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Chapter 1 h. National Fire Protection Association (NFPA).

Introduction
1-5. Criteria

The design methods, assumptions, allowable stregges,
criteria, typical details, and other provisions covered|jn
this manual should be followed wherever practicallfe.
However, it is expected that judgment and discretion VI
be used in applying the material contained herein. I{fiis
realized that departures from these standards maylj be
necessary in some cases in order to meet the sp(kial
requirements and conditions of the work under considr-
ation. When alternate methods, procedures, and typg} of
equipment are investigated, final selection should not{je
made solely on first cost but should be based on obt{fin-
ing overall economy and security by giving appropridfie
weight to reliability of service, ease of maintenance, eI\
ability to restore service within a short time in event |jf
blast damage or radiological contamination. Whetlle
architect-engineers or Hydroelectric Design Center plar—
sonnel design the power plant, the criteria and instr
tions set out in Appendix A of guide specificatig
CE-4000 should be followed.

1-1. Purpose and Scope

This manual presents a discussion of the general, archi-
tectural and structural considerations applicable to the
design of hydroelectric power plant structures. It is in-
tended for the guidance of those elements within the
Corps of Engineers responsible for the planning and de-
sign of such structures. It should also be used in
establishing minimum criteria for the addition of hydro-
power facilities at existing Corps of Engineers projects,
whether by Corps of Engineers or a non-Federal
developer.

1-2. Applicability

This manual applies to HQUSACE elements, major sub-
ordinate commands, districts, laboratories, and field oper-
ating activities having responsibility for design of civil
works projects.

1-3. References 1-6. Hydroelectric Design Center

Required and related publications are listed in a. Utilizing installations The engineering of hydro

Appendix A. electric prOJe(?ts is a hlghly spemahze;d field, p'a'rt'|cula I/
the engineering design and operational activities. |[fin
1-4. Codes order to assist field operating activities (FOA), the Collps

of Engineers has established a Hydroelectric Degpn
Center (HDC), located at Portland, Oregon, for utilizati|in
for all hydroelectric installations, including installation
at existing dams.

Portions of the codes, standards, or requirements publish-
ed by the associations or agencies listed below are appli-
cable to the work.

b. FOA services. The FOA will retain comple

a. American Association of State Highway and responsibility and authority for the work, including fun
Transportation Officials (AASHTO). ing, inspection, testing, contract management, and adi fin-
istration. The HDC will perform the following

b. Institute of Electrical and Electronics Engineers engineering and design services in accordance \fjith
(IEEE). ER 1110-2-109:

c. American Society of Civil Engineers (ASCE). (1) Provide the technical portions of reconnaissajce
reports and other pre-authorization studies for inclugpn

d. American Society of Mechanical Engineers PY the requesting FOA in the overall report.

(ASME).

(2) Provide the architectural, structural, electric l
and mechanical design for the powerhouse includhg
switchyards, related facilities, and all hydraulic transidt
studies.

e. National Board of Fire Underwriters (NBFU).

f. National Bureau of Standards (NBS).
(3) Prepare preliminary design reports and the fE-
g. National Electrical Manufacturers Association ture design memoranda for hydroelectric power plants
(NEMA). the requesting FOA.

1-1
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(4) Prepareplans and specificationsfor supply and (8) Provide necessary engineering and drafting to
constructioncontractsand supplementamajor equipment transfer “as-built” changes to “record” tracings and
testingcontracts. ensure complete coordination of such changes.

(5) Provide technical review of shop drawings. (9) Participate in review of plans and specifications

for non-federal development at Corps of Engineers proj-
(6) Provide technical assistance to the Contracting ects in accordance with ER 1110-2-1454.
Officer's representative at model and field tests. The
HDC will analyze results and make recommendations.

(7) Assist in preparation of Operation and Mainte-
nance Manuals.

1-2
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Chapter 2 2-2. Location of Switchyard

General Requirements o _ o

The availability of suitable space will, in a great ma
cases, determine the location of the switchyard. Con
eration should be given to the number and direction
outgoing transmission lines. The elevation of the swit
yard should be established above design high tailwe
The most desirable and economical location is usu
adjacent to or near the powerhouse.

2-1. Location of Powerhouse

a. Determining location The location of the power-
house is determined by the overall project development.
The factors affecting the location include:

i , ) 2-3. Highway and Railroad Access

(1) Location of the spillway (when powerhouse is

located adjacent to the dam). In planning the development of the site, both highw

and railroad access to the powerhouse, switchyard,
other structures should be considered. Highway acceg
the plant should usually be provided. At plants whe
large generating units are to be installed, an access
road should be considered if feasible and economic
justified, consideration being given to utilizing the ra
road connection which will usually be required for co
struction of the dam. Trucking costs from the near
rail point, together with all handling costs should

compared with the cost of constructing and maintainin
railroad to the plant. The location of the highway

railroad access into the powerhouse will be determi
by the approach conditions in the valley and the arran
ment of the powerhouse. The access facilities sho
where possible, be located so that their use will not
impaired by design high water. It is not essential that
railroad entrance be located above high water, espec
where the flooding period would be of short duratig
however, provision for bulkheading of the railroa
entrance should be provided, and an access protg
from design high-water conditions should be provided
personnel.

(2) Location of navigation locks (on navigation
projects).

(3) Foundation conditions.

(4) Valley width.

(5) River channel conditions below dam.

(6) Accessibility.

(7) Location of switchyard and transmission lines.

b. Local conditions. At projects where the power-
house is located at the dam adjacent to the spillway, local
condition such as width of flood plain, accessibility, and
depth of foundations will usually govern the location.
On projects which will include a navigation lock, the
powerhouse is preferably located at the opposite end of
the spillway from the lock. Where the river channel
below the dam has an appreciable fall, economic studies
should be made to determine whether a remote power-
house location downstream from the dam is justifiable. 2.4. Other Site Features

c. Sub-structures. At low-head projects, the sub-  area should be provided for both public and employ
structure of the powerhouse may be wholly or partially parking. Sidewalks, guard rails, fences, locked ga

incor_porated into the design of the intake structure. At parapets, and other safety features should be include
me_dlum—head plants, the substructures of the generating e general plan. Adequate drainage, a water supply,
units and the upstream generator room wall should be lighting should be provided in the areas near the pow

separated from the toe of a concrete dam, and any part of j5ce. Landscaping should also be considered in
the powerhouse supported thereon, by a formed joint. ¢i,dies of the site development.

See paragraph 4.7 for additional joint details. The
amount of separation between the powerhouse substruc-
ture and the toe of the dam at, or below, the elevation of

the generator room floor may be dependent upon the Three types of powerhouses classified as to metho

foundation conditions, but the separation is frequently as housing the main generating units are described:
much as 10 feet or more to provide adequate space to

install service facilities.

2-5. Types of Powerhouse Structures
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a. Indoor type. The generatoroomis fully enclosed
and of sufficient height to permit transfer of equipment
by meansof anindoor crane.

b. Semi-outdoortype. The generatorroom is fully
enclosedbut the main hoisting and transferequipmentis
a gantry locatedon the roof of the plant and equipment
is handledthroughhatches.

c. Outdoortype In this type thereis no generator
room andthe generatorsare housedin individual cubicles
or enclosuren, or recessedn, the deck.

2-6. Selection of Type of Powerhouse

This determinationwill be madeon the basisof an eco-
nomic analysiswhich takesinto considerationnot only
first cost, but operationand maintenancecosts. While
thereis somestructuraleconomyinherentin outdoorand
semi-outdoor plants, it does not necessarily offset
increasedequipmentcosts. An outdoor type of plant
may be competitivewith an indoor type at a site having
low maximumtailwater and where the numberof gener-
ating units to be provided is sufficient to minimize
increasedcranecosts. The structuraleconomyof a semi-
outdoorplantis marginalsincethe only savingis in wall
height, while the roof, which is actually the working
deck, must generally sustain higher live loads. It is
emphasized,however, that selection of type, for any
given site, canonly be madeafter a thoroughstudy.

2-7. General Arrangement of Powerhouse

In general, a powerhousemay be divided into three
areas: the main powerhousestructure housingthe gener-
ating units and having either separateor combinedgener-
ator andturbineroom, erectionbay, and serviceareas.

a. Main powerhousestructure The generatorroom
is the main featureof the powerhouseaboutwhich other
areasare grouped. It is divided into baysor blocks with
one generatingunit normally locatedin eachblock. The
width (upstream-downstreardimensions)of the genera-
tor room for the indoor type should provide for a pas-
sagewayor aisle with a minimum width of 10 feet
betweenthe generatorsand one powerhousewall. The
height of the generatorroom is governedby the maxi-
mum clearanceheight required for dismantling and/or
moving major items of equipment,such as parts of gen-
eratorsand turbines; location of the cranerails due to
erection bay requirements;the crane clearancerequire-
ments; and the type of roof framing. All clearances
should be adequateto provide convenientworking space

but should not be excessive. The elevation of the turbine
room floor should be established so as to provide a mini-
mum requirement of 3 feet of concrete over a steel spiral
case, or a minimum roof thickness of 4 feet for a semi-
spiral concrete case. In establishing the distance between
the generator and turbine room floors, if they are not
combined, the size of equipment to be handled in the
turbine room, the head room between platforms in the
turbine pit, and the generator room floor construction
should be considered.

b. Erection bay. In general, the erection bay should
be located at the end of the generator room, preferably at
the same floor elevation and with a length equal to at
least one generator bay. The above length should be
increased sufficiently to provide adequate working room
if railroad access is provided into the erection bay at
right angles to the axis of the powerhouse; however, no
additional space should be required if the access railroad
enters from the end of the powerhouse. In cases where
the elevation of the crane rail would be dependent on the
requirement that a transformer with bushings in place be
brought under the crane girder, consideration should be
given to the possible advantages of revising the layout to
permit bringing the transformer in at the end of the struc-
ture, at the end of the generator room, if the generator
room is at a lower elevation than the erection bay, or
removing bushings before moving transformer into
powerhouse. If the height required for untanking a trans-
former appears to be the controlling dimension, a study
should be made of the economy of installing a hatchway
and pit in the erection bay floor to provide the required
height.

c. Service area. Service areas include offices, con-
trol and testing rooms, storage rooms, maintenance shop,
auxiliary equipment rooms, and other rooms for special
uses. For plants located at the toes of gravity dams, the
space available between the generator room and the face
of the dam is a logical location for most of the features
enumerated above. However, in all cases an economic
study, which should include the cost of any added length
of penstock required, should be made before deciding to
increase the space between the dam and powerhouse to
accommodate these features. The offices are frequently
located on upper floors, and the control room and other
service rooms on lower floors. The most advantageous
location for the maintenance shop is usually at the gener-
ator room floor level.

d. Space allocations.Space should be provided for
some or all of the following features and uses, as
required:

2-2
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(1) Public areas: main public entrance, reception nature of the high-voltage connections between it and
area, publicest rooms, exhibits, and elevator. transformers. In some cases the location of the trd
formers on the draft tube deck may increase the cos
(2) Employee areas: employee entrance, equipment the powerhouse structure. However, if such a locat
entrance, offices, office storage, rest rooms for office makes possible a direct overhead connection to
use, control room, rest rooms for control room operators, switchyard, this feature may more than balance
kitchen for control room operators, repair and test room increased cost of the structure. At small plants a
for instruments, main generator rooms, main turbine where the switchyard can be located close to the po
rooms, station service or fish water units area, erection house, a transformer location in the switchyard may
and/or service areas. economical. Where transformers are located between
powerhouse and dam, special high-voltage cable con
(3) Shops: machine, electrical, electronic, pipe, tions to the switchyard may be required. In selecting
welding, sheet metal, carpenter, and paint with spray location for the transformers, as well as in planning
booth. general plant arrangement, consideration should be g
to the requirements for transporting and untanking
(4) Storage and miscellaneous areas: storage battery transformers.
and battery charger rooms, cable galleries, cable spread-
ing room under control room, telephone and carrier 2-9. Powerhouse and Switchyard Equipment
current equipment room, oil storage tank room, oil purifi-
cation room, storage for paints and miscellaneous lubri- The connection between items of equipment in
cants, storage rooms, locker rooms with showers and powerhouse and switchyard will require special study
toilet facilities, first aid room, lunch room with kitchen  each individual case. The connections fall into th
facilities, elevator, heating, ventilation, and air condition- classes described below:
ing equipment rooms, and auxiliary equipment rooms.
a. Main power connections In general, when thg
2-8. Location of Main Power Transformers main power transformers are located in the switchya
the main power connections between the powerhouse
The choice of location of the main power transformers is switchyard should be carried in an underground tunne
inter-related with the selection of the type and rating of duct bank. When the transformers are at the pow
the transformers. The selection of single-phase or house, consideration should be given to the economy
3-phase type of transformers, the method of cooling, and advantages of overhead connections.
the kVA rating are also directly related to the basic
switching provisions selected for the plant, the number b. Control cables and power supply to switchya
and rating of generators associated with each transformer The number and types of these connections require
or transformer bank, and the location of the transformers. they be run underground. For best protection fr
In order to determine the most suitable and economical dampness and for ease of inspection and replaceme
installation, including the type, rating, and location of the cable tunnel is usually justifiable in major plants.
main power transformers, adequate studies, including small plants, the cables are sometimes run in conduit
comparative estimates of total installed first cost and total duct banks from the powerhouse to a distributing point
annual cost for each scheme studied, should be made the switchyard.
during the preliminary design stage along with studies to
determine the basic switching arrangement and general c. Oil piping. It is desirable to concentrate oil puf
arrangement of the powerplant. Locations at which the fication operations and oil storage in the powerhou
main power transformers may be placed are: between This concentration requires connections between
the powerhouse and dam, on the draft tube deck, in the switchyard and powerhouse for both clean and d
switchyard, and near the powerhouse but not in the insulating oil. If a tunnel is required for electrical co
switchyard. From the viewpoint of electrical efficiency, nections, these pipes can be run in the same tun
the power connections between the generators and trans-otherwise, they must be buried underground. If {
formers should be as short as practicable. This consider- switchyard is some distance from the powerhouse
ation favors the location of the transformers at or near separate oil purification and storage system may be n
the powerhouse. In deciding between the upstream or economical. Oil piping or tanks buried undergrou
downstream location at the powerhouse, consideration must meet local, state, and Federal regulations for e
should be given to the location of the switchyard and the ronmental protection.
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d. Drains. Any drainsthat may handlea mixture of
oil and water should be connectedto an oil/water
separator.

2-10. Powerhouse Auxiliary Equipment

In planning the generalarrangemenbf the powerhouse,
spacemust be assignedin all of the auxiliary electrical
and mechanicalequipmentthat will be required. The
location of the auxiliary equipmentmust also be consid-
ered with respectto the location of the main equipment
with which it is associated. The following is a list of
auxiliary equipment and systems usually required for
powerplants. It is not expectedthat all items listed will
be incorporatedin all plants. The size, service, and
generalrequirementsof the plant will usually determine
which items are necessary: water supply systemsfor
raw, treated, and cooling water, unwatering systems,
insulating and lubricating oil transfer, storageand puri-
fications systems, compressed air systems, turbine

governing equipment, fire protection, detection and
annunciation, heating, ventilating, and air conditioning
systems, turbine flow meters, water level transmitters and
recorders, elevators, main generator excitation equipment,
station service power generating units, station service
transformers and switchgear, main unit control boards,
station service control boards, storage battery and charg-
ers, inverter, electronic equipment (carrier current micro-
wave), telephone and code call system, maintenance shop
equipment, sewage disposal equipment, auxiliary equip-
ment for oil-filled or gas-filled cables, emergency
engine-driven generator, incinerator, station drainage
system, generator voltage switchgear, metal-enclosed
buses, and surge protection equipment, air receivers for
draft tube water depressing system, heating, ventilation
and air conditioning switchgear, lighting transformers and
switchgear, unit auxiliary power centers, electrical shop,
transformer oil pumps and heat exchangers (when located
remote from the transformers), and generator neutral
grounding equipment and switchgear.

2-4
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Chapter 3
Architectural Requirements

3-1. Exterior Design

a. The importance. Exterior design should be con-
sidered throughout the design process. In general, the
design should receive most attention once the general
arrangement of the powerhouse including floor and crane
rail elevations and crane clearances is determined. It
should utilize scale, proportion, rhythm, and composition
to achieve an aesthetically pleasing structure which fits in
with its natural surroundings. In achieving these ends
economy is important, and, although decoration and
complexity are not to be ruled out, simplicity should be
the keynote.

b. Aesthetic appearance The arrangement and
dimensions of the various masses is determined by the
physical requirements of the powerhouse components.
However, in the design of the ensemble of these masses,
the architect should be allowed freedom consistent with
an efficient and economical plant layout. In addition,
some of the devices that may be used to define and com-
pose the masses and give scale, proportion, and rhythm
are changes in texture and materials, emphasis of hori-
zontal pour joints and vertical contraction joints, and
placement and sizing of fenestration and openings. The
exact size and location of openings should be determined
from the standpoint of aesthetics after the structural,
mechanical, and functional requirements have been inves-
tigated. Windows need not be used, but they may be
desirable in order to let in natural light and increase
employee morale. When used, their form and location
should relate to their function and the aesthetic appear-
ance of the structure. In general, large glass areas in
operating portions of the powerhouse should be avoided
to minimize blast damage, but small windows high in the
powerhouse walls may have value in this respect as blast
pressure relief openings.

c. Final selection. Selection of the final powerhouse
design should be made after a careful study of at least
three designs having basically different exterior treat-
ments. Each proposed design should be carefully devel-
oped and perspective drawings prepared. The point of
vision for the perspectives should be a point from which
the general public will view the structure. The sketches,
which are to be used for the selection of exterior treat-
ment, should include all of the adjacent structures and
surroundings.

3-2. Exterior Details

Exterior details are discussed in the followir
subparagraphs.

a. Roofing. Powerhouse roofs may be pitch
(gabled, hipped, vaulted, etc.) or flat (pitch not grea
than 1 inch per foot nor flatter than 1/2 inch per foo
Pitched roofs are preferred because of lower maintend
costs (flat roofs must be waterproof, whereas pitc
roofs need only be watershedding). Parapets that 1
current safety codes should be provided at all roof ed
Cants should be provided at the intersection of roof 4
all vertical surfaces in order to eliminate sharp angles
the roofing. In designing the roofing system, i.e. insu
tion, roofing, flashing, and expansion joint covers, t

most current roofing technology should be utilizgj.

Whenever roofs are exposed to public view from the

of the dam or the abutments, special materials may
used for appearance, e.g. marble chips in place of gr
surfacing.

b. Decks. Exterior concrete decks covering inter
spaces should be of watertight construction. Where
deck is covering habitable areas, or areas contaif
equipment which could be damaged by water, a wal
proof membrane with concrete topping shall be addeq
the structural slab.

c. Walls. Due to structural considerations, e.g.
usual necessity to support crane rails, and the fact
concrete is the main material used in powerhouse (
struction, concrete is the most commonly used mate
for the exterior walls of superstructure. However, ot
systems such as prefabricated insulated aluminum
stainless steel wall panels, concrete masonry, brick,
may be used provided an overall economy is effect
Concrete should always be used below maximum pov
house design tailwater elevation. The finish of the eX
rior surface of powerhouse superstructures is discusse
paragraph 4-14b. All details for concrete construct

such as joints, rustication, V-grooves, corner chamfdf

and fillets should be studied and considered in the ar
tectural design. The V-grooves, where required shg
not be less than 1 inch across the face and 1/2-inch d
The angle at the bottom of the V-grooves should
about 90 degrees. All contraction joints in the substr
ture should be continued through the superstructure
considered in the design, regardless of the material U
for the walls. Wall panels should not be laid contin
ously across such joints. Flashings or waterstops sh

be used in all exterior vertical contraction joing.
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Flashing,jamb closures,corner plates, parapetand eave
closureplatesfor insulatedmetal walls should be of the
samematerialand the samegageas specifiedfor exterior
wall plates.

d. Entrances. Entrancesshould conform to OSHA
requirements. Not only should all entrancesbe located
for proper and efficient operationof the plant, but they
also shouldbe placedto obtain a pleasingexterior archi-
tectural design. The dimensionsof the door openings
should be governedby the required use and should not
be sized for the exterior appearancealone. Doors
requiredfor proper operationof the plant should not be
of monumentaltype, but should give the impressionthat
the doors are for plant operation. The public entrance
may be more decorativethan other plant doorwaysand,
if desired,may be massivewhen usedas a designfea-
ture. Doors of structuralglassor of glassand aluminum
are recommendedfor public entrances. Large doors
shouldeither be hinged at the sidesand supportedat the
top by a trolley for folding-door operationor should be
of the motor-operated,vertical-lift or overheadrolling
doors type where clearancesare adequateand where
considereddesirable from an operation standpoint. A
pilot door should be providedin any large door, when a
small entrancedoor is not nearby.

e. Fenestration The openingsin the exterior walls
of the generatorroom should be confinedto the neces-
sary accessdoors and to ventilation louvers or small
windows above the crane rails. All sash, trim, or
exposed exterior metal should be of aluminum or
corrosion-resistingmetal requiring no painting and, in
general, should be detailed for standard manufactured
products. The use of specially designedsashand trim
shouldbe limited to the public entrance. Whenthe main
transformersare to be located close to the powerhouse
wall on either the upstreamor downstreamdecks, no
windows shouldbe plannedin the adjacentportion of the
wall. Wherepossible the useof windowsin office areas
andlunch roomsis encouraged.They shouldbe operable
for ventilation and easyto clean such as tilt-turn win-
dows. Glazing should generally be insulating glass.
Full-length glass doors and sidelights should be glazed
with temperedglass. In certain caseswhere the admis-
sion of light is desiredbut a clear view is not necessary,
the useof doubleskin insulating plasticsmay be consid-
ered. Wire glassand glassblock will give security and
light blast protection. Glass block may be used as a
designelement.

f. Draft tube deck The draft tube deck should be
wide enoughto provide safe clearancedor operatingthe

gantry crane, painting and repairing the crane and gates,
and removing and reinstalling the gratings. Hose bibbs
of the nonfreeze type should be recessed in the wall of
the powerhouse. A concrete parapet, with or without a
pipe handrailing on top, should be provided on the down-
stream side of the deck and should have an overall height
above the deck of three and one-half feet or as required
by current safety codes. The design of the lighting sys-
tem for the draft tube deck may include provisions in the
parapet to accommodate lighting fixtures. Drainage lines
from the deck should be as short and direct as possible,
but the outlets should be concealed. To avoid a tripping
hazard, crane rails should be installed in blockouts with
the top of the rail approximately flush with the deck.
Blockout should be partially filled with non-shrink grout,
and the top remainder of the recess filled with a two-
component, cold-applied, self leveling type sealant. The
thickness of the sealant is determined by the compressive
space required for the crane wheel flange depth.

g. Stairs and railings. Exterior stairs should be
provided with safety treads made of a material that will
not rust or require painting and may consist of abrasive
material troweled into the finish or abrasive strips
embedded in the tread and nosing. Handrailings should
be made of concrete, concrete and metal, or metal only.
The metal railings should be treated or a material speci-
fied so that maintenance painting will not be required.
All railings should be designed to comply with the most
current safety codes.

h. Skylights.  Skylights can present leakage and
maintenance problems and should therefore be limited to
use in visitor's areas where a special effect is desired.
The framing should be aluminum or corrosion-resisting
metal. They should be glazed with insulating glass or
double-skin insulating plastic. Insulating glass should
consist of a top layer of tempered glass and a bottom
layer of laminated safety glass or as required by current
local codes.

3-3. Interior Design

Interior details are discussed in the

subparagraphs.

following

a. Visitor's facilities. All attended power plants will
normally be provided with limited space for the visiting
public. This space should be kept to the minimum
required for the estimated attendance. The items men-
tioned in the following paragraphs should be considered
in planning the public spaces for all power plants. The
public entrance for small plants may be combined with
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the employee entrance, and when so locatezhituld be acoustical tile. Special thought should be given to so
properly marked as a visitors’ entrance. For larger control. Sound-absorbing wall panels should be con
plants, a separate, prominently located visitors’ entrance ered. They should be covered with perforated vinyl

should be provided. The entrance to the visitors’ area ease of maintenance. Windows between the conf

should be as direct as possible from the avenue of public room and the main powerhouse area should have i
approach and should be accessible to handicapped visi- lated glazing and sound absorbing insulation in

tors. An entry vestibule is desirable, but not essential. frame. The control room will usually have special ligh}

The design of the visitors’ area should take into consider- ing, carefully placed to prevent annoying reflections
ation provisions for exhibits, and location of drinking the instrument panel glass.

fountains, public toilet rooms, and vertical transportation,

e.g. elevators for handicapped access. The visitors’ areas  (3) The toilet should have ceramic tile floor an
should be arranged so that they are isolated from all walls and painted plaster ceiling. The other small roo
other parts of the plant except for access through locked should have the same floor covering as the control rd
doors. The room finishes should be attractive, service- and should have painted plaster or gypsum wallbog
able, and easily maintained. Some of the materials that walls and ceilings. Cove bases of rubber, vinyl,
should be considered for use are terrazzo, ceramic and ceramic tile should be used in all of the rooms. In so
quarry tiles, plaster coated with a durable enamel paint, plants, an instrument and relay testing room and a t
acoustical tile ceilings, etc. Each material should be phone and electronic equipment room may be requi
evaluated on the basis of cost, appearance, durability, and Such rooms should be located near the control room.

ease of maintenance. photographic darkroom should also be provided in ffi

area for plants using oscillographic equipment. In
b. Control room facilities The control room space darkroom, there should be a stainless steel sink
should be planned for the ultimate development of the drainboard for developing and washing films, stora
powerhouse, regardless of the number of units installed space for developing apparatus, and a storage cabing
initially. The control room should be planned for con- films. A workbench with the necessary electrical cg
venience in operation and the equipment should be nections and a storage cabinet or closest should be
spaced to permit easy circulation, easy access to equip- vided in the instrument and relay test room. T
ment for repair or replacement, and convenient installa- telephone and electronic equipment room should alsd
tion of future equipment. A minimum space of 4 feet located convenient to the control room and prefera
should be provided between the switchboards and the should be above maximum design tailwater elevati
walls and between switchboards and other major equip- This room must be kept clean and free from dust 4
ment. Doors or removable panels of adequate size should be located with this in mind.
should be provided to accommodate the installation of
future switchboard panels. Items such as specially c. Generator room and auxiliary spaces The
designed operator’s desks, control consoles, and key and arrangement of the rooms and spaces that will house
map cases should be considered in planning the control electrical and mechanical equipment essential to
room. operation and maintenance of the plant should be ded

mined on the basis of an over-all study of the requile

(1) Rooms which should be provided as auxiliaries ments of the functions involved. A workablg
of the control room at attended power plants usually convenient, economical arrangement should be develd
include a small kitchen, a toilet, a supplyroom, and a that is structurally and architecturally sound.
clothes closet. These rooms should be directly accessible
to the operators without the use of hallways. The toilet (1) The criteria governing the layout of the gene
room should contain one water closet and a lavatory ator room are given in paragraph 2:7 A sufficient
complete with necessary accessories. The supply room amount may be added to the minimum clearan
should include shelving for storage of forms and supplies required for installation, operation, repair, and overh
used by the operators. The clothes closet should have ato secure reasonably convenient space for carrying
hat shelf and clothes rod. these functions. It is not intended that clearances

operating spaces should be arbitrarily overdesigned,

(2) The control room floor may be carpeted or have reasonable operating convenience should not be sacri
resilient floor covering such as rubber or vinyl-plastic in order to secure minimum cost. The space allotm
tile. The walls should be smooth, e.g. plaster or sheet- for the erection bay is discussed in paragraphb2-As
rock, and painted. The ceiling should be suspended the erection bay is merely an extension of the gener
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room, the entire spaceshouldbe treatedarchitecturallyas
oneroom. In generalthe treatmentshouldbe as simple
as possible. The floor finish selectedshouldbe the eco-
nomic onefor the plantunderconsideration. It shouldbe
one that will not dust, will resistdamageduring minor
repairsto equipment,and can be satisfactorilyrepairedif

accidentallydamaged. Also, a finish shall be usedthat
will clean easily and will not deterioratewith frequent
cleaning. Terrazzois usually justified dueto its extreme
durability, ease of maintenance,and attractive appear-
ance. In certaincasesa wainscotof ceramictile or some
other material may be justified, however,concretewalls
are usually sufficient. Concretewalls and ceiling should
be painted or sealedto preventdusting. Special con-
siderationshouldbe given to the designof the roof fram-
ing, aswell as any ventilation duct work and piping that
must be carried under the roof, in order to obtain as
pleasingan appearancas possible.

(2) The allotment of spacefor a maintenanceshop
should be determinedfrom a layout of the equipment
considerednecessarnto maintain the plant. This room
should be locatedon the generatorroom floor level and
should adjoin the erectionbay if possible. The ceiling
height should be adequateto provide for the use of a
small overhead crane for handling equipment being
repaired. The capacityof the cranemust be determined
by the weight of equipmentto be handled. Where parti-
tions form a wall of this room, the partition shouldbe of
concreteor concretemasonryunits. Partition and walls
may be paintedor sealed.

(3) The generalarrangemenbf auxiliary equipment
is usually determinedin making the basic plant layout.
An economical and convenient arrangementof this
equipmentmay be achievedonly by thoroughstudy of all
the requirementsand by careful coordinationof the vari-
ous systems. The auxiliary equipmentand servicesfor
which spacewill usually be required are listed under
paragraph-10.

(a) The spacesallotted for the electrical shop, for
sewage disposal, and for oil purification and storage
should be enclosed;but it is not essentialthat separate
rooms be provided for all of the other functions. In
many cases,open bays housingseveralfunctionswill be
practicable, and such an arrangementwill usually be
more economicalthan a layout that provides separate
roomsfor eachfunction.

preferably should be located above high tailwater eleva-
tion and should be adequately ventilated. A sink con-
structed of acid-resistant material should be provided in
the battery room. Drainage from the sink and floor

drains should flow to an acid neutralization tank, then

discharge to the sewer system. All piping to the

neutralization tank and floor drain, including the drains

themselves, should be acid resistant. The walls and floor
of this room should be painted with an acid-resistant
enamel. The ceiling may be painted to improve lighting

conditions if desired. Access to the rooms should be
adequate for easy installation and replacement of
equipment.

(c) The floors of the oil purification and storage
rooms should be trowel- finished concrete, painted with
oil-resistant paint or sealed. The lower 6 feet of the
walls should have an oil-resistant painted dado, with the
walls above the dado and the ceiling unpainted. All
other rooms should receive no special finishes.

d. Personnel facilities. Employee facilities required
for efficient plant operation should be based upon
approved design memorandum on plant staffing. These
facilities usually include the offices, toilet, shower, locker
rooms, employees’ lunchroom, stairways, corridors, and
elevator. In the larger plants, it is usually necessary to
provide a conference room suitable for employee man-
agement meetings.

(1) The requirements for office space will probably
vary with each plant, but at all attended powerplants it is
recommended that offices be provided for the plant
superintendent and for general clerical space. The
requirements of each plant should govern the allotment
of additional space for offices, and the expected operat-
ing organization must be determined before the planning
can be completed. A fireproof vault, file and record
rooms, storage closets, and clothes closets should be
provided as required and should be conveniently located
with respect to the offices. Plants should provide toilet
rooms for both male and female employees in the office
area. The minimum requirements for the men’s toilet
should be one water closet, one urinal,and one lavatory;
and for the women'’s toilet, the requirements should be
one water closet and one lavatory, but in all cases shall
meet the requirements of local codes. Floors should be
of rubber or vinyl-plastic tile with a light but serviceable
color with a nondirectional pattern that will hide scuff
marks and a dark cove base. Dark, patterned carpeting

(b) Storage battery and charging rooms shall be with rubber or vinyl cove base may be considered.
designed to conform to Corps, OSHA, and NEC safety Plastered masonry walls, gypsum wallboard, or metal

codes.

Storage battery and battery charging rooms partitions should be painted with interior enamel.
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Ceilings should be suspended acoustical tile. The closets
and storage rooms should be finished the same as the
offices. The toilet rooms should have ceramic tile floors,
tile cove bases, and glazed tile wainscot with painted
plastered or concrete masonry walls above. The stalls in
toilet rooms should be metal with factory-applied enamel
or other durable coating.

(2) A minimum width of 5 feet should be used for
all office corridors and a minimum of 6 feet for all corri-
dors in work areas where corridors may be used for
handling equipment. In planning corridors and openings,
consideration should always be given to the desirability
(and in some cases the necessity) of bringing bulky equi-
pment into the plant and installing it intact. The corri-
dors on the office floor levels will normally be finished
similarly to the offices. Floors of corridors on the other
levels should be trowel-finished concrete with hardener
added. Where floors are likely to remain wet a light
brush finish after troweling should be specified to pre-
vent slipping. Painted concrete floors should be avoided
because of the maintenance involved. Partitions should
be concrete or concrete masonry as desired. Unfinished
concrete ceilings should be used and may be painted or
not as required to improve lighting.

(3) Stairways, aside from entrance steps or stairs,
may be classed under three general types: office stairs,
work area stairs, and limited-use stairs or ladders. The
office stairways should have concrete or masonry walls,
painted to match the finish in the adjacent areas; soffits
or ceilings may be painted or left unfinished. The finish
as described above should extend to the floor levels
below and above the office floor. The office stairs
should be of the pan type, steel- supported; with concrete
safety treads with safety nosings and metal risers.
Painted metal, galvanized pipe or extruded aluminum

handrails may be used for these areas. Work area stairs machines. There should be adequate electrical outlets

should be similar to office stairs or concrete with safety
tread nosings, and the walls and ceilings should be unfin-
ished concrete. Limited-use stairs and ladders, which
provide access to places requiring no regular service,
may be of concrete or steel of simple design and
provided with adequate protection as required by current
safety codes.

(4) Both male and female personnel of the plant
should be provided with adjoining locker, shower, and
toilet rooms, located near the maintenance shop and
erection bay. In large plants, additional toilet rooms
should be provided toward the far end of the plant. The
locker rooms should have forced ventilation and should
contain benches and built-in type metal lockers. The

shower rooms should have gang-type showers for 1
with one shower head for each ten men to be accom
dated per day, and individual shower and drying stalls
women with one shower for each ten women to
accommodated per day. In general, an increasing
centage of female workers should be planned for.

toilet rooms adjoining the locker and shower room sho
have one water closet, one lavatory and for men,

urinal for each ten personnel to be accommodated
day. The additional toilet rooms shall be limited to o
water closet, one lavatory and for men, one urinal.

some cases unisex toilet rooms may be used. A drink
fountain should be located in the corridor adjacent to
area. Walls should be concrete, masonry or gypsum

board on steel studs. Shower and toilet room w
should have a standard height, glazed tile wains
except in the showers, where it should extend to

height of the shower head. Ceilings and concrete por
of the walls of the shower room subject to steam vap
should be given a prime coat of primer-sealer (confof
ing to the latest edition of Federal Specificati
TT-P-56), one coat of enamel undercoat (conforming
the latest edition of Federal Specification (TT-E-543) f
lowed by one coat of gloss enamel (conforming to 1
latest edition of Federal Specification TT-E-506). Cd
crete masonry walls should receive one coat of conc
emulsion filler prior to the above treatment. A janitor
closet should be provided and should have a service
and shelves for supplies. The walls of the janitor’s clo
shall be painted gypsum wall board or unpainted conc
or masonry. The floor shall be trowel-finished concrg
with no base.

(5) A lunch and break room should be provided.
should include adequate counter space and storage
nets and a range top with ventilation. It should provi
space for a refrigerator, microwave ovens, and veng

coffee pots, microwave ovens, vending machines, etc
should have sufficient room to accommodate anticipg
plant personnel. Finishes should consist of rubber
vinyl plastic resilient flooring with cove base, painte
walls, and suspended acoustical tile ceiling. Insofar|
practical, the lunch room should be located so as to m
mize the noise and vibration of the powerplant. The

of sound absorbing wall panels covered with perforalp

vinyl should be considered. Sound dampers may hav
be used for the lunch room HVAC system. Unnecess
wall penetrations should be avoided. If practical, cons
eration should be given to locating the lunch room &
level where windows to the outside can provided. T
is highly desirable considering the indoor nature of |
work.
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(6) A first-aid room should be plannedadjacentto
the control room, if practicable,or otherwiseon either
the office or locker floor level. This room should con-
tain a first-aid cabinet,a cot, and a lavatory and should
have rubber or vinyl-plastic tile floor and cove base,
painted walls, and ceiling. The door should be wide
enoughto accommodate stretcher.

(7) A powerhousehaving more than three floor
levels should be provided with one or more elevators
designedin conformancewith the ANSI Safety Code for
Elevators and Dumbwaiters, Escalators and Moving
Walks, A 17.1. The location should be establishedto
enable omission of a penthouseabove the roof of the
structure if possibleand to reduce corridor travel to a
minimum. The elevator should be a passengertype
having minimum inside dimensionsof five feet by seven
feet, anda minimum capacityin conformancewith ANSI
A 17.1. Car speedshouldnot be lessthan 200 feet per
minute and controls should be of the pushbutton,auto-
matic selective,collective type. Car and hoistway doors
should be of the horizontal sliding type equippedwith
automatic,two-speedpower operators. In large power-
housesa freight elevatormay alsobe provided.

3-4. Interior Details

In orderto obtain reasonableuniformity andto establish
a high standardof quality, certain interior details are
describedin the following paragraphs. However, these
details are not mandatory. The designershould use his
knowledge of equipmentand materialsto achieve sim-
plicity and first-cost economy consistent with utility,

safety,aestheticsandlow maintenanceosts.

a. Floor and wall finishes All floors should be
designedfor serviceability and appearanceand should
adjoin all walls with a cove baseif practical. Thesecove
basesshould be of concrete,ceramicor quarry tile, or
rubber or vinyl-plastic material. Where wet walls and
floors may be expectedbecauseof seepagecondensa-
tion, and similar conditions, gutters should be provided
around the room at the walls. Cove basesare not
requiredwhere guttersare used. Floorsin roomswhere
oil or water is stored, processedpr handledshould be
adequatelydrained. A floor slopeof 1/8-inch per foot is
recommendedwhere floor drains are installed. Curbs
shouldnot be providedat doorsin theseroomsexceptas
a last resort. The floors should be recessedelow adja-
centfloor wheneverfeasible. Stepsshouldnot be located
at the immediateentrance. A platform or a ramp with
nonslip finish and maximum slopeof 1 in 12 shouldbe
provided.

b. Acoustical tile ceiling. Where flat acoustical
ceilings are required, acoustical tile of suitable design
may be supported on steel supports.

c. Door trim. All trim for doors throughout the
plant should be of metal. It is recommended that bucks
be used for mounting all trim. Poured-in-place, integral
jambs, and trim are not desired except in areas where
structural shapes are used as the finish trim.

d. Plumbing fixtures. Maintenance of the toilet
rooms of the plant will be made easier if the floor area is
clear of fixture mountings. For this reason, wall-hung
urinals, water-closets, and lavatories should be used
throughout the plant. Wall-hung, foot-operated flush
valves should be furnished for water closets and urinals.
Unit coolers should be provided for drinking water, posi-
tioned in such manner as not to unduly restrict passage
through corridors. Because of possible damage due to
leaks and to facilitate access for repairs, plumbing fix-
tures, water supply, or drain piping should not be located
above the control room or directly over electrical switch-
gear and similar equipment.

3-5. Schedule of Finishes

The finishes of some of the rooms in the plant are
described above in detail. The finishes for all rooms in a
plant should be shown in the form of schedules to be
included in the contract drawings. The schedules should
define the “finish” and “color” of the various components
of each room, such as floors, walls, ceilings, trim, doors,
and equipment and should indicate the number and type
of prime and finish coats of paint required. Paint colors
should be specified by the numbering system of the paint
color chips shown in Federal Standard No. 595, “Colors”.

3-6. Painting

The painting requirements for both the above and below
water level portions of the powerhouse are adequately
covered, both as to the surface preparation and paint
systems to be specified in Guide Specification
CW-09940, provisions of which should be followed in
preparing the painting portion of the Schedule of
Finishes.

a. Special formulations. The special formulations
listed in the above guide specification, or Standard
Federal Specifications should be used to procure the
paint ingredients required in lieu of reference to a spe-
cific manufacturer’s product.
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b. Aesthetic goals. Paint used to achiesesthetic treatments, detail sections of stairs, stair and hang
goals and super-graphics used to convey information and details, window and door schedules and details, plan
directions are considered appropriate in areas open to the all floors and roofs, detail plans of special areas such
public. public reception room, details of special decorative itef

details of dado and tile finishes, details of roofing a|

c. Reasons for painting. With the few exceptions flashings, and any other architectural details that will
already listed, painting should not be used for decorative needed for the construction of the powerhouse. A 1
purposes but should be confined to preventing corrosion tangular system of column reference lines should
of the surfaces requiring protection, to improving lighting  established and, in general, all dimensions should be
efficiency, and to stopping dusting of concrete. When to these reference lines.
painting is required for concrete walls, the concrete in
area visible to the public should have a sack- rubbed a. General layout. The general layout should
finish before applying the paint. drawn at such a scale as to require only one sheet

should show means of access to the plant, public

d. Requirements. Painting requirements should be employee parking facilities, grading, drainage, lightir
covered by general provisions in the specifications and and landscaping. Details of architectural features of
detailed information shown on the Schedule of Finishes. layout, such as floodlighting arrangements and la

Some painting requirements may need to be indicated on scaping, should be shown at a larger scale on o
the details. drawings.
3-7. Design Memorandum b. Elevations. The exterior elevations of the pow

house should be made at a scale that will allow the
The architectural design of the powerhouse should be length of the powerhouse to be shown on a standard
thoroughly discussed in a design memorandum. General sheet. These elevations should show all roof and fl
and specific consideration that influenced the exterior elevations, finish grade elevations, all windows, doors
design and type of construction should be given. The other openings, V-rustications, surface treatments
reasons for designing a windowless plant or for using special decorations and should make reference to

windows and also the reasons for using various materials proper drawings for details. Interior elevations of pow{f

such as precast concrete panels, concrete poured mono-house walls may usually be shown adequately on
lithically, prefabricated aluminum or stainless steel wall cross sections. All tile wainscots should be drawn
panels for the exterior finishes of the powerhouse should elevation at not less than a 1/4-inch scale and shd
be stated. The method of determining the amount of show the vertical and horizontal courses of tile &
space allotted for public use and for offices should be should give dimensions of the tile and of wall openin

explained. All wainscots, floors, and door openings should be |
out, using the 4-inch modular system as proposed by

3-8. Drawings American Standards Association.

The architectural drawings required for the construction c. Plans. Construction drawings required for t

of the powerplant should include the layout of grounds construction of the powerplant shall be in accordaf
and access roads, exterior and interior elevations of the with specific requirements of Paragraph 7c of CE-40
powerhouse, cross sections through the powerhouse “Lump-sum Contract for Engineer Services for Design
showing all types of construction and floor elevations, Hydroelectric Power Plant.”

detail elevations of all tile work and special interior
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Chapter 4 check should be made of the actual weights wher

Structural Requirements variation might affect the adequacy of the design, or
cases where the construction may vary from nori
practice.

4-1. Design Stresses c. Live loads. In general, floors are designed for

assumed uniform load per square foot of floor ar
However, the floors should be investigated for the effe
of any concentrated load, minus the uniform load, o
the area occupied. Equipment loads should take

account installation, erection, and maintenance condit
as well as impact and vibration after installation. In m
cases, it will be necessary to proceed with the design

Allowable stresses will depend on the materials involved,
the conditions of loading, and severity of exposure.

a. Allowable stresses. Structural steel and welded
joints should be designed in accordance with the allow-
able stresses outlined in the latest version of the AISC
construction manual. Welding details should be as out- o pasis of estimated loads and loaded areas until

lined by the latest version of AWS D1.1 “Structural ime a5 the actual data are available from the manu
Welding Code-Steel.” Gates, Bulkheads, Trashracks, and y,rers Al live loads used in design should be record

associated guides should be designed using the allowable i notations as to whether the loads are actual
stresses outlined in EM 1110-1-2102.  Steel and ,qqumed. The weights of turbines and generators
aluminum/switchyard structure should be as designed Corps of Engineers hydroelectric power projects
with the loading and allowable stresses contained in i, 1ated in Appendix B1. However, weights will va
NEMA publication SG-6 “Power Switching Equipment,”  qnsiderably for units of the same capacity. Estimates

part 36. the weights of the machines should always be reque
from the manufacturers for preliminary use in the desi
b. Concrete structures. Concrete structures loaded assumed loads should be checked later against ad
hydraulically should be designed in accordance with the loads, and, where differences are appreciable, the ne
procedures outlined in EM 1110-2-2104 “Strength Design sary modifications in the design should be made.
for Reinforced Concrete Hydraulic Structures.” Those
portions of a powerhouse that will not have water load- (1) The live loads shown in Table 4-1 are reco

ing, such as the superstructure, may be designed in menged for the design of slabs, beams, girders, and
accordance with the latest version of ACI 318 “Building

] ) umns in the area indicated. These loads may

Code Requirements for Reinforced Concrete.” modified, if necessary, to suit the conditions on in
_ vidual projects, but will ordinarily be considered min

4-2. Design Loads mum design loads. These loads may be redu

) . 20 percent for the design of a girder, truss, column,
a. General considerations The structures should be footing supporting more than 300 square feet of sl

designed to sustain the maximum dead, live, hydrostatic, gycent that for generator room and erection floors t
wind, or earthquake loads which may be imposed upon reqyction will be allowed only where the member und
them.  Where only partial installation is to be made ynsideration supports more than 500 square feet of ¢

under the initial construction program, consideration s giffers from ASCE (1990) recommendations for i
should be given to the temporary loading conditions as |yaq reduction because of the loadings historica
well as those anticipated for the completed structures. required in powerhouse floor slabs.

The stability of all powerhouse monoliths should be
investigated for all stages of construction; and loads that (2) Draft tube decks, gantry decks, and erection b
may be imposed or absent during the construction period e often made accessible to trucks and Mobile Cra
should be accounted for in the design memoranda. the wheel loads of which may produce stresses gre
) ) than those caused by the uniform live load. Under th
b. Dead loads. Dead loads to be considered in the ,ngitions, the loading used for design should include
design consist of the weight of the structure itself, includ- weight of the heaviest piece of equipment, such a

ing the walls, floors, partitions, roofs, and all other  complete transformer including oil plus the weight of t
permanent construction and fixed equipment.  The ck or crane. Stresses should be computed in ac

approximate unit weights of materials commonly used in  45nce with AASHTO “Standard Specifications of Hig||

construction.can be' found in the AISC Manual. For way Bridges.” As a safety measure it would
those materials not included, refer to ASCE (1990). A
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Table 4-1
Minimum Uniformly Distributed Live Loads
Element Ib/sq ft
Roofs 50
Stairways 100
Floors:
Offices 100
Corridors 100
Reception rooms 100
Toilets and locker rooms 100
Equipment and storage rooms 200
Control room 200
Spreading room 150
Generator room *500
Turbine room 1,000
Erection floor 1,000
Maintenance shop 300
Pump rooms and oil purification rooms 200
Gantry deck (outdoor powerhouse) 300 or H 20
Transformer deck 300
Intake deck--general 300 or H 20
Intake deck--heavy lift areas 1,000
Powerhouse access 300 or H 20
Draft tube deck 300 or H 20

*300/Ib/sq ft should be used for mezzanine floors and 1,000
Ib/sq ft for areas which may be used for storage or erection of
generator or turbine parts

advisable to post the load limit in all cases where such a
load is used in design. Where mobile cranes are in use,
the design should include outrigger loads. Where the

powerhouse monoliths include the headgate structure and
intake deck, moving concentrated loads such as mobile
cranes and trucks handling equipment parts and trans-
formers should be considered in the design of the deck
and supporting structure. In case the deck carries a high-
way, it should be designed for standard highway loading

also.

(3) Impact factors for vehicle wheel loads are given
in AASHTO “Standard Specifications for Highway
Bridges.” Impact factors for crane wheel loads on run-
ways are given in paragrapit@®).

(4) Wind loading should be applied to the structure
as outlined in ASCE (1990). Members subject to
stresses produced by a combination of wind and other
loads listed under group Il in EM 1110-2-2105 should be
proportioned on the basis of increased allowable stresses.
For concrete structures, ACI 318 and EM 1110-2-2104
provide appropriate load factors to be used for wind
loading. The design of switchyard and take-off structures

for wind is covered in the reference cited in para-
graphs 4-2cand 4-15.

(5) Construction loads should be carefully consid-
ered to determine if provision should be made in the
design of these temporary loads or whether false work or
temporary bracing will suffice. It will be noted that
construction loads are classified as Group Il loading in
EM 1110-2-2105, and should have the applicable load
factor combinations for concrete structures.

(6) The possibility of seismic activity should be
considered and appropriate forces included in the design.
The structural analysis for seismic loading consists of
two parts: The traditional overturning and sliding stabil-
ity analysis using an appropriate seismic coefficient, and
a dynamic internal stress analysis, using either site
dependent earthquake ground motions or a static seismic
coefficient. The use of the seismic coefficient should be
limited to sites where the peak ground acceleration for
the maximum credible earthquake is less than 0.2 g.
Where a dynamic analysis is involved the powerhouse
should be investigated for both the maximum credible
earthquake and the operating basic earthquake. Earth-
guake motions should be picked by procedures outlined
in ETL 1110-2-301 “Interim Procedures for Specifying
Earthquake Motions.” General guidance for seismic
design and analysis is found in ER 1110-2-1806 “Earth-
guake Design and Analysis for Corps of Engineers Proj-
ects.” Specific criteria for powerhouses should be as
outlined in ETL 1110-2-303 “Earthquake Analysis and
Design of Concrete Gravity Dams.” This reference
should be followed closely when the powerhouse intake
forms a part of the dam. Site-dependent earthquake time
histories or response spectra should be carefully chosen
through geological and seismological investigation of the
powerhouse site.

(7) All loads resulting from headwater and from
tailwater should be accounted for. Since it is sometimes
impracticable to protect the powerhouse against flooding
at maximum tailwater elevation, a level should be
selected above which flooding and equalization of inter-
ior and exterior water loads will occur. This elevation
should be determined after careful consideration of all
factors involved, particularly the cost of initial construc-
tion and of rehabilitation in relation to flood levels and
frequencies. The structures should be designed to with-
stand tailwater pressures up to the chosen level and posi-
tive provisions should be incorporated in the structure to
permit rapid flooding and equalization of pressures after
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the tailwater rises above this level. Provisions should
alsobe made for rapid draining of the powerhouse when
the tailwater drops. A maximum tailwater elevation
(below that selected for flooding the entire powerhouse)
should also be chosen for unwatered draft tubes and
provisions for automatic flooding of the water passages
when that level is exceeded should be considered. It is
nearly always advisable to reduce the uplift pressures on
the draft-tube floor by means of a drainage system.
When *“floating” or relatively flexible floor slabs are
used, they are not considered in the stability analysis,
either as contributing weight or resisting uplift. When
the floor slabs must take part of the foundation load, as
is sometimes the case when the foundation is soil or poor
rock, uplift should be assumed and the slab made an
integral part of the draft-tube structure.

(8) Snow loading should be applied to the structure
as outlined in ASCE (1990) “Minimum Design Loads for
Buildings and other Structures.” Members subject to
stresses produced by snow loading should be propor-
tioned by treating it as a Groupl loading in
EM 1110-2-2105 or, in the case of concrete structures, as
a basic live loading.

(9) Wheel loads should be treated as moving live
loads in the design of crane runways. Maximum wheel
loads should be computed from the dead load of the
crane and trolleys plus the rated live load capacity, with
the load in position to produce maximum truck reaction
at the side of the runway under consideration. Dimen-
sional data, weights, and truck reactions for cranes
installed in Corps of Engineers powerhouses are given in
EM 1110-2-4203. An impact allowance of 10 percent
for cranes over 80-ton capacity, and from 12 percent to
18 percent for smaller cranes, should be added to the
static loads. Side thrust at the top of the rail should be
taken as 10 percent of the summation of the trolley
weight and rated capacity, with three-fourths of this
amount distributed equally among the wheels at either
side of the runway. This may vary in the case of
unequal stiffness of the walls supporting the runway. For
instance, if one wall is relatively massive, the entire side
thrust may be taken by this wall with little or no thrust
taken by the more slender wall. The runway design
should provide for longitudinal forces at the top of rail
equal to 10 percent of the maximum vertical wheel loads.
Crane stops should be designed to safely withstand the
impact of the crane traveling at full speed with power
off. Only the dead weight of the crane will be con-
sidered and the resulting longitudinal forces should be
provided for in the design of the crane runway.

d. Load on switchyard structuresSwitchyard struc-
tures should be designed for line pull, equipment lo
dead load, wind load, snow load, and ice load in accq
ance with the requirements of the NEMA Publicati
SG-6-Power Switching Equipment. Take off tower li
loading should conform to ANSI Standard C2, Natior
Electrical Safety Code, Section 25, and shall incly
applicable combinations of dead load, and line tens
due to wind, ice and temperature changes.

4-3. Stability Analysis

a. Outline of investigation A stability analysis
should be made for each monolith of the powerhouse
all critical levels should be investigated for the mg
severe combination of horizontal and vertical forces.
the case of a monolith in which the power unit will n
be installed with the initial construction, the stabili
should be investigated for the interim as well as the fi
condition. Analysis should be made for the applica
cases indicated below and for any other combinations
conditions which might prove critical. Cases S-1, S
S-3, and S-4, below are applicable when the powerhd
is separated from the dam, and Cases M-1, M-2, M
and M-4 are applicable when the powerhouse and hg
works form a part of the dam.

(1) Applicable when powerhouse is separated fr
dam.

(a) Case S-1: head gates open--headwater at to
flood-control pool, hydraulic thrusts, minimum tailwate
spiral case full, draft tube full, uplift, and wind @
earthquake.

(b) Case S-2: head gates open, tailwater at pov
house flooding level, spiral case full, draft tube fu
uplift, and wind or earthquake.

(c) Case S-3: head gates closed, tailwater at df
tube flooding level, spiral case empty, draft tube emp
uplift, and wind or earthquake.

(d) Case S-4 (Construction):
uplift.

no tailwater, and
(2) Applicable when powerhouse and headwor
form part of dam.

(&) Case M-1: head gates closed, headwater at
of flood-control pool, minimum tailwater (ice pressure
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applicable)),draft tube and spiral caseopento tailwater
(uplift), andwind on upstreanside or earthquake.

(b) CaseM-2: headgatesopen, headwaterat maxi-
mum flood level, tailwater at powerhouselooding level,
spiral case full, draft tube full (uplift), and wind on
upstreanside or earthquake.

(c) CaseM-3: headgatesclosed, headwaterat top
of flood-control pool, tailwater at draft-tube flooding
level, spiral case empty, draft tube empty, uplift, and
wind on upstreanside or earthquake.

(d) Case M-4 (Construction): no headwater,no
tailwater,no uplift, andwind or earthquake.

(3) In some cases, the maximum overturning
momentwill occur when tailwater is at someintermedi-
atelevel betweenminimum and maximum.

(4) In analyzingmonolithscontainingdraft tubes,the
floor of the draft tube should not usually be considered
as part of the active base area since it is generally
designedto take neither uplift nor foundation pressure.
(Seeparagraph-2c(7)).

(5) Monoliths should also be checked for lateral
stability under applicable conditions, and the possibility
of flotation at high tailwater levels should be borne in
mind.

b. Vertical forces. The vertical forcesthat shouldbe
consideredn the stability analysisare the deadweight of
the structure fixed equipmentweights, supportedweights
of earthand water, and uplift. The weights of movable
equipment such as cranes and heavily loaded trucks
should be included only where suchloadswill decrease
the factor of safetyagainstoverturning.

c. Horizontal forces. The horizontal forces that
should be consideredare those due to headwatertail-
water, ice, earth, and wind or earthquakepressures.
Force due to wavesshould also be includedif the fetch
is great enoughto causewaves of considerableheight.
The forces resulting from temperaturechangesin steel
penstocksneed not be considered,but the pressureof
water in the penstocksshould be included as hydraulic
thrustresultingfrom wicket gate closure,dependingupon
the assumedconditions. The applicationand intensity of
wind pressureor earthquakeshould be as prescribedin
paragraphgl-2c(4) and 4-2¢(6).

d. Uplift assumptions. Effective downstream drain-
age whether natural or artificial will in general, limit the
uplift at the toe of the structure to tailwater. If the
powerhouse is separate from the dam, uplift from tail-
water should be assumed 100 percent effective on the
entire foundation area. If the powerhouse forms part of
the dam, uplift assumptions should be the same as those
for the dam, as described in EM 1110-2-2200. For those
structures founded on soil, uplift should be assumed to
vary from headwater to tailwater using the line of seep-
age method as outlined in EM 1110-2-2502, “Retaining
and Floodwalls.” For a majority of structures, this
method is sufficiently accurate, however there may be
special situations where the flow net method is required
to evaluate uplift.

e. Base pressures and stabilitrdinarily the maxi-
mum base pressures do not govern the design of power-
house on sound rock. However, regardless of the
foundation material, they should always be checked to
make sure they do not exceed the safe working values
established as a result of the geological or soils investiga-
tions. For conditions that include earthquake, the resul-
tant of all forces may fall outside the kern but within the
base a sufficient distance so that the allowable foundation
pressure is not exceeded. The location of the resultant of
all forces, including uplift, acting on the structure should
fall within the kern of either a rectangular or irregularly
shaped base. In pile foundations, the allowable material,
bearing, and tension valves for the piles should not be
exceeded. If the foundation at the selected site is entirely
soil, or is a combination of soil and rock, special consid-
eration should be given to the possibility of unequal
settlement. It may be necessary to investigate the shear-
ing strength of the foundation or, in case of a hillside
location, to investigate the stability of the structure and
foundation together by means of one of the methods
discussed in EM 1110-2-1902.

f. Sliding factor. EM 1110-2-2200 contains the crite-
ria and guidance for assessing the sliding stability for
dams and related hydraulic structures. Required factor of
safety for major concrete structures are 2.0 for normal
static loadings and 1.3 for seismic loading conditions.
Horizontal earthquake acceleration can be obtained from
seismic zone maps and the seismic coefficient method is
the most expedient method to use when calculating slid-
ing stability.
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4-4. Subgrade Conditions and Treatments

a. Rock foundation. It is very important that the

structure rest on sound material, unweathered and unshat-

tered by blasting, in order to develop full resistance to
shearing and sliding. The character of some rock foun-
dations is such that disintegration will take place upon
short exposure. In these circumstances it will be neces-

sary to preserve, insofar as possible, the natural charac-

teristics of the unexposed foundation material.
Disintegration may be prevented either by delaying the
excavation of the last foot or two of material until just
prior to placing concrete, or by excavating to final grade
and immediately applying asphalt or a similar waterproof
coating to the exposed surface. Another method is to
place a light concrete cover immediately upon exposure,
which provides a better surface for workmen and equip-
ment as well as protection for the foundation. An other-
wise sound rock foundation may contain seams of clay or
other unsuitable materials which must be excavated and
filled with concrete, or areas for broken rock which must
be consolidated by pressure grouting.

b. Soil foundation. The design of powerhouse foun-
dation on earth is based on the in situ shear and bearing
strength of the underlying soil, with consideration being

floor slab. A lesser depth will usually be satisfactory,
the rock may be assumed to “arch” to some extent ac
the end piers of the draft tube. It is recommended t
the drain holes extend to a depth at least equal to ¢
half the monolith width below the floor slab. Drai
holes should be spaced about 12 feet to 15 feet
centers with weep holes in the slab 6 feet to 7-1/2 f
on centers. Where the nature of the rock indicates pe
lation of such magnitude as to render the unwatering
draft tubes difficult, perimeter grouting, area grouting,

both may be used within the powerhouse foundation a|

Care should be taken that this grouting does not inter
with drainage essential to the dam or the powerhouse
perimeter grouting is used, a system of relief drains n
the upstream side of the monoliths is necessary to
vent possible building up of headwater pressure under
structure in case of leakage through or under
upstream grout curtain. Because of the possibility t
headwater may enter the area and cause worse unw
ing and uplift conditions than would have been the ¢
without curtains, it is desirable to avoid perimeter gro
ing if possible. For additional information on the pu
pose, theory, and methods of foundation grouting refe
EM 1110-2-3506.

b. Soil foundations.

taken of weak seams at deeper depths below the founda- rest on soil, it is necessary to protect the foundat

tion line. Weak materials may require excavation to
firmer material or the use of piles as a foundation. A

close cooperation between the designer and the founda- sensitive to the exact nature of the material.

tion and materials engineer must exist even in prelimi-
nary design. Factors of safety against sliding should be
computed using procedures discussed in paragragh 4-3

4-5. Foundation Drainage and Grouting

a. Rock foundation. Provisions should be made for
foundation drainage, particularly under the draft-tube
floor slabs, to reduce uplift and permit the unwatering of
draft tubes. Usually, a network of drains under the draft
tubes is all that is required. Holes drilled into the rock
connect with these drains, which discharge through weep
holes in the slab into the draft tubes. Drain holes should

material against scour and piping. The potential
effective drainage and grouting in soil materials is vd
Up
reduction may be more effective if underlying drainal
blankets are used rather than drain holes.

4-6. Substructure Functions and Components

The powerhouse substructure supports the turbines
generators as well as a superstructure for their proted
and equipment related to their operation. The subst
ture also contains the water passages, includes rooms
galleries needed for certain mechanical and electr
equipment and services, and furnishes most of the n
needed for stability. It is usually desirable, where t
turbines have steel spiral cases, to provide recesses i

be cleared on a routine basis, perhaps every 5 years, to substructure for accommodation of these parts ang

ensure their functional capability. For unwatering, a

drain in each draft tube leads, through a valved connect-
ing pipe, to a header which drains to a sump from which
the water is pumped outside the powerhouse. Theoreti-
cally, the drill holes in the rock should be deep enough
so the hydrostatic uplift (due to maximum tailwater with

draft tube unwatered) on a horizontal plane at the bottom
of the holes will be more than balanced by the weight of
the rock above the plane plus the weight of the draft tube

design the structure so that concreting operations
continue without interruption during their installatio
Access galleries to the draft tube and spiral case sh
also be provided in the substructure. Except as provi
in Table 4-2, substructure concrete should be place(
lifts, generally not more than 5 feet thick. Each |
should be divided into pours by vertical joints as det
mined by equipment installation needs and as require
minimize shrinkage and temperature cracking.
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Table 4-2
Powerhouse Concrete Lift Height Limitations (in feet)

Temperature-Controlled Concrete

Normal Concrete

Type of Placement Watertight Other Watertight Other

Mass or semi-mass areas such 7-1/2 7-1/2 5 5
as draft tube or spiral
case roofs

Walls and piers over 7 ft thick 7-1/2 10 5 10

Walls and piers 5 ft to 7-1/2 15 5 10
7 ft thick

Walls 18 in. to 5 ft thick 15 20 10 20

Walls less than 18 in. thick 10 10
heavily reinforced

Walls less than 18 in. thick 15 15

moderately reinforced

4-7. Joints

a. General. The purpose of joints is to facilitate
construction, to prevent destructive or unsightly cracks,
and to reduce or eliminate the transmission of stresses
from one portion of a structure to another.

b. Types of joints. Joints may be classified as
expansion, contraction, construction, or control. Selec-
tion of the location and type of joint is governed by both
architectural and structural requirements. Reinforcing
steel or structural steel should not cross expansion or
contraction joints, but may be continued across construc-
tion and control joints. The functions of the various
joints are as follows:

(1) Contraction joints are used to divide the structure
into separate monoliths, the principal purpose being to
reduce the tendency to crack due to shrinkage resulting
from the cooling of the concrete from the maximum
temperature. The location and spacing of the transverse
contraction joints will be determined by the space
required for the unit. Where the powerhouse structure is
located immediately downstream or adjacent to the con-
crete gravity dam, a contraction joint will be provided to
separate the dam and powerhouse.
where more than one generating unit is involved, the
spacing of the transverse contraction joints of the intake
monoliths must be the same as in the powerhouse sub-
structure, although not necessarily on the same align-
ment. Other detailed criteria for contraction joints as
well as the necessary construction joints are given in

In the above caseblasting is adequate for transferring shear.

EM 1110-2-2000.  Ordinarily, no initial opening or
treatment of the vertical concrete surfaces at the joint is
necessary. However, the longitudinal formed joint
between the toe of the dam and the powerhouse (see
paragraph 6) should have an initial opening of about
1 inch filled with a suitable premolded compressive-type
filler to permit possible movement of the dam without
transfer of load to the powerhouse substructure. Contrac-
tion joints in the substructure should continue through the
superstructure. Offsets in contraction joints are undesir-
able and should be avoided if possible.

(2) Construction joints are required primarily for the
practical purpose of dividing the structure into satisfac-
tory and convenient working units during concrete place-
ment. Also, in large or irregular pours, it is usually
desirable to require construction joints in order to mini-
mize the influence of shrinkage on the formation of
cracks. Construction joints should be so located and
designed that they will not affect the continuity of the
structure. Reinforcing steel should be continued across
the joint and provisions made to transmit any shear from
one side to the other. Horizontal construction joints
normally do not require keying, because the roughened
surface resulting from water jetting, greencutting, or sand
This type of
joint preparation is not feasible for vertical construction
joints where shear keys are usually necessary.

(3) Control joints are adequately described and
detailed in EM 1110-2-2000 and in Guide Spec.
CW-03301.
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c. Criteria for location of construction joints Con- (5) Where main structural slabs frame into walls,
structionjoints should be located to minimize cracking in is preferable to locate a horizontal construction joint
the more massive concrete placements. Greater restric- the wall at the elevation of the bottom of the slab. T
tions are necessary where concrete is to be watertight, slab is then cast over the prepared wall joint. Keying
such as in draft tubes and spiral cases; cracking is caused mainslabs into walls or piers pose design and const
by heat generated during curing of the concrete and tion problems, and should be used only when the ¢
external and internal restraint to attendant volume struction schedule dictates a need for delaying the
changes. This type of cracking is minimized by reducing placement. When main slabs are keyed, it is neces
lift heights, using low slump mixes, replacing cement to dowel heavy reinforcing through the forms and th
with pozzolan, increasing cure time between lifts, insulat- lap splice closely spaced slab reinforcing at a point
ing to control the rate of cooling, and reducing the plac- maximum stress. Deep key ways interfere with the ve
ing temperature of the concrete. Concrete placed under cal curtain of wall reinforcing particularly if it is neces
these conditions is termed “temperature-controlled sary to waterstop the keyed joint. These problems
concrete.” less evident in thin, lightly loaded slabs, and it is oft

more economical to key these slabs into the walls.

(1) For less massive concrete placements, construc-
tion joints should be located to facilitate forming and (6) Exterior concrete decks covering interior are
placing of concrete. Lift height is controlled by form, required to be dry should have a minimum thickness
shoring, and bracing design requirements to resist the 12 inches. Minimum reinforcement should be 0.75%

re
n

ks
oj
f

concrete pressure and dead weight. Reduced lift heights the cross sectional area with half distributed to each f4fe.

are often necessary when concrete placement is made Waterstops should be provided at contraction joints,
difficult because of heavy, closely spaced reinforcing, or construction joints should be treated as specified in gu
other physical constraints to placing and compaction specifications CW 03301.
equipment.
(7) Vertical construction joints should be used
(2) Basic lift heights (in feet) should not exceed the divide lift placements covering large areas into two
limitations shown in Table 4-2. more smaller placements based on the following:

(3) Powerhouse substructures often use a two stage (&) Maximum rate concrete can be batched &
concreting operation where the downstream wall and placed without developing cold joints.
tailrace structure, and some or all of the spiral case piers
are placed in the first stage concrete forming a skeleton (b) Watertight concrete or other serviceabili
structure. The embedded turbine parts, and the sloping requirements affected by shrinkage cracking.
floor and roof of unlined concrete spiral cases are cast in
the second stage concrete. This arrangement allows early  (c) Openings, blockouts or other discontinuities
“water-up” of the project, and also allows each unit to be the placement that tend to generate cracks.
placed “on-line” upon its completion while construction
continues in neighboring bays. Keys should be formed (d) A need for a vertical construction joint, such
in the vertical construction joints of the first stage con- the one normally used between the intake and pov
crete, and reinforcing dowels provided so the completed house structures, to allow flexibility in concrete placi
structure acts monolithically. Where the vertical joints schedules for different construction areas.
are subjected to headwater or tailwater pressure, reinforc-
ing should also be adequate to resist the hydrostatic (e) The temperature-controlled concre
loading created in the joint. When embedding steel lined requirements.
spiral cases, the lift heights below the center line of the
distributor lift heights are limited to 5 feet. (8) As a general guide, base slabs up to 100 {
wide, can be placed, without need for intermediate ve
(4) To prevent distortion of the turbine liner concrete cal joints, using a 3-inch aggregate, temperaty
should be placed in layers such that there is no more controlled concrete, and a batching and placing capab
than a one foot height differential of fresh concrete of 150 cubic yards per hour. Because of the tende
against the liner. The liner is to be continuously sprayed for shrinkage cracks to radiate out from the turbine
with water during cure of the concrete. blockout, the greatest dimension for a spiral case n
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pour shouldbe limited to 70 feet, using 3-inch aggregate
temperature-controlledconcrete. By using additional

reinforcing to minimize crack widths for satisfying the

watertight concrete requirements,pour widths can be

increased. With the addedreinforcing, and by carefully

establishingthe temperaturecontrol requirementsiit is

seldom necessaryto resortto segmentedwaterstopped
roof placementsusedin the pastfor unlimited concrete
spiral cases.

(9) When vertical constructionjoints are requiredin
the substructurethey should extend upward through the
massivepart of the structure,but need not extend into
less massivepiers, slabsor walls. Vertical construction
joints should be keyed, and adequateshearfriction rein-
forcing shouldbe providedacrossthe joint to developthe
requiredshearcapacity.

(10) A sloping constructionjoint should be located
at the top of the main intermediatepiersin the intake and
draft tube. The roof of the water passages then placed
acrossthe top of the preparedsurfaceof the piers. Due
to the slope of the roof, severalhorizontally placedlifts
are usually requiredto completethe roof. Wherethe lift
tendsto featherout to the roof form, the pour line should
be dubbed down 12inches to eliminate the feathered
edge.

(11) Considerationshould be given to the location
of horizontal constructionjoints on exposedfaces. A
V-notch rusticationcan be chamferingthe joints in keep-
ing with the architecturaktreatment.

4-8. Waterstops

Waterstops across contraction joints are necessaryto
preventleakageand obtain satisfactorydry operatingand
working conditions. They are requiredto excludewater
under head in the substructureand to ensureweather-
tightnessof the joints in the superstructure. Material of
rubber or polyvinylchloride (PVC) is suitable for this
purpose. Extensive experiencein the use of molded
rubberor extrudedpolyvinylchloride waterstopsin joints
of conduits and hydraulic structures have proved the
practicability and advantagesof using either of these
materials. Copper waterstopswere used in the past,
however, they will fail where yielding foundations or
other conditionsresultin differential movementbetween
monoliths. They are also easily damagediuring installa-
tion. PVC or rubberwaterstopswith a centerbulb can
withstand this type of movementand are recommended
for usein hydroelectricproducts. A wider width is indi-
cated for waterstopsin the substructurewhere large

aggregate is used and higher water pressures exist than
for waterstops to be installed in low-pressure areas or for
weather-tightness only. Waterstops should be placed as
near to the surface as practicable without forming weak
corners in the concrete that may spall as a result of
weathering, or impact, and should create a continuous
barrier about the protected area. All laps or joints in
rubber waterstops should be vulcanized or satisfactorily
cemented together, and joints in “PVC" waterstops
should be adequately heat sealed. Waterstops in contact
with headwater for structures founded on rock should
terminate in a recess formed by drilling holes 6 inches
deep into the rocks and should be carefully grouted in
place. Occasionally, double waterstops are required in
pier joints, one on either side of a formed hole, contain-
ing bituminous material. In some important locations,
two waterstops and a drain should be used to ensure
water-tightness.

4-9. Draft Tubes

The outline of the draft tube is usually determined by the

turbine manufacturer to suit the turbine operating require-
ments. However, in most cases, the manufacturer will be
limited by certain physical requirements, such as the
spacing and setting of the units, depth of foundations,
and elevation of tailrace. The draft-tube portion of the

substructure should be designed to withstand all loads
that may be imposed on it, including superstructure
loads, foundation reactions on the piers, tailwater on the
roof, and the bursting effect of tailwater inside the draft-

tube. Uplift under the floor of the draft-tube should also

be considered in the design of the slab even when relief
drains are provided. The upstream ends of intermediate
piers should have heavy cast or structural steel nosing
(usually furnished by the turbine manufacturer) to with-

stand the concentrated vertical load and to protect the
piers from erosion. Piers between adjacent draft-tubes
are usually bisected by the monolith contraction joint

from which water is excluded by seals near the gate slot.
Therefore, each half pier must be designed for the pres-
sure of tailwater on the inside of the draft tube as a nor-
mal condition. It is advisable to consider also the

possibility of unbalanced load in the opposite direction in

case of failure of a contraction joint seal with the draft-

tube unwatered.

4-10. Spiral Cases
a. General. Spiral cases should be designed to

withstand the bursting pressure of maximum headwater
plus water hammer.
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b. Types of spiral cases. The typd spiral case
depends on the power plant being considered.

(1) For low-head plants they may be of unlined
concrete with engineered reinforcement to withstand
applied dead, hydraulic and equipment loads.

(2) For medium and high head plants, they should be
made of steel plate with shop welded longitudinal joints.
Circumferential joints may be either field welded or high
strength bolted, depending on the turbine manufacturers
design. Welded joints should be double-vee butt joints
made under strict quality control and in accordance with
the provisions of ASME. It is preferred that the “c”
sections of spiral cases requiring field welding be butt-
welded to skirt plates which should be shop-welded to
the stay rings. All longitudinal welds should be radio-
graphed. Ordinarily, stress relieving will not be required.
When considering spiral cases under high head, and
when shipping, handling, and erection cost would control,
consideration should be given to the use of high strength
steels.
hydrostatically with a test pressure equal to 1-1/2 times
the maximum design pressure.

c. Construction details.

(1) Consideration should be given to under-drainage
of the turbine floor to intercept seepage upward through
the spiral case roof. Under-drainage should consist of a
grid of shallow trenches in the concrete subfloor covered
by porous concrete planks, and overlaid by a 3 inch
gravel bed. The vertical joint between the intake struc-
ture and the spiral case roof should contain a double
waterstop and drain. Where the spiral case piers are
placed in the first of a two-stage concreting operation
described in paragraph 4,7and extend above the spiral
case roof line, the joint between the piers and roof should
be double waterstopped. Consideration should also be
given to providing a grouted contact strip in the contrac-
tion joint between adjacent spiral case piers at approxi-
mately mid-height of the pier. When a unit is unwatered,
unbalanced hydrostatic load will be shared by both piers.
The contact strip is constructed by injecting grout into a
formed recess about 3 inches wide and 12 inches high
located in the contraction joint. A waterstop should be
located just above and below the recess to prevent grout-
ing the entire joint.

(2) The substructure may be “skeletonized” and the
downstream wall and portions of the side walls or piers
completed prior to embedment of the spiral case. In this
case a minimum clearance of 2 to 3 feet must be left

Completed spiral cases should be proof tested

between the spiral case liner and the concrete wallg
the recess. The transition section from penstock to sy
case extension should not be encased. A penstock 1
or gallery should be provided to house the transiti
penstock coupling, and when required, a butterfly
spherical closure valve. A Dresser-type coupling sho
be used to connect the penstock to the spiral case.
lifts of concrete around the spiral case liner should
limited to the depth specified in paragraph &é-7A mini-
mum of 72 hours per lift shall elapse between the plag
of each successive lift. Bent steel 'J’-pipes 6 inches
more in diameter should be provided for placing concr
under the stay ring, discharge ring, and spiral case.
number of 'J’ pipes required depends on the size of
spiral case. Concrete may be pumped through the
pipes using a positive displacement concrete pu
After concrete placement is complete the 'J’ pipes sho
be filled with concrete and left in place.

d. Embedment conditionsTwo methods of embed
ment of steel spiral cases in concrete are commonly u

(1) When steel spiral cases are to be embedde
concrete in an unwatered condition, the top portion of
spiral case should be covered with a compressible m
brane to ensure that the spiral case liner resists intg
pressure by ring tension with only a small load bei
transmitted into the surrounding concrete. The comprsg
ible membrane should consist of sheets of closed
foam material with the property that a 1/4-inch-thi
piece deflects 0.10 inch under a 50-psi uniform press
applied normal to the surface. Polyvinylchloride fog
and polyurethane foam are acceptable, and the shee
this material should be attached to the spiral case |
with an adhesive. The thickness of the membr:
depends on the diameter and thickness of the spiral
liner, and the internal pressure being resisted. The c
pressible membrane should extend to the first const
tion joint below the horizontal centerline of the spir
case. A drain should be provided along the lower lim
of the compressible membrane in order to prevent trg
mitting stress to the concrete through a water medium

(2) When steel spiral cases are to be embedde
concrete under a pressurized condition, a test barrg
used to close off the opening between the upper
lower stay rings, and a test head is attached at the
of the spiral case extension. The spiral case is filled W
water and pressurized to the test pressure or to a preg
equal to head water plus water hammer while encaser
concrete is placed. Grout and vent holes in the stay
are fitted with plugs which remain in place until th
spiral case is unwatered. After concrete has been plé
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at leastone lift abovethe top of the spiral case,and the
top lift hassetat least72 hours,the spiral caseshouldbe
unwateredand the test barrel and test head removed.
Workable concrete should then be placed through the
bent steel 'J’ pipes to fill the void under the stay
ring/dischargeing. Neithera compressiblenembraneor
drains are requiredfor embeddingspiral casesunderthe
pressurizedcondition, except when low alloy steels or
high strength quenchedand temperedalloy steels are
usedfor spiral caseconstruction,consideratiorshouldbe
givento providing drains.

e. Concreteplacing The use of mechanicalvibra-
tors will not be permittedcloserthan 5 feet to any part
of the spiral case,stay ring/dischargering, or draft tube
liner, exceptthat small vibratorsmay be loweredthrough
the grout holesin the stayring to vibrate concreteplaced
throughthe steel’J’ pipes.

(1) Concreteplacementthrough the steel 'J’ pipes
should be accomplishedn a single lift operationwhich
brings the concreteto within about1 inch of the lower
stayring. After a minimum sevenday cure period, grout
fill pipesshall be attachedto grout holes spacedevenly
aroundthe stay ring, and non-shrink grout injected at a
headnot exceeding6 feet. A vent hole shall be located
approximately midway between grout holes to permit
escapeof entrappedhir and water.

(2) Concrete reinforcement above the spiral case
should be designedto distribute the generatorpedestal
and turbine floor loads to the stay ring and the spiral
casepiersandwalls.

4-11. Generator Pedestals

The generatorgexceptin somelow-headplants,is usually
supportedon a heavy concretepedestal. The details of
this pedestawill dependon the makeand type of gener-
ator to be installed. It shouldbe of massiveconstruction
and should be designedto resist vibrational forces from
the moving mechanicalparts, the heavy loads from the
thrust bearing,and the short circuit torque of the genera-
tor. It is usually designedto supportthe generatoroom
floor also. Openingsin the pedestalshould be provided
on all four sideswhen practicablefor accesso andven-
tilation of the turbine pit. Adequateheadroom shouldbe
provided betweenthe undersideof the generatorand the
generatormlatform, if oneis used,and betweenthis plat-
form andthe turbine walkway.

4-12. Bulb Turbine Supports

Bulb turbines are supported in a much different manner
than the typical vertical shaft Francis or Kaplan unit. A
typical cross section of a bulb unit is shown in Fig-
ure 4-1. The main element of support for a bulb turbine
is the stay column. It must carry the weight of the rotat-
ing parts, most of the stationary parts, and the hydraulic
loads due to thrust, hydrostatic pressure, and transient
loading. A typical stay column consists of an upper and
lower support column fixed to the inner and outer stay
cones. The inner stay cone forms the inner water pas-
sage and houses the turbine parts. The outer cone forms
the outside water passage surface. This cone and both
support columns are embedded in concrete, thereby trans-
mitting all loads to the structure.

4-13. Types of Superstructures

The main superstructure may be one of three types:
indoor, semi-outdoor, or outdoor. The indoor type com-
pletely encloses the generators and the erection bay and
has an inside crane runway supported by the walls of the
structure. The semi-outdoor type consists of a continu-
ously reinforced slab over generators and erection bay
supported by heavy transverse walls enclosing 2 or
3 units. The powerhouse crane is an outdoor gantry with
one runway rail on each side of the low superstructure.
Sliding hatches in the roof over each generator and in the
erection bay provide access for handling equipment with
the crane. In the outdoor type, each generator is pro-
tected by a light steel housing which is removed by the
outdoor gantry crane when access to the machine is
necessary for other than routine maintenance. The erec-
tion and repair space is in the substructure and has a roof
hatch for equipment access. Choice of type should be
dictated by consideration of first cost of the structure
with all equipment in place, cost of maintenance of
building and equipment, and protection from the ele-
ments. The indoor type affords greatest protection from
the weather and facilitates operation and maintenance of
equipment. The semi-outdoor type may sometimes have
a marginal economic advantage insofar as it pertains to
the cost of the structure, but this advantage will not
always offset the increased equipment cost. The outdoor
type is structurally the most economical at sites with low
maximum tailwater. The structural economy must, how-
ever, be weighed against increased cost of generator
housing, greater crane costs, and increased maintenance
of equipment.
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FIG. 4-1. TYPICAL CROSS SECTION THRU BULB UNIT.
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Figure 4-1. Typical cross section thru bulb unit

4-14. Superstructure - Indoor Powerhouse Wall pours should not be made more than about 10
in height. Horizontal rustications should be used at
a. Framing. The framing of the superstructure may pour joints on the exterior side where practicable in or

be cast-in-place or precast reinforced concrete, pre- to prevent unsightly spalling; hence, locations of joirnlfis

stressed concrete, structural steel, or a combination. The and pour heights will depend partly on the exterior arg
choice is dependent on economy and architectural tectural treatment. In the interior of the powerhoy
requirements. where neat appearance is essential, it will be necessa)
provide a smooth, dustless surface. The requirements
b. Concrete walls. Concrete exterior walls may be obtaining such a surface are contained in EM 1110
cast-in-place with uniform thickness, column and spand- 2000. Sack rubbing of the concrete surfaces should
rel wall, precast panels, or prestressed precast units. avoided insofar as practicable. Contraction joints in
They must all be designed to withstand the stresses from same vertical plane as those in the substructure shoul
possible loading combinations and at the same time pro- provided in the superstructure walls. Criteria for ope
vide the necessary space requirements, both for embed-ings in exterior walls are given in paragraph 3-1.
ded items and interior clearances. Provisions must
usually be made for carrying loads imposed by bridge c. Steel framing and walls While self-supporting
cranes and the rails are usually supported by continuous concrete walls are usually preferred in the generator
corbels or wall offsets at the elevation of the rails. erection bays, their justification is dependent upon ed
Exterior concrete should not be rubbed nor should form omy and tailwater limitations. Where economica
liner be used, but a rigid specification for forming should feasible, steel framing with curtain walls or insulat
be set up to insure reasonably smooth, plane surfaces. Inpanels should be used where the generator floor is al
some cases, special finishes, such as bush hammered orthe maximum tailwater. The use of steel framing m
striated concrete, may be considered for special architec- in some cases, be desirable to permit the early instd
tural effect. Matched tongue-and-groove lumber of tion and use of the crane runways and crane. T
2-inch nominal thickness is satisfactory for sheathing. advantage should, however, be evaluated only in term
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overall cost. The steelframing for eachmonolith should
be a separateunit, with no steel exceptthe cranerails
crossingthe contractionjoints. Cranerail splicesshould
be staggereda few incheswith the joints. One bay in
each monolith should be diagonally bracedin both roof
andwalls. Bentsmay be composedf columnssupport-
ing simple beamsor girders or may be rigid frames.
Trussesshould be used only if dictated by unusually
heavy loads and long spans. In caseit will usually be
advantageougo weld shop connectionsand bolt field
connections. Exceptionsshouldbe madefor field splices
in long rigid frames,which should be welded for struc-
tural continuity.

(1) If steel framing is used in other parts of the
structure, it is usually of the conventional beam and
columntype usedin office buildings.

(2) Suspendedceilings should be avoided unless
economicallyjustifiable. Inner tile walls to concealthe
steel columnsor rigid frames should be avoided. Not
only is concealmentof the steel consideredunjustified
but high thin walls are a hazardstructurally.

d. Floors. Floors systems should be reinforced
concreteflat slabsor one or two-way slabswith a 6-inch
minimum thickness. The typesof floor finishesand cove
details designatedfor the various parts of the super-
structure are given in paragraph3-4a. Placementof
concretein floor slabs should be stopped sufficiently
below finish gradeto allow for appropriatefinishes. The
thicknessof the structural slab will in many casesbe
determinedby the memberand size of electricalconduits
which it must encase. Separateconcretefill placedon
top of the structural slabsto encaseconduitsis uneco-
nomical but can be usedwherelarge numbersof conduits
must be accommodatedor where reinforcementin the
structural slab is closely spaced. If used,it is recom-
mendedthat the generatorroom floor be designedas a
slab of uniform thickness supportedon the upstreamand
downstreamwalls and at the generatorpedestaland car-
ried on double columnsat the contractionjoints. Build-
ing contractionjoints with water stopsshould be carried
throughall floor slabs. Shrinkageand temperaturesteel
shouldbe providedin the topsof all slabs. At hatchways
throughfloors, flush socketsshould be provided for the
installationof temporaryrailings for protectionof person-
nel at timeswhenthe coversareremoved.

e. Roofs. Roof framing will usually consistof pre-
cast, prestressedinits such as tee’s, double tee’s or hol-
low coreplank. If structuralsteelframingis used,it will
usually be fabricated steel girders supporting steel

purlins, which in turn, support the roof deck. Slope for
drainage should be provided by the slope of the roof
deck or the use of sloped insulation. The use of light-
weight or sawdust concrete should be avoided. Insula-
tion, embedded in hot bitumen or mechanically fastened
should be applied over a vapor seal course to the roof
slab or deck. Foam insulation should be avoided due to
the unevenness of application. Thickness of insulation
should be determined by an analysis of heating and cool-
ing requirements. Roofing criteria are given in
paragraph 3-2.

f. Future extensions. A temporary end wall must be
provided for a superstructure which will at some future
time, be extended to house additional units. The con-
struction of the temporary wall should be such that it
may be easily removed, and with a minimum of interfer-
ence in the operation of the station. The temporary wall
below the maximum tailwater elevation should be made
of precast concrete slabs, supported on a steel frame-
work, designed to resist the tailwater pressure, and sealed
with rubber or polyvinylchloride water seals at all joints.
The remainder of the temporary wall could be made of
prefabricated metal panels which can be removed and
possibly utilized in the future permanent end wall.

g. Vibration. The superstructure in the generator
monoliths will be subject to vibration caused by the
generating units. In order to minimize the effect of
vibration on the main structural framing, the superstruc-
ture should be made as rigid as practicable. Concrete
columns and walls should be integral with floor slabs and
girders. Steel beams should be framed into columns and
girders with full depth connections and not with seat
angles alone. In some cases it may be desirable to use
top flange clip angles also. Special attention should be
paid to framing connections in light floors, balconies,
stairways, and roofs and to fastenings of gratings, prefab-
ricated metal panels, precast slabs and handrails.
Threaded or welded handrail connections are preferred to
pin connections. The effect of vibration in a generator
monolith is, of course, greater on members close to the
unit than on those at a distance. Also, members in parts
of the structure separated from the generator monoliths
by contraction joints will be less affected. Therefore, the
designer must use careful judgment in determining the
extent to which vibration will influence the design of
such members.

4-15. Intakes

a. Type of intakes. Intakes may be classified as low
pressure, or high pressure, according to the head on the
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inlet, but there is no definite line of demarcation separat- varies from two to six inches or more, depending on
ing the two types. For low-head plants and for develop- size and type of turbine and the minimum operat
ments where the pool drawdown is small, low-pressure clearances. Bar thickness should be consistent
intakes are used. If the pool drawdown is to be large, structural design requirements, with the vibratior
such as on many multipurpose projects, the intake will be effects resulting from flowing water being considered.
of the high-pressure type. It is advantageous to locate thick bar should be used with the depth of the bar c
the intake high as practicable in order to minimize trolled by the allowable working stress.
weights and travel distance of gates, size of hoist, etc., as
well to keep the sill above possible silt deposits. Low- (2) The design of the guides and centering devi
pressure intakes are usually incorporated in the dam and, for the rack sections should receive careful attenti
for low-head plants, are also part of the powerhouse Clearances should be small enough to prevent off
structure. High-pressure intakes may be in the dam itself interfering with removal of the racks, or operation of
or may be in a separate structure or structures in the rake if one is provided. Embedded members on
forebay. The essential requirement if the two types are guide slots should have corrosion-resisting exposed
the same, but the details and equipment may be radically faces. Corrosion-resisting clad steel is satisfactory
different. Features common to practically all intakes are: the purpose.
trash racks, gates, steel bulkheads, concrete stoplogs, or
all three, and converging water passage or passages. (3) For high-pressure intakes in concrete dams,
trash rack supporting structure is sometimes built
b. Shape of intake. The lines of the intake should be from the face of the dam in the form of a semicircle
carefully laid out to obtain water velocities increasing order to gain rack area to maintain low velocities.
gradually from the racks to the penstock, or to the spiral
entrance. Abrupt changes in area of the water passage d. Gates. Provisions for emergency closure of
should be avoided in order to minimize turbulence and intake downstream from the racks is necessary to prd
consequent power loss. The sections between the rectan-the generator unit. A vertical lift gate in each wat
gular gate and the round penstock entrance is particularly passage is usually provided and is normally suspen
important. The transition is ordinarily made in a distance just above the roof of the intake from a fixed hoist. ¢
about equal to the diameter of the penstock. Model tests very low-head multiunit plants a single set of intake gal
are of great value in determining a satisfactory shape of operated by a gantry crane is adequate and will be
intake, especially if Juvenile Fish Bypass is a design expensive than individual gates operated by fixed hoi
consideration. In either type of installation, self-closing tractor gat
capable of operating under full flow are provided. Fix
c. Trash racks. Trash racks are usually vertical in wheel gates may be the most economical type for inta
order to economize on length if intake structure. For where a gantry crane will be used for operation. Bron
low-head intakes, however, where the increase in length brushed wheel bearings should be used if the wheels
of structure would be small or where considerable trash be submerged when the gate is in the stored posit
accumulation may be expected, they are often sloped to otherwise, antifriction bearings can be used. For all
facilitate raking. Water velocities at the racks should be the lowest head intakes, “caterpillar” type gates w
kept as low as economically practicable with a maxi- corrosion-resisting steel rollers and tracks have b
mum, for low-pressure intakes, of about 4 feet per sec- found to be the most economical.
ond. For high-pressure intakes, greater velocities are

permissible but should not exceed about 10 feet per (1) In selecting the position of the gate slots, lim|k

second. ing velocities of flow as well as economical gate si
should be considered. If the slots are located too
(1) The racks are usually designed for an unbalanced downstream, where the opening is small, power reduc
head of 10 to 20 feet of water and are fabricated by from eddy losses may be more costly than a larger g
welding in sections of a size convenient for handling. The duration of peak demand on the plant will also aff
For low-head intakes, stresses due to complete stoppagethe location of the slots, since a higher velocity may
and full head should be investigated and should not tolerated for a short time. In any case, however, it
exceed 150 percent of normal stresses. If the racks are advisable to keep the maximum velocity in feet per
to be sheathed for the purpose of unwatering the intake, second below that given by the expression:
case |l working stresses should not be exceeded for that I
loading condition. The clear distance between rack bars V'=0.12 y2gh
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in which h is the headon the centerline of the gate at
normal power pool.

(2) Slotsfor stoplogs or bulkheadgatesare usually
provided just upstreamfrom the gatesso the gate slots
may be unwateredfor maintenanceoperations. In case
whereheadwatelis neverfar abovethe top of the intake,
the racks are sometimesdesignedto support sheathing
for unwatering.

(3) Essentialfixed metalin the slop-log slots should
have corrosion-resistingexposed surfaces, since these
slots cannotbe easily unwateredor repairs.

e. Air vents. Sinceemergencyclosuremustbe made
underfull flow conditions,negativepressuresvill tendto
buildup at the top of the intake just downstreamfrom a
downstream-sealingyate as the gate is lowered. To
prevent excessivenegative pressuresfrom occurring in
the penstock during emergency gate closure and to
exhaustair during penstockfilling operations,one or
more air vents shouldbe providedjust downstreamfrom
the gate. The air vents should be of sufficient size to
maintain a pressureof not less than 1/2 atmospherein
the penstockat the maximum rate of depletionof water
from the penstockunder emergencyclosure conditions.
The openingin the intake roof should be as close as
practicableto the gate. The upperend of the air passage
should be opento the atmospherenell above maximum
headwaterand in a location not readily accessibleto
personnel. Gatessealingon the upstreamside are some-
timesused. Air ventsin the penstockmay thenbe elimi-
nated, as enoughair will be introducedinto the water
passagethrough the opening betweenthe downstream
side of the gateandthe concretestructure. Gateslots for
both the upstreamand downstreamseal gatesshould be
adequatelyented by the use of open grating coversor
by othermeans.

f. Preventionof ice troubles Periodsof freezing
weather are likely to cause trouble with ice at low-
pressureintakes, and the design of plants in northern
latitudesshouldtake this into account.

(1) Frazil and anchorice may causeloss of headby
forming on, or clogging rack openings,or may immobi-
lize racksand gatesby massingin the slots. Continuous
surfaceice tendsto preventthe formation of frazil and
anchorice, andfor this reasonan ice sheetin the forebay
is more beneficial than otherwise,exceptas it interferes
with raking, or at breakupwhenit mustbe chutedto the
tailraceor passedver the dam.

(2) Formation of ice may be prevented in the slots
by means of electric heaters in casings embedded in the
piers next to the guides and on the racks by a bubbler
system with outlet nozzles just below the bottom of the
racks and far enough upstream for the released air to
carry the ice particles to the surface without coming in
contact with the racks. At the surface the ice is sluiced
to the tailrace.

4-16. Penstocks and Surge Tanks

a. Details and design. The determination of the
diameter of penstock and the selection of size, type, and
location of surge tank, if one is used, involve rather
complex economic considerations. Therefore, only
details of design will be discussed.

b. Free standing penstocks and surge tank¥he
penstock should be designed for full pressure due to
static head caused by maximum elevation of the operat-
ing range for the intake pool plus waterhammer.
Waterhammer studies should be conducted to determine
transient pressures at any point along its length. The
following design conditions and their corresponding
allowable stresses for carbon steels (see ASME, Boiler
and Vessel Pressure Code, Sections 8 and 9 when other
steels are used) are to be considered for these structures.

(1) This condition includes maximum, minimum,
and rated turbine static heads plus waterhammer due to
normal operation, load rejection and load acceptance. It
also includes stresses due to gravity loads and longitudi-
nal stresses due to penstock movement. The allowable
stress for this basic condition is equal to the smaller of
1/4 of the specified tensile strength or 1/2 of the speci-
fied yield strength. The load acceptance condition
includes minimum static head and loading the turbine
from speed no load to full gate opening at the maximum
rate of gate opening. This condition will indicate a mini-
mum pressure grade line for the determination of sub
atmospheric conditions. Amstutz buckling criteria should
be used for embedded conduits. Stewart buckling criteria
should be used for non-embedded conduits. If a valve is
used as an emergency closure device, the conditions at
maximum flow and maximum head with maximum valve
closure rate must be analyzed.

(2) This includes conditions during filling and drain-
age of the penstock or surge tank and seismic loads
during normal operation. The allowable stress for this
condition is equal to 1/3 of the specified tensile stress or
2/3 of the specified yield point, whichever is less.
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(3) This condition includes the governor cushioning
stroke being inoperativand partial gate closure in 2/a
seconds at a maximum rate, whdreequals the conduit
length in feet anda equals the pressure wave velocity in
feet per second. The allowable stress for this condition
is equal to 1/2 of the specified tensile strength, but in no

(e) Upon completion, and prior to insulation at
painting, surge tanks should be tested by filling the ta
with water to a point 1 foot from the top of the shell af
maintaining this water level for not less than 24 hours,
such additional time as may be required to inspect
plates, joints, and connections for leaks or signs of (

case shall this stress exceed the specified minimum vyield tress. Preferred water and shell temperatures for the

stress.

(a) After combining longitudinal and circumferential
stresses in accordance with the Hencky-Mises Theory,
whereS? = S2+S§+S2, the allowable stresses are not to

should be not less than 60 °F.

(f) In long penstocks, a surge tank may be necess
to prevent the fluctuation of water-hammer flow fro

seriously interfering with turbine regulation (see 4-16(f|§.

be exceeded by the resulting equivalent stress at any Free-standing penstocks should be constructed so g

point on the penstock or surge tank.

(b) Minimum shell thicknesses are recommended for
all steel penstocks to provide the rigidity needed during
fabrication and handling. This minimum may be com-
puted from the formula = D + 20/400, whereD equals
the diameter in inches an@ equals the minimum shell
thickness in inches. A thinner shell may, in some cases,
be used if proper stiffeners are provided during fabrica-
tion, handling, and installation.

(c) Welded joints should be butt-welds made under
strict procedure control by qualified operators, and in
accordance with the provisions of CW-05550, welded
power penstock and surge tanks. All longitudinal seams
should be examined radiographically in accordance with
CW-05550.

(d) Completed penstocks with an operating head
greater than 100 feet, should be hydrostatically tested
with an internal pressure that will produce a hoop stress
of 1.5 times the allowable stress. Penstocks with operat-

permit any leakage to drain to tailwater without press
izing the surrounding regulating outlet conduit. Care
attention should be given to anchorage of the penst
against longitudinal thrust.

c. Power conduit linings The function and many o
the details of construction and erection for an integra
embedded steel liner are similar to a free-standing f
stock; however, the loading conditions are different. T
steel lining, concrete encasement, and if present,
surrounding rock act together to resist the pressu
EM 1110-2-2901 outlines in detail the loading conditio
and allowable stresses for a conduit under embankm
or rock. In both instances, external pressures must
accounted for as well as the internal pressures.

d. Water velocities and water hammeThe velocity
of flow in penstocks depends largely upon turbine regu
tions but is seldom lower than 6 feet per second. Inv|
high-head plants velocities as high as 30 feet per sed
have been used. For medium-head plants at maxin
discharge, velocities of about 12 to 18 feet per sec

ing heads less than 100 feet should be pressure tested ifare typical. It should be noted that the allowable streg
they are unusually long, as may be the case of power for the components of the turbine spiral case, spiral g
tunnels or some conduits. Care should be taken when extension, valve, and valve extensions are different t
specifying test pressures to indicate where on the pen- those for the penstock. Refer to the guide specificati
stock the pressure is to be measured. This will ensure (CE-2201.01, CE-2201.02, and CE-2201.03, etc.)
that the penstock is not overstressed during the test. If these allowable stresses. The point of division betw
the entire penstock cannot be tested as a unit, individual the penstock and spiral case/valve extension is cust
sections are to be tested in the shop after they have beenarily defined as the limit of supply for the turbine and/
radiographed. The pressure should be applied three valve manufacturer.

times, being increased and decreased slowly at the uni-

form rate. The test pressure should be held for a length (1) Changes in the rate of flow in penstocks cal
of time sufficient for the inspection of all plates, joints, variations in pressure known as water hammer. Th
and connections for leaks or signs of distress. It is desir- changes in flow rate can be caused by the turbine wig
able that the test be performed when the pipe and water gate motions due to power changes or load rejecti
have a temperature of not less than 60 °F. The penstock unit runaway, and closure of the emergency valve
should be vented at high points during filling to prevent gate. The magnitude of the pressure variation is def
formation of air pockets. dent upon the length of penstock, the velocity of t
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water, and the rate of changeof the flow. When the

turbine gatesclosedueto a decreaseén load, the pressure
increasesbovethe steadyfull load gradient. As the gate
movement ceases,the gradient drops below that for

steadyfull load, then fluctuateswith diminishing ampli-

tude betweenthe maximumand minimum positionsuntil

the movementis dampedout by friction. When an

increasein load causesthe turbine gatesto open, the

gradientfirst drops below that for steadyfull load, then

fluctuatesin a mannersimilar to that describedfor gate
closure. The penstockmustbe designedat every point to

withstand both the maximum and minimum pressureat

that point as determinedby the highestand lowest posi-

tion of the water-hammepressuregradient.

(2) The subject of water hammer is covered in
Hydroelectric Handbook by Creagerand Justin, Hand-
book of Applied Hydraulics by Davis, EngineeringFluid
Mechanics by Jaeger,and WaterhammerAnalysis by
John Parmakian. Prior to developmentof plans and
specifications,the hydraulic system should be modeled
using a digital computerto simulate the various design
conditionsand configurationsof the hydroelectricfacility.
The Corps has had a computer program (WHAMO)
especiallydevelopedo simulatewater hammerand mass
oscillation in hydro-powerand pumping facilities. This
program or one equal to it should be used for this
purpose. The Hydroelectric Design Center should be
consultedprior to usageof WHAMO.

e. Bends,wyes, and tees. The distance from an
elbow or bendin a penstockto the turbine inlet should
be as greatasthe layout will permitin orderthat distur-
bancesin the flow at the bend will not affect turbine
performance. If a butterfly valve is used,its centerline
should be at least 3 penstockdiametersupstreamfrom
the center line of the unit. The penstock must be
anchoredat bendsto withstandthe centrifugal forces of
the waterasit changedirection. Anchoragesare usually
blocks of massconcreteencasingthe pipe. Wyes and
tees involve internal pressureson noncircular sections
and require specialdesign. Often the entire wye branch
or teeis encasedn reinforcedconcrete,sometimeswith
embeddedsteel girdersand tie rods, to preventdeforma-
tion and concentratiorof stressesn the shell. An exam-
ple is the tee at a surgetank riser. Stressanalysis of
wyes and tees can be done as outlined in “Design of
Wye Branchedor SteelPipe” publishedin the June1955
edition of Journal of The AmericanWater Works Associ-
ation. For large structuresor unusual configuration, a
finite elementanalysismay be necessary.

f. Surge tanks and stability For isochronous (iso-
lated from the power grid) operation, a minimum ratio of
water-starting time to mechanical starting time is required
for stability. Usage of a surge tank (which decreases
water starting time) or a flywheel (increases mechanical
starting time) may be employed. Surge tanks also mod-
erate water-hammer pressures. In long penstocks the
fluctuation of water-hammer pressure may seriously
interfere with turbine regulation unless relief is provided.
For this purpose, a surge tank is generally used at the
lower end of a penstock longer than about 400 feet. For
simple surge tanks, the minimum area is usually 50 per-
cent larger than the Thoma area. Isochronous operation
capability should be provided for all but the smallest
units. Surge tanks are of three basic types: simple,
restricted-orifices, and differential. Also for underground
stations where the rock is suitable, a surge chamber
(accumulator) can be employed. A discussion of the
advantages and disadvantages of each type as well as an
outline of design procedures,is contained in Chapter 35
of Hydroelectric Handbookby Creager and Justin.
Waterhammer Analysiby Parmakian also covers solu-
tions of simple surge tanks. The WHAMO program is
also capable of medeling all types of surge tanks as well
as predicting hydraulic instability. It is recommended
that the Hydroelectric Design Center or an engineer who
has a successful record in surge tank design be retained
to analyze the flow regulation problem and design the
tank at any power project where long penstocks are to be
used and isochronous unit operation is a requirement.

4-17. Switchyard Structures

The most suitable and economical general arrangement
and design of outdoor high-voltage switchyards should be
based on consideration of the scheme of high-voltage
switching employed, the voltage and capacity of the main

buses and transmission lines, the number of generator or
transformer and transmission line bays required, the
location of the main power transformers, the direction of

transmission lines leaving the yard, and size and topo-
graphy of the space available.

a. The switchyard should be arranged to provide
adequate space for the safe movement of maintenance
equipment and for the future movement of circuit
breakers and other major equipment into position without
de-energizing existing buses and equipment. A chain
link woven wire fence approximately 7 feet with lockable
gates should be provided to enclose the entire switchyard.
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b. An arrangement using high truss-type structures 4-20. Retaining Walls
and either strain or rigid-type buses requirethmimum
of ground area and is generally used for yards rated Walls subject to earth pressure, such as tailrace walls
161 kv and below. An arrangement using low flat-type foundation walls at the shore end of the powerhouy
structures with rigid buses is generally used for yards may be of the gravity, semi-gravity or cantilever typ
230 kv and above and may also be used for lower- depending upon economy, and should be founded
voltage yards where adequate space is available. This solid rock wherever possible. Where sound rocks ri

design utilizes separate A-frame structures for dead- above the bottom of the tailrace at the shore side, ejf

ending the transmission lines and individual lightweight vation may be saved by anchoring a concrete facing
structures for supporting the buses, disconnects and other the rock and building the gravity wall above.
equipment. This arrangement is considered the most
reliable and all equipment is easily accessible for inspec- 4-21. Area Drainage
tion and maintenance.
Roof drains should be provided with basket-type strain

c. The switchyard structures and transmission line and should be connected to interior leaders discharg
take-off towers have special requirements in regard to into the headwater or the tailrace. All floors should hg
loading, rigidity, resistance to shock, installation, and flush drains to carry wash water, seepage, and pos:

maintenance. ~Standards for the design of switchyard leakage from tanks to the station sump or, if the al
structures to meet these special requirements have beendrained is well above maximum tailwater, to the tailrac|f.

developed on the basis of long experience of the power

industry and are summarized in NEMA Publication a. Angles and abrupt bends in drain lines should

SG 67, “Power Switching Equipment.” avoided insofar as possible, and cleanouts should
provided where necessary to facilitate clearing the pip¢

d. The switchyard structures should be designed for
the initial power installation but with provision for
expansion as additional generating units and transmission
lines are installed in the future.

b. Floors should be sloped so that drains are W
removed from electrical equipment, and particular att

tion should be paid to all details to avoid damage to s
equipment caused by leaks or clogged drains.

4-18. Reinforcing Steel c. In cold climates drain piping must be locaté

) ] . . where temperatures will not drop below freezing or m
Reinforcement should be designed using the requirements pq properly insulated. Outlets should be well bel

set forth in the latest edition of ACI 318 “Building Code  (ajlwater to prevent formation of ice at the discharge.
Requirements for Reinforced Concrete,” and as amended

by EM 1110-2-2104 “Strength Design for Reinforced 4.22. Chamfers, Grooves, and Rustications
Concrete Hydraulic Structures.” Guide specification

CW-03210 “Steel Bars, Welded Wire Fabric and Acces- Exterior square corners are undesirable in concrete
sories for Concrete Reinforcement” provides the neces- struction because of their tendency to break remova
sary details for tests, cutting, bending, and splicing of forms or as a result of weathering or impact. Chamf

reinforcement. are usually formed on all exposed corners, but partic
attention should be paid to this detail on the exter
4-19. Encasement of Structural Steel walls. Chamfers of ample size should be provided at

ends of monoliths, forming V-grooves at the contracti

When the framing of the powerhouse is structural steel, joints. Horizontal V-grooves, or rustications are son
the members shall not be encased, except for certain times used for architectural reasons and lift heig
locations where appearance is a factor, such as office should then be planned so that the rustication will oc
space and lobby, or where a fire hazard exists. at the horizontal joints.
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Chapter 5
Physical Security

5-1. Protection Plan

For every hydropower installation a detailed, written
protection plan shall be developed, which will use avail-
Although
the primary area of concern should be protection from
terrorist threats, all aspects of protection design should be
(A recommended source of advice is the

able resources in the most efficient manner.

addressed.
Missouri River Division (MRD), the Corps’ Technical
Center of Expertise for Protection Design.)

a. Type of protection.

consideration in the indicated sequence.

(1) Importance of the power supply to National
Security, to the regional power base, and project opera-

tional requirements.

(2) Definition and analysis of area to be protected,
and other pertinent consideration inherent to the problem
such as existing hazards, either natural or man-made.
(Threats from the stored water in the reservoir, from

landslide or avalanche, from forest or brush fire, etc.)

(3) Operation, maintenance, and other requirements

which must be integrated into the security plan.

(4) Environment-political, economic,
surrounding terrain, weather and climate.

legal,

(5) Costs of material and equipment to be installed,
as well as availability of funds to provide at least mini-

mum protection for all critical areas.

In determining the type and
extent of physical protection required at an installation,
the following pertinent factors should be taken into

(6) Feasibility, personnel and equipment costs, :
the best method of providing adequate cost effecl
protection.

b. Architectural design. The architectural design
the structure should incorporate necessary security de
features.

(1) A minimum of windows,
ground level.

particularly nea|

(2) Well anchored steel doors and frames.

(3) Transformers and power transmission lin
located, or protected, to discourage threat activities.

c. Key elements in developing the protection pl
The response analysis should be assessed. The ci
item to be estimated is the response time for secy
forces (project guards, local law enforcement agents, ¢
to reach the installation once they are alerted.
powerhouse operator should not be considered a pa
the security forces. Once the response time is estimg
then a threat analysis should be performed. This wd
consider the most probable route of intruders to the m
vulnerable areas of the hydropower installation. TH
various delay zones (fences, walls, etc.) should be d
sidered, each with its own intrusion detection syste
The threat analysis should result in a series of de
zones so that the total time for the intruders to reg
critical area of the hydropower installations, from fin

detection, exceeds the response time by security forcej.
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Chapter 6
Retrofitting Existing Projects

6-1. General

The addition of hydropower facilities at the existing
Corps of Engineers projects must not jeopardize the
public interest relative to water control management for
flood control, navigation, water supply, water quality,
recreation and other project proposes. In addition, those
aspects of the design that could affect the safety of the
project must be consistent with Corps standards as to
requirements of this manual and all referenced manuals
and regulations. To ensure compliance with this policy
when development is by non-federal licenses, the Corps
of Engineers will review and approve the proposed
detailed design analysis and plans and specifications for
those hydraulic, structural and mechanical features that
could affect the integrity and safety of the total project.
Major items of concern, but not necessarily limited to,
are discussed as follows:

6-2. Hydraulic Design Considerations

a. Proposals. Proposals to add hydropower facili-
ties at Corps of Engineers projects must thoroughly
address the hydraulic design details and the overall func-
tional capability. Items that must be addressed include
the following.

(1) Streamlining of entrance to power penstock from
flood control conduit must be addressed.

(2) Streamlining to preclude cavitation in flood con-
trol conduit at junctions with penstock or gate slots must
be addressed.

(3) Positive and negative pressure surges due to
powerhouse load rejections, load acceptance, and unit
runaway is another important item to address.

(4) Reassessment of water quality provisions to
include size and location of multi-level intakes and com-
patibility of powerhouse release requirements with water
quality requirements is an important item.

(5) Means of dewatering power facilities without
interrupting water quality and/or flood control releases
must be addressed. However, some powerhouses with
long penstocks, or those with only gates or valves imme-
diately upstream of the powerplant need not be

dewatered except under emergency conditions. T
procedure can be followed only if it does not impg
upon dam safety of flood control regulations. This ty
of penstock can be inspected using divers or remo
operated cameras.

(6) Effects of adding trashracks in the existir
intake if required for equipment protection must
addressed.

b. Submittals. Submittals proposing inclusion
addition of hydropower combined with water quality a
or flood control facilities at Corps of Engineers projeq
must include a hydraulic design analysis covering
operating and emergency conditions. Presentations
to address all items discussed above. Information
energy and pressure grade lines throughout the hydra
passages covering maximum and minimum conditi
with local pressure drops at such places as bends, j
tions, transitions, gate slots, etc., is necessary. The
sentations must include an analysis of the effects @
powerhouse load rejection. The degree of detail is to
sufficient for the study stage being presented, althoug
final design stage. a transient analysis utilizing state
the-art computer programs must be performed
reviewed by a Design Center. The requirements appl
proposals from others (to be accomplished at th
expense) as well as to in-house proposals.

c. Penstocks. The existing regulating outlet condd
offer an available connection between the reservoir
potential hydropower facilities. Regulating outlet co
duits ar flood control or other non-power projects g
usually designed for non-pressurized (open channel) f
conditions. for the most part, these conduits are of rg
forced concrete designed to withstand external rock
embankment loads and external hydrostatic pressu
Once hydropower facility is connected, the primary str
tural concern is that an existing regulating outlet cond
becomes a power penstock subject to internal press
equal to full pool plus any transient pressures due
water manner effects. Submittals proposing inclusion
addition of facilities at Corps of Engineers projects m
include structural and geotechnical analysis covering
operating and emergency conditions. Presentations
to address all items covered in this guidance. The de
of detail presented should be sufficient for the stu
stage being presented. This applies to proposals f
others (to be accomplished at their expense) as well g
in-house proposals. The following paragraphs preg
acceptable design criteria for converting regulating ou
conduits to power penstock (downstream control).
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6-3. Geotechnical Considerations

Original geologic conditions upon which project design
was based,and upon which cut and cover or lines or

unlined tunnelswere constructedmust be known so that
safety and original design benefits are not reduced.
Water must not be allowed to escapeinto the dam abut-
ments from pressurizedtunnelsto causeslope stability
problemsor groundwaterchangesthat might affect the
dam. An investigationof geologic conditionsrelative to

the design proposedfor a pressurizedtunnel must be
made. Existing lined tunnels may concealvoids, shear
zones, rock of low deformation modulus, etc. When
modifying existing lined tunnels, design shall recognize
and provide for the above possibilities, just as it would

for unlined tunnelscontaininggeologicweaknesses Full

length grouting behindlinings or other measuresnay be
necessary. If an existing tunnel is acting as a drainage
featurein an abutment,intentionally or unintentionally,
the possibility of groundwaterpressurechangesoccurring
after modification shouldbe evaluated. The function and
many of the details of constructionand erectionfor an
integrally embeddedsteel liner are similar to a free-
standing penstock; however, the loading conditions are
different. The steellining, concreteencasementand if

present,the surroundingrock act togetherto resist the
pressures.EM 1110-2-2901outlinesin detail the loading
conditions and allowable stressesfor a conduit under
embankmentsor rock. In both instancesgexternal pres-
sures must be accountedfro as well as the internal
pressures.

6-4. Tunnels in Rock Abutments

An existing outlet tunnel (unlined or lined with other
than steel) should be investigatedto determineto what
extentthe tunnel should be lined with steelplate to pre-
vent leakagethat could presenta dangerto the dam or
abutment. The extentof steelliner plate shouldbe suffi-
cientto preventleakagealong rock fissuresor joints that
interceptthe dam or downstreanof the imperviouszone.
An existing tunnel liner must be investigatedfor internal
pressureghat will occur once the hydropowerfacility is
installed. In regions of an existing regulating outlet
tunnelliner wherethe rock coveris insufficient to offset
internal pressurespr where geologic weaknessesgxist, a
new liner may be requiredfro structuralreasons. A steel
linerplate could be grouted in place and designedas
compositewith an existing concreteliner, provided the
existing liner reinforcementis adequateor all loads (see
EM 1110-2-2901). If the tunnel is unlined of if the
existing liner reinforcementis inadequate,a separate

free-standing penstock or new reinforced concrete liner
with composite steel liner plate should be provided.

6-5. Cut and Cover Conduits

a. General. In its existing non-pressurized condi-
tion, these conduits are generally reinforced concrete
structures without steel plate liners. To prevent leakage
that would endanger the embankment dam, a steel lining
is required from the upstream face of the impervious
zone to the powerhouse. A reinforced concrete liner
composite steel liner plate, or a free-standing penstock,
may be required to structurally accommodate the internal
full pool pressures resulting from downstream control
plus additional pressures due to water hammer effects.

b. Circular conduits. A steel liner grouted to be
integral with the existing concrete liner may be used
provided the requirements of EM 1110-2-2901 are met.
If the existing concrete reinforcement does not meet the
above requirements, a free-standing type penstock or new
reinforced concrete liner with composite steel liner plate
should be provided.

c. Non-circular conduits A free-standing penstock,
erected within and independent of the existing regulating
outlet conduit, should be provided.

6-6. Free-Standing Penstocks Within Conduits

Free-standing penstocks constructed within an existing
conduit shall be designed in accordance with para-
graph 4-16, penstocks and surge tanks. Plates and joints
should be designed for full pressure due to static head
plus water hammer as well as any negative pressures
developed by hydraulic transients. All joints should be
welded except for the connection of the penstock to the
spiral case, which is normally a flexible type. Free-
standing penstocks should be constructed so as to permit
any leakage to drain to tailwater without pressurizing the
surrounding regulating outlet conduit. Careful attention
should be given to anchorage of the penstock against
longitudinal thrust.

a. Gates and valves. The addition of hydropower
facilities must include provisions for isolating the power-
plant so as not to interfere with the project original pur-
pose. When the existing flood control conduit is
modified for penstock use, a closure device such as a
butterfly or spherical valve or a gate must be provided at
the powerhouse end of the penstock for shutoff of flow
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during emergency closure or during normal maintenance components require careful analyzing and investigafpn
of the equipment. for any adverse cavitation or structural effects. One s|fch
item subject to structural loading greater than origingfly
(1) The closure device should be designed for maxi- thorough analysis of the effects such changes would Hjve
mum penstock head including water hammer and on the system when used in the original operation m{de
hydrostatically tested for 150 percent of the maximum for the project purpose. During powerhouse operat/pn
design conditions. The valve operator must be capable the vents are subject to full hydrostatic pressure includ g
of closing the device in from 2 to 5 minutes as practical water hammer, and therefore structural adequacy sh{juld
for its size. The closure capability must be achievable be thoroughly investigated for this condition as well |is
without outside power. Thus, an energy storage device the seismic condition.
such as an accumulator or counterweight is required.
c. Bifurcation. In most instances, the utilization
(2) The closure of the normal water passage at the the existing regulating conduit requires diverting t
downstream end for diverting flow to the turbine is sub- water flow from the conduit to the power producin
ject to the specific project layout. Gates or valves used facilities. The method of accomplishing this obijecti
for this purpose must be designed for the maximum requires a bifurcation or diverting box depending of tlje
water pressure, including water hammer, and subject to specific site conditions. The method chosen must|jpe

hydrostatic testing in place. thoroughly analyzed for potential cavitation or structu|fl
effects and may require model testing to verify tF
b. Vents. When the existing flood control facilities design. For further structural requirements, dge

are utilized for hydropower purposes, all the existing paragraph 4-16e.
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Rated Max. | Min. Unit Cl Dist. To | CI Dist. To | Discharge

Powerplant Unit Nos. | Division District Type River, County, State Turbine Mfr. HP RPM Head Head Head Spacing Draft Tube Min. Tw Dia.
Albeni Falls 1-3 CENPD Seattle Kaplan Pend Orellle Rr, Bonner Co, ID Baldwin-Lima-Hamilton 19,600 | 54.5 22 34 g' 78 65' -2' 282"
Allatoona 1&2 CESAD |Mobile Francis Etowah River, Bartow Co, GA S. Morgan Smith 50,000 @ 112.5 135 170" 104.3' 54' 33 13 165"
Allatoona 4 CESAD |Mobile Francis Etowah River, Bartow Co, GA Allis-Chalmers 4,050 450 152 170" | 104.5' 18.5' 7' 39.25"
Barkley 1-4 CEORN |Nashville Kaplan Cumberland Rr, Lyon Co, KY Newport News Shipbldg. & Drydk. Co. | 58,000 = 65.5 44 72 18 86' 69' 7' 300"
Beaver 1&2 CESWD Little Rock |Francis White River, Carroll Co, AR Newport News Shipbldg. & Drydk. Co. 77,400 105.9 164’ 206" 122 61' 42 7.2' 185.25"
Big Bend 1-3 CEMRD |Omaha Fixed Blade Prop. Missouri River, Buffalo Co, SD English Elect. Export & Trading Co. 90,300 | 81.8 67 75' 50' 86 70 -2' 278"
Big Bend 4-8 CEMRD |Omaha Fixed Blade Prop. Missouri River, Buffalo Co, SD English Elect. Export & Trading Co. 90,300 81.8 67' 75' 50’ 86' 70' -2' 278"
Big Cliff 1 CENPD Portland Kaplan North Santiam Rr, Linn Co, OR Baldwin-Lima-Hamilton 26,500 | 163.5 91 98’ 73 48.67" 33.7 -2' 148.2"
Blakely Mt. 1&2 CELMV Vicksburg Vertical Shaft Ouachita River, Garland Co, AR S. Morgan Smith 52,000 | 120 168 196" 135 56' 40' 7' 180"
Bonneville 1 0 CENPD Portland Kaplan Columbia Rr, Multnomah Co, OR S. Morgan Smith 5,000 257 50 70' 32 81"
Bonneville 1 2 CENPD Portland Kaplan Columbia Rr, Multnomah Co, OR S. Morgan Smith 66,000 75 50 69' 25.7' 82' 59.6' 5.5 280"
Bonneville 1 1 CENPD Portland Kaplan Columbia Rr, Multnomah Co, OR S. Morgan Smith 66,000 75 50’ 69' 25.7' 82' 59.6' 5.5' 280"
Bonneville 1 3-6 CENPD Portland Kaplan Columbia Rr, Multnomah Co, OR S. Morgan Smith 74,000 75 60' 69' 25.7' 82' 59.6' 5.5 280"
Bonneville 1 7-10 CENPD Portland Kaplan Columbia Rr, Multnomah Co, OR S. Morgan Smith 74,000 75 60’ 69’ 25.7' 82' 59.6' 5.5' 280"
Bonneville 2 11-14 CENPD Portland Kaplan Columbia Rr, Multnomah Co, OR Allis-Chalmers 105,000| 69.2 52' 70' 32.5' 94 72.12' -7.87 331.2"
Bonneville 2 15-18 CENPD Portland Kaplan Columbia Rr, Multnomah Co, OR Allis-Chalmers 105,000| 69.2 52' 70' 32.5' 94" 72.12 -7.87" 331.2"
Bonneville 2 F1 & F2 CENPD Portland Kaplan Columbia Rr, Multnomah Co, OR Sulzer/Escher-Wyss 20,700 @ 156.5 59' 68’ 32.5' 43' 30.5' -20' 140"
Broken Bow 1&2 CESWD |Tulsa Francis Mountain Fork Rr, McCurtain Co, OK Allis-Chalmers 69,000 | 128.6 599.5' 639.7' | 559’ 55' 35 4.2' 152.1"
Buford 3 CESAD |Mobile Francis Chattahoochee Rr, Forsyth Co, GA Newport News Shipbldg. & Drydk. Co. 55,000 @ 277 136 151" @ 101 43' 16' 2' 66"
Buford 1&2 CESAD Mobile Francis Chattahoochee Rr, Forsyth Co, GA Newport News Shipbldg. & Drydk. Co. 55,000 100 136' 153' 107 62' 39 7' 180"
Bull Shoals 1-4 CESWD |Little Rock Francis White River, Baxter Co, AR Allis-Chalmers 52,000 | 128.6 190 237" 127 54 33 11 152.5"
Bull Shoals 5-8 CESWD |Little Rock |Francis White River, Baxter Co, AR Newport News Shipbldg. & Drydk. Co. | 62,200 @ 128.6 190 237" | 127 54' 33 10.7' 152.5"
Carter's 1&2 CESAD Mobile Francis Coosawattee Rr, Murray Co, GA Newport News Shipbldg. & Drydk. Co. 172,000 163.6 345' 403" | 315 63' 38’ -13' 166"
Carter's 3&4 CESAD |Mobile Francis Coosawattee Rr, Murray Co, GA Allis-Chalmers 173,000/ 150 345' 403" | 315 63’ 33 -22' 170"
Center Hill 1-3 CEORD Nashville Francis Cumberland Rr, Dekalb Co, TN Baldwin-Lima-Hamilton 62,500 | 105.9 160' 207’ 131 58 38 3.8 180.5"
Center Hill SS CEORD |Nashville Francis Cumberland Rr, Dekalb Co, TN S. Morgan Smith 1,400 720 160’ 207’ 131" 15' 2' 26.25"
Cheatham 1-3 CEORD |Nashville Kaplan Cumberland Rr, Cheatham Co, TN  |Newport News Shipbldg. & Drydk. Co. | 20,000 60 22' 29' 9' 82' 65' 6.6' 274"
Chief Joseph 1-4,15&16. | CENPD Seattle Francis Columbia River, Douglas Co, WA S. Morgan Smith 100,000 100 165' 178.5' 148’ 70' 42 7' 192"
Chief Joseph 17-27 CENPD |Seattle Francis Columbia River, Douglas Co, WA Hitachi 136,000| 112.5 163' 196' 130 70' 42! 7' 215"
Chief Joseph 5-14 CENPD Seattle Francis Columbia River, Douglas Co, WA Newport News Shipbldg. & Drydk. Co. 100,000 100 165' 178.5' | 148 70' 42 7' 196.9"
Chief Joseph SS1&2 CENPD Seattle Francis Columbia River, Douglas Co, WA Pelton 3,500 514 171 184 148' 22 28.5' 4 39"
Clarence Cannon 1 CELMV |St. Louis Kaplan Salt River, Ralls Co, MO Allis-Chalmers 42,900 | 128.6 75' 107 69’ 75' 47.2' -9' 185"
Clarence Cannon 2 CELMV |St. Louis Francis Salt River, Ralls Co, MO Allis-Chalmers 42,900 75 75' 107 69' 82' 50' -9' 231"
Cordell Hull 1-3 CEORD |Nashville Kaplan Cumberland Rr, Smith Co, TN Baldwin-Lima-Hamilton 58,200 = 65.5 44' 58' 26' 86' 69' 6.5' 290"
Cougar 1&2 CENPD Portland Francis McKenzie River, Lane Co, OR James Leffel, (See Notes) 17,250 400 321' 448' 257.2' 34 15' 5.5 64.2"
Dale Hollow 1-3 CEORD |Nashville Francis Obey River, Clay Co, TN S. Morgan Smith 25,000 | 163.6 140' 154 115 42' 24 7' 113.5"
Dardanelle 1-4 CESWD Little Rock Kaplan Arkanasas River, Yell Co, AR D-WI&S 42,850 75 38’ 53' 20' 80' 60’ 4.5 257"
De Gray 1 CELMV |Vicksburg |Francis Caddo River, Clark Co, AR Newport News Shipbldg. & Drydk. Co. = 63,000 =150 171 216" | 144 49' varies varies 156.5"
De Gray 2 CELMV |Vicksburg |Francis Caddo River, Clark Co, AR Newport News Shipbldg. & Drydk. Co. | 43,240 | 128.5 171 216" | 144 49' varies varies 194.38"
Denison 1&2 CESWD |Tulsa Francis Red River, Bryan Co, OK S. Morgan Smith 56,000 90 102.5' 131' | 75.5' 64' 43" 7.4 191.5"
Detroit T&2 CENPD Portland Francis N. Santiam Rr, Linn Co, OR Baldwin-Lima-Hamilton 70,000 | 163.6 285’ 375’ 225’ 54 32' 5 130"
Dexter 1 CENPD Portland Kaplan Willamette River, Lane Co, OR Newport News Shipbldg. & Drydk. Co. | 20,700 @ 128.6 51' 58.3' 51' 51' 36' -4.6' 159"
Dworshak 3 CENPD Walla Walla Francis Clearwater Rr, Clearwater Co, ID Allis-Chalmers 346,000 128.6 560' 615.5' | 460.5' 54 46' 7' 192"
Dworshak 1&2 CENPD Walla Walla Francis Clearwater Rr, Clearwater Co, ID Allis-Chalmers 142,000| 200 560' 625" | 470 47’ 36' 1 125"
Eufaula 1-3 CESWD Tulsa Francis Canadian River, Mcintosh Co, OK Newport News Shipbldg. & Drydk. Co. 41,500 100 96' 125 70' 61' 42' 8.2' 182"
Fort Gibson 1-4 CESWD |Tulsa Francis Grand Neosho Rr, Wagoner Co, OK |Baldwin-Lima-Hamilton 16,000 100 59' 90’ 56' 53 34.25' g' 151.25"
Fort Peck, Plant No.1 2 CEMRD Omaha Francis Missouri River, McCone Co, MT S. Morgan Smith 20,000 164 140' 216' 120 46' 32 9.45' 104.88"
Fort Peck, Plant No.1 1&3 CEMRD Omaha Francis Missouri River, McCone Co, MT S. Morgan Smith 50,000 | 128.6 170 216' 120 46' 32' 9.45' 146.56"
Fort Peck, Plant No.2 4 &5 CEMRD Omaha Francis Missouri River, McCone Co, MT Allis-Chalmers 63,500 | 128.6 170 210’ 115 56' 36' 5' 155.5"
Fort Randall 1-4 CEMRD Omaha Francis Missouri River, Charles Mix Co, SD | Allis-Chalmers 57,500 @ 85.7 112 145' | 75.5' 70 42' 9' 204"
Fort Randall 5-8 CEMRD Omaha Francis Missouri River, Charles Mix Co, SD | Allis-Chalmers 57,500 | 85.7 112 145" | 75.5' 70 42' 9' 204"
Foster 1&2 CENPD Portland Kaplan S. Santiam River, Linn Co, OR Baldwin-Lima-Hamilton 13,800 257 101 115 80' 40' 24 -10' 95.84"
Garrison 1-5 CEMRD Omaha Francis Missouri River, McLean Co, ND Baldwin-Lima-Hamilton 88,000 90 150' 184 99' 75' 46' 47’ 210.5"
Gavin's Point 1-3 CEMRD |Omaha Kaplan Missouri River, Yankton Co, SD Baldwin-Lima-Hamilton 54,000 75 48' 80' 40' 80' 60’ 8' 264"
Green Peter 1&2 CENPD Portland Francis Santiam River, Linn Co, OR Allis-Chalmers 55,000 | 163.6 265' 321' 186' 45' 28 6' 150"
Green Peter F1 CENPD Portland Francis Santiam River, Linn Co, OR James Leffel 2,000 900 290’ 290’ 161 45’ 28' -15' 23.4"
Greers Ferry 1&2 CESWD Little Rock |Francis Little Red River, Cleburne, AR Baldwin-Lima-Hamilton 66,300 = 120 176' 214" | 156 56' 37 left 162"
Harry S. Truman 1-6 CEMRD Kansas Adj. Blade Incl. Axis Osage River, Benton Co, MO Baldwin-Lima-Hamilton 42,400 100 42.5' 79.2' 41' 52' 30.9' 20' 255.6"
Hartwell 5 CESAD Savannah |Francis Savannah River, Hart Co, GA Voest - Alpine 109,500 112.5 170 187" | 143 68’ 42' 11 192"
Hartwell 1-4 CESAD |Savannah |Francis Savannah River, Hart Co, GA Newport News Shipbldg. & Drydk. Co. ' 91,500 = 100 170' 187" 144’ 68' 42 7'
Hill's Creek T&2 CENPD Portland Francis Willamette River, Lane Co, OR Baldwin-Lima-Hamilton 21,700 277 256' 320" [181.5 38 17 6.2' 74"
Ice Harbor 1-3 CENPD Walla Walla |[Kaplan Snake River, Walla Walla Co, WA Allis-Chalmers 143,000 90 89' 105 78' 86' 70.67' -16.5' 280"
Ice Harbor 4-6 CENPD Walla Walla Kaplan Snake River, Walla Walla Co, WA Allis-Chalmers 174,000| 85.7 89' 102 72 86' 70.67' -16.5' 300"
Island Creek 1-3 CESAD Wilmington |Axial & Adj. Blade Roanoke River, Mechlenburg Co, VA S. Morgan Smith 1,250 600 40' 50' 14 57"
J. Percy Priest 1 CEORD | Nashville Fixed Blade Prop. Stones River, Davidson Co, TN Allis-Chalmers 42,700 | 128.6 78' 100 65' 42' -1 180"
J. Strom Thurmond 1-7 CESAD [Savannah [Francis Savannah River, McCormack Co, SC Newport News Shipbldg. & Drydk. Co. | 55,000 | 100 136' 152" | 118 62' 39’ 8' 178"
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Appendix B - Tabulation of Turbine and Generator Data

Planning and Design of Hydroelectric Power Plants - S04-002

Turb. Wt. | Turbine Upgraded Upgraded Upgraded Upgraded
Powerplant Unit Nos. (tons) Upgrade | Turbine Mfr. Upgrade Date = Max Power Rated Power Rated Head Notes Generator Mfr. KVA PF

Albeni Falls 1-3 232.5 - - General Electric | 15,778 | 90%
Allatoona 1&2 550.8 Westinghouse 40,000 | 90%
Allatoona 4 25 Westinghouse 2,500 [ 80%
Barkley 14 115 General Electric = 36,111 | 90%
Beaver 1&2 81.5 Westinghouse 58,947 | 95%
Big Bend 1-3 250.5 Westinghouse 61,579 | 95%
Big Bend 4-8 250.5 Westinghouse 61,579 | 95%
Big CIiff 1 Westinghouse 20,000 | 90%
Blakely Mt. 1&2 70 Westinghouse 41,667 | 90%
Bonneville 1 0 Elec. Mach. Corp. | 5,000 | 80%
Bonneville 1 2 900 Y Voith Siemens 12/30/1994 80,000 76,000 60" Max NH 70, Min NH 32.15' General Electric | 48,000 | 90%
Bonneville 1 1 142 Y Voith Siemens 12/30/1994 80,000 76,000 60' Max NH 70', Min NH 32.!5' General Electric | 48,000 | 90%
Bonneville 1 3-6 900 Y Voith Siemens 12/30/1994 85,000 76,000 60’ Max NH 70", Min NH 32.5' General Electric © 60,000 | 90%
Bonneville 1 7-10 900 Y Voith Siemens 12/30/1994 85,000 76,000 60’ Max NH 70", Min NH 32.5', As of 03/25/08 U8 & U9 are in process of being completed General Electric = 60,000 | 90%
Bonneville 2 11-14 1,125 General Electric 70,000 | 95%
Bonneville 2 15-18 1,125 General Electric 70,000 | 95%
Bonneville 2 F1 & F2 175 Westinghouse 13,800 | 95%
Broken Bow 1&2 325 Allis-Chalmers 52,632 | 95%
Buford 3 74.5 Y Alstom 6/14/1999 9,770 157.4' Max NH 173.48', Min NH 131.7' Westinghouse 6,667 | 90%
Buford 1&2 423.25 Y Alstom 6/14/1999 79,500 79,500 148.7' Max NH 169', Min NH 121.7' Westinghouse 44,444 | 90%
Bull Shoals 1-4 30 Allis-Chalmers 45,105 | 95%
Bull Shoals 5-8 36 Allis-Chalmers 47,368 | 95%
Carter's 1&2 40 Allis-Chalmers 131,579 | 95%
Carter's 3&4 40 General Electric | 131,579 | 90%
Center Hill 1-3 80 General Electric 50,000 | 90%
Center Hill SS Elliott 1,000 | 80%
Cheatham 1-3 550 Westinghouse 13,333 | 90%
Chief Joseph 1-4, 15&16. 3325 Westinghouse 67,368 | 95%
Chief Joseph 17-27 General Electric = 100,000 | 95%
Chief Joseph 5-14 332.5 Westinghouse 67,368 | 95%
Chief Joseph SST1&2 Elliott 721 4%

Clarence Cannon 1 520 General Electric | 28,421 | 95%
Clarence Cannon 2 1,036 General Electric 28,421 | 95%
Cordell Hull 1-3 246 General Electric | 37,037 | 90%
Cougar 1&2 79 Y GE 12/3/2002 22,100 19,700 321 Elliott 13,158 | 95%
Dale Hollow 1-3 246 Westinghouse 20,000 | 90%
Dardanelle 1-4 720 Y Voith Siemens 8/8/1994 56,000 55,350 46.75' Max NH 51", Min NH 24' Westinghouse 32,632 | 95%
De Gray 1 50.5 Allis-Chalmers 42,105 | 95%
De Gray 2 69.5 Allis-Chalmers 29,474 | 95%
Denison 1&2 501.3 Westinghouse 36,482 | 95%
Detroit 1&2 437 Westinghouse | 55,556 | 90%
Dexter 1 206.6 General Electric 15,000 [100%
Dworshak 3 860 Allis-Chalmers 233,684 | 95%
Dworshak 1&2 206.5 Allis-Chalmers 94,737 | 95%
Eufaula 1-3 443.2 Westinghouse 31,579 | 95%
Fort Gibson 1-4 51 Allis-Chalmers 12,500 | 90%
Fort Peck, Plant No.1 2 25.1 Allis-Chalmers 16,667 | 90%
Fort Peck, Plant No.1 1 &3 50.9 Allis-Chalmers 38,889 | 90%
Fort Peck, Plant No.2 4 &5 54.7 Elliott 42,105 | 95%
Fort Randall 1-4 55 -m Westinghouse 42,105 | 95%
Fort Randall 5-8 55 Westinghouse 42,105 | 95%
Foster 1&2 54.7 Allis-Chalmers 10,526 | 95%
Garrison 1-5 178.5 Y Alstom 2/12/1998 149,500 149,500 163 Max NH 178', Min NH 140 General Electric 84,211 | 95%
Gavin's Point 1-3 195 General Electric | 35,100 | 95%
Green Peter 1&2 178.5 Westinghouse 42,105 | 95%
Green Peter F1 195 General Electric 1,500 | 95%
Greers Ferry 1&2 39 Elliott 50,526 | 95%
Harry S. Truman 1-6 136 General Electric 28,386 | 95%
Hartwell 5 136 Canadian Gen. Elec/ 84,211 | 95%
Hartwell 1-4 39 Westinghouse 73,333 | 90%
Hill's Creek T&2 45 BB 15,789 | 95%
Ice Harbor 1-3 940 General Electric | 99,723 | 95%
Ice Harbor 4-6 45 General Electric | 122,947 | 95%
Island Creek 1-3 30 Westinghouse 1,000 [100%
J. Percy Priest 1 380 Allis-Chalmers 31,111 | 90%
J. Strom Thurmond 1-7 480 | Y Voith Siemens 9/30/1998 79,000 72,500/ 129' Max NH 148.5", Min NH 114’ General Electric | 44,444 | 90%
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Appendix B - Tabulation of Turbine and Generator Data

Planning and Design of Hydroelectric Power Plants - S04-002

SIX'0IPAH 914

Gen. Wt. Power Rewind Capacity | Rewind Above Cap.
Powerplant Unit Nos. KW | Max. KW KV | SC Ratio Reactance WK*2 Gen. Dia. | (tons) on Line Rewind Mfr. (kVA) (kVA) Rewind Date
Albeni Falls 1-3 14,200 | 16,330 | 13.8| 1.100 55.0% 55,000,000 48.5' 157.5
Allatoona 1&2 36,000 41,400 13.8| 1.293 43.0% Rotor: 39000000 38' 418 See notes. |ABB Power Generation. Inc. 47,000 1,000 See notes.
Allatoona 4 2,000 2,300 2.3 1.100 Normal 89,000 6.33' 28.25 2/17/1950 |NEC Magnetek 3,000 1251984
Barkley 1-4 32,500 42,500 13.8| 1.100 51.0% 114,000,000 50' 676.9 1/20/1966
Beaver 1&2 56,000 84,000 | 13.8 1.175 31.5% 41 486.5 1/1/1983
Big Bend 1-3 58,500 58,500 |13.8| 1.175 31.5% 109,400,000 45' 677.5 See notes. [Magnetek Ntl Elec Coil 67,274 5,695/See notes.
Big Bend 4-8 58,500 58,500 13.8| 1.175 31.5% 109,400,000 45' 677.5 See notes.
Big Cliff 1 18,000 | 18,000 ' 14.4 1.100 31 237.3 National Electric Coil 25,000 5,000
Blakely Mt. 1&2 37,500 43,000 13.8| 1.100 42.0% 114,000,000 40' 484 10/1/1955
Bonneville 1 0 4,000 2.4 9/28/1937
Bonneville 1 2 43,200 | 49,680 | 13.8| 1.100 44.0% 113,000,000 48' 6/6/1938 Voith Siemens 55,200 0/2007
Bonneville 1 1 43,200 | 49,680 | 13.8| 1.100 44.0% 113,000,000 48' 335 5/17/1938 |Voith Siemens 55,200 0/2004
Bonneville 1 3-6 54,000 62,100 13.8| 1.300 44.0% 113,000,000 48' 1,000 See notes. Voith Siemens 69,000 0/U3: 02, U4:99, U5: 02, U6:99
Bonneville 1 7-10 54,000 62,100 #13.8| 1.300 44.0% 113,000,000 48' 1,000 See notes. |U 10: Voith Seimens 69,000 0/U 10: 2000
Bonneville 2 11-14 66,500 66,500 | 13.8 1.175 42.0% 164,960,000 52.17 850 See notes. See notes.
Bonneville 2 15-18 66,500 66,500 | 13.8 1.175 42.0% 164,960,000 52.17 850 See notes.
Bonneville 2 F1 &F2 13,110 | 13,110 @ 13.8 1.175 45.0% 4,231,000 22'x 30 165
Broken Bow 1&2 50,000 57,500 | 13.8 1.175 41.0% 34,400,000 40" 348.5 See notes. U1: National Electric Coil Ul: 15,780 0 U1:5/1/2003
Buford 3 6,000 6,900 | 13.8| 1.100 44.0% Rotor: 765,703 12.5' 91 7/26/1957 |Alstom 7,870 203
Buford 1&2 40,000 | 46,000 | 13.8| 1.100 43.0% |Rotor: 83,288,687 35' 638 See notes. |Alstom 69,300 0/U1: 2003, U2: 2004
Bull Shoals 1-4 42,750 | 49,000 | 13.8] 1.170 42.0% 34,000,000 40' 360 See notes. |Alstom 45,000 9,4732004
Bull Shoals 5-8 47,500 | 55,000 13.8| 1.175 41.0% 34,000,000 40' 362.8 See notes. INEC 50,000 2,633 4/6/1983
Carter's 1&2 125,000 143,750 13.8 1.175 37.0% Rotor: 95,700,000 42 775 See notes. INEC 131,500 19,815 6/13/1905
Carter's 3&4 125,000 143,750 13.8 1.175 Rotor: 90,200,100 44 651 See notes. |ABB Power Generation, Inc. 131,500 19,815 U1, 03/12/92; U2, 02/12/92.
Center Hill 1-3 45,000 | 52,000 | 13.8| 1.100 43.0% 55,000,000 40' 450 1951
Center Hill SS 15 15 480V 35.0% 5.83' 7.5 1951 1/1/1983
Cheatham 1-3 12,000 | 13,500 | 13.8' 1.100 54.0% 47,500,000 4417 431.6
Chief Joseph 1-4,15&16. | 64,000 67,368 13.8| 1.170 43.0% 84,000,000 42.5' 600 See notes. |Westinghouse 88,270 10,796 1/1/1987
Chief Joseph 17-27 95,000 100,000 13.8| 1.175 32.4% 96,600,000 46' 540
Chief Joseph 5-14 64,000 67,368 13.8| 1.170 43.0% 84,000,000 425 600 See notes. |Westinghouse 88,270 10,796 1/1/1987
Chief Joseph SS1&2 3,000 3,000 2.4 1.000 Normal 75,000 12.33"Max., 29.5 Jun-55 Rewedge date: 1/1/1983
Clarence Cannon 1 27,000 27,000 13.8| 1.175 43.0% 15,500,000 35' 265 Nov-84
Clarence Cannon 2 27,000 27,000 | 13.8 45' 432.5 Nov-84
Cordell Hull 1-3 33,333 33,333 ' 13.8| 1.100 45.0% 114,000,000 54.17'Max. 584.5
Cougar 1&2 12,500 | 14,375 @ 6.9 1.175 38.0% 1,498,000 22' 101.9 GE Hydro 15,132 3,500 2005
Dale Hollow 1-3 18,000 | 18,630 | 13.8| 1.100 42.0% 7,500,000 28.33' 195.8 1/1/1981
Dardanelle 1-4 31,000 35,600 13.8| 1.175 48.0% 54,500,000 42.67' 460 Ul: Siemens Ul: 42,368 1,077 U1: 1998
De Gray 1 40,000 | 46,000 13.8| 1.175 40.0% 34,000,000 38 331 See notes.
De Gray 2 28,000 32,200 13.8| 1.175 36.0% 19,200,000 39' 124.18 | See notes.
Denison 1&2 35,000 40,200 13.8| 1.500 43.0% 55,000,000 39.17 497 Alstrom 53,500 17,019 5/2005-5/2006
Detroit T&2 50,000 ' 57,500 | 13.8] 1.760 31.0% 29,000,000 38.25 590 National Electric Coll 70,032 6,142 U1: 3/15/2008, U2: Ongoing
Dexter 1 15,000 | 17,250 | 13.8 1.250 46.0% 9,000,000 31.67' 262 GE 22,364 5,114/1997
Dworshak 3 222,000/ 222,000 13.8| 1.175 25.4% 200,000,000 48.17' 921 4/20/1973
Dworshak 1&2 90,000 90,000 13.8| 1.175 63.0% 36,200,000 36.08'
Eufaula 1-3 30,000 34,500 13.8| 1.175 44.0% 31,900,000 39.17 345 7127/1964
Fort Gibson 1-4 11,250 | 12,938 | 13.8| 1.100 49.0% 13,500,000 23’ 226.5 Mar-53
Fort Peck, Plant No.1 2 15,000 | 17,250 | 13.8 1.260 40.0% 7,000,000 25.5' 165 See notes. INEC 18,250 0/1978
Fort Peck, Plant No.1 1&3 35,000 40,250 13.8| 1.100 39.0% 30,000,000 36' 350 See notes. INEC 43,500 0/1978
Fort Peck, Plant No.2 4 &5 40,000 | 46,000  13.8| 1.170 42.0% 39,500,000 35.33 411.4
Fort Randall 1-4 40,000 | 46,000 | 13.8| 1.170 46.0% 82,000,000 43 614 See notes.
Fort Randall 5-8 40,000 | 46,000 | 13.8] 1.170 46.0% 82,000,000 43 614 See notes.
Foster 1&2 10,000 | 11,500 | 4.2 1.750 42.0% 2,000,000 See notes.| 115.5
Garrison 1-5 80,000 92,000 13.8| 1.960 34.0% 150,000,000 50' 1,122.50 Alstrom 28,000, U4&5 115,000 3:16474, U4&5: 3,474 5/2002-7/2005
Gavin's Point 1-3 33,345 38,346 | 13.8| 1.170 48.0% 80,200,000 47.83' 317 See notes. | Magnetik 44,099 3,734/ All three units 1987-1990.
Green Peter 1&2 40,000 | 46,000 | 13.8| 1.175 40.0% 22,000,000 3217 342.5 Alstrom 48,421 0|U1: 1999, U2:2000
Green Peter F1 1,425 1,639 0.5 1.175 Normal 5,350 RAM Inc. 1/1/1986
Greers Ferry 1&2 48,000 | 55,200 ' 13.8| 1.175 41.0% 40,000,000 38 424 See notes.
Harry S. Truman 1-6 26,967 31,060 13.8| 1.175 45.0% 27,600,000 40 328 Dec-79
Hartwell 5 80,000 80,000 13.8| 1.175 42.0% 77,614,000
Hartwell 1-4 66,000 66,000 13.8| 1.100 43.0% 96,000,000 44 615 National Electric Coil 95,000 26,741 6/99-9/00
Hill's Creek T&2 15,000 | 17,250 | 6.9 1.175 40.0% 1,600,000 21.67 113
Ice Harbor 1-3 94,737 94,737 | 13.8 1.175 43.0% 156,500,000 49' 1,013 See notes.
Ice Harbor 4-6 116,800 116,800 13.8 1.186 32.4% 205,208,000 54 915 See notes.
Island Creek 1-3 1,000 1,150 | 4.16 10.33'
J. Percy Priest 1 28,000 30,000 13.8| 1.100 42.0% 28,000,000 38.5' 310 Westinghouse 31,110 0/1998
J. Strom Thurmond 1-7 40,000 | 146,000 [ 13.8] 1.100 | 56,000,000 41 569 See notes. |ABB/ Alstom 57,500 0/6/2000-6/2003
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Appendix B - Tabulation of Turbine and Generator Data Planning and Design of Hydroelectric Power Plants - S04-002

Powerplant Unit Nos. Notes = >
Albeni Falls 1-3 9o
Allatoona 1&2 POL: U1,1/31/50; U2,5/25/50; Rewind Date: U1,12/12/94; U2,4/17/94. T ?IU
Allatoona 4 Rewind PF: 0.925; Rewind KV: 2.4. Tw >
Barkley 1-4 SLo
Beaver 18&2 Sa»®
Big Bend 1-3 POL Rewind: U1,12/06/90; U2,04/10/91; U3,05/16/91. 7} s %
Big Bend 4-8 POL: U4 to U8, OCT64 - JUL66. S =
Big CIiff 1 S 5"0
Blakely Mt. 1&2 29
Bonneville 1 0 o @
Bonneville 1 2 3 -
Bonneville 1 1 2
Bonneville 1 3-6 POL: U3,1/9/41; U4,12/23/40; U5,09/05/41; U6,05/18/42. o
Bonneville 1 7-10 POL: U7,04/01/43; U8,06/16/43; U9,09/15/43; U10,12/15/43. ?
Bonneville 2 11-14 Rewind Dates: U7,10/69; U8,10/60; U9,10/70; U10,10/58. 2
Bonneville 2 15-18 POL: U11,09/30/82; U12,09/21/82; U13,10/18,82; U14,05/13/82. §
Bonneville 2 F1&F2 POL: U15, 04/12/82; U16, 01/06/82; U17, 10/21/81; U18, 05/22/81. o
Broken Bow 1&2 8
Buford 3 7
Buford 1&2 POL: U1,10/10/57; U2,06/19/57. =3
Bull Shoals 1-4 =
Bull Shoals 5-8 POL: U1,09/18/52; U2,09/29/52; U3,12/01/52; U4,06/12/53. All generator info. after 04/06/83 rewind g
Carter's 1&2 POL: U5,12/16/62; U6,02/08/62; U7,08/01/63; U8,09/17/63. All generator info. after 1991 rewind 2
Carter's 3&4 POL: U1,11/17/75; U2,07/23/75 i<}
Center Hill 1-3 POL: U3,04/17/77;, U4,06/01/77. g
Center Hill SS =1
Cheatham 1-3 =3
Chief Joseph 1-4, 15&16. |POL: AUG55 - SEP58. g
Chief Joseph 17-27 =3
Chief Joseph 5-14 POL: AUG55 - SEP58. @
Chief Joseph SST1&2
Clarence Cannon 1
Clarence Cannon 2
Cordell Hull 1-3
Cougar 1&2 Voith runners installed in 1988.
Dale Hollow 1-3
Dardanelle 1-4
De Gray 1 POL: Comm. Oper. 02/29/72; Tot. Gen. Sh. Wt. 728000Ibs; Tailwater Min. 210', Top of Weir Lower Dam, 223",
De Gray 2 POL: Comm. Oper. 02/29/72; Tot. Gen. Sh. Wt. 570000Ibs; Gen&Motor 20.42x10"6 WK”"2.
Denison 1&2
Detroit T&2
Dexter 1
Dworshak 3 POL: U1,03/01/73; U2,04/06/73.
Dworshak 1&2
Eufaula 1-3
Fort Gibson 1-4 Turb. Wt.: 51 tons, shaft & runner.
Fort Peck, Plant No.1 2 Rewind KVA: 19211; Rewind PF: 95%
Fort Peck, Plant No.1 1&3 Rewind KVA: 45789; Rewind PF: 95%.
Fort Peck, Plant No.2 4 &5
Fort Randall 1-4 POL: U1,03/15/54; U2,05/18/54; U3,10/30/54; U4,10/30/54.
Fort Randall 5-8 POL: U5,02/04/55; U6,06/02/55; U7,09/21/55; U8,01/11/56.
Foster 1&2 Gen. Dia.: 17'-10" x 22'-1"
Garrison 1-5 Units 1-3 and Units 4&5 Rewound w/ differing capacities.
Gavin's Point 1-3 POL: U1,09/10/56; U2,10/15/56; U3,01/09/57.
Green Peter 1&2
Green Peter F1
Greers Ferry 1&2 POL: U1,03/64; U2,05/64.
Harry S. Truman 1-6 Formally "Kaysinger Bluff".
Hartwell 5
Hartwell 1-4
Hill's Creek T&2
Ice Harbor 1-3 POL: U1,12/18/61; U2,02/27/62; U3,02/08/62.
Ice Harbor 4-6 POL: U4,11/24/75; U5,11/18/75; U6,01/07/76.
Island Creek 1-3 See Pumping Data.
J. Percy Priest 1
J. Strom Thurmond 1-7 POL: U1,01/05/53; U2,02/23/53; U3,05/28/53; U4,10/06/53; U5,01/26/54; U6,05/27/54; U7,07/28/54. Formally "Clark Hill"




Appendix B -

Tabulation of Turbine and Generator Data

Planning and Design of Hydroelectric Power Plants - S04-002

Rated Max. | Min. Unit Cl Dist. To | CI Dist. To | Discharge

Powerplant Unit Nos. | Division | District Type River, County, State Turbine Mfr. HP RPM Head Head Head Spacing Draft Tube Min. Tw Dia.
Jim Woodruff 1-3 CESAD Mobile Adj. Blade Terry Apalachicola River, Gadsden Co, FL |Newport News Shipbldg. & Drydk. Co. | 14,000 75 26.5' 33 14 65' 48' 8' 208"
John Day 1-16 CENPD Portland Kaplan Columbia River, Sherman Co, OR Baldwin-Lima-Hamilton 212,400 90 94 110' 83.% 90 76' -40.5' 312"
John Day 13 Rew'd CENPD Portland Kaplan Columbia River, Sherman Co, OR Baldwin-Lima-Hamilton 212,400 90 94 110" | 83.5' 90 76' -40.5' 312"
John Day 1-4 Rew'd CENPD Portland Kaplan Columbia River, Sherman Co, OR Baldwin-Lima-Hamilton 212,400 90 94' 110' 83.% 90' 76' -40.5' 208"
John Day 15 Rew'd CENPD Portland Kaplan Columbia River, Sherman Co, OR Baldwin-Lima-Hamilton 212,400 90 94 110" | 83.% 90’ 76' -40.5' 312"
John Day 6-11 Rew'd | CENPD Portland Kaplan Columbia River, Sherman Co, OR Baldwin-Lima-Hamilton 212,400 90 94 110" | 83.5' 90 76' -40.5' 312"
John H. Kerr 1 CESAD Wilmingtion |Francis Roanoke River, Mechlenburg Co, VA |Baldwin-Lima-Hamilton 17,000 @ 138.5 90’ 108 60’ 60.33' 30' 5' 123.63"
John H. Kerr 2-5 CESAD |Wilmingtion |Francis Roanoke River, Mechlenburg Co, VA Newport News Shipbldg. & Drydk. Co. 45,000 | 85.7 90’ 108' 60’ 70 43 7' 205"
John H. Kerr 6&7 CESAD |Wilmingtion |Francis Roanoke River, Mechlenburg Co, VA Newport News Shipbldg. & Drydk. Co. 45,000 @ 85.7 90’ 108 60’ 70' 43' 7' 205"
John H. Kerr SSA&B CESAD |Wilmingtion |[Francis Roanoke River, Mecklenburg Co, VA |James Leftel 1,600 450 90’ 108" 60’ 20’ 14 4 29.25"
Jones Bluff 1-4 CESAD Mobile Fixed BI. Prop. (4 Blade) |Alabama River, Autauga Co, AL Newport News Shipbldg. & Drydk. Co. | 23,480 72 28.2' 41.5' 10 73 59' 16.5' 256.63"
Jones Bluff 1-4 CESAD |Mobile Fixed BI. Prop. (4 Blade) |Alabama River, Autauga Co, AL Newport News Shipbldg. & Drydk. Co. = 23,480 72 28.2' 41.5' 10 73' 59' 16.5' 256.63"
Keystone 1&2 CEWSD |Tulsa Fixed Blade Prop. Arkansas River, Osage Co, OK Allis-Chalmers 49,000 120 74 97 66' 71 455 7.4 192.25"
Laurel 1 CEORD |Nashville Francis Laurel River, Laurel Co, KY Allis-Chalmers 98,000 144 237 1030.5' 982 33.5' 3 166.75"
Libby 1-4 CENPD Seattle Francis Kootenai River, Lincoln Co, MT Allis-Chalmers 165,000| 128.6 300 341" | 165 63’ 42' -1 179"
Libby 1-5 CENPD Seattle Francis Kootenai River, Lincoln Co, MT Allis-Chalmers 165,000| 128.6 300' 341' 165' 63' 42' -1 179"
Little Goose 1-3 CENPD Walla Walla |[Kaplan Snake River, Columbia Co, WA Baldwin-Lima-Hamilton 212,400, 90 93' 98’ 90.5' 90’ 76' -39' 312"
Little Goose 4-6 CENPD Walla Walla Kaplan Snake River, Columbia Co, WA Allis-Chalmers 212,400 90 93 98" 90.5' 90 76' -39' 312"
Lookout Point 1-3 CENPD Portland Francis Willamette River, Lane Co, OR Pelton 52,500 128.6 185' 233" | 126 60' 33 11.2' 157"
Lost Creek 1&2 CENPD Portland Francis Rogue River, Jackson Co, OR Boving 33,800 | 240 275’ 321" | 197" 36’ 24" (EL 1549") |.6' (EL 1548.4 94"
Lower Granite 1-3 CENPD Walla Walla Kaplan Snake River, Columbia Co, WA Baldwin-Lima-Hamilton 212,400 90 93 105 76' 90 76' -41' 312"
Lower Granite 4-6 CENPD Walla Walla |[Kaplan Snake River, Columbia Co, WA Allis-Chalmers 212,400, 90 93' 105 76' 90’ 76' -41' 312"
Lower Monumental 1-3 CENPD Walla Walla Kaplan Snake River, Walla Walla Co, WA Baldwin-Lima-Hamilton 212,400 90 94 100 87 90 76' -40.5' 312"
Lower Monumental 4-6 CENPD Walla Walla |[Kaplan Snake River, Walla Walla Co, WA Allis-Chalmers 212,400, 90 93' 103 87' 90’ 76' -40.5' 312"
McNary 1-12 CENPD Walla Walla |[Kaplan Columbia River, Umatilla Co, OR S. Morgan Smith 111,300| 85.7 80’ 92' 62' 86' 59.5' -8.5' 280"
McNary 13& 14 CENPD Walla Walla Kaplan Columbia River, Umatilla Co, OR S. Morgan Smith 111,300 85.7 80 92' 62' 86' 59.5' -8.5' 280"
McNary SS1&2 CENPD Walla Walla Francis Columbia River, Umatilla Co, OR Pelton 4,500 277 80' 92' 62' 27 38 -4 63.6"
Miller's Ferry 1-3 CESAD Mobile Fixed BI. Prop. (5 Blade) |Alabama River, Wilcox Co, AL Newport News Shipbldg. & Drydk. Co. 34,000 69.3 35.5' 47.5' 14 80' 28' 16' 267"
Narrows 3 CELMV |Vicksburg Francis Lower Miss. River, Pike Co, AR Baldwin-Lima-Hamilton 12,000 225 132 1535 98 32 18' 7' 83"
Narrows 1&2 CELMV |Vicksburg |Francis Lower Miss. River, Pike Co, AR Baldwin-Lima-Hamilton 12,000 225 132 153.5' | 98 32' 18 7' 83"
Norfork 1&2 CESWD |Little Rock |Francis White River, Baxter Co, AR S. Morgan Smith 42,000 | 128.6 160’ 202 130’ 54’ 32 10 145.5"
Oahe 1-7 CEMRD |Omaha Francis Missouri River, Hughes Co, SD Allis-Chalmers 128,500/ 100 185 203" | 114 76' 44' 4 204"
Old Hickory 1-4 CEORD Nashville Kaplan Cumberland Rr, Davidson Co, TN Baldwin-Lima-Hamilton 45,000 75 45’ 60' 23 80 60' g' 264"
Ozark 1-5 CESWD |Litte Rock |Adj. Blade Incl. Axis Arkansas River, Franklin Co, AR Allis-Chalmers 27,900 514 27 35' 17 65' 39.78' -14.7 315"
Phillpott 3 CESAD Wilmington |Francis Smith River, Henry Co, VA James Leffel 860 720 152 176' 108" | 22.833' 18.5' 4.4
Phillpott 1&2 CESAD Wilmington Francis Smith River, Henry Co, VA James Leffel 9,400 277 152 176 108 32 18.5' 3.7 64.97"
Phillpott SS 1 CESAD Wilmington |Francis Smith River, Henry Co, VA James Leffel 860 720 152 176' 108
R.D. Willis 1&2 CESWD |Fort Worth |See notes. Neches River, Tyler Co, TX Bell (Switzerland) 5,632 | 163.64 10.648M 30 12 25' 24 110"
Richard B. Russell 1-4 CESAD |[Savannah |Francis Savannah River, Elbert Co, GA Voest - Alpine 104,000] 120 144’ 162 134 80"’ 53' 12.5' 197.19"
Richard B. Russell 5-8 CESAD Savannah |Francis Savannah River, Elbert Co, GA Dominion Engineering Works 104,000| 120 144 162" 134 80' 44.67' 12.5' 228"
Robert S. Kerr 1-4 CESWD |Tulsa Kaplan Arkansas River, Sequoia Co, OK Allis-Chalmers 46,000 75 40.5' 47" 20' 87 67' 8' 290"
Sam Rayburn 1&2 CESWD Fort Worth Kaplan Angelina River, Jasper Co, TX Allis-Chalmers 41,300 | 120 70' 88' 53' 57 45.5' 85.8' 180"
St. Mary's Falls 10 CENCD Detroit Fixed Blade Prop. St. Mary's Rr, Chippewa Co, Mi Allis-Chalmers 3,000 128.6 20' 22.6'  18.3 28 21.2' 5' 114"
St. Mary's Falls 1-3 CENCD Detroit Fixed Blade Prop. St. Mary's Rr, Chippewa Co, Mi Allis-Chalmers 6,975 80 21 22.6"  18.3 54' 42 8.9'
St. Mary's Falls 3A CENCD Detroit Kaplan St. Mary's Rr, Chippewa Co, Ml S. Morgan Smith 3,000 | 128.6 18.3' 22.6' | 18.3' 28' 31 -0.9' 110"
St. Stephens 1-3 CESAD |Charleston |Fixed Blade Prop. Santee/Cooper Rrs, Berkeley Co, SC Allis-Chalmers 39,000 = 100 49' 57.9° 443 70' 52' -1.6' 222"
Stockton 1 CEMRD |Kansas City |[Kaplan Sac River, Cedar Co, MO Newport News Shipbldg. & Drydk. Co. = 71,800 75 81' 108 77 71 12' 280"
Table Rock 1-4 CESWD Little Rock |Francis White River, Taney Co, MO English Elect. Export & Trading Co. 68,000 128.6 190' 228" | 134 54' 36' 7.2' 159.5"
Tenkiller Ferry T&2 CESWD |[Tulsa HYDRO Illinois River, Cherokee Co, OK S. Morgan Smith 23,500 150 132 181" [103.5' 42' See notes. 7.9 116.13"
The Dalles 1-14 CENPD Portland Kaplan Columbia River, Wasco Co, OR Baldwin-Lima-Hamilton 123,000 85.7 81' 90.5' 60’ 86' 70.7' -16' 280"
The Dalles 12 Rew'd CENPD Portland Kaplan Columbia River, Wasco Co, OR Baldwin-Lima-Hamilton 123,800 85.7 81 90.5' 60' 86' 70.7' -16' 280"
The Dalles 13 Rew'd CENPD Portland Kaplan Columbia River, Wasco Co, OR Baldwin-Lima-Hamilton 123,800 85.7 81' 90.5' 60’ 86' 70.7' -16' 280"
The Dalles 15-22 CENPD Portland Kaplan Columbia River, Wasco Co, OR Baldwin-Lima-Hamilton 136,000 80 73 90 58 86' 70.7' -14' 300"
The Dalles 5 Rew'd CENPD Portland Kaplan Columbia River, Wasco Co, OR Baldwin-Lima-Hamilton 123,800 85.7 81 90.5' 60’ 86' 70.7' -16' 280"
The Dalles F1&2 CENPD Portland Kaplan Columbia River, Wasco Co, OR Allis-Chalmers 18,800 200 74 88' 55' 40' 35.5' -14.5' 120"
The Dalles SS1&2 CENPD Portland Francis Columbia River, Wasco Co, OR Pelton 4,500 277 81 90.5' 60' 27 50.3' -5.5' 63.5"
Walter F. George 1-4 CESAD |Mobile Kaplan Chattahoochee Rr, Henry Co, AL Newport News Shipbldg. & Drydk. Co. | 45,500 | 112.5 70' 88' 37 67' 45.5' 1.2' 196"
Webber's Falls 1-3 CESWD Tulsa Kaplan (Tube Type) Arkansas River, Muskogee Co, OK | Allis-Chalmers 33,800 60.2 26.5't031' 31 17 65' 42.5' 14.5' 215"
West Point 1 CESAD |[Mobile Fixed Blade Prop. Chattahoochee Rr, Troup Co, GA James Leffel 5,400 327 7T 77 62' 61.5' 18' 5' 72"
West Point 28&3 CESAD |Mobile Fixed Blade Prop. Chattahoochee Rr, Troup Co, GA Newport News Shipbldg. & Drydk. Co. 51,500 @ 100 58’ 73 52' 7' 52' 3 230.63"
Whitney 1&2 CESWD Fort Worth  |Francis Brazos River, Bosque Co, TX Newport News Shipbldg. & Drydk. Co. = 20,700 @ 128.6 91.%5 126" 77.5 46' 30 8.5' 130.75"
Wolf Creek 1-3 CEORD |Nashville Francis Cumberland Rr, Russell Co, KY Baldwin-Lima-Hamilton 62,500 @ 105.9 160' 214* | 111 58' 38 7 175"
Wolf Creek 4-6 CEORD Nashville Francis Cumberland Rr, Russell Co, KY Baldwin-Lima-Hamilton 62,500 | 105.9 160 214’ 111 58 38 7' 175"
Wolf Creek SS CEORD |Nashville Francis Cumberland Rr, Russell Co, KY James Leffel 2,000 600 160 214’ 1171 17 g' 324.69"
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Appendix B - Tabulation of Turbine and Generator Data

Planning and Design of Hydroelectric Power Plants - S04-002

Sx'0IpAH :9J14

Turb. Wt. | Turbine Upgraded Upgraded Upgraded Upgraded

Powerplant Unit Nos. (tons) Upgrade _ Turbine Mfr. Upgrade Date  Max Power Rated Power Rated Head Notes Generator Mfr. KVA PF
Jim Woodruff 1-3 86.5 Y VA Tech 2/2/1998 20,000 20,000 32.5 Max NH 38.6', Min NH 8' Westinghouse 11,111 90%
John Day 1-16 1,075 General Electric = 142,105 95%
John Day 13 Rew'd 1,075 General Electric | 142,105 95%
John Day 1-4 Rew'd 1,075 General Electric = 142,105 95%
John Day 15 Rew'd 1,075 General Electric | 142,105 95%
John Day 6-11 Rew'd 1,075 General Electric | 142,105 95%
John H. Kerr 1 35 Y GE 5/1/2002 75,000 61,500 91.45' Westinghouse 13,333  90%
John H. Kerr 2-5 135.5 Y GE 5/1/2002 75,000 61,500 91.45' Westinghouse 35,5655  90%
John H. Kerr 6&7 135.5 Westinghouse 35,555 | 90%
John H. Kerr SSA&B Westinghouse 1,250 | 80%
Jones Bluff 1-4 62 Westinghouse 17,895 95%
Jones Bluff 1-4 62 Westinghouse 17,895 95%
Keystone 1&2 95 General Electric 36,842  95%
Laurel 1 488 General Electric | 67,778 | 90%
Libby 1-4 502.5 Westinghouse 110,526 | 95%
Libby 1-5 502.5 Westinghouse 110,526 = 95%
Little Goose 1-3 1,075 General Electric | 142,105  95%
Little Goose 4-6 1,250 General Electric | 142,105 95%
Lookout Point 1-3 69 General Electric | 42,105 @ 95%
Lost Creek 1&2 12.33 Allis-Chalmers 25,789 | 95%
Lower Granite 1-3 380.5 Westinghouse 142,105  95%
Lower Granite 4-6 380.5 General Electric | 142,105  95%
Lower Monumental 1-3 1,075 General Electric | 142,105  95%
Lower Monumental 4-6 1,250 General Electric | 142,105  95%
McNary 112 320 General Electric = 73,684  95%
McNary 13& 14 320 See notes. 73,684 @ 95%
McNary SS1&2 50 Elec. Mach. Corp. | 3,750 @ 80%
Miller's Ferry 1-3 60 Westinghouse 26,316  95%
Narrows 3 87.3 Westinghouse 9,444 | 90%
Narrows 1&2 87.3 Elliott 9,444 | 90%
Norfork 1&2 495.5 Westinghouse 38,889 | 90%
Oahe 1-7 142.5 General Electric | 89,474 | 95%
Old Hickory 1-4 855.5 General Electric 31,250 80%
Ozark 1-5 745 Y VA Tech 9/24/2003 33,800 33,800 26' Max NH 36', Min NH 14’ General Electric 21,053 | 95%
Phillpott 3 455 General Electric 750 80%
Phillpott 1&2 34 General Electric 7,500  90%
Phillpott SS 1 General Electric 750 80%
R.D. Willis 1&2 Canadian Gen. Elec 4,444 | 90%
Richard B. Russell 1-4 60 Siemens 78,947 | 95%
Richard B. Russell 5-8 109.75 GEC-Alstron 94,500 @ 95%
Robert S. Kerr 1-4 242.5 General Electric 28,947  95%
Sam Rayburn 1&2 293.8 Westinghouse 27,368  95%
St. Mary's Falls 10 General Electric 2,500 80%
St. Mary's Falls 1-3 General Electric See notes| 90%
St. Mary's Falls 3A Y American Hydro 8/24/1994 3,750 3,485 20' Max GH 21.5', Min GH 17.8' General Electric 3,125  80%
St. Stephens 1-3 46 Westinghouse 31,111  90%
Stockton 1 320 General Electric | 47,579 | 95%
Table Rock 1-4 36 Westinghouse 52,632  95%
Tenkiller Ferry T&2 98 Elliott 20,579 | 95%
The Dalles 1-14 1,085 General Electric | 82,105 | 95%
The Dalles 12 Rew'd 1,085 General Electric 82,105 @ 95%
The Dalles 13 Rew'd 1,085 General Electric | 82,105 | 95%
The Dalles 15-22 1,085 General Electric 90,500 @ 95%
The Dalles 5 Rew'd 1,085 General Electric 82,105 | 95%
The Dalles F1&2 167.5 Westinghouse 14,210  95%
The Dalles SS1&2 42.5 Elec. Mach. Corp. | 3,750 @ 80%
Walter F. George 1-4 150 Y VA Tech 7/10/2000 57,300 55,390 70' As of 03/25/08 upgrades are in process of being completed Elliott 36,111  90%
Webber's Falls 1-3 745 General Electric 21,053  95%
West Point 1 45 General Electric 3,750 | 90%
West Point 2&3 49 General Electric | 36,842 | 95%
Whitney 1&2 20 Y Toshiba 7/2/2007 37,000 28,735 102 Max NH 131', Min NH 79", As of 03/25/08 U1 & U2 are in process of being completed Allis-Chalmers 16,667 90%
Wolf Creek 1-3 55 General Electric | 50,000 @ 90%
Wolf Creek 4-6 55 General Electric 50,000 @ 90%
Wolf Creek SS Elliott 1,500 | 80%
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Appendix B - Tabulation of Turbine and Generator Data

Planning and Design of Hydroelectric Power Plants - S04-002

Gen. Wt. Power Rewind Capacity Rewind Above Cap.

Powerplant Unit Nos. KW Max. KW| KV SC Ratio  Reactance WKA2 Gen. Dia. | (tons) on Line Rewind Mfr. (kVA) (kVA) Rewind Date
Jim Woodruff 1-3 10,000 | 11,500 K 13.8 ' 1.100 53.0% Rotor: 20,000,000 37.83' 267.5 See notes. |GE Canada 16,050 1,131 U1: 2001, U2:2000, U3: 1999
John Day 1-16 135,000 155,250 @ 13.8 1.175 43.0% 245,000,000 54' 1,164 U:16 Sade Vigesa 163,420 0/7/6/1999
John Day 13 Rew'd 135,000 155,250 13.8 54' 1,164 01/11/85 | Canadian General Electric 135,000 0/1/1/1986
John Day 1-4 Rew'd 135,000 155,250  13.8 54' 1,164 See notes. |Canadian General Electric 135,000 0[1/1/1986
John Day 15 Rew'd 135,000/ 155,250 | 13.8 54’ 1,164 11/16/1992 |Canadian General Electric 135,000 0[1/1/1986
John Day 6-11 Rew'd |135,000 155,250 | 13.8 54 1,164 See notes. |Canadian General Electric 135,000 0 1/1/1986
John H. Kerr 1 12,000 | 13,800 | 13.8' 1.100 45.0% 7,500,000 31.67' 170 12/15/1952 |GE Hydro 52,000 18,430 U1l: 2/07
John H. Kerr 2-5 32,000 36,800 13.8| 1.100 45.0% 60,000,000 42.5' 215 See notes. |GE Hydro 52,000 0/U2: 3/08
John H. Kerr 6&7 32,000 36,800 13.8| 1.100 45.0% 60,000,000 42.5' 215 See notes.
John H. Kerr SSA&B 1,000 1,150 |480V 41,850 7.83' 17 See notes.
Jones Bluff 1-4 17,000 | 19,950 @ 13.8 1.181 52.0% Rotor: 29,440,000 39.33' 285 See notes.
Jones Bluff 1-4 17,000 | 19,950 13.8| 1.181 52.0% |Rotor: 29,440,000 39.33' 285 See notes. Magnetek 21,500 921 See notes
Keystone 1&2 35,000 40,200 | 13.8 1.175 |Unsat'd=37 30,200,000 38.17 401.5 See notes.
Laurel 1 61,000 70,000 13.8| 1.100 40.0% 46,650,000 39.67' 421 Oct-77
Libby 1-4 105,000 120,000 | 13.8 1.175 40.0% 97,500,000 41 583 General Electric 105,000 0[1/1/1982
Libby 1-5 105,000 120,000 13.8 1.175 40.0% 84,362,000 45' 664.2 General Electric 105,000 0/1/1/1982
Little Goose 1-3 135,000 155,250 @ 13.8 1.175 43.0% 245,000,000 54' 1,161 See notes.
Little Goose 4-6 135,000 155,250 13.8 1.175 43.0% 241,300,000 54 1,176 See notes.
Lookout Point 1-3 40,000 | 46,000 | 13.8| 1.100 42.0% 26,450,000 37 454.8 General Electric 63,650 15,230 U1: 1997, U2: 1998, U3: 1996
Lost Creek 1&2 24,500 See notes.| 13.8 1.175 38.0% 7,100,000 24' X 36' 106 See notes.
Lower Granite 1-3 135,000 155,250 13.8 1.175 43.0% 245,000,000 54' 561 See notes. NEC; Unit 1: GE 163,420 0/1/1/1981, Unit 1:2005
Lower Granite 4-6 135,000 155,250 @ 13.8 1.175 43.0% 241,000,000 54' 561
Lower Monumental 1-3 135,000 155,250 13.8 1.175 43.0% 245,000,000 54' 1,161 142,000 0/1989
Lower Monumental 4-6 135,000 155,250  13.8 1.175 43.0% 241,000,000 54’ 1,090
McNary 1-12 70,000 80,500 | 13.8| 1.900 32.0% 130,000,000 51.67' 1,200 U5: GE, U6: Alstom J5: 73,700, U6: 87000 U6: 2,263 |U5:1999, U6:2006
McNary 13& 14 70,000 80,500 | 13.8| 1.900 32.0% 168,000,000 51.67 1,165 See notes. |General Electric 73,700 0/1/1/1973
McNary SS1&2 3,000 3,000 [416V| 1.000 35.0% 3,600,000 17.58' Max., 50.5
Miller's Ferry 1-3 25,000 28,750 @ 13.8 1.175 52.0% Rotor: 49,000,000 39.5' 396 See notes. ABB 35,500 5,236 U1: 1997, U2& U3:1998
Narrows 3 8,500 9,775 [13.8] 1.100 43.0% 2,000,000 21.5' 91 See notes.
Narrows 1&2 8,500 8,500 | 13.8| 1.100 43.0% 2,000,000 22' 95 See notes. INEC 10,860 1,416 5/2004-6/2005
Norfork 1&2 40,000 | 46,000 | 13.8 1.100 43.0% 130,000,000 36.33 386.5 See notes. 'Westinghouse 36,250 8,472|U1l, 02/08/79
Oahe 1-7 85,000 97,750 13.8| 1.175 42.0% 165,000,000 49' 826.5 General Electric 112,290 9,394 See notes.
Old Hickory 1-4 25,000 29,000 | 13.8| 1.000 48.0% 70,000,000 45.67" 559.5 MagneTek National Electric Co 41,300 5,362 1990
Ozark 1-5 20,000 ' 23,000 | 13.8 1.175 50.0% 600,000 11.83' 113.5
Phillpott 3 600 690 500v| 1.000 9,000 6.25' 10.9 8/7/1953
Phillpott 1&2 6,750 7,760 | 13.8| 1.100 43.0% 1,000,000 15.92' 93 See notes.
Phillpott SS 1 600 690 500V 6.25' 11
R.D. Willis 1&2 3.7 4 4.1 Rotor: 547,170 12 47.76
Richard B. Russell 1-4 75,000 ' 75,000 | 13.8] 1.450 64,000,000 27.38' 300 1985
Richard B. Russell 5-8 75,000 85,000 13.8| 1.180 90,500,000 29.42' 290 See notes.
Robert S. Kerr 1-4 27,500 31,625 13.8| 1.175 42.0% 61,500,000 44.67' 451 See notes.
Sam Rayburn 1&2 26,000 26,000 | 13.8 1.175 44.0% 20,700,000 32.67' 303
St. Mary's Falls 10 2,000 4 1.400 .24-.26% 1,500,000 16.33' NEC 3,250 750/6/14/1988
St. Mary's Falls 1-3 5,000 5,000 [13.8] 1.100 40.0% 8,750,000 25.92' 156.5 General Electric 6,870 1,314 Finished 1995
St. Mary's Falls 3A 2,500 2,500 4.2 1.000 36.0% 1,500,000 17.3' 62.5 LS Electric 2,747 0/ Begin 1995
St. Stephens 1-3 28,000 28,000 | 13.8 27,600,000 32 334 Jan-85 | NEC 3,250 0
Stockton 1 45,200 | 51,980 | 13.8| 1.175 37.0% 86,500,000 48' 415.3
Table Rock 1-4 50,000 57,500 13.8| 1.175 41.0% 40,000,000 38 438 See notes.
Tenkiller Ferry T&2 19,550 22,500 | 13.8] 1.700 44.0% 8,500,000 19.58' 75.5 1951 U1,Nat'l Coil;U2,West'gh'se 19,500 0/U1,05/20/83; U2,1978
The Dalles 1-14 78,000 89,000 13.8| 1.175 44.0% 138,000,000 50.67' 949 Alstom 94,420 0/See Notes
The Dalles 12 Rew'd 78,000 89,000 13.8| 1.175 44.0% 138,000,000 50.67" 949 06/02/82
The Dalles 13 Rew'd 78,000 89,000 13.8| 1.175 44.0% 138,000,000 50.67"' 949 08/09/88
The Dalles 15-22 85,975 99,000 | 13.8 1.175 44.0% 163,000,000 50.33 807.9
The Dalles 5 Rew'd 78,000 ' 89,000 |13.8] 1.175 44.0% 138,000,000 50.67 949 01/13/92 |Alstom 94,420 0[1/13/1992
The Dalles F1&2 13,500 | 14,000 ' 13.8 1.175 43.0% 2,900,000 24.58' 165 16,330 0/F1:1998, F2:1997
The Dalles SS1&2 3,000 3,000 4.2 1.000 Normal 300,000 16' Max. 50.5
Walter F. George 14 32,500 37,375 13.8 1.100 37.0% | Rotor: 40,730,000 36' 464.5 See notes. |VATech/National Electric Coll 46,600 5,072/U1-12/2006, U2-8/2007
Webber's Falls 1-3 20,000 23,000 |13.8| 1.175 32.0% 600,000 11.83' 115 See notes. Voith Siemens U4&6: 75,000 U 4&6: 11,111 12/2007-Currently being rewoun
West Point 1 3,375 3,881 [13.8] 1.642 37.0% Rotor: 275,000 16’ 43.9 4/10/1975
West Point 2&3 35,000 40,250 13.8| 1.176 38.0% Rotor: 35,200,000 42 289.9 See notes.
Whitney 1&2 15,000 | 15,000 K 13.8 1.100 45.0% 11,000,000 33 215.5 7/1/1953
Wolf Creek 1-3 45,000 | 57,500 | 13.8| 1.100 43.0% 55,000,000 40' 560 See notes. 1/1/1986
Wolf Creek 4-6 45,000 | 57,500 | 13.8| 1.100 43.0% 55,000,000 40' 560 See notes. 1/1/1986
Wolf Creek SS 1,200 1,500 |[480V 6.65' 12 9/18/1951
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Appendix B - Tabulation of Turbine and Generator Data

Planning and Design of Hydroelectric Power Plants - S04-002

Powerplant Unit Nos. Notes
Jim Woodruff 1-3 POL: U1,02/01/57; U2,03/01/57; U3,04/26/57.
John Day 1-16
John Day 13 Rew'd
John Day 1-4 Rew'd |POL: U1,09/19/87; U2,1/25/87; U3,12/04/90; U4,12/14/84.
John Day 15 Rew'd
John Day 6-11 Rew'd |POL: U6,03/21/89; U7,07/02/89; U8,03/16/89; U9,07/19/85; U10,09/19/83; U11,03/09/90
John H. Kerr 1 Rewind: U1,17 JUNE 1995? Generator Shaft may limit rewind capability
John H. Kerr 2-5 POL: U2,03/21/53; U3,11/15/52; U4,01/20/53; U5,08/21/53.
John H. Kerr 6&7 POL: U6,10/27/57; U7,12/05/53.
John H. Kerr SSA&B POL: A,09/30/52; B,09/27/52.
Jones Bluff 1-4 POL: U1,06/27/75; U2,07/15/75; U3,09/05/75; U4,10/24/75. Associated with the Robert F. Henry Lock & Dam
Jones Bluff 1-4 Rewind dates: U1,06/27/95; U2,02/16/97; U3,01/13/96; U4,07/31/96. Associated with the Robert F. Henry Lock & Dam
Keystone 1&2 POL: U1,05/21/68; U2,05/02/68.
Laurel 1
Libby 1-4 Rewinds: U1 - U4.
Libby 1-5 Rewind: U5.
Little Goose 1-3 POL: U1,03/26/70; U2,10/30/70; U3,12/08/70.
Little Goose 4-6 POL: U4,01/25/78; U5,05/19/78; U6,07/05/78.
Lookout Point 1-3
Lost Creek 1&2 Runner+Shaft: 38960Ibs; Max. KW 1.15x24500=28175; Mech. Cap.=29657; POL: U1,07/06/77; U2,07/15/77; DT Bott. EL 1525’
Lower Granite 1-3 POL: U1,03/15/75; U2,05/08/75; U3,06/24/75.
Lower Granite 4-6 POL: U4,12/15/77; U5,02/01/78; U6,03/01/78.
Lower Monumental 1-3 POL: U1,05/28/69; U2,09/08/69; U3,01/06/70.
Lower Monumental 4-6 POL: U4,01/18/79; U5,02/03/79; U6,04/23/79.
McNary 112 POL: U1,11/06/53; U2,12/28/53; U3,04/10/54; U4,06/16/54; U5,09/23/54; U6,12/30/54; U7,02/28/55; U8,04/28/55; U9,07/28/55; U10,01/12/55; U12,04/05/56
McNary 13&14 POL: U13,08/30/56; U14,12/18/56. Gen. Mfr.: English Electric Export & Trading Co.
McNary SS1&2
Miller's Ferry 1-3 POL: U1,04/15/70; U2,04/20/70; U3,05/27/70.
Narrows 3 POL: U3,09/11/69.
Narrows 1&2 POL: Ul & U2, MAY1950.
Norfork 1&2 POL: U1,02/08/50; U2,07/46.
Oahe 1-7 Rewind Dates: U1,12/86; U2,12/85; U3,05/85; U4,04/84; U6,05/86; U7,06/84
Old Hickory 1-4
Ozark 1-5
Phillpott 3
Phillpott 1&2 POL: U1,09/14/53; U2,09/07/53.
Phillpott SS 1
R.D. Willis 1&2 Type: Horizontal Standardized Double Regulated "S" Turbine. Formally "Town Bluff Dam"
Richard B. Russell 1-4
Richard B. Russell 5-8 Installed: 6/93; (Under going acceptance testing as of 12/94.)
Robert S. Kerr 1-4 POL: U1,07/71; U2,09/71; U3,10/71; U4,11/71.
Sam Rayburn 1&2
St. Mary's Falls 10
St. Mary's Falls 1-3
St. Mary's Falls 3A
St. Stephens 1-3
Stockton 1
Table Rock 1-4 POL: U1,05/22/59; U2,05/21/59; U3,04/21/61; U4,06/16/61.
Tenkiller Ferry T&2 CL: 27" to bott. elbow of Df Th. Rewind Over Cap: Ul & U2, 15% 23,600 KVA,; 27' to bottom of draft tube.
The Dalles 114 Rewind Dates: U1:2005, U2:2000, U3:2005, U4:2000, U5:1992, U6:2002, U7:1997, U8:2002, U9:1996, U10:2003, U11:1998, U12:1982, U13:1988, U14:200:
The Dalles 12 Rew'd
The Dalles 13 Rew'd
The Dalles 15-22
The Dalles 5 Rew'd
The Dalles F1&2
The Dalles SS1&2
Walter F. George 14 POL: U1,03/13/63; U2,05/10/63; U3,08/20/63; U4,09/27/63. Stator rewinds on units 3&4 are TBC
Webber's Falls 1-3 POL: U1,08/73; U2,09/73; U3,11/73.
West Point 1
West Point 2&3 POL: U2,04/10/75; U3,03/10/75.
Whitney 1&2
Wolf Creek 1-3 POL: U1,08/20/52; U2,07/24/52; U3,03/17/52.
Wolf Creek 4-6 POL: U4,12/16/51; U5,10/31/51; U6,10/06/51.
Wolf Creek SS
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