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EXHIBIT A 
PROJECT DESCRIPTION 

1.0 REGULATIONS DEFINING THE CONTENT OF EXHIBIT A 

The Sacramento Municipal Utility District (SMUD) prepared this Exhibit A as part of its 
application for a new license from the Federal Energy Regulatory Commission (FERC) for the 
Upper American River Project (UARP or project), FERC Project No. 2101.  This exhibit is 
prepared in conformance with Title 18 of the Code of Federal Regulations (CFR), Subchapter B 
(Regulations Under the Federal Power Act), Part 4 (Licenses, Permits, Exemptions, and 
Determination of Project Costs), Subpart E (Application for License for Major Unconstructed 
Project and Major Modified Project).  In particular, this Exhibit A conforms to the regulations in 
18 CFR §4.41(b), and provides information regarding project facilities and features.  As a 
reference, 18 CFR §4.41(b) states: 
 
Exhibit A is a description of the project.  If the project includes more than one dam with associated facilities, each 
dam and the associated component parts must be described together as a discrete development.  The description for 
each development must contain: 
 
 (1) The physical composition, dimensions, and general configuration of any dams, spillways, penstocks, 

powerhouses, tailraces, or other structures proposed to be included as part of the project; 
 
 (2) The normal maximum water surface area and normal maximum water surface elevation (mean sea level), 

gross storage capacity of any impoundments to be included as part of the project; 
 
 (3) The number, type, and rated capacity of any proposed turbines or generators to be included as part of the 

project; 
 
 (4) The number, length, voltage and interconnections of any primary transmission lines proposed to be 

included as part of the project [see 16 U.S.C. 796(11)]; 
 
 (5) The description of any additional mechanical, electrical, and transmission equipment appurtenant to the 

project; and 
 
 (6) All lands of the United States, including lands patented subject to the provisions of section 24 of the Act, 

16 U.S.C 818, that are enclosed within the project boundary described under paragraph (h) of this section 
(Exhibit G), identified and tabulated by legal subdivisions of a public land survey, by the best available 
legal description.  The tabulation must show the total acreage of the lands of the United States within the 
project boundary. 

 
 
Exhibit A includes:  1) a general project description (Section 2.0); 2) a detailed description 
UARP facilities and features (existing and proposed) by development, including a detailed 
description of the proposed Iowa Hill Development (Section 3.0, with Iowa Hill in Section 3.8); 
and 3) a rationale for the proposed reduction in length of transmission line associated with the 
UARP (Section 5.0). 
 
As provided in 18 CFR §4.41(g)(2), the Exhibit A description of the proposed Iowa Hill 
Development facilities and features, and the accompanying design drawings in Exhibit F, are 
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conceptual in nature.  SMUD intends to file final Exhibit F Design Drawings of the Iowa Hill 
Development for FERC approval prior to commencement of the construction of the Iowa Hill 
Development. 
 
All elevation data in this exhibit are in National Geodetic Vertical Datum (NGVD) unless 
otherwise specified. 

2.0 GENERAL PROJECT DESCRIPTION 

2.1 Physical Facilities 

The project is located in the California counties of El Dorado and Sacramento within the 
Rubicon River, Silver Creek, and South Fork American River (SFAR) drainages.  The project is 
composed of eight developments: seven are existing developments and one is proposed.  The 
existing developments from upstream to downstream are:  1) Loon Lake; 2) Robbs Peak; 3) 
Jones Fork; 4) Union Valley; 5) Jaybird; 6) Camino; and 7) Slab Creek/White Rock (all 
developments are located in El Dorado County).  Together, the existing developments include 11 
reservoirs that can store up to 425,000 acre-feet (ac-ft) of water, eight powerhouses that have 
generated an average of 1,730 gigawatt hours (GWh) of power annually since 1990, 11 
transmission lines with a combined length of about 177.2 miles, about 28 miles of power 
tunnels/penstocks, and one canal 1.9-miles long.  There are also several project-related recreation 
facilities, which are owned and operated by the ENF, at Loon Lake, Gerle Creek, Union Valley, 
and Ice House reservoirs.  These recreation facilities are not Project features. 
 
The proposed new development is the Iowa Hill Development, a pumped-storage facility that 
will include a new 6,400 ac-ft reservoir on Iowa Hill and use the Project’s existing Slab Creek 
Reservoir as the lower reservoir.  The underground Iowa Hill Powerhouse will be able to 
generate up to 400 MW, and the development will include a new, approximately 2.0-mile-long 
transmission line.  The Iowa Hill Development will also require the reconductoring of existing 
project transmission lines to ensure sufficient electrical transmission capability to move power 
from the project to SMUD’s load center. 
 
In addition, SMUD proposes to delete from the existing UARP license a 9.3-mile-long section of 
the White Rock-Orangevale 230 kilovolts (kV) transmission line from the Orangevale Substation 
to the Folsom Junction; a 17.8-mile-long section of the White Rock-Hedge 230 kV transmission 
line from the Hedge Substation to the Folsom Junction; and a 1.9-mile-long section of the 
Camino-Lake 230 kV transmission line from the Lake Substation to the Folsom Junction.  In 
total, the proposed reduction in transmission lines associated with the new FERC project license 
is 29.0 miles.  These three sections of transmission line are integral parts of SMUD’s 
transmission system necessary to serve the electrical needs of SMUD’s customers, and are not 
“primary line” facilities.  Consequently, these sections of line are not FERC jurisdictional under 
§3(11) of the Federal Power Act, U.S.C §796(11), and should not be included in the new Project 
license. 
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The FERC Project Boundary, as shown in Exhibit G and which includes the proposed Iowa Hill 
Development, encompasses 6,375.2 acres of United States-owned land administered by the 
United States Department of Agriculture (USDA) Forest Service as part of the ENF, and 53.9 
acres of United States-owned land administered by the United States Bureau of Land 
Management (USBLM) as public land.  The amount of federal land within the existing FERC 
Project Boundary is substantially more than what FERC charges SMUD annually for use of 
4,913.2 acres of federal land per Section 24 of the Federal Power Act.  This is because in the 
1960s SMUD transferred lands within the FERC Project Boundary to the Forest Service subject 
to SMUD retaining occupancy rights to those lands (12 FERC ¶ 62,012).  The project does not 
include any facilities, features, or project works maintained and operated by the United States 
Army Corps of Engineers (USACOE), the United States Bureau of Reclamation (USBR), or any 
other department or agency of the United States.  A detailed description of United States-owned 
land within the FERC Project Boundary for each development is included in Section 3.0. 

2.2 Role in SMUD System 

SMUD is the existing licensee, owner, and operator of the UARP.  The project was granted an 
initial license in 1957 and began commercial operation in 1963.  Until about 1990, SMUD 
operated the UARP according to terms of an integration contract with Pacific Gas and Electric 
Company (PG&E).  During that time, PG&E scheduled and directed the dispatch of power from 
the UARP in a manner that integrated the UARP with PG&E’s resources to serve power demand 
in Northern California.  In 1990, SMUD changed its contractual relationship with PG&E from an 
integration contract to an interconnection contract.  This meant that although SMUD assumed 
responsibility for scheduling and dispatching power from the UARP to:  (a) support SMUD’s 
own electric generation portfolio; (b) meet the electricity demand in SMUD’s service territory; 
and (c) independently meet virtually all WECC reliability requirements, SMUD’s service 
territory was still within PG&E’s control area for operational purposes.  In 1998, the California 
Independent System Operator (CISO) assumed PG&E’s control area responsibilities and SMUD 
became part of the CISO control area. 
 
In 2002, SMUD became completely independent, and assumed full responsibility to met WECC 
and NERC criteria for reliable system operations, by forming its own control area.  In 2005, the 
Western Area Power Administration’s Sierra Nevada Region (WASN) moved its loads, 
resources, and transmission facilities out of the CISO control area and into SMUD’s control area.  
SMUD anticipates that later in 2005, the California-Oregon Transmission Project (COTP) will 
become part of the SMUD control area as well.  At that time, SMUD will become directly 
interconnected to the Bonneville Power Administration (BPA) control area, and assume a direct 
reliability role in operation of the California-Oregon Inter-tie (COI), one of the most important 
transmission paths in the Western Interconnection.  The UARP is and will continue to be a 
critical resource available to SMUD to meet its control area reliability obligations, support 
reliable operation of the Western Interconnection, and serve as a primary source of economic 
power generation. 
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3.0 PROJECT FACILITIES 

The UARP is currently comprised of seven existing developments:  Loon Lake, Robbs Peak, 
Jones Fork, Union Valley, Jaybird, Camino, and Slab Creek/White Rock.  As part of its 
relicensing process, SMUD proposes modifications to the facilities associated with some of these 
developments, the most substantial of which is the proposed Iowa Hill Development.  A detailed 
description of each development is provided below.  For each of the existing developments, the 
description includes existing facilities and any proposed facility modifications, such as 
modifications to transmission lines.  For the Iowa Hill Development, the description includes a 
complete listing of all new proposed facilities (see Section 3.8).  A detailed map of these UARP 
facilities is shown in Figure A3.0-1.



Figure A3.0-1.  Upper American River Project
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3.1 Loon Lake Development 

The Loon Lake Development, which began commercial operation on August 27, 1971, includes 
the highest elevation project facilities and is located approximately 70 miles east of Sacramento.  
The development utilizes water from the Rubicon River, Highland Creek, Little Rubicon River, 
and Ellis Creek.  One of the Loon Lake Development features, Rubicon Reservoir, is located 
inside a designated wilderness area (Desolation Wilderness) within the boundary of the Eldorado 
National Forest (ENF).  All other Loon Lake Development features are outside the wilderness 
boundary and are located on public land within the ENF.  The development includes: 
 

1. Rubicon Dam - A concrete gravity main diversion dam located on the Rubicon River that 
is 36-feet-high by 644-feet-long, and a concrete gravity auxiliary dam that is 29-feet-high 
by 553-feet-long.  These structures create the Rubicon Reservoir, which has a storage 
capacity of 1,450 ac-ft at a maximum water surface elevation of 6,545 feet. 

 
2. Rockbound Tunnel - A 0.2-mile-long, 13-foot-diameter unlined horseshoe tunnel that 

diverts water from Rubicon Reservoir to Buck Island Reservoir via Rockbound Lake (a 
non-Project facility) located on Highland Creek. 

 
3. Buck Island Dam - A concrete gravity diversion dam located on the Rockbound Creek 

that is 23-feet-high by 293-feet-long, and a 15-foot-high by 244-foot-long concrete 
gravity auxiliary dam.  These structures create Buck Island Reservoir, which has a 
storage capacity of 1,070 ac-ft at a maximum water surface elevation of 6,436 feet. 

 
4. Buck-Loon Tunnel - A 1.6-mile-long, 13-foot-diameter unlined modified horseshoe 

tunnel that diverts water from Buck Island Reservoir to Loon Lake Reservoir. 
 

5. Loon Lake Dam - A rockfill dam on Gerle Creek that is 0.4-mile-long by 108-feet-high, 
with a 250-foot-long side channel spillway on the right bank, and a 910-foot-long by 95-
foot-high rockfill auxiliary dam, and an earthfill dike.  These structures create Loon Lake 
Reservoir, which has a storage capacity of 76,200 ac-ft at a maximum water surface 
elevation of 6,410 feet. 

 
6. Loon Lake Penstock - A 0.3-mile-long, 14-foot-diameter concrete-lined horseshoe 

tunnel; 10-foot-diameter concrete lined vertical shaft; and 8.5-foot-diameter steel lined 
tunnel extending from Loon Lake Reservoir to Loon Lake Powerhouse. 

 
7. Loon Lake Powerhouse - An underground powerhouse, located over 1,100 feet below the 

surface of the Loon Lake Reservoir, which consists of one turbine with a rated capacity 
of 70,479 kW at best gate opening and one generator rated at 85,215 kW, with 
powerhouse maximum capability of 82,000 kW. 

 
8. Loon Lake Tailrace Tunnel - A 3.8-mile-long, 18-foot-diameter unlined horseshoe tunnel 

extending from Loon Lake Powerhouse that discharges into Gerle Creek Reservoir. 
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9. Transmission Lines - Two 69 kV overhead transmission lines: one extending to the 

Robbs Peak switchyard via the 7.9-mile-long Loon Lake-Robbs Peak Transmission Line, 
and the other extending to Union Valley switchyard via the 12.4-mile-long Loon Lake-
Union Valley Transmission Line. 

 
10. Other - Other appurtenant equipment and facilities as described below. 

3.1.1 Reservoirs and Dams 

Table A3.1.1-1 provides a detailed description of the reservoirs and dams associated with the 
Loon Lake Development. 
 

Table A3.1.1-1. Reservoirs and dams associated with the Loon Lake Development. 
Rubicon Reservoir 

Normal Maximum Water Surface Elevation 6,545 ft. 
Normal Maximum Reservoir Capacity 1,450 ac-ft 
Maximum Depth not available 
Mean Depth not available 
Drainage Area 26.09 sq. mi.  
Surface Area at maximum elevation 108 acres 
DSOD Certificate of Approval January 6, 1966, under Application No. 1009-9 

Rubicon Dam – Main Dam 
Type Concrete gravity  
Year Placed in Service 1963 
Height 36 ft. 
Crest Length 644 ft. 
Crest Width 4 ft. 
Crest Elevation 6,551 ft 
Base Width Varies 
Slope-Upstream Face Vertical 
Slope-Downstream Face 7.0:10.0 (H:V) 
Spillway Type Ogee overflow 
Spillway Control Uncontrolled 
Spillway Crest Elevation 6,545 ft. 
Maximum Spillway Discharge 12,114 cfs 
Low Level Outlet Type 36-in. dia. steel pipe through dam 
Low Level Outlet Control Two 10-in. pipes with a 6 inch restricting plate 
Maximum Low Level Outlet Capacity 18 cfs 

Rubicon Dam – Auxiliary Dam 
Type Concrete gravity 
Year Placed in Service 1963 
Height 29 ft. 
Crest Length 553 ft. 
Crest Width 4 ft. 
Crest Elevation 6,551 ft. 
Base Width Not available 
Slope-Upstream Face Vertical 
Slope-Downstream Face 7.0:10.0 (H:V) 
Spillway Type Ogee Overflow 
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Table A3.1.1-1. Reservoirs and dams associated with the Loon Lake Development. 
Spillway Control Uncontrolled 
Spillway Crest Elevation 6,545.5 ft. 
Maximum Spillway Discharge See main dam above 
Low Level Outlet Type None 

Buck Island Reservoir 
Maximum Normal Water Surface Elevation 6,436 ft. 
Normal Maximum Reservoir Capacity 1,070 ac-ft 
Maximum Depth not available 
Mean Depth not available 
Drainage Area 6.0 sq. mi. 
Surface Area at Maximum Elevation 78 acres 
DSOD Certificate of Approval January 6, 1966, under Application No. 1009-8 

Buck Island Dam – Main Dam 
Type Concrete gravity 
Year Placed in Service 1963 
Height 23 ft. 
Crest Length 293 ft. 
Crest Width 4 ft. 
Crest Elevation 6,442.0 ft 
Base Width Varies 
Slope-Upstream Face Vertical 
Slope-Downstream Face 7.0:10.0 (H:V) 
Spillway Type Ogee overflow 
Spillway Control Uncontrolled 
Spillway Crest Elevation 6,436 ft.  
Maximum Spillway Discharge 4,184 cfs 
Low Level Outlet Type 36-in.dia. steel pipe through dam 
Low Level Outlet Control One 12-in. valve 
Maximum Low Level Outlet Capacity 11.6 cfs 

Buck Island Dam – Auxiliary Dam 
Type Concrete gravity 
Year Placed in Service 1963 
Height varies from 4 ft to 24 ft, averaging 15 ft 
Crest Length 244 ft. 
Crest Width 4 ft 
Crest Elevation 6,436.5 ft. 
Base Width varies  
Slope-Upstream Face Vertical 
Slope-Downstream Face 7.0:10.0(H:V) 
Spillway Type Ogee overflow 
Spillway Control Uncontrolled 
Spillway Crest Elevation 6,436 ft. for Auxiliary Dam 
Maximum Spillway Discharge Not available 
Low Level Outlet Type None 

Loon Lake Reservoir 
Normal Maximum Water Surface Elevation 6,410 ft. 
Normal Maximum Reservoir Capacity 76,200 ac-ft 
Maximum Depth 165 ft. 
Mean Depth 43 ft. 
Drainage Area 8.0 sq. mi. 
Surface Area at Maximum Elevation 1,450 acres 
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Table A3.1.1-1. Reservoirs and dams associated with the Loon Lake Development. 
DSOD Certificate of Approval January 6, 1966, under Application No. 1009-7 

Loon Lake Dam - Main Dam 
Type Rockfill with central core 
Year Placed in Service 1963 
Height 108 ft. 
Crest Length 2,130 ft. (0.4 mile) 
Crest Width 30 ft. 
Crest Elevation 6,418 ft. 
Base Width 425 ft. +/- 
Slope-Upstream Face 1.7 : 1.0 (H:V) 
Slope-Downstream Face 1.8 : 1.0 (H:V) 
Spillway Type 250 ft. side channel chute with concrete weir 
Spillway Control Uncontrolled 
Spillway Crest Elevation 6,410 ft. 
Maximum Spillway Discharge 15,000 cfs at zero freeboard 
Low Level Outlet Type Ring-jet valve 
Low Level Outlet Control Two 10-inch globe valves and one 42-inch fixed cone 

valve 
Maximum Low Level Outlet Capacity 640 cfs 

Loon Lake Dam – Auxiliary Dam 
Type Rockfill with central core  
Year Placed in Service 1963 
Height 95 ft. 
Crest Length 910 ft. 
Crest Width 30 ft. 
Crest Elevation 6,418 ft. 
Base Width 370 ft. 
Slope-Upstream Face 1.7:1.0 (H:V) 
Slope-Downstream Face 1.8:1.0 (H:V) 
Spillway Type None 
Low Level Outlet Type None 

Loon Lake Dike 
Type Earthfill 
Year Placed in Service 1963 
Height 20 ft. 
Crest Length 300 ft. 
Crest Width 17 ft. 
Crest Elevation 6,418 ft. 
Base Width: 118 ft. 
Slope-Upstream Face 2.5:1.0 (H:V) 
Slope-Downstream Face 2.0:1.0 (H:V) 
Spillway Type None 
Low Level Outlet Type None 

 

3.1.2 Water Conveyance Facilities 

Table A3.1.2-1 provides a detailed description of the water conveyance facilities associated with 
the Loon Lake Development. 
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Table A3.1.2-1. Water conveyance facilities associated with the Loon Lake Development. 
Rockbound Tunnel 

Type Unlined tunnel 
Length 1,170 ft. (0.2 mile) 
Diameter 13-ft. modified horseshoe 
Capacity 1300 cfs 
Maximum Tunnel Velocity 6.1 fps 

Buck - Loon Tunnel 
Type Unlined tunnel 
Length 8,225 ft. (1.6 mile) 
Diameter 13-ft. modified horseshoe 
Capacity 1260 cfs 
Maximum Tunnel Velocity 6.7 fps 

Loon Lake Penstock 
Type Concrete and steel lined tunnel 
Length 1,454 ft. (0.3 mile) 
Diameter 14-ft. concrete-lined horseshoe 

10-ft. dia. concrete lined, 8.5-ft. dia. steel lined 
Maximum Penstock Velocities 12.7 fps in concrete-lined sections 

17.6 fps in steel-lined sections 
Loon Lake Tailrace Tunnel 

Type Non-pressurized 
Length 20,212 ft. (3.8 mile) 
Diameter 18-ft. horseshoe 
Lining Generally unlined  

 
 
The Loon Lake Powerhouse intake works include a 250-foot-long, open cut intake channel 
leading to a submerged reinforced concrete intake structure.  The intake includes a trashrack and 
a bulkhead gate slot.  A reinforced concrete gatehouse is located 120 feet downstream of the 
intake.  The gatehouse includes both a fixed wheel gate and a bulkhead gate.  The fixed wheel 
gate is designed to close automatically upon excess flow in the penstock.  The powerhouse 
tailrace tunnel can be used for vehicular access to Loon Lake Powerhouse when the unit is taken 
out of service.  Access is through an adit located near the downstream tunnel portal.  The Loon 
Lake tailrace discharge structure is a reinforced concrete building with a bulkhead gate and trash 
rack to isolate the tunnel from Gerle Creek Reservoir. 

3.1.3 Structures 

There are two structures associated with the Loon Lake Development: the Loon Lake 
Powerhouse access building and the Loon Lake Powerhouse.  The Loon Lake Powerhouse 
access building is a reinforced concrete structure located south of the Loon Lake Auxiliary Dam.  
The powerhouse access building contains the hoisting equipment for an inclined-shaft cable car, 
which is the primary access to the powerhouse; an emergency generator; diesel fuel storage; and 
communications equipment.  The cable car shaft is a concrete-lined incline tunnel. A 10,000-
gallon diesel fuel storage tank at the access building is used to supply fuel for the auxiliary 
generator and snow removal equipment. 
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Loon Lake Powerhouse is located over 1,100 feet below Loon Lake Reservoir in an excavated 
chamber approximately 75 feet wide by 115 feet long by 110 feet high.  The cavern is unlined 
above the main powerhouse deck.  Rockbolts are used to reinforce the excavation and support 
the corrugated metal arch ceiling that covers the machine hall.  The powerhouse has a separate 
oil room with secondary containment for storage of oils and lubricants in the facility.  A steel 
flap gate on the turbine deck leads to the tailrace tunnel.  The flap gate provides drainage in the 
unlikely event of a penstock rupture. 

3.1.4  Turbine/Generators 

Table A3.1.4-1 provides a detailed description of the turbine and generator associated with the 
Loon Lake Development.  The single Pelton turbine is located in the powerhouse cavern and the 
generator has been re-wedged. 
 

Table A3.1.4-1. Turbines and generators associated with the Loon Lake Development. 
Powerhouse Maximum Capability 82,000 kW 

Turbine 
Unit Number 1 

FERC Nameplate Head 1,133 ft. 
FERC Nameplate 70,479 kW 
Manufacturer Hitachi 
Year placed in service 1971 
Type Vertical Pelton (impulse), six jet 
Upgrade Date None 
Nameplate Rated Flow 997 cfs 
Nameplate Rated Head 1,109 ft. 
Speed 200 rpm 
Nameplate Output 112,000 hp 
Water Supply Loon Lake 
Discharges to Gerle Creek Reservoir 

Generator 
Unit Number 1 

FERC Nameplate Power Factor 0.95 
FERC Nameplate 85,215 kW 
Manufacturer Hitachi 
Year placed in service 1971 
Generator Type Synchronous 
Revision Date None 
Voltage 13.8 kV 
Current 3,260 A 
Speed 200 rpm 
Power Output 78,000 kVA 
Power Factor 0.95 

 

3.1.5 Electrical Equipment 

There are four electrical structures associated with the Loon Lake Development: the main 
transformer, the Loon Lake switchyard, and two transmission lines.  The main transformer is a 
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Type TPE82500, rated for 82.5 MVA, 67/38.7-13.4 kV, 3-phase, Force Oil Water, and 
manufactured by Secheron, Switzerland.  It was installed in 1968, and is located in the 
transformer vault on the turbine floor.  Cooling water supply is regulated by transformer oil 
temperature.  The transformer high side is connected to the circuit breaker in the switchyard via a 
shielded power cable. 
 
The Loon Lake switchyard is located above ground adjacent to the Loon Lake Powerhouse 
access building, and contains three oil-filled, 69 kV circuit breakers.  One breaker serves as the 
main transformer breaker and the two remaining breakers serve as line breakers for the two 
transmission lines.  A shielded, high-voltage cable connects the main transformer to the 
transformer breaker.  All breakers are Hitachi Type OSYGB-250, 69 kV, 1,200 A, with 
interrupting capacity of 2,500 MVA.  Each breaker contains 515 gallons of oil and each includes 
secondary oil containment.  All disconnect switches are manually operated and rated for 69 kV, 
1,200 A. 
 
The Loon Lake switchyard is connected to the Robbs Peak switchyard via the 7.9-mile-long, 69 
kV Loon Lake-Robbs Peak overhead transmission line, with 795 kcmil Aluminum Core Steel 
Reinforced (ACSR) conductors, and to the Union Valley switchyard by the 12.4-mile-long, 69 
kV Loon Lake-Union Valley overhead transmission line, with 795 kcmil ACSR conductors. 

3.1.6 Additional Equipment 

Additional mechanical, electrical, and transmission equipment associated with the Loon Lake 
Development is described below. 
 
Turbine Speed Governing Systems - Hitachi provided the original turbine governor system as 
part of the turbine supply contract.  The system employed a mechanical speed governor and 300-
psi hydraulic pressure system.  In approximately 1991, the speed governing elements of the 
system were replaced with a Woodward 501 electronic speed control system.  Control of the unit 
typically employs 6-nozzle operation, without using a 2- or 4-nozzle configuration at low loads 
or at spinning reserve operation. 
 

• Turbine Shut Off Valve - Hitachi also provided a spherical type turbine shutoff valve for 
isolation of the turbine from the penstock and tunnel.  The valve is provided with a water-
driven hydraulic cylinder operator.  All metal components that are in contact with water 
are stainless steel or bronze.  Metal seats on the valve system have been replaced. 

 
• Generator Control System - The generator control switchboard is a duplex switchboard 

type, installed in 1971, and equipped with mostly electro-mechanical type protective 
relays.  An Energy Management System Remote Terminal Units (EMS RTU) is located 
in the same control room, along with a microwave radio terminal.  Generator controls 
were upgraded with Beckwith M-0194 and M-0193 synchroclosers, which are 
standardized throughout the Project system. 
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• Powerhouse Control System - A switchyard control panel is located in the powerhouse 
access building. 

 
• Communication Systems - A Harris microwave radio is used for remote monitoring and 

control of the plant from Sacramento.  In addition, SMUD is in process of installing a 
fiber optic network for redundant communication to all UARP powerhouses.  This 
project should be completed in year 2005 or 2006.   

 
• Generator Circuit Breakers - The generator breaker is an air blast type rated for 13.8 kV, 

3,000/3,750 A, 1,000 MVA. 
 

• Powerhouse Auxiliary Systems: Piping - Piping within the powerhouse and in the access 
building uses a combination of carbon steel, cast iron, and a limited amount of copper 
and stainless steel materials.  Some portions of the cooling water and service water 
systems have asbestos insulation, which is sealed. 

 
• Powerhouse Cooling Water System - The cooling water system in the powerhouse is 

supplied by two 75-hp pumps, either of which can supply adequate flow for cooling of 
the generator and turbine. 

 
• Powerhouse Service Water System - Service water in the powerhouse is supplied by two 

25-hp pumps and a carbon steel piping system.  This system was modified to allow 
powerhouse cavern and main step-up transformer cooling using service water.  The 
pumps for this system were overhauled in 1998. 

 
• Powerhouse Fire Suppression System - Carbon dioxide fire suppression system piping, 

compressed air, and fuel piping systems use carbon steel and bronze pipe and are 
generally in their original configuration. 

 
• Powerhouse Auxiliary Systems:  Elevator - The powerhouse access elevator is an 

inclined car that uses a wire rope, hoist-style lift system.  The total vertical travel of the 
lift is approximately 1,154 feet from the powerhouse access building to the powerhouse 
cavern.  The car capacity is eight passengers or 1,760 pounds.  In 1999, the elevator 
system was completely modernized by Von Roll, Inc., with replacement of the direct 
current drive motor, dynamic brakes, elevator car, and controls. 

 
• Powerhouse Auxiliary Systems:  HVAC - Ventilation of the powerhouse and inclined 

elevator shaft is provided by air taken from the tailrace tunnel.  The system employs an 
air handler unit to force air into ductwork supplying the cavern.  Exhaust air is vented to 
the surface through the inclined shaft.  A refrigerated cooling system is used to 
dehumidify the incoming air.  The freon chiller assembly for this system was replaced in 
the late 1990s. 
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• Powerhouse Auxiliary Systems:  Station Service - Station power is supplied by a 750 
kVA, 3-phase, 13.8 kV-480/277 V, Zinsco dry-type transformer.  Two Gould battery 
float chargers are used in redundant fashion for station batteries.  A separate Ratelco 
Model 102B-3588-07 charger is used for the 48-volt communication batteries.  Both 125 
V and 48 V batteries are only a few years old. 

 
• Powerhouse Auxiliary Systems:  Standby Power - 250 kW Kato diesel generator, 1,800 

rpm, 120/208-240, 240/416-480 V is located in the top floor of the access building.  The 
standby generator is automatically started and interlocked with the station service 
switchgear via a kirk-key. 

 
• Powerhouse Auxiliary Systems:  Overhead Cranes - An overhead bridge crane, with a 

200-ton main hook and a 30-ton auxiliary hoist, is provided near the roof of the 
powerhouse cavern for maintenance of the unit. 

 
• Powerhouse Auxiliary Systems:  Sanitation - Wastewater from a bathroom in the 

machine hall is plumbed to a sewage digester.  From the digester, it is transferred to a 
holding tank in the machine hall.  When the holding tank fills, the water is pumped up the 
inclined access shaft to another holding tank that also services the bathroom in the access 
building.  When this second holding tank fills, a mobile commercial septic service 
company is called to service the system. 

3.1.7 United States-Owned Lands within the FERC Project Boundary 

The FERC Project Boundary associated with the Loon Lake Development encompasses 2,110.7 
acres of United States-owned land administered by the USDA Forest Service’s part of the ENF. 

3.2 Robbs Peak Development 

The Robbs Peak Development, which began commercial operation on October 25, 1965, is 
located approximately 70 miles east of Sacramento on both private and public land within the 
boundary of the ENF.  The development primarily utilizes water released from the Loon Lake 
Development as well as inflow from Gerle Creek (including its tributaries Barts, Deller, and 
Jerrett Creeks), Angel Creek, and the South Fork Rubicon River (SFRR).  The Robbs Peak 
Development includes: 
 

1. Gerle Creek Dam - A 58-foot-high, 444-foot-long concrete gravity overflow structure 
located on Gerle Creek, upstream of its confluence with SFRR, incorporating the intake 
of Gerle Creek Canal in its left abutment, creating Gerle Creek Reservoir having 1,260 
ac-ft of storage at maximum water surface elevation of 5,231 feet. 

 
2. Gerle Canal - An aboveground canal, 22 feet wide and 19 feet deep that extends 1.9 mile 

from Gerle Creek Reservoir to Robbs Peak Reservoir.  It is partially lined with gunite. 
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3. Robbs Peak Dam - A 44-foot-high, 320-foot-long concrete gravity overflow structure, 
with 12 steel bulkhead gates, all 6.2 feet high, on the spillway crest, located on the SFRR 
upstream of its confluence with Gerle Creek, and impounding 30 ac-ft of water at 
maximum water surface elevation of 5,231 feet. 

 
4. Robbs Peak Tunnel - A 3.2-mile-long, 13-foot-diameter unlined horseshoe and 10-ft 8-

inch-diameter lined diversion tunnel from Robbs Peak Reservoir to Robbs Peak Penstock. 
 

5. Robbs Peak Penstock - A 9.75- to 8.5-foot-diameter, 0.4-mile-long steel penstock from 
Robbs Peak Tunnel to Robbs Peak Powerhouse. 

 
6. Robbs Peak Powerhouse - Located on the northeast shore of Union Valley Reservoir, 

equipped with one turbine with a rated capacity at best gate opening of 28,125 kW, and 
one generator rated at 29,700 kW, with maximum capability of 29,000 kW. 

 
7. Robbs Peak-Union Valley Transmission Line - A 6.8-mile-long, 69 kV overhead line 

connecting the Robbs Peak Switchyard to the Union Valley Switchyard. 
 

8. Other - Other appurtenant equipment and facilities as described below. 

3.2.1 Reservoirs and Dams 

Table A3.2.1-1 provides a detailed description of the reservoirs and dams associated with the 
Robbs Peak Development.  Gerle Creek Reservoir receives inflow from Loon Lake Powerhouse 
(via the Loon Lake Tailrace Tunnel) and flows from Angel Creek and Gerle Creek.  Water is 
released from the reservoir into the Gerle Canal, which transports it to Robbs Peak Reservoir.  
Robbs Peak Reservoir also collects flows from South Fork Rubicon River.  In normal operation, 
all flows entering Gerle Creek Reservoir are diverted into the Gerle Canal, with the exception of 
the minimum stream release requirements at Gerle Creek Dam.  Normal operation of Robbs Peak 
Dam is to divert all flows into the Robbs Peak Tunnel, with the exception of minimum stream 
release requirements at the dam. 
 

Table A3.2.1-1. Reservoirs and dams associated with the Robbs Peak Development. 
Gerle Creek Reservoir 

Maximum Normal Water Surface Elevation 5,231 ft. 
Normal Maximum Reservoir Capacity 1,260 ac-ft 
Maximum Depth 51 ft. 
Mean Depth 21 ft. 

Gerle Creek Dam 
Drainage Area 28.7 sq. mi. 
Surface Area at Maximum Elevation 60 acres 
DSOD Certificate of Approval June 15, 1966, under Application No. 1009-5 
Type Concrete gravity 
Year Placed in Service 1962 
Height 58 ft. 
Crest Length 444 ft. (with canal headwall) 
Crest Width 4 ft. 
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Table A3.2.1-1. Reservoirs and dams associated with the Robbs Peak Development. 
Crest Elevation 5,240.5 feet 
Base Width Varies  
Slope-Upstream Face Vertical 
Slope-Downstream Face Varies 
Spillway Type Concrete ogee 
Spillway Control None 
Spillway Crest Elevation (with gates down) 5,231 ft. 
Maximum Spillway Discharge More than 12,000 cfs 
Low Level Outlet Type 36-in. slide gate 
Low Level Outlet Control 10 inch globe valve 
Maximum Low Level Outlet Capacity 13.6 cfs 

Robbs Peak Reservoir 
Maximum Normal Water Surface Elevation 5,231 ft. 
Normal Maximum Reservoir Capacity 30 ac-ft 
Drainage Area 15.4 sq. mi. 
Surface Area 2 acres 
DSOD Certificate of Approval February 2, 1991, under Application No. 1009-6 

Robbs Peak Dam 
Type Concrete gravity 
Year Placed in Service 1961 
Height 44 ft. 
Crest Length 320 ft. 
Crest Width 4 ft.  
Crest Elevation 5,234 ft. 
Base Width Varies 
Slope - Upstream Face Vertical 
Slope – Downstream Face Varies 
Spillway Type Concrete ogee 
Spillway Control Twelve vertical lift wheel gates.  Chain fall hoists 

used to lift gates.  Gates are dogged in the open 
position 

Spillway Crest Elevation 5,226.0 feet 
Maximum Spillway Discharge More than 12,000 cfs 
Low Level Outlet Type 36-in. dia. primary outlet, 12-in. dia. fish release 
Low Level Outlet Control 6 inch diaphragm valve 
Maximum Low Level Outlet Capacity 4.3 cfs 

 

3.2.2 Water Conveyance Facilities 

Table A3.2.2-1 provides a detailed description of the water conveyance facilities associated with 
the Robbs Peak Development. 
 

Table A3.2.2-1. Water conveyance facilities associated with the Robbs Peak Development. 
Gerle Creek Canal 

Type Uncovered aboveground canal.  Excavated on the 
uphill side with a levee on the downhill side 

Length 9,950 ft. (1.9 mile) 
Size 22 ft. top width to 19 feet bottom width, by 19 ft. 

deep; side slopes vary 
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Table A3.2.2-1. Water conveyance facilities associated with the Robbs Peak Development. 
Capacity 1,120 cfs 
Lining Partially gunite lined 
Spillway Type Concrete ogee 
Spillway Control Uncontrolled 
Spillway Capacity 750 cfs 

Robbs Peak Tunnel 
Type Pressure 
Length 16,917 ft. (3.2 mile) 
Diameter 13-ft. horseshoe unlined; 10 ft.-8-in. lined 
Capacity 1,250 cfs 
Lining Generally unlined 
Maximum Tunnel Velocity 7.4 fps unlined sections, 10.3 fps lined sections 

Robbs Peak Penstock 
Type Steel 
Length 2,235 ft. (0.4 mile) 
Diameter 9.75 ft. to 8.5 ft. 
Supports Steel ring girders on concrete foundations 
Connections Welded longitudinal seams 

Welded circumferential seams on cans 
Mechanical coupling connections between cans 

Capacity 1,250 cfs 
Maximum Penstock Velocity 22 fps 

 
 
Water is released from Gerle Creek Reservoir to the Gerle Creek Canal through two slide gates 
located on the face of the dam to the left of the spillway.  The gates are electric motor operated 
with local control from the dam crest or remotely controlled from the Power System Operator 
(PSO) Control Counsel in Sacramento.  Under typical operations, the canal gates are maintained 
in the full open position, except during runoff conditions, when the gates are partially or fully 
closed to limit spill from the canal side-channel overflow spillway, and to limit debris entry to 
the canal.  In normal operation, the level of water in Gerle Creek Reservoir and the canal rise and 
fall together, as a function of fluctuations in the volume of water flowing from the Loon Lake 
Tailrace Tunnel.  At the end of the canal, the water enters the Robbs Peak Reservoir, where it 
merges with water entering from the South Fork Rubicon River.  This is also the location of the 
Robbs Peak Intake. 
 
The Robbs Peak Intake works include a reinforced concrete gatehouse and a submerged intake.  
The intake includes a coarse trashrack located approximately 50 feet upstream of the intake and a 
fine rack immediately in front of the intake openings.  The gatehouse includes both a fixed wheel 
gate and a bulkhead gate. 

3.2.3 Structures 

There are two structures associated with the Robbs Peak Development: the Robbs Peak Penstock 
inlet structure and the Robbs Peak Powerhouse.  Robbs Peak Penstock inlet structure is located at 
the outlet of the Robbs Peak Tunnel.  This structure houses the penstock shutoff valve and a side 
channel diversion valve.  The penstock shutoff valve is a butterfly style, horizontal shaft, with 
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gravity counterweight for closure.  The valve has a hydraulic oil pressure system for opening and 
is fitted with a penstock over velocity sensing and emergency closure system.  The side channel 
discharge structure houses a 10-foot knife gate valve.  This structure allowed diversion to Union 
Valley Reservoir prior to the completion of Robbs Peak Powerhouse.  This side channel system 
is no longer used, except as a means of tunnel access when the tunnel is dewatered. 
The Robbs Peak Powerhouse is a below grade, reinforced concrete structure located on the 
northeast shore of Union Valley Reservoir.  The powerhouse has an outdoor gantry crane.  
Structural concrete members support the crane rails and powerhouse roof.  The powerhouse has a 
separate oil storage room with secondary containment. 

3.2.4 Turbine/Generators 

Table A3.2.4-1 provides a detailed description of the turbines and generators associated with the 
Robbs Peak Development.  The turbine is a vertical shaft Francis-type unit, with an exposed 
discharge ring, allowing turbine runner replacement without removal of the generator rotor.  The 
turbine is typically shut down in off-peak periods during the summer and any other low-flow 
period.  Coordination with other units of the Project is complicated by the need to fill Gerle 
Creek Reservoir and the Gerle Creek Canal (with discharges from the Loon Lake Development) 
before the Robbs Peak unit can be brought to a high-load setting.  For regulation of penstock 
pressure during unit shutdown events, the turbine is fitted with a dashpot-style pressure relief 
valve that can bypass penstock flows around the generator and into Union Valley Reservoir.  A 
Farval automatic grease injection system provides regular lubrication of the turbine wicket gates, 
connecting linkage, the inlet valve, and pressure relief valve bearings.  Air coolers in the 
generator are the original equipment.  The generator is provided with a CO2 fire protection 
system. 
 

Table A3.2.4-1. Turbines and generators associated with the Robbs Peak Development. 
Powerhouse Maximum Capability 29,000 kW 

Turbine 
Unit Number 1 

FERC Nameplate Head 330 ft. 
FERC Nameplate Power 28,125 kW 
Manufacturer J. Leffel 
Year placed in service 1965 
Type Vertical Francis 
Upgrade Date 1989 
Upgrade Supplier Mitsubishi 
Nameplate Rated Flow 1046 cfs 
Nameplate Rated Head 330 ft. 
Speed 277 rpm 
Nameplate Output 34,500 hp 
Water Supply Robbs Peak Reservoir 
Discharges to Union Valley Reservoir 

Generator 
Unit Number 1 

FERC Nameplate Head 330 
FERC Nameplate  29,700 kW 
Manufacturer General Electric 
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Table A3.2.4-1. Turbines and generators associated with the Robbs Peak Development. 
Year placed in service 1965 
Generator Type Synchronous 
Revision Date 1993 
Revision Supplier National Electric Coil 
Voltage 13.8 kV 
Current 1124 A 
Speed 277 rpm 
Power Output 26,870 kW  
Power Factor 0.95 

 

3.2.5 Electrical Equipment 

There are four electrical structures associated with the Robbs Peak Development: the main 
transformer, the Robbs Peak Powerhouse switchyard, and two transmission lines.  The main 
transformer is 26.25/35 MVA, 3-phase, Oil Air/Forced Air (OA/FA), 67-13.8 kV, impedance = 
5.9 percent, and is manufactured by Pennsylvania Transformer.  Transformer installations 
include secondary oil containment. 
 
The Robbs Peak Powerhouse Switchyard is located adjacent to the powerhouse and contains two 
high voltage circuit breakers by McGraw-Edison, Type CF-48-69-1500, rated for 69 kV, 1200 A, 
with interrupting capacity of 1500 MVA.  These breakers were installed in 1965 and now have 
secondary oil containment.  These breakers occasionally have difficulty closing in cold 
temperatures and require monthly exercise.  All disconnect switches are manually operated. 
 
The Robbs Peak-Union Valley Transmission Line is a 69 kV overhead line with 795 kcmil 
ACSR conductors, is 6.8-miles-long, and connects the Robbs Peak switchyard to the Union 
Valley Powerhouse switchyard.  A lattice type structure is used for transmission line take-offs. 

3.2.6 Additional Equipment  

Additional mechanical, electrical and transmission equipment associated with the Robbs Peak 
Development is described below. 
 

• Turbine Speed Governing Systems – The turbine speed control system is the original 
mechanical-hydraulic governor supplied by the Woodward Governor Company in 1965.  
The system operates with an oil pressure of 275 psi. 

 
• Turbine Shut Off Valve – A butterfly-type turbine shutoff valve is provided in the 

powerhouse for isolation of the turbine from the penstock and tunnel.  The valve is fitted 
with a water-driven hydraulic cylinder operator.  All metal operator components that are 
in contact with water are stainless steel or bronze. 

 
• Powerhouse Control System – A duplex control switchboard is installed “through-the-

wall" to conserve floor space.  A video graphic recorder is mounted on the switchboard 
panel. 
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• Communication Systems – All remote plant control communication is via microwave 

radio. 
 

• Generator Circuit Breakers – The unit breaker is a Westinghouse “Porce-Line” air circuit 
breaker rated for 13.8-kV, 2,000 A, 500 MVA. 

 
• Powerhouse Auxiliary Systems: Piping – Piping systems within the powerhouse use a 

combination of carbon steel, cast iron, and a limited amount of copper and stainless steel 
materials. 

 
• Cooling Water System – The cooling water system in the powerhouse is supplied by two 

vertical turbine pumps, either one of which can supply adequate flow for cooling of the 
generator and turbine.  Two automatic motor-driven strainers and one manual strainer are 
available for screening debris from the delivered flow.  Cooling water can also be taken 
from the penstock if the cooling pumps are out of service.  The cooling water system 
piping is predominately carbon steel with screwed and welded fittings.  Some portions of 
the piping have been upgraded with stainless steel pipe. 

 
• Service Water System – Service water in the powerhouse is supplied by a 15-hp pump 

and a carbon steel-piping system.  The service air system includes one compressor and a 
carbon steel-piping network that operates at 105 psi. 

 
• Fire Suppression System – Carbon dioxide fire suppression system piping, compressed 

air, and fuel piping systems use carbon steel and bronze pipe and are generally in their 
original configuration. 

 
• Oil Transfer Piping – Oil transfer piping is provided between the turbine generator and 

the oil room.  This system includes oil transfer pumps and filtration equipment in the oil 
room.  Original piping is carbon steel.  Some portions of this system have been replaced 
with copper sweated joint pipe. 

 
• Powerhouse Auxiliary Systems: HVAC – Ventilation of the powerhouse is provided by 

an air handler and ductwork system which supplies air to all powerhouse levels. 
 

• Powerhouse Auxiliary Systems: Station Service – The station service transformer is 
located on the generator floor and equipped with a ventilating fan that exhausts air to the 
generator floor.  The transformer is a 300 kVA, 13.8 kV-480/277 V dry type by G.E.  The 
station service transformer receives power from the generator bus via a removable link.  
Motor control center equipment is by Delta Switchboard. 

 
• Powerhouse Auxiliary Systems: Standby Power – Standby power is provided by a 480-

volt, 3-phase, 60 kW, propane-based generator.  This generator starts automatically on 
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power failure but is limited in capacity for the station battery charger and interior 
lighting. 

 
• Powerhouse Auxiliary Systems: Overhead Cranes – An outdoor gantry crane with a main 

trolley capacity of 80/15 tons is provided for maintenance of powerhouse equipment.  
The crane also has a 7.5-ton hoist for handling the draft tube bulkhead gates.  The crane 
has not been significantly upgraded since its construction in 1965. 

 
• Powerhouse Auxiliary Systems: Septic – The powerhouse bathroom is connected to a 

septic system.  The septic tank and leach field are located behind the powerhouse. 

3.2.7 United States-Owned Lands within the FERC Project Boundary 

The FERC Project Boundary associated with the Robbs Peak Development encompasses 216.2 
acres of United States-owned land administered by the USDA Forest Service as part of the ENF. 

3.3 Jones Fork Development 

The Jones Fork Development, which began commercial operation on June 10, 1985, is located 
approximately 70 miles east of Sacramento and is on public land within the boundary of the 
ENF.  The development utilizes water from the South Fork Silver Creek (SFSC).  A detailed 
description of the Jones Fork Development facilities is provided below. 
 

1. Ice House Dam – A rockfill dam located on the SFSC, 0.3 mile long and 150 feet high, 
incorporating a concrete ogee spillway with radial gates, and two auxiliary earthfill dikes.  
These structures create the Ice House Reservoir, which has a storage capacity of 45,960 
ac-ft at a maximum water surface elevation of 5,450 feet. 

 
2. Jones Fork Tunnel – A 0.3-mile-long, 8-foot-diameter horseshoe concrete- and steel-lined 

tunnel from Ice House Reservoir to the Jones Fork Penstock. 
 

3. Jones Fork Penstock – A 1.6-mile-long, 6-foot-diameter steel and concrete penstock from 
Jones Fork Tunnel to the Jones Fork Powerhouse. 

 
4. Jones Fork Powerhouse – Contains a single Francis-type turbine with a rated capacity at 

best gate opening of 10,400 kW, and one generator rated at 11,495 kW, located on the 
southeast shore of Union Valley Reservoir; with maximum capability of 11,500 kW. 

 
5. Jones Fork-Union Valley Transmission Line – A 69 kV, 4.0-mile-long overhead 

transmission line from the Jones Fork switchyard to the Union Valley switchyard. 
 

6. Other – Other appurtenant equipment and facilities as described below. 
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3.3.1 Reservoirs and Dams 

Table A3.3.1-1 provides a detailed description of the reservoirs and dams associated with the 
Jones Fork Development. 
 

Table A3.3.1-1. Reservoirs and dams associated with the Jones Fork Development. 
Ice House Reservoir 

Maximum Normal Water Surface Elevation 5,450 ft. 
Normal Maximum Reservoir Capacity 45,960 ac-ft 
Maximum Depth 138 ft. 
Mean Depth 52 ft. 
Drainage Area 27.2 sq. mi. 
Surface Area at Maximum Elevation 678 acres 
DSOD Certificate of Approval June 15, 1966, under Application No. 1009 

Ice House Dam 
Type Rockfill with central core 
Year Placed in Service 1960 
Height 150 ft. 
Crest Length 1,600 ft. (0.3 mile) 
Crest Width 30 ft. 
Crest Elevation 5,454 ft. 
Base Width 548 ft. +/- 
Slope-Upstream Face 1.3:1.0 (H:V) with benches every 30 ft. for an 

average slope of 1.7:1.0 
Slope-Downstream Face 1.5:1.0 (H:V) with benches every 30 ft. for an 

average slope of 1.8:1.0 
Spillway Type Concrete ogee 
Spillway Control Two 14.5-ft. high by 40-ft. wide radial gates with 

cable hoists 
Spillway Crest Elevation 5,436.5 ft. 
Maximum Spillway Discharge 20,600 cfs 
Low Level Outlet Type 54-in. diameter reinforced concrete conduit, steel 

lined under dam core  
Low Level Outlet Control Upstream: Slide gate 

Downstream: 42-in. fixed-cone valve, two 10-in. 
gate and globe valve sets for minimum flow 
release 

Maximum Low Level Outlet Capacity 46.8 cfs 
Ice House Dike No. 1 

Type Zoned earthfill 
Year Placed in Service 1960 
Height 55 ft. 
Crest Length 975 ft. 
Crest Width 15 ft. 
Crest Elevation 5,456 ft. 
Base Width 262 ft. +/- 
Slope-Upstream Face 2.5:1.0 (H:V)  
Slope-Downstream Face 2.0:1.0 (H:V)  
Spillway Type None 
Low Level Outlet Type None 

Ice House Dike No. 2 
Type Earthfill 
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Table A3.3.1-1. Reservoirs and dams associated with the Jones Fork Development. 
Year Placed in Service 1960 
Height 8 ft. 
Crest Length 248 ft. 
Crest Width 15 ft. 
Crest Elevation 5,454 ft. 
Base Width 51 ft. +/- 
Slope-Upstream Face 2.5:1.0 (H:V)  
Slope-Downstream Face 2.0:1.0 (H:V)  
Spillway Type None 
Low Level Outlet Type None 

 

3.3.2 Water Conveyance Facilities 

Table A3.3.2-1 provides a detailed description of the water conveyance facilities associated with 
the Jones Fork Development. 
 

Table A3.3.2-1. Water conveyance facilities associated with the Jones Fork Development. 
Jones Fork Tunnel 

Type Pressure 
Length 1,631 ft. (0.3 mile) 
Diameter 8-ft. diameter Horseshoe lined 
Capacity 287 cfs 
Lining Concrete and steel lined 
Maximum Tunnel Velocity 3.5 fps unlined; 5.5 fps lined 

Jones Fork Penstock 
Type Aboveground steel pipe (7767 ft); concrete 

encased liner and concrete cylinder (742 ft) 
Length 8,509 ft. (1.6 mile) 
Diameter 6 ft 
Capacity 291 cfs 
Supports Expansion joints on concrete anchor blocks 
Maximum Penstock Velocity 13.4 fps 

 

3.3.3 Structures 

There are two structures associated with the Jones Fork Development:  1) the Jones Fork Intake; 
and 2) the Jones Fork Powerhouse.  The Jones Fork Powerhouse intake is a reinforced concrete 
structure submerged in Ice House Reservoir.  The intake is guarded by submerged trashracks.  A 
separate gatehouse is located on the north shore of Ice House Reservoir.  The reinforced concrete 
and masonry gatehouse includes a bulkhead gate and a fixed wheel gate. 
 
The Jones Fork Powerhouse is a reinforced concrete structure located on the shore of Union 
Valley Reservoir.  The powerhouse has an outdoor gantry crane. 
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3.3.4 Turbine/Generators 

Table A3.3.4-1 provides a detailed description of the turbine and generator associated with the 
Jones Fork Development.  The turbine is a vertical Francis-style unit, with companion pressure 
relief valve.  Normal turbine operation is daily peaking at high load settings with off-peak 
shutdown of the unit.  This unit operates adequately at all loads and does not have an air 
injection system to smooth the unit operation.  Wicket gate and other bushings are of the self-
lubricated greaseless type. 
 

Table A3.3.4-1. Turbines and generators associated with the Jones Fork Development. 
Powerhouse Maximum Capability 11,500 kW 

Turbine 
Unit Number 1 

FERC Nameplate Head 577 ft. 
FERC Nameplate: 10,400 kW 
Manufacturer Fuji 
Year placed in service 1985 
Type Francis 
Revision Date None 
Nameplate Rated Flow 281 cfs 
Nameplate Rated Head 577 ft. 
Speed 600 rpm 
Nameplate Output 11,888 kW 
Water Supply Ice House Reservoir 
Discharges to Union Valley Reservoir 

Generator 
Unit Number 1 

FERC Nameplate kW 11,495 kW 
Manufacturer Fuji 
Year placed in service 1985 
Generator Type Synchronous 
Revision Date None 
Voltage 4.16 kV 
Current 1,461 A 
Speed 600 rpm 
Power Output 10,526 kVA 
Power Factor 0.95 

 

3.3.5 Electrical Equipment 

There are three electrical structures associated with the Jones Fork Development: the main 
transformer, the Jones Fork switchyard, and one transmission line.  The main transformer is a 
Westinghouse unit installed in 1983, with 9,680/12,100 kVA, oil air/forced air-cooling, 
highside/lowside voltage of 67,000 V grounded wye/38,680-4160 V delta, 60 hertz, impedance 
of 7.48% at 65°C rise. 
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The Jones Fork-Union Valley Transmission Line is a 69 kV overhead line with 203 kcmil ACSR 
conductors, is 4.0-mile-long and connects the Jones Fork switchyard to the Union Valley 
switchyard. 

3.3.6 Additional Equipment 

Additional mechanical, electrical and transmission equipment associated with the Jones Fork 
Development is described below. 
 

• Turbine Speed Governing Systems – The turbine speed control system is the original 
analog electronic cabinet actuator governor supplied by the Woodward Governor 
Company in 1985.  In addition to controlling the turbine speed, this system also operates 
the turbine pressure relief valve.  The system operates with an oil pressure of 500 psi.  
Piping external to the governor cabinet is socket-welded stainless steel. 

 
• Turbine Shut Off Valve – A butterfly-type turbine shutoff valve, manufactured by Fuji, is 

provided in the powerhouse for isolation of the turbine from the penstock and tunnel.  
The valve is fitted with a water-driven hydraulic cylinder operator.  All metal operator 
components that are in contact with water and all piping for the system are stainless steel. 

 
• Powerhouse Control System – A duplex-control switchboard with three panels is used.  

Generator control and automatic synchronizing scheme has been upgraded with Beckwith 
M-0194, M-0193, and M-0188.  The control system also includes a black-start capability 
when the plant is isolated from the grid. 

 
• Communication Systems – The development uses a remote control microwave, L&G 

RTU radio.  Backup is supplied by an RFL telemetry system. 
 

• Generator Circuit Breakers – The generator circuit breakers are 4.16 kV, 2000 A, 250 
MVA air-blast type. 

 
• Powerhouse Auxiliary Systems: Piping – Piping systems within the powerhouse use a 

combination of galvanized steel, cast iron, and a limited amount of copper and stainless 
steel materials. 

 
• Cooling Water System – The cooling water system in the powerhouse is supplied by two 

10-hp vertical turbine pumps, either of which can supply adequate flow for cooling of the 
generator and turbine.  Two automatic motor-driven strainers are provided for screening 
debris from the delivered flow.  The cooling water pumps and supply sumps are 
configured to allow the pumps to dewater the turbine and draft tube for maintenance.  
The cooling water system piping is predominately galvanized steel with screwed or 
flanged fittings. 

 
• Service Water System – Service water in the powerhouse is supplied by two 15-hp pumps 

and a galvanized steel piping system.  Potable water piping is screwed brass or bronze.  
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The service air system includes one compressor and a galvanized steel piping network, 
operating at 105 psi. 

 
• Powerhouse Auxiliary Systems:  HVAC – Ventilation of the powerhouse is provided by 

an air handler and ductwork system that supplies air to all powerhouse levels.  Heating is 
provided by radiant unit heaters, with wall mounted thermostats located throughout the 
building.  No refrigerated or water coil cooling is provided. 

 
• Powerhouse Auxiliary Systems:  Station Service – The station service transformer is 

rated for 112.5 kVA, 4.16 kV-480/277 V, and is connected to the generator bus via a 
removable link.  Station batteries are 60-cell, lead acid type, with dual battery chargers, 
Edison Model 30-120-50.  Communications batteries are 48 VDC with Exide Model 
SCR48-1-25 battery charger.  Motor control center is by Klockner-Moeller, Series 200, 
120/240 VAC distribution panelboards are by CGI, and 480 VAC distribution panels are 
by Westinghouse. 

 
• Powerhouse Auxiliary Systems:  Emergency Power – The Jones Fork Powerhouse is not 

equipped with a permanent standby generator.  There is an outdoor receptacle rated for 
600 V, 100 A, 3-phase, 4-wire available for plugging in a portable generator. 

 
• Powerhouse Auxiliary Systems:  Overhead Cranes – An outdoor gantry crane with a 

main trolley capacity of 37.5 tons is provided for maintenance of powerhouse equipment.  
The crane also has a 5-ton jib hoist for handling of the draft tube bulkhead gates.  The 
crane has not been upgraded since its manufacture in 1985. 

 
• Powerhouse Auxiliary Systems:  Water Waste System – The bathroom at Jones Fork 

Powerhouse is plumbed to a sewage holding tank serviced by a commercial mobile septic 
company. 

3.3.7 United States-Owned Lands within the FERC Project Boundary 

The FERC Project Boundary associated with the Jones Fork Development encompasses 540.1 
acres of United States-owned land administered by the USDA Forest Service as part of the ENF. 

3.4 Union Valley Development 

The Union Valley Development, which began commercial operation on June 6, 1963, is located 
approximately 65 miles east of Sacramento and is located on public lands within the ENF.  The 
development primarily utilizes water from Big Silver Creek, Jones Fork Silver Creek, Tells 
Creek, and Wench Creek and releases from Robbs Peak and Jones Fork Powerhouses.  The 
Union Valley Development includes: 
 

1. Union Valley Dam – An earthfill dam located on Silver Creek, 0.3-mile-long and 453-
feet-high, incorporating a concrete ogee spillway with radial gates, creating Union Valley 
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Reservoir with a storage capacity of 277,290 ac-ft at maximum water surface elevation of 
4,870 feet. 

 
2. Union Valley Tunnel – A 268-foot-long, 11-foot diameter concrete-lined tunnel with an 

approximately 10-foot diameter steel penstock in part of the tunnel and connecting Union 
Valley Reservoir with Union Valley Powerhouse. 

 
3. Union Valley Penstock – A 0.3-mile-long, 10-foot diameter steel penstock that conveys 

water from the outlet of the Union Valley Tunnel to the Union Valley Powerhouse. 
 

4. Union Valley Powerhouse – The powerhouse is equipped with one turbine with a rated 
capacity at best gate opening of 40,074 kW, and one generator rated at 44,400 kW, 
located at the base of Union Valley Dam; with maximum capability of 46,700 kW. 

 
5. Transmission Lines - Two 230 kV overhead transmission lines, one to the Camino 

switchyard via the 11.8-mile-long Union Valley-Camino Transmission Line, and the 
other to the Jaybird switchyard via the 5.9-mile-long Union Valley-Jaybird Transmission 
Line. 

 
6. Other – Other appurtenant equipment and facilities as described below. 

3.4.1 Reservoirs and Dams 

Table A3.4.1-1 provides a detailed description of the reservoirs and dams associated with the 
Union Valley Development. 
 

Table A3.4.1-1. Reservoirs and dams associated with the Union Valley Development. 
Union Valley Reservoir 

Maximum Normal Water Surface Elevation 4,870 ft. 
Normal Maximum Reservoir Capacity 277,290 ac-ft 
Maximum Depth 360 ft. 
Mean Depth 79 ft. 
Drainage Area 83.7 sq. mi. 
Surface Area at Maximum Elevation 2,860 acres 

Union Valley Dam 
DSOD Certificate of Approval March 7, 1966, under Application No. 1009-3 
Type Zoned earthfill 
Year Placed in Service 1962 
Height 453 ft. 
Crest Length 1,835 ft. (0.3 mile) 
Crest Width 36.6 ft. 
Crest Elevation 4,882.6 ft.; 4885.5 ft. upstream wave berm 
Base Width 2,230 ft. +/- 
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Table A3.4.1-1. Reservoirs and dams associated with the Union Valley Development. 
Slope-Upstream Face 1.3:1.0 (H:V) crest to elevation 4,828 ft. 

2.5:1.0 (H:V) elevation 4,828 to 4,728 ft. 
3.0:1.0 (H:V) elevation 4,728 to 4,650 feet 
190-ft. wide bench at elevation 4,650 feet 
1.7:1.0 (H:V) elevation 4,650 to 4,600 ft. 
52-ft. wide bench at elevation 4,600 ft. 
1.3:1.0 (H:V) elevation 4,600 to elevation 4,456 ft. 

Slope-Downstream Face 2.5:1.0 (H:V) 
Spillway Type Concrete ogee 
Spillway Control Two 15-ft. high by 40-in. wide radial gates 
Spillway Crest Elevation 4,855 ft. 
Maximum Spillway Discharge 43,000 cfs 
Low Level Outlet Type Pressure tunnel/penstock 
Low Level Outlet Control Upstream: Fixed wheel gate 

Downstream: 48-in. fixed cone valve 
Maximum Low Level Outlet Capacity None 

 

3.4.2 Water Conveyance Facilities 

Table A3.4.2-1 provides a detailed description of the water conveyance facilities associated with 
the Union Valley Development. 
 

Table A3.4.2-1. Water conveyance facilities associated with the Union Valley Development. 
Union Valley Tunnel 

Type Pressure tunnel/steel pipe in tunnel 
Length 268 ft. concrete lined 
Diameter 11 ft. dia. 
Capacity 1,577 cfs 
Maximum Velocity 22.2 fps 

Union Valley Penstock 
Length 1435 ft (0.3 mile) 
Diameter 9.5 to 10 ft.   
Capacity 1,577 cfs 
Supports Ring girders on concrete footings 

Max Velocity 1,767 fps 
 

3.4.3 Structures 

There are two structures associated with the Union Valley Development: the Union Valley 
Intake and the Union Valley Powerhouse.  The Union Valley Intake is a reinforced concrete 
structure submerged in Union Valley Reservoir.  The intake is guarded by trashracks.  A separate 
gatehouse is located south of Union Valley Dam.  The reinforced concrete gatehouse includes a 
bulkhead gate and a fixed wheel gate. 
 
The Union Valley Powerhouse is an aboveground powerhouse constructed of reinforced concrete 
with a structural steel frame supporting an overhead crane. 
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3.4.4 Turbine/Generators 

Table A3.4.4-1 provides a detailed description of the turbine and generator associated with the 
Union Valley Development.  The turbine is a vertical Francis-style unit, with a companion 
pressure relief valve.  Normal turbine operation is peaking daily at high load settings with off-
peak shutdown of the unit.  This unit has an air injection system to smooth the unit operation in 
the range from 6 to 35 MW output.  Wicket gate and other bushings are lubricated with an 
automatic grease injection system.  The turbine has a free-discharge (Howell Bunger) type, 
synchronous bypass valve.  This valve is operated by the turbine governor system. 
 

Table A3.4.4-1. Turbines and generators associated with the Union Valley Development. 
Powerhouse Maximum Capability 46,700 kW 

Turbine 
Unit Number 1 

FERC Nameplate Head 360 ft. 
FERC Nameplate  40,074 kW 
Manufacturer Leffel 
Year placed in service 1961 
Type Vertical axis Francis 
Upgrade Date 1981 
Upgrade Supplier Allis Chalmers 
Nameplate Rated Flow 1,577 cfs 
Nameplate Rated Head 360 ft. 
Speed 277 rpm 
Nameplate Output 40,074 kW 
Water Supply Union Valley Reservoir 
Discharges to Junction Reservoir 

Generator 
Unit Number 1 

FERC Nameplate Head 360 
FERC Nameplate  44,400 kW 
Manufacturer Elliot 
Year placed in service 1961 
Generator Type Synchronous 
Revision Date 1987 
Revision Supplier Westinghouse 
Voltage 13.8 kV 
Current 1,700 A 
Speed 277 rpm 
Power Output 40,625 kVA 
Power Factor 0.95 

 

3.4.5 Electrical Equipment 

There are four electrical structures associated with the Union Valley Development:  the Union 
Valley switchyard, which is divided into two transformer banks, and two transmission lines.  The 
Union Valley switchyard is divided into a 69 kV yard and a 230 kV yard.  Bank 1 is located 
adjacent to the powerhouse and used as the generator step-up transformer.  The transformer is 
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rated for 50 MVA, 3-phase, with oil air/forced air-cooling, 230-13.8 kV, impedance = 10%, 
60°C rise.  It was furnished by ASEA and installed in 1986.  Bank 2 transformer is located in the 
switchyard and is a 3-phase autotransformer, rated for 140/140/25 MVA, 230Y/132.794 kV-
67,000 with grounded wye/ 38,682-12,500 V delta, 60 hertz, impedance of 10.422% at 55°C rise, 
and was manufactured by Industrie Electriche Di Legnano, S.P.A.  Bank 2 transformer is used to 
step up incoming Loon Lake Powerhouse, Robbs Peak Powerhouse, and Jones Fork Powerhouse 
69 kV power to 230 kV for transmission to Jaybird and Camino switchyards.  The switchyard 
includes high voltage circuit breakers.  The 69 kV breakers are oil-filled and rated for 69 kV, 
1200 A, 1,500 MVA.  They were manufactured by Federal Pacific and McGraw-Edison and 
installed in 1965.  The 230 kV breakers are oil-filled, rated for 230 kV, 1600 A, 150,000 MVA.  
They were manufactured by McGraw-Edison and installed in 1969.  Transmission disconnect 
switches are motor-operated.  Other switchyard disconnect switches are manually operated.  A 
lattice structure is used for the transmission line take-offs.  All oil filled transformers and circuit 
breaker installations include secondary oil containment. 
 
There are two 230 kV overhead transmission lines originating at the Union Valley switchyard.  
One connects to the Camino switchyard via the 11.8-mile-long Union Valley-Camino 
Transmission Line, with 954 kcmil ACSR conductors; and the other to the Jaybird switchyard 
via the 5.9-mile-long Union Valley-Jaybird Transmission Line, with 795 kcmil ACSR 
conductors. 

3.4.6 Additional Equipment 

Additional mechanical, electrical and transmission equipment associated with the Union Valley 
Development is described below. 
 

• Turbine Speed Governing Systems – The turbine governor is a mechanical-hydraulic 
cabinet actuator, manufactured by the Pelton Waterwheel Company in 1961.  The system 
operates at 300 psi and is also used to operate the turbine pressure relief valves via a 
connecting linkage between the wicket gate mechanism and the bypass valve. 

 
• Turbine Shut Off Valve – A butterfly-type, turbine shutoff valve, manufactured by 

McNally Pittsburgh, is provided in the powerhouse for isolation of the turbine from the 
penstock and tunnel.  The valve is fitted with a water-driven hydraulic cylinder operator.  
All metal operator components that are in contact with water and all piping for the system 
are stainless steel or copper alloy. 

 
• Communication Systems – The communication system includes microwave radio for 

plant monitoring and control and an in-house telephone system. 
 

• Powerhouse Auxiliary Systems: Piping – Piping systems within the powerhouse use a 
combination of carbon steel, cast iron, and a limited amount of copper and stainless steel 
materials. 
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• Cooling Water System – The cooling water system in the powerhouse is supplied using 
penstock water or by two 30-hp vertical turbine pumps, either of which can supply 
adequate flow for cooling of the generator and turbine.  Normal supply is from the 
penstock.  Automatic motor-driven strainers are provided for screening debris from the 
delivered flow.  The cooling water pumps and supply sumps are configured to allow the 
pumps to dewater the turbine and draft tube for maintenance.  The cooling water system 
piping is predominately carbon steel with screwed or flanged fittings.  

 
• Service Water System – One 10-hp pump and a steel and copper piping system supply 

service water in the powerhouse.  The service air system includes one compressor and a 
carbon-steel piping network, operating at 105 to 115 psi. 

 
• Drainage System – Normal drainage in the powerhouse is pumped to the tailrace by two 

7.5-hp pumps. 
 

• Powerhouse Auxiliary Systems:  HVAC – Ventilation of the powerhouse is provided by 
louvers and exhaust fans.  The building does not have a ducted air supply system.  In 
approximately 1982, a carbon dioxide venting system was added to the powerhouse to 
exhaust CO2 after any discharge of the generator fire protection system.  Heating is 
provided by radiant unit heaters, with wall-mounted thermostats located throughout the 
building.  No refrigerated or water coil cooling is provided. 

 
• Powerhouse Auxiliary Systems:  Station Service – Station service power is available 

from three alternate sources.  The primary source is the station service transformer, 
Zinsco 500 kVA, 3-phase, 13.8 kV-480/277 V, receiving power from the generator bus.  
The second source is a manual transfer switch, which selects either an emergency 
generator or a plug-in portable generator.  The receptacle for portable generator is rated 
for 480 V, 100 A, 3-phase, 4-wire.  The third station power source is breaker 703 on the 
switchgear, which provides 480 V power from the 230 kV switchyard.  Equipment was 
installed in 1973. 

 
• Powerhouse Auxiliary Systems:  Overhead Cranes – An indoor overhead bridge crane is 

furnished for maintenance and disassembly of the powerhouse equipment.  The crane has 
a 140/25-ton trolley hoist. 

 
• Powerhouse Auxiliary Systems:  Wastewater System – The bathroom at Union Valley 

Powerhouse is plumbed to a septic tank and leach system. 

3.4.7 United States-Owned Lands within the FERC Project Boundary 

The FERC Project Boundary associated with the Union Valley Development encompasses 
2,338.1 acres of United States-owned land administered by the USDA Forest Service as part of 
the ENF. 
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3.5 Jaybird Development 

The Jaybird Development began commercial operation on May 1, 1961.  The Development is 
located approximately 55 miles east of Sacramento; it utilizes water released from Junction 
Reservoir and flows from South Fork Silver Creek and Little Silver Creek.  All project facilities 
in this development are located within the boundary of the ENF.  It includes: 
 

1. Junction Dam – A double curvature, concrete overflow arch dam located on Silver Creek 
that is 525-feet-long and 168-feet-high, creating Junction Reservoir, which has a storage 
capacity of 3,250 ac-ft at maximum surface water elevation of 4,450 feet 

 
2. Jaybird Tunnel – An 11- to 14-foot-diameter modified horseshoe tunnel 4.4-mile-long, 

connecting Junction Reservoir and the Jaybird Penstock. 
 

3. Jaybird Penstock – A 6- to 10-foot-diameter steel penstock with a surge tank that is 0.5-
mile-long, connecting Jaybird Tunnel and Jaybird Powerhouse. 

 
4. Jaybird Powerhouse – The powerhouse is equipped with two Pelton turbines, one with a 

rated capacity of 61,607 kW and the other 61,574 kW at best gate opening, and two 
generators, each rated at 84,450 kW; with total powerhouse maximum capability of 
144,000 kW. 

 
5. Jaybird-White Rock Transmission Line – A 15.9-mile-long, 230 kV overhead 

transmission line.  
 

6. Other – Other appurtenant equipment and facilities as described below. 

3.5.1 Reservoirs and Dams 

Table A3.5.1-1 provides a detailed description of the reservoirs and dams associated with the 
Jaybird Development. 
 

Table A3.5.1-1. Reservoirs and dams associated with the Jaybird Development. 
Junction Reservoir 

Maximum Normal Water Surface Elevation 4,450 ft. 
Normal Maximum Reservoir Capacity 3,250 ac-ft 
Maximum Depth 141 ft. 
Mean Depth 56 ft. 
Drainage Area (Below Union Valley and Ice House dams) 30.4 sq. mi. 
Surface Area at Maximum Elevation 64 acres 
DSOD Certificate of Approval June 15, 1966, under Application No. 1009-2 

Junction Dam 
Type Double curvature concrete arch 
Year Placed in Service 1962 
Height 168 ft. 
Crest Length 525 ft. 
Crest Width 6 ft. 
Crest Elevation 4,468 ft. 
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Table A3.5.1-1. Reservoirs and dams associated with the Jaybird Development. 
Base Width 23 ft. 
Slope-Upstream Face Variable 
Slope-Downstream Face Variable 
Spillway Type Ogee overflow 
Spillway Control None 
Spillway Crest Elevation 4,454 ft. 
Maximum Spillway Discharge 53,000 cfs at zero freeboard 
Low Level Outlet Type Steel pipe through dam 
Low Level Outlet Control 18-inch hollow cone valve 
Maximum Low Level Outlet Capacity 138 cfs 

 

3.5.2 Water Conveyance Facilities 

Table A3.5.2-1 provides a detailed description of the water conveyance facilities associated with 
the Jaybird Development. 
 

Table A3.5.2-1. Water conveyance facilities associated with the Jaybird Development. 
Jaybird Tunnel 

Type Pressure 
Length 23,190 ft. (4.4 mile) 
Diameter 14.25-ft high by 14-ft. diameter horseshoe unlined 

sections 11.3-ft. dia. horseshoe concrete lined sections 
Capacity 1,345 cfs 
Lining Predominantly unlined 
Maximum Tunnel velocity 7.6 fps in unlined sections 

10.8 fps in lined sections 
Jaybird Penstock 

Type Steel 
Length 2,620 ft. (0.5 mile) 
Diameter 10.25 ft. to 6.25 ft. 
Capacity 1345 cfs 
Supports Ring girders on concrete footings 
Maximum Penstock Velocity 21.9 fps 

 

3.5.3 Structures 

There are two structures associated with the Jaybird Development: the Jaybird Tunnel intake and 
the Jaybird Powerhouse.  The Jaybird Intake is a reinforced concrete structure submerged in 
Junction Reservoir.  The intake is guarded by trashracks, and the integral gatehouse is located on 
the south shore of Junction Reservoir.  The reinforced concrete gatehouse includes a bulkhead 
gate and a fixed wheel gate. 
 
The Jaybird Powerhouse is an aboveground powerhouse.  The powerhouse is constructed of 
reinforced concrete with a structural steel frame supporting the overhead crane. 
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3.5.4 Turbine/Generators 

Table A3.5.4-1 provides a detailed description of the turbines and generators associated with the 
Jaybird Development.  The turbines are vertical shaft Pelton (impulse) type units.  Normal unit 
operation is continuous base load, due to partial discharge problems with the two generators.  
Preferred normal operation will include full load generation in the peak periods of each day 
followed by unit shutdowns or operation as spinning reserve during off-peak periods.  The 
turbines are typically operated with all six nozzles open.  Each turbine is fitted with an automatic 
grease injection system for lubrication of the nozzle servomotors and deflector linkages. 
 

Table A3.5.4-1. Turbines and generators associated with the Jaybird Development. 
Powerhouse Maximum Capability 144,000 kW 

Turbine 
Unit Number 1 

FERC Nameplate Head 1,498 ft. 
FERC Nameplate  61,607 kW  
Manufacturer Allis Chalmers 
Year placed in service 1961 
Type Vertical axis Pelton, 6 nozzle 
Upgrade Date 2003 
Upgrade Supplier VA Tech 
Nameplate Rated Flow 689 cfs 
Nameplate Rated Head 1,432 ft. 
Speed 300 rpm 
Nameplate Output 88,000 hp  
Water Supply Junction Reservoir 
Discharges to Camino Reservoir 

Unit Number 2 
FERC Nameplate Head 1,498 ft. 
FERC Nameplate  61,574 kW  
Manufacturer Allis Chalmers 
Year placed in service 1962 
Type Vertical axis Pelton, 6 nozzle 
Upgrade Date 2003 
Upgrade Supplier VA Tech 
Nameplate Rated Flow 689 cfs 
Nameplate Rated Head 1,432 ft. 
Speed 300 rpm 
Nameplate Output 88,000 hp  
Water Supply Junction Reservoir 
Discharges to Camino Reservoir 

Generators 
Unit Number 1 

FERC Nameplate Head 1,432 ft. 
FERC Nameplate  84,450 kW 
Manufacturer General Electric 
Year placed in service 1961 
Generator Type Synchronous 
Revision Date 2003 
Revision Coil Supplier General Electric 
Voltage 13.8 kV 
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Table A3.5.4-1. Turbines and generators associated with the Jaybird Development. 
Current 3221 A 
Speed 300 rpm 
Power Output 77,000 kVA  
Power Factor 0.95 

Unit Number 2  
FERC Nameplate Head 1,432 feet 
FERC Nameplate  84,450 kW 
Manufacturer: General Electric 
Year placed in service 1962 
Generator Type Synchronous 
Revision Date 2003 
Revision Supplier General Electric 
Voltage 13.8 kV 
Current 3,719.7 A 
Speed 300 rpm 
Power Output 88,910 kVA  
Power Factor 0.95 

 

3.5.5 Electrical Equipment 

There is one electrical structure associated with the Jaybird Development: the Jaybird 
switchyard.  The Jaybird switchyard includes the main transformers, which are 3-winding 
Westinghouse auto-transformers, rated for 124/47.5-76.5 MVA, 230/66-13.4 kV, FOA.  The 
13.4 kV tertiary winding is used for generator output and limits the transformer capability to 76.5 
MVA.  The percent impedance of these transformers is 4.5 percent.  High voltage breakers are 
air blast type, 230 kV, 2,000 A, with interrupting capacity of 10,000 MVA, G.E. Model ATB-
230-10000-1600.  Disconnect switches for the transformer high-side are motorized.  All other 
switches are manual.  A pull-off structure is integral to the switchyard structure.  All oil-filled 
transformers and circuit breaker installations include secondary oil containment. 
 
The Jaybird switchyard is interconnected with the White Rock switchyard via the 15.9-mile-
long, 230 kV overhead Jaybird-White Rock Transmission Line.  All conductors are 795 kcmil 
ACSR. 

3.5.6 Additional Equipment 

Additional mechanical, electrical, and transmission equipment associated with the Jaybird 
Development is described below. 
 

• Turbine Speed Governing Systems – Allis Chalmers provided the original turbine 
governor system, as part of the turbine supply contract.  The system employed a 
mechanical speed governor and 300 psi hydraulic pressure system.  In approximately 
1991, the speed governing elements of the system were replaced with a Woodward 501 
electronic speed control system.  Control of the unit typically employs 6-nozzle 
operation, without using a 2- or 4-nozzle configuration at low loads or at spinning reserve 
operation. 
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• Turbine Shut Off Valve – Allis Chalmers also provided a spherical type turbine shutoff 

valve for each unit, for isolation of the turbines from the penstock and tunnel.  The valves 
are provided with water-driven hydraulic cylinder operators.  All metal operating 
components that come in contact with water are stainless steel or bronze.  

 
• Powerhouse Control System – The Jaybird control includes a duplex switchboard.  

Beckwith M-0194 and M-0193 have been installed to upgrade control and synchronizing 
capability.  A video graphic recorder with keyboard, by Esterline Angus, has been 
installed to monitor generator-winding RTDs. 

 
• Communication Systems – Jaybird is remotely monitored and controlled by an RTU via 

microwave radio. 
 

• Powerhouse Auxiliary Systems:  Piping – Piping within the powerhouse uses a 
combination of carbon steel, cast iron, copper, and stainless steel materials. 

 
• Cooling Water System – The cooling water system in the powerhouse is supplied by two 

25-hp pumps, either of which can supply adequate flow for cooling of the generator and 
turbine.  Pumps for this system were replaced in 1997.  Water can also be taken from the 
penstock for unit cooling, although this provision is rarely used.  The original cooling 
water piping was carbon steel.  Numerous portions of this piping, essentially all of the 
Unit 1 system, have been replaced with stainless steel or brass due to corrosion buildup 
and blockage of the piping. 

 
• Service Water System – Service water in the powerhouse is supplied by one 15-hp pump, 

strainers and a carbon steel piping system. 
 

• Service Air – Service air is provided by two 15-hp air compressors, operating at 105 psi 
into a carbon steel piping system.  A carbon dioxide fire suppression system is provided 
for the main generators and oil room.  This system has been modified to increase the 
reserve capacity. 

 
• Powerhouse Auxiliary Systems:  HVAC – A refrigerated heating and air conditioning 

system supplies air to the control room.  The balance of the powerhouse has louvers for 
ventilation and radiant electric unit heaters for heating.  Exhaust fans are provided to 
avoid buildup of gases in the oil and battery rooms. 

 
• Powerhouse Auxiliary Systems:  Station Service – The station service system includes 

two 500 kVA, 13.8-480/277 V, dry type transformers with associated switchgear.  The 
equipment is about 15 years old.  Two systems are interconnected by a normally open tie-
breaker. 
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• Powerhouse Auxiliary Systems:  Emergency Power – Emergency power is provided by 
an engine-generator located at the Camino Dam by reverse-feeding to the Jaybird 
powerhouse via a distribution feeder.  The engine-generator is propane-operated and 
rated for 156.2 kVA, 480 V, 3-phase, Genrac Model 95A04638-S, and installed for 
backup power for gate operation in 1995.  Generator output is stepped up by a 
distribution transformer at the dam and fed back to the powerhouse. 

 
• Powerhouse Auxiliary Systems:  Overhead Cranes – An overhead bridge crane with two 

trolleys mounted on a common bridge is provided near the roof of the powerhouse for 
maintenance of the units.  Each trolley has a 100-ton main hook and 25-ton auxiliary 
hoist. Controls for the crane were upgraded in 1995. 

 
• Powerhouse Auxiliary Systems:  Water Waste System – The bathroom in the powerhouse 

is plumbed to a septic tank and leach system. 
 
Both Units #1 and #2 generator unit circuit breakers have been replaced.  Original circuit 
breakers are General Electric air blast type AR-A1-14.4-1500-4.  The replacement unit circuit 
breakers are manufactured by ABB type HGI 3 SV, SF6, 6300 A continuous, 63kA symmetrical 
short circuit, maximum voltage 15.8 kV. 

3.5.7 United States-Owned Lands within the FERC Project Boundary 

The FERC Project Boundary associated with the Jaybird Development encompasses 409.9 acres 
of United States-owned land administered by the USDA Forest Service as part of the ENF. 

3.6 Camino Development 

The Camino Development is located approximately 55 miles east of Sacramento, and utilizes 
water released from Camino Reservoir and Brush Creek Reservoir.  The Camino Powerhouse 
began commercial operation on November 1, 1963.  The development includes: 
 

1. Camino Dam – A concrete double curvature arch dam located on Silver Creek that is 470 
feet long and 133 feet high, and has three integral bulkhead gates. These structures create 
Camino Reservoir, which has a capacity of 825 ac-ft at maximum water surface elevation 
of 2,915 feet. 

 
2. Camino Tunnel – A power tunnel 5 miles long with a diameter ranging from 13 feet to 14 

feet, including a surge tank that connects Camino Reservoir with the Camino Penstock. 
 

3. Brush Creek Dam—A double curvature arch dam located on Brush Creek, 213 feet high 
and 780 feet long, creating Brush Creek Reservoir with storage capacity of 1,530 ac-ft at 
maximum water surface elevation of 2,915 feet. 

 
4. Brush Creek Tunnel – An approximately 14-foot-diameter modified horseshoe tunnel 

extending 0.8 mile from Brush Creek Reservoir to the lower end of Camino Tunnel. 
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5. Camino Penstock – A 5-foot to 12-foot-diameter, 0.3-mile-long aboveground steel 

penstock connecting Camino Tunnel and Camino Powerhouse. 
 

6. Camino Powerhouse – The powerhouse is located on the SFAR and is equipped with two 
turbines: one with a rated capacity of 73,760 kW and the other with a rated capacity at 
best gate opening of 70,769 kW with total powerhouse maximum capability of 150,000 
kW.  The powerhouse is also equipped with two generators rated at 90,820 kW each.  
Both generators are installed with secondary oil containment. 

 
7. Transmission Lines – Two 230 kV overhead transmission lines originate at the Camino 

switchyard, one (Camino-Lake) is 31.7-miles-long and connects to SMUD’s Lake 
Substation and the other (Camino-White Rock) is 10.0-miles-long and connects to the 
White Rock switchyard.  Under the SMUD’s proposal to reduce the length of the UARP 
transmission line system, a 1.9-miles-long section of the Camino-Lake 230 kV 
transmission line from the Lake Substation to the Folsom Junction will no longer be 
associated with the Project.  This will create a 29.8-miles-long transmission line between 
the Camino switchyard and Folsom Junction.  A rationale for the reduction of this 
segment of the transmission line system is provided in Section 4.0 of this Exhibit. 

 
8. Other – Other appurtenant equipment and facilities as described below. 

3.6.1 Reservoirs and Dams 

Table A3.6.1-1 provides a detailed description of the reservoirs and dams associated with the 
Camino Development. 
 

Table A3.6.1-1. Reservoirs and dams associated with the Camino Development. 
Camino Reservoir 

Maximum Normal Water Surface Elevation 2,915.0 ft. 
Normal Maximum Reservoir Capacity 825 ac-ft 
Maximum Depth 76 ft. 
Mean Depth 31 ft. 
Drainage Area (Sub-Basin) 23.7 sq. mi. 
Surface Area at Maximum Elevation 20 acres 

Camino Reservoir 
DSOD Certificate of Approval June 15, 1966 under Application No. 1009-4 

Camino Dam 
Type Double curvature concrete arch 
Year Placed in Service 1961 
Height 133 ft. 
Crest Length 470 ft. 
Crest Width 12 ft. 
Crest Elevation 2,918.0 ft. 
Base Width 37 ft. 
Slope – Upstream Face Variable 
Slope – Downstream Face Variable 
Spillway Type Submerged orifice 
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Table A3.6.1-1. Reservoirs and dams associated with the Camino Development. 
Spillway Control Fixed wheel gate 
Spillway Crest Elevation 2,876.5 ft. 
Maximum Spillway Discharge 64,000 cfs 
Low Level Outlet Type Steel pipe through dam 
Low Level Outlet Control 18-inch hollow cone valve 
Maximum Low Level Outlet Capacity 112 cfs 

Brush Creek Reservoir 
Maximum Normal Water Surface Elevation 2,915 ft. 
Normal Maximum Reservoir Capacity 1,530 ac-ft 
Maximum Depth 140 ft. 
Mean Depth 75 ft. 
Drainage Area 8 sq. mi. 
Surface Area at Maximum Elevation 20 acres 

  DSOD Certificate of Approval September 30, 1970, under Application No. 1009-12 
Brush Creek Dam 

Type Double curvature arch dam 
Year Placed in Service 1970 
Height 213 ft. 
Crest Length 780 ft. 
Crest Width 6 ft. 
Crest Elevation 2,923 ft.  
Base Width 22 ft. 
Slope – Upstream Face Variable 
Slope – Downstream Face Variable 
Spillway Type Ogee overflow 
Spillway Control None 
Spillway Crest Elevation: 2,915 ft. 
Maximum Spillway Discharge 13,250 cfs at zero freeboard 
Low Level Outlet Type Steel pipe through dam 
Low Level Outlet Control 18-in. fixed cone valve, 8-in. globe valve with 

upstream slide gate shutoff 
Maximum Low Level Outlet Capacity 145 cfs 

 

3.6.2 Water Conveyance Facilities 

Table A3.6.2-1 provides a detailed description of the water conveyance facilities associated with 
the Camino Development. 
 

Table A3.6.2-1. Water conveyance facilities associated with the Camino Development. 
Camino Tunnel 

Type Pressure 
Length 26,589 ft. (5 mile) 
Diameter 14-ft. horseshoe unlined 

13-ft. horseshoe steel lined 
Capacity 1,200 cfs upstream of Brush Creek Dam 

2,100 cfs downstream of Brush Creek Dam 
Lining Unlined and concrete lined 
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Table A3.6.2-1. Water conveyance facilities associated with the Camino Development. 
Maximum Velocity 6.4 fps unlined 

12.6 fps lined upstream of Brush Creek Dam 
15.8 fps lined downstream of Brush Creek Dam 

Brush Creek Tunnel 
Type Pressure 
Length 4,447 ft. (0.8 mile) 
Diameter 14-ft.-wide horseshoe unlined 
Capacity 1,900 cfs 
Lining Predominantly Unlined 
Maximum Tunnel Velocity 11.7 fps unlined 

17.8 fps lined  
Camino Penstock 

Type Above ground steel pipe 
Length 1,560 ft. (0.3 mile) 
Diameter 12-ft.  to 5ft.  
Capacity 2,100 cfs 
Maximum Penstock Velocity 48 fps 

 

3.6.3 Structures 

There are three structures associated with the Camino Development: the Camino Intake, the 
Brush Creek Intake, and the Camino Powerhouse.  The Camino Intake is a reinforced concrete 
structure submerged in Camino Reservoir.  The intake is protected by a trashrack.  An integral 
gatehouse is located on the north shore of Camino Reservoir.  The reinforced concrete gatehouse 
includes a bulkhead gate and a fixed wheel gate. 
 
The Brush Creek Intake is a reinforced concrete structure submerged in Brush Creek Reservoir.  
The intake is protected by a trashrack.  The integral gatehouse is located on the south shore of 
Brush Creek Reservoir.  The reinforced concrete gatehouse includes a bulkhead gate and a fixed 
wheel gate. 
 
The Camino Powerhouse is an indoor reinforced concrete structure located on the north bank of 
the SFAR.  The powerhouse has a structural steel frame supporting the roof and overhead crane. 

3.6.4 Turbine/Generators 

Table A3.6.4-1 provides a detailed description of the turbines and generators associated with the 
Camino Development.  The Camino turbines are vertical shaft, Francis-type units with 
synchronous bypass valves to limit penstock pressures.  Each turbine has an automatic grease 
injection system for lubrication.  The units also have air injection systems open to the 
atmosphere to limit turbine vibration and noise.  Normal unit operation is near full load during 
peak periods of the day, if water is available.  The units are commonly shut down in off-peak 
periods. 
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Table A3.6.4-1. Turbines and generators associated with the Camino Development. 
Powerhouse Maximum Capability 150,000 kW 

Turbine 
Unit Number 1 

FERC Nameplate Head 1,000 ft. 
FERC Nameplate kW 73,760 kW 
Manufacturer Pelton Water Wheel Company 
Year Placed in Service 1963 
Type Vertical axis Francis 
Upgrade Date 2000 
Upgrade Supplier American Hydro 
Nameplate Rated Flow 1,021 cfs 
Nameplate Rated Head 1,000 ft. 
Speed 360 rpm 
Nameplate Output 100,000 hp 
Water Supply Camino and Brush Creek Reservoirs 
Discharges to Slab Creek Reservoir 

Unit Number 2 
FERC Nameplate Head 1,000 ft. 
FERC Nameplate kW 70,769 kW 
Manufacturer Mitsubishi 
Year Placed in Service 1967 
Type Vertical axis Francis 
Revision Date None 
Nameplate Rated Flow 997 cfs 
Nameplate Rated Head 1,050 ft. 
Speed 360 rpm 
Nameplate Output 112,000 hp 
Water Supply Camino and Brush Creek Reservoirs 
Discharges to Slab Creek Reservoir 

Generators 
Unit Number 1 

FERC Nameplate Head 1,000 ft. 
FERC Nameplate 90,820 kW 
Manufacturer General Electric  
Year Placed in Service 1963 
Generator Type Synchronous 
Revision Date 1992 
Revision Supplier General Electric 
Voltage 13.8 kV 
Current 3,749 
Speed 360 rpm 
Power Output 78,945 kW 
Power Factor 0.95 

Unit Number 2 
FERC Nameplate Head 1,050 ft. 
FERC Nameplate  90,820 kW 
Manufacturer Toshiba 
Year placed in service 1968 
Generator Type Synchronous 
Revision Date 1989 
Revision Supplier General Electric 
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Table A3.6.4-1. Turbines and generators associated with the Camino Development. 
Voltage 13.8 kV 
Current 4,000 
Speed 360 rpm 
Power Output 78,945 kW 
Power Factor 0.95 

 

3.6.5 Electrical Equipment 

There are two electrical structures associated with the Camino Development: the Camino 
switchyard and the transformers.  The Camino switchyard is located on the top of the 
powerhouse and accessible via caged steel ladders from the ground level.  High voltage circuit 
breakers and disconnect switches are located in the switchyard, but the step-up power 
transformers are located on the ground level powerhouse deck. 
 
The Unit 1 transformer is a relatively new one moved from White Rock switchyard to replace the 
previous one that was damaged by log debris during the 1997 flood.  The damaged transformer 
has been repaired and is kept as a spare.  The new Unit 1 transformer was originally 
manufactured by Elin and later was rewound by Westinghouse in 1971.  It is rated for 120 MVA, 
3-phase, 230-13.4 kV, FOA, impedance = 13.07%, and contains 7,700 gallons of oil. 
 
The Unit 2 transformer was manufactured by Savigliano of Italy in 1966 and is rated for 77 
MVA, FOA, 230-13.4 kV, and contains 5,977 gallons of oil.  The spare transformer was 
manufactured by G.E. and is rated for 77 MVA, 3-phase, 230-13.4 kV, with forced oil air 
cooling, and an impedance of 12.62%.  All transformers are protected by oil containment 
barriers.  Breakers 360 and 370 are air blast-type and were manufactured by G. E. in 1967.  They 
are Model ATB-230-15000-6Y and are rated for 230 kV, 1600 A, with 15,000 MVA interrupting 
capacity.  Breakers 330, 340, and 350 are air blast-type manufactured by G. E. in 1957. They are 
Model ATB-230-10000-1600 A and are rated for 230 kV, 1600 A, with 10,000 MVA 
interrupting capacity.  Disconnect switches for the two transmission lines are motorized.  Other 
disconnect switches in the switchyard are manually operated.  Transmission lines are taken off 
from the steel structure that is integrated with the rooftop switchyard.  Under SMUD’s 
transmission line reduction proposal, a single 29.8-mile-long, 23 kV Camino-Folsom Junction 
overhead transmission line will connect the Camino Switchyard to the Folsom Junction.  A 
rationale for the reduction in transmission lines associated with the UARP is provided in Section 
5.0 of this exhibit.  The Camino switchyard is also interconnected with the White Rock 
switchyard via the 23 kV, 10-mile-long Camino-White Rock overhead transmission line.  This 
transmission line will remain unchanged. 

3.6.6 Additional Equipment 

Additional mechanical, electrical and transmission equipment associated with the Camino 
Development is described below. 
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• Turbine Speed Governing Systems – Pelton and Mitsubishi provided the original turbine 
governor systems as part of the two turbine supply contracts.  Each system operates with 
an oil pressure of 300 psi.  The speed control element of the Unit #2 governor was 
replaced with a Woodward 501 electronic speed control system in approximately 1992. 

 
• Turbine Shut Off Valve – The Pelton Waterwheel Company supplied spherical turbine 

shutoff valves for both units as part of the original powerhouse construction.  The valves 
are provided with oil-hydraulic cylinder operators. 

 
• Powerhouse Control System – A seven-panel, conventional duplex switchboard is used 

for control.  Most relays are electro-mechanical.  SMUD installed a Beckwith M-0194, 
M-0193 for unit control. 

 
• Auxiliary Control Systems – Each unit is equipped with partial discharge analyzer 

located on the turbine floor.  Each PDA sends data to a personal computer located in the 
control room. 

 
• Communication Systems – A 6 GHz microwave system is used for EMS control of the 

plant. 
 

• Generator Circuit Breakers – Unit breakers are Westinghouse air-blast type and rated for 
13.8 kV, 3,000 A, 1,000 MVA. 

 
• Powerhouse Auxiliary Systems:  Piping – Piping within the powerhouse uses a 

combination of carbon steel, cast iron, copper, and small amounts of stainless steel 
materials. 

 
• Cooling Water System – The cooling water system in the powerhouse is supplied by two 

25-hp pumps, either of which can supply adequate flow for cooling of the generator and 
turbine.  Pumps for this system were replaced in 1996.  The cooling water piping is 
carbon steel.  Minor portions of this piping have been replaced with stainless steel pipe. 

 
• Service Water System – One pump supplies service water for the powerhouse with 

strainers and a mixed galvanized steel and carbon steel piping system.  Two 5-hp 
drainage pumps with black steel piping are provided for normal station drainage. 

 
• Service Air System – Service air, provided by two 15-hp air compressors that operate at 

95 psi, is pumped into a carbon steel piping system.  A carbon dioxide fire suppression 
system is provided for the main generators and oil room.  The CO2 control system was 
replaced in 1999. 

 
• Powerhouse Auxiliary Systems:  HVAC – A refrigerated heating and air conditioning 

system supplies air to the control room.  The balance of the powerhouse has louvers for 
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ventilation and radiant electric unit heaters for heating.  Exhaust fans are provided to 
avoid buildup of gases in the oil and battery rooms. 

 
• Powerhouse Auxiliary Systems:  Station Service – The station service system consists of 

two separate systems, which are designed to serve each unit individually.  The two 
systems are interconnected by a normally open tie-breaker.  The station service 
transformer is a Zinsco unit, rated for 500 kVA, 13.8 kV-480/277 V.  AC and DC panel 
boards serve station loads. 

 
• Powerhouse Auxiliary Systems:  Overhead Cranes – An overhead bridge crane, with two 

trolleys mounted on a common bridge is provided near the roof of the powerhouse for 
maintenance of the units.  Each trolley has a 100-ton main hook and 25-ton auxiliary 
hoist. Controls for the crane were upgraded in 1995. 

 
• Powerhouse Auxiliary Systems:  Water System – The powerhouse bathrooms are 

plumbed to a septic tank and leach system. 

3.6.7 United States-Owned Lands within the FERC Project Boundary 

The FERC Project Boundary associated with the Camino Development encompasses 281.8 acres 
of United States-owned land administered by the USDA Forest Service at part of the ENF, and 
5.8 acres of United States-owned land administered by the USBLM as public land. 

3.7 Slab Creek/White Rock Development 

The Slab Creek/White Rock Development is located approximately 50 miles east of Sacramento.  
The White Rock Powerhouse is the most downstream Project facility (excluding transmission 
lines) and discharges into the Chili Bar Reservoir, which is part of Pacific Gas and Electric 
Company’s Chili Bar Project.  The Slab Creek/White Rock Development utilizes water released 
from Camino Powerhouse and inflow from the SFAR and Slab Creek.  The Slab Creek and 
White Rock Powerhouses began commercial operation in 1983 and 1968, respectively.  The 
development includes: 
 

1. Slab Creek Dam - A double curvature variable radius concrete arch dam that stretches 
across the SFAR is 250-feet-high and 817-feet-long, with a central uncontrolled overflow 
spillway. The structures create Slab Creek Reservoir, which has a capacity of 16,600 ac-ft 
at normal maximum water surface elevation of 1,850 feet. 

 
2. Slab Creek Penstock - A 40-foot-long, 36-inch-diameter steel penstock that passes 

through the dam and connects Slab Creek Reservoir with Slab Creek Powerhouse. 
 

3. Slab Creek Powerhouse - The powerhouse is located at the base of Slab Creek Dam and 
utilizes minimum stream flow releases, with one turbine with a rated capacity at best gate 
opening of 450 kW, and one generator rated at 485 kW.  The powerhouse has a 
maximum capability of 400 kW. 
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4. White Rock Tunnel - An approximately 20- to 24-foot-diameter modified horseshoe 
tunnel 4.9 miles long with a surge shaft that connects Slab Creek Reservoir with White 
Rock Penstock. 

 
5. White Rock Penstock - A 9- to 15-foot-diameter, 0.3-mile-long aboveground steel 

penstock that connects White Rock Tunnel to White Rock Powerhouse. 
 

6. White Rock Powerhouse - The powerhouse is equipped with two turbines, one rated at 
112,976 kW and the other at 120,000 kW at best gate opening, and two generators, rated 
at 109,250 kW and 133,000 kW; with total powerhouse maximum capability of 224,000 
kW. 

 
7. Transmission Lines - There are two transmission lines and one 12-kV distribution line to 

PG&E:  the 31.1-mile-long 230 kV White Rock-Orangevale overhead transmission line 
connects the White Rock switchyard to SMUD’s Orangevale Substation.  The 39.6-mile-
long 230 kV White Rock-Hedge overhead transmission line connects the White Rock 
switchyard to SMUD’s Hedge Substation.  The 600-foot-long 12 kV Slab Creek tap line 
connects the Slab Creek Powerhouse to the junction with PG&E’s 12-kV distribution 
line.  Under SMUD’s proposal to reduce the length of the UARP transmission line 
system, a 9.3-mile-long section of the White Rock-Orangevale 23 kV transmission line 
(from the Orangevale Substation to the Folsom Junction) and a 17.8-mile-long section of 
the White Rock-Hedge 230 kV transmission line (from the Hedge Substation to the 
Folsom Junction) will no longer be associated with the Project.  A rationale for the 
reduction of these segments of the transmission line system is provided in Section 4.0 of 
this exhibit. 

 
8. Other - Other appurtenant equipment and facilities as described below. 

3.7.1 Reservoirs and Dams 

Table A3.7.1-1 provides a detailed description of the reservoirs and dams associated with the 
Slab Creek/White Rock Development. 
 

Table A3.7.1-1. Reservoirs and dams associated with the Slab Creek/White Rock Development. 
Slab Creek Reservoir 

Maximum Normal Water Surface Elevation 1,850 ft. 
Normal Maximum Reservoir Capacity 16,600 ac-ft 
Maximum Depth 186 ft. 
Mean Depth 60 ft. 
Drainage Area 493 sq. mi. 
Surface Area at Maximum Elevation 280 acres 
DSOD Certificate of Approval October 18, 1967, under Application No. 1009-11 

Slab Creek Dam 
Type Double curvature arch 
Year Placed in Service 1967 
Height 250 ft. 
Crest Length 817 ft. 
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Table A3.7.1-1. Reservoirs and dams associated with the Slab Creek/White Rock Development. 
Crest Width 8 ft. 
Crest Elevation 1,870 ft. 
Base Width 37 ft. 
Slope – Upstream Face Variable 
Slope – Downstream Face Variable 
Spillway Type Ogee overflow 
Spillway Control None 
Spillway Crest Elevation 1,850 ft. and 1,855 ft. 
Maximum Spillway Discharge 115,000 cfs at 2 ft. of freeboard 
Low Level Outlet Type Steel pipe through dam 
Low Level Outlet Control Fish release power plant (see Slab Creek Powerhouse 

below); 24-in. Howell-Bunger valve 
Maximum Low Level Outlet Capacity 263 cfs 

 

3.7.2 Water Conveyance Facilities 

Table A3.7.2-1 provides a detailed description of the water conveyance facilities associated with 
the Slab Creek/White Rock Development. 
 

Table A3.7.2-1. Water conveyance facilities associated with the Slab Creek/White Rock Development. 
Slab Creek Penstock 

 
Type Steel pipe through Slab Creek Dam 

Length 40 ft. 
Diameter 36 in. 
Capacity 45 cfs 
Supports Fully encased 
Maximum Penstock Velocity 14.3 fps 

White Rock Tunnel 
Type Pressure 
Length 25,941 ft. (4.9 mile) 
Diameter 24.0-ft. horseshoe unlined 

20.7-ft. horseshoe lined 
Capacity 3,950 cfs 
Lining Predominantly unlined 
Maximum Tunnel Velocity 7.15 fps unlined, 8.81 fps lined 

White Rock Penstock 
Type Above ground steel pipe 
Length 1,675 ft. (0.3 mile) 
Diameter 15 ft. to 9 ft. 
Capacity 3,950 cfs 
Supports Ring girders on concrete footings 
Maximum Penstock Velocity 27.5 fps 
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3.7.3 Structures 

There are three structures associated with the Slab Creek/White Rock Development: the White 
Rock Intake, the Slab Creek Powerhouse, and the White Rock Powerhouse.  The White Rock 
Intake is a submerged, reinforced concrete structure located in Slab Creek Reservoir.  The intake 
is protected by a trashrack.  A separate gatehouse is located on the south shore of Slab Creek 
Reservoir.  The gatehouse includes a bulkhead gate and a fixed wheel gate. 
 
The Slab Creek Powerhouse is a reinforced concrete structure built onto the downstream face of 
Slab Creek Dam. 
 
The White Rock Powerhouse is a reinforced concrete structure located on the south bank of the 
SFAR.  The powerhouse has a structural steel frame supporting the roof and overhead crane. 

3.7.4 Turbine/Generators 

Tables A3.7.4-1 and A3.7.4-2 provide a detailed description of the turbines and generators 
associated with the Slab Creek/White Rock Development.  The Slab Creek Powerhouse turbine 
was installed to use minimum stream release flows for power generation.  The turbine is 
typically operated at a uniform base-load setting slightly above the minimum flow requirement.  
Discharge from the turbine exits the powerhouse floor, falling in air to the spillway plunge pool 
located below the dam. 
 

Table A3.7.4-1. Turbines and generators associated with the Slab Creek Powerhouse. 
Powerhouse Maximum Capability 400 kW 

Turbines 
Unit Number 1 

FERC Nameplate Head 160 ft. 
FERC Nameplate kW 450 kW 
Manufacturer Sirum Sand 
Year placed in service 1983 
Type Vertical axis Francis 
Revision Date None 
Nameplate Rated Flow 36 cfs 
Nameplate Rated Head 150 ft 
Speed 1,215 rpm 
Nameplate Output 620 hp 
Water Supply Slab Creek Reservoir 
Discharges to South Fork American River 

Generators 
Unit Number 1 

FERC Nameplate Head 160 ft. 
FERC Nameplate 485 kW 
Manufacturer NEBB, Oslo Norway 
Year placed in service 1982 
Generator Type Induction 
Revision Date None 
Voltage 480 V 
Current 665 A 
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Table A3.7.4-1. Turbines and generators associated with the Slab Creek Powerhouse. 
Speed 1,215 rpm 
Power Output 465.3 kW 
Power Factor 0.86 

 
 

Table A3.7.4-2. Turbines and generators associated with the White Rock Powerhouse. 
Powerhouse Maximum Capability 224,000 kW 

Turbines 
Unit Number 1 

FERC Nameplate Head 830 ft. 
FERC Nameplate 112,976 kW 
Manufacturer Toshiba 
Year placed in service 1965 
Type Vertical axis Francis 
Revision Date Ongoing 
Nameplate Rated Flow 1,930 cfs 
Nameplate Rated Head 780 ft. 
Speed 277 rpm 
Nameplate Output 140,000 hp 
Water Supply White Rock Reservoir 
Discharges to Chili Bar Reservoir 

Unit Number 2 
FERC Nameplate Head 830 ft. 
FERC Nameplate  120,000 kW 
Manufacturer American Hydro 
Year Placed in Service 1999 
Type Vertical axis Francis 
Upgrade Supplier American Hydro 
Nameplate Rated Flow 1,930 cfs 
Nameplate Rated Head 780 ft. 
Speed 277 rpm 
Nameplate Output 140,000 hp 
Water Supply White Rock Reservoir 
Discharges to Chili Bar Reservoir 

Generators 
Unit Number 1 

FERC Nameplate Head 830 ft. 
FERC Nameplate kW 109,250 kW 
Manufacturer Hitachi 
Year Placed in Service 1966 
Generator Type Synchronous 
Revision Date Ongoing 
Manufacturer Alstom 
Voltage 13.8 kV 
Current 5,857 A 
Speed 277 rpm 
Power Output 140 MVA 
Power Factor 0.95 

Unit Number 2 
FERC Nameplate Head 830 ft. 
FERC Nameplate  133,000 kW 
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Table A3.7.4-2. Turbines and generators associated with the White Rock Powerhouse. 
Manufacturer Hitachi 
Year Placed in Service 1966 
Generator Type Synchronous 
Revision Date 1998 
Revision Supplier Alstom 
Voltage 13.8 kV 
Current 5,857 A 
Speed 277 rpm 
Power Output 140 MVA 
Power Factor 0.95 

 
The power from the Slab Creek generator is transmitted to the PG&E system via the generator 
unit breaker, 1200 AF, 800 AT, then to a 750 kVA, 12 kV delta-480 wye-gnd, transformer. 
 
The White Rock Powerhouse turbines are vertical shaft Francis-type units with synchronous 
bypass valves to limit penstock pressures.  Each turbine has an automatic grease injection system 
for lubrication.  The units also have air injection systems to limit turbine vibration and noise.  
Normal unit operation is near full load during peak periods of the day, if water is available.  The 
units are commonly shut down in off-peak periods. 

3.7.5 Electrical Equipment 

Electrical structures associated with the Slab Creek/White Rock Development include the Slab 
Creek and White Rock switchyards and the associated transmission lines.  The Slab Creek 
Switchyard is located on the top of the White Rock Tunnel valve house.  The switchyard 
includes a 75 KVA, 12 kV-480V transformer, which is located near the generator in the dam 
structure. 
 
The White Rock Switchyard is located in a separate yard, adjacent to the powerhouse.  It 
includes a main transformer, a high voltage circuit breaker, disconnect switches, and pull off 
switches.  Two identical main transformers are manufactured in Canada by Ferranti-Packard and 
were installed in 1997 and 1998, respectively.  They are rated for 84/112/140 MVA, OA/FA/FA, 
230-13.4 kV, impedance = 17% and contain 9,100 gallons of oil and are equipped with NLTC.  
Secondary oil containment is provided.  Six identical high voltage breakers are Allis-Chalmer, 
oil-filled-type, BZ0-230-15000-2, 230 kV, 1,600 A, with interrupting capacity of 37,500 A.  
Each breaker contains 5,350 gallons of oil.  Disconnect switches for transmission lines are 
motorized.  All other disconnects are manual type.  Lattice type towers are used for transmission 
line take-offs. 
 
Under SMUD’s transmission line reduction proposal, two 21.8-mile-long, 230 kV White Rock-
Folsom Junction overhead transmission lines will connect the White Rock Switchyard to Folsom 
Junction.  A rationale for the reduction in transmission lines associated with the UARP is 
provided in Section 4.0 of this exhibit.  The 600-foot long 12 kV Slab Creek overhead tap line 
connects the Slab Creek Powerhouse to the junction with PG&E’s 12-kV transmission line. 
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3.7.6 Additional Equipment 

Additional mechanical, electrical and transmission equipment associated with the Slab Creek 
Powerhouse is described below. 
 

• Turbine Control System – The turbine control system is a simple gate positioner with no 
speed control provisions other than an over-speed shutdown protection capability. 

 
• Communication Systems – A spread spectrum microwave radio is used to connect the 

valve house telephone and the EMS. 
 

• Powerhouse Auxiliary Systems:  Piping – Piping within the powerhouse is limited to the 
turbine supply piping and the minimum flow release piping. 

 
• Powerhouse Auxiliary Systems:  HVAC – Ventilation of the powerhouse is provided by 

louvers in the powerhouse walls.  Initial construction of the building included motor 
operated louvers, which could close to protect the building against spray during spill 
events at the dam. 

 
• Powerhouse Auxiliary Systems:  Station Service – No significant station service 

equipment exists except for minor panel boards. 
 

• Powerhouse Auxiliary Systems:  Emergency Power – None exists. 
 

• Powerhouse Auxiliary Systems:  Overhead Cranes – No crane is provided in the 
powerhouse.  Handling of the equipment in the building is provided by hoists temporarily 
mounted on the dam crest. 

 
Additional mechanical, electrical and transmission equipment associated with the White Rock 
Powerhouse is described below. 
 

• Turbine Speed Governing Systems – Woodward provided the original turbine governor 
system as part of the turbine supply contract.  The system employs mechanical speed 
governors and 300-psi hydraulic pressure systems.  These original systems are fully 
functional and reliable according to District staff. 

 
• Turbine Shut Off Valve – Toshiba provided a spherical type turbine shutoff valve for 

each unit, which isolates the turbines from the penstock and tunnel.  The valves are 
provided with water-driven hydraulic cylinder operators.  All metal operator components 
that come in contact with water are stainless steel or bronze. 

 
• Powerhouse Control System – An eight-panel duplex switchboard is located in the 

control room.  An EMS RTU is located in the control room. 
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• Communication Systems – A 6 GHz Harris “VersaTility” redundant configuration 
microwave system is used for EMS communication. 

 
• Generator Circuit Breakers – The Unit 2 breaker is a new ABB-type HGB SF6 gas 

breaker that was installed in 1998.  It is rated for 15.8 kV, 7,000 A, with 63,000 A 
symmetrical fault clearing capability.  An identical breaker is to be installed for Unit 1 
shortly. 

 
• Powerhouse Auxiliary Systems:  Piping – Piping within the powerhouse uses a 

combination of carbon steel, cast iron, copper, and stainless steel materials. 
 

• Cooling Water System – The cooling water system in the powerhouse is supplied by two 
50-hp pumps, either of which can supply adequate flow for cooling of the generator and 
turbine.  Pumps for this system were replaced in 1995.  The original carbon steel cooling 
water piping is still in use.  

 
• Service Water System – Service water in the powerhouse is supplied by two 15-hp 

pumps, strainers and a carbon steel piping system. 
 

• Service Air System – Service air, provided by two 30-hp air compressors operating at 
105 psi, is blown into a carbon steel piping system.  Two separate compressors supply air 
for the turbine governor system.  Piping for this system was replaced with copper.  A 
separate carbon dioxide fire suppression system is provided for each of the main 
generators and the oil room. 

 
• Powerhouse Auxiliary Systems:  HVAC – A refrigerated heating and air conditioning 

system supplies air to the control room.  The balance of the powerhouse has a forced air 
ducted supply system.  Cooling for the powerhouse air is provided by water-cooled heat 
exchangers manufactured by the Buffalo Cooler Company.  Exhaust fans are provided to 
avoid buildup of gases in the oil and battery rooms. 

 
• Powerhouse Auxiliary Systems:  Station Service – Each generator station load is served 

by a dedicated station service transformer and motor control center.  The two systems can 
be paralleled by a normally-open tie breaker as necessary. 

 
• Powerhouse Auxiliary Systems:  Emergency Power – No standby diesel-engine generator 

exists.  Station service power is double-fed from each unit, which provides mutual 
backups. 

 
• Powerhouse Auxiliary Systems:  Overhead Cranes – An outdoor gantry crane with single 

trolley is provided near the roof of the powerhouse for maintenance of the units.  The 
trolley has a 240-ton main hook and 25-ton auxiliary hoist. 
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• Powerhouse Auxiliary Systems:  Water Waste System – The powerhouse bathroom is 
plumbed into a septic tank and leach system. 

3.7.7 United States-Owned Lands within the FERC Project Boundary 

The FERC Project Boundary associated with the Slab Creek/White Rock Development 
encompasses 293.4 acres of United States-owned land administered by the USDA Forest Service 
as part of the ENF, and 48.1 acres of United States-owned land administered by the USBLM as 
public land. 

3.8 Iowa Hill Pumped-storage Development (part of the Proposed Action) 

The Iowa Hill Pumped-storage Development is an off-stream, approximately 400-MW pumped-
storage hydroelectric project proposed as a new development in the relicensing of the UARP.  
The description of the development facilities and features included in Exhibit A (and the Design 
Drawings in Exhibit F), although reasonably detailed, are as yet somewhat conceptual in nature.  
SMUD intends to file final Exhibit F Design Drawings prior to commencing construction, in 
accordance with 18 CFR §4.41(g)(2).  The proposed FERC Project Boundary for the Iowa Hill 
Development is included in Exhibit G. 
 
In brief, the Iowa Hill Development will consist of: 
 

• A nominal 400-megawatt (MW) pump storage facility utilizing three variable speed 
turbines each rated at a nominal 133 MWs. 

• A 109-acre upper storage reservoir with a capacity of approximately 6,400 acre-feet. 
• Underground facilities including the powerhouse and connecting tunnels. 
• An underground intake structure in Slab Creek Reservoir. 
• Project access road improvements to the existing Slab Creek Reservoir Access Road. 
• Approximately 2-mile-long new double circuit 230 kV generation tie line interconnection 

to the existing Camino-White Rock transmission line. 
• A 23 kV switchyard approximately two acres in size. 

 
The site for the proposed Iowa Hill Development is located in El Dorado County on Iowa Hill in 
Sections 19, 30, 31, T11N, R12E and Section 25, T11N, R11E, Mount Diablo Base and 
Meridian, approximately 50 miles east of Sacramento.  The location is approximately one mile 
upstream of the existing Slab Creek Dam on the south bank of Slab Creek Reservoir, located on 
the SFAR.  In relationship to the UARP, the Iowa Hill Development site is almost at the western 
most end of the UARP system.  The only major UARP facility downstream of the proposed Iowa 
Hill Development is the White Rock Powerhouse that is supplied by diversion from Slab Creek 
Reservoir.  The expected land requirements for construction and operation of the development 
include approximately 283 acres.  The majority of this area includes the upper reservoir site.  
Other areas include the transmission line route and the intake structure.  There will be no 
permanent spoil piles associated with the development. 
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The Development will be located on both private and public land within the ENF, and on private 
land outside the ENF boundary. 
 
There will be access to the development from US Highway 50 to the Slab Creek Reservoir and to 
the upper reservoir.  The primary access to the upper reservoir site off of US Highway 50 is via 
Carson Road, to Cable Road, to Iowa Hill Road.  SMUD will improve the serviceability of four 
miles of existing Cable Road from the end of the paved portion of Cable Road to the upper 
reservoir site.  SMUD will either provide an unimproved gravel road or pave the four miles of 
existing roadway to be improved.  The existing road will not be widened.  Wide places in the 
existing road will be improved along with the rest of the road and will function as passing 
turnouts. 
 
The primary access to the Slab Creek Reservoir is off US Highway 50 via Carson Road, to 
Larsen Drive, to North Canyon Road, to the Slab Creek Dam Road and Slab Creek Reservoir 
access road.  At Slab Creek Reservoir, SMUD will construct an access tunnel to the underground 
powerhouse as well as the intake.  The location of these facilities is at the end of the existing 2-
mile-long Slab Creek Reservoir Access Road that begins at North Canyon Road and terminates 
at a boat launch site for the reservoir.  The first 1.2 miles of this access road, from North Canyon 
Road going to a point near the Slab Creek Reservoir Dam, was constructed by SMUD as a gravel 
road to provide access for dam construction and operations and maintenance access to the 
existing Slab Creek Reservoir.  This segment of road will not be widened.  The remaining  
 0.8 miles of the existing access road, from near the dam to the boat launch, was originally 
constructed as a 10-foot-wide road and currently provides access to the existing, semi-developed 
boat launch site, used by SMUD for operation and maintenance activities and by the  public.  
This section of road will be improved, widened, and paved to provide access to the Iowa Hill 
Powerhouse. 
 
In addition to the road improvements discussed above, Iowa Hill Development includes: 
 

1. Iowa Hill Berm and Reservoir – The new upper reservoir at Iowa Hill will hold 
approximately 6,400 acre-feet of water and cover 109 acres.  The upper reservoir is laid 
out to avoid developed private land adjacent to the site.  The berms for the upper 
reservoir will be constructed from crushed rock from the tunneling operation, earth from 
the upper reservoir basin, a high-density polyethylene (HDPE) liner to prevent leakage, 
and appropriate revetment/rock where needed to minimize bank erosion.  The HDPE 
geotextile liner allows for berm slopes of 2.0 H to 1.0 V for the downstream slope and 2.5 
H to 1.0 V for the upstream slope, providing a high factor of safety for static and rapid 
draw down conditions.  The factor of safety for the downstream slope using steeper 
slopes will be greater than 1.5 under static conditions, and for the upstream slope, a factor 
of safety is estimated to be at least 1.5 for rapid draw down conditions.  Additional 
analyses will be conducted during later design stages to confirm or adjust these estimates 
as appropriate. 

 
There will be no structures or service cranes installed at the upper reservoir site.  Because 
of safety concerns, SMUD will not allow public access to the upper reservoir.  Access 
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will be controlled with a security fence topped with three strands of security wire and 
locked gates. 

 
Upper reservoir construction excavation and embankment quantity estimates were 
developed to identify excavation and fill geometry, resulting in a balanced set of cut and 
fill quantities.  Concerning geological hazards (seismicity), SMUD developed earthquake 
design criteria for Slab Creek Reservoir and other facilities within the UARP that will be 
used for the Iowa Hill Development.  The California Division of Safety of Dams and 
FERC reviewed this earthquake design criteria.  The tunnels, intake, and powerhouse will 
be located beneath ground level.  Seismic/static slope stability issues will be addressed in 
the design.  Failure modes will be analyzed during the design review phase of the Iowa 
Hill Development after the upper reservoir is designed.  SMUD will also revise its 
Emergency Action Plan to include the Iowa Hill Development. 

 
2. Iowa Hill Tunnel – A new underground water conduit extending from Iowa Hill 

Reservoir, connecting to Slab Creek Reservoir, and comprised of the following elements 
with appropriate dimensions: a 1,120-foot-long, 19.02-foot-diameter, concrete-lined 
vertical shaft; a 1,110-foot-long, 19.02-foot-diameter concrete-lined high pressure tunnel; 
a 250-foot-long, 15.74-foot-diameter, steel-lined high pressure tunnel; a 150-foot-long, 
12.45-foot-diameter, steel manifold; three 180-foot-long, 7.87-foot-diameter, steel 
penstocks; three 450-foot-long, 12.46-foot-diameter draft tube extensions; a 150-foot-
long, 17.22-foot-diameter steel manifold; and a 1,230-foot-long, 20-93-foot-diameter, 
concrete- lined low pressure tunnel. 

 
3. Iowa Hill Powerhouse – A new underground powerhouse that will include three variable 

speed turbines each with a nominal rating of 133 MW, and three generators each rated at 
150 MVA.  The powerhouse will have a maximum capability of approximately 400 MW. 

 
4. Transmission Lines – A new double circuit 230 kV transmission line that will loop the 

Iowa Hill Switchyard to the existing Camino-White Rock Transmission Line.  The 
development will also include the reconductoring of existing lines. 

 
5. Other – Other appurtenant equipment and facilities as described below. 

3.8.1 Reservoirs and Dams 

Table A3.8.1-1 provides a reasonably detailed description of the reservoirs and dams SMUD 
plans for the Iowa Hill Development.  Further detail will be available once final design and 
engineering are completed.  See Table A3.7.4-1 for a description of the Slab Creek Dam, which 
will function as the lower reservoir for the Iowa Hill Development. 
 

Table A3.8.1-1. Reservoirs and dams associated with the new Iowa Hill Development. 
Iowa Hill Reservoir 

Maximum Normal Water Surface Elevation 3,073 ft. 
Normal Maximum Reservoir Capacity 6,400 ac-ft 
Maximum Depth 133 ft. 
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Table A3.8.1-1. Reservoirs and dams associated with the new Iowa Hill Development. 
Drainage Area None.  Off-stream reservoir. 
Surface Area at Maximum Elevation 109 acres 
DSOD Certificate of Approval To be acquired if needed.  

Iowa Hill Berm 
Type Rock-filled earthen berm with revetment/rock where 

needed and with a high-density polyethylene liner on 
the reservoir floor and inside surface of the dike. 

Scheduled to be Placed in Service Approximately 2015 
Height 2,201 ft. 
Crest Length 6,483ft. 
Crest Width 15 ft. 
Crest Elevation 3,080 ft. 
Base Width 760 ft. 
Slope – Outside Face 2 H to 1 V 
Slope – Inside Face 2.5 H to 1 V 
Spillway Type None.  7 ft. of freeboard at Normal Maximum Water 

Surface Elevation. 
Low Level Outlet Type None 

 

3.8.2 Water Conveyance Facilities 

Table A3.8.2-1 provides a detailed description of the water conveyance facilities SMUD plans 
for the Iowa Hill Development.  The major components include a vertical shaft from the upper 
reservoir intake/outlet; a high pressure tunnel extending from the bottom of the shaft to the 
penstock manifold; individual unit penstocks, individual unit draft tube tunnels; a draft tube 
manifold; and a low-pressure tailrace tunnel.  All of the tunnels will be lined with concrete.  In 
the zone near the powerhouse, an additional steel lining will be provided inside the concrete 
lining for leakage control and for structural reasons.  SMUD preliminarily established tunnel 
diameters based on hydraulic performance in terms of hydraulic losses and regulation 
characteristics, and to keep expected hydraulic loss to about two percent or less at full load 
conditions. 
 

Table A3.8.2-1. Water conveyance facilities associated with the new Iowa Hill Development. 
Iowa Hill Vertical Shaft 

Type Concrete – Circular 
Length 1,120 ft. from the Iowa Hill Intake/Outlet to the High 

Pressure Tunnel 
Diameter 19.02 ft 
Capacity TBD 
Supports TBD 
Maximum Velocity TBD 

Iowa Hill High Pressure Tunnel 
Type Concrete and Steel Lined – D-Shaped 
Length Concrete Lined: 1,110 ft. 

Steel Lined: 250 feet  
Diameter Concrete Lined: 19.02 ft. 

Steel Lined: 15.74 ft. 
Capacity TBD 
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Table A3.8.2-1. Water conveyance facilities associated with the new Iowa Hill Development. 
Maximum Velocity TBD 

Iowa Hill Manifolds 
Number 3 
Type Steel-lined – D-Shaped 
Length 150 ft. from the Iowa Hill High Pressure Tunnel to 

Penstocks 
Diameter 15.74 ft 
Capacity TBD 
Maximum Velocity TBD 

Iowa Hill Penstocks 
Number 3 
Type Steel-lined – D-Shaped 
Length 180 ft. 
Diameter 7.87 ft 
Capacity TBD 
Maximum Velocity TBD 

Iowa Hill Low Pressure Tunnel 
Type Underground - D-Shaped 
Length 1,230 ft from the manifold to the Slab Creek Outlet 

Structure 
Diameter 20.93 ft. 
Capacity TBD 
Supports TBD 
Maximum Penstock Velocity 27.5 fps 

 

3.8.3 Structures 

There are four structures associated with the Iowa Hill Development: the Iowa Hill Intake/Outlet, 
the Iowa Hill Powerhouse, the Slab Creek Reservoir Intake/Outlet, and the Iowa Hill 
Powerhouse Switchyard.  The Iowa Hill Reservoir Intake/Outlet will be a vertical-style (morning 
glory) intake/outlet located in a depressed area in the Iowa Hill Reservoir, with sufficient 
submergence for satisfactory performance under full load generation with the Iowa Hill 
Reservoir nearly empty of water. 
 
The underground Iowa Hill Powerhouse will be developed with two main caverns: one cavern 
will contain the generating equipment, including the turbine inlet valves and all of the control 
equipment, and a second cavern will contain the Transformer Gallery, which is described in 
Section 3.8.5.  The transformer cavern will also provide access to gates provided for the 
individual draft tube extension tunnels.  Switching and phase reversal equipment, and isolated 
phase buss work will be located in cross-galleries developed between the main powerhouse 
cavern and the transformer cavern.  The powerhouse cavern will be approximately 277-feet-high, 
60-feet-wide and 121-feet-high. 
 
The Slab Creek Reservoir Intake/Outlet will be an octagonal, multi-port intake/outlet, fitted with 
trash bar racks to prevent debris from entering the intake, located approximately 80 feet below 
the Slab Creek Reservoir normal maximum water surface elevation of 1,850 feet. 



Sacramento Municipal Utility District 
Upper American River Project 
FERC Project No. 2101 

Exhibit A - Project Description UARP License Application 
06/17/2005 
Page A-58  Copyright © 2005 Sacramento Municipal Utility District 

3.8.4 Turbine/Generators 

The main components, each adjustable speed motor/generator as proposed will be:  three-phase 
stator; three-phase cylindrical rotor; and three-phase collector assembly on the top of the 
machine shaft. 
 
The relatively short distance separating the upper and lower reservoirs contributes to a 
responsive design for the Iowa Hill Development that should not require special features such as 
increased mass in the generator, oversized water conductors, or surge shafts.  The shorter 
distance also results in lower head loss due to lower frictional losses from water moving within 
the tunnels. 

3.8.5 Electrical Equipment 

Electrical structures associated with the Iowa Hill Development include the Iowa Hill 
Transformer Gallery, Iowa Hill Switchyard, and Iowa Hill Transmission Line.  The Iowa Hill 
Transformer Gallery will be located adjacent to the Iowa Hill Powerhouse in a 277-foot-long, 
46-foot-wide, and 35-foot-high underground cavern adjacent the powerhouse cavern.  The 
Transformer Gallery will be accessed from the powerhouse by an 82-foot-long, 26-foot-wide, 
and 26-foot-high access gallery.  Isolated phase bus ducts will connect the individual unit’s 
motor-generator to the Iowa Hill Transformer Gallery, which will be located adjacent to the 
underground powerhouse.  The gallery will include three main transformers, one for each unit, 
plus a spare.  Each transformer will be a conventional three-phase, oil-filled generator step up 
transformer. 
 
The Iowa Hill Switchyard, which will be located next to Iowa Hill Reservoir, will be connected 
to the underground Iowa Hill Transmission Gallery by sets of single-phase oil filled cables that 
will be routed through a cable tunnel.  The Iowa Hill Switchyard will include eight breakers 
arranged in a breaker-and-a-half configuration.  Disconnect switches for transmission lines will 
be motorized.  Single pole steel towers will be used for transmission line take-offs. 
 
The Iowa Hill Development will be tied into the existing UARP transmission system by looping 
the existing Camino-White Rock line through the Iowa Hill Switchyard.  This will require the 
construction of a new 2-mile-long, double-circuit overhead 230 kV Iowa Hill transmission line.  
The conductors will be supported on single steel pole structures.  The new lines will extend from 
the Iowa Hill Switchyard, up Iowa Hill to the north and east, across Iowa Hill to its north on an 
easterly route, and be looped into the existing Camino-White Rock Transmission Line near tower 
141 or 142, approximately where Iowa Hill road crosses under the transmission corridor.  The 
new lines will not require a switchyard at the interconnection because SMUD will re-conductor 
the existing Camino-White Rock, Union Valley-Jaybird, and Union Valley-Camino lines.  
Reconductoring will be done with 956 ASCC conductor, which will replace the existing all-
aluminum conductor with a conductor of the same diameter, but which is a steel supported 
aluminum with a current carrying capacity of 1600 amps versus the 850 amps of the existing 
conductor.  This design will allow the lines from the UARP to reliably carry the full power 
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output of both the existing UARP and the new Iowa Hill Development under the condition where 
a worst-case single line outage occurs. 

3.8.6 United States-Owned Lands within the FERC Project Boundary 

The proposed FERC Project Boundary associated with the construction and operation of the 
Iowa Hill Development will encompass 185.0 acres of United States-owned land administered 
by the USDA Forest Service at part of the ENF. 

4.0 RATIONALE FOR PROPOSED TRANSMISSION LINE REDUCTION 

As part of its proposal for a new license, SMUD is excluding from the project description and 
project boundary certain transmission line sections included in the current license and project 
boundary.  The excluded sections are:  (1) a 9.3-mile long section of 230 kV line from Folsom 
Junction to SMUD’s Orangevale Substation; (2) a 17.8-mile long section of 230 kV line from 
Folsom Junction to SMUD’s Hedge Substation; and (3) a 1.9-mile long section of 230 kV line 
from Folsom Junction to SMUD’s Lake Substation.  These three sections are beyond the point of 
junction with SMUD’s primary interconnected transmission system as defined in Section 3(11) 
of the Federal Power Act, and are thus not within FERC’s licensing jurisdiction. 
 
There are three 230 kV overhead transmission lines that connect the UARP with SMUD’s 
integrated transmission grid.  One of these lines (Camino-Lake) originates at the Camino 
switchyard.  It runs 29.8 miles to Folsom Junction and then continues another 1.9 miles south to 
SMUD’s Lake Substation.  The remaining two lines originate at the White Rock switchyard.  
The first (White Rock-Orangevale) runs 21.8 miles to Folsom Junction and then continues 
another 9.3 miles northwest to SMUD’s Orangevale Substation.  The second (White Rock-
Hedge) runs 21.8 miles to Folsom Junction and then continues another 17.8 miles southwest to 
SMUD’s Hedge Substation.  Thus, each of these three lines “turns the corner” at Folsom 
Junction before heading in a northerly or southerly direction to their respective substations.  Note 
that the three lines are not interconnected at Folsom Junction.  Attached are a transmission 
operating (single line) diagram and general transmission system map illustrating this 
configuration (Figures A4.0-1 and A4.0-2). 
 
East of Folsom Junction, the three 230 kV transmission lines serve the principal purposes of 
transmitting power generated at the project to SMUD’s load centers and providing station service 
load when the UARP powerhouses are not generating.  These sections of transmission line are 
necessary to get all of the project power to market and do not serve any other significant power 
system function.  If the UARP were taken away, these lines will not stay in service.  Therefore, 
they are “primary” project facilities properly included in the license (18 CFR § 2.2). 
 
However, west of Folsom Junction, the 230 kV lines are within SMUD’s retail service territory 
and part of SMUD’s interconnected system.  They carry other sources of power besides UARP 
power.  If the UARP were not in existence, the sections of 230 kV transmission line from the 
Lake, Orangevale, and Hedge substations to Folsom Junction would still be necessary to serve 
utility system purposes.  Those utility system purposes are essentially two-fold. 
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First, the sections of transmission line between Folsom Junction and the three substations are 
needed for system reliability.  Currently, there is not much electrical flow on these lines when the 
UARP is not generating.  That is because the UARP typically operates at times of peak electrical 
demand.  As a rule, if the UARP is not operating, that is because demand is low.  However, to 
meet system reliability criteria, SMUD must plan that enough transmission lines are available to 
handle the peak demand to the load substations during system contingencies (such as the loss of 
one or two lines or a generator).  During various contingencies, which the system must be 
designed to meet at all times, these line sections between the UARP, the Folsom Junction, and 
the three substations will load up with power from other sources as needed in order to serve the 
substations. 
 
Second, if the UARP were to cease operation permanently, the transmission line sections 
between Folsom Junction and the three substations would continue to be needed to meet system 
reliability and serve customer load.  SMUD will reconfigure the lines to connect with one 
another at Folsom Junction and bypass the transmission line sections between Folsom Junction 
and the UARP in order to reduce losses that will otherwise be incurred by leaving the section 
from the Folsom Junction to the UARP energized.  The lines will then continue to be used to 
transmit power from other SMUD sources of electric power to the three substations. 
 



Figure A4.0-1. 
Transmission Line Switching Diagram 115-230 KV





53.21
.im.im 79.9

.i
m 92.1

UUUU UUUU

A NOITATS

B NOITATS

YTIC DIM

ATREVLE

YTIC HTRON

YTIC TSAE

YTIC HTUOS

TEKCOP

LLIHTOOF

ELAVEGNARO

LEAHCIMRAC

ELBAC
NOITCNUJ

YELRUH

EGDEH

EKAL

ETIHW
KCOR ONIMAC

DRIBYAJ

NOINU
V YELLA

NOOL
EKAL

SBBOR
KAEP

OCES OHCNAR

D  NOITATS

.im 27.1

.im 04.1

.im 10.2

.im 61.5

39.60 m
i..im 9.5

.im 22.3

.im 21.9

.im 19.1

.im 27.1

.i
m 92.1

.im 10.2

.im 88.51

.im 48.82

.im 37.13

.im 11.13

.im 99.81.im 74.41

.im 87.5

.im 30.5 .im 87.5

.im 23.32

.im 72.41

.im 56.5

.im 08.6 .im 29.7

.im 28.11

.i
m 

66
.3

.i
m 

60
.4 .i

m 
41

.7

.im 46.12

4.80 m
i.

1.85 m
i.

VK511

VK511

VK032

VK032

VK032VK511

VK032

VK96

VK96

VK96

.im 2.7

seitilitU rehtO ot snoitcennoC

atrevlE- APAW
yelruH

oceS ohcnaR - E&GP
ekaL -          

noissimsnarT
gninnalP

VK032

DNEGEL

VK511 VK96

GU

suB

L/T

SENOJ
KROF
VK96

)E&GP( LLIHDLOG

noitcennocretni rotcaeR

.im 48.82

EVORG KLE

10.55 m
i.

UUUU

10.90 m
i.

24.82 m
i.

UUUU

UUUU

4.00 m
i.

5.87 m
i.

6.10 m
i.

RETCORP

ECI NOSRAC

NALLELC CM

.im 6.3

LLEBPMAC

.im 5.1

00-9110 FAG 2002/2 DUMS ©

2002/02/2 veR - 1 egaP

SAMOTAN
VK032
)3002(

.im 3.4

SENMUSOC
)5002(

Figure A4.0-2.

SMUD Transmission System
(230KV/115KV & UARP)
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