program)
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UPSTREAM FACE

DOWNSTREAM FACE

General condition

Seepage
CREST

Offsets
Roadway
Walks
Parapet wall
Lighting, etc.

GALLERIES

Concrete
Metalwark
Electrical
Ventiladon
Scepage . -
Drains and drainage (all
drains should be open)

Frequency of cleaning or
probing

FOUNDATION
TUNNELS

General
Scupage

INSTRUMENTATION

Steuctural
Seepage

ICE-PREVENTION SYSTEM

OTHER
ABUTMENTS
FOUNDATION AT Left Right
DOWNSTREAM
TOE OF DAM

Leakage around dam

Locarion

Amount

Measurement methods

Joint patterns
OTHEL

Figure A4. Checklist for examination of concrete dams
(Bureau of Reclamation ~ SEED Program)
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Hole in Wall - Complete deterioration of channel wall/side slope
to backfill,

A Low = less then 0.25 sq. ft. in area

2 ke

Med, - between 0,25 sq. f£t. ad 0:50 sq. ft. in area
figh - greater than 0.50 sq. f£t. in area

Extent of Exposed Steel - Daterioration of chamnel wall/side slope
to reinforcement steel.

longitudinal steel 'Irarsverse stesl
Low = less than 5 f&. in length ‘Less than 2 bars/slab
Med, = 5 to 20 £t. in length ’ 2-3 bars/slab

gl g0 JOY PRSP

g ool

High = more than 20 ft. in length Mcce than 3 bars/slab
Condition of Exposed Steel — Deterjoration of ixposed reinforcement steel.
Low = any reinforcement steel exposed

¥
®
§
#
#

Med. ~ reinforcement steel shows excessive corresion

Righ « reinforcement steel completed, corroded through

wian, « Dotoricraticn of chon

exposure of steel\:m ‘
low - less than ) sq. ft. in area and less than 2 inches in degth
Med, - greater than ) sq. ft. in area and less than 2 inches in depth
High - greater than 2 inches in depth
Cracking in Wall - Horizontzl and diagonal cracks.
low - less than 0.02 inch in width and less than 24 inches in length

Med, - less than 0.02 inch in width and greater than 24 inches in
length or between 0.02 inch and 0.10 inch in wvidth

High - greater than 0.10 inch in width

Figure A5. Channel wall or wide slope distress
(Los Angeles Flood Control District)
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Joint Seal Damecy - Ground ‘mter seepage through channel wall/side
slope "oints,

Iow = evidence of rrevious seepage (small amounts of debris arcund
joint cracks)

Mad, - water and/cx backfill material trickling through joints
mgh-s-qrand/crbnckﬂlluuﬁalmimﬂm:ghjomu

Jaink Paulting = Movement of charmel wall/side slope detected at
construction joints.

Low = less than 0.50 inch differential between channel walls/side

‘Mad, -~ Datween 0.50 inch and 1 inch differential between channel
wells/aide slopes

Bigh = rore then 1 inch differential between chanmml walls/side
slopes
Weep Moleg/Rxient Xetivity - At chanmel wall/side siope weep holes,
two problems can be detacted: 1) plugging of weep holes so that ground
water could build up behind the channel walls/side slopes; 2) turmeling
throuch weep holes by rodents so that there may be voids in the backf£ill
suprorting the channel wmll/side slope. .

Low - less than 10 percent plugged or
minor debris deposition on invert slab immediately below weep hole

Mad - batwmaen 10 & 25 percent plugged or
medium detris depcsition cn inverT slab

High - gmte:thanZSpam:plugged&
larye debris depoaition on invert alab

Saparation at Side Inlets
[ow & Med, ~ no apparent separation at inlet comnections to channel
wall/side slope nor differential separation within side
inlet

High - any apparent separation at inlet corinecticns or
differential separation within side inlet

Voids behind (hennel Wall/Side Slope - Inspection made from atop channel
to detsct weids bahind channel wall/side slope, settlement in parallel
and abutting access road, or settlement of side slopa.

Low -~ less than 2 cubic feet or void or settlement
Med, - becween 2 and S cubic feet of wid or settlement

High - greater than 5 cubic feet of wid or settlement -

Figure AS. (Continued)
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b

rcility v VER G0 WASY . mu” /gig

*Section Limitsr JRECUER M)Aﬂﬁn 2ibr44) 70 kit Basso Ky (5 2B ie8huction ro. _2

Type of Ownrwlt Jectanyular Trapezoidal

S0t Rottom Tramaoical Canvwls Yes N X Flow Condition at ) None

Low Flow: Defited Low-Plow Charel ¥ Undetirad . Tiwe of Lnspection Minoc In Low Flov X
mjoc in low Plow

Irepectad bys 2 NUGHES myor
et Right Chanrml Lelt Channel
valed tys DL Top Walked byt Top walhed Dyt
CRANNEL IMVENT DISTRESS TYPES - !
beverit T rveNtS
Cie. LS BAL {Clrele Appropriate Oo==srts as Provided
NO, Dixtreas Mo ! Ywa! tow | Med{Nigh of Provide Comsments)
1A jHole in
Irwere 1“1 ¥ « ivitnin Contined Lowtlov:  Tes No
A jixewnt of ¢ Adjacent tor Channel wWall ter Line
B, Steal ” v Xiousy Stwn Charvw! bqiT'b_G"!—n ot _Line
A [Conuition ot v
£ d_Stes) e
W jspalling s
Pieeing d el
SA jScaur in
Los-Plow bt v | ENTIZE LENGTN OF LOW RO
A {Cracxing - Ad)acent tos Critar [tom
Longitudinael et 10wdy Btwn el vall 4 Center Line
A [Cracxing - - A Adjacent tos ter Line
Trarverse Hioway Bown 1 Wall & ter Line
A |Graund Weter
v Thuoughs _ Joints Cracxs
3 [Jaint EWSLY TDINT COMAED WITH TAR ~
Paulting et LAL 00 ML T
108{Bulging v |
jlattiRignt
CHANMLL WALL OR SICE SLOPE DISTRESS TYPES walllwall
1B Wl In
wall/Siove | v Necrs  Toe Top
o |Extent ogml A A ./ oo
48 [Condition
1 Boos.d Steed| | Y| ¥ v
48 |Spalling of
sall/Sicpe el SOUE SALLING Ha%S B RTELED il B
8 {Cracxing -] Hoe | sontal Dlagoral v
o jJoint Seal .
Deage
T Hine .
Faulting g -
53 {weop Holes/ o~
Rodert ACt Wean Holes Plugoed Rooent Activity
T 5% [Separation ac _
Side Inlats
T 18] wehig : N Wids
mll/Slcoe &E Settleoment: Access Road . Side Slooe

*1f a secsion of inwect or channel top is not accasalple for irwpection, indicate the reseon
for lack of sccees and any apparent high clstresses On a shetch, *

**All Med Distfses types st De cocsxmted on # ixetch,

#9°411 High Distrees CyDes mumst be photoyraphed and documsnted on a skatch.

SECTION SKETCH
185 &8s @ ?fgu
guu-—o *z«..m%‘ uﬁi Q_’wxg

/ &M
£ s
- mmw&ﬂw,m&'&,mfmﬁ/&f-wm&ﬂ:w

UPSTRELM 2205804

Figure A6. An example sheet of channel inspection
(Los Angeles Flood Control District)
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Romarks (Record any change from pre~

. CONDITIONew vious inspeccions or condition that
4 d

FEATURE li < [ g |[shouid be corrected)

Upstream Face1

|Dovnstream Face1 ;

Deckl'z'3 I
i |

0 |

$13yuay

Piers and Training Walls

*Drainage Gallery6 l

pstrean Slove

. |
wnstream Slope

<
gkspaca

. 4
Roadvay

}bu:nents5

vorth & Squth E

1. On concrote surfaces look for spalls, cracks, leaks, or movement at Joincs. Upstream face cc
be inspected from a boa: semiannually st high and low reservoir.

2. On concrete decks, walls, floors, and ceilings check condition or drains, gutters, and joint
filler.

3. Check paint and anchorage of handrsilings, steel ladders, steel framing members, pipes, and
gracing.

4.0n embankments check for subsidence of slopes, spalling or movement of riprap, erosion on
slopes, settlement or cracks in roadway, and springs or wet arcas on the downstream slope,

5.Check abutments for erosion adjaceat to the dam and for springs or wet areas on the downstrear
sidm,

6.1r jalleries check for leaks and condition of drains anc gutters, ladders, lighting, and
sump as well as icems noted in No. 1 above.

7.Check condition of riprap and training walls.

Figure A7. Inspeciion checklist for /A
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UPSTREAM FACE

Vg REMARKS

SURFACE CCNDITION

CRACKS / SPALLS

JOINT MOVEMENT

ADDITIONAL REMARKS:

DOWNSTREAM FACE

s|u REMARKS
SURFACE CONDITION | x
CRACKS /SPALLS | =x
JOINT MOVEMENT |=x
LEAKAGE x
ADDITIONAL REMARKS:
ROADWAY
s|u REMARKS'

SURFACE CONDITION

CRACKS/SPALLS

JOINT MOVEMENT

ADDITIONAL REMARKS:

Figure A7. (Continued)
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DAM INSPECTION CHECKLIST Qate |
NAME OF DAM
EILENUMBER . COUNTY CLASS
WEATHER & SITE CONDITIONS .
INSPECTORS
OTHERS
[Ipr~ ACTION
§k| CONCRETEDAM  TYPE "
5&4 o z| S
52 cHECK/CIRCLE y HEH
=1 CONDITION NOTED OBSERVATIONS HEE
o« Zz
- w detef10rated (oints
] 2 crackingssnalling
=1
- detenorated (0ints .
: cracking/spailing
g poGr aignmaent
Q
datenorated |jonts
w cracking/soalling
@ 2 seepage
Qu
= o vegetation/erosion i
b= o sloughs/shides/cracxs
a E seepsge/welness
<3
na erovion/undermining
sespage/weiness
8 foundation drains
-
o deteriorated joints
. e cracxing/spaihng
;' 5 sespage
Q.

GENERAL COMMENTS. SKETCHES & FIELD MEASUREMENTSI

Figure AS. Concrete dam inspection (Ohio Department

of Natural Resources)
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[
g‘ 5 PACILITY DATE
d
6 o INSPECTOR
g2 °d
. é. rt Note: The items listed belcw are to be inspected to determine
Q :‘x’?: 9 N 1f a change has occurred or an unusual condition exists that
9 o N 2 requires maintenance, improvement, or further investigation.
a 2v 8 ﬁ On items marked with an asterisk (*), notify G. O. Hydro
,5 38 3 ; Ganeration Department of any adverse condition.
i B3

1. Intake

a, Log boom - submergence, condition, continuity, anchors

b, Trash rack - clear of debris

¢, Trash rake - cperatiocn, maintenance

d, Watar surface staff gage, recordar, floatwells

e. Ixcess flow device - operation, settings, pitot tube
flushing

£, Heatexs

g. Cates - condition and operability, to include
electrical and machanical equipment; is gate at proper
alevation; periodic operation

h., Cables - condition and protuctive coatings

i. Lubrication (Bull. #6)

j. Standby motor generator - maintenance, operation

k. CSacurity - fencing, locks, unauthorized entry

1. Communication equipment and alarms - operability

m, Batteries and charger - corrosion, water

n. Housekeeping

6. Vortexing or unusual sounds

p. Structural stability - cracks, movement

q, Oparator and accumulator tank

r, Other electrical and mechanical equipum:

s, Operating nstructions

Figure Al0. Water collection inspection checklist (PG&E)
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¢
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QO Ow
- L he)
I xxn [
> WO e
s 0> 0
0o xXe @ -
Evs L] 1] L)
Uﬂh M .g
g8y 8
!-Aﬁ -4
- v
gEL 2 g
6 2a Q ]
2. Patrol - review frequency and method
3. Gates - spill and croses
4. Racorders, float wells and gages
S, Alarms < operabllity and settings
6, Grizzlies and trash rakes
?. Rodent control on bherm
8, Vegatation control, including hazard trees adjacsnt to
canal
9, Leakage or wet spots -~ on of bhelow berm
. 10. Deer crossings and escapes rampe - damage

11, Eroaion and slides -~ banks or berms

12, Plow chestructions and restrictions

13, Ganaral housekeeping, debris diaposal

14. Diversions - authorized,unauthorized (SP 028.43-1)

1 av Flivema
- DT TN

16, Spilliways

a., Flzehboards or gatesg

b, Chutes gecure from public antry

-

c. Erosion

d. CObstructions in channeis - vegetation, dsbris

*g¢, Channel encroachmants

£. Remota controlled facilities

9. Praquency of operation for rights (SP 483-1)

Figure AlG. {(Continued)
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¢ 5 4
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o 24 48 )
17, Flumes
a. Leakage

b. Condition of sheets

¢, Substructure - condition

d, Settlement

e, Pootings ~ erosion or ground movement, Clearancas
around footings

f. Walkways and handrails - employee and public safety

g. Warning signs, public safety

18, Siphons

a, Foot patrol

b, Air valves and vents (Bull. #30)

*c, Lsakage

*d, Supports and anchors

e, Expansion joints

*f., Ercsion and slides

g. Protective coatings

h. Drains

19, Security-fencing and locks on valves, gates, etc.

20, Wire and radio comemunications

2L, Unauthorized activities in vicinity of canal - logging,
roads, drilling, blasting, etc,

22. Coppexr sulfats feeders

2). Condition of trails

Figure Al0. (Continued)
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APPENDIX B: CHECKLISTS AND EXPLANATORY
MATERIALS FOR ROCK AND EARTH DAMS

Bl

........... o L G LG e e .

T Ten e al - -
LR ST o L N MR S S S~ N ) LA MR ST S M SEMP RASY SSEE MER Jentr MGG SRS S MEEX MG mh osen ani e en s s aa oms oo oant



.
LR IR

| »
Lwaa

-

(3912351Q 3771AUSEN) £103STY Naom adupuUdIUTERK *1g 2indTg

GANOJHOD OHIYYIPF MYOQUUN HI3A JLJHINOD 031viu3130 03¥1vdly . . . -
T331S ¥YINIINOH v10238 HILF 1330S 030038H3I NO NOTIVIIAYD 03¥IvYsH DOine Onw/932/40

CHIGLT/40

/7 SIIR ¥I0T 13338 GVINNING IAWA 4201 IR

¥d 002d -0 SMINN € ONV SINYIVIS DOZ BN J0_SLINN.SI HLIB_SINIOL_ 038004 [3 % 3 S DLLLS __ __ _2H/22/L10 . ___28/6YZ410_

1018

-QY3IHATINEG SADVA_TA_NM3AZR M2AAT LY 3INIT YILYH_AQIIU_HILYD (131 FddY 00:v9 L0381 1usnesvn INLEZ/80

- e = w e e = e momy m = = o= o= -~ - - - e - -

1IYNUNYT HEEZ2-C NOZIVLS OMY 1IVA BIATE
HLTVS-C YAS WEEBZ+C VIS 64=0 NOILWIS_ 1Y SEINIQEL HAIICHAH_QIINGHY 00:2L9 .

T T R . T T O,

A S

.- e oo DHLLZLND - 0BZL207140

— e e e e e e e e e e . = AL MDUY__ _ SANLUL MITIGKOH_ V0GP

9070 SNOIIY¥IS0 =0 SIIVEL ¥OI» 31X U3INIY4 UNV O WIAYD Q3L5YINONYS - THUAL €001 onszoszol VR
/ 7/ T TToTTm T o mee €2 3 m.&M: !m.-ﬂv - T ’ SV Ve UL 0P
. _  .OvYQuHIRIEeS __ _. . . e
U0 JQ IVACHSY AU 1457 yugl: ©7Zvewedl NI 3T0M QIMSINI 5 GNY O 34Nn0d 002* 11 nereg 1792714 s

e e - SH3IT3HS _JO¥AN0GD. 032XAdAN_ . .. ——— D000 ___ 000t DULGUI/NG QU2 VAR

e i = e -==S2.0 9QT 39U ___ZYUL X _INDI SHOLTS  sQuOD tuf

NCI1d1HIS 30 X¥OA ) © T T 1s03 MW WY FUudNGN  WNT fONA ORI WHA 30 930 wy 1e
316 JAS  IfI3vsrhwm T AT ey “wIuNON a30cH NCIEIVIOT JYNIYIONIRON  *ON 1100
-3avd . . .. ; e e+ e . e o e ..~ RJ0T WYY S2M%AH
£971€/21 ONIONI GOLUIS
Tttt T T T T T iisis 3ONVNIINIVH IATINIA3Ng T T

B2

r3

=




(ponutauoy) °*19g 3and1g

S39VHOHINY NI 1¥O0ddn

£e/50 NS NO S110U 3ISD07 ¥OJ 1DIJSNI 1
£9/50 RTELLEL u>..uuuua u
VR/T0 511

SUI3R _NINOUYW YOI 1D)345N1 HO
1

]
-t T T/ ‘Aiioisid vu0143130 *1€ny vod 133a8nl " 50

A1101918 3

== STIVA %307 T SB3ADI 3 SOMIIVE T T
£8/50 _ muu<¢o=mmm.wamm¢oamam NO $3706 3SQ01 HO4 123dSNE_ _ 1@ .
- te/50 SU38HIH IAT133430 § S03A NINOUG wod i33aShi W - T
v8/50 AL101914 3 NOJA1YYOIY3130 ‘1sny zmx-wmummz_ 24 I
_sSmwh woer SI¥0ddYS ¥ _S3HYHd = Ziel A

T T - ‘8750 ciovuoHo Ny SNIi¥6adnS "0 €100 3$007 #0J 313348NTT T IR T — T T
£9/50 SHIBHIN 3A1133430_3 S0OIIN N3INOWE ¥O4 133dshl My
v/t o0 »_qaaa_g ] zq__muaqd _uc..mw 803 1 23451 S5hH ) T
T TTrTTTT T s TE T T TTTT o oTTmootm T o Jaom.uua4|| T OTERVIE T €3990 aninowve wz 0l pn

1183
NIV Y
g

e e +8/€0 ... 313%2002 do NOTRVHOI¥3130 ¥
.u\na mz_<=oouu¢mnm.mx

1yl 4 ¥I3IH) 12
g

0 0
3 04 ¥2IND 11
K}

NOY Ay
¥34 3 8t

TSTAVR NIOT

Fidavivo 3 sasikNnd s1el e

-‘

vB/50 . NOISYHEY ¥0 ONITIV3IS *53IvYud MO NI3IND e
v8/v 0 o3 0Y Y u_<._g‘u<m of” aum_zcum|WAa>=u_z_ Iv Nvy313 vy

€39vy 3711 (A4 L]

T : - T/ a:::u m..;.«: 3ot

e e vB/c0 !mmw«uzcu 40 z=-<zmmuwwuo 3 .mzqua .wmw«zu B0 ¥I3WD 2y .

. ) - .. e e e :¢|u=-:H:uU|-w.mB..ll| . SIS 31vY vorl Ian
s 310 °dsNi isvl . oumwacuz $331A¥3S _*a) cdsMl i
H3BHAN 314 . ¥Y3OHAN IYI¥3S _  W3aHnN _7300: . NOlt¥d0l .. __ 2¥n1vIdN3HON _ ¥3MAN 0¥INDD
B 11 20 - T ) [ ; »op 1 HYE §11F

B3

R

L3R Bt




LN

ol

L8
»

et i
A

WA
XIETA

e e
PR AL

TRV,

& 2iad .t
AFITIRK

&

T

Pat ot 8 ‘.._JJ..‘:'.' RASAY Y

e VAR A

RSN

AR R G I A L R

(PonuIlu0)) °1g 2anB1g
B L. 4 Y 8780 _ ... .. _aDnvaonY WOJ 1S3 34103 M3va g%l 99
L e } .. .d1Nb3 3 _Ovd WIKI S1S3A 3313 szoy WM
vVU/t0 fo/711 SH¥3ON1J YOIDOVINOI ¥3IT110¥INOT ¥ SONIY J11S HOIOW 13345N] 93
) vu/50 £8/11, - e 3 JUYD_IOVINYH §334SNI 34 e e
vB/T0 fe/7i1 SONINTY HILIATY 7 SIAVIAS 40 BY3R ¥0J 1934SAHI 03 T
+8/50 £8/11 S3NVVE 3 ‘SINIYYIG *SYV3IO_JO ¥YIN _WOJ 1I3IJSNI_ 23 e
$5333¥ AWINIHIVH S11ND 39V INVYH 33YVE 005 a0
- te/z1 $8750 SUITV3H 933615 13 IR
£8/21 £8/50 ONI300¥d JUNISIOH ¥04 SIVIS 3_SLIINSYI_%IIHD S23 i
tes21 te/co < ooy 030¥3yHT 31vdIEanT i - ==
- £9/21 £6/59 ONIYIR I¥DI¥1D37]) 1My %230D 03
€8/21 €v/5e AWYSSIIIN 31 JOVId3IW B0 S1IviNOT 11V Rvii) d3 T Tt T
e _surzy £8/560 . . ___ ¥3A0D 3M0HIW 03 L
. A e e, o . __JvH ¥3dD WA 3 VO L3nopine SIHITY v20e un
: o f9727 T9/50 T STV 93803 30 1IWSYT J00Wd 43l ¥3n Woamd N3 T T T -
U 723 €8/SO . .. _ . HILSAS 9MISYIR 3 S1INIBID 3¥IIYLIIINI ¥I3ND Hi
tyset U750 B010R "3 "XI0M3D Ihvin H33 A EE : ’
£8/21 €9/50 . . _ . T23HA YO NY¥O0_INYHO INIBNSIS AN ¥ LGN XD 2D 3
fe72t . R/50 BVIRA I SITOIT O WAB0 Inwka woamd rd
. __tu/szy €9/50 . .. _SiNiod 10Ald MY _I0 ¥ HY3ITID “HIA0D 2A0HIN 13
£8/21 $U/50 SI0HS 3nvyd Fo NCISHIT ¥ SONINI T 3IAVEM Jd yvar vann n3
-t T - ) TTtoTT T T oaWHTENEO IR Y T IavA 3 Sivo S3dvuy 8¥¢h dun
. vg/v0 £8/60 e SJIHILIAS TO¥INGI 3 _°SONI¥4S *SN1J INILIIINNOD ¥I3HD 13
. L — e B} S3AWYA xmmd . SITMMR ISy INTLISIGH “10f R

_M3SRON 3714

35vd

U3UHN

TING JE3INe iy 31V0 *dSNT 1SV

NN Ivi¥3s

Y3IUHNN

___03¥1003¥ SIIIANIS

300k

NO11YJ0D

- = e e e = o e = m m om o=

gl

JUNIY 1DNIRUN

- - . e, e = e o= o=

“dSNI1

Y¥I3UHIN TONINGD

TONIIITRED SLivA

B4

(i S o




ket tTawn,

s JAS

ov:!l

Gl

o8l
S5l
ov:l

(L

oyl

d
(BRI

-
e
.

o

w
se ve oo
-t o

N

bhiIVINRYH

[4

13
4

4
14

t
1
1

1
t

(NIH/sHIE00YY  O:-ud dSNI

[ VA,
[LFA!
sS4/
[ ;WA
€8/l
[ WA
et

s8/1
S6/1
Sursy

su/sl
su/1

AN

310 JdSAMI

Y2IOHAN 3714

(penutluo)) °1g 2and1y
' Je L¥L 9T W 1 40 CIOLVONOCA B LMsSUE tetD e
vest ¥3dvd TIVH 25007 ¥O A1YIQ *NUG: ¥O3 WI3HD oh
st SZONIH 3 SSNIZYI0 SSNI3EDS *S3NILVY *SHI0T INIWVYX s¥
Y2 S¥s507) ¥000 3 *ScDES SONIHYES ONAOLY ONININTD 3INIHVKZ 8v
verst ON1JJINIS WIHIYIR 3 *¥31VES *SINIOF NOISNYJIX3 3INIHYX] oy
vesl SYJ018 T *SHIIVA °*YYIYOH 35001 BOJ NI3HD uv
Vsl 29vhYQ ¥IHLID T *NOTIVUNSIJSTIO0 *n30TIIH ¥O4 XIIHD NV
vesl SNIVEIS UIIEN ¢ YIISYId HI SHIVHD HGE NI Hy
$3 1 907F B340 STivA 0200 un
CEIN SU3ISITE § SNV3V 133130 01 1D:dSNI ny
$3 % 8G18 ¥:d0 SONIHSYIZ B $400c¢ IGO0 16N
verst INIVd 40 NUIATAUNGD %I3HD 9v
vyl 3911 £SNCIDY GIOVHYC MO N3XOMY ¥ SNIsIS YSELYA ¥OJ NI3HD 3
vesl ¥2iSYTd 03IVYYOIY3L130 ¥ B3ISVId NI SHIVYD BOI HI5HD Iv
$) % £07H +3d9 SONFIL 23 €700 WA
v/t NOILYHOiE3EI30 5 *a~iiild “IN1ESNQ ¥LJd INIWYXS gv
vest ONTIYIS 3 “INIHITLIL3S ‘SXIVED dUd INTLYX: vy
53 3 96716 b3dO (¥H1 % INGD S52013  ¥GOG 4R
y 3INC3HIS -NOM - 22
) UALY NN31 267 NUIIVSIAYN  1u00 18R
31C dSHI 1L 0241103y S3IDIANSS *g3 *dsSNi
sIUHAK XIECS IPHNN ) -U0H NGI1vd0d 38N1Y 1OA3HUN *ON THIND

B5

s e e W
AR

- .‘V \'r‘. LAY

-
&~

LN




. T e . Rasks dhatte g
' ”ﬂ t“. :k,!.“- !.‘Q !,".3 e WA t"- R AT S ] -.{ X ol

Upstream face

Riprap

Erosion - Beaching

Vegetative growth

4
<]

Settlement

Debris

Downstream face

Roeck

Vagetati-re growth

Crest

. Roadway

Guardrails

Curhb

Parapet wall

Settlemant

Lighting

Abutmencs

£

Seepage 2nd drainage

Location

Toe drain

Measurement

Mezhed

Amount

Change in flow

Records

Performance ipstruments

Surface serctlement points

Piezomeser well

Readings

Figure B2. Checklist for earth dam (Bureau of Reclamation)
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SEEPAGE AND DRAINAGE SUMMATION
DAM

Location(s)
UPSTREAM FACE Estimated flow(s)

Color (staining)
Slope protection Erosion of outfall
Erosion~beaching Toe drain and relief wells
Vegetative growth
Settlement MEASUREMENT
Debris
Burrows or burrowing animals Method
Unusual conditions Amount

Change in flow

Clearn=ss of flow
DOWNSTREAM FACE Color

Fines

Signs of movement Condition of measurement
Seepage or wet areas devices :
Vegentive growth Records
Channelizaton
Conditon of slope protecuon OTHER

Burrows or burrowing animals
Unusual conditions

PERFORMANCE INSTRUMENTS

Piezometer well
ABUTMENTS

Well
Frosdloor
e ) Ventilation
Cracks, joints, and bedding planes Gages
Channelization Pipin
Slides Pl
Vegeution i

Signs of movement

Surface sertlement points
Crossarm devices
(deviation, station, and offset)

CREST Reservorr-iovel gage
Ice-prevention system
Surface cracking Other
Durabilicy -
Sertlement
Lateral movement (alinement)
Camber

Figure B3. Checklist for examipation of embankment dam
(Bureau of Reclamation - SEED Program)
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SAN LUZS DAM
INSPECTICN REPORT

DATE

Lake Elevation

Legend X-No Chenge O-Change
[zem ondition Remarksl
Renuires Suk., Datailed Photo |
Improvement |Std.|Std. | Insveaticniiio.
rez=

Tnhznsant

Dzunzer2am

Uesorac=
seulS2. 0

Groins :

Unzsrenn

Rirns

Last

rymgh team

Rizhe

Lot

SnAds g =

crngt

Sltiran meant

Unztrean

Groine

Uostream

Right

Lert

Figure B4,

. -\,:‘q.: ‘F::‘u\"\;‘(l:'{‘:“..‘..-‘:-N.:\I-‘.u.\-;P'I"Jl{-l' SIS ETR

California aqueduct project surveillance
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DAM INSPECTION CHECKL!ST ?».r:vq
NAME OF DAM
FILENUMBER . COUNTY CLASS
WEATHER & SITE CONDITIONS
INSPECTORS
OTHERS
Y o ACTION
= EMBANKMENT e DIKE e LEVEE w
=Q ]S
“aiy . x| @ =
b X7 R R
Q CHECK/CIRCLE X1Z|w
wZ| CONDITION NOTED OBSERVATIONS 1912
O«
- VOOELBTION/ NOran
w beacmnq/siices/cracks |
@< UNGMINNNG/ CrOSON
Sa
-] UTR/SrOmon
5 crecR/ settioment
- 500* slignment
Q
- YOQEUITION/ eroe:on
ro0ent buTows
23 3060698/ wethess
Qo
|- o 0 Breo
4 orc_on
g 3080000/ wetness
[~}
] g erosion
- 300G T/ Si0es/ CTACKS
25 008G/ wethees
<3
O cracKa/ampe
emuenkment aruins
g 1890804/ W RS
h 1

|_GENERAL COMMENTS. SKETCHES & FIELD MEASUREMENTS |

Figure BS. Ohio Departmeut of Natural Resources
dam inspection checklist
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DAM INSPECTION CHECKLIST i

TIMe e

NAME OF DAM
FILE NUMBER INSPECTORS

ACTIOM

MISCELLANEOUS AREAS

P
¥

CHECK/CIRCLE
CONDITION NOTED OBSERVATIONS

REPAIR
MONITOR
INVESTIGATE

prazometers
beoaidd
monuments

Linoni- LcHECK ~REA

ranviall
pool level
stream

SFOMON/Qrouna Cover

vIRISr QuLinty

SHORELINE |GAGES |TORING |AS INSFECTED

Uwarteat{pocL ann L

D/8 AREA |SHED

notification list

CYSCUSLION Dian
Matenale/ squioment "
ACCONS rOC tO Gam

ZIPLAN

ERAL COMML TS, SKETCHES 4 FIELO MEASUREMENTS |

'n EMERG. L

-

Figure B5. (Continued)
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Are there any surface cracks?
Is there any unusual movement
or cracking at or beyond the toe?
s there erosion on upstream

faca from wave action or changes
in pool level?

is there erosion from runoff,
either guilies or bare areas?

Is there erosion from traffic
{people, animals, vehicles)?

Are there any animal burrows?

Remarks

May indicate movement with-
in the dam,

Dam or its foundation may
be unstable.

If severe or rapid, a serious
problem,

Erosion of any sort is a prob-
lem, as it tends to get worse
with time if not corrected.

Any erosion is serious, as it
will get worse with time if
not corrected,

May provide passageways for
water into or through the
dam,

Rk Soff Akt R

FN R R AL € P N AL ol S At

Mainteriance Tip

Should be evaluated hy a
professional engineer.

Should be evaluated by a
professional engineer,

If severe 2nd progressive, pro-
tect upstream face with rip-
rap or other form of wave i
pratection.

Improve grass cover; reshape
embankment to improve |
drainage pattern,

Tey ¢, keep all types of
traffiv to a reasonable level.
Keep vehicles off dam. Stab-
bilize crest rvads to prevent
rutting. Prohibit recreational
vehicle traffic on slopes. Keep
livestock off dam. Fill in ex-
isting ruts or eroded areas
and reseed.

Fill burrows with earth or oth-
erwise biock entry.Try to keep
woodchucks, muskrat and
beaver away from the dam.

If pronounced or progres-

O [ Are there depressed areas on the May have resulted from siope _
dam? failures or settlement, or even  sive, should be evaluated by

riping, a professional engineer,

O O s there sny cvidencs of piping? Pining e internal arosion Piping ie alwave 2 sericus
{This condition is evidenced by a within an embankment, or co_ndltxon, which can lead to
muddy flow through the dam the progressive removal of _ failure of the dam. A piping
and/or the formation of soil soil particles adjacent to condition should be evalu-
deposits beyond the dam and leaks hrough a soil mass, ated by a professional engi-
depressions on its slopes.) neer,

O [ Does the crest appear to have Crest movement may indicate Should be evaluated by a

shifted or settled excessively?
{Look for cracks in the em-
bankment and associated struc-
tures. Compare alignment with
plans if they are available.)

a stability problem. How-
ever, someg settlement of a
new fill, such as an em-.
bankment dam, is normal.

professional engineer,

The embankment (Virginia Bureau of

Figu-e B6.
Water Control Management)
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Yes No

O Q4 _if the upstream face is protected
by ripsrap is it in good condition?
(Riprap is a layer, facing, or pro-
tective mound of stone in ran-
dom siz« pisces, randomly placsd
to pruvent erosion, scour, oF
sioughing of an embankment or
structure.)

Q O if there is riprep in discharge
channeis or in the plunge ponl
downstream, is it in good cone
dition?

0 O f drainags channeis at ends of
embankment are protested with
riprap, is it in anod condition?

O QO If there is riprap in miscellansous
aross (on downstrasnr siope, on
crest, o1c.) it it in good repair?

3 O if thers are any drains to coilect
and remove seepsge, are they
operating properly?

O QO [ there are foundation drain out-
lets, are they cisar and flowing?

O (O Are thers wet spots or areas on
the downstream facs, at the toe,
or beyond the dam? (Such spots
are oftent indicated by a change
in color or type of vegetation,
such as from grass to cattails.)

O O Are there seeps or springs with
flowing water? Look closaly for
these at the ends of the dam,
around any pipes pas~ing through
the embsnkment, on down-
straam face, at the toe of the
dam and beyond, and at the base
of trees on, nesr, or below the
dam,

0O O Is there swamp or marsh type

vegetation on downstresm facs
or beyond the dam (catrails. tall
grass, e1c.)?

Figure
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Ramarks

Effectiveness is lessened if rip-
rap has slippad out of place,
kas besn undermined, or has
become overgrown  with
brugh,

Has riprap stone been dis-
placed or overgrown?

Drainage along abutments of-
ten causes gullying if there is
no protsction.

Check plag for the prosence
of drains, or sawch the dmn
to see if any are prrsent.

Foundation drains’ serve to
coliect seepage  passing
through the dam and conduct
it away from the embank-
ment.

Some seepage is normal for
an earth dam. Be concerned
if it appewrs 1o be excessive (a
lot of standing water; very
soft and marshy aress; evi
dence of a seepage line high
on the downstream fzce).

Flowing seeps or $pYings may
indicate problems, and should
be observed periodicaily for
changes in rate of flow or
muddy flow. Creation of an
impoundment often causes
changes in the water table
nearby.

Swamp type vegetation indi-
cates the presence of seepage.

B6. (Continued)

B12

Maimnance Tip

Restore riprap as nocessary,
keep free of trees and bushes,

Restore riprap as necessary;
keep free of trees and bushes.

Riprap or other forme of
siope protection should be
restored as necessary.

Res’ e as necessary.

Yeep druins clesr of any
BMuckages and  operating
properly.

Open outlets 10 such drains if
they have become covereg or

damaged.

Observe saepage aress periodi-
cally to datect changes in the
amount of moisture, n2w
flows, or muddy flows. If the
upper limit of seepzge is fair-
ly high on the downstrezm
face, the dam ray be un-
stable,

Monitor seepage closely for
any changes in amount, rate,
extent, or clarity. Excesive
or turbid sespage, or marked
increzses in rate of seepace,
should be evaluated by a pro-
fessional enginear,

Cut frequantly to make ob-
servation of the area easier.
Such growth can hide pro-
blems,
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Earth Dams
L
Upstream Face

O Fireeboard

O Wave Action

8 Slope Protection
3 Animal Burrows

Crest'

O Erosion
8 Slumps
O " Cracks
3 Movement

Downstream Siopes

Abutments

Slope Instability (slumps)

Settlement

Slope Protection

Leakage

Seepage - Embankment, toe, and downstream valley

Erosion

oacaoog

Spiliway Structure

O Primary Qutlet - Iniet, and Trash Rack

QO EMS - Approach channei, outiet channei, conatrol secticn, and erosion
O Stilling Basin - Scour and Ercsion

O Reservoir Drain - Operational?

Concrete Dams

f‘.{V‘uY‘.!,h\gu W W N q‘&.}" .\‘)'—. RS ."’\\.V\‘. AR , - K . PR PE YL PR
.,

Eg gacek§ Top - Surface Condition Outlet Works

rackin ) o
0 oeteriogation O Spiliway-Type and Condition
O Tilting - Movement 0D Gates - Method of Operation
O Joints O Stilling Basin
O Abutments 8O Energy Dissipator
0O Leakage
3 Seepage
g Fougdgtwon

Figure B7. HNorth Carolina Department of Natural Resources
dam inspection checklist
B13
-d'»‘, - -""' r'.' -,

xxxxxxxxxx

--------------------
.....



"

'

i

TSRO RN

'
K

e e

AN

YAl

S N AN T N

S ATAHA

NG
‘*

v

»~

g}
A

LALw .

TR R TR

Y
-

Sl

A

o

b b AT

(s@>anosay TEIUBWUOITAUYF JO
juswiaedaq vTUuBATASuuad) uorizdadsur Jusunjuequy

*gg 2an81g

STUNHIVE JVULIY 1

euozjIon
1e210A .
SINIWNOTIIV LSO

sedolS jusunnqy NS

sedo[g jusujuequ’) I3
INOISOUT YO ONIDNOILS ..
4 b

l ,'.Q

0 b

40l qi1d. 1

ANOXIT YO LV DNBIDVUD 1

O LNIWINOW INNSNHN

.

SNOLIVGNIWHWODOI U0 STuVAT |

BNOLIVAUASHO

4
BADOWID UOV.UNS o
30 NOIIUNTAWVRA ‘TVISIA o
¥
¥
A
4
¥

YA T HT X M .
M it Qo Wi wam-f




ITEMS TO ADDRESS

PROTECTION
.UNIFORMITY
DISPLACEMENTS
CRACKING
EROSION

LOCATION

CHARACTERISTICSOFAR A

(i.e. SOFT, BOGGY, FIRM)

QUANTITY

TRANSPORTED OR
DEPOSITED MATERIAL

EFFLUENT QUANTITY AND
COLOR

DETERIORATION
ACCESSIBILITY
CONDUIT LEAKAGE
AROUND CONDUIT

DETERIORATION

CONDITION OF CONTROL
SECTION |

CHANNEL PROTECTION

Figure B9.

AREAS OF DAM

RCDENT ACTIVITY UPSTREAM FACE
OBSCURING GROWTH CREST
WETNESS DOWNSTREAM FACE

CHANGES IN CONDITION

EXTENT OF AREA SEEPAGE
CONCENTRATED FLOWS

BOILS

COLOR

TOE DRAIN

OPERABILITY OUTLET
CONDITION
GATE LEAKAGE

UNDERCUTTING

CHANNEL OBSTRUCTIOM SPILLWAY
ZROSION OR BACK

CUTTING IN CHANNEL

Dam inspection report form checklist

(Colorado Division of Water Resources)

Rnidns
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PROBLEM
541

EXCESSIVE MUDDY WATER
EXITING FROM A POINT
SOURCE

5.4-2

EXCESSIVE AMOUNT OF
WATER EXITING FROM A
POINT SOURCE

5.4-3

WATER EXITING FROM A
POINT SOURCE HIGH ON
THE EMBANKMENT

Figure B9.
checklist (Colorado Division of Water Resources)

-
A

(Continued)

CAUSES & HARM DONE
Cause:

. Water has created an open
pathway, chanael, or pipe through
the dam. The water is eroding and
carmnng embankment matenal.
2 Latge amounts of water have
accumulated 1n the downstream
slope. Water and embankment
matenals are exiting at one pont.
Surface agitation may be causing
the muddy water,

Harm:

Continued flows can further crode
etmnbankment matenals. This can
lead to falure of the dam.

Cause:

Water has created an open path-
way or pipe through the dam.

Harm:

Continued flows caa further crode
embankment matenals. This can
lead to failure of the dam.

Cause:

I. Rodents, frost action, or poor
constrv<iion have allowed water
to create an open pathway or pipe
through the embankment.

Harm:

1. Continued flows can saturate
portions of the embankment and
lead to slides in the arca,

2. Continued flows can further
erode embankment materials and
lead to failure of the dam.

B16
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ACTION REQUIRED
Action:

1. Begn measuring outflowquan-
tity and establishing whether water
is getting muddier, staying the
same, or clearing up.

2. If quanaty of flow is increas-
ing, the water level in the reservoir
should be lowered untl the flow
stabilizes or stops.

3. A qualified engineer should
inspect the condition and recom-
mend further actions to be aken.

ENGINEER REQUIRED

Action:

|. Begin measuring outflow quan-
tity.

2. If quantity of flow is increas-
ing, the water level in the rescrvorr
may need to be lowered untd the
flow stabilizes or stops.

3. A qualified engmneer should
inspect the condition and recom-
mend further actions to be taken.

ENGINEER REQUIRED

Action:

1. Begnmeasunngoutflowquan~
tty.

2. If quanuty of flow 11 increas-
ing, the water level in the reservorr
needs to be lowered untu the feak
stops.

3 Search for opeming on up-
stream s1de and plug 1t1f possible.
4. A qualfied engineer should
immediately inspect the condition
and recommend further action to
be taken.

ENGINEER REQUIRED

Dam inspection report form
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STATION 16+00

Maximum Gage Rod Height ft. Corresponding Reservoir Water Surface Elevation_

Comments:

*If dry, write “DRY." If frozen, write “FROZEN.”

Figure B9. (Continued) Observation well measurements
(Colorado Division of Water Resources)
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1.

2.

4.

7.

EARTH EMBAMKMENTS

Dimensions/Shape

N ‘ “ R T Y - 5 P D
R LR TSN A IR R 1o Oy SRR TS S LN D hE T St tal Je LR LEATNS S A e N

. .
LI G

Foundation

Slopes

Crest

Seepage

Embankment/Abutment Junction

Drains

Staff Gage & Recorder

Other

Figure Bl10. Earth embankments (Kansas Divisi
of Water Resources)
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Vegetation on dike and within 50 feet bayond toe of gike

a. Overgrowth

t Requiring cutting for dlke surveillance d.  Oownstresm Facs

(2)  Requiring weed control for dike survelllance (1) Cracklng

(3) Indicating seepage or excessive caplilarity (2)  Subslidence
{3) Buiging

« Wot Terrain Yegotati .
b et lerrain Tegatation (4} Erosiocn, qullies i

W, t
n atch tor bolls (a) Oapth

(2) atch ftor cand cones, deltas, etc.
’ ’ (p) Moisture on ary days

3 h i { i nges
() Changes with the season, gond level change (5)  Oump aroas

c. lncomplete: Requiring Repair (6) Bolls, seeps

! (1) Poor growth ’
: 9 @. Berm and within 50 teat beycnd toa of +li,

(2) Lestroyed by crosion
yed by (1) Erosion, gullles

Oralnage Ditches (2) Damp areas
a. Clogged with vegetation . (3) ©Boils, seeps
0. Vam

g Spltiways

¢. Flowling water: Quanti
9 i a. Intake level, boards

d. QOolls
b. Intaks structure

a. Sliit accumulations, deltas, cones
c. Dlscharge condult condltion

Embankmant d. Seepage or damp areas around concuit

a. Frecbord - pond lovel a. Erosion below condult

fo Boils In vicint f
b. Crest s cinity of condylt

. Spitlway slabs for uplitt, 3 i s 2
(13 Cracking 9. Y s p , 3uosiuvense, crac

] < ie B
£2) Suosigence Areas of previous repair

a., Effectliveness of repa
¢. Upstraom “ace epalr

. P !
(1) cCracking b rogression of trouble Into new area
(2) Surface eroslon, gullying

(3) Wave aroslon

Figure Bll., Checklist of conditions to be noted
in safety inspections of small earth dams
(safety of Existing Dams)

B19

Bl e ane e a o L e T O ERL L EIPL U ML S SRS S P S0P P A AR S A ) WP A S '-w:."i",:i")‘ 'p“")"p"‘"‘":"l-!‘
it ~A-ar R e Bt e Rl A ettt O A byt R



=,

NS

e

4 P
-t

‘— -r-" :

iU S AL A . X4

9

OB NG Y

MRS

ok Blka® e Botac
S al Al oAl

LA W (L ) T

AN s SHAR I IS M by A 0

Defect Posuble Lndicstors Posnible Causes Effecan P I Remedial M.

{A) Embasxment Sluenpe on [nadequate streneth Powble masmve Determine specific causety) bv
e esmbankmment {sce Slopes t00 steep falure of dam test bonings, strencth tests. and
mevement Longrtudinel cracks Phrestie surface too high Osmage to spidlway prezometers. Based 00 tast
islope falure)  Arcuate cracis Cracking due to differemtial oc outlet works, rusults, dengn sppopeiace

Huwsamenky (trregular) settioment resulting tn dam remedses. Some altenanves
slope Earthquake fadure * e
Bulge in slope Rapwd drawdawn of reservorr Free-dresning downutresm
Seg in cremt or tadwaser buttrem
Bent tree trunis Large troom oa dam Flatten slopes
Misaligned guard rals overturned Lower the phreatic surface
or amelar sructures Spillway or suriace drainage tupstream barmer,
discharge eroding internal slurry wall or
embenkment membrane cutoff,
Temporary wturatn due to crouting
rain storms, snawmeit, or Hemove and tepiace weak
high tmlwater souls
Deccving orxanic matenal in Control surface eromon with
embankment nprap or other means
Realign-relocate appurtenant
structures as required
4 peartial revd
s pool level
in some cases total dre..ung and
! tresciung are required for
salety or are more sconomical

(B) Embd Sespage carrviag sod Lack of appropnate internal Dam falure by Di hung unsafe serpag
aceme fimes dranaee internal evonon frem normal seepege requires
sorpace Sinkioles oa Inadequate core or cutoff Structural fadure considerable judgment.

embaskment {ace Inapprop banlm duse to uplift of Amount of chanee 1n the rate
Bods matenal embankment or of seepege u 3n important
Conosstrated teepege Lavenng of relativedy appurtenant iactor, Mav require inseallation
Unusual wetr:ss on permesble zones ta structures of puczometers to heip
embaaicnent siope embenkmaent Laoss of storane determine senousness. Highlv
Uousmsally soft or quck  [nadequate compaction conosatratad sespage or
smbaninent slope Clogong of draiss or filters evidence of internal eromon or
Marsintyps vegeation Burrows ceused by muskraus. mass movement defirutely
on embenlzaeat beavers, grovadhogs, fones. requires treatrhent. If it
slops moles, chipmunis appears that smepane line i
Surface eromon gullies high enough to threaten max
INGWINCTIRG J0UPAME ZONE stabulitv. conmder steps under
Temporary stcuration due to mas movement above. [f mas
raem storms, snowrnelt movement i not tndicezad. a
Sespage inco, out of. or aleng Rlored draa in the srsaits) of
conduits and draans concern w umally mowt

Figure Bl2.

B20

aoproprate. Other
alternatrves:

Upstroam seepage barmer
tblanket)

Install seepace cutofi
beneath crest. sucn as
durry wall, thin
membrane wall, grouting

Flitered reijef weils

Fill guilies with fiitered
drata, rprsp, prevent

Remove tress, replace sou

Trap snd remove ammals

[ some cases total drasnng
and bresching 1s the most

economical safe acton

Evaluation matrix of embankment dams

T

fa el



T AT Y

ST ACR R DA

Wum:m T ¥ St e & - ~ ~ T W T - -
ARREAN A It GO LS 0 A0 B e BTN R T (O oS Kt A Sty i aua e Ta oA RTINS SRRV 3 Ty a8 v ¥ W P INR, [T SN, 30, T S I SR 0 "

Defest Pomble Indiessors Pomuble Cavses Effeca Poential Remedial M -
fal (C) Foundatiss Heave of foundation  Commliidation sertiement Emben 1 bankment mast with
8 movasien near smbend Collspes of cavities (limescas faslure due to los fres-deniming maseve
{ e terrens) of spport, dowastrencs sddition
g Sinkholes Shear faslure (umally occurs cracidng, prpsag, (subsurfaos data reeded

Traasverss or durceq constrection sad mam ptimal sale dangn)
loogitadinel cracks thes is ussally net s Misnligronent of Regrads crast
in embankessat problam with < 1pp Realign appurtensnt srucnires
Segs in dass crest dame) strectares Repast sppurtenant structures
Uqueiaction Cracking of
Earchquale appurtenant
structires
Luns of {reubsoard
(sovage) dus to
sag i crest
(D) Foundation Seepage carrymg sou {nadequate cutoff Embenkment Sea measures for embankment
-ommve finee (Relopescag of canties fsilure due to seepage (sbove)
oy Sinkhol {Limenone terrane) i Dow filtered dran trench
Bouis st toe aad Cracks due to differencal in foundation, of relief wells
downmrera settloment loss of suppore, Upstream blanket
Covemtrated seepeg Fi in found rock collapes Grouticyg
Umimally soft or quack or sous Lass of storage Slurry wall or membrane
ground Perrnanent reduction 1n ressevorr «
pool level
(E) Unprowesed Obwcus vieual Underssed masenal Deep gullning Place or sugment niprap
tiopes indieetoes Dimmagracing nipesp Beached upareas Backfil] and regrade surface
Surface net propeely graded dope Place granular downstream slope
Qbetrectsd or umproperiy Reduoed croms protection
located surfem drus sschoom can cause  Reslign and extend discharge of
owtfslls structural of spllwav and surface drauns ss
sospage {miure required
Figure B12., (Continued)
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APPENDIX C: CHECKLISTS AND EXPLANATORY
MATERIALS FOR SPILLWAYS, STILLING
BASINS, AND OUTLET WORKS
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0

PERSCNNEL DATE

POOL TAIL
PRECIP.
INSTRUMENTATION ‘
SLOPE INDICATORS
PIEZOMETERS
OBSERVATION WELLS
SURFACE REF. PTS.
UPSTREAM RIGHT ABUTMENT :
FLOW OF GROUNDWATER NATURAL SLOPE
CONDITION OF RIPRAP FOR DISPLACEMENT DURABILITY
UPSTREAM DAM SLOPE
CONDITION OF RIPRAP FOR DISPLACEMENT i DURABILITY
UNIFORMITY BERM
UPSTREAM LEFT ABUTMENT
CONDITION OF RIPRAP FOR DISPLACEMENT DURABILITY
DITCH NATURAL SLOPE
DOWNSTREAM LEFT ABUTMENT
RIPRAPPED DITCH . NATURAL SLOPE
DOWNSTREAM DAM SLOPE
COVER UNISORMITY RIPRAP AT TOE
SROSION SEEPAGE EXIT OF SAND DRAIN
DOWNSTREAM RIGHT ABUTMENT
RIPRAPPED DITCH NATURAL SLOPE
DISCHARGE' CHANNEL T
CONDITION OF RIPRAP FOR DISPLACEMENT DURABILITY
TOP OF DAM . .
UNIFORMITY CRACKS - SETTLEMENT
SPILLWAY CUT SLOPES -
UPSTREAM RIGHT SIDE HORIZONTAL DRAINS
DOWNSTREAM LEFT SIDE HORIZONTAL DRAINS
DOWNSTREAM RIGHT SIDE HOPIZONTAL DRAINS
DISCHARGE- CHAN. RT. SIDE HORTZONTAL DRAINS

Figure Cl. Checklist for embankment and cut slopes

c2
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SPILLWAY:

PRER E A A RO B OL TN AN S ek S A il

m
OGEE WEIR
GRAVITY WALLS
PAVED CHUTE
CHUTE WALLS )
Figure Cl. (Cocntinued)
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Spillwav
Approach channel

Channel

Log boom

Control structuras

Crest

Walls

Apron

Chute
Wal}s

Floor

Drains

Stilling basin
Walls

Floer

Outlet channel

Riprap

Erosion

Vegetation

Structural

Hoist deck

Bridge

Gates

Mechanical features
Hoists

Cables

Gates

Protective coatings

Figure C2. Checklist on spillways (Bureau of Reclamation)
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Qutlet Works

Inlet structure

Trashracks

Concrete

Gate chamber

Gates

Opecration at time
of examination

Exercising frequency

Mechanical

Electrical

Protective coatings

Posted operating
instructions

Ventilation

Seepage

Concrete

Access tunnel .

Concrete

Metaiwork

Qutliet conduit

Metalwork

Protective coatings

Concrete

Cavitation

Figure C2. (Continued) Outlet works (Bureau of
Reclamation RO&M Program)
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Control facilities

Control house

Structural condition

Roof

Walls

Housekeeping

Metalwork

Protective coatings

Gates

Operation at time
of examination

Exercising frequency

Mechanical

Electrical

Protective coatings .

Posted operating
instructions

Chute

Floor

Walls

Drains.

Stilling basin

Qutlet channel

Vegetation

Cravel bars, etc.

Figure C2. (Continued)
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SPILLWAY

CONTROL STRUCTURES
Cromt

Onficss
GATES AND CONTROLS

Typa of pme
General concieion

Proscwce cosmngs
Uun(d,u-l)

Opersion of seees &
ome of

CONTROLS POR GATES

WEATHER DOORS
Zseeennl oadisca

Pn-an?w(

Opvn.-;;- .
of cxamaanon

CONTROLS POR
WEATHER DOORS

APPROACH CHANNEL

Vep {erees, %, et}

Debess

“‘ M M

Crannel wie slope sabel
Log boos

Slope § veecnon

CONTROL STRUCTURES (OBSERVED QPFERATION)

CHUTE OR TUNNEL
Debrn

Walls

Surface condraon

Genarad condinon of concrete

Movemene (oifsen)

Setdement

Jounts

Cracks of aress of distress

Condioon of backfill

Poor

[

condsnon
Genersl conditon of concrere

Figure C3, Spillways (BuFeau of Reclamation - SEED Program)
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Trasheack OUTLXT CHANNEL

Concrem
Vegrmmon
OUTLET CONDUTIT Gewent bors, e
Ripree
Meniwork Scadmlicy of sde siopes
Cavvanca
OTHER
CONTROL FACILITIES
Gewhoves
Crone
Gese aad coserols
G i condets POWER FEATURES
Corvmuen (If relased 10 sabe o o d neegraey of dass)
Opersnon o wme INTAKX STRUCTURE
of eosemmanon
Conarol sysmem TRASHRACK
Romoss BULKHEAD GATX
Awmlary power
Mechancal INTAKE GATES .
Ebscarvcal
Op g INTAKE GATE HOISTS
Weasher burviar GANTRY CRANEK
Gesovel condnan Mech )
Pre n N
P Cnag e Fuat
Oparsmen ot eng m_n  One
of emamensmsa O dunng
Conerol [
Swwanx ey
Builcheud
PENSTOCK
Avesiabelicy
Gennral cowds Powerplast strucrure
| o Cniings
Senls Deck
STILLING BASIN
Floar (6 vbie)
Debru 18 besa
Walls Surface condraos
Stmniess stcel liner
Susface condiace Concrete
Concrew Jowna
Jown Simme of deven
Cracks
Backfill Cavvesnnn
Moverneat Movement

Figure C3. (Continued) Outlet works and power features
(SEED Program)

c8

, m— .’id.i-g \(‘A‘R‘{"k’&"'u‘ 24’:"7:’ -x~ -’ {‘ -“‘. ' ‘ N -3 :‘4:';"!\ - r i v-_\ ‘. A,, o, \‘"-"-',',‘—”'.‘.‘ ?...-_ PR _.‘4.-. o L ,_'-.-'{“r’.‘(.x‘.\
'y

— -y ,IY-;',‘-.,‘-..;. et e e et e el e e e g




i
AT

C
SR GLY

PRLIN,

PIERS

S|uU REMARKS

SURFACS CONDITION | x

CRACKS / SPALLS x

JOINT COMDITION x

IADDITIONAL REMARKS:

GALLERY, EL1002% - BLOCKS 37 THRUA43

- S|u LEMARKS

SURFACE CONDITION | x

CRACKS /SPALLS x

JOINT CONDITION x

JADDITIONAL REMARKS:

SLUICE GATE GALLERY, EL880% - BLOCKS 37 THRU 44

S|V ) REMARKS

SURFACE CONDITION | «

CRACKS / SPALLS x

JOINT CONDITION x

LEAKRAGE X

ADDITIONAL REMARKS:

Figure C4. Checklist on spillway
(Tennessee Valley Authority)
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DAM INSPECTION CHECKLIST '?'i‘n:.e 1
1
NAME OF DAM
FILE NUMBER INSPECTORS
] Iy ACTION
‘.E.E SPILLWAYS e URAINS ® QUTLETS w
< =%
Uz CHECK/CIRCLE <|zl8
25| coNDITONNOTED OBSERVATIONS %3]z
Priacipal Spilhvay . Type:
-4 {TRMNCECE/G 3ONS
Y Qates/asnDoSrds
("]
- cracxs/detencration
=
= imoroper aligament
» CTACKS/NnOraton
O: 0INt GIDNOTBHON
o
[ng:
s e type
Y cracry/ detenoration
0'5 || _sescsqeoioing
b1 ungercutting
-= «ranon
'.-_-‘2 gewns
na
ency Spiliway Typas
- VOC RGP/ COver
2 HOON
jg QOStrUCHOMNS
<<
Lake Drains/Other Qutiets | Type:
L. gsies/veres
» 10Nt/ tiow surtece
- niat tower
=4 outiet Area
g; Qoeranyiity [
_G_O_ |
L Z llow smounts '
g é figw: clear/muddy I
=G J
GENERAL COMMENTS, SKETCHES & FIELDO MEASUREMENTS |
Figure C5. Checklist on spillway (ODNR)
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i B B

THE PRINCIPAL SPILLWAY

Yes Ne

O O Can weter flow into the prin-
cipal spiliway without ditficuity,
 intanded when constructed?

O O s outlet pipe or discherge chen-
nel clesr and open to dlow the
fres passege of the princioel

spiiwey discherge?

O O s the primery spillwey sTructure
in good condition (check con-
crete, wood, and metal ot Tions
for damsge or deteriorstion)?

0 O Oos the laks have a drain thet
can be used t0 lower it in an

emergency?

O © It thoes it an emergency drain, is
it known ta be it working con-
dition? Note: If 3 drein has not
been used for & long time, it
may be possible to open it tat

not close it.

£ O It there are ovier gatss, valves,
of Operating sQUIRTENt, are These
in working condition?

THE EMERGENCY SPILLWAY

3 O Can water tlow into the smer-
gency willwey wathout ditfi-
culty, as intended when con-

structed?

C QO Is the dischags chonnel clesr
and open to allow the free pas-
age of the emeryency soillway

discharge?

= D Is the smergency suiilway cun-
siructed N sUCH 3 way that it
flows will nct croge other DOre

tions of the dam?

C O Is the smergency spillway in
goad condition overail (check
for erosion within the channel, |

adequac of grase cover, 1G.)?

The riser, inteke structure, or
channel shouid be free of trash
or ather block sge.

Flows pasing through the
soillwey should not erode or
atherwies damage the dam,

Such dem fectures 2 the
principel  willwey  require

continued maintsnance like

any other sTUCTUre.

lowerng a laké may Ue
necemary if the dem beging
0 develag problems. .
C-an  weives and * other
wificient maintenance 10 in-
sure that they remain in
working order,

Such devices sre vital to the
ettective and safe gperation
of the dam,

To be effective, allporvomcf
the spiwey channel shouid
be c/esr and unobstructed.

Soillway flows must be ef-
fectively conducted away
fromi the dam,

A berm 1s ofter, constructed
0 keep spiliway flows from
flow:nqg down e embank.
ment.

Soillwey erosion 15 a common
problem.

Install a traehs rack if one i
not sireedy in place. Perodi
cally cleer trash racks cf any
accumuiated debris.

Keen outiet pipe, plunge poot,
and al other outiet works
clear znd in good repeir.

Repsir and mainmin M 3p-
propriats to insure the cone
tinved useful lifs of the dam,

Check plang or search dam
for smergency drain system,

Maintain system o that 1t can
be used in an emergency. Nor-
mally, the pool behind an
arth  embonkment  dam
should nat be lowered at a
rzte of more than 6 inches a
dav.

Repair and restore if neces-
sary, and maintain in an oper-
able condition,

The aoprosch channel shoulo
be kent free of trash, under
brush, or other biockage.

Claar as nacestary.

Aecnaoe gam f necessary (o
take care ot this propiem,

Restore any eramon yullies or.
eroded sress. Provide channel.
protcetion (riprap, concreta,
ot} it necessary 10 eiiminste
recurrTing ecosion problems.

Figure C6. Principal spillway (Virginia Bureau of
Water Control Management)
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W &% Q s 3. Spillway
*3)} Prosion, undercutting, restrictions
b) Dabris in spillway or spill channel
*c} Downstrsam encroachments in spill channel
*d) Energy dissipator, £lip bucket (visual to axtant
possible)
e) Flashboards - maximum height, condition, secuxity,
when they can be installed (Bull. #54)
#) Radial, drum, or alide gates - cor-ition of gates,
seals, chains, cables, hoist operators: periodic
operation (Bull. #335)
§) Flactrical and other mechanical equipment-saintanance,
. opuration

h) Log boom - submargence, condition, continuity, snchors

1) Lubrication -~ gate trunnions, chain links, cablass,
operacors (Bull, #6)

j) Siphcus = clear of cbstructions

4. Yish ladder and screens-operxation, gravel intrusioa,
condition

S. General concrute detsrioration

6. Protective painte and coatings, particularly on submarged
facilitiaes

7. Employes and public safacy

8. Signs, lncluding General Racreation Warning, Maximum Water
surface, stc.

9, Housekeeping

10, Security - fencing, locks, unsuthorized entry

11, PFish release facilitier and requirements - verify flow

Figure C8. Dams and reservoirs (PG&E)
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WATER COLLECTION INSPECTION CHECXLIST

FACILITY . DATZ

INSPECIOR

Note: The Ltews listad below axe to he inspacted to determine
if a change bas occurred or an unusual condition exises that
requires mairtenance, improvement, or further investigation.
On items marked with an asterisk (°), notify G, O. Hydro
Generation Department of any adverse ccadition,

[
o
=
g
Q
z
]
&
0
&
]
4
-
-
i
It
<
0

Further Investigation

Pate Corrected

Requires Work or
Job Number

1. Intake

a, Log boom ~ submergencs, condition, continuity, anchors

b, Trash rack - clear of dabris

<. Trash raka - cparation, saintsnancs

4., Watsr surface staff gage, recorder, floatwells

. e, Ixcess flow devics ~ operation, settings, pitot tube
. flushing

f. Haaters

g. Gates « condition and operability, to include
slectrical and mechanical equipment: is gate at proper
elevation: periodic operation

k., Cables = condition and protsctive coatings

i, Lubrication (Bull. #6)

j« Standhy motor generator - maintsnance, opseration

k., Security - fancing, locks, unauthorized snery

l. Communication equipment and alarms - operabilicy

m, Battsries and charger - corrosion, water

n. Housekeaeping

0. Vortsxing or unusual sounds

p. Structural stabilicy - cracks, movement

q. COperator and accumulator tank

r. Othar electrical and mechanical equipment

s, Oparating instnictions

Figure C8. (Continued) Tunnels (PG&E)
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a &= 4 S 2. Surge Chamber

s

a, Road access

b. Security -~ fancing, locks, unauthorized entry

\: . ' G. Spillway - erosion, undercutting, restrictions,
. encroachmentcs
d, Leakage

3, Adits and Portais

§ a. Road access

b, Security - fancing, locks, unauthorized antry

c. Dzsin and sand/rock trap - oyn'ntion. flushing

. *4. Leakage, wat spots - at portals, adits, and along
aligoment

*S, Unauthorized activities in vicinity of tunnel - logging,
roads, drilling, blasting, etc,

6, Ground conditions near tunnels

Notes:
—

Figure C8. (Continued)
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APPENDIX D: CHECKLISTS AND EXPLANATORY
MATERIALS FOR LOCKS, LOCKWALLS,
LOCKGATES, AND OPERATING EQUIPMENT
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Figure D1. (Continued)
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Figure D1. (Continued)
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P.M DATA CARD

GENERATOR GOVERNOR SYSTEM

“OZTAIOn COwrceuy

POWERBOUSE +37 BY UNIT COMPRESSOR, AIR, 3004 (2.

AN

wemusallva Cousgment

D co..

AN

BAYE IRSTALLAY GO FrOe VL

/976 1 /’2,c90. &rc;;;;%“g'-:2/7

AN

HAME PLATE. OXTAIL GEECRIFTION, RIFERENCE DATA INSPECTION SCHEDULES
OPERATING LIMITATIONS cLacT | weew | ags |
RN ]
CONTROLS AT COMPRESSOR: 1 ] i
- DMERGENCY STOP SWITCH:
SQUARE D CLASS 2510 .TYPE FO-l (BRINGS IN ALARM-COMPRESSOR | :
TROUBLE) i
_.RELAY COTL #2959-S) GQUARE U W33A SFQ |
120V __60HZ 100V 50 HB
H W SION G _€0 )
CODE. 8K 25 :
—(EY PASSES OIL PRESSURE & LOADS COMPRESSOR) 1 :
—DISCHARGE FLOW SWITCH: McDONNTL § MILLER
11T Chicago USA
MeDonnel No, FS4=3 !
FLOW SWITGH UL LISTED 3313 NI
MAX PRESSURE 150 1ha
MAX TEMP_300° F
RATING IN. AMPS
115 7AC 7.4 F.l. 44,63, L.R. :
230 VAC 3.7A Pl 22.2 _L.R. 1
22 >
_PILOT DLTY RATING a.C, 129v.4A, 115-23Q0V
: RN
WATERTOWN, MASSACHUSETS. USA
TYPE ¢ 1l RANGE _0-225°F
wanET, 102, 9FG 9-7%
STOCX No. 9037 AMOS 13
YOLTS 1257250
S 4 P
SIS, | e o o
V/A ¢
CONTINUE ON REVERSE 310X
@n—n—u—-

NPD aares 1131 (TE5T)

Figure Dl. (Continued)
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ILLINOIS WATERWAY, ILLINOIS
DRESDEN LSLAND LOCK AND DAM

INSPECTION CHECKLIST

INSPECTION PERSONNEL:

DATE OF INSﬁ%CTION:

INSPECTION OBSERVATIONS:

1. LOCK:

General

Aprroach Walls

Concrete condition

Alignmoent

Joints

Other

Lock Walls

Concrete condition

Alignment

Joints

Other

.Lower Gate Bays and Forebays

Concrete condition

Als gnment

Joints

Other

Figure D2. Inspecticn checklist for lock and dam
(Rock Island District)
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General condition

Structural details

Seals

Cverating rachinery

Tainter Valves

General condition

+Structural, detalils

Seals

Opexrating machinery

General

Piers

Concrete ccndition

Cracks (compare with photegrachic racerds)

Tainter Gates

Ganeral condition

Structural details

Seals

Opverating machinery -.

Roller Gates

Ganeral concéition

Figure DP2. (Continued)
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Roller Gates (cont'd)

Structural details
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Rack and fim and Guardrail

Seals

Operating rachinery

Service Bridce

Steel Girders

.

Bracing

Structural detzils

Bearings

Deck

Steraae Yard

Storage vyarcd trestle

Bulkieads

retaining walls

Other

Larth Dike

Submersiblic

Hon-submexsikle

Figure D2, (Continued)

¥ g DI, Wik

D8




LR E ATV Y YA 0 L8 S A AN ST INEN W B SR L 0 5000 2 I LN N NN € W WA 1 g TR it 3 ReRAT L R et By Sy % e el W

APPENDIX E: CHECKLISTS AND EXPLANATORY MATERIALS
FOR POWERHOUSES AND PUMPING PLANTS
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Structural features
Building (wood, councrete, metal
construction)
Walls
Roof
Decks
Drainage
Crane
Doors, windows :
Ventilacion
Lighting
Safety

Forebay céndicions

Inlet channel

Concrete

Biprap

Debris or silc bars

Trashracks

Stoplogs

and grooves

Sump conditions

Other met

Pumping uni

Maintenance procedures

Vibration
Cavitatic
Lubricaci

.Bearing ¢

Figure E4.

alwork

cs

a

on

emperatures

Checklist for major pumping facilities (RO&M)
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Pumping units - Continued

Packing box leakage

L
i Paint deterioration
X Unit wmounting and foundation
! Low water cutoff system
‘; Pump priming system
| Other operating difficulties -
Discharge valves (manual, motor, OF
' hydraulic-operated)
,} Operation
i Vibration

¢+ Maintenance procedures

Lubrication

el gl ML

Paint deterioration

A S D

Unit mounting and foundationm

.i Electzical contrel equipment .
Housekeeping (clean and dry)

Protective coatings
4

Maintenance procesdures

Other operating difficulties

Aftrerbay conditions
Discharge piping

T o s

z Interior
q . Exterior
E: Anchor blocks

Discharge boxas

Flap vnljes

Other metalwork

p Figure E4., (Continued)
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POWER FEATURES

{If related (o safe operation ur structunl 1ntegnity of Jam)

INTAKE STRUCTURE

TRASHRACK

BULKHEAD GATE

INTAKE GATES

INTAKE GATE HOISTS

GANTRY CRANE

Mechanical

Elecincal

Paime

Operstung instructions

Operation duging
Cratnation

Muotape aren

PENSTOCK

Powerplant structure

Ceilings

ek

Walls

Substructurs

TAILRACE

Draft wbe closure structure

Draft tube bulkhead

Gantry cranc

STANDBY POWER UNIT

Condiuon

Exerciaing frequency

Automatic leatures

Operaunn durtng examinaton

OTHER

Figure E5. Power features {(Bureau of
Reclamation - SEED Program)
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1,

2.

.

Se

6.

L.

2.

3.

INSTRMENTATION -

Monumentation/Surveys

Qbservation Wells

Welrs

Fiazometers

Strean Cage Recorder

Other
RESERVOIR
Slope
Bank
Sedimentation
Other

Figure E6. Instrumentation (Kansas Division
of Water Resources)
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Te
Type of Tast Rating Seriat %o

Treasf, Mtigs Cwrem Potantial 3ec. K.
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Asstiated By:

Miscellaneous Test Sheet

1. DAL roies

2. TASZIITU

3. LOCATICN:

4. QESCIIPIICN C7 SUAZD:

€. DANMAST CATTED 2V .

A, VPR T RVIPETT.

3. &R 7 ORuInsT:
3. FROPICID 'ETUCT CF IITALP

Te ARE DERCTXY PEPAIPS REQUIFZD:

3, ESTIIWTID 03T F DAIACE €2 7IPAIRS:

5. RIMARES:

LATE OF RIPONT: SIGIED:

Figure E7. Repert of damage to distribution system facility
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APPENDIX F: CHECKLISTS AND EXPLANATORY MATERIALS
FOR BRIDGES AND ROADS
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The sufficiency rating formula described herein is a method of evaluating
factors, which are Indicative of bridge sufficiency to remain in service.
The result of this mathod is a percentage In which 100 percent would re-

present an entirely sufficient bridge and zero percent would represent an
etitirely Insufficient or deficient bridge.

Ratings calculated by this formula are used by the Federal Highway Admin-
istration (FHWA) for selection of candidate bridges for the Fedsral High-
way Bridge Replacement and Rehabilitation Program. However, prior to cal-
culation of this rating for a given structure, the bridge Is first deter-
mined to be either "Structurally Deficlent" or "Functionally Obsolete',
8ridges not falling into one of these two categories are not selected as
candidates. Bridges with sufficlency ratings less than 50.0 are ellgible
for replacement or rehabilitation, and those with ratings of 80.0 or less
are eligible for.rehabilitation. The structurally deficient and function=
ally obsalete categorias are defined as follows:

structurally Deficient

1. A condition rating of 4 of less for
{tem 58 - Roadway; or
Item 59 - Superstructures; or
item §0 - Substructures

2. An appraisal rating of 2 or less for
ltem 67 - Structura! Condition; or
(tem 71 ~ Waterway Adequacy.I

Functionally Obsalete

1. An appraisal rating of 3 or less for
Item 68 - Roadway Geometry; or
Item 69 - Underc!earances;2 ar
Item 72 - Approach Roadway Alignment.

Z. AR aapraisa!'rat!ng of 3 for
ltem 67 ~ Structural Condlti?n; or
ltem 71 - Waterway Adequacy.

Any bridge classified as structurally deficient is excluded from the func-
tionally obsolete category.

]

NOTES: | Item 71 applles only If the last digit of Item 42 Is coded
g, 5,6,7, 8§ora9.

2 1tem 69 applles only If the last diglt of ltem 42 Is coded
g, 1, %_o-l’v 6, 7 or 8. c——en

Figure Fl. (Continued)
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REFPURT

[NSTALLATION NUMBER =

BRANCH
NLIMBER

IMONR
TRIITN
IMLE
11237
(DICK
IREIN
IMONR
IWILN
1BACK
IshIF
(TING
¢ NI =
IKELL
10457
[WR 1>
IKERR

I12s7

1]

1357

Uy

ISAFF
IWAISN
ILEEF

IWASZN

LATE~

BRANCH
ISE

RDADWAY
11727779
ROADWAY
117002779
ROADWAY
Q2/20/3%0
ROADWAY
02711781
ROARDWAY
127032/79
ROADWAY
02/711/31
ROALAY
12/0%/7%
ROADWAY
11/2%/7%
ROADWAY
D2/084/30
ROADWAY
01712720
RIJADWAY
OL/709/30
ROADWAY
02/20/80
ROADWAY
10/30/77
ROADWAY
11/709/7%
ROADWAY
10/18/7<
ROADWAY
01/14/30
ROADWAY
12/14/7%
ROADWAY
12/714/79
ROADWAY
10/22/7%
ROADWAY
11/08/79
ROADWAY
11/715/79
RUADWAY
11/709/79

05/06/31

AL C LY SR IUMPE M AR AE S MR MICAE A PR S S RS i N g od

FCI
0S121S FORT EUSTIS
SECTION
NUMBER PCI RATING

01 S0 FAIR
CFROMI NR BLDG 3832
0z 52 FAIR
LFRIIM] E EDGE FATTON AVE
04 S2 FAIR
[FROM] NR BLDG 3905
03 S FAIR
CFROMI E°LY EDGE FATTON
01 &3 FAIR
(FROM] £ EDGE LEE BLVD
01 3 FAIR
C(FROM] E-LY EDGE MADISON
0sS 54 FAIR
CFROM] = EDGE TAYLOR AVE
01 s FAIR
[FROM] PERSHING AVE
01 Sé6 xinln)a)
CFROM] E EDGE HARRISON RD
Q1 56 300D
(FROM) BLDG 40z
01 56 300D
[FROM] W ED MADI BLDG 2732
02 S7 . GUOD
C(FROM] N EDGE WILSON AVE
01 58 50D
[FROMI S7LY EDRE MONROE
01 58 130QD
(FROM] E- LE EDGE BULLARD
01 A0 300D
[FROM] E°LY EDSE WASH NI
0l AZ 300D
[FRUM] N-LY EDGE LEE BLVD
03 A3 S00D
(FRUMI E LY EDGE PATTON
G2 63 300D
(FROM] E LY EDGE JACKSON
01 64 G0OD
CFROM] N EDGE MONROE AVE
03 A GOVD
(FROM] S-LY SIDE HMINES CIR
0% 55 GOOD
{FROM] W’LY SIDE ANDERSON
0S 6% 500D

{FROM] S’LY EDGE TAYLOK
Figure F2. (Continued)
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REPORT

SURFACE SECTION FAVEMENT
TYPE AREA/3Y RANK

AC AQ8 TERTIARY
CTO) W EDGE LuCAS PL

AC vz TERTIARY
£TO) W EDGE PERSHING AVE

AC 16832 TERTIARY
CTQ) END OF PAVEMENT

Ac 39 TERTIARY
(T3] wWrLY EDGE LER BLVU

Aac Wb TERTIARY
{TD] N EDGE TYLER AVE

AL 694 TERTIARY
CTO) W'LY EDGE WILZIN LN

PCC 1622 SECONDARY
CTN]1 N EDGE BUNDY 3T

ac 147Q TERTIARY
CTOJ JUST BEYOND JLIRASIN

AC S155 TERTIARY
(TNl W EDGE MULERY 1S RD

PCC 1391 TERTIARY
CTOol BLIDG 414

AC AR TERTIARY
CTO1 TINCOZ BLDG 279%

AC 12551 PRIMARY
LTOl ENTR PINE:Z 3ULF LE

AC 3278 TERT IARY
CTO0) ROD » GUN CLUB

AC 2020 TERTIARY
LTOI WLY EDGE JACKSON

PCC 1371 TERTIARY
£TQ1 W LY EDE WALFER 5T

Al 437 TERTIARY
CT) BLDS 425 IRD FORT

AC 9 TERTIARY
(TGl w'LY EDGE LEF BLVD

AC 10 TERTIARY
(TO) W LY ELNE FPATTIN

PCC 2182 TERTIARY
(TR = EDGE LEE BLVD

Aac 4000 PRIMARY
LTO] CENTER OF SUIMERVELL

a4C 74£33 PRIMARY
(T3] HINEZ CIR

PCC 44%3 SECONDARY
[TR] N-LY EDGE WILZON




APPENDIX G: CHECKLISTS AND EXPLANATORY
MATERIALS FOR MISCELLANEQOUS FACILITIES
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Functional Use Rating

; Training Facilities (Cat Codes 8

171 and 179) _

Technical & Industrial Facilities 7

(Cat Codes 210 thru 452)

Secondary Operating Facilities 6
h (Cat Codes 720 thru 730) '
' Utilities Plants & Alarm Systems (Cat 7

Codes 810 thru 845 and 880 thruy

890)

Administrative Facilities (Cat : 4

Codes 610 thru 690)

Morale & Recreational Facilities 4
(Cat Codes 740 thru 760):

Transportation & Drainage Facil- . 7
ities (Cat Codes 851 thru 872) .

Reil Estate (Cat Codes 900 & above) 2
(2) Justification factors for the project.

Each project listed should be essential. Therefore, it will be
assigned a basic rating:

Rating
Essential M&R ] Basic

Additional points will be added where péoject accomplishment enhances cone
or more of the following factors:

H Health .3
S Safety , 3
E Energy Conservation See figure G=-2
I Environmental Conditions 2
T Security of Government Property 2
W Moraie, Welfare, or Comfort 2

Figure Gl. BMAR project validation and
scoring procedures (TRADOC)
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H-1, TRADCC Form 641-R, BMAR/OMAR Validation (fig G-1, app G), will be used
to record resylts of the OMAR project review., One ccpy of the form will be
prepared by the installation for each DMAR project presented for validation
or revalidation., Part I will be completed, signed by an authorized official,
and placed in the project folder prior to valigation visit, The TRADOC
validator will complete part Il of the form. Two copies of the completed
form will be resroduced for TRAOCC use. The comnlsted form will become a
permanent part of the project documentation folder.

-

H2. Scoring of OMAR Projects.

a. A numeric score for each MIR project estimated to cost $1,000 or more
will be assigned by the TRADOC validator. The assigned numeric score, in
conjunction with design status, estaolishes a TRADCC priority system whereby
projects will compete in the FHMA funding program. Factors to be considered
in the score procedure are:

(1) Category of family housing.
.(2) Category of requirement.
(3) Type of work.
(4) Condition of facility.
(5) Priority assigned by the installation.

b. The above factors are further subdivided to facilitate assignment of
the numeric rating.
\

(1) Cateaory of family hausing (selact only one),

Chglgzzer Category Rating
A Adequate housing 10
S Substangard (including 8
trailer sites)
0 i Other real property 6

Figure Gl. (Continued)
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MAINTEZNANCE AND REPAIR (OtA, OMAR AND AFYM)

Projact Validacion and Racing Procadures

A=l. The project validatios vill trecord rasulrs of cha on-site project inspeccion.

A=2. The critaris governing classificscioa of projects as maincimance aand/or reps2? s contained in
AR 420~10 and 210-50.

A=3. Rating of XOR projects {ncluding BMAR/DHAR Zro jects.

a. Objectives. Assignmeat of 3 nueeric racing (0 mairatenance/repair projects is accomplishad to
indicace che degree of need for MER. Factors to da conaidered ate:

(1) lactlities use Pactor

(2) Project Purpose Fecror

(3) Project Tno Tactor

(4) Nissiom Factor

(3) Comditiom Yacter

(8) Imscallarion Priority

5% The first fiwe [factors listed above are [urther cub—divided {nto functicosl areas ¢o

facilitate assignment of & nwmeric rating, Inacallatios priority is asutomatically entared {nto

ucoring process in item J of Project Racing Vorksheer (FORSCOM Form 6)-R). (TFigure A=l and Table A-L.)

(13 Tscilities Use Factor - Raflects use af facility based oa Constructios Cacagory Code
(selact only one type). Aeier co AR 415-28

Alpha Racing
Caracter Type of Use Raoge
A Operacional Tacilicy
(Cat Codes 110 ciwu 16€9) §s10
3 . Pacrsonnel Living Space
(Cat Codes 710 =714 far APM and 720-72S
for OMA & OMAR) 3«10
c Training Facilities
(Cac Codes 170 thru 179) 1-9
] Hospital and Related Facilities
(Cac Codes 510 chru 530) 1-9
| 4 Urilicties Plancs and Syscems
(Cac Codes 810 chru 845 and 330 chru 890) 4=9
3 Technical and I(nduscrial Facility
(Cat Codes 20 thru 452) . 5=8
c Mozale and fecrescicael Factilitias
(Cec Codes 730 thra 768) 4=6
B Treacportacion and Drainagoe Pacf{lities
(Cat Codes 850 rhru 873) . ‘46

Figure G3. FORSCOM priority rating system
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Alpha . Rating
Character Type of Use Range
1 Aduinistracive Facilities
v (Cat Codas 610 thru 690) . 3-5
J Others
(Car Codes 900 and abova) =2
(2) PBroject Purpose Facror - Reflacts primary purpose/area of incerest of intended
(Selact Basic rating plus one or acre factors as applicablé.) work,
Alpha Rating
Charzcter Purpose of Maintanance and Repair Range
A Essencial Facility Maintanancs/Rapair 5 Basic
3 Mission (Readiness, Training) 4§
c Haalth 2=4
0 Security 14
E . Safacy i 1-4
F Energy Consarvation 4=
G Zaviroonantal A4
| Quality of Lifs, Moral, Walfara, Racrastional 1-4
I Command Intursst 1-3
J Cost Effectiveness 1-3
X YTraditional, historical or architectural 1-3°
significence
| Othar (Specify) 1-3

(3) Projecr Type Factor - Reflects IFS componaents dascription codes (sclect one only).

IFS Code Cumponent Type Racing
01 Roofing 10
2 Strucsure ‘ 10
03 Flocor Covering - 2
04 Exterior Paincing 4
05 Interior Painting 3
06 Haating 10
07 Alr Conditicning 6
og . Plusbing 7
09 Slectricsl 8
10 Zguipment 8
11 Uzility 2iant Zquipeen: 9

Figure G3. (Continved)
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P - Poor G ~ Good
E - Excellent NC- No Chang:
P g | = See Photo |

MAata A

ITEM

Remarks

Plant Bowl
Erosion
Seepage
Berms
Pavement . ]
Vegetation
_Rodents

———

Intake Structure
Wingwalls '
Trash Racks ]

i

Discharge Liﬁgs
Pipe
Erosion

Outlet Structure
Viingwalls
Gates

Pumping Plant -
Superstructure . —
Substructure . I .

Mctor Floocr -
Pump Floor | ;
Valve Room ;
Sleeve Coupling - !
Chamber _
Galleries |
Water Seena
?ilpe Lesaikag

on
ge
e

Instrumentation i
Monuments [
Plezometers {

i

iscellaneous p
Weter Tank . i

Figure G5. Checklist for California aqueduct,
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