STANDARD OPERATI NG PROCEDURES

FOREWORD

The Dam Saf ety Act, passed by the | egislature in 1990, affords
several provisions to inprove the regulatory ability of the State
Engi neer (Dam Safety Section) and directs himto establish m ni nrum
standards for existing dans. In addition, the new laws require
that existing dam owners (and new dam builders) fornalize their
Standard Operating Pl ans (SOP) and Energency Action Plans (EAP) in
separ ate standardi zed docunents.

The SOP is intended as a private docunent to be shared by the
dam owner/ operat or and the Dam Safety Section. The EAP is a public
docunent that should be distributed to Public Safety officials, the
| ocal Sheriff, downstream inhabitants and all other entities
i npacted by the risk of the dam The EAP should be included as
part of the SOP for operating procedures during energency
si tuations.

The State Engineer's office has been inspecting dans on a
rigid schedule for over a decade. The majority of problens
encountered are directly related to poor maintenance or i nproper
operation of nechanical features such as outlet controls. That is
why the new Dam Safety Act requires owners of danms to prepare
Standard Operating Pl ans. The statute states this plan nust be
approved and in place by May 1, 1994. The objective in formnul ating
an operating procedure or planis to provide the greatest possible
assurance of the safety of the damand continuous operation of the

reservoir. An effective plan provides all the information and
instruction needed to all ow an i nexperi enced person to performal
actions required to operate the dam safely. Anmong the itens

addressed are the operation of valves and headgates, periodic
i nspection of the dam nonitoring the dami s performance, recording
and interpreting the results of the inspection and nonitoring, and
performance of all required nmai ntenance. By draw ng up and using
an operating procedure, the dam owner and/or shareholders can
expect these benefits:

- Assuring the safety of the dam and conti nuous operation
of the reservoir

- Avoi ding the waste of stored water by having it under
control at all tines

- Mnimzing the need for costly repairs
- Extending the useful life of the structure
By requiring m ni numstandards for existing dans and adopti ng



St andard Operating Procedures, nost of the problens representing a
threat will be elimnated. However, the possibility of a dam
failure cannot be totally ruled out. To this end, the new Dam
Safety Act requires all owners of H gh and Moderate Hazard Dans to
have an Energency Action Plan in place by May 1, 1994. The plan
identifies types of energencies and responses, a notification |ist
of persons involved, and depicts the potential inundation area to
facilitate evacuation of the downstream channel. [|nundation maps
must be prepared to show the potential inundation areas. The naps
may serve a secondary purpose by maki ng owners and | ocal officials
cogni zant of the threat dans represent which could lead to nore
responsi bl e zoning. Too often devel opnment occurs downstream of a
dam which is not appropriate and exposes the owner of the damto
unnecessary liability.

In 1990 the Dam Safety office published the "Guide to Routine
Mai nt enance” and the "Guide to Enmergency Action Plans". Thi s
publication fills the gap by providing a conplete guide on howto
formul ate a conplete SOP and how to integrate it into day to day
operation and mai ntenance as wel| as energency situations. Future
Dam Safety Publications include the revised "Statutes and
Adm ni strative Rules" and a "Guide to Small Dam Design". Al of
these publications are intended as general guides and all owances
must be made for site specific conditions at each dam The
i nformation provided here is neant to act as a guide to assist the
owner in preparing his operating plan. Additional assistance from
an experienced consulting engi neer may be hel pful. Suppl enentary
gui dance and site specific detail is available from the U ah
D vision of Water Rights, Dam Safety Secti on.

| would like to express ny thanks to Ed Vidmar and Lynn
Bernhard of the U S. Bureau of Reclamation. The Bureau' s "Cuide
for Preparation of Standing Operating Procedures for Dans and
Reservoirs" was used as a base for this publication and has been
reproduced, in part, within this docunent. In addition I would
like to thank the Col orado Division of Water Resources for their
"Dam Safety Manual" and "Cuidelines for a Dam Safety Energency
Prepar edness Pl an". Both Publications were very useful in the
preparation of this docunent.

Mat t hew C. Lindon, P.E
Hydr ol ogi cal Engi neer
Mar ch, 1991



STANDARD OPERATI NG PROCEDURES
CHAPTER 0. 0
PREFACE - | NSTRUCTI ONS FOR PREPARI NG SOP' S
0.1 PURPGCSE

Standard Operating Plans are prepared to establish operating
instructions for each damin the state of Uah in accordance with

Ut ah Code, Section 73-5a-402 . The purpose is to ensure adherence
to approved operating procedures over long periods of tinme and
during changes in operating personnel. The instructions also wll

permt persons know edgeabl e in reservoir operation, but unfamliar
with the conditions of a particular dam to operate the dam and
reservoir during an energency situation and at tines when regul ar
operators cannot performtheir normal duties.

As a mninmum the SOP should contain all information and
i nstructions necessary for operators to performtheir duties. By
drawi ng up and using an operating procedure, the dam owner and/or
shar ehol ders can expect these benefits:

- Assuring the safety of the dam and conti nuous operation
of the reservoir

- Avoi ding the waste of stored water by having it under
control at all tines

- Mnimzing the need for costly repairs

- Extending the useful life of the structure

Assenbling the required information and witing the operating
procedure is the responsibility of the damowner. The information
provided here is neant to act as a guide to assist the owner in
preparing his operating plan. Addi tional assistance from an
experienced consulting engi neer may be hel pful.

Because of the variation in size and conplexity of danms in U ah
the SOP section headings to be included and the detail required

will vary. In addition, in sonme SOP' s unusual dam and reservoir
conditions may require nore topical headings than previously
l'isted. Nevert hel ess, the suggested contents can be adapted

readily for use at all dans and reservoirs. This guide includes a
conpl ete SOP checklist as an aid. It is suggested that appendi x A
be reproduced and used as an outline in formatting the SOP
conposi tion.

0.2  SOP CONTENTS



This guide - for an SOP Contents - is reviewed here.

Preface 0.0 - Instructions for Preparing SOP's - Sumrari zes
informati on and instructions that an SOP enconpasses.

Chapter 1.0 - SOP Prelimnary Pages, Energency Action Plans
and Communications Directory - Includes conmmunications,
responsi bilities, and precautionary neasures to be observed.

Chapter 2.0 - Ceneral Information - Contains information and
instructions concerning adm nistration of the dam and SOP
distribution and its revisions.

Chapter 3.0 - Electrical, Mechanical, Structural and Dam
| nstrunentation - Contains detailed descriptions and
instructions for operation and mai ntenance of the damand its
appurtenant structures' instrunentation and equi pnment.

Chapter 4.0 - Reservoir Qperations - Contains detailed
instructions and information on all aspects of reservoir
oper ati on.

Chapter 5.0 - Appendixes - Contains draw ngs, naps,

phot ogr aphs, charts, copies of sel ected supporting docunents,
and related reference material that conplete the SOP.

0.3 ED TORI AL SUGGESTI ONS

Each SOP should give clear, concise, and conplete instructions
since it is the manual used to operate and maintain the damduring
normal and energency conditions. Dam operators should be able to
follow instructions in the SOP without having to determ ne the
function of each switch or valve by making a detail ed study of the
system A responsi bl e person know edgeabl e i n reservoir operation,
but unfamliar with the operation and mai ntenance of a particul ar
dam should be able to read the SOP instructions and successfully
and safely operate and nmintain the dam its structura
appurtenances, and rel ated equi pnent.

It is recoomended to suppl enment step-by-step instructions in the
SOP by using posted operating instructions, marked photographs,
color coding, and nunbering to identify valves and swtches
mentioned in the operating instructions for the spillway, outlet
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wor ks, and service equipnent. Using these aids considerably
sinplifies the operating instructions and reduces the margin for
error.

Sone suggestions toinprove the quality and to aid in the SOP draft
conposition are:

Begi n each maj or section on a new page
- Print on only one side of the paper

- | nsert colored dividers in front of the SOP,
Communi cations Directory, each chapter, and appendi x

- Wite clear, concise, conplete sentences and par agraphs.
Renmenber, the operator may be in a crisis situation and
require operating information i nmediately

- Use lists rather than narrative to outline instructions
and i nformati on whenever possible

- Reference all included draw ngs, figures, photographs,
etc., included in the appendi x, at | east once in the text

- State the exact | ocation of damoperator's copy - at the
dam - under SOP Distribution (e.g., in office at dam
operator's house, in desk at gatehouse, etc)

- Use exact title of dam operating personnel throughout
(e.g., damtender, reservoir superintendent, ditchrider,
power pl ant f oreman)

- Avoid indefinite wrds (e.qg., regular intervals,
frequent, periodically)

Preparation of a damand reservoir SOP requires a detailed review
and anal yses of the operation and mai nt enance procedures. Because
this entails appreciable tine and effort, effective nmanagenent
dictates the desirability of making certain reviews and studies
before or sinmultaneously with the Enmergency Action Plan - (EAP)
preparation.
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STANDARD OPERATI NG PROCEDURES

CHAPTER 1.0

SOP PRELI M NARY PAGES, EAP, AND COVMUNI CATI ONS DI RECTORY

SOP PRELI M NARY PAGES

1.1.1 Cover

The SOP and its Supporting Docunments should be bound wth

fasteners to facilitate revisions. Covers should be of a
heavy, flexible, durable material, and sized to match the
chapter dividers. A spine |abeled or stanped "Standing
Oper ati ng Procedures, [ nane] Dam " hel ps identify the

SOP when shel ved.
It is desirable to use an aerial photo of the dam and
reservoir either on the cover or preferably as a front piece.

1.1.2 Titl e Page

The SOP should have a title page show ng:

Nane of Reservoir Qperating Entity

Nane of Dam Dat e Publ i shed

Project and County Regul ating Entities
1.1.3 Letter of Transmttal

The initial letter of transmttal should be dated and signed
by the State Engi neer or a designated alternate to show t hat
the SOP has been established as an official docunent. This
letter is retained in the SOP.

To control the location of each SOP copy, the letter of
transmttal also should list the conplete initial SOP
Di stribution. Subsequent letters of transmttal of official
copies al so should be inserted at this location in the SOP.
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1.1. 4 SOP Revi si on Sheet

The SOP revision sheet should be transmtted with the revised
pages of the SOP. The revision sheet should be inserted after
the letter of transmttal. This provides a quick, convenient
met hod for checking that each copy is up to date. The sheet
i ncl udes the revision nunber, date, and instructions whether
to replace or add specific page nunbers, drawi ngs, etc. The
revi sion nunber and date nust be shown on the bottom of each
revi sed page.

1.1.5 Certification of SOP Review by Operating Personnel

This SOP subsection contains the foll ow ng:
- Receipt and initial review of SOP and SOP revi sions
- Revi ew of EAP and SOP at | east on an annual basis

- Certification of SOP Review by Operating Personnel

1.1.6 Verification of SOP by Dam Safety | nspection Team

Thi s SOP subsecti on provi des procedures to be used by the Dam
Safety Inspection team for all visits to the dam The
exam nation teamis required to verify that:

- The current SOP is on hand and all revisions have
been i nserted.

- The Operating Log confornms to SOP requirenents as
described in the SOP Cuide.

- The operating procedures observed during the review
are in accordance with the SOP.

- The SOP Supporting Docunents pertinent to the
operation of the damare available to the operating
personnel .

Recomendati ons to correct any of the above itens will be nmade
in the Dam Safety Inspection Report.

1.1.7 SOP Preface



The SOP preface states the purpose; the following is a
suggest ed st atenent:

"SOP's for danms and reservoirs are prepared to establish
in one primary controlled docunent (with associated
supporting docunents) the conplete, accurate, current,
structure-oriented operating instructions for each dam
and reservoir and its related structures. The SOP
purpose is to ensure adherence to approved operating
procedures over |ong periods of tinme and during changes
in operating personnel. The instructions also wll
permt responsible persons who are know edgeable in
reservoir operation, but are wunfamliar wth the
conditions at a particular dam to operate the dam and
reservoir during energency situations and at such tines
when the normal duties of the regul ar operator cannot be
per f or med.

The SOP is prepared primarily for the use of operating
personnel |ocated at or nearest to the dam and their
i mredi at e supervi sors who are assigned the responsibility
for the operation and mai ntenance of the dam This SOP
CONTAINS, AS AMN MUM ALL | NFORVATI ON AND | NSTRUCTI ONS
NECESSARY FOR OPERATI NG PERSONNEL TO PERFORM THEIR
DUTI ES. Operating procedures shall not deviate from
t hose stated in the SOP wi t hout appropriate authorization
and shal |l be revi ewed by qualified DamSafety personnel ."

1.1.8 Itens of Special Inportance

Any  precautions, specific noteworthy directives, or
construction and desi gn problens at the specific damshoul d be
noted in this subsection.

1.1.9 SOP Contents

The SOP contents lists all chapters, section headings, and
page nunbers (including the EAP and Conmuni cati ons Directory).

It is desirable that SOP drawi ngs, charts, nmaps, and phot os be
nunbered nunerically as figures (exhibits wthin an appendi x)
and shall be referenced and simlarly |isted.

Most full -page tables, figures (exhibits), particularly those
that are fol ded, should be assenbled at the back of the SOP.
Current drawi ngs are to be used in preparing the SOP. In sone
cases, where a nunber of drawings are included in the SOP, it
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may be desirable to bind theminto a separate volune. Each
vol une should be |abeled SOP-Volune |, SOP-Volunme 11, SOP-
Dr awi ngs Appendi x, etc.

1.2 EMERGENCY ACTI ON PLANS

To conply with | egislative nandates for Dam Safety, EAP' s shall be
devel oped for all dans and conveyance facilities where failure
woul d endanger human |ife or cause substantial property damage
(Ut ah Annot at ed Code 73-5a-601). The follow ng section is intended
as an overview of critical conponents of a good EAP and is not
intended as a conplete guide for the preparation of the fina
publ i cati on. The EAP should be prepared and presented in the
standardi zed format of the "Dam Safety CGuide to Enmergency Action
Plans - 1990". It is strongly recommended that EAP preparation
shoul d be coordinated closely with SOP preparation.

Duri ng devel opnent or upon conpl etion, each EAP shoul d be di scussed
with [ocal community | eaders so that persons directly responsible
for the well -being of the citizenry have the opportunity to provide
recommendations. Local officials should be aware of the potenti al
hazard a dam presents and Dam Saf ety personnel should work cl osely
with the responsible officials to develop comrunications and
war ni ng procedures. Each EAP shoul d include warning systens and
procedures for warning the dowstreampopul ati on; it shoul d include
the necessary inundation maps or a description delineating
potential flooded areas. Oher Federal and State agencies which
may be affected should be consulted.

As a mnimm an EAP should include all initial instructions for
t he operating personnel to follow during an enmergency situation or
unusual occurrence. It should be clear, concise, and conplete.

The EAP should be prepared as a conplete and separate docunent
whi ch can be reproduced with the Communi cati ons Directory.

1.2.1 Gener al

This section should state:

- Ceneral purpose of the EAP
- Def i ne energency situations and unusual occurrences

- Explain  what should be reported and the
communi cati on sequence



- The possi ble need for additional reports

The EAP CONTENTS should be duplicated and shown in the SOP
CONTENTS to | ocate material easily.

1.2.2 Enmer gency Situations

For each facility the EAP shall identify each energency
situation and specify actions to initiate. Exanples may be
used to describe possible energency situations; however, a
note of caution should be included that:

THE EXAMPLES ARE NOT | N ANY WAY | NTENDED TO REFLECT UPON
THE INTEGRI TY OF THE STRUCTURE, AND THAT SI TUATI ONS ARE
NOT LIM TED TO THE EXAMPLES.

1.2.3 Unusual Cccurrences

| dentify events which could happen or a condition which could
devel op that normally i s not encountered in routing operations
and that could reach energency status and endanger the
facility.

Refer al so to Standard Operating Procedures Checklist, and the
Enmer gency Preparedness Pl an Exanple in the appendices.

1.2.4 Commruni cations Systens and the Directory

Briefly describe communi cati ons systens avail abl e at the dam
The Communi cations Directory shoul d be placed directly behind
the EAP and can be referenced as a part of the EAP.

1.2.5 | nundati on Maps

| nundati on maps or potential flooded area delineations should
be prepared for two required events: (1) flood resulting from
the hypothetical breach of the dam during PMF and or |DF
(inflowdesign flood); and (2) outflowfromthe damduring the
routing of PMF/IDF through the reservoir under design
conditions. Lesser occurrences also could be included which
may be significant to persons downstreamor to other dans.

The EAP should explain briefly the purpose of the inundation
8



maps and descri be the fl ood- produci ng events depi cted by each
map. Maps shoul d indicate warning priorities. Each dam
shoul d be revi ewed on a case-by-case basis for the extent and
types of flooding to be depicted on inundation maps. These
requi rements have been set forth to provide responsible
Federal, State, and |local authorities with information for
war ni ng and evacuating flood plain residents. Maps nust be
revi ewed and approved by the State Engineer's office before
publication in the EAP.

1.2.6 War ni ng Systens

Descri be any and all warning systens available for alerting
those in an endangered area in the event of an energency.
Note exact |locations of all pushbuttons, swtches, alarm
boxes, etc., that activate onsite systens. Prepare conplete
instructions for proper system operation.

Al so identify:

- Mobi | e war ni ng syst ens
- Broadcast radi o systens

- Any public awar eness pr ogr ans (public
announcenents, warning signs, significance of
audi ble warning systens, news releases) of the
installation.

1.2.7 Equi prent, WMaterials, Labor, Engineering, and
Under wat er Exam ners

| dentify construction equi pnment, materials, |abor, engi neering
expertise, and underwater exam ners that would be avail abl e

during an enmergency within the inmmediate area. If the damis
in a renote area and none are available at the dansite,
identify the nearest source(s). The materials sources and

| ocati ons should be included for clay, sand, gravel, stone,
ri prap, sandbags, cenent, and pl astic sheeting.

Antici pated need for the above itens should be eval uated for
each facility. The specific needs--at each facility--and the
exact location of these itens should be stated.

At sone dans it may be desirable to stockpile suitable
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materials for emergency use. The need, anount, and type of
construction materials required for energency repairs should
be based on structural, foundation, and ot her characteristics
of the dam design and construction history; and history of
prior problens. Prior arrangenents should be nade to obtain
aid and to provide materials and equi pnent.

1.2.8 Enmer gency Action Plan Review

The EAP should be reviewed for adequacy during the annua
review of the SOP

A periodic review should involve affected Federal and State
agencies and local comunity and county |eaders to maintain

coordi nati on and understandi ng between the State Engineer's
office, water-user entities, and | ocal community | eaders.

1.2.9 Tel ephone Report of Facility Failure

Records of all phone or radio reports of energency or unusual
conditions and facility failure shall be maintained at all
stages of the communi cati ons networKk.

Records at all levels are to be nmaintained to provide a

continuing record of enmergency activities at a facility for
future reference and safety anal yses of the structure.

1.3 SOP COVMUNI CATI ONS DI RECTORY

The SOP Communi cations Directory section should contain specific
communi cation contact for all |levels of responsibility, as well as
any other pertinent Federal, State, Local, or private entities,
energency assi stance agencies, public utilities, and any
cooperators that the personnel and the supervisory office may need
to contact in case of an energency.

Persons to be contacted should be listed by:

- Nane
- Title

- O fice and phone nunber
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- Home phone nunber
- Backup nunbers (if necessary)

- Locati on

The Commruni cations Directory should be prepared as a conpl ete and
separate docunent which can be reproduced along with the EAP
However, if reproduced, hone tel ephone nunbers shoul d be del et ed.

Note: Do not include phone nunbers or nanes in the SOP text.
To avoid revising the pages, use official titles. In the
text, reference shoul d be nmade to t he Conmuni cati ons Directory
at the beginning of the SOP for current phone nunbers. Wen
changes occur, a few sheets will need to be revised in the
Communi cations Directory.
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STANDARD OPERATI NG PROCEDURES
CHAPTER 2.0

GENERAL | NFORMATI ON

2.1 PURPCSE OF THE PRQIECT
Thi s subsection should briefly:

- | dentify the dam and reservoir
- State the authorized purposes of the project
- Note the informal benefits

All major project features should be identified as well as other
proj ects served.

A nore detail ed description of the damshould be under SOP Chapter
3.1 - "General Description of Dant

2.2 DI RECTI ONS AND ACCESS TO DAM

Thi s subsection should state in detail pertinent information on
access to the dam from easily identified points of origin under
normal , adverse, and energency conditions. I ncl uded i nfornmation
shoul d:

- Descri be the nost expeditious routes of access to the dam

- Describe alternate routes to the dam where appropriate

- Evaluate the routes and their accessibility for year-
round or energency use (paved, gravel, dirt) under norna
and adverse conditions

- Note the availability and use of special equipnent for
access (helicopter, snowrobiles, four-wheel-drive, etc)
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- Mention locations of nearest commercial and private
airports

- Ref erence the project location map

The project |location map (prepared for use duri ng damconstruction)
commonly is included in the SOP. However, it should be current to
reflect changes in road networKks. The map should be clear and
precise. In sone cases, project maps may be suitable for use as
| ocation maps. For multiple damprojects, it nay be desirable to
revise one project location map to show current access routes to
all danms on the project. For sone SOP's, |ocation maps have been
prepared by reproducing portions of recent USGS topographic maps
with the access routes clearly marked.

2.3 ASSI GNMENT OF RESPONSI BI LI TY

Thi s subsection should identify clearly all areas of responsibility
in the chain of command with respect to damand reservoir operation
and mai nt enance.

Responsibilities of the State Engineer's Ofice should be indicated
by the follow ng statenent:

The State Engineer's Ofice provides technical support
services for all privately owned dans in the state. The State
Engineer's O fice furnishes guidelines for the preparation of
and reviews for Standard Operating Procedures, and approves
certain operating procedures identifiedinthe SOP. The State
Engineer's Ofice also examnes all privately owned dam
structures as required, recommends corrective neasures,
perfornms damsafety studi es and recormends corrective actions,
revi ews dam behavi or data, and supplies technical advice and
assistance in the solution of operation and nmaintenance
pr obl ens.

Thi s subsection shoul d identify the person(s) having responsibility
for each of the follow ng functions:

- Equi pnment operation at the dam

- Forecasting reservoir inflows

- Directing flood rel eases

- Directing irrigation rel eases

13



- Recording reservoir and instrunmentation data

- Var i ous mai nt enance wor k

Modi fication of a dam and related structures and appurtenances
cannot be acconplished w thout the concurrence of the State
Engi neer.

The SOP shoul d al so i nclude instructions on the best nethods to be
used to facilitate mai ntenance of the dam

For regul arly schedul ed duties which operating personnel perform
include lists of daily, weekly, and specific yearly interval
activities. Schedul es serve as a checklist for operating personnel
as well as for use of other persons who may operate the dam

The followng Operating Personnel Scheduled Duties table was
devel oped fromrecently published SOPs. It is a typical schedule
for the type of duties perforned.
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N o ghwbe

OPERATI NG PERSONNEL SCHEDULED DUTI ES

Dam and Reservoir

Dai | y
Record water surface elevation 8.
Determ ne reservoir inflow
Record spillway discharges 9.
Record canal rel eases 10
Check and record toe and drain
flows 11
Check security and safety 12
devi ces
Read weat her gauges and record
data (where avail abl e)
Mont hl y
Dam and reservoir
Check condition of: 1.
a. Crest of dam
b. Upstream and downstream
faces
c. Visible portions of
foundati on 2.
d. Abutnent contacts
e. Galleries
f. Spillway stilling basin
g. Qutlet works stilling basin 1
h. Critical |andslide areas 2.
i. Reservoir area
. Drainage systems; toe
drains, gallery drains,
k. Measuring devices
| . Rodent problens
m Security and safety devices
1
2.
3.

15

Make required changes in gates
and val ves

Check |l og or safety boom
Check spil Il way out fl ow channel
for debris

Check i nstrunent ati on schedul e
Record pertinent information
in Qperating Log

Electrical System

St andby gasol i ne-engi ne-driven
gener at or

a. Run for mninmmof 1 hour
b. Keep battery charged

c. Check gas supply

Repl ace |i ght bul bs

Outlet Works

G ease hydraulic gate hanger
Check signs that warn public
of hazards

a. Near trashrack of intake
structure

b. Qutlet works stilling basin
c. At val ve house

Spillway
Check for debris in inlet
channel
Check operation of gates
Check fence condition and

caution signs



o kW NE

Quarterly

Outlet Works Spillway

Qperation instructions-up to 1. Check and clear bridge drains
date and | egi bl e

Check gate air vents

Cl ean gate control sw tchboxes

Sem annual | y

Outlet Works Electrical System and Equipment
Check hydraulic oil Iines 1. Change oil in standby gasoline
Check oil reservoir level in engi ne-driven generat or
hydraul i c system 2. Check exposed el ectrical
Lubricate gate rollers W ring
Check rubber seals and seal a. Qutlet works val ve house
cl anp bar b. Gate hoists

Check outl et stems-lubricate

Spillway
Check paint on gates
Check mechani cal hoi st
beari ngs and fl exi bl e coupling

beari ngs

Check gear cases

a. Hoist gear case, replace
grease

b. Spur gear units and gear
not or s
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Annual |y

Outlet Works Spillway
1. Paint 1. Check and repaint netal work 2.
a. Metal wor ks Exam ne stilling basin and
b. Col or-coded val ves downst r eam channel

c. Wodwork and trim

2. Exercise gates and val ves

3. Check condition of interior
and exterior of outlet conduit

Dam and Reservoir El ectrica

1. Review the SOP/ EAP 1. Check electrical condui t s,
2. Control Vegetation pul | - boxes, and sw tches
3. Control Rodents a. Qutlet works val ve house
4. Repair Erosion on Crest b. Gate hoists

and dam f aces c. Spillway

d. Galleries

5-year Period
1. Exam ne intake structure, upstreamface and stilling basin which

normal |y are under water.

2.4 ATTENDANCE, COVMUNI CATI ONS, AND WARNI NG SYSTEMS
The attendance statenent should note the foll ow ng:
- ldentify the responsible individual (or organizational
unit)
- State the extent of attendance at the dam e.g., whether the
dam i s:
-- attended continuously
-- attended part-tine (specify attendance period), or

-- unattended
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If the structure is unattended, include:
- The frequency of inspection
- The regul ation of gates and val ves

- The collection of data and other pertinent facts (e.g.,
hydr onet eor ol ogi cal system fill-and-spill operation)

Thi s subsection should identify and descri be the various physical
means of avail abl e communi cati on:

- Tel ephone facilities
- Radio facilities (indicate |ocation and di stance reached)

- Location of private or public radio facilities for
energency use and identification of |ocal broadcasting
stations, and State police facilities for tenporary radio
communi cations for flood warnings

| f none of the above communications is available at the dam the
| ocati on and owner of the nearest phone or radio facility should be
noted. These data and the phone nunbers should be stated in the
Communi cations Directory of the dam

In addition to identifying comunication facilities, this
subsection should refer to the Communications Directory at the
begi nning of the SOP for the nanes, phone nunbers, and radi o cal

| etters and frequenci es of persons or organi zati ons associated with
both normal and energency operation of the dam

PHONE NUMBERS SHOULD NOT APPEAR ANYWHERE I N THE SOP TEXT.
THE EXCEPTION IS THE SOP COVMUNI CATI ONS DI RECTORY SECTI ON
VWH CH PROVI DES EASY REFERENCE

The foll owi ng exanpl e of an Att endance, Comruni cati ons, and Wrni ng
Systens subsection was extracted fromthe SOP for the Bureau of
Reclamation's - Unity Dam Burnt River, Oregon.

"Unity Damis attended on a full-tinme basis. Burnt River
Irrigation District, the operating entity, enploys a
manager who resides at the damand is on duty year-round.
Menbers of the Board of Directors performoperating duties
in the absence of the manager. Attendance is considered
adequate at Unity Dam
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The primary comunications system is a comercial
t el ephone | ocated in the manager's office/residence. The
only backup communi cati on sources are travel by autonobile
to public telephones in either Unity, Oregon, 3 m from
the dam or to Hereford, Oregon, 11 m fromthe dam (or
travel by autonmobile to the Oregon State Police in Baker
where radi o systens are operated). The adequacy of the
communi cations system and warning system is considered
mar gi nal ; the manager shoul d be aware of specific sources
and procedures to follow in event of |oss of telephone
service to the dam

An alarm system from the dam to the manager's office
provides a direct and continuous warning of approaching
high reservoir |evels. Refer to the Conmunications
Directory section at the front of this SOP for nornmal and
ener gency tel ephone nunbers. ™

2.5 COOPERATI ON W TH OTHER AGENCI ES

Thi s subsection should identify the adm nistrative and operation
relations between the operating organi zati on (wat er - user
organi zation) and other agencies. Relationships between a water-
user organization and the State Engineer's Ofice should be
explained in the preceding subsection 2.3, "Assignnment of
Responsibility."

O her agenci es m ght include:
- Corps of Engineers - Utah Geological & Mnera

Survey
- Fish and WIldlife Service

- Utah Di vi sion of Wat er

- State & National Par k Resour ces
Servi ce
- UD OT.
- Bureau of Land Managenent
- U S. Forest Service
- Uah Public Safety (C.E.M)
- F.E MA.
- National Wather Service
- U S. Geol ogical Survey
- Bureau of Indian Affairs
- Soil Conservation Service
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Note the address and phone nunber of each cooperator in the
Communi cations Directory.

Any Menor anduns of Understandi ng or Special Use Permts with State
or Federal agencies for safety-rel ated aspects of damoperation and
mai nt enance and ot her agreenents for cooperative activities should
be summari zed.

Formal agreenents with other agencies should be referenced in this
subsection, and include a brief sunmary of the terns of agreenent
relating to Water Rights and/or reservoir operation. I f rmaj or
agreenents are witten in detail in other SOP sections--such as
di scussing flood control regulations (in the "Flood Operating
Criteria" of the Reservoir Qperations chapter)--a reference to the
subsection which gives the terns of agreenment in detail 1is
sufficient.

| nformal agreenents with other agencies also should be expl ai ned
briefly. List specific contracts or Menoranduns of Understanding in
SOP Chapter 2. Do not include entire docunents in the SOP unl ess
pertinent to operations.

2.6 DATA REPORTI NG

It is intended that the collection and reporting of all categories
of dam and reservoir data be covered in this subsection. Include
only brief instructions for obtaining the nmeasurenments required for
the reports. Wen lengthy instructions for obtaining the data are
requi red, they should be given to the appropriate SOP subsection or
i n Supporting Docunents.

Instructions in this subsection should cover the type, frequency,
form and disposition (to whom of the data report. Sanples of
reports or copies of reporting fornms should be included in the SOP
appendi Xx.

Instructions for reporting routine detailed data should include
hydrol ogic itens such as:

- Reservoir water surface el evation

- Reservoir capacity
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Under

Reservoir inflow
Reservoir outfl ow

Weat her

U.S. G S. gage readings

Structural itens for earth and concrete dans

OPERATI NG LOG

this subsection, each SOP shall include a statenment of

pur pose for the Operating Log that is maintained at each dansite.
At part-tinme attended facilities, records shall be kept for the
period of attended operation. At unattended facilities, records

shal |

cover each visit made to the facility.

A logged record shall be maintained by either the operating
personnel or the designated alternate on duty. Specific data my

vary in form and content to fit the needs and conditions of
individual facilities. The information shall include:
Typi cal Operating Log Entries
1 Nornmal and energency nodes of operation of outlet works
and/ or spillways including individual gate position changes

2 Water elevations and di scharges

3 Startup and stopping of mechani cal equi pnent

4 Test of standby equi pnment or gate controls

5 Test and exercise of outlet and spillway control devices

6 M nor and maj or mai ntenance activities

7 Reservoir surveillance

8 Initial acknow edgnent of emergency or unusual conditions

9 Acts of vandalism

10 Request and concurrence to change from normal operation

during energency or unusual conditions
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11 Commruni cati ons network checks

12 Record of nanmes and addresses of official visitors
13 Certification of SOP review by operating personnel
14 Verification of Dam Safety | nspection

15 M scellaneous itens pertinent to operation, energency, or
unusual conditions at the structures.

When aut omati c recordi ng and nonitoring equi pnent i s not provided- -
and to suppl enent such information--a | og shall be maintained in a
bound book.

In the event of an unusual occurrence that requires notifying the
State Engineer's Ofice, refer to the facility Enmergency Action
Plan for reporting instructions and form use.

All entries in the bound Operating Log shall be nmade legibly in
i nk, dated, and signed. Neither erasures nor ink eradicators shal
be used to make corrections. Instead, an error should be crossed
out lightly so that the incorrect notation is still legible after
the correct entry is made. The |og shall contain a chronol ogi cal
record of all inportant events to provide a continuing record of
operating activities for future reference. This will be helpful to
provide clues to the cause of equi pnment trouble or devel opnent of
unusual conditions occurring at the dam

2.8 PUBLI C SAFETY AND HEALTH
Since safety is of primary concern, safety instructions and
protection should include:

- Listing unsafe conditions and hazardous areas

- Noting |ocation of | og boom and posted warni ng signs
If the damis attended part tinme, instructions should be given to
operating personnel to note unsafe condition or acts and to report
themto the authorities for correction.
Thi s subsection al so should include statenents of the foll ow ng:

- Public use at or near the facility

- Renoteness of the facility from nedical or |aw enforcenent

assi st ance
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- Potential hazardous areas not discussed under restricted
areas (see follow ng subsection)

- Safety equipnent available at the facility; i.e., first-aid
kits, fire extinguishers, etc.

- Oher pertinent information concerning public health or
safety

A list of law enforcenment, nedical aid, and fire protection
agencies (city or state police, hospitals, |ocal fire departnents)
shoul d be shown with reference to the SOP Communi cations Directory
for phone nunbers.

2.9 RESTRI CTED AREAS

All areas within or surrounding the dam and reservoir from which
unaut hori zed persons are restricted should be described, |isted,
and outlined on a map and the map included in the SOP appendi Xx.
Expl ai n purposes of the restrictions, the barriers, and/or the
signs installed to keep out unauthorized persons.

Responsibilities of the operating personnel, operating entity,
project office and/or other concerned agencies in posting,
patrolling, and enforcing the restrictions should be stated.

Restricted areas are those which are potentially hazardous to--or
subj ect to danmage by--the public, such as the foll ow ng:

- Active landslide areas should be posted off [imts to the
public

- Warning signs and signs prohibiting rock throwng into
hydraulic chutes and stilling basins should be posted
adj acent to the structures

- Publicentry into chutes, stilling basins, and control houses
shoul d be restricted

Public access should be limted from areas surroundi ng hydraulic
structures intakes and reaches of outlet channel adjacent to

di scharge structures' subject to surging or rapid changes in water
surface el evation during rel eases.

2.10 SOP DI STRI BUTI ON
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The dam owner has responsibility for publishing SOPs and for
distributing official SOP"s and related Supporting Docunents.
Distribution should be determned on the basis of need for
operation, mai ntenance, and supervi sory purposes only.

To ensure that all SOP copies are kept current, a record of their
| ocati on nust be nmaintained. The record should be kept in the SOP
(itself) by including the Letter of Transmttal, showng the
conplete distribution |ist. This will ensure that revised pages
are furnished to all copyhol ders whenever revised instructions are
di stri but ed.

Also, it is inportant to identify and show the distribution of al
SOP Supporting Docunents. This procedure assures that operating
personnel know. what, where, and when Supporting Docunents are
avai | abl e and hel ps keep current all Supporting Docunents used for
operati ng purposes.

All SOP copies are to be kept current. For this reason, alimted
nunber are published as required for official distribution plus
several to be retained in the project office for replacenent and
ot her unforeseen uses. Again, all SOP copies are nunbered for
control

2.11 SOP REVI SI ONS

The SOP revision is the responsibility of the damowner. At |east
once each year all SOP's shoul d be revi ewed by operating personnel,
project offices, and the State Engineer's office to ensure that
instructions are adequate and current. Revisions or deviations in
operating instructions should be ascertai ned and either integrated
into the SOP or deleted, as appropriate.

SOP Revi si ons subsection may use the foll owm ng standard paragraph:

Operating procedures shall not deviate fromthose stated in
the SOP and Supporting Docunents w thout appropriate
aut hori zation. Changes are made only with the approval of
the State Engineer.

Procedures and corresponding instructions that are based on:
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- Directives fromthe State Engineer's office

- Concepts visualized during design and construction

- Hydrol ogy

- Oher data or analyses for which the State Engineer's
O fice has reviewng responsibility

shall not be revised without referral from the Dam Safety
Section for concurrence prior to inplenentation of the revision.
Were the need for deviation or revision develops during
energencies or critical operating conditions, concurrence should
be obtained fromthe appropriate authorities by using the nost
expedi ti ous nmeans of conmuni cation; i.e., phone, radio, and fax.

2.12 SUPPCORTI NG DOCUMENTS

The SOP is the key instruction docunent. Supporting docunents,
other than the SOP, conprise the necessary instructions for al
phases and levels of responsibility in the operation and
mai nt enance of the dam and reservoir.

This SOP subsection should specifically list all supporting
docunents that are part of the total instructions for operation and
mai nt enance of the dam and reservoir for all offices having any
responsibility in the care and operation of the facility. Al l
supporting docunents distribution should be shown in the SOP
Distribution. Docunents assimlated into the SOP are considered to
be part of the SOP rather than Supporting Docunents. | ncl ude a
brief summary stating the purpose of the supporting docunent and
who is responsible for preparing, updating, and revising, etc.

The title and a brief sunmary of each supporting docunent are
i ncluded here. It should be dated and revi sion dates shown. Were
only a small portion of a publication contains pertinent O&M
instructions, such instructions should be included in the SOP or
separately bound as a supporting docunent rather than designating
the entire publication as a supporting docunent.

The nunber of supporting docunents will vary anong SOP' s.

Suggest ed SOP Supporting Docunents

1 Designer's Operating Criteria
25



Fl ood Forecasting and Operating Criteria
Basin or River Qperating Plan

Power pl ant Operating Instructions

Adm ni strative Procedures

Facilities Security Plan

Regi onal Ener gency Handbook

| nt eragency QOperating Agreenents

© 00 N o o b~ w DN

Maj or Mai nt enance Procedures

[
o

Reservoi r Managenent Pl an

[ —
[ —

Manuf acturer's Instructions and Draw ngs

=
N

Enmer gency Action Pl an

[
w

| nstrunentation reports and/or results

14 Others as appropriate

Ref erence material should list: manuals, contracts, Menoranduns of
Understanding, letters, and reports that contain information not
i sted under Supporting Docunents.
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STANDARD OPERATI NG PROCEDURES

CHAPTER 3.0

ELECTRI CAL, MECHANI CAL, AND STRUCTURAL

3.1 GENERAL DESCRI PTI ON OF DAM

Thi s SOP chapter should contain detail ed operation and nmai nt enance
instructions for the dam hydraulic structures, and all electrical
and nmechani cal equi pnent.

AS A MNMM THE SOP SHOULD |NCLUDE ALL OPERATI NG
| NSTRUCTI ONS THAT PERTAI N DI RECTLY TO SAFE OPERATI ON OF THE
STRUCTURE DURI NG A FLOCD

PHOTOGRAPHS SHOW NG VALVES, LEVERS, SW TCHES, ETC , ARE

RECOMVENDED. TERM NOLOGY USED I N FI GURE CAPTI ONS | DENTI FYI NG
VALVES, ETC., SHOULD BE CONSI STENT.

Systens such as the followng require description and clear
i nstructions regardi ng operation and nai nt enance:

- Qutlet works

- Spillway

- Electrical system and equi pnent

- Auxiliary equi pnment and service system
Maps, plans, and other sources should be reviewed for dinensions
and descriptions that will provide a clear picture of the |ocation,
makeup, and function of each part of the dam Especially inportant
ar e:

- Overall dinensions of the dam and spill way

- Qutlet configuration and operation

- Drainage systens and outfall |ocations

- Location and detail of nonitoring points
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- Capacity tables for the reservoir
- Discharge tables for the outlet and spillway
- Location and capacity of inflow and outfl ow ditches

- Records of past inspections, nonitoring, repairs, and
oper ati ng probl ens

- Photographs of snow drifts which accunmulate on and nmay
saturate portions of the dam taken annually and kept on file
for conparison and reference

If a detailed set of drawings for the dam does not exist, a plan
and representative cross sections should be drawn up. To avoid
confusion, these should be drawn to a convenient scale (e.g., 1
inch = 20 feet)

3.2 SPECI AL | NSTRUCTI ONS

Conformance to special instructions is inportant for continuing
safety and econom cal operation of the structures. Therefore, it
is inperative that the SOP contain the applicable instructions
bel ow. It is suggested Special Instructions be used as a checkli st
in preparing SOP's to ensure these instructions are included in
SOP' s where applicable. The instructions and precautions also
shoul d be listed under Itens of Special Inportance:

3.2.1 High-Pressure M ninum Gate Openi ngs. - To prevent danage
to the gate leaf and frane, high-pressure regulating gates
shoul d not be operated at small gate openings for |ong periods
of tine. For gates not having the openings established
previously, the SOP should state a conservative mninmum gate
opening referenced to the gate | eaf bottom (in the direction of
flow unless conditions require further analysis of the [imt.

3.2.2 Drop-Inlet Qutlet Wrks Operation. - Several drop-inlet
out|l et works have been damaged when operating at a shall ow fl ow
depth over the intake structure sill. Damage was caused by
vi ol ent bl owback of air and water fromthe shaft and the conduit
resulting frompressure of air trapped in the conduit by flow ng
wat er. Wen the reservoir water surface drops belowa critica

el evation, a vortex forns due to sill-control rather than by the
regulating gate (or <control wvalve) and results in air
entrainment in the conduit. Operating instructions should be
provided in the SOP for all outlet works with drop-inlets. In
recent SOP's, operating instructions have been established for
the critical water surface el evation.
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3.2.3 Ventilation Systens Operation. - Ventilating systens are
installed at dans to provide adequate fresh air in confined
areas such as tunnels, conduits, galleries, and gate chanbers.
To ensure safe operating conditions in these areas the SOP
shoul d require operating the ventilating fan for a sufficient
tinme period to permt one conplete air change before entry by
personnel. The tine period required to acconplish this change
shoul d be stated.

3.2.4 Rock Renobval From Chutes and Basins. - Medium and | arge
rocks do not wash from a stilling basin-even during high
di schar ge. Instead, they are swirled by water and pounded
against the concrete walls and floor of the stilling basin,
causi ng danage. It is inportant to renove all rocks in the
stilling basin. The SOP should establish procedures for the
removal of rocks in a stilling basin. Since nost rocks which
enter the chute and stilling basin are thrown or rolled there by

people, the SOP should require signs near the structures
prohi biting throwi ng rocks into them The SOP shoul d require,
at least annually, that before release of water through the
structures, those rocks that can be reached w t hout draining the
basin be renoved fromthe chute and basin. In many instances,
schedul es for exam ning and cleaning the stilling basin have
been established; the schedul es should be stated in the SOP or
DCC. | f schedul es have not been established, the SOP shoul d
require basin exam nation at 5-year intervals until experience
indicates a schedule nore consistent with |ocal operating
condi ti ons.

3.2.5 Gates and Val ves-Exercising and Testing. - Procedures
shoul d be devel oped for exercising and testing the operating
control devices. Safety of the structure and good operation and
mai nt enance practices require that each gate (valve) be tested
to confirmthat it wll operate as designed. Circunstances at
each structure will govern the extent and frequency of testing.
Whether criteria in this SOP guide are used or other criteria
are devel oped, SOP procedures should provide detailed
instructions for the operator to performexercising and testing.
A note of caution should appear in the SOP simlar to the
fol | ow ng:

CAUTI ON: | F DURI NG ANY TEST THE GATE (VALVE) WLL NOT
CLOSE FROM ANY POSI TI ON OR OTHERW SE MALFUNCTI ONS, STOP
THE TEST AND DETERM NE THE CAUSE OF THE MALFUNCTI ON AND
CORRECT | T.

Exerci sing and testing machi nery shoul d be done by usi ng nornmal and
auxiliary power sources to ensure the operation of each. Al
exercising and testing results should be recorded and dated in the
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Qperating Log at the dam

Open the gate 10 percent - then close. |If the gate has not been
operated in the past year, the 10 - percent test should be nmade in
progressive steps as foll ows:

Barely open (crack) the gate so that it wll produce
addi tional | eakage - then cl ose

- Open the gate 1 inch - then close
- (Open the gate 6 inches - then close
- (Open the gate 10 percent - then close. |f 10-percent gate

opening is inpossible because of downstream restrictions,
open it as far as possible -then cl ose

| f the gate passes this test successfully, a routine test shoul d be
schedul ed for the follow ng year

CAUTI ON:  OPERATI ONAL TESTI NG OF AN EMERGENCY GATE UNDER AN
UNBALANCED HEAD SHOULD NOT BE PERFORMED UNLESS THE CONDUI T
DOMNSTREAM FROM THE GATE IS EQUIPPED WTH EI THER AN AIR
| NTAKE VENT OR AN AIR | NLET AND Al R RELEASE VALVE.

Al required lubrication and nai ntenance of equipnent should be
done prior to operational testing and exerci sing.

3.3 | NSTRUVENTATI ON - MONI TORI NG AND MAI NTENANCE

Instrunentation of dans refers to a variety of devices for
measuring the structural behavior at enbanknment dans. Generally,
dans are instrumented (1) to nonitor performance during
construction and initial filling to obtain data for inproving
future designs, and (2) to provide the neans of detecting abnornal
condi tions during operations that could | ead to maj or problens. To
nmeet these needs, SOP's should include:

Scope

Reporting Procedures

Pur pose

Mai nt enance requirenments
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Types of instrunmentation

Eval uations of data and
need

Readi ng schedul es
Nor mal / abnor nal readi ngs
| f the dam has many instrunent installations, it may be hel pful to

make this subsection a separate SOP chapter. An instrunentation
chapter woul d include the foll ow ng:

Dam | nstrunment ati on

- Ceneral description of instrunentation
- Responsibilities

- Specifics for each installation

-- Detailed description

-- Instructions regardi ng schedul es, operating i nstructions,
and eval uations and data transmttal

-- Normal readings

-- Abnormal readings

-- Location map and draw ngs
An instrunmentation appendi x should include specific |ocation maps
and draw ngs. Also, the SOP should include the | atest
instrunmentation data report formor a statenent, graph, or chart
for what is a normal reading so that when an abnormal reading is

detected by the dam operator or designated person at the
supervi sory office, appropriate actions can be taken.
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Schedul es, draw ngs, or maps showing the |ocations of specific
instrunmentation and known seepage areas should be included.
Mai nt enance requirenents for instrunmentation, drains, weirs,
channel s, etc., should be stated clearly.

Types of instrunentation which may be placed in, on, or adjacent to
foundati ons, abutnents, and enbanknents, or on concrete structures:
- Enbanknent and foundation piezoneters or transducers
- Porous-tube piezoneters and observation wells
- Vertical novenent devices
-  Horizontal novenent devices
- Foundation settl enent basepl ates
-  Measurenent points on the abutnment slopes and on the
conpl eted surface of an enbanknment or structure for nmeasuring
settlenment and deflections Weirs, flunes, or other devices
for measuring seepage
- Accel erographs
- Hydronet eorol ogi cal system (brief description as it relates

to specific dam operation and operating personnel
responsi bilities)

3.4 DAM MAI NTENANCE AND | NSPECTI ONS

This subsection should record the operation and naintenance
procedures pertaining to the dam its abutnments, foundations, and
adj acent areas such as:

- Cearing of trees and shrubbery fromthe enbanknment dam

-  Renove rodents

-  Renove debris

- Lubricate gates

- Replace and repair riprap

- Seal concrete joints
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- Mintain nonitoring equi pnment

- Cleaning drains

- Exercising val ves and backup generators
- Painting of m scellaneous netal work

- Oher typical maintenance procedures

| nspection requirenments of the structure and reservoir under
speci al conditions should be established. EAP reference should be
made for actions to be taken by the dam operator during unusua
occurrences. Features of the dam abutnents, reservoir, and
adjoining areas requiring special attention, and conditions and
occurrences for which the exam ner should be alert may be listed in
this subsection

The enmbanknent, abutnents, and visible portions of the foundation
adj acent to the mai n enbanknment shall be inspected for evidence of
t he devel opnment of unfavorable conditions.

During rapid reservoir filling, the downstream slope of the
enbanknment and foundations downstream from the dam shall be
i nspected carefully for indications of:

Cracks Sl oughs

Ri p-rap erosion Seeps
Slides Subsi dence
Spri ngs Boggy areas

The upstream face of the dam and abutnments adjacent to the dam
shal | be inspected a m ni num of once per nonth or nore frequent as
conditions warrant for evidence of cracks and subsidence,
especially after periods of sustained high-velocity winds or when
the reservoir water surface is | owered.

During periods of sustained high reservoir |level, nonthly
i nspections shall be nmade of the dam with particular attention
gi ven to:

- Dam crest

- Visible portions of the upstream sl ope protection
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- Downstream sl opes

- Areas downstream from the dam for evidence of abnornal
devel opnent caused by seepage through the foundation

During periods of |ower reservoir |evel, exposed portions of the
enbanknment, the abutnents, and the reservoir floor shall be
exam ned for:

- Sinks or seepage hol es
- Cracking
- Unusual beaching conditions

- Sedi ment deposits

Fol | owi ng any reported earthquakes, inspection shall be nmade of the
damenbanknment and appurtenances for indications of physical danage
such as cracks, displacenents, and | and novenents.

Refer to the Enmergency Action Plan for additional instructions
duri ng unusual occurrences.

3.5 SAFETY PROCEDURES DURI NG EQUI PMENT OPERATI ON

The identity, location, and phone nunbers of nearby doctors,
hospitals, |aw enforcenent organizations, anbulances, and other
agenci es or individuals who can give nedical assistance are to be
listed in the Comunications Directory.

St andard paragraphs suggested for this section are:

Saf e cl earance procedures shall be followed in operation of
the outlet works to safeguard personnel. \Wen nmai ntenance
work or inspection is being performed on __ [list specificitems, such as
electrical equipment, gates, conduits, tunnels, etc. al | equi pnment that could affect
personnel safety shall be appropriately tagged to ensure that
the controls are not handl ed whil e personnel are vul nerable
to danger. A "Danger" tag used for such purposes reads
"DANGER - HANDS OFF - DO NOT OPERATE." A danger tag is
considered the sane as a | ock, and the tagged unit is not to
be operated while the tag is in place. As an exanple, such
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3.6

| ns

a tag should be attached to control valves and gates by the
dam operator when personnel are working on them The dam
operator alone should renove the tag after nmaking certain
that everyone is in the clear. Before each job is begun, the
supervisor wll conduct a thorough briefing so that al
personnel involved will understand what is to be acconpli shed
and the safety procedures to be used.

Except in the case of an energency, repairs to __[electrica
equipment, gates, conduits, or other specificfeaturess Wi | | be performed with two or nore
persons present. Under no condition, however, will the
[conduitf be entered unless at |east two are available to enter

___ [conduitf and one i s present in the __ [awhwsy. Even in an

emer gency, a second person will be informed of the work to be
done and when a cl earance report can be expected.

PROTECTI VE CQATI NG - | NSPECTI ON AND MAI NTENANCE
pecti on Schedul es and Mai ntenance Materials

Coatings on Metalwrk in Alternate or Continuous Wter
Subnergence - Paints in this category warrant the nost rigorous
i nspection and energeti c mai nt enance si nce corrosion failure may
endanger netalwork in critical |ocations.

Thin-fil mcoatings:

- VR-3, Vinyl resin paint
- VR-6, Vinyl resin paint

- Coal -tar epoxy paint, ML-P-23236, Type 1, Cass 2 Red
lead, TT-P-86, Type IV, with or wthout topcoats of
phenolic al um num TT-V-119

- @l vani zi ng

Coatings in this category should be inspected the first and
third year after being placed in service, and thereafter at 5-
year intervals. Mintenance paintings should be wth the
original type of paint. After 10 years of service, consideration
should be given to application of one conplete topcoat after
preparing surface for repainting. Repair of gal vani zing may be
by regal vani zi ng or, dependi ng on circunstances, by application
of protective coatings.

Thi ck-fil mcoatings:
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Coal -tar Enanel - Shoul d be i nspected after the second and fifth
year of service, and thereafter at 5-year intervals. Tenporary
repair of small areas shoul d be made usi ng coal -tar epoxy paint,
and consi deration shoul d be given to maki ng pernmanent repair to
tenporarily patched areas using coal -tar enanel after about 10
years of service.

Cement Mortar - Should be inspected after the first and fifth
year of service, and thereafter at 5-year intervals. Repair may
requi re speci al nmet hods, possibly including use of epoxy bondi ng
material s.

Coati ngs on Wod, Msonry, or Metalwork in O her Exposures

Al t hough deterioration of these coatings wll usually progress

nmore slowy and the consequences of failure will be less
serious, significant economcs wll be effected by proper
mai nt enance. After a fifth-year inspection, subsequent

i nspections of paints in exterior or interior exposures my be
schedul ed at 2-5 year intervals, dependi ng on t he apparent need.

Coatings on Surfaces Wiich are Normally I|naccessible or Only
Cccasional |y Exposed

It is not intended that equipnment be dismantled sinply for
i nspection purposes, or that unreasonabl e expenses be incurred
t hrough ot herwi se unnecessary shutdowns to exam ne coatings.
However, when opportunity arises for inspection of surfaces
which are seldom exposed, a detailed report of the coating
condi ti ons observed should be prepared for later reference and
mai nt enance work schedul ed, if required.

M scel | aneous Material s

Canal groove sealers, concrete epoxy repairs, danproofers,
roofing, and simlar materials are susceptible to gradual
deterioration conparable to that sustained by coatings. They
require regular maintenance and should be included in the
i nspection schedul e; a 3-year interval will usually be suitable.
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STANDARD OPERATI NG PROCEDURES

CHAPTER 4.0

RESERVO R OPERATI ONS

4.1 RESERVO R CAPACI TY ALLOCATI ONS

Current reservoir capacity allocations and water rights should be
presented in the SOP.

Also, it is essential to include area-capacity curves and tables
(based on elevations to the nearest tenth of a foot) in the
appendi x or referenced as a Supporting Docunent.

The SOP should nention that sedinent accunul ation, as detected
during reservoir resurvey or drought conditions may change the
capacity allocations.

4.2 DESI GN FLOCD STUDY AND ROUTI NG

State statutes require that high and noderate hazard dans nust pass
t he Probabl e Maxi mum Fl ood (PMF) or a percentage of the PMF that is
determ ned to be significant when conpared to the breach flow of
the dam - called the Inflow Design Flood. The m ninmum all owabl e
routed flood for any hazard is the 100 year event. A description
of the current reservoir PMF and/or |IDF are included in the SOP to
gi ve operating personnel sone idea of the type and magni tude of the
fl ood for which the dam spillway, and outlet works are consi dered
adequate. The PMF and/or |IDF should show the date the described
fl ood was approved for design or review purposes. The fl ood
description should include - as a m ninmum - volune, duration, and
peak fl ow.

A description of the type of flood (rain, snowrelt, or
conbi nation), the nonths in the year during which it can occur, and
t he assuned antecedent hydrol ogic conditions would be hel pful in
support of sonme operating procedures and to operating personne

when evaluating a flood event. This subsection should contain a
description of the assunptions used in routing the flood through
the reservoir, including:
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- Reservoir water surface el evati on at begi nning of fl ood event
- Spillway gate operation

- Qutlet works rel ease schedul es

- Feeder canal operation

- Stoplog renoval schedul e

A statenent of the resulting maxinmum reservoir water surface
el evati on and peak spillway and outl et works di scharges (preferably
i ncl udi ng a hydrograph) shoul d be i ncl uded. Hydrographs show ng t he
reservoir routings of the PMF and | DF, flood control design flood -
if flood control is an authorized project purpose and outstandi ng
fl oods of record, if available, should be included in the appendi x
and appropriately referenced here. Downstream routings and
i nundation maps of spillway and outlet releases fromthose fl oods
and flow fromdamfailure which are prepared for the EAP shoul d be
referenced here al so.

An exanple of typical information required is:

The hydrograph of the PMF and | DF, approved in March 1967, and
havi ng a peak infl ow of 82,000 ft3 s and 7-day vol ume of 427,000
acre-feet, is shown in the appendix. This flood was based on
the transposition and adjustnent of the Mdyrgan, Utah, storm of
August 16, 1958. This stormwas assunmed to produce an average
rainfall over the entire 1600-square-m | e drai nage basin of 6.75
inches in 1 hour. The inflow design flood was determ ned by
addi ng the runoff resulting fromthe stormto an assuned base
flow of 1,000 ft3s in the Wber River. When routed through
Wat ki ns Reservoir with the reservoir water surface at spillway
crest elevation 4575.0 at the beginning of the flood event and
the outlet works discharging 2,200 ft3s, the inflow design
fl ood produces a nmaxi mum water surface at el evation 4592.8 and
a maxi mum spi |l way di scharge of 62,000 ft3/s.

4.3 FI LLI NG SCHEDULE AND RELEASE PROCEDURES

The filling plan, by which reservoir inflows are to be stored and
by which stored water is to be rel eased each year to acconplish the
aut hori zed and incidental objectives of the project, should be
described in this SOP subsection. It should explain when water is
stored in the reservoir and should state all restrictions that
exist on rates, quantities, and times for which water may be
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stored. Factors governing reservoir rel eases for project purposes
al so should be discussed. This SOP subsection should indicate
specific operating instructions each tine gates are to be opened,
cl osed, or reset.

This subsection should list all established requirenents for
rel eases, such as mai ntenance or streanflows for various purposes
and fl ood control options. Detail ed reservoir operating procedures
given elsewhere in the SOP do not need to be repeated here.
However, all procedures for reservoir operation should be briefly
noted in this SOP subsection; reference the SOP section where the
details can be found.

4.4 | NFLOW FORECASTI NG

I nfl ow forecasting should include instructions and procedures for
preparing, both preceding and during runoff nonths, periodic
estimates of inflowvolunmes for the runoff season. These estinmates
provi de a basis to plan reservoir and project operations before and
during the flood season, and to permt optimzation and
coordi nati on of water supply and other reservoir functions. Also,
it will help in planning operating procedures consistent wth
operating criteria to protect the damand its appurtenances agai nst
failure caused by high reservoir water l|evels and excessive
di scharge rates. Such procedures are nostly for reservoirs having
snowrelt inflow In some exceptional cases, short-term inflow
forecasting procedures may be appropriate for reservoirs having
| arge wat ersheds and only rainfall runoff.

The instructions and procedures should be described in sufficient
detail and conpleteness in a referenced Supporting Docunent to
enable newly assigned personnel to be effective in estimting
inflow and to fully inplenent the procedures.

Adm nistrative and technical procedures should be included.
Adm ni strative procedures should identify organizational entities
responsible for forecasting estimates and related collection of
data and conversion of forecasts into operating plans. Technical
procedures to consider include:

- Information necessary to nonitor hydroneteorol ogi cal stations

- Specific correlations, equations, graphical tools, and
anal yti cal procedures used in forecasting inflow

- Instructions when forecasts are to be nmde under vari ous
condi ti ons
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| f agencies (e.g., the Soil Conservation Service, National Wather
Service, Uah D vision of Water Resources or others) are engaged to
prepare i nflowforecasts for a particular reservoir, the SOP shoul d
i ncl ude a description of the procedures and criteria used by those
agencies and instructions for operating personnel in the
procurenent and use of such forecasts.

Devel opnent of inflow forecasting procedures is a continuing
process because correlations are subject to revision as nore data
beconmes avail abl e. Hence, SOP instructions should include a
requi renment to exam ne the procedures annual |y upon each addi ti onal
year of operating experience and to nake revi sions and i nprovenents
wher e needed.

4.5 FLOOD OPERATI NG CRI TERI A

This SOP subsection establishes dam and reservoir flood operating
criteria and procedures to be followed preceding and during fl ood
inflows which are not appropriate to include in the preceding
subsections Filling Schedule and Rel ease Procedures and Inflow
For ecasti ng.

This subsection describes established criteria for storage and
rel ease schedules preceding and during flood inflow periods
(1 ncluding established constraints for downstream fl ood control),
and reservoir operating criteria needed for dam safety. Fl ood
operating criteria and inflow forecasts provide the basis for
operating plans for routing of flood inflows.

4.6 SPECI AL REPORT DURI NG FLOOD OR H GH WATER

Because of the inportance of reporting pronptly and conpletely
during fl oods and hi ghwat er peri ods, conprehensive instructions on
reports required from personnel at the dam during these periods
should be assenbled in this subsection for ready reference.
I nstructions shoul d establish:

- Wen initial reports are to be nade

- Who shall receive reports

- Data requirenents

- Reporting intervals
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Presumabl y, further reporting procedures will be established during
the first report; if not, reporting intervals and data requirenents
for all reports should be established in the SOP.

4.6.1 Surcharge capacity. - Criteria used in routing the |IDF
and/or PMF through a reservoir require surcharge capacity for
t hat purpose. Surcharge capacity is reserved for energency
situations or extrene conditions on the reservoir or the river
basin. An exanple is the storage of inflows which, if rel eased,
woul d exceed the safe-channel capacity downstream and cause
significant damage if passed directly through the reservoir. An
SOP statenment should include notifying the State Engineer's
Ofice, that reservoir rise into surcharge is inmnent.

During an energency caused by high inflows, if downstream
di scharge is at the maxi mum channel capacity and if the
wat ershed and weather conditions indicate an acceptable risk
situation, the supervisory office may decide to use surcharge
space before notifying the State Engineer. Surcharge storage

during energency conditions wll be considered tenporary, and
t he downstream channel will be allowed to flow at full capacity
as long as there is available reservoir surcharge. Oten

unusual conditions and circunstances may arise for which
addi tional storage would be beneficial and justified on a one-
time basis. Anal yses of hydrologic, structural, operationa
conditions, flood routing, and ri sk studies are required before
aut hori zation would be granted. Aut hori zation for tenporary
storage in surcharge requires the State Engi neers approval.

If justifiable need for surcharge storage develops on a
recurring basis - such as additional storage for power
generation or irrigation use - analyses are to be conpleted
prior to authorization. For this type of situation, surcharge
storage nust be authorized in advance by the State Engi neer
upon applicati on.

4.6.2 Attendance. - The 24-hour attendance requirenent at al
dans under certain conditions is outlined in appendi x.

4.7 FI LLI NG AND DRAWDOMWN LI M TS
This SOP subsection should have all recorded special limts on
rates and ranges of reservoir filling and drawdown that have been

est abl i shed because of | andslides or other geologic conditions in
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the reservoir and for enbanknent dans because of stability
requirenents.

I ncl ude description and |ocation of sinkholes or other unusual
geol ogi cal formations. Locations of landslides or potential
| andsl i des that may be activated by drawdown shoul d be descri bed
and a map included in the SOP appendi X.

Reasons for restrictions should be provided. Speci al reporting

requi renents or obtaining advance approval - when for any reason
established limts nust be exceeded - should be included also. |If
special limts have not been established, this subsection should

have a statenent that [imts are not applicable.

4.8 LANDSLI DE SURVEI LLANCE

Landslide surveillance procedures should be established. The
procedures require the identification, annual exam nation, and
preparation of data and/or data reporting of |andslide areas. As
a result of these and ot her exam nati ons, operating procedures and
appropriate schedul es of |andslide observations and reports have
been or will be established for specific dans and reservoirs.

Except for reporting procedures and reservoir operating

i nstructions, al | information and instructions related to
| andsl i des and | andslide surveillance should be given in this SOP
subsection. Inspection requirenents relative to | andslides should
be presented in the SOP. Reservoir operating requirenents

resulting from landslide conditions should be included in the
precedi ng SOP secti on.

Speci al instructions for operation and nai nt enance personnel, which
may be devel oped as a result of the annual exam nation of | andslide
areas and whi ch should be included in the SOP, may pertain to one
or nore of - but not necessarily be limted to - the follow ng
actions.

- Mintain signs posted for warning of |andslide areas

- ldentify nanmes and |ocations of persons and entities in
established | ocati ons whi ch woul d be affected by either slow
or sudden novenent of a critical |andslide, and establishnment
and inplenmentation of related energency comunication
procedur es
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-  Miintenance and observation of | andslide nonitoring
i nstrunents

-  Measurenent of |andslide areas by |and surveying

- Examnation of and reporting on critical landslide areas
bet ween annual exam nations

- Adherence to special limtations on reservoir drawdown rate

- Immedi ate reporting of unusual |andslide activity

Phot ogr aphs of signs, draw ngs of slide areas, and photographs or
profile draw ngs of slide areas should be included in an SOP
appendi Xx. When changes occur, this material will need to show
current conditions.

Landsl i de Surveillance shoul d describe | andslide observations and
measurenents to be made fol |l owi ng an eart hquake and should refer to
t he Emergency Action Plan for reporting procedures.

4.9 RECREATI ON MANAGEMENT PLAN

State whether or not a recreation nanagenent plan has been
established for the reservoir area. |f a plan has been published,
t he subsection should identify:

- The agreenent establishing the plan
- Indicate the agency responsible for operating the plan
- State how the plan affects reservoir operation

This subsection should identify regulations regarding off-road
vehicle use for protecting public |ands.

Maps designating roads and trails for off-road vehicle use, as well
as maps indicating prohibited areas should be included in the SOP
appendi Xx.

Thi s subsection should reference all contracts and agreenents with
ot her agencies for the benefit of fish and wildlife. Explain what
requi renents there are, if any, and how the agreenents affect dam
and reservoir operations. Such requirenents m ght include m ni num
wat er surface el evations, reservoir | evels during specified periods
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of the year, and mninmumreservoir rel ease rates to neet downstream
flow.

4.10 HYDROPOWER AND OTHER RELEASE CRI TERI A

For reservoirs serving as forebays to hydroelectric plants, this
subsection should state the basic criteria used in determ ning the
time and quantity of hydropower releases and should indicate the
relation of releases to other reservoir operating functions and
criteria. Were the only reservoir function is hydroelectric, or
where the reservoir is one of interrelated reservoirs - when
operation is coordinated to maxi m ze power generation consistent
w th ot her authorized project operation purposes - the criteria my
be included here by referencing appropriate Supporting Docunents
devel oped for power operations.

This subsection should state clearly the reporting requirenents,
rel ease range, and power denmands before effecting sudden or | arge
rel eases of water. Al so describe warning signs, devices, etc., to
al ert peopl e downstream of increased rel eases.

Operating criteria for other reservoir functions not appropriately
included in other SOP subsections may be placed here. Wher e
appropriate, this subsection may include:

- Reviews of reservoir operating criteria for downstream
pol | uti on abat enent

- Structure protection during periods of the year

- Control of silt disposition in the reservoir

A detailed discussion of operating criteria (in this subsection)
does not preclude reiterative criteria in other SOP chapters.
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STANDARD OPERATI NG PROCEDURES

CHAPTER 5.0

APPENDI X A

5.1 STANDARD OPERATI NG PROCEDURES CHECKLI ST

Dam
Reservoir
Revi ewed by Prepar ed by
Dat e
Dat e
1.0 SOP PRELI M NARY PACGES, EAP, AND
COVMUNI CATI ONS DI RECTORY
1.1 SOP Prelimnary Pages Adequat e | nadequate
1. Cover

a. Correct title of dam.

b. Photo of dam and reservoir

2. Title Page

Correct nanme of dam and reservoir.

Project and County .

Qperating entity . . .

SOP copy publish date.

P2OooT

SOP prepared by (officej

3. Letter of Transm ttal

a. Legibly dated and signed .

b. Conplete distribution |ist

4. SOP Revi sion Sheet



a. Nunber
b. Date . A
c. Instructions .

5. Certification of SOP Review by
Oper ati ng Personnel

a. Standard paragraph use .

6. Verification of SOP by Dam Saf ety Team
7. SOP Preface

a. Standard paragraph use .

8. Itens of Special |nportance .

a. Al precautions contained in SOP

9. SOP Contents

a. Al section headi ngs and page nunbers.
EAP and Commruni cations Directory
i ncluded in Contents. : .
Al tables and figures listed.
Appendi x - conplete listing.
All section headi ngs and page number s.

eoo

Enmer gency Action Plan (EAP Summary Sheet)
1. Ceneral

a. EAP Purpose. :
b. Energency situations and unusual
occurrences . . Co
c. Reportable i nci dence and
communi cati on sequence.
d. All tables and figures listed. . :
e. EAP Contents included in main Contents .

2. Enmergency Situations
a. Emergency situations listed and specific
action to initiate are clear and concise
b. Exanpl es used. C e e e e :
Situation not limted to exanples .
3. Unusual GCccurrences
a. Slunping or cracking of the dam




or abut nents.
Fai l ure of appurtenances or
operating equi prent .o Co
New springs, seeps, or boggy areas .
Rapi d increase or cloudy appearance
i n seepage. : : Co
Abnormal i nstrument ati on
r eadi ngs.
Landsl i de.
Severe storns.
Fires. : Coe e e
Denpnstratlons sabotage or
nucl ear att ack. : :
Ol and hazardous substance sp|IIs.
Large or sudden releases into the
downstream channel . . . . . . .
Fish and Wldlife | osses .
Drowning . .
Maj or acci dent s.
Crimnal action |nvoIV|ng prolect

property.

4. Communi cations Systens and the Directory

=

o0

o

TPer

o

©>537

a. Avail abl e communi cati ons descri bed .
5. I nundation Mps

a. Purpose. : .
b. Fl ood- produ0|ng events described .

6. WArni ng Systens

a. Describe systens avail able . :

b. Note |ocations of onsite activation
devi ces .

c. Conplete i nstructions for system

d. ldentify
(1) Mobile warning systens.
(2) Broadcast radio system
(3) Public awareness prograns .

7. Equi prent, Materials, Labor, Engineering,
and Underwat er Exam ners

Equi pnrent avail able and | ocation .
Mat eri al sources and | ocati on.
Labor.

Engi neeri ng.
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1

2.

0

21

e. Underwater Exam ners . :
f. Reference Communications Di rectory :
for phone nunbers of sources.

8. Enmergency Action Plan Revi ew

a. Annual review - adequacy .
b. Note coordination with | oca
community and county | eaders.
c. Include other Federal and State agenC|es

9. Tel ephone Report of Facility Failure
(emergency or unusual conditions)

a. Oiginal copy maintained at
(1) Initiating |evel :
(2) Receiving |level. . :
b. Copy of record formincluded . . :
c. Record maintained in dan1Cperat|ng Log :

SOP Commruni cations Directory

1. Specific Comrunication Sources (all levels
of responsibility) C e e e

2. Persons Cont act ed

a. Nane .

b. Title.

c. Location

d Ofice . . . C e e e
e. Hone phone nunber (backup nunbers)

3. Regional Conmunications Directory for Dans

The particul ar dam. :
Enmer gency services and cooperators :

Di saster and alternate comruni cati ons.
Phone nunbers of comruni cation systens
for construction equi pnment, materials,
| abors, engineering expertise, and
underwat er exam ners. . . . . . .

oo

GENERAL | NFORMATI ON

Pur pose of the Project

1. Identify the dam and reservoir

2. Aut horized purposes .




Note i nfornmal benefits.
Al'l major project features.

Hi storical data or designation

o g s~ W

Q her uni que information.

2.2 Directions and Access to Dam

1. Most expeditious route from project
or operating headquarters under nor mal
and energency conditions

2. Alternative route description if
significant Ce e

3. Evaluation of nature of routes and
availability for year-round use.

4. Availability and use of speci al
equi pnent (helicopter, snowrpbil e,
4-wheel -drive, etc.) Coe

5. Locations of commercial and private
airports Ce e e

6. Project |ocation map

a. Clear and precise.

2.3 Assignnment of Responsibility
1. Basic responsibility described

2. ldentify organizational unit or position
responsi bl e

Equi pnrent operation in the
structures at dam. Coe
Forecasting reservoir inflows.
Directing flood rel eases :
Directing irrigation rel eases.
Recordi ng reservoir data

Vari ous mai nt enance work .

Alerting for energency situation or
unusual condition . : Co

@™eao0oT

3. Dam operator's responsibilities
a. Mdification of facility .
St andard paragraph use. .
b. Checklist of operating personnel

Vv




schedul ed duti es.

(1) Separate col ored pageé

(2) Daily, weekly, specific yéarly '
interval (period) activities.

(3) See SOP Guide for exanple.

2.4 Attendance, Conmmuni cations, and Warning Systens

1. Responsible individual (or unit).

2. Location or duty station.

3. Period of attendance.

a. |If unattended
) Frequency of inspection.

) Collection of data .

(1 .
(2) Regul ation of gates and val ves .
(3

(

4) Ot her pertinent facts.

4. Justification

5. Description of communication facilities .

a. Phone, radio, powerline communications .

b. O her, private or public radio facilities
c. Justification. Coe e

6. Refer to Communications Directory for
current phone nunber. Ce

7. Warning systens .

2.5 Cooperation Wth O her Agencies

1. Identify adm nistrative and operati onal
rel ati ons between operating organization
and ot her agencies . Ce e

2. Include reference to agreenents with
Federal or State agencies, and |ocal
agenci es under "Reference Material™

a. Summary of terns of agreenent included .

b. If pertinent to operations include
i n appendix . Ce e e

4. List address and phone nunber for each
cooperator in the Comruni cations
Directory.

5. Informal agreenents briefly explained .
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2.

2.

6

T

8

Dat a Reporting

1. Type of report required, its frequency,

formof the report and disposition to whom

2. Sanple fornms in appendi x.
3. Hydroneteorol ogi cal stations

Location(s). .

USGS Station number. .

Type of data reported.

Aut omat ed manual st at us.
Reliability. . :
Frequency of backup data col | ecti on.

TPanoTe

4. Routine data reporting instructions

Reservoir water surface (el evation).
Reservoir capacity (acre-feet)
Reservoir inflow (ft3/ s average)
Reservoir outflom1(ft3/s average)

e. Weat her.
Structural reporting .
(1) Earth and concrete dans.

oo

—

5. Reference SOP Chapter, "lnstrunentation
Moni toring and Mai nt enance" or
"Dam I nstrunentation” for detailed
i nformati on. :
Operating Log
1. Statenent of purpose of Operating Log.
2. Information required |isted.

3. Include formin appendix .

Public Safety and Heal th

1. List unsafe conditions and hazar dous
areas . .

2. Note location of Iog boom (if any) and
post ed warni ng signs. : S

3. Statenent of public use near or at the
facility . . oo

4. Renoteness from nedical or | aw

VI
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enf or cenent .
5. Potential hazardous areas .
6. Safety equi pnent avail abl e.

7. Other pertinent information concerning
public health or safety. oo

8. List of assisting agencies

a. Law enforcement
(1) Sheriff. . . .
(2) State Police .
b. Medi cal
(1) Hospital
(2) Anbul ance.
c. Fire Protection.
(1) Local. . . Ce e
(2) Forest Service or BLM (i1 f any)
d. Reference to Communi cati ons
Directory . Coe

Restricted Areas

1. List of restricted areas outlined on nap.

a. Map included in appendix .
b. See SOP Gui de

Pur poses for restrictions .
Barriers, signs, and |ocations explai ned.
Responsibilities of the dam operator.

Active | andslide areas posted .

o g A~ W N

Warni ng and prohlbltlng rock thFOMAng -
si gns. : : : : :

7. Restricted access into chutes, basins,
and control houses . A )

8. Restricted access to areas subject to
rapi d changes in water |evel

2.10 SOP Distribution

1. "Letter of Transmttal™"

a. Conplete distribution |ist
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2. ldentify and show distribution.
a. Supporting docunents .

3. Standard paragraph use.

2.11 SOP Revi sions
1. Instructions for annual review of SOP .
2. Standard paragraph use.
3. Revision nunber and date on
revi sed pages. S
2.12 Supporting Docunments
1. Instructions for annual review of SOP .
Di stribution shown.
Summary of purpose for each docunent.

2
3
4. Prepared by .
5. Revision responsibility .
6

See list in SOP Guide .

3.0 ELECTRI CAL, MECHANI CAL, AND STRUCTURAL

3.1 General Description of Dam
1. Operating and mai ntenance instructions
a. bam . . . . . . . . .
b. Hydraulic structures . Ce e
c. Electrical and nmechani cal equi pnent.
2. List of features .

3. Latitude and | ongitudi nal coordinates .
3.2 Special Instructions

1. Multiple gate openings.




o o s woN

Hi gh- pressure m ni nrum gat e openi ngs
Drop-inlet outlet works operation
Ventil ation systens operation

Rock renoval from chutes and basins

Gates and val ves - exercising and testing

3.3 Instrunentation - Mnitoring and Mi ntenance

© N o 0 k~ 0 N F

10.

Scope .

Pur pose .

Types of instrunentation.
Readi ng schedul es

Reporting procedures.

Mai nt enance requirenents.
Eval uati ons of data and need.

Latest data report form and/or
nor mal / abnor mal readi ng ranges

Responsibility for checking readings.

Schedul es, drawi ngs, or |ocation maps of
instrunentati on and known seepage areas.

3.4 Dam Mai nt enance and i nspections

1

oo
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—

Mai nt enance

G earing trees and shrubbery :
Cl earing drains. S
Exerci sing val ves. Coe e e
Pai nting, parapets, walls, |adders,
stairways, guardrails, and
del i neating safety.
Typi cal mai nt enance procedures
Regul ar mai nt enance schedul es.
| nspection requirenents.
Ref erence to EAP for unusual
occurrences. Ce e e
Feat ures reqU|r|ng speC|aI attention
Condi ti ons and occurrences for the
exam ner to be alert
St andard paragraph use .




3.5

3.6

4.0

2. Enbanknment and foundation inspection

a. Regul ar inspection intervals established
Enmbanknent, abutnment, visible
portion of the foundation
b. Special inspections follow ng
Rapid filling of reservoir
Hi gh velocity w nds.
Reservoir water surface | owered.
Sust ai ned high reservoir |eve
Low reservoir level. . :
Fol | ow ng reportabl e earthquakes :

NSNS AN
DO WN -
e

c. Reference to EAP for instructions
during unusual occurrences .
Saf ety Procedures During Equi pnent Operation
1. Reference to safety publications.
2. Standard paragraph use.
a. Procedures for "taggi ng" equi pnent

3. Reference to Communi cations Directory .

Protective Coating-1lnspection and Mintenance

1. Standard chapter use.

Dam | nstrunent ati on

1. Ceneral Description

2. Responsibilities.

3. Specifics for Each Installation .
Det ai | ed descri ption.

I nstructions. .o

Nor mal readi ngs .

Abnor mal readi ngs .
Locati on maps and draMAngs

LB I

RESERVO R OPERATI ONS

Reservoir Capacity Allocations
1. Area - capacity tables and curves

Xl




2.

a. Referenced . :
b. Included in appendlx :

Sedi nment accunul ati on recogni zed.

4.2 Design Flood Study and Routi ng

4.3

4.4

1

Current reservoir inflow design flood .
a. Approval date of study and hydrograph
b. Vol une (nagnltude)

c. Duration

d. Peak inflow .

e. Type of flood.

f. Qccurring nonths of year :
g. Antecedent hydrol ogic conditions .
h. Description of assunptions used.

Begi nni ng wat er surface el evation.
Spillway gate operation. . .

Qutl et works rel ease schedul e.
Feeder canal operation

St opl og renoval schedul e .

AUNTNNANAN
U WNE
N N N N N

i . Peak discharge (spillway and
out | et works) Co

2. Hydrographs .

3. lnundation maps .

4. Qutstanding floods of record |isted or
referenced . : Ce e e e

Filling Schedul e and Rel ease Procedures

1. Filling schedul e.

2. Rel ease schedul e.

3. Restrictions.

4. Specific dam operator gate instructions .

5. Streanflow and flood control options.

6. Detailed reservoir operating procedures .

1

nfl ow Forecasting
Periodic estimtes of inflow vol unes.
a. Preceding runoff nonths.
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4.5

4.6

4.8

b. During runoff nonths .
2. Referenced to Supporting Docunents

a. Hydroneteorol ogical station nonitoring .
b. Specific correlations and equati ons.

3. SCS and NW5 procedures and criteria, if
appl i cabl e . . .

4. Exam ne procedures annually .

Fl ood Operating Criteria
1. Listing of storage and rel ease schedul es

a. Preceding flood inflow
b. During flood inflow

2. Instructions during conmunications
out ages i ncl uded . .

a. Narrative and graphical form.
3. Corps of Engineers docunents and
agreenents referenced. :

Speci al Report During Flood or H gh \Water
1. Reporting instructions

a. Initial report schedul e.

b. Who receives reports .

c. Data requirenents.

d. Reporting intervals.
2. Surcharge notification detailed .
3. Attendance requirenents .

Filling and Drawdown Limts

1. Special |limts on rates and ranges

a. Reasons. :
b. Reporting reqU|renents :

2. Statenent if [imts not applicable.

Landsl i de Surveill ance
1. Identification of slide areas .
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2. Inspection requirenents .
3. Special instructions.

4. Standard paragraph use.

4.9 Recreation Managenent Pl an
1. Of-road Vehicle Regul ations
a. Reqgul ations referenced .
b. Agency responsi ble for operation
c. Reservoir operations .
) If plan affects reservoir.
) How plan affects reservoir
) If plan affects personnel
responsibilities. . . .

) How plan affects personnei
responsibilities. :

(1
(2
(3
(4

d. Designated areas (maps included)

(1) Areas allowed to public. .
(2) Areas prohibited to public .

2. Fish and WIldlife Consideration
a. Reference all contracts and agreenents.
b. Note effect on dam and reservoir
operations .
4.10 Hydropower and O her Release Criteria
1. Time and quantity release criteria stated

2. Relation to other operating functions .

w

Reporting requirenments for sudden or
| arge rel eases . Ce e

WAr ni ng signs and devices avail able .
Downst ream pol | uti on abat enent.

Structure protection.

N o o kA

Control of silt deposition.
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SAMPLE
STANDING OPERATING PROCEDURES
FOR

***dam name***

***your county*** County, Utah

OPERATED BY
***water user name* **
***your town***, Utah

APPROVED FOR USE BY:

*kkpit|erkx
**Ewater user namex**

Date

Copy No.



***dam name*** Dam

STANDARD OPERATING PROCEDURES

This copy includesthefollowing revisions:

Revision No. Date Action



CHAPTERI
GENERAL INFORMATION

A. PURPOSE OF THE PROJECT
This subsection should briefly:
| dentify the dam and reservoir
State the authorized purposes of the project

Notetheinformal benefits

+ All major project features should beidentified aswell as other projects served.
+ Include significant historical data or other unique information.

+ A moredetailed description of thedam should beunder SOP Chapter |1 A.-General Description
of Dam.

DOWNSTREAM HAZARD POTENTIAL: ***dam name*** Dam could present ahigh
hazard potential to the downstream area as a result of failure or unsound oper ation.
Should it fail, loss of life and potential economic loss may occur .

Thedam'slocationinthewater shed above*** andr ecr eational usedownstr eam should
alert thereader of an urgency in event of afailure.

B. DIRECTIONSAND ACCESSTO DAM

Thissubsection should statein detail pertinent infor mation on accesstothedam from easily identified
points of origin (usually operating entity headquarters) under normal, adverse, and emergency
conditions. Include information such as:

1  Describe the most expeditious routes of access to the dam from project or operating entity
headquarters.

Describe an alternateroute to the dam wher e significant.

Evaluatetheroutesand their accessibility for year-round or emergency use (paved, gravel, dirt)
under normal and adver se conditions.

Notetheavailability and useof special equipment for access(helicopter, snowmobiles, four-wheel -
drive, etc.).

Mention locations of nearest commercial and private air ports.

The project location map can be referenced.

EXAMPLE

***dam name*** Dam islocated approximately *** miles *** of ***your town***,
Utah.



1. From ***your town*** Utah - Accesstothedam isviaa***-mile*** road which
intersects with *** approximately *** miles*** of thejunction of State Route*** and
*** Theaccessroad islocally called " ***" . Thereisnoroad accesstothedam crest
from either abutment. The dam could be reached cross country on foot or hor seback
from ***_ Vehicleaccesstothedam crest is**.

*** are paved all-weather roads. "***" may not be passable during the winter or
during periods of heavy rainfall or snowmelt runoff.

2. From Salt L ake City,Utah - Follow *** to *** thence*** on *** *** milesto the
junction with ***_ Then follow the directions from ***your town***, Utah, listed
above.

During severe storms four-wheel drive vehicles may be required to travel the route.
Operation of the***dam name*** Dam spillway will flood the accessroad from tothe
dam. During thewinter accessto the dam isby snowmobile, skis, or snowshoes.

Thenearest airport isthe*** |ocated *** *** of *** approximately *** miles*** of
thedam. Helicoptersmay land at ***.

The project location map (prepared for use during dam construction) commonly isincluded in the
SOP. However, it should becurrent toreflect changesin road networks. Themap should beclear and
precise.

I n some cases, project maps may be suitable for use aslocation maps.

For multiple dam projects, it may be desireable to revise one project location map to show current
accessroutesto all damson the project.

For some SOP's, location maps have been prepared by reproducing portions of recent USGS
topographic mapswith the accessroutes clearly marked.

C. ASSIGNMENT OF RESPONSIBILITY

Thissubsection should identify clearly all ar easof responsibility in thechain of command with r espect
to dam and reservoir operation and maintenance.

Owner Responsibility

***dam name*** Dam isowned by ***water user name***. The owner hastheresponsibility
tooperate, maintain, and repair ***dam name*** Dam. Theresponsibleofficial of ***water user
name*** is***_ Daily operations of the dam are delegated to ***, who also serves asthe dam
tender.

The owner
I insuressafe operation of thedam
I maintainsand repairsthe dam as needed to insure safe oper ation
directsthe dam tender in operating the dam
insuresthe dam complieswith applicablelocal, state and federal law
secur es and appoints a dam tender
providesor arrangestraining for thedam tender
preparesand distributesthe Emer gency Action Plan and Standar d Oper ating Procedur es
for ***dam name*** Dam.
I Communicates with local public safety officials, Utah State Department of Natural
Resour ces, State Engineer s Office, Dam Safety Section, and State Division of Comprehensive

XVI



Emer gency M anagement, as needed

Thedam tender
1 operatesand maintainsthe dam accor ding to approved Standard Operating Procedures
I Determinesand identifiesconditionsor triggeringeventsthat initiateor requireemergency
actions
I |Initiatesactionsto betaken
Clearly communicates the emer gency situation to those who need to be contacted
| ssues war ning messagesif dam failureisimpending or hasoccurred
Maintainsrecordsasrequired by law and by the owner
Cooperates with local public safety officialsin exercising the Emergency Action Plan

The Irrigation Co. hasa(basic or prime) interest in thedam and reservoir area
and a continuing responsibility for ascertaining that unauthorized encroachmentsdo not occur,
that existing or potential conditionsdo not lead to public criticism or toinjury tothe public, and
that nothing is done which conflictswith the primary purpose of the proj ect.

Thissubsection should identify theor ganizational unit(s) or staff position(s) havingresponsibility for
each of thefollowing functions:

Equipment operation in the structuresat the dam
Forecasting reservoir inflows

Directing flood releases

Directingirrigation releases

Recording reservoir data

Various maintenance wor k

Specificallyidentify theoperating personnel responsibilities; if water -user oper ated, identify thedistrict
and itsoper ating personnel duties. Alsoincludethedistrict'sresponsibility for obtaining approval
to modify thefacility. A standard paragraph should beincluded here as:

M odification of adam and related structur esand appurtenancescannot beaccomplished without
theconcurrenceof . For regularly scheduled duties, which oper ating per sonnel
perform, include separ ate colored pages of daily, weekly, and specific yearly interval activities.
Schedules serveasachecklist for operating per sonnel aswell asfor useof other per sonswho may
operatethe dam.

The following Operating Personnel Scheduled Duties table was developed from recently published
SOP's. Itisatypical schedulefor thetype of duties performed.

agrwNPE

OPERATING PERSONNEL SCHEDULED DUTIES

Dam and Reservoir

Daily
6. Check security and safety devices

Record water surface elevation 7. Read weather gauges and record data
Determinereservoir inflow
Record spillway discharges
Record canal releases
Check and record toe and gallery drain
flows
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8. Makerequired changesin gatesand valves
9. Check in with supervisory office

10.
11.

12.
13.

Check log or safety boom

Check spillway outflow channel for
debris

Check instrumentation schedule

Record pertinent information in
Operating Log
Monthly
Dam and reservoir Electrical System
1. Check condition of: 1. Standby gasoline-engine-driven generator

—x

T rSemeooow

Crest of dam

Upstream and downstr eam faces
Visible portions of foundation
Abutment contacts

Galleries

Spillway stilling basin

Outlet worksstilling basin
Critical landdlide areas
Reservoir area

Drainage systems; toe drains, gallery
drains, etc.

M easuring devices

Rodent problems

. Security and safety devices

wnh e

a. Runfor minimum of 1 hour
b. Keep battery charged
c. Check gassupply

Replace light bulbs

Outlet Works

Grease hydraulic gate hanger

Check signsthat warn public of hazards
a. Near trashrack of intake structure
b. Outlet worksstilling basin

c. Atvalvehouse

Spillway

Check for debrisin inlet channel
Check operation of gates
Check fence condition and caution signs
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Quarterly

Outlet Works Spillway
Operation instructionsup to date and 1. Check and clear bridgedrains
legible 2. Clean inside of motor control cabinet
Check gateair vents on downstream face
Clean gate control switchboxes

Semiannually

Outlet Works Electrical System and Equipment
Check hydraulic oil lines 1. Change oil in standby gasoline engine-
Check oil reservoir level in hydraulic driven generator
system 2. Check exposed electrical wiring

Lubricategaterollers
Check rubber sealsand seal clamp bar
Check hoist cables-lubricate

Spillway

Check paint on gates

Check hoist cables-lubricate

Check mechanical hoist bearings and
flexible coupling bearings

Check gear cases

a. Hoist gear case, replace grease

b. Spur gear unitsand gear motors

a. Outlet worksvalve house
b. Gatehoists
c. Spillway bridge



Annually

Outlet Works Spillway
. Paint 1. Check and repaint metalwork on spillway
a. Metalworks bridge, gates, and fence
b. Color-coded valves 2. Operate and exercise gates
c. Woodwork and trim 3. Examine stilling basin and downstream
. Exercise gatesand valves channel

. Check condition of interior and exterior of

outlet conduit

Dam and Reservoir Electrical
. Review the SOP 1. Check electrical conduits, pull-boxes, and
switches
a. Outlet worksvalve house
b. Gatehoists
c. Spillway
d. Galleries
6-year Period

. Examine intake structure and stilling basin which normally are under water--less frequent if
experienceindicates.



D. ATTENDANCE, COMMUNICATIONS, AND WARNING SYSTEMS

The attendance statement should note the following:

- Identify theresponsible individual (or organizational unit.)

- Note theresidence location or duty station in relation to the dam.

- State the extent of attendance at the dam; e.g., whether thedam is:
-- attended continuously
-- attended part-time (specify attendance period), or
-- Unattended.

If the structureisunattended, include:

The frequency of inspection,

Theregulation of gatesand valves, and

The collection of data and other pertinent facts (e.g., hydrometeorological system, fill-and-spill
operation).

***dam name*** Dam will be attended continuously duringinitial filling. The
dam tender may be contacted at the ***dam name*** Field Office telephone
number listed in the Communications Directory. After initial filling criteria
have been met, the dam will be monitored by a supervisory control and data
acquisition system.

Thissubsection should identify and describethevariousphysical meansof availablecommunication:

1. Phonefacilities

2. Radiofacilities (indicate location and distance reached)

3. Powerline communication facilities

4. Location of private or public radio facilities for emergency use and identification of local
broadcasting stations, and State police facilities for temporary radio communications for flood
war nings.

I f none of the above communicationsis available at the dam, the location and owner of the nearest
phoneor radio facility should be noted. These data and the phone number s should be stated in the
Communications Directory of the dam. In addition to identifying communication facilities, this
subsection should refer to the Communications Directory at the beginning of the SOP for the names,
phonenumbers,andradiocall letter sand frequenciesof per sonsor or ganizationsassociated with both
normal and emer gency operation of thedam. List theindividual pagesused in the Communications
Directory from theregional (emergency) Communications Directory for Dams.

PHONE NUMBERS SHOULD NOT APPEAR ANYWHERE IN THE SOP TEXT. THE
EXCEPTION IS THE SOP COMMUNICATIONS DIRECTORY SECTION WHICH
PROVIDESEASY REFERENCE.
The following example of an Attendance, Communications, and Warning Systems subsection was
extracted from the SOP for the Bureau of Reclamation - United Dam, Burnt River Project, Oregon.

* * * Unity Dam isattended on a full-time basis. Burnt River Irrigation District, the operating
entity, employs a manager who resides at the dam and is on duty year-round. Members of the
Board of Directors perform operating duties in the absence of the manager. Attendance is
considered adequate at Unity Dam.

The primary communications system is a commercial telephone located in the manager's
office/residence. The only backup communication sources are travel by automobile to public
telephonesin either Unity, Oregon, 3 mi from the dam; or to Hereford, Oregon, 11 mi from the
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dam (or travel by automaobile to the Oregon State Police in Baker or to the Bureau of Land
Management in Vale whereradio systems are operated). The adequacy of the communications
system and warning system is considered marginal; the manager should be aware of specific
sour ces and proceduresto follow in event of loss of telephone service to the dam.

Analarm system from thedam tothemanager 'soffice/r esdenceprovidesadir ect and continuous
war ning of approaching high reservoir levels.

Refer tothe CommunicationsDirectory section at thefront of thisSOP for nor mal and emer gency
telephone numbers.

E. DATA REPORTING

It isintended that the collection and reporting of all categories of dam and reservoir data be covered
in this subsection. Include only brief instructions for obtaining the measurements required for
reporting thereports. When lengthy instructionsfor obtaining thedata arerequired, they should be
given to the appropriate SOP subsection or in Supporting Documents.

I nstructionsin thissubsection should cover thetype, frequency, form,and disposition (towhom) of the
datareport. Samplesof reportsor copiesof reporting formsshould beincluded in the SOP appendix.

At damswith hydrometeorological stations, include:

L ocation(s) (identify key stations)
USGS station number

Type of data reported
Automated-manual status
Reiability

Frequency of backup data collection

Instructionsfor reporting routine detailed data should include hydrologic items such as:

Reservoir water surface elevation
Reservoir capacity

Reservoir inflow

Reservoir outflow

Weather

Other instructions might include inspection requirementsrelative to landslides.

F. OPERATING LOG

Under thissubsection, each SOP shall include a statement of purpose for the Operating Log that is
maintained at each damsite. At part-time attended facilities, records shall be kept for the period of
attended operation. At unattended facilities, records shall cover each visit madeto the facility.

A logged record shall be maintained by either the oper ating per sonnel or the designated alter nate on
duty. At somelocations, portionsof theinformation will be available from automatic recor ding and
monitoring equipment. Specific data may vary in form and content tofit the needsand conditions of
individual facilities. Theinformation shall include:
Typical Operating Log Entries
1. Normal and emergency modes of operation of outlet works and/or spillways including
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individual gate position changes

2. Water elevations and discharges

3. Startup and stopping of mechanical equipment

4. Test of standby equipment or gate controls

5. Test and exer cise of outlet and spillway control devices (gates and valves)

6. Minor and major maintenance activitiesincluding scheduled maintenance

7. Reservoir surveillance

8. Initial acknowledgment of emergency or unusual conditions

9. Actsof vandalism

10. Request and concurrence to change from normal operation during emergency or unusual
conditions

11. Communications network checks

12. Record of names and addr esses of visitors

13. Certification of SOP review by operating personnel and super visor

14. Verification of Dam Safety examination

15. Certification of dam operatorstraining

16.Miscellaneousitemspertinent tooper ation, emer gency, or unusual conditionsat thestructures.

When automatic recording and monitoring equipment is not provided--and to supplement such
information--a log shall be maintained in a bound book. In event of an unusual occurrence that
requires notifying the supervisory office, refer to the facility Emergency Action Plan for reporting
instructionsand form use. All entriesin thebound Operating Log shall bemadelegibly in ink, dated,
and signed. Neither erasuresnor ink eradicator sshall beused to makecorrections. Instead, anerror
should be crossed out lightly so that the incorrect notation is still legible after the correct entry is
made. Thelog shall contain a chronological record of all important eventsto provide a continuing
record of operating activitiesfor futurereference. Thiswill be helpful to provide cluesto the cause
of equipment trouble or development of unusual conditions occurring at the dam.

G. PUBLIC SAFETY AND HEALTH
Since safety is of primary concern, safety instructions and protection should be included here.

List unsafe conditions and hazardous ar eas.
Note location of log boom and posted war ning signs.

If the dam isattended part time, instructions should be given to oper ating per sonnel to note unsafe
condition or actsand toreport them to the authoritiesfor correction.

This subsection also should include statements of the following:

Public use at or near thefacility isnoted

Remoteness of the facility from medical or law enfor cement assistance isimpor tant

Potential hazardous areas not discussed under restricted areas can be noted her e (see following
subsection)

Safetyeqmpment availableat thefacility would belisted hereg; i.e, first-aid kits, fireextinguishers,

Other pertinent information concer ning public health or safety
A list of law enforcement, medical aid, and fire protection agencies(city or statepolice, hospitals, local
fire departments) should be shown with reference to the SOP Communications Directory for phone
numbers.

H. RESTRICTED AREAS



All areas within or surrounding the dam and reservoir from which unauthorized persons are
restricted should be described, listed, and outlined on a map and the map included in the SOP
appendix. Explain purposes of the restrictions, the barriers, and/or the signsinstalled to keep out
unauthorized persons.

Responsibilities of the operating personnel, operating entity, project office and/or other concerned
agenciesin posting, patrolling, and enforcing therestrictions should be stated.

Restricted areas are those which are potentially hazar dous to--or subject to damage by--the public,
such asthefollowing:

I Activelanddslide areas should be posted off limitsto the public.

I Warningsignsand signsprohibitingrock throwingintohydraulicchutesand stillingbasinsshould
be posted adjacent to the structures.

I Public entry into chutes, stilling basins, and control houses should berestricted.

Public access should belimited from areas surrounding hydraulic structuresintakes and r eaches of
outlet channel adjacent to discharge structures subject to surging or rapid changesin water surface
elevation during releases.

. SOP DISTRIBUTION

Toensurethat all SOP copiesarekept current, arecord of their location must be maintained. The
record should bekept in the SOP (itself) by including theLetter of Transmittal, showing the complete
distribution list, and supplying a control number for each copy to each office. Thiswill ensure that
revised pages ar e furnished to all copyholderswhenever revised instructionsaredistributed.

J. SOP REVISIONS

At least once each year all SOP's should be reviewed by operating personnel to ensure that
instructions are adequate and current. Revisionsor deviationsin operating instructions should be
ascertained and either integrated into the SOP or deleted, as appropriate.

SOP Revisions subsection may use the following standard paragraphs:

Operating proceduresshall not deviate from those stated in the SOP and Supporting Documents
without appropriate authorization. Changesare made only with the approval of the owner.

Each revised page should show therevision number and revision date. Each Revision Sheet should be
filed at the beginning of each SOP toindicatecurrentness. Therevision Letter of Transmittal shall be
signed by the owner or authorized alternate to indicate official approval of the changes. An SOP
Revision Sheet should accompany the letter and a revision date shall be noted at the bottom of each
revised pagein thelower right corner.
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CHAPTER I
ELECTRICAL, MECHANICAL, AND STRUCTURAL
A. GENERAL DESCRIPTION OF DAM

ThisSOP chapter,in combination withtheDOC-when available-should contain detailedoperation and
maintenanceinstructionsfor thedam, hydraulicstructures, and all electrical and mechanical equipment
related hereto.

Thelatitude and longitudinal coor dinates of the dam should be noted.

PHOTOGRAPHSSHOWINGVALVES,LEVERS SWITCHES ETC.,ARERECOMMENDED.
TERMINOLOGY USED IN FIGURE CAPTIONSIDENTIFYING VALVES, ETC., SHOULD
BE IDENTICAL TO TERMINOLOGY IN THE DOC.

Systems such as the following require description and clear instructions regarding operation and
maintenance:

Outlet works

Spillway

Electrical system and equipment
Auxiliary equipment and service system.

B. SPECIAL INSTRUCTIONS

Conformanceto special instructionsis important for continuing safety and economical oper ation of
thestructures. Therefore, it isimperativethat the SOP or theassociated DOC contain theapplicable
instructions below. It issuggested Special I nstructions be used as a checklist in preparing SOP'sto
ensuretheseinstructionsareincluded in SOP'swhereapplicable. Theinstructionsand precautions
also should belisted under Items of Special | mportance:

Multiple Gate Openings. - Optimum stilling basin oper ating condition isproduced usually when
water flow isdistributed unifor mly acr ossthe chutewhen it entersthebasin. A hydraulic control
structur ehaving mor ethan one control gate producesflow distributed uniformly into the stilling
basin when all gates are opened equally. Where all gates cannot be opened equally, the most
desirableflow patter nsusually ar epr oduced by equally opening gateslocated symmetrically about
the structurecenterline. Unlessspecificinformation isavailableto the contrary, the SOP should
contain specific operationsinstructionsrequiring patter ns of gate oper ation.

High-Pressure Minimum Gate Openings. - To Prevent damageto the gate leaf and frame, high-
pressur eregulating gates should not be oper ated at small gate openingsfor long periods of time.
Recent SOP's establish minimum gate opening (limit). For gates not having the openings
established previously, the SOP should state a conser vative minimum gate opening r efer enced to
the gateleaf bottom (in the dir ection of flow) unless special conditionsrequirefurther analysisof
thelimit.

Drop-Inlet Outlet Works Operation. - Several drop-inlet outlet works have been damaged when
operating at a shallow flow depth over the intake structure sill. Damage was caused by violent
blowback of air and water from the shaft and the conduit resulting from pressure of air trapped
intheconduit by flowingwater. When thereservoir water surfacedropsbelow acritical elevation,
avortex formsduetosill-control rather than by theregulating gate (or control valve) and results
in air entrainment in the conduit. Operating instructions should be provided in the SOP for all
outlet workswith drop-inlets. In recent SOP's, operating instructions have been established for
the critical water surface elevation.



Ventilation Systems Operation. - Ventilating systems are installed at dams to provide adequate
freshair in confined ar eassuch astunnels, conduits, galleries, and gatechambers. Toensuresafe
operating conditions in these areas the SOP should require operating the ventilating fan a
sufficient time period to permit one complete air change before entry by personnel. The time
period required to accomplish this change should be stated.

Rock Removal From Chutes and Basins. - Medium and large rocks do not wash from a stilling
basin-even during high discharge. Instead, they are swirled by water and pounded against the
concretewallsand floor of thestilling basin, causing damage. It isimportant toremoveall rocks
in the stilling basin.

TheSOP should establish procedur esfor theremoval of rocksin astillingbasin. Sincemost rocks
which enter the chute and stilling basin are thrown or rolled there by people, the SOP should
requiresignsnear thestructuresprohibitingthrowingrocksintothem. The SOP should require-
at least annually-that before release of water through the structures, those rocks that can be
reached without draining the basin be removed from the chute and basin. In many instances,
schedules for examining and cleaning the stilling basin have been established; the schedules
should bestated inthe SOP. |f scheduleshavenot been established, the SOP should requirebasin
examination at 6-year intervals until experience indicates a schedule mor e consistent with local
oper ating conditions.

Gates and Valves-Exercising and Testing. - Procedur es should be developed for exercising and
testing theoper ating control devices. Safety of thestructureand good oper ation and maintenance
practices require that each gate (valve) be tested to confirm that it will operate as designed.
Circumstances at each structurewill gover n theextent and frequency of testing. Whether criteria
in this SOP guide are used or other criteria are developed, SOP procedures should provide
detailed instructionsfor the operator to perform exercising and testing. A note of caution should
appear in the SOP similar to thefollowing:

CAUTION: If-duringany test-thegate(valve) will not closefrom any position or otherwise
malfunctions, stop the test and determine the cause of the malfunction and correct it.
Contact theresponsible office before further testing.
Exercising and testing machinery should be done by using normal and auxiliary power sour ces
to ensurethe operation of each. All exercising and testing results should be recorded and dated
in the Operating Log at the dam.
A differential-head test should be performed annually on each spillway gate (if possible) while
subjected to themaximum head expected for the season. Testing confirmsthat the gateswill open
and close satisfactorily. Testing should be conducted in the following sequence:

Open the gate 10 percent-then close. If the gate has not been operated in the past year, the 10-
per cent test should be madein progressive steps as follows:

a. Barely open (crack) the gate so that it will produce additional leakage - then close.
b. Open thegate 1inch - then close.
c. Open the gate 6 inches - then close.

d. Openthegate 10 percent - then close. If 10-per cent gate openingisimpossible because
of downstream restrictions, open it asfar aspossible -then close.

If the gate passes thistest successfully, aroutinetest should be scheduled for the following year.



At scheduled intervals, each gate should be raised to the fully open position and closed whilein a
balanced-head condition. This part of the test should be scheduled during the season at proper
reservoir conditions. I n theevent of acontinuously high reservoir, which conditionsallow or stoplogs
can beinstalled. Postponement of maximum gate operational testing should not exceed a 6-year
period. If thegatehasnot been operated in 6 years, it should beexer cised fir st in abalanced condition
prior to any differential-head test.

Each gateor valvethat releasesreservoir water through an outlet works, including those designated
asemer gency gatesand regulating gatesor valves, shall beexer cised through a completeopeningand
closing cycle annually under a balanced-head condition or with the outlet works unwatered. An
oper ational test shall beperfor med on emer gency gateinstallation. At most facilities, raisingthegates
from 1to 3inches- from the closed position - with the downstream conduit unwater ed will suffice.

CAUTION: OPERATIONAL TESTING OF AN EMERGENCY GATE UNDER AN
UNBALANCED HEAD SHOULD NOT BE PERFORMED UNLESS THE CONDUIT
DOWNSTREAM FROM THE GATE ISEQUIPPED WITH EITHER AN AIRINTAKE VENT
OR AN AIRINLET AND AIR RELEASE VALVE.

Allrequired lubricationand maintenanceof equipment should bedoneprior tooper ational testingand
exercising.

C. INSTRUMENTATION - MONITORING AND MAINTENANCE

Instrumentation of dams refersto a variety of devices for measuring the structural behavior at
concrete and embankment dams. Generally, dams are instrumented (1) to monitor performance
during construction and initial filling to obtain data for improving futuredesigns, and (2) to provide
themeansof detecting abnormal conditionsduring oper ationsthat could lead tomajor problems. To
meet these needs, SOP's should include:

Scope Types of instrumentation
Reporting Procedures Evaluations of data and need
Purpose Reading schedules
Maintenance requirements Normal/abnormal readings

| f thedam hasmany instrument installations, it may be helpful to makethissubsection a separ ate
SOP chapter. An instrumentation chapter would include the following:

Dam I nstrumentation

A. General description of instrumentation
B. Responsibilities
C. Specificsfor each installation
1. Detailed description
2. Instructionsregarding schedules, operating instructions, and evaluations and
data transmittal
3. Normal readings
4. Abnormal readings
5. Location map and drawings

Aninstrumentation appendix should include specificlocation mapsand drawings. Also, the SOP
should includethelatest instrumentation datareportformor astatement, graph, or chart for what
is a normal reading so that when an abnormal reading is detected by the dam operator or
designated person at thesuper visory office, appr opriateactionscan betaken. Schedules,drawings,
or maps showing the locations of specific instrumentation and known seepage ar eas should be
included. Maintenancerequirementsfor instrumentation, drains, weirs, channels, etc., should be



stated clearly.

Types of instrumentation which may be placed in, on, or adjacent to
foundations, abutments, and embankments, or on concrete structures

Embankment and foundation piezometersor transducers

Porous-tube piezometer s and observation wells

Vertical & horizontal movement devices

Foundation settlement baseplates

Measurement points on the abutment slopes and on the completed surface of an
embankment or structurefor measuringsettlement and deflectionsWelir s, flumes, or other
devicesfor measuring seepage

Abnormal Instrumentation Readings

Duringinstrument recording, the***dam name*** Dam tender will comparethecurrent
readingswith thepreviousreadingsand, if necessary, with readingsat the samer eservoir
elevation. If thereading appear stobeabnormal, the***dam name*** Dam tender shall:

a. Determine-

(1) Possible reading or computation error or instrument failure
(2) Calculate changein reading from normal

(3) Reservair elevation

(4) Weather conditions

(5) Any other facts believed pertinent

b. Contact ***your engineer*** and the Utah State Department of Natural
Resour ces, State Engineer s Office, Dam Safety Section for assistance.

D. DAM MAINTENANCE AND INSPECTIONS

This subsection should recor d the oper ation and maintenance procedur es pertaining to the dam,
itsabutments, foundations, and adjacent areas such as:

Clearing of trees and shrubbery from the embankment dam slopes
Cleaning drains

Exercising valves

Painting the tops of parapet walls on concrete dams

Painting of miscellaneous metalwork

Other typical maintenance procedures

Schedule maintenance in daily, weekly, monthly, annual, 6-year, or other suitable time periods.
Inspection requirements of the structure and reservoir under special conditions should be
established. EAP reference should be made for actionsto be taken by the dam operator during
unusual occurrences. Featuresof the dam, abutments, reservoir, and adjoining areasrequiring
special attention, and conditions and occurrences for which the examiner should be alert may be
listed in this subsection.

Specific problems should be identified. The following standard paragraph may be adapted for
most dams.

M aintenance

Routine maintenance shall be performed on name of dam [treesand shrubbery
shouldbe clear ed from upstream and downstream slopes of the dam, (or) painting on par apet wallsand patching concretedecks]
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. Concreterepairsto the spillway and outlet works structures also will need to
bedoneasrequired. Anyunusual conditionswhich may adver sely affect the safety of the
structures at the dam should be reported promptly to .

Embankment and Foundation I nspection

Theembankment, abutments, and visible portions of the foundation adjacent tothemain
embankment shall be inspected daily, or weekly for evidence of the development
of unfavorable conditions.

During rapid reservoir filling, the downstream slope of the embankment and foundations
downstream from the dam shall be inspected carefully daily, or weekly for
indications of:

Cracks Sloughs

I mpairments of slope protection Seeps
Slides Subsidence
Springs Boggy areas

UNUSUAL OCCURRENCES
1. Slumping or Cracking of the Dam or Abutments
a. Determine -
(1) Location
(2) Size of affected area(s) in height, width, and depth
(3) Extent (severity)
(4) Estimated dischar ge (whether clear or cloudy water)
(5) Reservoir and tailwater elevations

b. Contact ***your engineer*** and the Utah State Department of Natural
Resour ces, State Engineer s Office, Dam Safety Section.

2. Failure of Appurtenancesor Operating Equipment
a. Determine -
(1) Probable cause of failure, duration, and effects on reservoir operation
(2) Immediate assistance required from ***your engineer*** and contact
the Utah State Department of Natural Resour ces, State Engineers Office,
Dam Safety Section to remedy the problem, including:
(&) Replacement parts
(b) Type of labor available
(c) Repair equipment

(3) Availabletemporary replacementsor temporary alter natives
(4) Any other facts believed pertinent

b. Contact ***your engineer*** and the Utah State Department of Natural
Resour ces, State Engineer s Office, Dam Safety Section.

3. New Springs, Seeps, or Boggy Areas
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If new springs, seeps, and boggy ar eas develop, use the following procedures:
a. Determine -

(1) Location

(2) Size of affected area(s)

(3) Estimated discharge

(4) Nature of the dischar ge (whether clear or cloudy water)
(5) Reservoir and tailwater elevation

b. Read datafrom all pertinent instrumentation

c. Map data - If necessary to further analyze conditions, amap should be prepared
showingtheextent of all seep ar eas, springs, and any other pertinent data, including
the dates of recording reservoir levels.

d. Contact ***your engineer***.
y

e. contact theUtah State Department of Natural Resour ces, State Engineer sOffice,
Dam Safety Section and continue to monitor situation.

f. Initiate corrective measuresasdirected by ***your engineer***,
4, Rapid Increase or Cloudy Appearancein Seepage

| f existingor new springs, seeps, and boggy ar easdevelop rapid increasesin cloudy water,
usethefollowing procedures:
a. Determinations -

(1) Location

(2) Size of affected area(s)

(3) Estimated discharge

(4) Nature of the dischar ge (whether clear or cloudy water)
(5) Reservoir and tailwater elevation

b. Contact ***your engineer*** or the Utah State Department of Natural
Resour ces, State Engineer s Office, Dam Safety Section for assistance.

(1) Read and report other instrumentation readings
(2) Monitor continuously until instructed otherwise

c. Map data - If necessary to further analyze conditions, amap should be prepared
showingtheextent of all seep ar eas, springs, and any other pertinent data, including
the dates of recording reservoir levels.

d. Settlement points - If surface measurement (reading for settlement points)
readingswill help clarify abnormal conditions, such observationsshould be made,
reported, and recorded.

The upstream face of the dam and abutments adjacent to the dam shall be inspected a
minimum of once per month or mor e frequent as conditionswarrant for;

Evidence of cracks and subsidence, especially after periods of: --Sustained high-

velocity winds, or
--When thereservoir water surfaceislowered
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During periods of sustained high reservoir level, monthly inspectionsshall be made of the
dam with particular attention given to:

-Dam crest,

-Visible portions of the upstream slope protection,

-Downstream slopes, and ar easdownstr eam from thedam for evidenceof abnor mal
development caused by seepage through the foundation.

-During periods of lower reservoir level, exposed portions of the embankment, the
abutments, and thereservoir floor shall be examined for:

-Sinksor seepage holes Unusual beaching conditions

-Cracking Sediment deposits

Following any reported earthquakes, inspection shall bemadeof thedam embankment and
appurtenancesfor indicationsof physical damagesuch ascracks, displacements, and land
movements.

Refer to the Emergency Action Plan in this Standing Operating Procedures for additional
instructions during unusual occurrences.

Special I nspections
Therewill be situations which promote mor e frequent inspections of dams. They include:

-Any dam within the seismic influence dictated in the chart above

-Any dam during its first two seasons of operation (fill) after construction or any major
repairs.

-All dams located within drainages impacted with unusual snowpacks or thunderstorm
runoff.

-In the event that a wildfire has burned more than 10% of a previously forested drainage
upstream of any dam, an inspection shall be conducted of the drainage and an hydrologic
analysisto assess the dam's spillway capacity shall be completed.

CHAPTER I
DAM INSTRUMENTATION

I nstrumentation of damsrefersto a variety of devices for measuring the structural behavior at
concreteand embankment dams. Generally, damsareinstrumented (1) to monitor performance
during construction and initial filing to obtain data for improving future designs, and (2) to
provide the means of detecting abnormal conditions during oper ations that could lead to major
problems. To meet these needs, SOP's should include:

Scope Types of instrumentation
Reporting procedures Evaluations of data and need
Purpose Reading schedules
Maintenance requirements Normal/abnormal readings

An instrumentation chapter would include the following:
A. General description of instrumentation
B. Responsibilities

C. Specificsfor each installation



1. Detailed description

2. Instructionsregarding schedules, operating instructions, and evaluations
and data transmittal

3. Normal readings

4. Abnormal readings

5. Location maps and drawings

An instrumentation appendix should include specific location maps and drawings.

Also, the SOP should includethelatest instrumentation data report form or a statement, graph,
or chart for what isa normal reading so that when an abnormal reading is detected by the dam
operator or designated person, appropriate actions can be taken.

Schedules, drawings, or maps showing the locations of specific instrumentation and known
seepage ar eas should beincluded.

Maintenance requirements for instrumentation, drains, weirs, channels, etc., should be stated
clearly.

A. OBSERVATION WELL PIEZOMETERS

The measurement needed isthe depth from the top of the standpipe casing to the groundwater
level within the stand pipe (seefig. 1). Becausetheelevation of thetop of the casing hastypically
been surveyed by theinstaller; the observer merely subtractsthe depth to water from the top of
casing elevation to arrive at the groundwater level.

The ease of taking depth measurement is significantly increased if the observer uses a " well
probe’. Most well probes depend on the water within the standpipe to complete an electrical
circuit which turnson an indicator light or buzzer or registers on aamperage gauge. A number
of well probesarecommercially available. A list of several " well probes' areattached alongwith
estimates of their cost (seefig. 2).

If the cost of a well probe is prohibitive, a common measuring tape of adequate length for the
anticipated depth can beused. Theend of thetapeisweighted with fishing weightsof a sizesmall
enough tofit down thestandpipecasing. Thebottom oneor twofeet of thetapeiscoated with chalk
and theweighted tapelower ed intothe standpipe. For shallow depth standpipestheoperator will
probably hear the" ker-plunk” astheweights contact the water surface. For deeper standpipes,
theoperator will haveto practiceuntil heor shedevelopsa" feel” for thedslight decr easein weight
when thetapestrikeswater. At the point that water isencountered, the operator makesa note of
thetapereading at thetop of the standpipe casing. Thetapeisthen withdrawn and thelength of
wetted chalk issubtracted from the " top of the casing" readingto arrive at depth.

B. DRAINS AND SEEPS

| f adequate " fall" isavailable beneath the water source, PVC pipe of adequate diameter for the
anticipated flowscan beinstalled in the sour ce. M easurementscan then bemadeby collectingthe
flowsin abucket or barrel of known volume and noting the amount of time it takesto fill. This
flow isusually reported in gallons per minute (gpm).

| f adequatefall isnot availableor larger flowsareanticipated themeasur ementsar ebest madeby
installing aweir of appropriate size.



The 90 degree V-notch weir is particularly suited for small flows. To give accurate readings, it
must be properly installed (seefig. 3). Particular attention should be given to:

a Installing the weir plate vertically, with a level crest and perpendicular to the
direction of flow and keyed in to a depth adequate to insure against under cutting.

b. The plate should be no thicker than approximately T=1/8 inch and the notch edge
should be beveled upstream and smooth.

C. Thewelr pool should be15-20timeslonger than thedepth of thenotch toassurelow
enough velocitiesfor an accuratereading. Thepool should bedeep enough to store
some sediment below the notch level. Sediment accumulation behind the weir is
indicative of internal erosion caused by seepage flows and should alert the dam
owner to a potentially unsafe condition.

d. The maximum downstream pool elevation should be at least 4 inches below the
lowest point of the notch.

e If quantitative seepage measurements are desired, a weir gage should beinstalled
in an upstream pool area unaffected by velocitiesthrough thenotch. Often thegage
is attached to the back of the weir plate several inches away from the side of the
notch. The zero of the gageis set at the same height asthe bottom of the notch.

M easur ement of the gagereading (H) isthen taken and converted to flow through use of table 3.3
(attached). For seepage monitoring purposes, often a relative flow is adequate. In thiscase, no
gaugewould beneeded. A notewould ssimply bemadeof whether seepageflow isnoticeably higher
or lower than normal. Additionally, thelevel of turbidity (muddiness) of the flow should always
be noted.



CHAPTER IV
RESERVOIR OPERATIONS
A. RESERVOIR CAPACITY ALLOCATIONS

Current reservoir capacity allocations should be presented in the SOP . Also, it is essential to
include area-capacity curves and tables (based on elevations to the nearest tenth of a foot) in the
appendix or referenced as a Supporting Document. The SOP should mention that sediment
accumulation, as detected during reservoir resurvey, may change the capacity allocations.

B. FILLING SCHEDULE AND RELEASE PROCEDURES

Thefilling plan, by which reservoir inflows are to be stored and by which stored water isto be
released each year to accomplish theauthorized and incidental objectivesof the project, should be
described in this SOP subsection. It should explain when water isstored in thereservoir and
should stateall restrictionsthat exist on r ates, quantities, and timesfor which water may bestor ed.
Factors governing reservoir releases for project purposes also should be discussed. This SOP
subsection should indicatespecific operatinginstructionseach timegatesar eto beopened, closed,
or reset. Thissubsection shouldlist all established requirementsfor r el eases, such asmaintenance
or streamflows for various purposes and flood control options.

Detailed reservoir operating procedures given elsewherein the SOP do not need to be repeated
here. However, all procedures for reservoir operation should be briefly noted in this SOP
subsection; reference the SOP section wher ethe details can be found.

C. DESIGN FLOOD STUDY AND ROUTING

A description of the current reservoir IDF (inflow design flood) isincluded in the SOP to give
oper ating per sonnel someidea of thetypeand magnitudeof theflood for which thedam, spillway,
and outlet worksar e consider ed adequate. Thel DF should show thedatethedescribed flood was
approved for design or review purposes. Theflood description should include - asa minimum -
volume, duration, and peak flow.

A description of thetypeof flood (rain, snowmelt, or combination), the monthsin theyear during
which it can occur, and the assumed antecedent hydrologic conditionswould be helpful in support
of some operating procedur es and to oper ating per sonnel when evaluating a flood event.

Thissubsection should contain adescription of theassumptionsused inroutingtheflood through
thereservoir, including:

Reservoir water surface elevation at beginning of flood event
Spillway gate operation

Outlet worksrelease schedules

Feeder canal operation

Stoplog removal schedule

A statement of the resulting maximum reservoir water surface elevation and peak spillway and
outlet works discharges (preferably including a hydr ograph) should be included.

Hydrographsshowingthereservoir routingsof thel DF, flood contr ol design flood - if flood contr ol
isan authorized project pur poseand outstanding floods of record, if available, should beincluded
in theappendix and approriately referenced here. Downstream routingsand inundation maps of
spillway and outlet releases from those floods and flow from dam failurewhich are prepared for
the EAP should bereferenced herealso.
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An example of typical information required is:

The hydrograph of the inflow design flood, approved in March 1967, and having a peak
inflow of 82,000 ft*/sand 7-day volumeof 427,000 acr e-feet, isshown in theappendix
pertinent appendix number . Thisflood was based on the transposition and adjustment of
the Warrick, Montana, storm of June 6, 1906. This storm was assumed to produce an
averagerainfall over the entire 2,828-square-miledrainage basin of 7 inchesin 24 hours.
Theinflow design flood was deter mined by adding the runoff resulting from the storm to
an assumed base flow of 1,000 ft¥s in the Milk River. When routed through Fresno
Reservoir with the reservoir water surface at spillway crest elevation 2575.0 at the
beginning of theflood event and the outlet wor ksdischar ging 2,200 ft%/s, theinflow design
flood produces a maximum water surface at elevation 2592.8 and a maximum spillway
dischar ge of 62,000 ft*/s.

D. INFLOW FORECASTING

I nflow for ecasting should includeinstructionsand procedur esfor preparing - bothprecedingand
duringrunoff months-periodic estimatesof inflow volumesfor therunoff season. Theseestimates
provide a basisto plan reservoir and project operations before and during the flood season, and
toper mit optimization and coor dination of water supply and other reservoir functions. Also, it will
help in planning oper ating procedur es consistent with operating criteriato protect the dam and
its appurtenances against failure caused by high reservoir water levels and excessive discharge
rates. Such proceduresare mostly for reservoirs having snowmelt inflow. In some exceptional
cases, short-term inflow for ecasting procedures may be appropriate for reservoirs having large
water sheds and only rainfall runoff.

Theinstructions and procedures should be described in sufficient detail and completenessin a
referenced Supporting Document to enable newly assigned per sonnel to be effectivein estimating
inflow and to fully implement the procedures.

Administrative and technical proceduresshould beincluded. Administrative proceduresshould
identify or ganizational entitiesresponsiblefor forecasting estimatesand related collection of data
and conver sion of foecastsinto operating plans. Technical proceduresto consider:

I Includeinformation necessary to monitor hydrometeor ological stations.
I Include specific correlations, equations, graphical tools, and analytical procedures used in
forecasting inflow.

I Includeinstructionswhen forecasts areto be made under various conditions.

If agencies (e.g., the Soil Conservation Service, National Weather Service, or others) areengaged
toprepareinflow forecastsfor a particular reservoir, the SOP should include a description of the
procedures and criteria used by those agencies and instructions for operating personnel in the
procurement and use of such forecasts.

Development of inflow forecasting proceduresis a continuing process because correlations are
subject to revision as mor e data becomes available. Hence, SOP instructions should include a
requirement toexaminetheprocedur esannuallyupon each additional year of oper atingexperience
and to make revisions and improvements wher e needed.

Severe Storms
Contact the Utah State Department of Natural Resources, State

Engineers Office, Dam Safety Section and report local newsreports
and personal observations of severe storms, including heavy
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rainstorms, unusual snowfall, high winds, tornadoes, etc. Data
should include pertinent infor mation to aid in evaluating the impact
of the event upon the ***dam name*** Dam.

Snow Melt Floods

Snowback conditionsindicate action scenarios and may list procedures such
opening outlets and increasing monitoring frequencies.

Condition One: Snowpack lessthan or equal to 150% of normal asof May 1.
Condition Two: Snowpack between 150% and 250% of normal asof May 1.
Condition Three: Snowpack greater than 250% of normal as of May 1.
Condition Four: Snowpack greater than 250% of normal as of June 1.

These plans also define the main stages of oper ation and appropriate actions:
Normal: Impliesthe obviousper specific plan direction.

Stage One Emergency: Heavy runoff situation with one foot of freeboar d
remaining. Circumstancesindicate the situation will continue. Twenty four
hour monitoringisin order. Enact notification plan. Limit accessto the dam
to necessary people. Initiate actionsto save dam (open outlets, sandbag, etc).

Stage Two Emergency: Freeboard islessthan onefoot. Dam isbeing
threatened with failure. Notify downstream interestswith recommendation of
evacuation. Cut emergency spillway in saddle, etc.

Stage Three Emergency: Dam isin failuremode. Notify accordingly. Get
of theway.

E. FLOOD OPERATING CRITERIA

This SOP subsection establishesdam and reservoir flood oper ating criteriaand procedurestobe
followed preceding and during flood inflowswhich arenot appropriatetoincludein thepreceding
subsections Filling Schedule and Release Procedures and I nflow Forecasting.

This subsection describes established criteria for storage and release schedules preceding and
duringflood inflow periods(including established constraintsfor downstream flood controal), and
reservoir operating criterianeeded for dam safety. Flood operating criteriaand inflow forecasts
provide the basisfor operating plansfor routing of flood inflows.

For strutureswith gated spillways this subsection should provide specific detailed emergency
operating instructions for operating personnel to use when COMMUNICATIONS OUTAGES
ARE EXPERIENCED during floods that require independent facility operation. Instructions
should be presented in both narrative and graphical form to avoid possible misinter pretation of
these important instructions.

Largeor Sudden Releasesinto the Downstream Channel

a. Notify ***your county*** County Sheriff

b. ***your county*** County Emergency Preparedness Dir ector

c. Contact the Utah Division of Wildlife Resour ces

d. Notify Utah StateDepartment of Natur al Resour ces, State Engineer sOffice, Dam
Safety Section.
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F. SPECIAL REPORT DURING FLOOD OR HIGH WATER

Because of the importance of reporting promptly and completely during floods and highwater
periods,comprehensiveinstructionson reportsrequired from personnel at thedam duringthese
periods shold beassembled in thissubsection for ready reference. I nstructionsshould establish:

When initial reportsareto be made
Who shall receivereports

Data requirements

Reporting intervals

Presumably, further reporting procedures will be established during the first report; if not,
reporting intervals and data requirementsfor all reports should be established in the SOP.

1. Surcharge capacity. - Criteria used in routing the IDF through a reservoir require
surcharge capacity for that purpose. Surcharge capacity is reserved for emergency
situations or extreme conditions on the reservoir or theriver basin. An exampleisthe
stor age of inflowswhich, if released, would exceed the safe-channel capacity downstream
and cause significant damageif passed directly through thereservoir. An SOP statement
should includenotifyingthe State Engineer that reservoir riseinto surchargeisimminent.
Certain unusual conditions and circumstances may arise for which additional storage
would be beneficial and justified on a one-time basis. Analyses of hydrologic, structural,
operational conditions, flood routing, and risk studies are required before authorization
would be granted. If justifiable need for surcharge storage developson arecurring basis
-such as additional storage for power generation or irrigation use -analyses are to be
completed prior to authorization.

G. FILLING AND DRAWDOWN LIMITS

This SOP subsection should haveall recor ded special limitson ratesand rangesof reservoir filling
and drawdown that havebeen established becauseof landslidesor other geologic conditionsinthe
reservoir and for embankment dams because of stability requirements.

Include description and location of sinkholes or other unusual geological for mations. Locations
of landslidesor potential landslidesthat may be activated by drawdown should be described and
amap included in the SOP appendix.

Reasonsfor restrictionsshould beprovided. Special reporting requirementsor obtainingadvance
approval - when for any reason established limits must be exceeded - should beincluded also. If

special limitshave not been established, thissubsection should havea statement that limitsarenot
applicable.

H. EARTHQUAKE

LATITUDE: ***° ***' North LONGITUDE: ***° **x'\\est

ZONE: ***dam name*** Dam is located in an area subject to earthquakes of major

damaging intensity. Thedam liesin seismic risk zone **.

Seismic Evaluation: Enter asummary of seismicevaluation, if such astudy hasbeen done.
After an earthquake - Inspect dam if it is within the zone of influence described
below

Richter Magnitude Search Radius (M1)

4.0to4.5 10
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Richter Magnitude Search Radius (M1)

4.6t05.0 12
51t05.5 18
5.6t06.0 25
6.1t06.5 38
6.6t07.0 55
7.1 and greater 75

(1) Thoroughly inspect for damage

(&) Both dam facesfor cracks, settlement, or seepage

(b) Abutmentsfor possible displacement

(c) Drainsand seeps

(d) Spillway structure

(e) Outlet works control house, shaft, and gate chamber

(f) Power supply and standby power unit

(g) Visblereservoir and downstream areasfor landslides

(h) Other appurtenant structures

(i) Read instrumentsand note any abnormal or changed readings.

(2) Report inspection findings to the Utah State Department of Natural
Resources, State Engineers Office, Dam Safety Section during the
earthquakeincident.

(3) If apparent damage has not occurred to the dam, embankments, or
appurtenant structures, a” No Damage' report should bemadetothe Utah
State Department of Natural Resour ces, State Engineer sOffice, Dam Safety
Section.

(4) Continuetoinspect and monitor thefacilitiesfor at least 48 hoursor as
instructed by ***your engineer*** and the Utah State Department of
Natural Resour ces, State Engineer sOffice, Dam Safety Section - in theevent
unobservable or delayed damage should occur.

(5) Some damageto structures may not be apparent during the inspection
immediately following an earthquake. It is possible that the settlement of
structures, the reactivation of old slides, or the development of new dides
may not occur with ground shakingand would manifest itself after theinitial
ingpection. A secondary inspection 2 weeks to a month after the initial
inspection should be made.

(6) Survey settlement and alignment measurement points if requested
***your engineer*** and the Utah State Department of Natural Resour ces,
State Engineer s Office, Dam Safety Section.

LANDSLIDE SURVEILLANCE
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L andslidesurveillanceprocedur eshavebeen established for Bur eau of Reclamation projectsonly.
Theproceduresrequiretheidentification, annual examination, and preper ation of datand/or data
reporting of landslide ar eas by the Regional Geologist or designated representative. Asaresult
of these and other examinations, operating procedures and appropriate schedules of landslide
observationsand reports have been or will be established for specific damsand reservoirs.

Except for reporting procedures and reservoir operating instructions, all information and
isntructions related to landslides and landslide surveillance should be given in this SOP
subsection. Inspection requirementsrelativeto landslides should be presented in the SOP. Data
Reporting and referred to in this subsection. Reservoir operating requirements resulting from
landslide conditions should beincluded in the SOP. Filling Schedule and Release Proceduresand
referred toin this subsection.

Special instructionsfor oper ation and maintenance per sonnel, which may bedeveloped asaresult
of theannual examination of landslidear easand which should beincluded in the SOP, may pertain
to oneor more of - but not necessarily be limited to - the following actions.

I Maintain signsposted for warning of landslide ar eas.

I Identify names and locations of persons and entitiesin established locations which would be
affected by either dow or sudden movement of a critical landdide, and establishment and
implementation of related emer gency communication procedur es.

I Maintenance and observation of landslide monitoring instruments.

I Measurement of landslide areas by land surveying.

I Examination of and reporting on critical landslide ar eas between annual examinations as
directed by the Regional Geologist.

I Adherenceto special limitationson reservoir drawdown rate.

I Immediatereporting of unusual landslide activity.

Photographs of signs, drawingsof didear eas, and photographsor profiledrawingsof sidear eas
should beincluded in an SOP appendix. When changes occur, this material will need to show
current conditions.

Landslide Surveillance should describe landslide observations and measurements to be made
following an earthquake and should refer to the Emergency Preparedness Plan for reporting
procedures.

Landdlide

Any landslidethat could moveinto the outlet works, spillway area, or intothereservoir - rapidly
displacing large volumes of water - would be dangerous to the dam. Landslides or potential
landslidesinto the downstream channel which may impound water should bereported.

Any landslidewhich may affect either abutment should bereported to the Utah State Department
of Natural Resour ces, State Engineers Office, Dam Safety Section immediately.

All landslides or potential landslides which may affect the dam, abutments, outlet works, or
reservoir basin should be reported to the Utah State Department of Natural Resources, State
Engineers Office, Dam Safety Section. Identify landslide areas by name and location.

a. Determine -
(1) Size
(2) Possible cause

(3) Degree of effect on operation
(4) Probability of additional movement of disturbed area or of other dide
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J.

(5) Development of new dlides
(6) Any other facts believed pertinent

b. Contact ***your engineer*** and the Utah State Department of Natural
Resour ces, State Engineer s Office, Dam Safety Section for assistance.

For alanddlidethat occursin the downstream channel:
a. Determine

(1) Size (including depth and percent acrossriver channel)

(2) Capability of immediately closing outlet works

(3) Other inflows

(4) Location in relation to thetoe of the dam and other structures
(5) Availability or need for heavy equipment

b. Contact ***your engineer*** and the Utah State Department of Natural
Resour ces, State Engineer s Office, Dam Safety Section for assistance.

FISH AND WILDLIFE CONSIDERATIONS

This subsection should reference all contracts and agreementswith other agenciesfor the benefit
of fish and wildlife. Explain what requirementsthereare, if any, and how the agreementsaffect
dam and reservoir operations. Such requirements might include minimum water surface
elevations, reservoir levelsduring specified periods of the year, and minimum reservoir release
ratesto meet downstream flow.

Fish and Wildlife L osses

K.

a. Describeloss, species, number s, location, possiblefurther losses, probablecause,
and other pertinent infor mation.

b. Contact Utah State Division of Wildlife Resour ces Ar ea Office.
RECREATION MANAGEMENT PLAN

State whether or not a recreation management plan has been established for thereservoir area.
If a plan has been published, the subsection should identify:

L.

The agreement establishing the plan
Indicate the agency responsible for operating the plan
State how the plan affectsreservoir operation.

OFF-ROAD VEHICLE REGULATIONS

This subsection should identify regulations regarding off-road vehicle use for protecting public

lands:

I dentify the Federal Register issue establishing theregulations
I ndicate the agency responsible for operating the plan
Stateif and how the plan affectsreservoir operation or operating responsibilities

M aps designating roads and trailsfor off-road vehicle use, aswell as mapsindicating prohibited
areas should beincluded in the SOP appendix.
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M. HYDROPOWER RELEASE CRITERIA

For reservoirsserving as forebaysto hydroelectric plants, this subsection should state the basic
criteriaused in deter mining thetimeand quantity of hydr opower releasesand should indicatethe
relation of releasesto other reservoir operating functionsand criteria. wherethe only reservoir
function ishydroelectric, or wherethereservoir isoneof interralted reservoirs- when operation
is coordinated to maximize power generation consistent with other authorized project operation
purposes - the criteria may beincluded here by referencing appropriate Supporting Documents
developed for power operations.

This subsection should state clearly the reporting requirements, release range, and power
demands befor e effecting sudden or largereleases of water. Also describewarning signs, devices,
etc., to alert people downstream of increased r el eases.

N. OPERATING CRITERIA FOR OTHER FUNCTIONS

Operating criteria for other reservoir functions not appropriately included in other SOP
subsections may be placed here. Where appropriate, thissubsection may include:

Reviews of reservoir operating criteriafor downstream pollution abatement
Structure protection during periods of the year
Control of silt dispostion in thereservoir

A detailed discussion of opeating criteria (in thissubsection) doesnot precludereiterativecriteria
in other SOP chapters.
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CHAPTER YV
ROUTINE MAINTENANCE GUIDE
A.VEGETATION CONTROL

All types of woody, deep-rooted vegetation and brush growing on dam embankmentsor in the
spillway areconsider ed aproblem and should becontrolled. Someof the problemsassociated with
excessive vegetation growth on thedam are:

- Heavy vegetation obstructs the view of the dam inspector and obscures any cracking,
seepage and other surficial indications of a problem with the dam.

- After trees and brush die, the root systems can decay, leaving behind a tunnel through
which water can pass (piping).

- Largetreesblown over during windstor mscan havetheir root systemsuprooted, leaving
behind alarge holein the embankment that could lead to breaching.

- Vegetation on theembankment provideshabitat for burrowinganimals, whose presence
further endangersthe dam.

Taking early action to remove vegetation before it becomes established isa critical part of dam
maintenance. Common typesof vegetation detrimental todamsarewillows, saltcedar (tamarisk),
Russian olives, cottonwoods, sagebrush, aspens, poplars, pine, spruce, fir, and juniper.

Evergreen species are the easiest to eradicate since most of them die when cut and do not
regeneratefrom roots. Deciduoustreesar e generally moredifficult to control because many are
capable of reproducing from roots and do not die from cutting. Some form of poisoning isan
integral part of a program to control thistype of vegetation.

Asageneral statement for all treeswhether ever green or deciduous, killingtreesover about 6 feet
tall on the dam must also be accompanied by excavating the roots and recompacting clean fill
material into the excavation. Thisshould be donein aradiusextending from thetrunk equal to
the height of the tree or until the laterally extending roots are less than about a half inch in
diameter.

POLICY - Only grasses which do not obscure observation of the embankment should be
allowed to grow on the dam itself (contact your county agricultural agent for information
on appropriate grasses for your area). All brush and trees should be prevented from
growing: 1) on thedam itself and within 50 feet of the dam for deciduoustreesand 25 feet
for evergreens, 2) in the spillway and within 50 feet of the spillway for deciduoustreesand
25feet for evergreens, 3) near the spillway or outlet channelssuch that flow through those
structuresisreduced or water backsup on theembankment. Seeillustration 1.

B. HERBICIDE APPLICATION

Several formulations of herbicides suitable for treeand brush control areavailable. They can be
foliar applied or soil applied and consist of liquid spray solutions, granules, and pellets. Hereis
a brief description of common application methods (Seeillustration 2):

Foliar applicationsconsist of sprayingthechemical directly ontothetar get plant, especially
theleaves. It isnecessary tothoroughly cover all above ground vegetation on theplant to
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thepoint of runoff. Foliar applicationsneed to bemadein thelatespringor early summer
when plantsareactively growing and new growth isyoung and succulent. In many plants,
the heat of summer causesthe tree to develop a waxy layer on the leaves which inhibits
absor ption of foliar applied her bicidesintotheplant. Also, thetr eemay becomecoated with
dust asthe summer progresses. Both of these factorsreduce the effectiveness of foliar
applied herbicides. Many foliar herbicides are neutralized in the soil.

Sail treatment consistsof applyingtheherbicidedirectly tothesoil around thetar get plant.
Thesetreatments areintended to be moved into the soil by precipitation and can remain
activefor several years. If significant quantities of low lying vegetation exist around the
target plant, it may be necessary to removethat vegetation and per haps scarify the soil to
obtain acceptableresults. Timeof year of theseapplicationsisnot ascritical aswith foliar
sprays sincetheherbicideistaken intotheplant through theroots. However, do not apply
soil treatmentstofrozen ground. Thesechemicalsareoftenrestricted from usewherethey
may comeinto contact with irrigation waters, and all precautionsand instructionson the
labels of her bicidesshould befollowed. They should not beused around theupstream side
of the dam nor areas where surface water could move the chemical into conveyance
structures.

Frill method consists of making cutsat a convenient height in a circle completely around
atreewith downward axestrokes. Thesecutsshould extend well intothe sapwood and the
sapwood be continuously exposed around thetree. Thefrilled areaisthen saturated with
herbicide.

Notch or cup method consistsof forming one or morenotchesor cupson thetreewith two
downwar d axe cuts, one abovethe other, and prying out the chips. Notches should be at
thebase of thetreeasnear the ground aspossible and on the main rootsif any show. Two
notches arerecommended for treesup to 6 inches in diameter, and notches spaced every
10to 16inchesaround larger treesarerecommended. Again, theherbicideisappliedinto
the notched areas.

Cut stump method consistsof cutting thetreeand sprayingor painting herbicideontothe
remaining stump. Bestresultsareobtained by treating the stump immediately following
cutting. Care should be taken to ensure thorough coverage of the area just inside of the
bark of thetree.

C.HERBICIDE SELECTION

Trandocated herbicides (herbicideswhich aremoved from the place of application to other parts
of theplant e.g., moved from theleavestotheroots.) arethemain typewhich areuseful for control
of vegetation detrimental to dams. These herbicides should be applied when the vegetation is
growingandisnot dor mant. Onecommonly used herbicidewhichisnot translocated isglyphosate
(tradename Roundup). It isnot recommended for theusesdescribed herein; particularly,itisnot
effectivein trunk or stump treatments. Translocated foliar sprayswhich areapplied totheleaves
(foliage) of plantsdestroy theplant by beingtranslocated or moved by theplantintoitsroots. Only
plants which are contacted by the chemical are affected. Foliar spraysare normally neutralized
in thesoil. Soil treatmentsareapplied totheground rather than directly to the vegetation. They
remain activein the soil wherethey kill plant roots. A singletreatment of soil sterilant can remain
effectivefor several years. Choice of a specific herbicidewill normally be dictated by whereit is
to be applied and the proximity of thisareatoirrigation water rather than the type of vegetation
targeted. Extracareneedstobetaken in selectingaherbicidefor application to vegetation on the
upstream side of thedam since some her bicidesmay contaminatetheirrigation supply and result
in damageto crops. A complete and thorough discussion of herbicides and the laws controlling
their use is beyond the scope of this publication and the reader isreferred to the following
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publications:

UTAH WEED CONTROL HANDBOOK 1989
compiled by Steven A. Dewey

Utah State University

available through any county extension office

Herbicide Manual

by Gary W. Hansen, Floyd E. Oliver, N. E. Otto
U. S. Department of the Interior

Bureau of Reclamation

Applying Pesticides Correctly

A Guidefor Private and Commercial Applicators
U. S. Department of Agriculture

U. S. Department of Environmental Protection
distributed by the Utah Department of Agriculture

Willows do not have a lar ge taproot although sinker rootson largetreescan be 6 to 8 feet
deep. Thesetreesarecommonly found around water and reproduce from roots, seeds or
from cuttings. Application of afoliar herbicide, such as 2-4-D, will kill young willows if
properlyapplied. Repeat applicationsarenormally required because 2-4-D doesnot affect
the seeds. A soil sterilant, such as tebuthiuron ( available from Elanco as SPIKE), is
probably the easiest way to control willows, especially largeones. However, it may only be
used on areas of the dam where the chemical will not be washed into irrigation waters.
Always car efully read and follow the instructions on the labels of these chemicals.

Small, brushy willows have shallow, spreading r ootswhich should not requir e excavation
to repair their damage. Large willows will require extensive excavation to successfully
remove spreading roots. For thisreason it isimperativethat willows be controlled while
they are small.

Saltcedar (tamarisk) treesarebecoming moreof a problem on Utah dams. Oneof the best
and easiest to control saltcedar isthe cut stump application. Thetreeisfirst cut and the
stump isthen sprayed or painted with the herbicide picloram plus 2-4-D (available from
Dow Chemical asTordon RTU). Itisessential that theentire cut stump surface be coated
with theherbicide, especially theareanext tothebark. Application of theherbicideshould
bedoneimmediately following cutting of thetree. A good kill should beobtained usingthis
procedure. Young, new growth of saltcedar can behandled by applyingafoliar spray such
asimazapyr (availablefrom American Cyanamid asArsenal). Foliar applicationsof 2-4-D
arenot effective on saltcedar.

Russian olivetreeshavea shallow r oot system spreading laterally some 3to 4 feet or more
beyond their limb width. Applicationsof 2-4-D asafoliar spray isnot effective. However,
the cut stump treatment recommended for saltcedar above or a notch method using a
tranglocated her bicide should be effective. Soil sterilant treatments should also work well
tocontrol Russian alives. |f controlled when they areyoung, rootsof Russian olivesdo not
need to be excavated. If they areallowed to reach a height of 6 feet or more, roots need to
be excavated and soil recompacted in the excavation.

Cottonwoods do not have a taproot but do have sinker roots which grow downward from
alateral root and may be 3 or 4 feet in depth. Lateral roots can extend 150 feet or more
from thetree. Thesetreesarevery sensitive to water drawdown and can be a significant
deadfall problem at reservoirs which have them growing around the edge of the water.
Because of their extreme lateral root growth, clearance zones around dams should be
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increased for cottonwoods. Cutting small cottonwoods will probably cause sprouting of
new growth from roots, and herbicide treatments need to be incorporated into small
cottonwood removal. Cutting of large cottonwoods should also be accompanied with
painting the stump asrecommended under saltcedar.

Aspen treesalso do not haveataproot. and reproduce by root suckersor seeds. Any of the
methods described above should effectively kill aspens. Simply cutting the offendingtrees
will result in additional new growth from root suckers, making herbicidal treatment a
necessity. Roots from all but the smallest aspens should be removed from the
embankment.

Pineand Sprucetreeshaveextremely shallow r oot systems. Thewidth of thelateral radial
spread of therootscan beequal totheheight of thetreeand more. Pinesdo havetaproots
which may reach 10 feet deep for largetrees. Usually, with the exception of firs, smply
cuttingtheseevergreensisall that isrequired for control. Firsmay re-sprout after cutting
and their stumps should be poisoned.

For assistancein selecting and implementing a vegetation control program, werecommend that
the local Utah State University County Extension Agent be contacted. Each county (except
Daggett) hasalocal extension agent and a county weed supervisor who can assist or adviseyou in
herbicide application programs.

D. BURROWING ANIMAL CONTROL

Theinformation on rodents used in this guidebook has been taken from Field Rodent Damage
Control Booklet by Ray H. Piggott and Donald W. Hawthor ne, developed by the U. S. Fish and
Wildlife Service cooper ating with the Utah State Department of Agriculture. Some of thetypical
burrowinganimalswhich damagedamsin Utah aresquirrels, prairiedogs, rock chucks, badgers,
beaver and muskrat. Proper maintenance of embankment dams require that these animals be
prevented from burrowing on the dam and that they be eradicated if they are present on a dam.
Repair of rodent damages will be discussed in this section.

Control ofground squirrelscan beaccomplished by using strychnine-tr eated oatsat 0.50%
concentration. This bait should be scattered thinly in teaspoonful quantities near the
burrow openings or in areas where feeding is evident. Do not place the bait inside the
burrows. Thorough, systematic coverage will produce the best results. A pre-bait
appetizer of clean oatsmay help gain bait acceptance. Treatment should bedonejust after
the animals become active after coming out of hiber nation.

Small burrowers can attract badgers which dig for them and create very large holesin
dams. Under R608-11-3 Gener al Rules, Section (J) Depredation, Utah Proclamation of the
WildlifeBoard For Taking, Possessing, Selling, Purchasing and Disposing of Furbearers,
1989-90, it isstated, " Badgers... may betaken without a license when creating a nuisance
or causing damage and these animals or parts of them are not being commer cialized."
Badgers can be shot under this depredation exemption. Employment of a professional
trapper may bethe best way torid asite of badgers. It isrecommended that dam owners
having problemswith badger scontact the Utah State Division of Wildlife Resour cesoffice
or conservation officer nearest them. The addresses and phone number s of these offices
arefound in the Appendix.

Beaver may also pose problemson damsand water conveyance structures. Asdiscussed
above for badgers, the Proclamation for Furbearers regulates taking beaver. Also in
Section (J) Depredation, it states, " Beaver doing damage may betaken or removed by an
individual during closed seasons. A "Beaver Nuisance Permit" to remove damaging
beaver must fir st beobtained from Division officesor conservation officers.” If beaver are
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a problem, the Division of Wildlife Resources should be contacted for a permit and
assistance.

Rock chucks (marmots) can also damagedams. Notoxic chemicalsareregistered for use
on rock chucks. Shooting can provide some control. If the den can be located, gas
cartridges can beused. Thisisdone by lighting the cartridge, placing it inside the den
opening, and sealing the opening. Theacrid gasreleased by the cartridge then displaces
theair insdethe burrow. A profess- ional trapper may also be the best solution to deal
with rock chucks.

Muskrat can also be a particularly troublesome problem for dam owners since the only
viable meansfor removing them isto trap them. Muskrats can be seen swimmingin the
reservoir but are seldom seen on land. Employing a professional trapper is also
recommended torid areservoir of muskrat.

The Utah Division of Wildlife Resour ces, Proclamation of theWildlife Board for Nongame
Mammalssetsforth rulesgover ning certain nongame mammals. AmongtheseistheUtah
PrairieDog whichisaprotected speciesin Beaver, Garfield, Iron, Kane, Piute, Sevier, and
Wayne Counties. On sitesin these counties where the prairie dog is present, assistance
from the Division of Wildlife Resources should be requested to remove the offending
animals. A certificateof registration from DWR must fir st beobtained befor etaking action
against the prairie dog.

Repair of rodent burrows on dams should be made by digging out the holes and
recompacting clean fill into the excavation. Thiswork can usually be done by hand.

The Utah State Department of Agriculture licenses and regulates pesticide applications.
Individualsdesiringto usepesticideson their own privateproperty can do so by obtaining
aprivate applicator'slicense from the Department of Agriculture. Irrigation companies
should havean individual in the company obtain anoncommer cial applicator'slicensefor
using rodenticideson irrigation company facilities. Both of theselicenses can be obtained
from the Department of Agriculture at various local offices around the state which are
listed in the Appendix.

E.OTHER EMBANKMENT MAINTENANCE

Deterioration of the surfaces of an earth dam may occur for several reasons. For example, wave
action may cut into the upstream slope, vehicles may causerutsin thecrest or slopes, or runoff
waters may leave erosion gullies on the downstream slope. Damage of this nature must be
repaired on a continuing basis. The maintenance procedures described below are effective in
repairing minor earthwork problems. Thematerial selected for repairingembankmentsdepends
upon the purpose of the earthwork. Generally, earth should be free from vegetation, organic
materials,trash, or largerock. Most of theearth should befine-grained soilsor earth clodswhich
easily break down when wor ked with compaction equipment. Theintentistouseamaterial which,
when compacted, formsa firm, solid mass, free from excessive voids. If flow-resistant portions
of an embankment are being repaired, materialswhich arehigh in clay or silt content should be
used. If theareaistobefreedrainingor highly permeable(i.e., riprap bedding, etc.) thematerial
should have a higher percentage of sand and gravel. Asageneral rule, it isusually satisfactory
toreplace or repair damaged areaswith soilssimilar to those originally in place.

F. CREST OF DAM
A dam's crest usually provides the primary access for inspection and maintenance. Because

surfacewater will pond on acrest unlessthat surfaceiswell maintained, thispart of adam usually
requires periodicregrading. However, problemsfound on the crest should not besimply graded
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over or covered up. When a questionable conditon is found, the state's dam safety engineers
should be notified immediately.

Surfacerunoff should bedirected towar d the upstream face of thedam by havingthecrest
graded toward thereservoir. Lesserosion will result since the upstream face of the dam
isusually armored withriprap, theslopeisnormally flatter and thedistancefrom thecrest
tothereservoir level islessthat from the crest to the downstream toe.

Trafficdamagecontrol - Asmentioned ear lier, vehiclesdrivingacr ossan embankment dam
can create rutsin the dam crest if the crest is not surfaced with a suitable roadbase
material. Therutscan then collect water and cause saturation and softening of the dam.
Other ruts may be formed by vehicles driving up and down a dam face. These ruts can
collect runoff and result in severeer osion. Vehiclesshould bebanned from dam slopesand
kept out by fencesor barricades. Any rutsshould berepaired as soon as possible.

Excessive settlement of the embankment or foundation can result in alow areain thedam
crest and |oss of thefreeboard (vertical distance between thetop of the spillway and thetop
of the dam) nescessary to pass flood flows safely through the spillway. The dam crest
should besurveyed, the probable causefor theformation of thelow spot deter mined by an
engineer, remedial action taken to correct the problem and then a uniform crest should be
re-established by placing fill in low areasusing proper construction techniques.

G. SLOPESOF THE DAM

Livestock access to the dam embankment should be controlled through installation of
proper fencing. Themain problem associated with livestock on theembankment iser osion
caused by: excessive travel by livestock, especially during periods of wet weather,
over grazingof protectivegrassesand disruption of riprap. I ncreased er osion maintenance
would be necessary if grazingisallowed.

Runoff should be directed away from theabutment contacts through the use of deflecting
ber ms. Sour cesof excessrunoff should beidentified, e.g. accessroads, parking ar eas, and
runoff intercepted and redirected before it reaches the embankment. The abutment
contacts should bekept clear of any obstructing vegetation sothat thearea can beproperly
inspected for seepage, etc.

Effective slope protection must prevent soil from being removed from the embankment.
Slopeprotectionwill requir er outinemaintenancetoassur esatisfactorylongter moper aton.
Weathering can deteriorate poor quality riprap, breakingit into sizeswhich aretoo small
to resist wave action. Rounded, similar size rocks have a tendency to roll downhill.
Similiar sized rocks allow wavesto pass between them washing out thefiner gravelsand
sand, causing theriprap to settle. Riprap needsto bereplaced anytimethefiner material
of thebeddingisexposed. Whenriprap breaksdown and er osion and beaching occur more
often than once every threeto five years, it may be necessary to place new bedding and
riprap material which has been designed with the gradation and size that will assureits
stability when subjected to wave action and weathering.

H. DRAINS, PIEZOMETERSAND WEIRS
Drains should be maintained open, this may require occasional reaming and cleaning.
Rodent screens should be placed over the downstream end of the drain to protect them
from nestingrodents. Thedrain outfall channel should besloped toprevent ponding. PVC
piping should be buried to protect it from deterioration dueto sunlight.

Piezometer s should beequipped with asurfacecasingand lockinglid to protect them from
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vandalism. The piezometer pipe should have a cap to keep soil or water from enteringit.
Piezometers casings located in or near traffic areas should be protected from vehicular
damage.

Weirs and Weir Ponds should be maintained free from weeds and trash. Sediments
accumulating behind weirsinstalled to measur e seepage should be monitored with their
guantities measured and noted at the time they are cleaned out. The crest of the weir
should be checked periodically to assurethat it islevel and should also be checked with
referencetothezero of thegage. Thedownstream channel should be adequately soped to
prevent water ponding at the base of theweir. The downstream toe of theweir should be
protected against er osion by placement of rock of adequate size.

. OUTLET MAINTENANCE

A dam'sinlet and outlet wor ksar eessential totheoper ation of adam. Pool level drawdown should
not exceed about 1 foot per day for slopesof clay or silt materials except in emer gency situations.
Very flat slopesor slopes with free-draining upstream soils can, however, withstand morerapid
drawdown rates. Thelow level outlet must alwaysbe oper able sothat the pool level can bedrawn
down in case of an emergency or for repairs. Outlet controls must be accessible during periods
when thereservoir isspilling. All valvesand gatesshould beoper ated at least onceayear. Valves
or gatesthat have not been operated for along time can present a special problem for owners. |f
the valve cannot be closed after it is opened, theimpoundment could be completely drained. An
uncontrolled and rapid drawdown could also cause mor e serious problems such as slides along
thesatur ated upstr eam slopeof theembankment or downstreamflooding. Ther efor e, whenavalve
or gateisoperated, it should beinspected and all appropriate partslubricated and repaired. Itis
also prudent to advise downstream residents of large and/or prolonged dischar ges.

Sediments can build up and block thedrain inlet, or debris can enter the valve chamber,
hindering itsfunction. Thelikelihood of these problemsisgreatly decreased if the valve
or gateisoperated and maintained conscientioudly.

Corrosion isacommon problem of metal conduits. Exposureto moisture, acid conditions,
or salt will acceleratecorrosion. In particular, acid runoff from strip mineareaswill cause
rapid corrosion of steel pipes. In such areas, pipes made of noncorrosive materials such
as concrete or plastic should be used. Metal pipes which have been coated to resist
accelerated corrosion are also available. The coating can be of epoxy, aluminum, zinc,
asbestos or mortar. Coatings applied to pipes already in service are generally not very
effective because of the difficulty of establishing a bond with the pipe. Similarly,
bituminous coatings cannot be expected to last more than one or two years on flowways.
Of cour se, corrosion of metal partsof oper ating mechanismscan beeffectively treated and
prevented by keepingthosepartsgreased and/or painted. Corrosion of metal conduitscan
alsobecontrolled or arrested by installing cathodic protection. A metallicanode made out
of amaterial such asmagnesiumisburied in thesoil and isconnected to the metal pipe by
wire. An electric potential isestablished which causesthe magnesium to corrode and not
the pipe.

Cavitation isanother potential outlet problem. When water flowsthrough an outlet system
and passes restrictions (e.g. valves), a pressure drop may occur. If localized water
pressures drop below the vapor pressure of water, a partial vacuum is created and the
water actually boils, causing shockwaves which can damage the outlet pipes and control
valves. Cavitation may beminimized if a ventilating pipeisconnected just downstream of
the restriction. Cavitation can be a serious problem for large dams where discharge
velocitiesthrough the outlets are high.

J. EXERCISING VALVES
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All valves should befully opened and closed at least once per year. Thisnot only limitscorrosion
buildup on control stems and gate guides, but also provides an opportunity to check for smooth
operation of thesystem. Jerky or erratic operation could signal problemsand indicate a need for
mor e detailed inspection.

K. GATE OPERATION

Thefull range of gate settings should be checked. The person perfor ming theinspection should
slowly open the valve, checking for noise and vibration - certain valve settings may result in
greater turbulence. He should also listen for noises which sound like gravel being rapidly
transported through the system. This sound indicates that cavitation is occuring, and the gate
settingsat which thenoisesoccur should beavoided. Theoper ation of all mechanical and electrical
systems, backup electricmotor s, power gener ator s, and power and lightingwiringassociated with
the outlet should also be checked.

Electricity isoften used on damsto operatethe outlet gates, provide lighting and oper ate
other electrical equipment. Thus, it is important that the electrical system be well
maintained. Maintenance should include a thorough check of the fusesand atest of the
system to be sure everything is properly functioning. Moisture and dust should be kept
away from the electrical system, and wiring should be checked for corrosion and mineral
deposits. Any necessary repairs should be completed immediately, and records of the
repair work should be kept.In addition, generators kept for back-up emergency power
must be maintained. Maintenance should include oil changes, battery checks, antifreeze
checks, and making surethat fuel isreadily available.

A hydraulic control system isoften used to open and closethe dliding gates of the outlet or
intake works. The hydraulic system usually has long hoses and pipelines to transmit
hydraulic fluid to the gate oper ating cylinder s, and ther e ar e gaugesto indicate hydraulic
pressurein the system. Routine checks should be performed on the hydraulic cylinders,
hoses and pipelinesasrequired.

L. OUTLET INSPECTIONS

I nspecting the outlet system should be done by entering all accessible portions of the structure
including the conduit if it is large enough. While inside the conduit it should be tapped with a
hammer to help locate possible voidsbehind the pipe. All joints, connectionsand ventsshould be
checked for leakage, offsetsor damage. Any material obstructing the conduit should beremoved.
Conduits which aretoo small to enter should be periodically inspected by remote video camera.
If possible, the entirelength of the conduit should be inspected for any obvious holes, cavitation
damage, vertical and horizontal alignment.

M. SPILLWAY MAINTENANCE

The main function of a spillway isto provide a safe exit for excess water in areservoir. If a
spillway isof inadequate size, adam could beovertopped and fail. Defectsin a spillway can cause
failure by rapid erosion of the underlying soils. A spillway should always be kept clear of
obstructions, have the ability to resist erosion, and be protected from deterioration.

Obstructions of a spillway may result from excessive growth of grass, weeds, brush, trees,
debris, landslide deposits, or rocks placed in the spillway by recreationists. Any of these
obstructions can reducethe capacity of a spillway and lead to overtopping of thedam. The
installation of log booms can help to prevent floating debris from entering the spillway.
Only low-lying grasses should be per mitted to grow in the spillway and any obstructions
in the spillway should be promptly removed so that the spillway can pass its design
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capacity. Also, medium sized rocks which can be carried by swift flowing water in a
spillway can damage spillway concr ete.

Cracksintheconcretelining of a spillway arecommonly encountered. Hairlinecracksare
usually of no real consequence, but large cracks are of concern. These cracks may be
caused by loss of foundation support, shrinkage, movement of the structure, or excessive
earth or water pressure. Largecracksmay allow earth materialsbehind the structureto
be washed out, causing erosion and perhaps more cracks. It is even possible for the
structureto become dislodged and washed away. A severely cracked spillway should be
examined by and repaired under thesupervision of an engineer. TheDivision may require
monitoring of cracks or other deficiencies such astilting walls and will assist ownersin
setting up a monitoring program if the owner so desires.

It isessential that the spillway beerosion resistant. Erosion protection isvery important
for spillwaysin sandy soils, deteriorated granite, clay or silt deposits. Low lying grasses,
rip rap, and concrete structuresusually are used to armor spillways.

Spillway surfaces exposed to freeze-thaw cycles often suffer from surface spalling.
Chemical action, contamination, and unsound aggregates can also cause spalling. If
gpalling is extensive, the spalled area should be sketched or photographed, showing the
length, width, and depth of thearea. The problem should be examined closely to seeif the
remaining concreteissound and if reinforcing barsareexposed. The concrete should be
tapped with a rock hammer to determine whether voids exist below the surface of the
concrete. The condition should be periodically examined to deter mineif it iswor sening.

Vertical walls of a spillway are usually equipped with "weep holes". These holes are
intended to drain water from the soil behind thewallsand help to prevent damage to the
walls from freezing and water pressure. If all weep holesin a wall aredry, then it is
probablethat the soil behind thewall isdry. |1f someweep holesflow but othersdo not, it
possiblethat thosewhich do not flow may be plugged. Any mud, mineral depositsor other
obstructions accumulated in weep holes should be removed. Properly functioning weep
holes can prolong the life of all concrete walls. Rodent screens should be installed if
necessary.

Making sur e the spillway isexposed to sunlight on high mountain damswill prevent the
accumulation of drifted snow and icein the spillway entrancethat could obstruct theearly
spring runoff and result in overtopping of thedam. In new damsexposing the spillway to
sunlight should be considered in the design phase. In existing dams any vegetation that
shadesthe spillway should beremoved. A visit tothedam prior to heavy runoff should be
scheduled to determine if the spillway is blocked by snow or ice, if that isthe case, the
blockageshould beremoved either by excavating a starter channel or spreading coal dust
on the surface of the snow to aid in its melting.

The placing of flashboards or stoplogs on the crest of the spillway to raise the water
retention level isconsidered a poor practice by thisoffice. Intheevent of aflood, stoplogs
can be very difficult to remove due to the additional water force acting upon them and
wooden flashboards may not fail as designed. Either of these problems could lead to
overtopping of thedam.

Thesgpillway dischar ge channel should bealigned sothat it directswater away from thetoe
of thedam. The channel should be maintained free of obstructing vegetation and debris.
Erosional damage should berepaired assoon aspossible.

N. RESERVOIR BASIN
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Floating debris can obstruct and damage spillways and outlets and should be removed
from thereservoir basin and dam embankment asa part of routine maintenance.

L andglides entering the reservoir basin greatly contributeto the sediment load and may
drastically shorten the useful life of areservoir. Landslidesentering areservoir displace
theimpounded water, if thisdisplacement islargeenough it can lead to overtopping of the
dam.Landslidesinto areservoir are often dueto thereservoir slopes becoming satur ated
with water and then thereservoir beingrapidly drawn down. Avoiding rapid drawdowns,
blanketing unstable soilswith clay, and dir ecting runoff away from unstable soil areasare
effective methodsto prevent landslides.

Sediment buildup in thereservoir isusually dueto destabilization of upstream drainages.
A comprehensive basin management plan which emphasizes er osion control, retention of
vegetation and environmentally sound stream channel stabilizationspracticeswould bethe
most effectivesolution to the sediment problems. Dredging of ther eservoir would for estall
theloss of capacity but removing the sediment sour ce would be much mor e effective.

Sinkholes in the reservoir basin, especially adjacent to the embankment, should be cause
for concern. They may be indicative of internal erosion (piping) of the embankment
material. Away from the upstream toe of the embankment sinkholes may form due to
seepagethroughthefoundation material. If thefoundation material iser odabletheseepage
couldlead tofailureof thedam. All sinkholesshould bebrought totheattention of the Dam
Safety Office and monitored for any significant changes.

O. SIGNSOF EMBANKMENT DISTRESS

Structural problems with the embankment may be exhibited in the embankment itself, the
foundation of the dam, or the abutments. Many of these types of problemsbecomeevident early
inthelifeof thedam, often duringthefirst reservoir filling. Symptomsof structural problemsare
seepage, cracking, movement, settlement, sinkholesand erosion.

Seepage may be evidenced by water emerging in a concentrated location or wet areas.
Seepage may occur through jointsin the bedrock or zones of high permeability in the
foundation or abutments. Seepage may also be attributed to improper construction. In
modern dams, seepage flows through the embankment are usually intercepted by
permeable drain materials and carried away by pipes from the drain. Excessive drain
flows or embankment seepage occuring outside of the drain outlets indicates serious
problems. Any evidence of seepagewill bediscussed with theowner duringinspectionsby
the Division. It may be necessary to measure seepage flows and maintain a written
historical record of the flows. Physically measuring flows allows a correlation of seepage
flow to reservoir elevation and eliminates guesswork from estimating those quantities.
Increaseswill beapparent. Another benefit from usingweir sto measur eflowsisthat soils
which are possibly being moved by the water may settle out in the pool behind the weir.
Thisallowsestimatesof sedimentsbeingremoved and obser vation of potentially danger ous
piping. Piping consists of the progressive erosion and removal of soil by concentrated
seepage flows through a dam, itsfoundation, or itsabutments. Seepage which iscausing
piping may create a sand boil wherethe water emerges. |f new seepage ar eas develop, an
increase in existing seepage occur s, or sand boils develop, the Dam Safety Section of the
Division of Water Rights should immediately be contacted.

Crackingcanoccur inavariety of placeson thedam. Transver secracks, thosewhich occur
perpendicular tothecrest, usually indicatethat stressesin the dam are being created by
unequal settlement of the fill or foundation material. Longitudinal cracks, which are
parallel to the crest, can occur anywhere from the upstream toe to the downstream toe.
Foundation problemsor an embankment weaknesscan bemanifested by cracks. Emptying
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the reservoir quickly can cause cracks on the upstream side of the dam. Randomly
oriented, shallow cracks areusually attributableto drying of the surface soilson the dam.
Cracks of any sort should be reported to the Dam Safety Section of the Division of Water
Rights.

M ovement of theembankment can occur asaslough or slide. Theseproblemsareusually
initiated by a period of unusually high moisture in the ground and are aggravated by
seepage flows. Cracksat thetop and bulging at the bottom, or toe, of the moving material
frequently accompaniesaslopefailure. Establishing survey monumentsallowsthe extent
of movement to be accurately measured. If any movement of embankment or abutment
material occurs, the Dam Safety Section of the Division of Water Rights should be
contacted.

Sinkholes are created by piping of material by seepage flows. They can occur directly on
thedam but usually occur alongtheupstream toe of thedam. Duringlow reservoir levels,
thereservoir basin, theabutments, and the upstream face of the dam should be examined
closely for sinkholedepressions. Sinkholesmay indicate seriousdeficiencieswith thedam
and should be remedied quickly. Corrective action will need to be designed by a
professional engineer.

Erosion of the embankment can result from inadequate protection of the dam from wave
action or from rain collecting and running down the face of thedam. Waves create steps,
sometimes called beaches and benches, along the upstream face of dams not properly
protected by riprap. Surface runoff should be directed toward the upstream face of the
dam by having the crest graded toward thereservoir. Lesserosion will result sincethe
upstream face of the dam is usually armored with riprap and the distance from the crest
to thereservoir level islessthan from the crest to the downstream toe. Erosion of the
upstream face of the dam should be corrected by placing an adequate layer of properly
graded riprap.
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APPENDICES

GLOSSARY

ABUTMENT - That part of a valley side against which a dam is constructed. Right and left
abutmentsarethose on theright and left sidesrespectively of an observer facing downstream.

AIRVENT PIPE - A pipedesignedtoprovideair totheoutlet conduit toreducetur bulenceduring
release of water. Extraair isusually necessary downstream of constrictions.

BEACHING or BENCHING - The removal, by wave action, of a portion of the upstream
(reservoir) side of theembankment and theresultant deposition of thismaterial farther down the
dope. Such deposition createsarelatively flat beach area.

BOIL - A disturbancein thesurfacelayer of soil caused by water escaping under pressure. The
boil may be accompanied by deposition of soil particles(usually sand) in acirclearound the point
at which thewater exits.

BREACH - An openingor abreakthrough of adam sometimescaused by rapid er osion of asection
of earth embankment by water.

CAVITATION - Wear on hydraulic structures where a high hydraulic gradient is present.
Cavitation iscaused by theabrupt changein direction and velocity of thewater sothepressureat
some pointsis reduced to the vapor pressure and vapor pockets are created. These pockets
collapsewith great impact when they enter areasof higher pressure, producing very high impact
pressures over small areas that eventually cause pits and holes in the surface. Noises and
vibrations may be evident during high flows.

CONDUIT - A closed channel to convey the dischar ge through or under a dam.
CORE - A zoneof material of low permeability, usually clayey soils, in an embankment dam.

CREST LENGTH - Thelength of the dam, from one abutment to the other, along thetop of the
dam. Thisincludesthe spillway width if it isadjacent to the embankment.

CUTOFF - An impervious construction or material which reduces seepage or preventsit from
passing through foundation material.

CUTOFFTRENCH - Anexcavationintothefoundation later tobefilled with imperviousmaterial
to form a cutoff below the dam.

CUTOFF WALL - A wall of impervious material (usually concrete) built into the foundation to
reduce seepage under the dam.

DRAINS - Permeable vertical or horizontal sectionsin the dam which collect water to prevent
saturation of thedownstream portion of theembankment. Thiswater isfrequently piped from the
drainage layer to daylight outside the embankment.

DRAINAGE AREA - Land abovethe damsite from which surfacewatersnaturally drain tothe
dam.

FILTER - A band or zone of granular material that isincorporated into adam and isgraded so
astoallow seepagetoflowintothefilter without allowingthemigration of soilsfrom zonesadj acent
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tothefilter.

FLASHBOARDS- A length of timber, concrete, or steel placed on thecrest of aspillway toraise
thewater level, but that may be quickly removed in theevent of aflood either by atripping device
or by deliberately designed failure of the flashboard or its supports.

FLOODPLAIN - An area adjoining a body of water or natural stream that has been or may be
cover ed by flood water .

FLOWLINE - Thepath that aparticleof water followsin itscour se of seepageunder laminar flow
conditions.

FLUME - A flow measuring device
FOUNDATION OF DAM - Thenatural material on which thedam structureis placed.

FREEBOARD - Thevertical distance between a stated water level and thetop of adam. Usually,
thistermisused to denotethedifferencein elevationsbetween theflowline of the spillway, which
isconsidered to be the maximum normal water surface, and the top of the dam.

GATE or VALVE - In general, a device in which a member is moved across the waterway to
control or stop the flow.

HEIGHT OF DAM - Hydraulic height refersto the height that water can rise to behind a dam.
It is the difference between the elvations of the lowest point in the original streambed at the
downstream toeof thedam and the maximum controllablewater surface. Structural Height isthe
same as hydraulic height except that it ismeasured to the top of the dam.

INSTRUMENTATION - Permanent deviceswhich ar einstalled in/near adamtoallow monitoring
of thedam and impoundment. Thesedevicesmay includea staff gagefor measuringthereservoir
level, piezometer sand/or observation wellsto determine the phreatic surface through the dam ,
weirsor flumes, and survey monuments. Each of thesetermsisdefined in thisglossary.

INTAKE - A structurewhich isdesigned toguidewater intoanother, such astheintakestructure
for the outlet conduit.

LIQUIFACTION - Thesudden lar ge decr ease of the shearing resistance of a cohesionlesssoil. It
iscaused by a collapse of the structure by shock or other type of strain and is associated with a
sudden but temporary increaseof thepor e-filled pressure. It involvesatempor ary transfor mation
of the sail into a fluid mass.

LOG BOOM - A deviceintended to prevent large floating debris from being carried into the
spillway and possibly cloggingit. Typically, itisconstructed out of logswhich arehinged together
and anchored on either sideof the spillway sothat thefloating debriscatcheson thelogboom and
iskept in thereservoir basin.

OUTLET - A conduit through which controlled releases can be made from thereservoir.
PHREATIC SURFACE - Theupper surface of saturation within an embankment.
PIEZOMETER - A device for measuring internal water pressures or levelsin the dam, its
foundation, or the abutments. Most piezometers are wells with small diameter pipesinstalled

through which thewater level ismeasured. Observation wellsaresimilar to piezometersbut are
often larger in diameter than piezometers.
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PIPING - The progressive development of internal erosion by seepage, appearing downstream
asahole or seam discharging water that contains soil particles.

PLUNGE POOL - A natural or sometimes artificially created pool that dissipatesthe energy of
free-fallingwater. The pool islocated at a safe distance downstream of the structur e from which
water isbeing released. Alsocalled STILLING BASIN.

RIPRAP - A layer of non-erodablelargestones, broken rock or precast blocksplaced in arandom
fashion on the upstream slope of an embankment dam, on areservoir shore, or on the sides of a
channel asa protection against wave and ice action.

SLUMP AREA - A portion of earth embankment which movesdownslope, sometimessuddenly,
often with cracksand bulges developing.

SPALLING - the seperation and deterioration of athin surface layer of concrete or rock.

SPILLWAY SYSTEM - A structureover or through which excessreservoir water isdischarged.
If the flow is controlled by gates, it is considered a controlled spillway; if the elevation of the
spillway crest cannot beadjusted and istheonly controal, it isconsider ed an uncontrolled spillway.

EMERGENCY SPILLWAY - A secondary spillway designed to operate only during extreme
floods.

PRINCIPAL SPILLWAY - Themain spillway for normal operationsand flows.
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STILLING BASIN - A basin constructed to dissipate the energy of fast-flowing water from a
spillway or outlet to protect theriver bed from erosion.

STOPLOGS- Removablelogsor timbers, steel or concr etebeamsplaced on top of each other with
their endsheld in guides on each side of a channel to raisethereservoir level.

SURVEY MONUMENTS - Surveyed monuments are sometimes installed on dams to allow
monitoring of movement of the dam.

TOE OF EMBANKMENT - Theintersection of the face of a dam with the ground surface.

TRASH RACK - A structure of metal or concrete bars located in the waterway at an intake to
prevent the entry of floating or submerged debris.

WATERSTOP - A strip of metal, rubber, or other material used to prevent leakagethrough joints
between adjacent sections of concr ete.

WEEPHOLES-Holesin concretewallsor slabsintended to drain water from the soil behind the
wall.

WEIR - A low dam or wall built acrossa stream to raise the upstream water level or astructure
built across a stream or channel for the purpose of measuring flow. Sometimes described as
measuring weir or gauging weir. Typesof weirsinclude broadcrested weir, shar p-crested weir,
ogeeweir, and V-notched weir.
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PERTINENT CONTACTS

Offices and Addresses of the Utah Division of Wildlife Resour ces

Salt Lake Office Phone 538-7420
1596 West North Temple

SLC, Ut 84116

Northern Regional Office Phone 479-5143

515 East 5300 South
Ogden, Utah 84405

Central Regional Office Phone 489-5678
1115 North Main St.
Springville, Ut 84663

Southern Regional Office Phone 586-2455
622 North Main St.
Cedar City, Ut 84720

Southeastern Regional Office Phone 637-3310
455 West Railroad Ave.
Price, Ut 84501

Northeastern Regional Office Phone 789-3103
152 East 100 North
Vernal, Ut 84078

Offices and Addresses of the Utah Division of Water Rights

DAM SAFETY SECTION PHONE 538-7413
Salt Lake City Office Phone 538-7240

1636 West North Temple

Salt Lake City, UT 84116-3156

Cedar City Office 586-4231
585 North Main 586-4660
P.O. Box 506

Cedar City, UT 84721-0506

L ogan Office 752-8755
55 East 1st North 752-8757

Logan, UT 84321

Price Office 637-1303
453 S. Carbon Ave. 637-1307
P.O. Box 563

Price, UT 84501

Richfield Office 896-4429
130 North Main 896-4420
P.O. Box 563

Richfield, UT 84701
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Vernal Office
152 East 100 North
Vernal, UT 84078

Utah Division of Water Resour ces
1636 West North Temple
Salt Lake City, UT 84116

965-9835
965-9837
965-9839

538-7230
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