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PREFACE
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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
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This work was conducted by the U.S. Army Construction Engineering
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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 Technical Director.
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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 Department

of Water Resources, the Tennessee Valley Authority, and the Los Angeles Flood

Control 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 ba inexperienced at this type of work. Therefore,

a study was needed that would demonstrate not only how effective the various

systemc 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 dans and

canals; rock and earth dams; spillways, stilling basins, and outlet w-orks;

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:
i

a. Checklists.

b. Manual (explanatory) for maintenance inspecLion procedures.

c. Rating system.

d. Computer application.

e. Technical evaluation with photographs.

f. Requiremenc 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.

6
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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.

7

--------------------------------. .. t.



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 iam 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 checklists and information on concrete/masonry dams and

canals.

Maintenance inspection Procedures

U.S. Army Corps of Engineers

10. 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 components of

the maintenance tasks.

11. Omaha 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 componehcs 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 sarve as the basis for developing detailed checklists. This information

is very useful for dam safety inspections but cannot be directly used for

other facilities.

8



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 examinatLon. 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 following

sections discuss checklists and rating procedures for two of the Bureau's

programs.

16. RO&M Program. The Review of Operation and Maintenance (RO&M)

Program is a Bureau-wide activity that schedules examinations 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 c 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 1: These recommendations relate to severe
deficiencies, such as major 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-imendations are useful for the
maintenance and consideration of less important
items.

9



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 (O&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

less than 0.25 sq ft. The deterioration is considered 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



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

00
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comprehensive visual examination and takes photographs to provide the

Department of Environmental Resources with information about the facility's

condition.

30. The concrete/masonry dam section of the inspection checklist (Figure

Ag) 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 is 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

from spalling.

33. The manual also contains specific information that applies to

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 rating 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 Al0) 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.

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.

13



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. However, some agencies 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 1 illustrates the evaluation of maintenance procedures of the

sources.

14



PART III: ROCK AND EARTH DAMS

43. Information about the maintenance of rock and earth dams was
obtained from the following organizations: U.S. Army Corps of Engineers

Nashville District, Bureau of Rqclamation, 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. Army Corps of Engineers

44. The Nashville District's maintriance manual includes a section on

rock and earth fill 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 that

assigns an inspection routine to eaca 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 B1 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 ateas 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 section 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



erosion, seepage, cracks, slides, settlement, rodent control, and monitoring

devices. The operation section discusses lake drains, reservoir levels,

Tecordkeeping, 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 maintenance priorities, stressing

ongoing upkeep of the facilities. The outline for maintenance priorities

is: what needs to be done at once, what needs to be done within the next

yiar, 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.

61. 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 final

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 B9).
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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 nmnor

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 talen 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 B10) 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 B12) 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 Valley 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 WaLer

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.

81, 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

NI 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, etc. The

maintenance tasks have been computerized and four different maintenance
reports are generated (Figure BI). 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 organizations 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 developed 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 Bi) 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 Lhe manpower hours. Figure DI

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 findi-ngs 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 outpur 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 BI 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 cumulaLive

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 Nashville 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 D1 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, __w 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 requir.z 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 considered 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, but 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 E5).

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, Airement 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 AS), 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.

c. 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.

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

allocation 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 specific 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 ',111: 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 peovides example checklists and

information for miscellaneous facilities.

Maintenance Ins 2ection 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. Priority 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 I and 10.

Figure Gl gives an example of this detailed breakdown.

137. The ratings obtained from the firsL four groups in both BMAR and

DMAR are added to obtain the "base score." The sum of the "base score" and

the rating value calculated from the project's priority is multiplied by 1000

Nto 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 subillstal-

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 70 vi;ts 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.
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(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.

c. 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 03 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.: No change in qtiality

145. Figure G5 shows an example of this procedure. Photographs 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

checklist. 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.

I?
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PART IX: CONCLUSIONS

147. This report has described and evaluated various maintenance ploce-

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.

40



REFERENCES

1. Annual Inspection by Owners (Pennsylvania Department of Environmental
Resources, Harrisburg, Pennsylvania, 1984).

2. BMAR Field Book, Department of the Army, Training and Doctrine Command,
(TRADOC) (Engineering Division, 1984).

3. Brown, Jack, "The Preventive Maintenance Planning Guide," Plant
Engineering (March 8, 1984), pp 151-153.

4. Buttrey, H. C. and D. T. Tanner, TVA's Inspection and Maintenance
Program, Tennessee Valley Authority (TVA) (Knoxville, Tennessee, 1979).

5. Dam Safety Manual (Colorado Division of Water Resources, Engineer's
Office, Denver, Colorado, June 1983).

6. Dams and Public Safety (Omaha District, U.S. Bureau of Reclamation, 1980).

7. Evaluation of Dam Safety (American Society of Civil Engineers (ASCE],
December 1976).

8. Examination Report, Medicine Creek and Red Willow Dams (U.S. Bureau of
Reclamation, Engineering and Research Center, Denver, Colorado, July
1983).

9. Federal Guidelines for Dam Safety (Federal Emergency Management Agency,
June 25, 1979).

10. FORSCOM Regulation 420-3 (U.S. Army Forces Command, March 1, 1984).

11. Herbaty, Frank, Cost-Effective Maintenance Management (Noyes
Publications, Park Ridge, New Jersey, 1983).

12. Herbaty, Frank, "Maintenance Management System, Parts I-IV," Plant
Engineering (October 14, 1976).

13. Hoyt, William G. and Walter B. Langbein, Floods (Princeton University
Press, Princeton, New Jersey 1955).

14. Inspection, Maintenance and Rehabilitation of Old Dams (ASCE, 1973).

15. Integrated Facilities System User's Manual (Depactment of the Army, Fort
Lee, Virginia, April 1981).

16. Kansas State Board of Agriculture, Division of Water Resources, Dam
Evaluation Checklist.

17. Los Angeles Flood Control District Checklist, Los Angeles, California,

41



18. Maintenance Manual (Nashville District, Operations Division, Hydro-Power
Branch, U.S. Army Corps of Engineers, November 1972).

19. North Carolina Administrative Code (Dam Safety) Department of Natural
Resources and Community Development (Raleigh, North Carolina, November
1982).

20. Operation, Maintenance and Inspection Manual for Dams, Dikes, and Levees
(Ohio Department of Natural Resources, Division of Water, Dam Inspection
Section, November 1983).

21. Operation and Maintenance of Irrigation and Drainage Systems, American
(ASCE, 1973).

22. Operations, Maintenance and Precautions, Appendix C-2 (Southwestern
Division, U.S. Army Corps of Engineers, April 1983).

23. Pacific Gas and Electric, Bulletin No. 55 (PG&E, San Francisco,
California, April 1, 1975).

24. Pacific Gas and Electric, Bulletin No. 63 (PG&E, San Francisco,
California, March 15, 1979).

25. Pazwash, H., "Qanats," Civil Engineering (ASCE, March 1983).

26. Preventive Maintenance System (Computer Output), U.S. Army Corps of
Engineers, Nashville District (March 1983).

27. Project Management Computer System Output (Portland/Walla Walla
Districts, U.S. Army Corps of Engineers, 1983).

28. Recommended Guidelines for Safety Inspection of Dams (Office of the Chief
of Engineers, Department of the Army, 1972).

29. The REMR Notebook, with periodic supplements (U.S. Army Corps of
Engineers, Waterways Experiment Station, Vicksburg, Mississippi, 1986).

30. Replacement and Rehabilitation Manual (Federal Highway Administration,
Washington, D.C., 1982).

31. Resources Agency Checklist (Department of Water Resources, Sacramento,
California, Checklist, 1984).

32. Review of Operation and Maintenance Program (U.S. Bureau of Reclamation,
Denver, Colorado, March 1982).

33. Rock Island District, U.S. Army Corps of Engineers Checklist (Department
of the Army, Rock Island, Illinois).

34. Safety Evaluation of Existing Dams (U.S. Bureau of Reclamation, U.S.
Department of the Interior, Denver, Colorado, June 1983).

42

--------t -- - -- - -- -



35. Safety Evaluation of Small Earth Dams (Virginia State Water Control
Board, Bureau of Water Control Management, Richmond, Virginia, January
1983).

36. Safety of Existing Dams, National Academy of Science Press (NASP, 1983).

37. Safety of Small Dams (ASCE, 1974).

38. Sanderson, V. A. and K. C. Sinha, Development and Use of a Management
Information System for Production Improvement (Indiana Department of
Highways, Indianapolis, Indiana, 1984).

39. Shahin, M. Y. and S. D. Kohn, Pavement Maintenance Management for Roads
and Parking Lots, Technical Report M-294/ADA110296 (U.S. Army
Construction Engineering Research Laboratory, Champaign, Illinois, 1981).

40. Tennessee Valley Authority (TVA), Checklists (Tennessee Valley Authority,
Knoxville, Tennessee).

41. Thomas, Henry H., The Engineering of Large Dams, Part I and Part II (John
Wiley and Sons, New York, 1976).

42. TRADOC Regulation No. 420-3 (U.S. Army Training and Doctrine Command,

Fort Monroe, Virginia, December 1981).

43. Tschantz, B. A., Report on Review of State Non-Federal Dam Safety

Programs (Feoeral Emergency Management Agency, February 28, 1983).

*4

43



SanzIN O 0

___________________________ 4____1__

E ~"~f $413so \rn

to *3IUoU) wauto U01TQ _ _0

430;S o2UM v1

OTMI3U~U1aU ;o n

L4 2U01WIDO 30 V aiAS g~

0

.48-u PPO0 ;o 80MO)

44 OD-136l wt44
TAu



tU;2$T%3 ;o a:31S11____

SWISA alfull-la
$-A I 00tu i ;j

to *DuIuowUIV 7 uolidQ

0 UITAC $*SUVA

iaSD.O I"~01A2J

IT~3 D102I3 10

02 2a3um2 wdaa opw.l uv.,01

0

10, uo Jao
;onw2g vt~ul;S.

1 ) -uclwo N

UO,2) J itfl ___

Z ~~~~;uls;u m puit o~
E4IU;U \osysonv

-. 1 td Oi aUIY s

xomp -onor

oo sdo5 0.

-4 32 A3 a. S

S.0 .. 0",M s

iS44- 0

C, L 5* 0. IICO 00t0 ~ 1. i/l

45



4d

0

30 UO0STA1ais v.

102U.0,OAU3.

20 -3d02 *TUVATA UU. _____

tn

S3.I10f 1134 1 'O

"-4;o 3uawzJvda~ olqo

*14

Ci Iw u;2 03 30 DA2OJIS

,..4 I;2; ,, I~ \ 121

s4) a~u AO i.1 sJ'"

.0 0

vumpl 14. a l~ a S\. a3\

E- nuOmpejD~ jo nvong

(1)

C 3)ySflbrn

a
a) ~ ~~ ~ ~ \D.2i uiiv~

220151 PXETAq of

;0 Sd1O o:y 4cv

AA q
44I

.r4 r - E

>4 0 s46



Table 4

Summary of Existing Maintenance Procedures for Locks,

Lockwalls, Lockgates, and Operating Equipment

Procedures
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Table 5

Summary of Existing Maintenance Procedures for

Powerhouses and Pumping Plants

Procedures c W
c c
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Table 6

Summary of Existing Maintenance Procedures for

Bridges and Roads

Procedures
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Table 7

Summary of Existing Maintenance Procedures for

Miscellaneous Facilities

Procedures
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APPENDIX A: CHECKLISTS AND EXPLANATORY

MATERIALS FOR CONCRETE/MASONRY DAMS

A!



Ge 1ral ildelln for the Obesrr. Ther* are so many conditions
thich might endanger a dam that great care must be taken lest some

.e overlooked. For this reason, a checklist of questions such as
the following should be used.

I. Have changes occurred In the environs of the reservoir that may
necessitate reexam iation of the design or of the surveillance

program (e.g., Industrial activities such as deep excavation,

trenching, tuanaling, building construction, or storage of

explosives or flamble materials)?

2. Are there utilities such as oil, water, or sewerlilnes near or

crossing the dam or its appurtenances that would jdopardize
safety If they were broken?

3. Are access roads and communication lines, to the damsite located
and constructed so that they will not be disrupted during

extrom emergency?
4. Are the structural analyses of the dam saiisfactory, or should

now analyses be made using the latest design technology?

5. Is the outlet capacity adequate to lower the reservoir rapidly

durlng an emergency?

.6. Is the spilway capable of discharging floodflows projected on

the basis of up-to-date hydrological records?

7. Is there danger of spl l Iway disctarge undercutting the

structure?

8. Are adequate auxiliary power and other redundant systems

provided for hoist cl.,aration or othar requirements during an

emoergency?

9. Is the spiIlwav 4hannel constructod and maintelned so that
there wiII be no dangGrous eros;on, or debris deposited, In the

river channel?
10. Is adequate ventlintlon provided In shafts, tunnels, and

galleries to prevent corrosion and to protect personnel from

noxious gases?
II. Is essential machinery operable, especl'lly such Items as

gate,, valves, and hoists?

12. Are drainage sump pumps, If ony, operable?

13. Are automatic alarms and telemetering devices functioning?

14. Is riprap, solI-cejnt, or other revetment Intact as

constructed?

15. Is all Instrumentation In satisfactory working order.

Figure Al. Dams and public safety

(Omaha District, USBR, 1980)
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16. Is there vegetation on embenkments or abutments that might

obscure adverse conditlons from the Inspector's view?

17. In the case of concrete dams, is there any reason to doubt the
strength of the concrete? Has this been confirmed by

nondestructive tests or tests of cores?

18. Are intake works for outlets and spillways free from silt and
debris?

19. Are adequate emergency supplies and equipment available for

handling adverse situations at the dam?

20. Have operating mechanisms that operate infrequently been checked
or exercised to verify that they function properly?

21. Are vulnerable facllItles protected against vandal Ism or sabotage
by Installation of fencing, locks, ard Intrusion-detection

devices?

22. Are competent, trained personnel assigned to surveillance?
23. Do operations personnel have proper Instructlons and authorily

for action to be taken during an emergency?

24. Are plazometer readings and water levels In wells reasonable,
steady, and consistent with reservoir height?

25. Are additional plezometers, wells, or weirs necessary for proof
of safety?

26. Are reservoir linings, If any, performing as designed?
27. Are surveillance data receiving timely analyses?

28. Has the dam crest settled and thereby reduced the freeboard for
flood discharge?

29. Is leakage of water excessive? Is It Increasing or decreasing?

Is It clear or turbi". Are there large variations In Individual

drain discharges?
30. Are wet spots visible on the downstream face of the embankment or

at abutment groins or immediately downstream?

31. Is there evidence of dissolution of foundation rock by seepage?
32. Is potentially dangerous seepage apparent in the vicinity from

sources other than the reservoir, such as in the abutments at

high level?
33. Ara signs visible of any sloughing or slumping of embankments,

abutments, or the reservoir environs?
34. Is plplng evident, especially where fills have been placed

against or cwverea by structures?
35. At dams with concrete face slabs, Is there visile warping or

other distress?

36. Has cracking dzveloped In structures, embankments, or

foundations?

37. Are there any signs of erosion of the embankment or Its

foundation?

38. Has any change occurred In alinement of parapet walls or'

retaining walls?

39. Has any recant seismic activity been recorded In the area? If

so, are there any signs of detrimental effects on the reservoir

or Its environs?

Figure Al. (Continued)

A3



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

-. Concrete 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.

c. Movement - Horizontal and Vertical Alignment. Concrete structures
should be examined for evidence of any abnormal settlements, heaving,
deflections, or lateral movements.

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

e. 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, cavitation,
obstructions, leakage or significant structural cracks;

g. Seepage or Leakage. The face3, 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. Embankment Structures.

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

b. Slore Stability. Embankment slopes should be examined for irregu-
larities in alignment and variances from smooth uniform slopes, unusual
changes from original crest alignment and elevation, evidence of move-
•ment at or beyond the toe, and surface cracks which indicate movement.

c. Seepa,_. 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 trea growth on slopes which might cause
detrimental seepage should be examined.

d. Drainage Systems. All drainaF systems should be examined to
determine whether the systems can freely pass discharge and that the
discharge water is not carrying embankment or foundation material.
Systems used to monitor drainage should be examined to assure they are
operational and functioning 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 prqtection 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. Spillway 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 Operatu.ng Machinery. The structural members,
connections, hoists, cables and operatiug 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 equipment. 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 Spillways. 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 Dissitacors). Stilling basins including
baffles, flip buckets or other energy dissipators should be examined for
any conditiona 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. Outlet 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.

c. Conduits, Sluices, Water Passages, Etc. The interior surfaces
of conduits should be examined for erosion, corrosion, cavitation, cracks,
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 constraints on
the functioning of the discharge facilities of the outlet works, or
present a hazard to the safety of the dam.

f. 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 performance 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 (Concrete
Structures). The existing records of alignment and elevation surveys
and measurements from inclinometers, inverted plumb bobs, gage points
acr6ss cracks and joints, or other devices should be examined to determine
any change from the original position of the structures.

c. 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 themaximum 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 elevation6 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 3usceptibility 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 reservoir and drainage area should be examined

for excessive sedimentation or recent developments in the drainage basin
which could cause a. sudden increas6 in sediment load thereby reducing
the reservoir capacity with attendant increase in maximum outflow and
maximum pool elevation.

c. Poter.tial Upstream Hazard Areas. The reservoir area should be
examined for features subject to potential backwater flooding resulting
in losq 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 identified.

7. Downstream Channel. The channel immediately downstream of the dam
should be examined for conditions which might impose any constraints on
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.

a. 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 condition.

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 downstream 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 waill
Lighting, etc.

GALLERIES

Concrete
Metalwork
Electrical
Ventilation
Seepage
Drains and drainage (all

drains should be open)

Frequency of cleaning or
probing

FO INDATION
TU1N 1:NI.IS

General
&ecpapcc

INSTRUMENTATION

Structural

Seepage

ICE-PREVENTION SYSTEM

OTHER

ABUTMENTS

FOUNDATION AT Left Right
DOWNSTREAM

A TOE OF DAM

Leakage around dam

Locaton
Amount
Measurement methods
Joint patterns

OTHEL

Figure A4. Checklist for examination of concrete dams

(Bureau of Reclamation - SEED Program)
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mle in Wall - Caplete deterioration of channel vall/side slope
to backfill.

low - less then 0.25 sq. ft. in area

Mod. - beten 0.25 sq. ft. and 0.50 sq. ft. in area

High - greater than 0.50 sq. ft. in area

Extent of Dqosed Steel - Deterioration of channel wall/side slope
to reinforcemnt steel.

:oit ,inal steel Transverse steel

Low - less than S ft. in length -Less than 2 bars/slab

Md. - 5 to 2 ft. in legth 2-3 bars/slab

High - =e than 20 ft. in length Mare than 3 bars/slab

Crodiirm of Exposed Steel - Deterioration of zxpsed reinforcement steel.

- any reinforcent steel expsed

Med. - reinforcemnt steel shows excessive corrosion

High - reinforcement steel cipleted, corroded through

cpmure of steel.

Low - less than 1 sq. ft. in area and less than 2 inches in depth

Med. - greater than 1. sq. ft. in area and less than 2 inches in depth

High - greater than 2 inches in depth

Cracking in Wall - Horizontal 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 bet een 0.02 inch and 0.10 inch in width

High - greater than 0.10 inch in width

Figure AS. Channel wall or wide slope distress
(Los Angeles Flood Control District)
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joint Seal Dwg - Ground ater se.sg though duarmel w4I.1/side
slope ,oints.

row - genca of pevious seepage (s:=1l amounts of debris a rod

joint =Mcs)

. - eter ard/ backlM materil trickling through joints

Etg - wt and/= backfil mterial tinq = though joints

Joint Fulting - MMV~t Of daMel tLU/Side slope detected at
"!!tructiot1 joints.

rAw - loss tan 0.50 kwh differential betwen chanue al l,,/side

• bte. - 0.50 and .1 ir differential betwen danl

-b ttwn I 1ich differential betwen dar.l alls/side

w1p f1:ae*/ftdet Activity - At dwrw L wal/side slope wrp hols,
t= ol- c be detected: 1) phuxn of wep holes o tat gro
inte oulad bui.ld up bdiind the duin ell l/side slopes,- 2) tixMeMin
t~mg wemep bales by rodet so~ that there. may be vouds in the backtill,

MPP~tlth dwal %*lu/sida Slope.

Lw- lesm than 1a percent plutged or
min= debris deposition on in;ert slab i=mdiatably below weep tnle

med - between 10 r, 25 Peret Plugged or
=odim debris deition on inver slab

Sih- greater than 25 pervent plugged or
large debri.s depsition on invet slab

separation at Side Inlets

rmoi Mada. - no aparent separation at inlet *mections to dwannel
wall/side slope nor differential separation within sideint

Sigh - any apparent se araticn at inlet conecticns or
differential separation within side inlet

VUds behind avxmel wal/Side Slope - Inspection made from atop diannel
to detect vids Lqgi cuuvwl wll/side slope, settlement in parllel
and abutting access road, or settlement of side .lopa.

Low - less than 2 cubic feet or void or settlement

Mad. - becwen 2 and 5 cubic feet of void or settlement

High - greater than 5 cubic feet of void or settlement

Figtire A5. (Continued)
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Ro, arks (Record any change from pre-

viouts inspections or condition that

"ATU', U should be corrected)

1

Downstream Fce

Deck, 2, 3

Piers and Training Walls
1'3

C6

*Drainage Gallery 6_ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _

~4
. pstream Slove 

4

ajLwnstream Slove 4

adway 
4

S buWtments-

_ _ _ _ _ _ _ I II _____

1. On concrete surfaces look for spells, cracks, leaks, or movement at Joints. Upstream face Co
,' be inspected from P boat semiannually -tr high and low reservoir.

2. On concrete decks, wals, floors, and ceilings check condition ot drains, gutters, and joint
filler.

3. Check paint and anchorage of handroilings, steel ladders, steel framing members, pipes, and
gracing.4 .On embankments check for subsidence of slopes, spalling or mvement of riprap, erosion on
slopes, settlement or cracks in roadway, and springs or wet areas on the downstream slope.

5.Check abutments for erosion adjacent to the dam and for springs or wet areas on the downstrear
s idt.

6.Ir halleries check for leaks and condition of drains ant gutters, ladders, lighting, and
sump as well as items noted in No. 1 above.

7.Check condition of riprap and training walls.

Figure A7. InspecLion checklist for :,'A
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UPSTEAM FACE

~ U~ ______ RfEUARKS

SURFACE CCNDITION I ______

CRACKS / SPALLS - .

1J01NT MOVEMENT __________

ADDITIONAL REMARKS:

DOWNSTREAM FACE

S U REMARKS

SURFACE CONDITION x

CRACKS / SPALLS x

JOINT MOVEMENT x
LEA KAGE x ..... . .........

ADDITIONAL REMARKS:

ROADWAY

S U REMARKS

SURFACE CONDITION x ...... ...

CRACKS / SPALLS %

JOINT MOVEMENT x

ADDITIONAL REMARKS:

Figure A7. (Continued)
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DAM INSPECTION CHECKLIST DTe____

NAME OF DAM ____________________

FILE NUMBER ______COUNTY ______CLASS_____

WEATHER & SITE CONDITIONS -______________

INSPECTORS
01THERS

V in ACTION

W<w CONCRETE DAM TYPE__ _________

Q z CHECK/CIRCLE OSRAIN
SCONDITION NOTED OSRAIN ,0U

__detefldrfed faints

J d@IeenrIt" taints

craongoson

vegetation/erosionl
IJ5-- 30qVId1C2k

M- I stogo/wesiesrs

W Sed@/Ufll

ero.ioflundwrminng

fonaion crains

J deteriorated aonts I

=> crack ing/sosiling

Figure AS. Concrete dam inspection (Ohio Department
of N'atural Resources)

A16



4 M

BE

>% )

ca
(9 0

Cd
'4 z

0 0
cn p

Q) 44

J 0

C,,r.

Cd2
"" 0 0

A17

. ..



FACILITY DATE

k a, INSPECTOR

Hote The item listed below are to be inspected to determine

a :0 c if-a change has occurred or an unusual. condition exists that
t W . requires maintenance, improvement, or further investigation.

,, ,., 8 On item marked with an asterisk (*), notify G. 0. Hydro
* Z Generation Deparent of any adverse condition.

' 1. Intake

a. Log boom - submergence, condition, continuity, anchots

b. Trash rack - clear of debris

c. Trash rake - operation, maintenance

d. Water nurface staff Sagi, recorder, floatwells

e. rxcess flow device - operation, settings, pitot tube

flushing

f. Heaters

g. Gatqs - condition and operability, to include
electrical and mechanical equipment; is gate at proper
elevations periodic operation

h. CabI e - condition and protective coatings

i. Lubrication (Bull. #6)

J. Standby motor generator - maintenance, operation

k. Cecurity - fencing, locks, unauthorized entry

1. Communication equipment and alarms - operability

m, Batteries and charger - corrosion, water

n. Housekeeping

o. Vortexing or unusual sounds

p. structural stability - cracks, movement

q. Operator and accumulator tank

r. Other electrical and mechanical equipment

s. Operating instructions

Figure A10. Water collection inspection checklist (PG&E)
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0 0-

W 0,* r~
o 0".

WW

2. Patol r eview frequency and method

S3. Gats - pill and roaa

4. Racorders, float wells and gages

S. Alamm - operability and settings

6. Grizzlies and trash rakes

2. Rodent con-rol fn bern

8. Vegetation control. including hazard trees adjacent to
canal

9. Leakage or wet spots - on or below berm

10. Deer crossings and escape ramps - damage

11. Erosion and slides - banks or berms

12. Flow obstructions and restrictions

13. Ganaral housekeeping, debris disposal

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

16. Sp&llwaya

a. FlAhboards or gatoe

b. Cutes secure from public entry

c. erosion

d. Obstr--uctions in channels - vegetation, debris

*%. Channel encroachments

f. Rems controlled facilities

g. PreVquency of operation for rights (SP 483-I)

Figure AI0. (Continued)-
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a" 0

0 -4

41
W O> u

0~ a
U S ,

4 146

(n 014 17. Flumes

a. Leakage

b. Condition of sheets

c. Substructure - condition

d. Settlement

e. Footings - erosion or grzund movement, clearances
around footings

f. Walkways and handrails - employee and public safety

q. Warning signs, public safety

18. Siphons

a. Foot patrol

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

*c. Leakage

*d. Supports and anchors

e. Expansion joints

f , Erosion and slides

g. Protective coatings

h. Drains

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

20. Wire and radio covuniications

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

22. Copper suLfate feeders

23. Condition of trails

Figure A10. (Continued)
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APPENDIX B: CHECKLISTS AND EXPLANATORY

MATERIALS FOR ROCK AND EARTH DAMS
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Uostream lace

Riprap

Erosion - Beachin, ---.---

Vegetative growth _,

Settlement

Debris

Do.nstrea face

Rock

Vegetati-e g:owh
Crest

Roadway

Guardrails

Curb ... .

Parapet wall .__

S ettle nment ....

Light-ing-

Abutments _____________

Seepage and drainage

Location

Tot drain

Measurement

Me.hod

Change in flow _,,

Records ,_,

Performance instrunmens

Surface set:lement points

Piezometer well

Readings

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

UPSTREAM FACE Estimated flow(s)

Colrimalsing
USl prondtions Erosion_______ A o f a

Vegetative growthRcos

Burrows or burrowing animalseto
Unusual conditions Amount__________

PERFORMANC FNSCEUMENoS

Seeageorwetares evte wl

Channelization__________ ___ Gae

Slidos or___burrowing_____animaPpin

Vegeualtiondiin

Crosr eie
Seepige Venti tation , n fst

ChIcelipaeonePiinsse

DS bli ty ecrt

Siatsral movement (aracesetleenepon)

Figue B3 Chcklitfodexminaion o. embatinmentofsam

(Bueauof eclmaton ISeD-prntorastm)

Sufc rckn te

Durabilit



SAN LUS DAM
INSPECTICN REPORT

DATE

_ _ _Lake Elevation

Legend X-No Change O-ChanFe

rtem :ondition Remarks

Requires Sub. D3tailed Photo
imorovement Std. Std. insoecticn iNo.

Groins

Unstretni

_rh-

D-:t--am

I

Uostr'.m

Righ" t ____ _____

Figure B4. California aqueduct project surveillance
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DAM INSPECTION CHECKLIST Tim-e
NAME OF DAM
FILE NUMBER COUNTY CLASS
WEATHER & SITE CONDITIONS
INSPECTORS

-' OTHERS

EMBANKMENT* DIKE * LEVEE

UZ CHECK/CiRCLE
SC ONDITION NOTED OBSERVATIONS

0.

'l ,,,_ _ _ _ _ _ _ __,_

I-

uwqn dm dtc0

0, -

0 

GENORAL COMMENTS. SKETCHES & FIELO MEASUREMENTSI

Figure B5. Ohio Department of Natural Resources
dam inspection checklist
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DAM INSPECTION CHECKLIST ~ iO@ __

NAME OF DAM __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

FIENUBRINSPECTORS-_____

Q Z CHECK/CIRCLE

CONDITION NOTED O0EVAIN

- hfi _ _ _ _ _

____________

w "lee
11gowlao~Is __________________

G4EA OMIS KCIS IL ESFMNS ~

Figureon B5 (onined
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Yes No Remarks Maintenance Tip

C3 0 Are there any sufface cracks? May indicate movement with- Should be evaluated by a
in the dam. orofessional engineer.

o [ Is there any unusual movement Dam or its foundation may Should be evaluated by a
or cracking at or beyond the toe? be unstable, professional engineer.

o 0 Is there erosion on upstream If severe or rapid, a serious If severe ,nd progressive, pro-
face from wave action or changes problcm. tect upstream face with rip
in pool level? rap or other form of wave

protection.

C] [] Is there erosion from runoff, Erosion of any sort is a prob. Improve grass cover; reshape
either gullies or bare areas? lem, as it tends to get worse embankment to improve

with time if not corrected, drainage pattern.

o 0 Is there erosion from traffic Any erosion is serious, as it Try f keep all types of
(people, animals, vehicles)? will get worse with time if traffit. to a reasonable level.

not corrected. Keep vehicles off dam. Stab.
bilize crest roads to prevent
rutting. Prohibit recreational
vehicle traffic on slopes. Keep
livestock off dam. Fill in ex.
isting ruts or eroded areas
and reseed.

*"0 0 Are there any animal burrows? May provide passageways for Fill burrows with earth or oth-
water into or through the erwise block entry.Try to keep
dam. woodchucks, muskrat and

beaver away from the dam.

o 0 Are there depressed areas on the May have resulted from slope If pronounced or progres-
darn? failures or set-lement, or even sive, should be evaluated by

pping. a professional engineer.

o - Is there any cvid.nca of piping? Piping is internal eroicn Piping is always e serious
(This condition is evidenced by a within an embankment, or condition, 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 through a soil mass. ated by a professional engi-
depressions on its slopes.) neer.

o 3 Does the crest appear to have Crest movement may indicate Should be evaluated by a
shifted or settled excessively? a stability problem. How- professional engineer.
(Look for cracks in the em- ever, some settlement of a
bankment and associated struc- new fill, such as an em-
tures. Compare alignment with bankment dam, is normal.
plans if they are available.)

Figu-e B6. The embankment (Virginia Bureau of

Water Control Management)
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Yes No Rnmarks Mai-..narica Tip

0 03 If the upstream face is protected Effectiveness is lessened if rip- Restore riprap as naces.sary;
by riprap is it in good condition? rap has slipped out of place, keep free of tre. and bushes.

(Riprap is a layer, facing, or pro- has been undermined, or has

tective mound of stone in ran- become overgrown with
doam size pieces, randomly placed brush.
to prvnt erosion, scour, or
slouo,hing of an embankment or
stns-ure.)

C3 0 If there is riprep in discharge Has riprap stone been dis- Restore riprap as necessary;

channels or in the plunge pool placed or overgrown? keep free of trees and bushes.

downstream, is it in good con-
dition?

0 0 If drainage channels at ends of Drainage along abutments of- Riprap or other formt of
embankment are protected with ten causes gullying if there is slope protection should be
rilprap, is 't ;n jeod condition? no protection, restored as necessary.

03 03 If there is riprap in miceal c Reus'e as necesay.
* art (on downstreamw slopit. an

crest, etc) it* it in good rqwai?

C 0 If there are any dr;ns to collect rhwck plasah for the prctve Yeep drdins cletr of any

and remove seepage, are they of drains, or sastch the diumn blockages and operating

operating propgdy? to we if any are prrsent. properly.

0 03 If there are foundation drain out- Foundation drains serve to Open outlet to soch drains if
lets, are they clear and flowing? collect seepage passing they have become covered or

through the darn and conduct damaged.
it away from the embank-
.fment

0" 3 Are there wet spots or ares on swe seepo9 is norml for Observe seepage ara periodi.

the downstream face, at the toe, a ear don. as concerned cally to detect chan in the
or beyond the darn? (,u:h sots f it ,mlz to be ercesis (a amount of moisture, new
are often indicated by a Change lot of standing water; very flows, ormuddy flow, If the

in color or type of vegetation, soft and marshy areas. evi- upper limit of seepa.- is fair-

such as from grass to cattails.) dwce of a seepage line high ly high on the downstrezn
on the downstream fsce). face, the dam may be un-

stable.

C C Are there seem or springs with Flowing seeps of sings may Monitor seepage ciosely for

flowing waer? Look closely for indicate problems. and should any changes in amount, rate,

these at the ends of the cam, be observed periodically for extent, or clarity. Excessive
around any pipes pasing through changes in rate of flow or or turbid seepage, or marked

the embankment, on down- muddy flow. Creation of an increzses in rate of seepage,

stream face, at he toe of the impoandment often causes should be evaluated by a pro-

dam and beyond. tnd at the base changes in the water table fessionel engineer.
of tres on, near, or below the nearby.
dam.

E3 03 Is there swamp or marsh type Swamp type vegetation indi- Cut frequently to make ob.

vegetation on downstream face cates the presence of seepage. servation of the area easier.

or beyond the dam (cattails. tall Such growth can hide pro-

grass, e=.)? blems.

Figure B6. (Continued)
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Earth Dams

Upstream Face

O Fr-eeboard
0 Wave Action
C Slope Protection
3 r Animal Burrows

Crest

O Erosion
03 SlumpsC3" Cracks

O3 Movement

Downstream Slopes

0 Abutments
O3 Slope Instability (slumps)
3 Settlement
C Slope Protection
U Leakage
C3 Seepage - Embankment, toe, and downstream valley
0 Erosion

Spillway Structure

O3 Primary Outlet - Inlet, and Trash Rack
,3 EMS - Approach channel, outlet channel, control section, and erosion
C { Stilling Basin - Scour and Erosion

Reservoir Drain - Operational?

Concrete Dams

0 Face & Top - Surface Condition Outlet Works0 Cracking
SDeterioration Spillway-Type and Condi:ionTilting - Movement 0 Gates - Method of Operation

3 Joints 0 Stilling Basin

3 Abutments C Energy Dissipator
O3 Leakage
0 Seepage
0 Foundation

Figure B7. North Carolina Department of Natural Resources
dam inspection checklist
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ITEMS TO ADDRESS AREAS OF DAM

PROTECTION RODENT ACTIVITY UPSTREAM FACE
.UNIFORMITY OBSCURING GROWTH CREST
DISPLACEMENTS WETNESS DOWNSTREAM FACE
CRACKING CHANGES IN CONDITION
EROSION

LOCATION EXTENT OF AREA SEEPAGE
CHARACTERISTICS OFAR k CONCENTRATED FLOWS
(i.e. SOFT, BOGGY, FIRM) BOILS
QUANTIITY COLOR
TRANSPORTED OR TOE DRAIN

DEPOSITED MATERIAL
EFFLUENT QUANTITY AND
COLOR

DETERIORATION OPERABILITY OUTLET
ACCESSIBILITY CONDITION
CONDUIT LEAKA GE GATE LEAKAGE
AROUND CONDUIT UNDERCUTTING

DETERIORATION CHANNEL OBSTRUCTION SPILLWAY
CONDITION OF CONTROL EROSION OR BACK
SECTION, CUTTING IN CHANNEL

CHANNEL PROTECTION

Figure B9. Dam inspection report form checklist
(Colorado Division of Water Resources)
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PROBLEM CAUSES & HARM DONE ACTION REQUIRED
5.4.1 Cguse. Action:

EXCESSIVE MUDDY WATER I. Water has created an open I. Beginmeasurngoutflowquan-

EXITING FROM A POINT pathway, channel, or pipe through tity and establishing whether water
SOURCE the dam. The water is eroding and is getting muddier, staying the

carrying embankment materiaL same., or clearing up.
2. Latge amounts of water have 2. If quantity of flow is increa.-

I--.-. accumulated in the downstream ing. the water level in the reservoir
slope. Water and embankment should be lowered until the flow
materials are exiting at one point, stabilizes or stops.
Surface agitation may be causing 3. A quahried engineer should
the muddy %ater. inspect the condition and recom-

Harm: mend further actions to be taken.

Continued flows can further erode ENGINEER REQUIRED

embankment materials. This can
lead to failure of the dam.

5.42 Cause: Actio:

EXCESSIVE AMOUNT OF Water has created an open path- I. Bnmeasuringoutflowqu-
WATER EXITING FROM A way or pipe through the dam. tity.
POINT SOURCE Harm: 2. If quantity of flow is increas-

POIT OUCEing. the water level isthe reservoir
........ Continued flows can further erode may need to be lowered until the

embankment materials. ThiA can flow stabilizes or stops.
lead to failure of the dam. 3. A qualified engineer should

inspect the condition and recom-

mend further actions to be taken.
ENGINEER REQUIRED

5.4-3 Causet Action:

WATER EXITING FROM A I. Rodents. frost action. or poor I. Begnmeasurngoutflowquan-
POINT SOURCE HIGH ON constn,,.tion have allowed water tity.
THE EMBANKMENT to create an open pathway or pipe 2. If quantity of flow n increas-

through the embankment. ing. the water level in the reservoir

Harm: needs to be lowered until the leak
I stops.

I. Continued flows can saturate 3 Search for openine on up-
portions of the embankment and stream side and plug it i possible.

lead to slidcs in the area. 4. A qualified engineer should
2. Continued flows can further immediately inspect the condition
erode embankment materials and and recommend further action to
lead to failure of the dam. be taken.

ENGINEER REQUIRED

Figure B9. (Continued) Dam inspection report form

checklist (Colorado Division of Water Resources)

B16

............................



* 0 0 6

r to(V V -01. e

0 1 2 3 4 5 6 7

-CJ

I ''S

Maxmum Gage Rod Height ,..t. Corrmponding R ."or Watr Surface Zlcvaton -

Comments:

*If dry, write "DRY." If frozen. write 'FROZEN."

Figure B9. (Continued) Observation well measurements
(Colorado Division of Water Resources)
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EARTH EMBAM1KMENTS

1. Dimensions/Shape

2. Foundation

3. Slopes

4. Crest

S. Seepage

6." Embankment/Abutment Junction

7. Drains

8. Staff Gage & Recorder

9. Other

Figure B1O. Earth embankments (Kansas Division
of Water Resources)
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Vegetation on dike and withi'n 50 feet beyond too of dike

a. Overgrowth

(I) Requiring cutting for dike surveillance d. Downstrea Face

(2) Requiring weed control for dike surveillance (1) Cracking

(3) Indicating seepage or excessive capillarlty (2) Subsidence

Z3) Bulging

b. Wot Terrain Vegetation (4) Erosion, gullies

(I) watch for boils (a) Depth

(2) latch for sand cones, deltas, etc. (b) IHoisture on ary days

(3) Changes with the season, pond level changes (5) Damp areas

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

() Poor growth e. Berm and within 50 feet beycnd toe of j!ke
(2) Destroyed by erosion (I) Erosion, gullies

Drainage Ditches (2) Damp areas

a. Clogged with vegetation (3) Bolls, seeps

. Damp Spillways

c. Flowing water: Quantity . I level, boards

d. Boils b. Intake structure

o. Slit accumulations, deltas, cones
c. D!scharge conduit condition

Embankment d. Seepage or damp areas around concuit

a. Frecbo~rd - pond level e. Erosion below conduit

f. Boils In vicinity of conduit
b. Crest

,I} 'rackina g. Spillway slabs for uplift, suositien:a, cr,%c,

(2) Suositence Areas of previous repair

a. Effectiveness of repairc. Upstream 'ace
(1) Cracking b. Progress!on of trouble Into new area

(2) Surface erosion, gullying

(3) Wave erosion

Figure Bll. Checklist of conditions to be noted
in safety inspections of small earth dams

(Safety of Exist;ng Dams)
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(A) E.baamieai Slump$ on Inadequate iryttitti Powil mamv Determine Specific cauictsl b%,
is. oubmkaa face S"e too"e failuie of dam twt bioo. stremit tess and
M" ints Loe4tbsdtfa cracks Phrumuic nirfame too high Dampg to spiliway P.Onwtus. Basled on tale

Wetfaiaie) Arcane oaha Cracking due to dilflereaWa or Outlet woyha. rults. deepy ap-O.Mriarn
H - e6) (brvegtlaii UetioMme rivultistg to dam remedies. Somne Altemnativa

11101" Earthquake failure am are
Suloe in gope Rapid direwdow- of ri or Frer-r4mit downruweem
Sol in a. ottadsiwe 610"M
Samt tre trUaha Lamit t omn dun Flatten Alp"
sllusnd gtsad rag owertsrned! Upwer the plireatic Surface

or simila sirctue; SPillwaY Or Auriace drama,, Rupo Mea hrmt.
discitarge esedins internal Slurry Wall or
emubankment metmbranse cutoff.

Ttmporatv taturason due to croutusel
rain storsu, Snowmit. or itemmve and replace wcal,
high lailwater sodls

Decryini orgasuc material in Control Surface es~ with
embeanirmentt nprap or ther imami

Rmelipnmrtioate appurtenant
Structureas "reqpurd

Perutann partial reduction
in pool Itia

in Xm" case total dr...ing and
bmanunit are reuid for
Safety or ame mote economical

(In LaEitiet Seepa m~rrytaw Lack of appropriate iternal Dam f ailure b%- Disinngualui unwfe ampe
OV1a1 fo drama., intenal "iOwn (tur normal seepage requires

WMef Sinkhssla inadequate coae or cutoff Strusctural failure conadeahle judpw et.
Gishmimiet (AM Inapptapsase embankmnent due to uplift of Ahmosunt of chant in the rate

sods maoon&[ embankmemt or of "ee"ae is an Lm Portant
Conoa tedm seepage Layrng of raianwaiV Appurtenant: factor. Mav require irmtaLlazos
Untied"a WWnMoni pesmahl soea structurle of PMmeew to help

emnbaanme Slope embanimen t Lm of storage determine iauna. Hilhle
Unmamaly soft at qicak Inadequate compason mrIuuw meepae or

esaaehmmn dope, Clownig of drain or 111am eidence of Internal memo or
Muadetye wqetanon flurros mmmd by musknia. man. movme n defintely'

On ebeeaic t beavegn. psttadhop. foe.. raqwrm treawmen. If it
dlope moim. chlpmunb appear; that ernepee fine is

Surface Waw gAUjlM high enough to ihreeu m&%
I ase moepae" vine stabilltv. conside step undier

Tipov at V auaoa, due to ma. movement above. I/ nin;
run SM. Jmwai t Moeeeeat it not Molkeaw. a

Seepage iar. owue CC. or aka , "rsd 4=n in *Lg =4i:) 011
condeiis and draum maem sNaIlq lsse

asonate. Oilier
alternaurim.

Upsrrmns eipee beii
Iblanket)

Install Seepage cutoff
bereaths rs. ticsas
siunv wadl. thin
menbrane wall. grouting

Fuiertd reudl wWUl
FLU gt-lka with Mauted

dean-. Prev uent
Fin .w r.a

Rana" trees replaw a&I
Trap and tenomci ansinel
In some cnes total draisisog

and bruchin~ ii; thme most
economica -afe a-Mon

Figure B12. Evaluation matrix of5 embankment dams
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Canwuasmd spop Fractures is fmldato a k a~Ape crautics
UNUMAmfY soft or quack or s Lo of not %a Slumr Wall or M.orn
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Figure B12. (Continued)
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APPENDIX C: CHECKLISTS AND EXPLANATORY

MATERIALS FOR SPILLWAYSp STILLING

BASINS, AND OUTLET WORKS
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P~aSC.,ONEL ___DATE __

POOL TAIL
PRECIP.

INSTRUMENTATION
SLOPE INDICATORS
P IEZOMETERS
OBSERVATION WvELLS
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 DURABILITY
UNIFORMITY BERM

UPSTREAM LEFT ABUTMENT
CONDITXON OF RIPRAP FOR DISPLACEMENT DURABILITY
DITCH NATURAL SLOPE

DOWN1STREAM LEFT ABUTMENT
RIPRAPPED DITCH NATURAL SLOPE

DOWNSTREAM DAM SLOPE
COVER UNIFORMITY RIPRAP AT TOE
EROSION SEEPAGE EXIT OF SAND DRAIN

DOWNSTREAM RIGHT ABUTMENT

. PRA .PED DITCH NATURAL SLOPE

DISCHARGE" CHANNEL
CONDITION OF RIPRAP FOR DISPLACEMENT DURABILITY

TOP OF DAM
UNIFORMITY CRACKS SETTLEMENT

SPILLWAY CUT SLOPES
UPSTREAM RIGHT SIDE HORIZONTAL DRAINS
DOWNSTREAM LET SIDE HORIZONTAL DRAINS
DOWNST,?EAM RIGHT SIDE HOPIZONTAL DRAINS
DZSCAk(E-C X. RT. S=E HORIZONTAL DRAINS

Figure Cl. Checklist for embankment and cut slopes
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A

SPILLWAY:

GENERAL

4 ~~~OGEE WEIR __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

GRAVITy WALLS _ _ _ _ _ _ _ _ _ _ _

PAVED CHTE

0=UT WALLS

Figure Cl. (Continued)
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Spillway

Approach channel

Channel

Log boom

Control structuures

Crest

Wal1

Apron

Chute

Walls

Floor
Drains ,,,

Stilling basin

Walls

Floor

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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Outlet Iorks

Inlet structure

Trashracks

Concrete

Gate chamber

Gates

Operation at time
of examination

Exercising frequency

Mechanical

Electrical

Protective coatings

4 Posted operating
instructions

Ventilation

Seepage

Concrete

Access tunnel.

Concrete

Metalwork

Outlet conduit

Metalwork

Protective coatings

Concrete

Cavitation

Figure C2. (Continued) Outlet works (Bureau of
Reclamation RO&M Program)
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A - .-. .. L - -

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

Outlet channel

Vegetation

Gravel bars, etc.

Figure C2. (Continued)
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SPILLWAY

CONROL STRUCTRESu APPOACH CHANNEL

COW- Vgna (tae. w.Ilows. mc)

OnimDm o, _ __

GATZU AND CONTROLS comil "d lpe"
L"n borm_________

pGamen co___________ CONTROL STRUCTURES (OBSERVED OPERATION)
(damWod)

Goeirma c~eonom of comr
CONTROLS FOR GATES Picmmm ___"1__

Sadii m

Cncd ___

IIIEW,01dGeinft condm of coane
Cnb or wow of dowass

1400 - Sam oows

I 1db pw - al

WILATHER DOORS Gaamir condom ofowe

____Iond______on__ Cndr ot won of dsirn ______

ncem rnw Beckfill_ _ __ _ _

CONfTROL.S FOR
WEATHER DOOIRS GW.

4 How. eqo~pnwm

Ias _ _ _ _ n tMPe

CHEM OR TUNNEL

STOPLOGSDes

Gdnwm codom___________ W"ll
P~w cionsn cow"__

T6LNG RASIN '4oviroin lotTmas ________

Se"W"Wat____
WMWl joints _________

Floor Civos or sive of distress __________

Rirdisl boo bn

poorw- Go wn condms _ __ma

Figure C3. Spillways (Bureau of Reclamation -SEED Program)
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OULET womiC

INTAKE

TRihnk _________ OUTiLET CHANNEL

OUTLET CONDUIT Gsu,.4 ha.

OTHER
CONTROL FACILMRS

C"

r 1 ____________ POWER FEATURES

Cwrne (if mimd u so i opiae ui a~ at upo dm1

-pao INTAXIISTRUCTURE ______

Carnal ,,nTRASHRACK _____

__________ &ULEH&AD GATE _____

m~hscd _______ INTAKE GATES -

n nue_______ INTAKE GATE HOILM _____

V..dw hm~v GANTRY CRANE

of 6 (o- -
O4"01 ooft. " ___________

Aimhhl imm _______________m

C-a _ _ _ _ ch

5mbra ________D

D~bnmaa bom ______

Stanlen stcvl liner ________

SUgdm comom _____________Concree________

Coamw Io

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

P IE R S -__ . .. . .

S Ui REMARKS
I

SURFACE CONDITION x

C R A C K S / S P A L L S z .. ..
JOINT CONDITION

ADDITIONA L REMARKS: . ...

GALLERY, ._O-a0?- BLOCKS 37THRU43
S U r.MARKS

SURFACE CONDITION x

CRACKS / SPALLS x

JOINT CONDITION

ADDITIONAL REMARKS:

SLUICE GATE GALLERY, EL88O± - BLOCKS 37 THRU 44
1S !U  

REMARKS

SURFACE CONDITION It~-__________

CRACKS /SPALLS Ix _

JOINT CONDITION I I'.-

JADDITIONAL REMARKS:

Figure C4. Checklist on spillway
(Tennessee Valley Authority)

C9



- -

Oate
DAM INSPECTION CHECKLIST Time

NAME OF DAMFILE NUMBER INSPECTORS!

K4 N E SPILLWAYS e DRAINS e OUTLETS AI-T j

o~CHECK/CIRCLEZ'U CONDI0 .ON NOTED OBSERVATIONS 5

PfiL y .Spiwy Type:

I -O I ... ... I I i

.j ctmcwasoton

" ,.. l. .. ... . .. _ ,__ ,_,_
Lke re 5.Cech sy nOutlets Type)

i atinre a _ __ _ _ _ __ _ __ _ __ _

U)L jointshow sJuatmce _________________ ______

-.... : , outl ara___._________e________.___________________.

Figure C5. Checklist on spillway (ODNR)
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THE PfiINCIPAL SF1 LLWAY

Yet Me

" 0 Can water flow into the4 prin- The fiiier inteiie SruWi.r or Install a Wah f8cl if oem k
60111cip l ilWiqy wsit diffIGalty. dsarpi dl uidbe firaofWru not r d ;ai A L Pormoi.

as ifsi when constructed? Goer mbiloc*ap c@ wtaiircl a W

" 0 is outislt or~ disoerge dien" Fi-w pising Dwouol tow Keag -adot ip, pange pool,
nal lea and om~ to allow the spillway should not erods or and all odhe oudet mi

* ~ ~ ~ fe plneia of the priinel oewledm hedm ewr vid In good repair.
spiway disceig?

" 0 i the Pi Was y spiIWSy strutur SuCh daml fealeneasu d th Rawr and maintain as &P.

aml, wood, and metal p~fzions continued maintenance lke. tiua uefi lif of the dam.

beenb used o longr ite it an ncsayI h a eis o -Wiw risse

may be possible to open it but wokn re.sliould not be lowere at a
not etoill it.rt@ of more than 6 1ichesa

day.

r i t there am ouer gaes valves. Such devces zra vitali to the Repair and restore if neces.
jC3or operating SQIh~uw ths eflette amd safe operation sary, and maintain in an ower

in working #:ondltion? of the darn. ale- condition,

THE EMERGENCY SF1 LLWAY

0 0 Can wate flow into the sef 70 be efsca". ad/nwooo Thes awrach channel' shoo
gency soiliway withou diffi. dw 30iw.ur channel Vioidd be keor free of trash, under,
culty, as intended when con- be CJW aid unobsructed. brush. or orfer blockag.
structied?

C 03 Is the dischairs chanl~ clw SoIliway flows must be ef. Csar as naceory.
and open to allow the free Pa- fectivehy Conducted away

saga of the err.ifncy soillway from th darn.

I s the emergenCY SU;IlwaY cot1- A barnf is otter. consrcted .isnoe cuam if neceszliry to
structed in suici a way triat its :o keep loillwsy flows from %aft* care or this rzroblem.
flows will not croot othier ocr- flow-n down Me eMbank.
tions of the dam? nt.

C 0 is the emergency soiIlwav inl Saillwev was""n ts aComon Rero arl aVV8 qjIIt or,

good condition overall (check prbiei ffvfdr Provide chnnl.
:or erosion within the channel. .Protmoon (ripra. concrete.

adqaw f ru coy"r. MtX) et=) if necssary to eliminate
recurrng erosion oroblens.

Figure C6. Principal spillway (Virginia Bureau of
Water Control Management)
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C
k I

0

0
0 31

k

°C

• 3. Spil~lway

I b) Debris in sp~illway or spill channel

C

-c Do wnstrasn t neroaccmnt: in spill channel

Sd) Ener--y d.iasipator, fliJp bucket (visual t:o extent
possible)

a) FIlhb:oar~ds - aiaxinrum height, conditrion, asectiity,
when, they can be inst alled (Bull. 154)

'9) Radial, drum, or slide qate - cop.'ition of gaes~,
seals, chin, cables, hist operatora periodic
operation (Bull. o35)

q) Zlmctrial and ot.her mehanical squLpment-mitanance,
operation

h) Log bom- submerg~ence, condiLtion, continuity, ancorso

i) Lubrication - gate trnnons, chain li~nks, cables,

oprzrs (Bull. 46)

4. Fish -Adder and sc-rtens.-operati4on, gravel intrusion,

conditilon

S. General conarsts deterioratilon

6. Pr'otectilve paints and coatngs, paricularly on in, rgod

facilities

7. Employee and public safesty

8. Signs, including General Recreat.ion warning, .4xiu water
Surface, etc.

9. Houaepinq

10. Security - fancinq, locks, unauthorized en.ty

11. Fish release facilities wid requirements- verify flow

Figure C8. Dams and reservoirs (PG&E)
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WATER COLLECTION ISPW-'CZON C1EOa.ZSTii FA.CILITY _ _ _ _ _ __ DATE _ __ _

o o. Note: The item listed below are to be inspected to determine
I * ~ *f a change has occurred or an unusual condition exists that

0 :0 u requires man c ce, improvement. or further Investigation.
u O item marked with an asterisk (0), notify G. 0. Hydro

Generation Deparmet of any adverse condition.
a . . Z

~I ~ 0
S1. Intake

a. Log boom - submergence, condition, cont.inuity, anchors

b. Trash rack - clear of debris
'10 - -

c. Trash rake - operation, maintenance

4. Water surface staff gqe, recorder, floatwells

a. Excess flow device - operation, settings, pitot tube
flushing

f. Heaters

q. Gates - candition and operability, to include
elect=ical and mechanical equipment; Is gate at proper
elevation periodic operation

h. Cables - condition and protctive coatings

i. Lubrication (Bull. 06)

J. Standhy mtor caenerartor - maintenance, operation

k. Security - fencing, locks, unauthorized antry

1. Communication equipment and a.Larm - operabiliry

m. Batteries and charger - corrosion, ter

n. Housekeeping

o. Vartaxinq or unusual sounds

p. Stru tral stability - cracks, movement

q. Operator and accialator tank

r. Othnw electrical and mechanical equipment

- Ia.* Operating instructions

Figure C8. (Continued) Tunnels (PG&E)
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0

U a

W a

0~ 2.Sre hme
a. Ptoa aces

q b. Security - fenciLng, loc.ks, unuthri.zed ent.ry

%~q Spill.way - aros.on, undecutti. ng, restricti€ ons,

encromntsr

,,!d. Lea.kage

3. Adi.ts and P'ort.aJ~
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APPENDIX D: CHECKLISTS AND EXPLANATORY

MATERIALS FOR LOCKS, LOCKWALLS,

LOCKOATES, AND OPERATING EQUIPMENT
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*(P&SWZ 3 |MUlD. I i oa*.

.cpaIs 21* N.O,. PH +37
INSPETION INTKMVAL .. 40 o .I

ACaoIuAT I ftuCNA6 ' 0oCztAF t ELECTRIC SHOP MACHINE SHOP
Issue SWCIAL. CmgcK LIST NU IIU O

61.00 %LacT MCC" at" 'C.4c it l I:14"ags , CCCI- e ATI2VA5,T0?. X ACJUSTM(9eV41101.1101[0 WMACI

A IS 061 1 101-1 1 1 I c g P&,uraosmtcuaItz c 311 M A lt~l 0.I 5. NC? .,"IP(cyca

,~';* I ~ ~ f'RES0R01 (Bkcr.037) Hr Mater........ PRV ''11 111 PRS I
3 70 JER SOURCE PB-1 BKR# 37 +43.5 Cont @3 PC-7

51 A,1COMPRESSOR ff2 (PC-14) 11cr. 012

MAHN SHO

___ CE EC$_ OIL PESSURE (20 to 30 PSIG)

_ UT __ __ __

2 k

3 I I

4 CHECK CRANKCASE OIL: Change ever7 500 hrs. (or when

,,-e ary) W.ASH CRANKCASE BREATHER EACH TIME OIL IS

,F ,H,____ _ I OIL USE 1.7 UARTS 2135 GOVERNOR OIL

- _____ COMPRESSOR ;1 LAST OIL CHANGE

R RS. PaES. HRS.

BLOW OFF RECEIVE R

NPO~ MPESO #2 LAS OIeJItS CHANGE .~L *C

/ 3

Figure Dl. (Continued)
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dENEATOR GOVMiOR SYSMi P.- M DATA CARD

POWE:HC~lSE +I37 3Y UIT COMPRESSOR, AIR.. 3009 02.

1q-7-

oPNAVIfe. UMIIATIOwS gCP GiN

CONTROLS AT COMPRESSOR:-_______________

SQAR 0 CLUSS 2510 -TYPE F0-1 BINSI AA-COMPRESSOR
TROUBLZ) I

RELAY COIL *2959-S1. :-UAREU V .j3A SF0 _________

120y -60EZ 1007 50 HR________

71M G.H4. EALE SIM"A DIVISION TnTE CC 60 A6
V CODE 8K-21

SH 120V 60 HE _______

...yiLWh&S OnL PRESR LOADS COMPRESSOR')t: i
j=EA~g FLOW WtITCHI: HflONNrL f ,LE

T= Chig-mag USA
Mr.One1 No. FS4-3

FLOW StJTTC 1Lt~ rL31Vjl

MWY PRI!SSUB-, IO 0 bqI
MAX = Inno~ F

115 7ALC 7.A F.!.. 44,44, L.R. .4 -
ZM VAC 1.7A F.I. 22.? , L..

PILOT OtT! RTING A.C. 125V.A. 115-Z30V
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TYPr C 11I RAnGE 0-225V'F

qrocx Na_ 9037 15PS i
4VQLTS 125/250

cawnmpue ow nevmc Mall!
NPO "-#" 113-1 (TEST) . -

Figure Dl. (Continued)
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ILLINOIS WATERWAY, ILLINOIS
DRESDEN ISL4ND LOCK AND DAM

4 INSPECTION CHECKLIST,

j INSPECTION PERSONNEL:

DATE 0F INSPECTION: ____________

INSPECTION OBSERVATIOMiS:

1. LOCK:

General-

Akrroach Walla

Concrete condition ____________________

Alignme~nt _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Joints _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Other _ _ _ _ _ _ __ _

Lock Walls

Concrete condition ____________________

Alignment_______________________ ____

Joints _________________________

Other ___________________________

Lower Gate Bays and Forebays

Concrete condition

Alignment____________________ ___

Joints ____________________________

Other ________________________ __

Figure D2. Inspection checklist for lock and dam
(Rock Island District)

D6

-1 -



Miter Gates

General condition

Structural details

Seals

Operating rachinery

Tainter Valves

General condition

.Structural. datails

Seals

Operating machinery

2. DP2M:

General

Piers

Concrete condition

Cracks (compare with photograchic records)

T!ainter Gates

General conditior.

Structural details

Seals

Operating machinery

Roller Gates

General condition

Figure D2. (Continued)
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Roller Gates (con.t'd)

Structural details

Rack and ?.im and Guardr _al

Seals

Operating r•;i"ner ,

Service Briidqe

Steel Girders

bracing

Structural details

Bearings

Dec):

Stcraae Yard

Storage yard trestle

Bulkh eads

Retaining walls

Other

E art: Dike

Submersible

Non-subme-rsible

Figure D2. (Continued)
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APPENDIX E: CHECKLISTS AND EXPLANATORY MATERIALS

FOR POWERHOUSES AND PUMPING PLANTS

El
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Structural features

Building (wood, coucrete, metal
cons cruction)

Walls

Roof

Decks

Drainage

Crane

Doors, windows

Ventilation

Lighting

Safety

Forebay conditions

Inlet channel

Concrete

P.iprap

Debris or silt bars

Trashracks

Stoplogs and grooves

Sump conditions

Other metalwork

Pumping units

Maintenance procedures

Vibration

Cavito ion

Lubrication

.Bearing temperatures

Figure E4. Checklist for major pumping facilities (RO&M)
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pwuping units - Continued

Packing box leakage

Paint deterioration

Uni. mounting and foundation

Low water cutoff system

PUMp pliming system

Other operating difficulties _

Discharge valves (manual, motor, or
hydraulic-operated)

Operation

Vibration ----

' Maintenance procedures

Lubrication-

Painjt deterioration

Unit mounting and foundation ,__

Electrical control equipment

HousekeepinS (clean and dry)

Protective coatings

Maintenance procedures

Other operating difficulties

Afterbay conditions

Discharge piping

Interior

* Exterior

Anchor blocks

Discharge boxes

Flap valves

Other metalwork ....

Figure E4. (Continued)
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POWER FEATFURES

(if related to sale operatihmn or strucur-al integriy ni" qam)

INTAKE STRUCTURE

TRASHRACK

BULKHEAD GATE

INTAKE GATES

INTAKE GATE HOISTS

GANTRY CRANE

Mech1nicl

Electrical

C0pir~jcng instrucions __________________

Operaion during

PENSTOCK

Powerplanc struccture
Ceilings_____

~1 Walls

Substiructure

TAILRACE

Draft tube closure structure
Draft tube bulkhead
Gantry crane

STANDBY POWER UNIT

Condition
Exerciing frequency
Automatic Icantures

Opetaunn during examination

OTHER

Figure E5. Power features (Bureau of
Reclamation - SEED Program)
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M T R 1.r!r.AT-r 0 1

1. ?hnumntacion/SurveyS ....... ._

2. Observation Wells

3. Weirs___

4 .- iezoaters

5. Stream Cage Recorder

6. Other

RESERVOTR

1 . Slope ...... ........... . .

"2 Bank2 i .. "- _ __ _ __ _ __ _ __ _ __ _ __ _ __ _ __ _ __ _ __

3. Sedimentation ___

4. Other

Figure E6. Instrumentation (Kansas Division

of Water Resources)
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CevcLt -.... Dfta of C t . . . . .

Sle A 4 ... .. .......................

I I

ID'OMiscellaneousrTest- See

_ - ---------------

Micelneu T.es.Sh'eet
. -

3. .P:

AIM4 M-7= AgISM 7:S

CA=elneu Test"T She:

Figure E7. Report of damage to distribution system facility
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APPENDIX F: CHECKLISTS AND EXPLANATORY MATERIALS

FOR BRIDGES AND ROADS
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crxwTY_____ CONROL____ SECT, ON STRUCTUIRE No..____ HIGHWAY
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The sufficiency rating formula described herein is a method of evaluating
factors, which are Indicative of bridge sufflclency to remain In ser.vice.
The result of this method 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 Federal 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 he either "Structurally Deficient" or "Functionally Obsolete".
Bri'dges not falling Into one of these two categories are not selected as
candidates. Bridges with sufficiency ratings less than 50.0 are eligible
for replacement or rehabilitation, and those with ratings of 80.0 or less
are eligible for. rehabilitation. The structurally deficient and function-
ally obsolete categories are defined as follows:

Structurally Deficient

1. A condition rating of 4 of less for
Item 58 - Roadwa,; or
Item 59 - Superstructures; or
Item 60 - Substructures

or 2. An appraisal rating of 2 or less for
Item 67 - Structural Condition; or
Item 71 - Waterway Adequacy.

1

2Functionally Obsolete

I. An appraisal rating of 3 or less for
Item 68 - Roadway Geometry or
Item 69 - Underclearances; or
Item 72 - Approach Roadway Alignment.

or 2. An appraisal rating of 3 for
Item 67 - Structural CondIlin; or
Item 71 - Waterway Adequacy.

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

NOTES: Item 71 applies only If the last digit of Item 42 Is coded
0, 5, 6, 7, 8or 9.

2 Item.6 9 applies only If the last digit of Item 42 is coded

0, 1, 2, 4, 6, 7 or 8.

Figure Fl. (Continued)
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PCI RATING

EXCELLENT'

2 85

VERY GOOD

70

GOOD0

55

40

2 5

::VERY. POOR:

10 .. . ...
X:~~ ~ .........

Figure F2. PCI scale and condition rating (PAVER)
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RFPUh'I" DATE- 08/06/81 PCI REPORT'

INS*;TALLATION NUMBER = 051215 FORT EUSTIS

BRANCH BRANCH SECTION SURFACE SECTION PAVEMENT
NUMBER USE NUMBER PCI RATING TYPE AREA/SY RANK

IMONR ROADWAY 01 50 FAIR AC 608 TERTIARY
11/27/70 CFROM] NR BLDG 832 (TO) W EDGE LUCAS PL

IBUTN ROADWAY '52 FAIR AC 3'02 TERTIARY
S11/:18/70 [FR:'M] E EDGE PATTON AVE CTO] W EDGE PERSHING AVE

I MULB ROADWAY 04 52 FAIR AC 1683 TERTIARY
02/20/80 [FROM) NR BLDG :3905 [TO) END OF PAVEMENT

4[ 12T ROADWAY 03 A. FAIR AC 399 TERTIARY
02/11/81 (FROM) E'LY EDGE PATTON (TO) WILY EDGE LEE BLVD

(DICK ROADWAY 01 53 FAIR AC . TERTIARY
12/03,/70 FROM] S EDGE LEE BLVD [TO) N EDGE TYLER AVE

IREIN ROADWAY 01 53 FAIR AC 694 TERTIARY
02/11/81 [FROM] E'LY EDGE MADISON CTO) WILY EDGE WILSON LN

IMONR ROADWAY 05 54 FAIR PCC 1622 SECONDARY
12/05/79 CFROM) S EDGE TAYLOR AVE (TO) N EDGE BUNDY ST

IWILN ROADWAY 01 55 FAIR AC 1670 TERTIARY
11/29/79 (FROM) PERSHING AVE CTO) .JUST BEYOND IURASIN

IBACK ROADWAYf 01 56 GOOD AC 5155 TERTIARY
02/04/80 (FROM) E EDGE HARRISON RD CTO) W EDGE MULBRY IS RD

Isp: IF ROADWAY 01 56 GOOD PCC 1301 TERTIARY
01/12/80 CFROM) BLDG 408 CTO) BLDG 414

I T I NC ROADWAY 01 56 GOOD AC .o6$ rERTIARY
01/0/ 80 [FROM] W ED MADI BLDG 2783 (TO) TINCO2 BLDG 7Q*:

IMULB ROADWAY 02 5-7 GOOD AC 1:551 PRIMARY
02/20/80 (FROM) N EDGE WILSON AVE (TO) ENTR PINES GOLF CLB

IKELL ROADWAY 01 58 GOOD AC 3378 TERT IARY
10/30/79 [FROM) $"LY EDGE MONROE (TO) ROD, t GUN CLUB

ICO..T ROADWAY 01 58 GOOD AC 220 TERTIARY
11 /0 /7- [FROM] E LE EDGE BULLARD CTO] W'LY EDGE .JACi.SON

IWRI' ROADWAY 01 60 GOOD PCC 1371 TERTIARY
10/Ia/7 [FROM) E'LY EDGE WASH NO (TO] WILY EDGE WALtER ST

I KERR ROADWAY 01 63 GOOD AC 4:.377 TERTIARY
01/16/80 [FROM] NLY EDGE LEE BLVD (TO) BLDG 425 3RD PORT

I 12ST ROADWAY 03 63 GOOD AC .;-D TERTIARY
12/14 /7 (FROM5 E LY EDGE PATTON (TO) wILY EDGE LEE BLVD

I 1.3ST ROADWAY 02 63 GOOD AC I0:38 TERTIARY
I1/14/79 (FROM) E LY EDGE JACKSON (TO) W LY EDGE PATTON

IGAFF ROADWAY 01 64 GOOD PCC 215-" rERTIARY
10/22/79 (FROM] N EDGE MONROE AVE (TO3 := EDGE LEE BLVD

IWASN ROADWAY 03 64 GOOD AC 4000 PRIMARY
11/08/79 CFROM) $VLY SiDE HINES CIR [TO) CENTER OF Si:MERVELL

ILEEB ROADWAY 05 65 GOOD AC 7688 PRIMARY
11/15/79 (FROM) W"LY SIDE ANDERSON (T' HINES CIR

I W A:N ROADWAY 05 65 GOOD PCc 4453 SECONDARY
11/09/79 (FROM3 S'LY EDGE TAYLOR (TO) N'LY EDGE WILSON

Figure F2. (Continued)
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APPENDIX G: CHECKLISTS AND EXPLANATORY

MATERIALS FOR MISCELLANEOUS 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
(Cat Codes 720 thru 730)

Utilities Plants & Alarm Systems (Cat 7
Codes 810 thru 845 and 880 thru
890)

Administrative Facilities (Cat 4
Codes 610 thru 690)

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

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

Real 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:

Ratine

Essential M&R 5 Basic

Additional points will be added where project accomplishment enhances one
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 Morale, Welfare, or Comfort 2

Figure G1. BMAR project validation and
scoring procedures (TRADOC)
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H-I. TRAOOC Form 641-R, BIAR/DMAR Validation (fig G-1, app G), will be used
to record results of the OMAR project review. One ccpy of the form will be
prepared by the installation for each OMAR project presented for validation
or revalidation. Part I will be completed, signed by an authorized official,
and placed in the project folder prior to valiation visit. The TRAOOC
validator will complete part II of the form. Two copies of the completed
form will be reproduced for TRAOOC use. The comoleted form will become a
permanent part of the project documentation folder.

H-2. Scoring of OMAR Projects.

a. A numeric score for each M&R project estimated to cost $1,000 or more
will be assigned by the TRAfDOC validator. The assigned numeric score, in
conjunction with design status, estaolishes a TRAOOC 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) Category of family housino (select only one).

Alpha
Character Category Rating

A Adequate housing 10

S Substanoard (including 8
trailer sites)

0 Other real property 6

Figure GI. (Continued)
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?AZ'TMUNANCZ AND R VAJR (UA, WAR AND All)

Prolert Validacon and gt.ing Procedur s

A-1. The project wa.datioa vill record results of the on-site project insepselod.

A-2. The c€1terl& governlng clasfcication of projects as maoinots.keoc and/or mptz, to contained in

AJt 420-LO and 10-50.

A-3. Raring of WA projects tncluding RM4A/DMA Orojects.

a. Objectives. Assignmet of a numerc rating to asirenance/roair projfcts is accomplishad to
tndicare the degree of need for M1L.. Factors to be considered are:

(1) FaCiLities use Factor

(2) Project Purpoe Factor

(3) Project r~P Factor

(4) iaiso Factor

(5) Conditlon Factor

(6) laecallaton Prioity

b. The first five factors lisced above are furthr rub-divided LntO functional areas to
facilitate assignente of a mnamc rating. Installation priority is automatically" entered loto
scoring process in itse J of Project I ing Voatshest (FOSCOK Fare 63-R). (Figire L-1 and Table A-L.)

(1) Facilities Use Factor - Ieflacts use of facility based as Constructin Category Coda
(select oLY One type). Ao26r to AR 415-28

Alpha taIc

Character Ty" of Use Lange

A Operationa.L Facility

(Cat Codes 110 thru 169) 6-10

1 Personl Uiving Space
(Ct Codes 710 -714 for AN and 720-725
for 01% 4 OWA) 3-L0

C TraLning Facilities

(Cat Codes 170 thru 179) 7-9

D Hospital and Related Facilitlea

(Cat codes 510 thrt 550) 7-9

z Utilitias Plants And Systems
(Ct Codes 810 rehu 845 and 850 chru 590) 0-9

F Technical and Lnducrial Facility
(Cat Cod e Z10 ctwI' '52) S-8

C ~MoiLe and locraion,.l Facilities
(Car CdrA 730 rtwu 760) 4-6

N Tritzportatiou a.nd Dralnago Facilities
(Cat Codee 850 cbie 872) "4-6

Figure G3. FORSCOM priority rating system
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Alpha Rating
Character Type of Us. Range

I Ad.aniscrarive Facilities
(Cat Codas 610 thru 690) 3-5

J1 Others
(Car Codev 900 and above) 0-2

(2) Project Purpose Factor - Reflects primary purpose/area of interest of intended
(Select Basic racing plus one or more factors as applicablA.) work.

Alpha Rating
Character Purpose of Maincenance and Repair Lange

A Essential FacLlity Mainenance/Rapair 5 Basic

S Hisalon (Readiness, Training) 4-5

C Feslth 2-4

D Security 1-4

E Safety 1 .4

F Energy Conservation 4-5

C Envi romuntal -4

H Quality of Life, Moral, W Qfare, Recreacional. 1-4

I Command Interest 1-3

J Coat Effectiveness 1-3

K Traditional, historical or architectural L-3
significance

L Other (Specify) 1-3

(3) Project Tpe Factor - Rflects IFS components description codQes (select one only).

ITS Code C-impouent Type Rrn

01 Roofing 10

02 Sr.-uctur .-

03 Floor Covering - 2

04 Exterior Painting4

05 Interior Painting 3

06 Haating 10

07 Air Conditioning 6

08 Plumbing 7

09 f1eccrical 8

10 EquipUaebt 8

11 Urility ?ianc quipmenr 9

Figure G3. (Continued)

G6



-. 1 .40%

6 as

a 0

V Exig
'IA- Ah

-j 6. 44W

60 0~

11
34.1 8 0

-aa

0 .4

4848-40W-4

~~c 0 O ~ f

W~0 x

us u

~. ad

6A C6. il 4

= oo

(a
8

zaM I=a
j -ac0

w
4,

-. ~ A^0

G7~



P - Poor G - Good

E - Excellent NC- No Change

P G E See hovo Remarks
Pl n- I-= r-Planat Bo..'! ___ ____-!

ErosionI - I '"
Seepage -

Berms
Pavement .. _ _

Vegetation -

Rodents _._,___

Intake Structure i
,ingwai _____ I
Trash Racks_ _ '

Discharge Lines_
Pipe
Erosion -

Outlet Structure __.__WingwallsI

Gates ____

Pumping Plant i _ _ _--

Superstructure -.

Substructure __._'

Motor Floor__
Pump Floor __ j _ _ _ ....
Valve Room _ 1 1_
Sleeve Coupling

Chamber
Galleries _

;'later Seeoaga - , -

P.i-e Leikka ge ,

1 4

Instrumentation - -

Monuments _

Piezometers -

Miscellaneous 1 ..... _Water Tank ,E ...

Figure C5. Checklist for California aqueduct.
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