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SECTION 1

Synopsis

1.1 General

This Design Documentatidgteport(DDR) presentdevelopment basis, desigmiteria, equipment, and
concepts for construction of the Pueblo Dam Hydroelectric Pr¢fioHP)

This is a living document and its contents will be refined, expanded, and updated as the project design
progressesVersion history is recordeah the Document Update Register that immediately follows the title

page.
1.2 Location

¢tKS LINR2SOG Aa
MHE b X

f 20 SR R2gyaiaNBIyYy 27
M n n d@he pow& planbsite?isdocated within thenits of Pueblo County within the Pueblo

t dzSo6f 2

Reservoir State Park Recreation Area. The land owner is the United States Federal Government.

1.3 Description of Facility

The powerhousevill be located approximly 500(feet)ft R2 gy a G NS Y FNRY

cone valve facilitand adjacent to a Reclamation water supply pipelifige hydroelectric turbines will
discharge into the Arkansas River below Pueblo Odma.powerhouse will include twimorizontatshaft
Francistype hydroelectric turbinesvith synchronous generators. The gawagor will be rated 3phase,
60 hertz (Hz) at 416 volts (V)Generated electric power will be transmitted over an undergrotiB®2kV
transmission line from the power plant substation to the nearby Juniper Pump Station, where

interconnection with the utility grid will occur.
1.4 Project DevelopmentSchedule

TABLE-1
Preliminary Development Schedule
Pueblo Dam Hydroelectric Project

Milestone

Date

Preliminary Design And Equipment Procurement Document Development
Execution of the Lease of Power Privilege Contract
Execution of Power Sales Agreements

Procurement of Hydroelectric Equipment

Negotiate and Award of Hydroelectric Equipment Contract
Equipment Submittals

Equipment Manufacture and Delivery®

Final Design

Power Plant Construction Contract Bid Period
Construction Contract Award

Construction

Commissioning

March 2014¢ July 2014
August 2014

August 2014

August 2014, September 2014
October2014

October 2014; April 2015
January 201§ August2016
December 2014 July2015
August2015
September2015
October2015¢ Spring 2017
Spring 2017

WBG040914022805COS
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SECTIONL SYN®SIS

1.5 Cost

Tablel-2 summarizethe preliminary cost breakdown for development of the projé&ppendixA presents

construction cost details and additional information).

TABLHE-2
Order-of-Magnitude Cost Estimate
Pueblo Dam Hydroelectric Project

Iltem Cost
Total Construction Costs $11,001,648
Owner Furnished Products and Project Interconnection Cos $8,133,00
Project Administration Costs $2,000,000
Estimated Total CapitaCost of Development $21,383,475

1.6 Report Organization
This DDR is organized as follows:

Section 1, Synopsis

Section 2, Purpose and Introduction

Section 3, Flow and Net Available Head

Section 4, Generating Equipment

Section 5, Operation and Energyoduction

Section 6, System Hydraulics and Transient Analysis
Section 7, Powerhouse location and Arrangement
Section 8, Interconnection Configuration and Operation
Section 9, Economic Basis

Section 10, Civil Design

Section 11, Architectural Design

Sectionl2, Structural Design

Section 13, Geotechnical Design

Section 14, Mechanical Design

Section 15, Electrical Design

Section 16, Operation and Maintenance

Section 17, Construction Considerations
Appendixes

=8 =8 =8 =8 =8 o8 ofof oo oo

Construction Cost Estimate

Surge Analysis fohé Pueblo Hydro Facility Turbine Load Rejection
Proposed Equipment Technical and Budgetary Price Information
Project Drawings (taate)

Basic Economic Analysis

moOw>
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SECTION 2

Purpose and Introduction

2.1 General

The District began pursuing the development of hydroelectric power at the existing Pueblo Dam, near
Pueblo, Colorado, in 201Thedam is owned and operated by the U.S. Department of Interior, Bureau of
Reclamation (ReclamatiorffH2MHILL assisted the District and other parties in this process, including
assistance with the preparation and submittal of a Lease of Power Pri{ileg®)application to
ReclamationThe LoPPapplication was accepted and the District, with its project partners, is currently in the
process of developing and negotiating the lease with Reclamation, as well as establishing other project
requirements, such aasn energy sales agreement and funding.

Ly &dzLJLJ2 NI 2F GKA& LINRPOSaaxX /lwuwa I L[] KFa NBOSylift
assessmentThe District has now engaged CH2M HILL to prepare a preliminary design and procurement
documents for thegenerating equipmentUltimately, that equipment will be procured and a new power

plant will be designed and constructed to house it.

The power plant is anticipated to consist of a eiasplace concrete structure with metal roof, housing two
turbine-genemtor units.An adjoining control room will house an office area, plant controls and switchgear,
and a battery roomThe power plant will be located adjacent to a Reclamation water supply pipeline and
will discharge into the Arkansas River below Pueblo Mzenerated electric power will be transmitted
throughan undergroundL3.2kVtransmission line from the power plant substation to the nearby Juniper
Pump Station, where interconnection with the utility grid will ocaMater will be conveyed to the turbirse
from existing taps in the pipeline via new weldstéel penstocks.

The project will operate on programmed releases from Pueblo [Reteases are dictated by downstream
water rights.

2.1.1 Reports and StudiesdJsed in the Design Documentation Report
During priorphases of engineering work for this project, CH2M HILL prepared the following documents:

1 CH2M HILLlydropower Feasibility Update, Pueblo Dam Hydroelectric Project March 21, 2014
1 CH2M HILL, Surge Analysis for the Pueblo Hydro Facility TurbinRejeation, April 9, 2014

2.2 General Description
2.2.1 Location

The project is located downstream of Pueblo Dabgut 7-miles west of Pueblo, Coloradadjacent to the
I'NJFYyala wA@SNE ¢6AGK O22NRAYIFIGSE oyc McQ MHEDI wmn
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SECTION 3

Flow and Net Available Head Basis

3.1 General

In order to estabth a basis fothe design of hydroelectric turbine generators to be installed at the project,
a basis for the flow and net head available to the equipment must be developed and endortsed by
District The basidor flow and net headivailableincludes loth technical and future operation
underpinnings, which are discussed in this section.

3.1.1 Reports and Studies Usetb Develop this Section
1 CH2M HILL, Hydropower Feasibility Update, Pueblo Dam Hydroelectric Project March 21, 2014

3.2 Hydrology and Flow Available b the Hydropower Plant

Quantification and qualification of flow available to this hydropower facility are based on the following data
and criteria:

9 Historical daily average Arkansas River flows below Pueblo Dam as recorded at the Colorado
Department of Watr Resources Station: ARKPUECO0.07099400 ARKANSAS RIVER ABOVE PUEBLO, CO
Octoberl, 1983 through December 31, 2013.

1 The maximum capacity of the River Outlet Works through the Pueblo Dam Connection (Work
PackagdlA) is 1,120 cfs (based on previous workfgmened during design of the SDS Pueblo Dam
Connection). If river demands greater than 1,28 are required to be discharged through Pueblo Dam,
flows above 1,120F a4 | NB® LI} 484SR o0& YSlIya 2F G4KS RIYQa GKN

1 Flow through the 98nch Reclamabn pipeline to meet participant ultimate demands total 36@. Of
the 399cfs, SDS and Pueblo West ultimate demands totalc1gl8t is assumed that normal operating
capacity reserves in the Reclamation Pipeline only need to consider SDS amdinodant Pueblo
West demands. Redundant demands would be supplied solely during emergency conditions in the event
the South Outlet Works experiengan outage and thereforare not considered factors in sizing the
hydroelectric equipment. Total system demands3®yS participants are presentedTiable3-1.

TABLB-1
System Demands by Participant
Pueblo Dam Hydroelectric Project

System Demand

Demand Description (mgd) (cfs) Comments

SDS 78 120 SDS Flow to Juniper Pump Station Turnout, Regular Capas
to bemaintain in Pipeline

Pueblo West 18 28 SDS Flow to Pueblo West Turne®egular Capacity to be
maintained in Pipeline

Pueblo West 12 19 JUM Existing Flow Redundancy to Pueblo West Turnout

Fountain Valley Authority 20 32 Intertie Redundancy

Arkansas Valley Conduit 20 32 Intertie Redundancy

Pueblo Board of Water Works at 40 64 Intertie Redundancy

Comanche WTP

Pueblo Board of Water Works at 40 64 Intertie Redundancy

Whitlock WTP

WBG040914022805COS 3-1



SECTIONS FLOW AND NET AVAILAEE HEAD BASIS

TABLB-1
System Demands by Participant
Pueblo Dam Hydroelectric Project

System Demand

Demand Description (mgd) (cfs) Comments
Fish Hatchery 26 40 Intertie Redundancy
Total 254 399

Notes:

JUM = Joint Use Manifold
mgd = million gallons per day
WTP = water treatment plant

1 Projected SDS and Pueblo West demands on veafgplied fromPueblo Reservoir require a flow
reduction be applied to historical Arkansas River streamflow data when used to project future flow
available to the PDHP. These projected flow demands, in relation to time, are featurabl@s-2. This
data was providedby Steve Duling via email on 12/11/2013 sent to recipients Stephanie Harrison and
Mark Rosser

TABLB-2
SDS and Pueblo West Demands on Water Entering Pueblo Reservoir
Pueblo Dam Hydroelectric Project

Pueblo West Pueblo West Total Average

SDS Mean Flow SDS Mean Flow  Average Flow Average Flow Daily Demand
Time Period (mgd) (cfs) (mgd) (cfs) (cfs)
2016- 2020 5 7.74 0.8 1.24 8.97
2021- 2025 14 21.66 1.6 2.48 24.14
2026- 2030 10 15.47 2.5 3.87 19.34
2031- 2035 15 23.21 35 5.42 28.63
2036- 2040 21 32.49 4.4 6.81 39.30
2041- 2045 26 40.23 5.4 8.36 48.59
2046- 2050 30 46.42 6.4 9.90 56.32
2051- 2053 35 54.16 7.1 10.99 65.14

1 Hydraulic analyses performed by CHBLL indicate a Forebay elevation of 48Z4 frovides sufficient
hydraulic head to deliver the following flows: 123 to the Juniper Pump Station, & to Pueblo West
Pump Station, and BXfs to the hydroelectric plant. A Forebay elevation of 4824i€ associated with
a gross (static) head 801t at the turbines, which is expected to be less than the low head limit for
operating the equipment (later defined) dictating the assessment of that effect. However, energy
analyses can proceed independently of head evaluations for Pueblo WestrdpdrJRump Stations,
since flow can be delivered at all Forebay levels considered.

1 Maximum allowable water velocity in the 99ch Reclamation Pipeline was established during design of
the SDS Pueblo Dam Connection to bét&@c, or 88%fs. Thereby, thenaximum allowable flow to the

hydropower plant is 738fs (883 cfs minus 120 cfs {SDS} minus 28 cfs {PW}). The Reclamation Pipeline

and 66inch hydroelectric facility turnouts are lined with Seaguard 6000 Epoxy, tie coat, and surface
coat.
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PUEBLO DANMDESIGN DOCUMENTATIGREPORT

Maximum allowake velocity in each 66ch turnout for the hydroelectric plant is assumed to be
30ft/sec (712cfs).

No additional demands beyond stated SDS, Pueblo West, and redundant flows were considered.

The minimum streamflow in the Arkansas River below Pueblo iD&@cfs to meet the demands of the
State Fishery. Typically, flow is maintained abovefS@luring low flow months. Design of the fixed
cone valve constructed in 2012 assumed a minimum releasésaroughout theyear. Preliminary
tailwater elevationis based upon this 5€fs figure.

3.3 Net Available Head

Quantification and qualification of available net head at the PDHP turbines is based on:

T

Il AA02NAOILE RIEIAfe tdzSof2 wSaSNW2ANI C2NBol e 9f STl (
Station PUR¢ October 1, 1983 through December 31, 2013

SDS Environmental Impact Statement (EIS) discussion of effects to future Pueblo Dam Forebay levels
projected the following: 1) Existing to No Action, the reservoir level would be reduced an averdige 3.8
and2) No Action to Proposed Action, the reservoir level would be reduced an additiorfab2i@veen

2016 and 2050. Overall, the proposed action will result in an average reduction of reservoir water
surface levels of 6.# between 2016 and 2050 (Referené&génal EIS, Appendix Bimulated Hydrology
Results, page-88; Monthly WSEL Summary, Direct Effects, Location: Pueblo Reservoir). As a result, a
linearly decreasing correction factor is applied to historical reservoir elevations for use in projected
energy production formulas.

The tailwater energy grade elevation (water surface elevation plus velocity inesd@stimated using

the United States Army of Corps of Engineers-dingensional hydraulic model, Hydrologic Engineering
Center River Analysis Syst@HECRAS) version 4.1.0he tailwater rating curve from the HERAS

model is provided as Table33 The following assumptions were used to create the hydraulic model:

0 Bathymetric survey data from 2014 was combined with existing L-ii24iRed topography
and used to generate 15 crosgctions in HERAS to represent the reach from the
downstream diversion dam (just upstream of the Juniper Road bridge) to the Fixed Cone
Valve Facility outlet.

0 The downstream diversion dam served as the downstream hydrauitcat@s its
prominence results in critical flow.

o al yyAy3dQa y NRrdzabsighcbaseddrt abridgddniagery and suggested
roughness values presented in Chow, 1959. Roughness parangershen calibrated
usingthe. dzNB I dz 2 T wS O Danvtailiiatelrafi@yZuritagpBodimaely 4744.1
at 3,000 cfspnd comparison dhfistorical imagerywhich illustrated when flow was actively
0SAy3 O2y@SeSR Ay (GUKS 2SN tdzSof2 5FY GFAf
dam,andflow measurementsecorded at the USGS gage for the data of the aerial imagery.

WBG040914022805COS 3-3



SECTIONS FLOW AND NET AVAILAEE HEAD BASIS

TABLB-3
Tailwater Rating Curve
Pueblo Dam Hydroelectric Project

Fixed Cone Valve Facilit Power Plant Pueblo Dam Total Flow in Outlet Water Surface Elevation at
Discharge Discharge Spillway Gate Channel Power Plant
Discharge

(cfs) (cfs) (cfs) (cfs) (ft)

0 0 0 0 47380

0 60 0 60 47386

0 250 0 250 4739.5

0 500 0 500 4740.2

0 734 0 734 47408
266 734 0 1,000 47413
266 734 200 1,250 4741.7
466 734 300 1,500 4742.1
466 734 800 2,000 47428
466 734 1300 2,500 47433
466 734 1800 3,000 4743.7

3.3.1.1 Methodology for Turbine Flowand Net Available Head at Turbine

Flow available for the turbines is based on the methodology featur@@ime3-4® 5 G Sa FSI G§dzZNBR |
S E | Y LObrifiopstatements are based on spreadsheet formula syntax.

TABLEB-4
Flow Methodology
Pueblo Dam Hydroelectric Project

A) Capacity of Tunnel Worksl,120cfs E) Turbine 1 Rated Flow
B) Maximum Flow in Reclamation Pipeline based on Velocity Consta8&3.6cfs F) Turbine 1 Minimum Flow
C) Ultimate FlowReserves for SDS and Pueblo Wekt8cfs G) Turbine 2 Rated Flow
D) Maximum Hydro plant total Flow (E)+(G) < 883&s¢ 148cfs H) Turbine 2 Minimum Flow
Label (1F) (2F) (3F) (4F) (5F) (6F) (7F) (8F)
Description Historic Projected Historic SDS Average Pueblo Flow Flow Flow
Date Date in Arkansas Daily Flow  West Availableto  Through through
the Future River Flow  (cfs) Average Hydroelectric  Turbine 1 ~ Tubine 2 to
(cfs) Daily Flow Plant to Determine
(cfs) (cfs) Determine  Headlosses
Headlosses (cfg)
(cfs)

Formula 4/1/1984  4/1/2017  From From From (BFY4F)}5F) =IF[(6F)>(F) =IF[(6F
Gauge Table2 Table2 AIF(6F)<(E), (7TF)>(H),
based on  Projections  Projections (6F),(E)},0] IF{(6F
4/1/1984  based on based on (7F)<(G),(6F)

(2F) (2F) -(7F),(G)}1.0]
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Available net head at the turbines is based on the methodology featur&ebie3-5:

TABLB-5
Net Head Methodology

Pueblo Dam Hydroelectric Project

I) Rated Head Turbine 1 L) Rated Head Turbine 2
J) Maximum (Turbine Shutoff Head) Turbine 1 M) Maximum (Turbine Shutoff Head) Turbine 2
K) Minimum (Turbine Shutoff Head) Turbine 1 N) Minimum (Turbine Shutoff Head) Turbine 2
Label (1H) (2H) (3H) (4H) (5H) (6H) (7H)
Description Historic LinearDecrease in Headloss to Headloss to Tailrace Net Head Net Head @
Pueblo Dam Historic Reservoir Turbine 1 Turbine 2 WSEL @ Turbine  Turbine 2
Forebay Levels Due to EIS (ft) 1

Elevation (ft)
(ft)

Formula From Gauge -5.15E04@(2F) + Equations and Equations and Forcastand (1H)}(2H) (IH)}(2HY}

based on 2.18E+01 Lookup Tables Lookup Tables Interopolate (3H)}5H) (4H)}(5H)
4/1/1984 with applicable with applicable Table 33

(4F) (5F) (7TF)  (4F) (5F) (TF)  Tailwater

(8F) (8F) Rating Data
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SECTIOM

Generating Equipment

41 General

This section presents the equipment selection of the POHR. section should be reviewed in close
coordination withSection 5 Operation and Energy Productemthe equipment selection is directly
connected with optimizing energy production ¢iet project.

4.1.1 Reports andStudies Used to Develop this Section

1 CH2M HILL, Hydropower Feasibility Update, Pueblo Dam Hydroelectric Project March 21, 2014

1 Andritz Hydro January 20, 2014 Budgetaige and Technical information for Pueblo Dam Hydroelectric
Prgect (Appendix C)

4.2 ConstantSpeed Equipment Selection

The March 21, 2014 Feasibility Update presera@deliminary selection of Turbine Nab: 540cfs and
Turbine No2: 194cfs. This selection was confirmed in consultation with a supplier and a budgetary
guotation was obtained, as follows:

Turbine 1: Turbine 2:

1 Turbine type: Horizontal Francis, fixe § Turbine type: Horizetal Francis, fixed
geometry. geometry.

1 Runner Diameter: 4.9% 1 Runner Diameter: 2.78

1 Highest Permissible Centerline Setting: #.: § Highest Permissible Centerline Setting: #..
(above T.W.) (above T.W.)

1 Rated Turbine Flow: 548s i Rated Turbine Flow: 19fs

1 Rated Turbine head: &1t I Rated Turbine head: 41t

1 Speed300 revolutions per minute (rpm) 1 Speed: 514 rpm

1 Maximum Turbine rated efficiency: ®#ercent 9§ Maximum Turbine rated efficiency: ®ercent

1 Operating flow range: 189 to 54fis 1 Operating flow range: 68 to 19%s

1 Operating head rang@&2to 138 ft 1 Operating head range:43o 129 ft

1 Nominal generator type and nominal ratin § Nominal generator type and nominal ratin

Synchronous, 5,500W, 4160Vac, 3-phase. Synchronous, 1,500W, 4160Vac, 3-phase.

The estimatedudgetaryequipment package cost is $6,650,000. This is inclusive of the two turbine
generatorsjnlet valvesHydraulic Power Units (HPUspntrols, and switchgear F.O.B Pueblo Dam. Delivery
time for the proposed equipment would be approximatelyt@®0 months éter contract award. The
guotation and performance curves for the selected turbines are featured in Appendix C. Information from
these performance curves was used to predict annual energy production for the proposed installation.
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SECTION

Operation and Energy Production

5.1 General

This section discusses tpeojected energy production and operation of the PDHIDIs section is organized
in three main parts including:

1 Scope and Purpose

1 Power Generation and Energy Production Methodology

1 Energy Production

5.1.1 Reports and StudiedJsed to Develop this Section

1 CH2M HILL, Hydropower Feasibility Update, Pueblo Dam Hydroelectric Project March 21, 2014

5.2 Power Generation and Energy Production Methodology

Energy produced by the hydroelectric equipment is based on the methodology featufadblieb-1. This
table should be used in conjunction witbw and net head methodologVables3-4 and 3-5.

WBG040914022805COS 5-1



SECTIONs OPERATION AND ENER®RODUCTION

TABLB-1
Energy Methodology
Pueblo Dam Hydroelectric Project

N) Max Powerplant Output (kW) (O) + (P) Q) Turbine 1 Average Annual Energy Production (k§\@)m Column (7E)/Data Count*365 Days
O) Turbine 1 Rated Output (kW¢)Max of Column (5E) R) Turbine 2 Average Annual Enefpsoduction (kWhy; Sum Column (8E)/Data Count*365 Days
P) Turbine 2 Rated Output (kVW{)Max of Column (6E)

Label (1E) (2E) (3E) (4E) (5E) (6E) (7E) (8E)
Description Turbine 1 Flow used Turbine 2 Flow used Turbine 1 Efficiency Turbine 2 Efficiency Turbine 1 Turbine 2 Turbine 1 Turbine 2 Daily
for Energy for Energy Power Output  Power Daily Energy  Energy
Output Projection Projection
Formula =IF[(6H)<(K),0,IF{(6F =IF[(7TH)<(N),0,IF{(7+ =IF{(1E)>0,IF(6H)>(K =IF{(2E)>0,IF(7H)>(N (6H)*(1E)*(3E) (7H)*(2E)*(4 (5E)*24 (7TE)*24
>(1),(7F),MIN(Manufa >(L),(8F),MIN(Manuf IF(6H<(J),lookup JFZH<(M),lookup /11.82 E)/11.82
cture provided flow  acture provided flow table of table of
curtailment equation curtailment equation manufacturer manufacturer
due to reduced head due to reduced head provided provided

based on (6H),(7F)}] based on (7H),(8F)}] efficiencies,0),0),0)*c efficiencies,0),0),0)
ombined generator  *combined
efficiency and line generator efficiency
loss of 7percent and line loss of
7 percent
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5.3 Energy Production

1 Energy production of the hydroelectric facility will vary widely because of the projected variation in
heads and flow at the site. Additionally, the future energy production is dependent orpttieation of
certain projected reductions because of planned changes in Forebay operations and demands from SDS
and Pueblo West. This section presents energy production results with various assumptions based on
the methodology previously presented and fin@inary equipment selection identified Bection 4.

i Table5-2 presents the annual energy production for each calenasar of record (1984 2013) without
adjustment to both available flow because of future SDS and Pueblo West demands and Forebay levels
because of future changes in operation of Pueblo Reservoirtdiiiestherefore presents unaltered
production, for the District to evaluate the implications of energy fiyear toyear. Various
sequences/combinations of lovand highenergy productioryears should be evaluated by the District
as it pertains to the ovmll viability of developing the project.

TABLB-2
Annual Energy Production without Reductions for Future flow
Demands of SDS and Changes to Pueblo Reservoir Operation

Pueblo Dam Hydroelectric Project

Year AnnualkWh Production
1984 32,277,210
1985 40,745,832
1986 38,257,360
1987 38,868,850
1988 30,616,025
1989 21,447,168
1990 8,442,411
1991 7,290,205
1992 11,181,563
1993 20,453,090
1994 20,789,897
1995 32,115,032
1996 27,217,962
1997 34,451,709
1998 26,953,501
1999 32,851,779
2000 28,215,410
2001 15,374,039
2002 6,351,693
2003 1,466,267
2004 6,565,589
2005 5,245,469
2006 12,765,368
2007 23,981,559
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SECTIONs OPERATION AND ENER®RODUCTION

TABLB-2
Annual Energy Production without Reductions for Future flow
Demands of SDS and Changes to Pueblo Reservoir Operation

Pueblo Dam Hydroelectric Project

Year AnnualkWh Production

2008 26,928,927

2009 24,111,251

2010 22,179,973

2011 21,837,897

2012 9,155,330

2013 9,134,876
Average 21,242,441

Energy Production Without Flow and Forebay Adjustments 1984 - 2013

45,000,000

40,000,000 -

35,000,000 -

30,000,000 -

25,000,000 -

20,000,000 -

Annual Energy Production kWh

15,000,000 -

10,000,000 -

5,000,000 -

FIGURBE-1

Annual Energy Production Without Reductions
For Future Flow Demands dSAnd Changes
To Pueblo Reservoir Operation

Pueblo Dam Hydroelectric Project

Table5-3 below presents the annual energy production for each calegdar of record (1984 2013)with
adjustment to both available flow because of future SDS and Pueblo West demands and Forebay levels
because of future changes in operation of Pueblo Reservoir. The table below is based on the assumption
that January 1, 1984, is projected to Jaryua, 2017. Certain higbnergy productioryears, such as

1985/2018, have greater annual energy production than when reductions are not applied (comparing
Tablesh-2 and5-3). This is because of an operating condition where historical Forebay data irsdicaéd

head condition just above B3t. When applying a reservdievel reduction to historical data, net head is
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reduced below the upper shutoff limit of the turbine, thereby generating power. These head boundaries are
real, but their exact definitiorsiartificial in the model, producing these small discrepancies. The significance
of these discrepancies should be evaluated by the District in consultation with EH2M

TABLB-3
Annual Energy Production with Reductions for Future flow Demands of &S
Changes to Pueblo Reservoir Operation

Pueblo Dam Hydroelectric Project

Year Analysis Year AnnualkWh Production
1984 2017 32,169,480
1985 2018 40,878,691
1986 2019 38,883,328
1987 2020 38,435,398
1988 2021 29,677,848
1989 2022 19,480,721
1990 2023 6,848,467
1991 2024 6,554,653
1992 2025 8,819,310
1993 2026 16,063,950
1994 2027 16,343,213
1995 2028 31,269,036
1996 2029 26,482,293
1997 2030 33,288,792
1998 2031 24,613,570
1999 2032 30,689,811
2000 2033 27,081,635
2001 2034 11,283,376
2002 2035 3,814,822
2003 2036 723,636
2004 2037 2,147,475
2005 2038 2,678,712
2006 2039 7,318,695
2007 2040 20,117,601
2008 2041 23,889,692
2009 2042 20,681,644
2010 2043 20,223,627
2011 2044 19,662,497
2012 2045 6,548,821
2013 2046 4,942,265
Average 19,053,769
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Energy Production With Flow and Forebay Adjustments 1984 - 2013

45,000,000

40,000,000
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FIGURB-2

Annual Energy Production with Reductions for
Future flow Demands of SDS and Changes to
Pueblo Reservoir Operation

Pueblo Dam Hydroelectric Project

Increased demands on Arkansas River water because of future SDS andWestéacount for

approximately 65 percent of the total effects of the adjustments. This is primarily because of the flow
reductions altering a 66fs flow exceedance (lower flow limit of Turbine #2) from a less thaeréent
occurrence to a 2Percent ocarrence when SDS and Pueblo West flow demand increases to an average of
56 cfs between 2045 and 2050. The reality of SDS and Pueblo West flow demands affecting the flow
exceedance to this degree is probably quite uncertain since it is more likely flovewilhnaged differently

in the summer months (curtail peak releases) to maintain higher base flows in the Arkansas River during

low-flow months to achieve the minimum design flow of the fixed cone valve facility. This should be noted
by the District and dicussed with CH2MILL.
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SECTION 6

System Hydraulics and Transient Analysis

6.1 General

This section discusses the hydraulics of the conveyance system upstream of the PDHP as well as presents
conclusions drawn from surge analysis performed on the conveyance system for operating scenarios when
the facility is in placeThis section is organiden three sections including:

1 Scope and Purpose
1 System Headlosses
1 Conclusions from Surge Analysis

6.1.1 Reports and StudiedJsed to Develop this Section
1 CH2M HILL, Hydropower Feasibility Update, Pueblo Dam Hydroelectric Project March 21, 2014

6.2 System Headlosses

The basis for system headlosses is presented in the Fi§drédsrough6-4 and Table$-1 and6-2. Headloss
equations were developed from Computation Fluid Dynamic and U.S. Environmental Protection Agency Net
Headloss models. Lookup Tables for bifurcakio§ | Rf 23a4S&8 N3 RSNAGSR FTNRY 5¢d
Systems Handbook.
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FIGURB-1
Headloss Map
Pueblo Dam Hydroelectric Project
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o

Headloss through Tunnel

y = 1E05% + 0.0044x% 0.1273
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FIGURB-2
Headloss Through Tunnel Equation
Pueblo Dam Hydroelectric Project
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FIGURE-3
Headloss in 9hch Equation
Pueblo Dam Hydroelectric Project

Headloss between Wye 1 and Wye 2

y = 6ED8X + 4E19X + 1EL7 P
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FIGURB-4
Headloss between Wye 1 alidye 2 Equation
Pueblo Dam Hydroelectric Project
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TABLB-1
K Values for 90 x 90 x 90 Wye
Pueblo Dam Hydroelectric Project

Area Ratio Flow Ratio (Q/Qupstream) K Value Wye Branch K Value Through Branch
1.00 0.00 0.80 0.05
1.00 0.10 0.78 0.00
1.00 0.20 0.68 -0.03
1.00 0.30 0.60 -0.03
1.00 0.40 0.50 -0.01
1.00 0.50 0.43 0.03
1.00 0.60 0.40 0.08
1.00 0.70 0.40 0.15
1.00 0.80 0.40 0.22
1.00 0.90 0.40 0.30
1.00 1.00 0.40 0.40

Note:

Q = flow rate or discharge rate

TABLB-2
K Values for 90 x 9090 Wye
Pueblo Dam Hydroelectric Project

Area Ratio Flow Ratio (@/Qupstream) K Value Wye Branch K Value Through Branch
0.54 0.00 0.80 0.05
0.54 0.10 0.80 0.00
0.54 0.20 0.75 -0.03
0.54 0.30 0.72 -0.03
0.54 0.40 0.70 -0.01
0.54 0.50 0.72 0.03
0.54 0.60 0.78 0.08
0.54 0.70 0.85 0.15
0.54 0.80 0.90 0.22
0.54 0.90 1.00 0.30
0.54 1.00 1.50 0.40

6.3  Surge Analysis

A surge analysiwas performedor the hydro facility at the Puebldam following turbine trip and load
rejection. The analysis assurd¢hat when the turbines trip, the Juniper pumps also tResultindicated

that the maximum pressure at the hydro turnouts isp@unds per square inclpgi) which is only @si

higher than the maximum pressure predicted when only the Juniper pump stationAtitse Juniper pump
suction, the maximum predicted pressure when simultaneous turbine trip and pump failure occurs is only
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3 psihigher than when only the Juniper pumgslfTurbine load rejection and runaway appear to cause only
minor surge pressure differences as compared to predictions when the turbines do ndtheigonveyance
system is adequately designed to accommodate the relatively small pressure transiextesidog the
hydroelectric turbines tripping and the wicket gates closing over-ae2@nd periodDetailed

documentation of the results of this analysis is presentetth@technical memorandunfieaturedas

Appendix B.
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SECTION

Powerhouse Location andArrangement

7.1 General
This section discusses the power plant arrangemeéhissection is organized in two sections including:

1 Scope and Purpose
1 Power Plant Arrangement

7.1.1 Reports and StudiesJsed to Develop this Section
1 CH2M HILL, Hydropower Feasibility Update, Pueblo Dam Hydroelectric Project March 21, 2014

7.2  Power Plant Arrangement

Thepowerhouseis anticipated tde a twolevel castin-place concretemetalroofed structure located
approximately 500t downstream from the fixed cone valve facil{qppendix D)Exterior architectural
treatmentremains to be established but appearansglanned tde consistent with that approved by
Reclamation, State Parks, and Pueblo County for the Juniper Pump Station. Water supply to the turbines will
be from two separate 6@ch (nominal) turnouts from the 9ihch Reclamation pipeline. The-6&h

turnouts weredesigned and constructed as part of the SDS proRipeline shop drawings actually indicate

a 67inch ID for these turnouts. Flow to Turbine #1 will be B#) suggesting a &érich x 72inch

enlargement on the tap to connect with the “fiZch Inlet Valve Nal. Turbine #2 will require a 67x48

reducer for to the 48nch Turbine Inlet Valvél'IV)No. 2.

The turbines and generators will be located below grade. A maintenance and control room will be located
approximately 3t below the existinglam access road elevation of 4786The runner centerline of Turbine
No.1 will be approximately & above the minimum tailwater elevation of 38, which is approximately

18ft below the existing Pueblo Dam access road. To provide a uniform turbinefloonelevation of

4739.5ft, the runner centerline of Turbine N2.will be approximately foot above the minimum tailwater
elevation, though a higher setting could be employed.

The building will have lighting, heating, cooling, and drainage systemaraoderhead crane to remove the
generator and turbine runner for maintenanc@witchgear, a control switchboard, and SCADA system
interfacewill be installed in the control room area. Low voltage motor control center and power distribution
panels will beprovided foralternating current AQ station service, along with a station battery and inverter

to provide an uninterruptible power supply for the controls and computer equipment.

The turbines will be horizontalhaft Francidype with synchronous generatts. The generat@will be rated
3-phase, 60 Hz at 4160 voltsa@®. Auxilaryequipment will include dedicated hydraulic power units. The
generator will include a brushless excitation system and neutral grounding equipment. Both the turbine and
the generaor will have complete instrumentatiofor monitoring of critical machine operating parameters,
including lube oil temperature and level, hydraulic power system status, speed, generator stator and bearing
temperatures, and uniglectrical output A butterty-type inlet valve and ultrasonic flow meter will be

installed in each penstock to allow for unit isolation dlodv measurementrespectively.
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SECTION

Interconnection Configuration and Operation

8.1 General

Project interconnectiomefers to the electrical interface and power transmission to the electric utility grid.

This interface is typically defined and regulated by interconnection and energy sales agreements with one or

more serving electriatilities. Those agreements aleingdeveloped by the DistricThis sectiompresents
an overview and design basis for projetderconnection,subject to the details dinal interconnection and
energy sales agreementsis organizedccording tahe following subheadings:

1 Scope and Pugse
1 Interconnection Configuration
1 Revenue Metering

8.1.1 Reports and Studiedsed to Develop this Section

1 Final Design Documents, Juniper Pump Station, May 13, 2013, CDM Smith" SEfe#¥ Suite 1100
Denver, CO 80202 Tel: (303) 3830

8.2 Interconnection Confguration

8.2.1 Generation andTransmission

Refer to the preliminary singléne diagram presented in the Project Drawings, Appendikig.power plant
generators are of the synchronotgpe and rated 4160 Vac;hase, 6(Hz The power plant will also house
two line-ups of medium voltage switchgear, th&k8generator switchgear and the 18&/transmission
switchgearThegeneratorswill be synchronized tthe 4.16kV generatorswitchgearus.Generator output
will be stepped up to the transmission voltagel@.2kVvia the power plant main transformglocated
adjacent to the power planfThe highside, or 13.XVtransformer output will then be routed to the
transmission switchgear bus, where an ac station service circuit breaker and transformer primé&sr brea
are housed. Power plant output will then be routexl13.2kVinterconnection bus at thduniper Pump
Station.

The transmission circuit between power plant and pump station will be routed underground by cable in
accordance with Colorado State Parkguigements.

Theapproximatelength of the 13.XVtransmission line is 2,800. Suitablerouting, cable and conduit
sizing,use of manholes, terminationand installation methods for the underground transmission line will all
be detailed during enginearg design.

8.2.2 Interconnection

It is currently assumed that suitable provisions for power plant interconnection on the customer s$ide of
ASNDAY3I dziAfAGeQa YSUSNRY3I gAff 0SS LINE DIFHRBR I
developed ad coordinated.

Requirements will bestablished and details will be developédringprojectdesign.

8.2.3 Revenue Metering

It is currentlyassumedhat the Black Hills Energy meterifagilities at theJuniper Pump Statiowill be
configured to provide necessary net metering of the power plaunp stationservice . The details of this
feature remain to be confirmed
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SECTION

Economic Basis

9.1 General

This section presents the conventional basis in which the District reviemgdetermined development of
the project is economically feasibl€his section is organized in three sections including:

1 Scope and Purpose
1 Orderof-Magnitude Cost
1 Economic Feasibility

9.1.1 Reports and Studies Used in the Design Documentation Report
Duringprior phases of engineering work for this project, CH2M HILL prepared the following documents

1 CH2M HILL, Hydropower Feasibility Update, Pueblo Dam Hydroelectric Project March 21, 2014

9.2 Order-of-Magnitude Cost

As a part of the preliminary design of the Pueblam Hydroelectric Project, a Class 3 Cost Estimate per the
Association for the Advancement of Cost Engineering (AACE) International was prepared. A Class 3 Cost
Estimate is defined as an estimate that is generally prepared to form the basis for budgetization,
appropriation, and/or funding. Typically a Class 3 estimate forms the initial control estimate against which
all actual costs and resources will be monitored. Typical accuracy ranges for Class 3 estima¥da@re

15% on the low side, antll0% to +20% on the high.

The cost estimate has been prepared for guidance in project evaluation and implementation based on the
Preliminary Design Drawings and budgetary equipment costs obtained from various manufacturers. The final
costs of the projecwill depend on actual labor and material costs, competitive market conditions, final

project costs, implementation schedule and other variable factors.

Table9-1 presents estimated costs for significant project elements: Detailed opinion of probable
constuction costs for the project can be found in Appendlix

TABLB-1
Summary of development costs
Pueblo Dam Hydroelectric Project

Iltem Cost

Total Construction Costs $11,001,648
Owner Furnished Products and Project Interconnection Cos $8,133,000

Project Administration Costs $2,000,000

Estimated Total Capital Cost of Development $21,383,475

9.3 Economic Feasibility

The conventional economic feasibility for developing a project is determined by comparing the present
value of benefits (i.e., revenue from the sale of energy or monies saved by offsetting consumption) with the
present value of costs (such as the capitatdor development opperation and maintenanceJ&M|

costs). This comparison can also take the form of the net present value (benefits minus costs) or
Benefit/Cost (B/C) ratio. A basic finaneabnomic evaluation, illustrating the costs, benefits, asdnomic
feasibility of developing the site, is presented in Apperktlix
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9.3.1 Costs

Fourprincipalcosts are associated with developmemtd operationof the facility:

1 ProjectDevelopment Cost $19662,162major development cost elements include rock excawati
($1.8M) and Turbine/Generator costs ($84). Rock excavation costs are based on using rock trenchers
and excavation equipment (unit price of#bper yard) as blasting will not be permitted at the site. A
rock excavation contractor who has performed wat Pueblo Dam suggested that the proposed
excavation could be accomplished fess thars100per yard. CH2MILL is currently soliciting
budgetary estimates from other contractors for the rock excavation. Budgetary construction costs
featured in AppendiAinclude al5 percent contingency. Further refinement and opportunities to
managecosts will be considered during design.

1 Annual O&M costg $168,466 in 2017 based on an average coskyeéh of $0.0085 and an average
annual energy production associatedth the Economic Evaluation attachment. The O&M costs were
escalated 3.fercent annually from the 2017 value. This is based on investigations performed by
Colorado Springs Utilities during the 2011 LoPP Application efforts.

1 Transmission and Wheelings3.75/ megawatthours MWh) asprovidedby Colorado Springs Utilities
during the 2011 LoPP Application efforts. Transmission and Wheeling costs to the project are carried by
the project through 2027, at which time this cost ceases when Pueblo West andrJBaoipe Stations
consume all energy produced by the hydropower plant. §hiseral approach for accounting for such
cost was specifielly the District.

1 Payments to the United StatesAssumed to be at 3 mills/lkWh for duration of evaluation.

Any other costsiot specifically stated, such as monthly or annual fees charged by the interconnecting utility
for interconnection facilities, are not included. These costs, if any, will be determined by the District during
the negotiation of interconnection and energyleaagreements

9.3.2 Benefits

In the absence of a Distrispecifiedvalue of energy to be used in this Feasibility Update, CHEM has
assumed an energy value of $55/MWh in 2017, escalatingpat@nt annually for the 2gear operation
period evaluated. This assumptidirectly impacts project financial and economiagébility and must be
establishedby the District. Based on the benefit cost ratio determined for this feasibility update, initial
energy values in the $50 to $55/MWange including any potential renewable energy credits, should be
consideredhe minimumrangeto supportprojectfeasibility, assuminghat all other factors (capital costs,
financing rates, escalation rates, energy generation) stated remathanged

9.3.2.1 Present Value of Benefits and Costs

Monies spent or accrued at different times or ovgpeziod must be discounted or escalated to a single

point in time in order to be compared properly. For development of the PDHP the recurring benefits (annual
energy savingsale9 and costs (capital and O&M) that occur throughout the life of the projeet ar

discounted to a 2014 Present Val(iV)for determination of a Bnefit/Costratio. The period of analysis

extends from 2014 to 2041 (Amear operating period, 20:2041) and assumes a discount rate (cost of
money) of 2.0 percent, apecifiedby the Distict.

Table9-2 summarizes basic project operation and financial performance over the period of analysis, 2017 to
2041. The actual project development and funding approach of the District will dictate how such data must
be applied to actual project finaradiscenarios. It is assumed that the District will complete such additional
analyses in its final determinations of project funding and feasibility. The table summarizes the conventional
feasibility of developing the site based on the finanei@nomic ealuation presented in Appendi
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TABLB-2
B/C Ratio for Hydropower Development of the Site
Pueblo Dam Hydroelectric Project

Item Value
2014 Total PV of Costs $28,387,167
2014 Total PV of Revenue/Benefit $28,516,068
2014 Net Present Value $128,901
Overall PV B/C Ratio 1.00
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SECTION 10

Civil Design

10.1 General

This gction provides théasis forcivil design foPDHPThe section is organized as follows:

i References
1 Features

10.2 References

1 Horizontal Datum: Colorado State Plane Coordiante System, Colorado Central Zone (RR8502)
American Datum of 1983 (NAD 8B)S Survey Feet.
9 Vertical DatumNational Geodetic Vertical Datum 829 (NAVDR29), US Survey Feet.

10.3 Features

10.3.1 Base Map

HighR&2f dziA2y O2f 2NJ [ SNALf LIK2G23INI LIK& OMETHANQ 6MY
for the PDHP design documents and figures.

10.3.2 Existing Site and Utilities

In general, the following existing utilitiese foundwithin the vicinity of the PDHP:
1 Reclamation 99nch raw water pipeline
1 Black Hills Energy Underground Eleatriccated north of Reclamation 9@ch raw water pipeline

1 Reclamation 24Pair Telephone located between Black Hills Energy Electric and ReclamatiorcBO
raw water pipeline

1 Reclamation Fiber Optic Communicatiariscated north of Reclamation 9@ch raw water pipeline
between the Reclamation Valve Vault and Pueblo Dam.

1 Future Reclamation Chemical Service kjiaestub for a future chemical service line, to be designed by
CIM Smith, is located near the Southeast corner of Rexlamation Valve Vault.

A utility plan will be developed as part of the PDPH design to correctly depict the locations of each of the
utilities identified above. Abuilt locations of these utilities wibe made available by the Southern Delivery
System Program. Potholing activities will be scheduled for utility locations that are unknown.

10.3.3 Survey Control Points

Horizontal coordinate values are based on Colorado Coordinate System Central Zone, 1983)(NAD 8
Vertical values are based on National Geodetic Verlealm1929 and the 1960 Supplementary
Adjustment (NGVD29). The following survey control points are within the location of the PDHP.
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TABLAO-1
PDHP Survey Control Points
Pueblo DanHydroelectric Project

Point Northing Easting Elevation Description

SDs16 1178196.563 3232239.942 4941.71 3Imkné¢ ! fod:

SDsl7 1171526.900 3232244.310 4960.11 3Imkné¢ ! fod:

SDsl18 1167871.108 3226253.994 5144.02 3Imkné¢ ! fod:

SDsl9 1161412.073 3224324.395 4771.63 3Imkné¢ ! fod:
a50 1160304.191 3223052.740 4799.54

10.3.4 Site Access/Egress

ThePDHRSs located on the north side of the Arkansas River, just west of Juniper Pump Station, which is west
of Spillway Road. THeDHRs located within thdimits of Pueblo County within the Pueblo Reservoir State
Recreation Area. The land owner is the United States Federal Government.

Site access/egress will be from Spillway Road and along the dam access road on the north side of the
Arkansas River. Vehiculaaffic to and from theconstructionsite shall be restricted to designated routes
shown on a Haul Route Plan to be provided as part of the construction docuresgsond access road will
be constructed on the south side of the Arkansas River to @addater remove the cofferdam that will
separate the work area from flowing water. The second access road will start from an existing parking lot
and cross the Pueblo Dam spillway outlet.

Once construction is complete, site access/egress will be frorddheaccess road on the north side of the
Arkansas River.

10.3.5 Construction Staging/Parking

A temporary construction staging area is planned just north ofRB&IPIt is anticipated the construction
staging area will be used for construction trailers, parkingl stockpile of equipment and materials.
Limited construction traffic and parking will be allowed near the PDHP during construction.

Future parking spaces at the PDHP will be provided for operatiomanttenancevehicles

10.3.6 Site Utility Plan

The following utilities (excluding drainage features) are required for the operation &¥EHd?
Station service transformer
Stepup service tansformer

1
1
1 Oilwater separator
1

Standby generator

The standby generator was locatedclose proximity to the eledcal equipment in the PDHP that would be
powered by the standby generator in the event that grid power is lddiuffer of 3 feet was provided

around the standby generator for personnel accdds two transformers were also located in close
proximity © the electrical equipment contained within the PDHP. The two transformers were locatéd

of the standby generator toffsetthe transformerdrom the mainPDHRo providea buffer in the event of a
transformer failure that may result iafire or expbsion.Both transformers will bénstalledon equipment

pads that include a trench that will intercept and contain oil that may leak from the transforifleesoutlet
from the transformer pad trench will contain a valve that will normally be closextdain any leaked oll
within the trench; any accumulated oil will be removed before the valve is opened to allow the trench to
drain. To limit the discharge of remnant oil to the environment, the transformer pad trench outlet will drain
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to an oilwater searator; a drainage sump from inside the PDHP will also outlet to theaigr separator.
Due to the oHwater separators relation to the PDHP drainage sump and transformer pad drainagd; the
water separator was located in close proximity to the twansformer containment pad3.he oitwater
separatorwill containa series of baffles that will separate and retain any leakedroin(runoff or drained
water) to limit the discharge of oil to the environmenthe oiwater separator will require periadcleaning
and maintenance to avoid the butlegpb of oilandloss of function

10.3.7 Excavation Considerations

The existing surface is primarily a sandstone bedrock that will require rock saws to excavate and remove. As
the proposedPDHHoundations are founded direly on rock and a minimum of two feet below top of rock,

rock will be excavated beneath the entirety of the structure. It is assumed that the excavated rock surface
will remain stable at neavertical slopes and that precision equipmesanbe utilizedto precisely excavate

(within a matter of feet, in plan view) rock to follow the foundation of the structure. To limit construction
complexity, small areas of similar excavation depth were merged into a single area and excavated to the
lowest foundation deth (thus resulting in some overexcavation).

10.3.8 Grading and Drainage

The final site will be graded to provide a néawel parking surface to the north of the structure; a slope of
0.01 ft/ft will be provided to drain rainfall runoff to the drainage systetme Tinal graded surface
immediately next to the?PDHRControl room will be set 0.2 feet below the finished grade of the Control
Room floorand drain away from the structur®ue to the steep terrain, retaining walls will be constructed
immediately adjacento the PDHRo allow the creation of the parking aresveral feet above existing
grade

The final graded site will be drained by two features: a catch basin on the west side of the parking lot and a
trench drain immediately east of tHeDHFEquipment RoomThe catch basin will intercept runoff generated
north of thePDHRand convey it to a swale before it outlets into the Arkansas River. The trench drain will
drain the western side of the parking lot and intercept any runoff that may otherwise entd?Ehé

Equipment Room loading dock; the trench drain will outlet to a swale on the eastern sideRiDtie

before entering the Arkansas Riv&oof runoff will drain directly to the downslope portion of the structure.
Erosion Control

The following sediment aherosion control provisions will be incorporated into the construction
documents:

1 Contractor will be required to develop Stormwater Management Plan and erosion control plan, and
obtain approval from appropriate regulatory agencies prior to implementation.

1 The placement of erosion and sediment control best management practices (BMPs), maintenance, and
record keeping shall be in accordance with federal, state, and county standards.

1 The first bmp to be installed on the site shall be orange safety fence aemsaide other approved means
of defining the limits of construction, including construction limits adjacent to stream corridors and
other areas to be preserved.

Erosion and sediment control BMPs will be placed before the start of construction.
Approved BMB will be installed around stockpiled materials.

Approved BMPs will be installed around staging areas and maintenance areas. Staging and maintenance
areas are at the discretion of the contractor. Areas are to be protected and maintained as per federal,
state, and county standards.

1 Cleaning, refueling, or maintaining of equipment shall be prohibited withinfl00the Arkansas River.
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Contractor shall store and protect hazardous material per requirements of project permits. The storage
or usage of hazardousaterials shall be prohibited within 5@0of the Arkansas River.

Natural vegetation shall be retained and protected wherever possible. Exposure of soil to erosion by
removal or disturbance of vegetation shall be limited to the area required for immed@struction
operations.

Traffic must enter/exit the site through the approved access point. A stabilized construction entrance
will berequired at access points on the site. Additional stabilized construction entrances may be added
during construction.

Cleanup of sediment or construction debris tracked onto adjacent paved areas per Reclamation, State
Parks, and County standards. Paved areas including streets shall be kept clean throughenuit tzuritd

shall be cleaned, with a street sweeper or similavide. At first notice of accidental tracking, street
washing is not allowed.

Reclamation and State Parks reserves the right to require additional measures to ensure area streets are
kept free of sediment and/or construction debris.

Approved BMPs shall meaintained and kept in good repair for the duration of construction.

Lining of temporary swales and ditches shall be in accordance with project standards. No permanent
earth slopes greater than 3:1 shall be allowed.

Any sediment or soil accumulations beythe limits of construction shall be remediated immediately.

A water source shall be available on site during construction activities and utilized as required to
minimize dust from equipment and wind.

Soils that will be stockpiled for more than 30 dayalsbe seeded and mulched within @lays of
stockpile construction. No stockpiles shall be placed withinfl®0the top of bank of the Arkansas
River.

Disturbed areas including roads, shall be stabilized within 14 days of substantial completionmd,gradi
including areas to remain dormant for longer than 30 days, whichever is less. This may require multiple
mobilizations for seeding and mulching.

Hazardous materials and chemicals can be storedit@nonly in the staging area and only in an
approved tenporary structure.

Reinforced rock berms shall be used on rocky soils and outcrops which do not allow the placement of
stakes for silt fence or straw bales.
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Architectural Design

11.1 General

This sectiorpresentsthe architectural desigmasisfor PDHPThe section is organized as follows:

i References

1 Applicable Codes, Standards, and Regulations
1 Code Analysis

1 Features

11.2 References

International Building Code 2009
International Fire Code 2009
International Mechanical Cod2009
Uniform Plumbing Code 2009
National Electrial Code 2011
International Energy Code 2009

11.3 Code Analysis

=A =4 =4 =8 -8 =9

1 Basis2009International Building CodéBQ

9 Occupancyk1 Electric Generation Plants

1 Type HB Construction

1 Max Stories Allowed 2; Actual 1Story

f Maximum Heightp p<¥! TOG dzl £ |1-843K3G 9 nnQ

1 Maximum Allowable Areq 27,125 SFActual Area ~7,400 SF

1 Incidental Use Are Battery Room1 Hour Assemblies; Floor/Walls/Ceiling
1 Fire Suppression SysteniPortable Fire Extinguishers

9 Calculated Occumt Loadg 25; Actual Number of Occupants

1 Required Exitg 2

1 Maximum Exit Travel Distanced n-n &

9 Fire Resistance Rating for Building Elemert®ne Required

9 Interior Finish Flame and Smoke Development; Exit Pasgdfjass B, All other areas Cl@ss
TABLE1-1

Building Square Footages
Pueblo Dam Hydroelectric Project

Finished Floor General Square
Area Component Elevation (ft) Dimensions Footage Remarks
Control Room
Battery Room 4763.0 11ft x 71t 77
Switchgear and 4763.0 75ft x 23ft 1,725

Control Room

Equipment Room Lower Level

Turbine Room 4739.5 80ft x 48ft 3,840
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TABLA1-1
Building Square Footages
Pueblo Dam Hydroelectric Project

Finished Floor General Square
Area Component Elevation (ft) Dimensions Footage Remarks
TurbineNo. 1 Inlet 4733.9 15ft x 13ft 195
Valve Pit
TurbineNo. 2 Inlet 4733.9 11t x 10ft 110
Valve Pit
Dewatering Sump 4718.0 10ft x 7ft 70
Equipment Room Upper Level
Equipment Staging 4763.0 50ft x 20ft 1000
Area
TABLH1-2
Exterior Egress Requirements
Pueblo Dam Hydroelectric Project
Exit Access
Inches per  Minimum Minimum Maximum
Component Occupant Width Exists Distance Remarks
Vehicular Ramp NA NA NA NA Ramp to be designed at 1:12 max slof
Tailbay Suspended Platform NA océ NA NA océ YAYAYdzZY 6ARGK
TABLH1-3
Project Stairways and Ladders
Pueblo Dam Hydroelectric Project
Top Bottom Landings Steps Staircase
Area Elevation Elevation Required Required Length Remarks
Parking To Control Roon  4766.0 4763.0 2 6 pe¢ L
landings
Control Room and 4763.0 4739.5 3 41 oFTC¥ L
Equipment Loadingrea landings
to Turbine Floor
Turbine Floor to TIV Pit 4739.5 4733.9 NA NA NA Ladder
Turbine Floor to 4739.5 4718.0 NA NA NA Ladder
Dewatering Sump
Equipment Loadingrea 4788.0 4763.0 NA NA NA Ladder (CAGE)

to Bridge Crane
Platforms

11-2
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TABLHI1-4
Mezzanines and Platforms
Pueblo Dam Hydroelectric Project

Area Egress
Area Limitation Requirements  Openness Remarks
Tailbay Gate Access NA HHE YAY NA nHé Ddzr NRNIF Afa SI OK
Platforms width
Bridge Crane Platforms NA HHE aliy NA Coordinated with Bridge Crampatform
width
TABLH1-5
Climate SpecifiRequirements
Pueblo Dam Hydroelectric Project
Component
Name/Description Gross Area Cont RValue Remarks
Roof ~7,400 SF R25
Exterior Wall ~15,750 SF R11.4
Window ~66 SF U-0.38
Door ~336 SF U-0.37
Floor ~7,400 SF R-10
TABLH1-6
SafetyRequirements
Pueblo Dam Hydroelectric Project
Area Component

Control Room

Battery Room

1-hour rated assemblies

Equipment Room Lower Level Turbine Room

TIV Pit

DewateringSump

1-hour rated assemblies
Confined space signage

Confined space signage

Equipment Room Upper Level Equipment.oadingArea

Guard railing

11.4 Features

11.4.1 Building System and Components

T Walls
- Castin place concrete

1 Roof

- Standing seam metal panel roof system

- Metal soffits

- Possibleésnow fence system

- Designed Fascia to minimize biresting
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1 Doors

- Insulated hollow metal at the exterior (16 gauge)
- Hollow metal interior (18 gauge)
- Canopies (wall mounted with turn buckles)

1 Windows

- Exterior(Insulated lowe, glass block, or translucent wall panel)
- Interior (insulated tempered or safetlass)
- Clerestory (Insulated low or translucent wall panel)

1 Stairways

- Open grate metal stairs or concrete filled metal pan on steel stringers
- Steel handrail/guardrail

9 Interior Finishes

- Walls painted

- Floors sealed with rubber base

- Ceiling and structure pated

- Doors and frames, factory painted

9 Exterior Finishes

- Smooth concrete with sack finish
- Addtional architectural finshes to be determined during design phase (Examples: form liners,
stains)

1 Signage
- As required by code (minimunfjinal to be determined ithe design process

11.4.2 Building Code Requirement Discussions

Ventilation

Transformerg location and containment

Battery Roont, ventilation, corrosion protection, fire protection
FireExtinguisheSystems

Lightning Protection

Energy Code Not Requiredimplications to equipment life cycle

11.4.3 Egress Plan

This section is to be determined.

=A =4 =4 =4 =8 =4
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SECTION 12

Sructural Design

12.1 General

This section presents the structuddsign basifor PDHP The section is organized as follows:

1 Applicable Coels, Standards, and Regulations

91 Design Loads and Criteria

1 Engineering Properties of Construction Materials
9 Structural Design

12.2 Applicable Codes, Standards, and Regulations
12.2.1 Jurisdiction

The local building department with jurisdiction in the area of the projethe Pueblo Regional Building
Department (PRBD). As a federal facility the powerhouse is exempt from the jurisdiction of the local building
official. However, local codes will be adhered to in the structural design and referenced in the development
of loads where applicable.

While the State of Colorado has adopted the 2012 IBC, local agencies are permitted to adopt separately. The
PRBD has adopted the 2009 IBC but does not intend to adopt the 2012 (electing to addpyeara
rotation vs.3-year).

12.2.2 Applicable Codes & Standards

The structural design of all new facilities and modifications to existing structures will be in accordance with
the following governing building codes and standards, listed in order of precedence:

The strength, serviceability, drquality for materials and design will meet the requirements of the following
codes and standards:

1 Aluminum Design Manual&dition, Aluminum Association
1 American Concrete Institute (ACI)

- ACI 31808, Building Code Requirements for Structural Concrete
- ACI 35006, Code Requirements for Environmental Engineering Concrete Structures

1 American Institute of Steel Construction (AISC) Edition, Steel Construction Manual

9 American National Standards Institute (ANSI)/American Society of Civil Engineers/(8SGHEnimum
Design Loads for Buildings and Other Structures

1 American Welding Society (AWS),

- AWS D1.D4, Structural Welding CodgSteel
- AWS D1..D3, Structural Welding CodgAluminum

2009 IBC, with City of Pueblo Amendments

International Code CoungliCC) Evaluation Service Reports as applicable for manufactured structural
components

9 National Association of Architectural Metal Manufacturers Metal Grating Manual and Heavy Duty Metal
Grating Manual
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SECTIONL2 STRUCTURAL DESIGN

12.3 Design Loads and Criteria
12.3.1 Occupancy Category

The Occupacy Category is a parameter defined in IBC that is used to determine the structural requirements
based on occupancy, including the selection of importance factors for wind, snow, and earthquake loads.

Occupancy Category IV corresponds to essefatidities, which include powegenerating stations required

as emergency backup facilities. Occupancy Category lll includes-genenating stations which are not
required for emergency backup. This basis of design is prepared using an Occupancy Categdey The(No
primary impact of selecting Occupancy Category IV over Il will bgpar@@ntincrease in the snow load

since the importance factor for wind is the same for both categories and the seismic loads are not high and
are not expected to control the dégn in most cases).

12.3.2 Dead Loads

Dead loads will include the weight of all structure construction materials, including walls, floors, roofs,
ceilings, stairways, finishes, cladding, and other similar structural and architectural items. Loads will be
determined based on generally accepted engineering practices.

12.3.3 Live Loads
Live loads are as follows:
9 Mechanical roonts 200 pounds per squarfe (psf)

1 Electrical roonms 300 psf
i Stairways/access ways/heavy foot traffit00 psf

12.3.4 Roof Live Loads

Roof live loads will be@psf, minimum.

12.3.5 Wind Loads
Wind loads are as follows:
9 Basic wind speed (V)00 mph (3second gust)

1 Exposure categoryC
1 Importance factor ({)t 1.15

12.3.6 Snow Loads

Snow loads were obtained from are as follows:

1 Ground snow load 20 psf (obtained from PRBD)
1 Exposure Factor (Ge)l.0

1 Thermal Factor (Ct)1.0

1 Importance Factor §t 1.2

12.3.7 Seismic Loads

Seismic loads are as follows:

1 Seismic Design Categaky
1 Importance Factor £t 1.5

For additional seismic parameters see SectiopGebtechnical Design.

12.3.8 Earth Loads

Belowgrade and water retaining structures will be designed for woeste load combinations of full height
of backfill plus surcharge with no resistance from soil or water on the opposite side.
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Unless otherwise shown, the design of walls and their fouiodatwill include a minimum surcharge
pressure equivalent to # of earth.

Refer to Section 1Z5eotechnical Design for design earth loads.

12.3.9 Overhead Travelling Bridge Crane and Monorail Hoist

9 Overhead Travelling Bridge Crantn overhead travelling bridggcrane will be provided to lift and move
any of the major pieces of equipment within the equipment room. The preliminary load capacity for this
crane is 23ons. The required capacity will be confirmed in the final design.

1 Monorail, Trolley and HoistA nonorail hoist will be provided to facilitate the removal of the tailbay
gates. The preliminary load capacity for the monorail, trolley and hoistaiss The required capacity
will be confirmed in the final design.

12.3.10 Other Loads

Other loads are as follows:

1 Equipment dead loadsWeight of equipment exceeding the uniform design live load will be included in
the design as an individual dead load.

1 Equipment vibration.Vibration will be addressed on a casgcase basis for equipment with rotating or
reciprocating components. Vibration will be addressed by passive means, including the mass of
equipment bases.

1 Groundwater.Structures and portions of structures below the maximum expected groundwater
elevation will be designed for saturated lateral so#gsures on walls and groundwater uplift pressures
on slabs. Structures and portions of structures located above the maximum expected groundwater
elevation may be designed for drained lateral soil pressures.

12.4 Engineering Properties of Construction Materiad

12.4.1 Castin-Place Reinforced Concrete

Castin-place concrete will have a minimum-28y compressive strength of 4,0p8i. Cement will be Type |
or Il. Hydraulic and belograde structures will use Type Il cement or Type | cement with fly ash added. If
used,fly ash will be a minimum of JZercent and a maximum of 25 percent of total weight of fly ash plus
cement.

Reinforcing steel will conform to A615, Grade 60. Reinforcing to be welded will conform to ASTM A706.

Control, contraction, and expansion jointdiviie located and detailed on the drawings. Construction joint
locations will be shown on the drawings where length of pour is critical for crack control. Construction joint
locations may be revised during construction, subject to specified requiremedtsarsultation with the
structural engineer. Additionally, stresses in the reinforcing will be limited to control the potential for
cracking and to limit crack propagation.

12.4.2 Structural Steel

Structural steel will conform to ASTM A992, unless shown othenBigeare or rectangular steel tubing will
conform to ASTMA\500, Grade B.

Connection bolts will be higstrength bolts conforming to ASTAB25N or SC.

Unless otherwise shown, bolts indicated as machine bolts or anchor bolts will conform to ASTM A307 for
carbon steel, A193 for stainless steel, and A153 for galvanized steel.

Welds will be performed by AWrtified welders and will conform to AWS standards applicable to the
material 6uch assteel, aluminum, stainless steel)
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Stainless Steel, Type 316, wil bbsed for bolts, fasteners, etc., where corrosion concerns dictate. Type 316L
SST will be used for stainless steel which will be welded and is greater than ¥ inch in thickness.

12.4.3 Miscellaneous Materials

9 Foot traffic grating will be galvanized steel bar grat
1 Handrail/guardrail will be a galvanized thregl system with toe boards.

12.5 Structural Design

12.5.1 General
1 Building Type: Bearing WglOrdinary Reinforced Concrete Shear Walls

1 Belowgrade and hydraulic structures will consist of eiasplace concrete

9 The roof will consist of galvanized metal decking over open web steel joists (see Architectural for
description of roofing)

1 Reinforced concrete columns integral with the exterior walls will support the bridge crane and monorail

12.5.2 Hydraulic Structural Componeits

Hydraulic structures are those structures (or components of structures) which retain or convey liquid. These
structures will be designed for crack control in accordance with ACI 350 Code Requirements for
Environmental Engineering Concrete Structures.

12.5.3 Non-Hydraulic Structures

Nonrhydraulic structural components will be designed in accordance with ACI 318 Building Code
Requirements for Structural Concrete.

12.5.4 Foundation

The foundation will be designed in accordance with the parameters identified in theeGwotal Design
portion of this report. This includes the use of shallow foundation systeoth(aspread footings, mat
slabs) which bear directly on bedrock. Minor structures such as retaining walls may bear on structural fill.

Pations of the structure which are subject to net uplift due to groundwater will be anchored to the rock
using rock anchors.
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SECTION 13

Geotechnical Design

13.1 General

This section presents the geotechnical design basis faPidP The design basis has beezvdloped
using:

91 Data presented in th&outhern Delivery System, Geologic and Geotechnical Data Report for Pueblo Dam
ConnectionsTechnical Memorandum 2B Geotechnical, prepared by RJH Consultants (2009).

1 United States Geological Survey Earthquake HazZardgram, National Seismic Hazard Mapping Project:
2002 Datahttp://earthquake.usgs.gov/designmaps/us/application.phccessed April 2, 2014.

9 2009 International Building Code (IE2D09).

1 Engineering judgment.

Additional project boreholes are planned to be advanced withingbeerplantfootprint in 2014. The draft
geotechnical design basis presented below should beveduated and revised as appropriate when the
findings from the2014 investigation are available.

13.2 Site Location and Description

Thepowerplantis located on a sandstone bedrock outcrop on the north side of the Arkansas River
downstream of Pueblo Dam. A thin layer of soil (up fothick) may be present over the beaik as the

ground surface rises to the north away from the river toward the Reclamation pipeline. Some sparse shrubs,
grasses, and trees are scattered across the site.

The existing ground surface along the river is at approximate elevationféd 788 gound rises to the north
to approximate elevation 476f at the Reclamation pipeline. Tip@werplantstructure foundation will be
stepped and will bear at various elevations ranging from approximately elevation 4760 tdt4The
normal water surface islevation 4744t and the approximate river bottom elevation is 470Significant
rock excavation will be required to construct thewerplantand tailrace. Excavation in the river up tof28
below the normal water surface will be required.

Low retainhg walls are proposed to create level parking areas and accessWaygetaining wall type may
be mechanically stabilized earth (MSE) with either wire mesh facing or precast concrete facing panels.
Alternately, the retaining walls may be cantileverechferced concrete.

13.2.1 Subsurface Conditions

The subsurface profile consists of Dakota Sandstone, comprised afematinted fine to mediungrained

sand. On the north side of the site, the sandstone is overlain by a thin soil layerfOttack comprised of

fill and alluvium. The sandstone bedding generally strikes northeast and dips approximately 8 degrees to the
southeast. There are multiple mapped neaartical joint sets with spacing ranging from 1 tof80The
sandstone is massive and contains carbooasdaminates and occasional claystone lenses, which are
generally up to 0.9 foot thick. Porosity is generally high with intermittent layers eplmasity material.

Vuggy layers are also present, with voids ranging from 1/8 tar/B in diameter. Theamdstone ranges

from intensely weathered to fresh, and fracturing ranges from unfractured to intensely fractured.
Weathering and fracturing and generally decrease with depth. Fracture spacing ranges from very closely
spaced to widely spaced, are close fmea, smooth to stepped, with clean to very thin infilling. Fracture
orientation ranges from horizontal to near vertical. Carbonaceous infilling is present primarily in the
horizontal fractures. Rock quality designation values from nearby boreholes imtisgpated zone of
excavation range from 29 to 100, witbck quality designatiogenerally increasing with depth. Hardness
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ranged from H4 to H2 using the Bureau of ReclamatiBngineering Geology Field Manvatk hardness
alphanumeric descriptors (Uted States Department of the Interior, 1998).

Unconfined compressive strengths of six sandstone core samples ranged from 2,550 to and 4,360 psi.

Direct shear testing of existing joints indicated apparent cohesion of 10.8 tq@&afd effective friction
angles of 22.8 to 41.3 degrees.

Dry density of the sandstone ranges from 121 to 140 pounds per cubic foot (pcf), with an averagedf 134
13.2.2 Groundwater

Groundwater is directly related to the level of the Arkansas River, which has a normal water surface
elevation of 4744t. Excavation for the powerhouse and tailrace will require a cofferdam and active
dewatering.Packer testing in the sandstone indicated hydraulic conductivity up to

6 x 10 centimeters per second.

13.3 Design Basis Recommendations

The desig basis recommendations presented below are based on the data presented Getilegic and
Geotechnical Data Report for Pueblo Dam ConnectiRiid, 2009), U.S. Geological SurvéySGyseismic
hazard mapping (USGS, 2014), and engineering judgfediminary recommendations are provided for:

Foundations

Lateral Earth Pressures

Seismic Design Criteria

Excavation Methods and Dewatering
Ground Anchors

13.3.1 Foundations

Shallow foundations (such as spread footings, thickened slabs, and mats) are recomnuarsigapbrt of

the powerhouse. Spread footings are anticipated to bear directly on the sandstone. All loose materials, soil,
and rock spalls should be removed from the sandstone surface and the excavation should be dewatered
prior to constructing the footigs. Depressions and overbreak areas should be backfilled with concrete after
complete removal of loose materials. Foundations bearing on sandstone should have a minimum width of
1 ft. Settlement of footings constructed directly on the sandstone is expectée negligible.

=A =4 =4 =4 =4

If cantilever reinforced concrete retaining walls are constructed, the wall footings are generally expected to
be constructed directly on the shallow sandstone surface. However, some may be constructed on structural
fill depending on thdocation. If the retaining wall is supported by a reinforced concrete spread footing, the
footing should not bear on dissimilar materials, that is, partly on compacted fill and partly on sandstone.
Foundations bearing on compacted structural fill showdstdra minimum width of &. Total settlement of
footings constructed on compacted structural fill is expected to be immediate and less than 0.5 inches.
Differential settlement of footings constructed on compacted structural fill is expected to be leshtfeof

the total.

Recommended bearing resistances for preliminary design are provideabiel3-1 along with sliding
coefficients for casin-place concrete.
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TABLE 13
Bearing Resistance and Sliding Coefficients for Preliminary Design of ShBfowdations
Pueblo Dam Hydroelectric Project

Nominal (Ultimate) Service (Allowable)
Bearing Resistance Bearing Resistance Sliding Coefficient
Foundation Material (psf) (psf) olly 10
Dakota Sandstone Bedroc! 25,000 10,000 0.7
Compacted Structural Fill 6,000 2,000 0.55

Thickened slabs and mats may be constructed either directly on the sandstone surface or on a layer of
compacted structural fill. In order to avoid stress concentrations, it is important that slabs and mats not bear
partly on rock angbartly on fill. If necessary, the sandstone should be eeavated and backfilled with
structural fill to provide uniform support of slabs and maseliminary recommended subgrade modulus
values are provided ifiable13-2.

TABLE 12
Subgrade Modulugor Foundation Materials
Pueblo Dam Hydroelectric Project

Subgrade Modulus

Foundation Material (pci)
Dakota Sandstone Bedrocl 1,000
Compacted Structural Fill 200
Note:

pci¢ pounds per cubic inch

The subgrade modulus valuesTiable13-2 are for a 1 square ft loaded area. The appropriate design value
typically decreases if the size of the loaded area is greater. The geotechnical engineer will be able to provide
adjusted recommendations when actual slab and mat dimensions are defined.

The frost depth is 36 incheBRDB2014).

13.3.2 Lateral Earth Pressures

The sandstone is not expected to impose lateral earth pressures on the powerhouse striictweer
powerhouse wall design should account for full hydrostatic pressure below the desighdhel of the
Arkansas River.

Walls retaining soils are not expected to be constructed below the maximum water level. Therefore soll
retaining walls should be designed for drained lateral earth pressures. Weep holes and similar means of
escape shoulddprovided for surface infiltration to exit from behind the walls because vertical infiltration
into the sandstone is not expected to occur. Lateral earth pressure recommendations for level (horizontal),
free-draining, granular backfill are providedTiatde 13-3.
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TABLE 13
Lateral Earth Pressures
Pueblo Dam Hydroelectric Project

Recommended Preliminary

Parameter Design Value
Traffic Surcharge 260 psf
Retained Soil Moist Unit Weight 130pcf
Retained Soil Internal Friction Angle 35 degrees
Coefficient of Active Earth Pressurg, K 0.26
Equivalent Active Fluid Pressure 34 pcf
Coefficient of AMRest Earth Pressure; K 0.43
Equivalent ARest Fluid Pressure 56
Coefficient of Passive Earth Pressugg, K 2.89
Equivalent Passive Fluid Pressure 376
Coefficient of Friction between Granular Backfill and Formed 0.45
/| 2yONBGS: Gy
Coefficient of Seismic Active Earth Pressure for Yielding Wall, 0.33
Equivalent Seismic Active Earth Pressure for Yielding Wall 43 pcf

Active and passive earffressures are appropriate to analyze flexible walls or walls that can rotatesAt
earth pressure is appropriate to analyze rigid walls or walls that that are restrained from rotating. Full
mobilization of passive earth pressure requires the rotatiatigplacement of the top of wall of 0.02H or

more (where H is the height of the wall). Wall deflection of 0.002 H is required to mobilize active earth
pressure. The pressure distributions are triangular. The resultants will act at a point 0.33 timeslthe wal
height, measured up from the wall toe. Passive earth pressure against spread footings should be ignored.

Seismic active lateral earth pressure should be assumed to have an inverted triangular distribution with the
resultant acting 0.6 times the wall héigabove the base of wall.

13.3.3 Seismic Design Criteria

Thepowerplantsite is massive, competent sandstone bedrock with moderate fracturing and weathering.
Therefore the site meets the criteria for Site Clas§dhle13-4 presents recommended seismic critefor
an essential facility for an event with a 2,4y&ar return period (USGS, 2014).

TABLE 34
Seismic Design Recommendations
Pueblo Dam Hydroelectric Project

S S Sus Sn1 Ss S
) (@) @) )] )] @)
0.199 0.062 0.199 0.062 0.132 0.041
g =acceleration of gravity Sv1 = MCE Spectral Responsecéleration at 1Second

S = MCE Spectral Response Acceleration at Short Period Period as Adjusted for Site Effects

S = MCE Spectral Response Acceleration@édond Period Ss= Design Spectral Response Acceleration at Short Per
Sus= MCE Spectral Response Acceleration at Short Perio $:= Design Spectral Response Acceleration&¢dond

as Adjusted for Site Effects Period
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13.3.4 Excavation Methods and Dewatering

The existing ground surface along tier is at approximate elevation 4748 The ground rises to the north

to approximate elevation 476f at the Reclamation pipeline. The powerhouse structure foundation will be
stepped and will bear at various elevations ranging from approximately tedev&760 to 4716t. The

normal water surface is elevation 47#4and the approximate river bottom elevation is 47d0Significant

rock excavation will be required to construct the powerhouse and tailrace. Excavation in the river ufp to 28
below thenormal water surface of the Arkansas River will require construction of a cofferdam and active
dewatering.

The excavation will primarily be in sandstone bedrock. Blasting is not allowed by the Bureau of Reclamation
because of proximity to Pueblo Dam andguttial liquefaction concerns in the vicinity. Excavation will

require hydraulic hammering and possibly rock sawing. It is anticipated that that sandstone cannot be
ripped.

Excavations should be sloped and shored as necessary to protect workers angj éxdslithes, and in order
to comply with federal, state, and local regulations. For preliminary planning purposes, the sandstone may
be assumed to stand vertically.

13.3.5 Ground Anchors

The powerhouse is anticipated to be a partially submerged, wigdbt structure. Therefore ground anchors

are expected to be necessary to prevent the structure from floating. The massive sandstone bedrock
foundation material is expected to provide satisfactory anchorage for properly designetepssined

anchors. Ground anchaiesign and anticipated bond stresses are beyond the scope of this draft design basis
document.
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SECTIONAL

MechanicalDesign

14.1 General

This section presents the mechanical desigsisfor the PDHPRefer to the Project Drawings included in
Appendix DThe section is organized as follows:

Applicable Codes and Stamda

Piping Flow Streams and Preliminary Material Selections
Penstock Design and Flow Measurement

Plumbing Systems Design Criteria and Description of Systems
HVAC Systems Criteria and Preliminary Systems Selection
Tailbay Gates

14.2 Applicable Codes an&Gtandards

The design will be based on the following codes and standards:

ASME B31.1 Power Piping

ASME B31.9 Building Services Piping
ASHRAE Handbook of Fundamentals
International Energy Conservation Code (IECC)
International Fire Code (IFC)

International Mechanical Code (IMC)
International Plumbing Code (IPC)

14.3 Piping
14.3.1 General

14.3.1.1 Flow Stream ldentification

PD Penstock/Spiral Case Drain
BCW Bearing Cooling Water

GD  Gravity Drain

DSD Drainage Sump Discharge
DWD Dewatering Sump Discharge
D Drain (Plumbing)

SV Water (Plant Service)

TE  Tailbay Equalization Line
TDF Tailbay Drain and Fill Line
TIB TIV Bypass

HPF High Pressure Hydraulic Fluid

14.3.2 Pipe Material

14.3.2.1 Penstock/Spiral Case Drain, Tailbay Equalization and Drain/Fill, Turbine Inlet Valve
Bypass Piping

Pipingthat may be subject to turbine inlet pressure, and tailbay equalization piping will be schedule 40

carbon steel with welded joints and flanged connections at valves and equipment. Piping will be designed

and installed in accordance with ASME B31.9.

= =4 =4 =8 -4 =9
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14.3.2.2 Plant Srvice Water, Bearing Cooling Water Piping

Plant service water and bearing cooling water piping above slab will be seamless copper Typéravard
tubing with wrought copper socket fittings and solder joints. Piping under slab will be schedule 40 carbon
steel with threaded joints. Piping will be designed and installed in accordance with ASME B31.9 and the IPC.

14.3.2.3 Sump Discharge Piping

Sump discharge piping up to 2 inches for the dewatering and drainage sumps will be seamless copper Type L
hard-drawn tubing vith wrought copper socket fittings and solder joints. Labgee discharge piping from

the dewatering sump will be schedule 40 carbon steel, with welded joints and flanged connections at valves
and equipment.

14.3.2.4 Hydraulic Fluid Piping

Hydraulic fluid pipingsianticipated up to % inch. Rigid hydraulic piping will be stainless steel, type 316
tubing. Joints will be flareless compression fittings or 316L sew&kt fittings. Final connections between
rigid piping and hydraulic equipment will be made with higbhgsure hydraulic hose comprising a nitrile
tube and stainless steel braided reinforcing jacket with amesistant synthetic cover. Where threaded
connections are required at unions or equipment, 2 g@nd WOG rated fittings with integral ground
seatswill be used and threads will be wrapped with Teflon thread seal tape. Piping will be designed and
installed in accordance with ASME B31.1.

Where necessary, provisions for bypass, air bleeding, and drainage will be provided between HPUs and
actuators.

14.3.2.5 Gravity Piping

Piping from hub or area drains to sumps and waste and vent piping under the slab will be cast iron soil pipe
(CISP). Sizes range from 2 to 6 inches in diameter. CISP is selected for its strengthtenth l@sistance
to lubricating and hydnalic oils. Nehub joints will be used for under slab CISP.

Gravity piping above the slab will be seamless copper Type kdhanch tubing with wrought copper socket
fittings and solder joints.

Gravity piping will be designed and installed in accordande tivit IPC.

14.4 Penstock

14.4.1 General Arrangement

Twoindividualpenstocks wilbe constructedThe upstream 6&nch turnout from the 9@inch pipeline
supplya 66inch x 72inch enlargementfollowed byapproximatelyl00-feet of 72inch penstock, before
supplyingturbine inlet valve(TIV)for Unit No.1. The downstream 6nch turnout will extend approximately
70ft; reduce to 48inch pipe,and then supphfVfor Unit No.2. The nominal diameteyof the penstock
were selected tdimit headlossesind coordinatewith the turbine inlet valve diametenecommendedy

the turbine manufacturer.

14.4.2 Pipe Velocity and Pressure Design Criteria

Tablesl4-1 through14-3 indicate theflow, velocity, and pressure criteria used to design the Penstock.
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TABLHE4-1
Maximum FlowCriteria
Pueblo Dam Hydroelectric Project

TurbineNo. 1 Penstock TurbineNo. 2 Penstock
Pueblo Dam ForebaWSE (cfs) (cfs)
4898.0
(Maximurr) 540 194
TABLHEA4-2

Maximum Velocity Criteria
Pueblo Dam Hydroelectric Project

Pueblo Dam Forebay WSE TurbineNo. 1 Penstock TurbineNo. 2 Penstock
4898.0 67-inch ID Section: 22ft/sec 67-inch ID Section: 7 f/sec
(Maximum) 72-inch ID Section: 191t/sec 48-inch ID Section: 15f/sec
Note:

ID = Inside Diameter
ft/sec = feet per second

TABLHA4-3
Static Pressure Criteria
Pueblo Dam Hydroelectric Project

Turbine #1 Turbine #2
Pueblo Dam Forebay WSE (CLElevation4739.0ft) (CLElevation 4739.6t)
4898.0 . .
(Maximum) 68.9psig 68.9psg
Notes:

psig = pounds per squanech gauge

14.4.3 Wall ThicknessRequirements

The required wallhickness for the penstock ased uporthe internal pressures, collapse pressure,
handling, and increased stresses at mitered beitie analyseemployedthe American Water Works
Association (AWWA) Manual M11 and AWWA G2g0irements.The pressure design will be updated in
accordance with the results of the final transient analysis.

14.4.4 Thermal Expansion othe Penstock

Temperature fluctuations ithe penstocls must be accounted for by either allowing for thermal movement
through expansion joints or by restraining the pipe and resisting the force developed in the pipe. The design
criteria used for the thermal design is an installation temperature range of 45 to 55 degrees Fahrenheit (°F).
Exposed sections are very limited aar@ not expected to result in significant thermal movement. Each TIV
will be followed by a restrained dismantling joint.

14.4.5 Longitudinal Thrust Restraint

This thrust force is a result of the internal pressure and velocity of the waleronly anticipated
mechanicatonnectionis the dismantling joint between each TIV and the associated turbine spiral casing.
That joint will be equipped with thrust restrainthe embedment and thrust block for each spiral casing will
be designed to restrain any resultant fes.
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14.4.6 Corrosion and ErosionProtection of Penstocks

A qualitative corrosion and erosion evaluation was performed to determine a recommended material type

F2NJ GKS LISyaiz201 orasSR 2y [F1S tdzSof2Qa g GSNJ ljdzt £ A
of carbon steel in fresh water occurs at velocities higher than 60 fo/§&c. Normal maximum operating

velocity in thepenstockswill beless than 20t/secwith a velocity of approximately 22f/sec occurring in

the short 66inch turnout prior tothe 66x72 inch elargement of penstocko. 1.

Coatings and.inings:Polyurethane linings are frequently used for penstocks subject to high velocity
conditions. Certain polyurethane linings can handle up tét/&@c. Cemergmortar linings perform best
when flow velocities are in normal ranges. When the flow velocity exceeds approximatifge&0(6.1
meters per second), special studies may be required to determine the suitability of the cemoetatr lining
material.

14.4.7 Penstock Material Selection and Deg, Lining, and Coating

Acarbon steel material is recommended as technicallpleiandis most cost effectivePolyurethandining
andcoating is recommended to be installed on the carbon steel penstock.

14.4.8 Buried Penstock Design

The buried penstocwill be designed for H20 wheel loading, in accordance with AWWA M11. The
maximum wheel loading corresponds with the minimum depth ofiduThe design uses a 3 foot minimum
depth of buial for this design check. Wheel loading is also checked at an 8 foot dépthial. Wheel
loading is negligible at greater depths.

The steel penstock is considered a flexible conduit, meaning that it relies on the soil to provide resistance to
external loads. The ability for the soil to provide support is based on the stiffoiethe soil and is
NELINBASYGiSR 06& 9Q 649 LINAYSeé0 Ay !221 amMmd ¢KAA LI N
STF2NI® ¢KS RS&aA3Iy dzagsainedimgterial @ith ORpkkdeBt delai®e/cBmpyclHon.i 2 FTA Y S
Coarsegrained materials wilbrovide additional support. Specification requirements for backfill of the pipe

will be written to correspond with this as a minimum value

14.4.9 Air/Vacuum Valve Considerations

The penstock has a dowgradient arrangementAs such, an air/vacuum vakvare not required.The top of
each(l dzND A y S QrigwilbeJproldddd with lariaireleasevalve to exhaust aduringfilling.

14.4.10 Flow Measurement

Each penstock will be equipped with a multipath trasisite ultrasonicflow meterfor individual turbine
flow measurementThe flow meters will be installed upstream of each turbine inlet valve, located in an
alcove integral to thequipmentroom.

14.5 Plumbing Systems

Plumbing systems include plant service water, drains, sumps and assbpiahps, and air and vacuum
relief valves.

14.5.1 Service Water

Service water will be provided for equipment cooling needs and to serve hose valves distributed within the
facility.

14.5.1.1 Turbine Inlet Valve Bypass

TheTIVBypass assemblies will provide pressure egatibn across each TIV when the TIV is in closed
position. A motorized butterfly valve will be used to control the TIV Bypéasually-operated butterfly
type isolation valves will be provided across the bypass valve.
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14.5.1.2 Service WaterSupply (Penstock Tap)

Qupply for the service water system will be provided byiach tap at the penstock, as part of th¢V
Bypass assembly on one unit. Service water will be routed to the strainer system prior to being regulated to
80 psig for distribution throughout the fdility.

14.5.1.3 Strainer System

The service water strainer system will comprise a motorized strainer with automatic backwash cycle, in
parallel with a basket strainer for bypass duty. Quatten ball valves will provide isolation capabilities for
the parallel stainers.

14.5.1.4 Bearing Cooling Water

Service water will be routed to bearing cooling water supply assemblies for each turbine unit. The supply
assemblies will control flow of cooling water by soleratduated valves. The solenoid valves will be
mounted to an alminum mounting plate with ball valves and piping arranged to allow isolation and bypass
of the solenoid valves, and each solenoid will be provided with atype strainer to remove suspended
matter that passes the service water strainer systéfonitoring instrumentation will include pressure

gauge, low pressure switch, and low flow switch.

145.1.5 Hose Valves
Hose valves will be locatédroughoutthe facility to provide convenient washdown and general
maintenance capability. A rack will be provided adjacentaohevalve for hose storage.

14.5.2 Drains

Drainage receptors and piping will be provided above slab to collect all bearing coolingewateyturbine
shaftsealdrainage strainer backwash, andVAG-ondensate, and route it to floor or hub drains. Drainage
piping below slab will be routed from floor or hub draiosthe drainage sumprhepenstock and spiral case
drains are routed tahe dewateringsump. Drainage piping will be sloped as required for the service in
accordance with the IPC.

14.5.2.1 Floor Drains

Anun-trappedfloor drain will be located in the TIV fdr Unit No. 2, to allow draining of the TIV pit to the
drainage sumpThe drainage sump is located in the Unit No. 1 TI\Apiditional floor drains will be
provided with traps and located to accept disoipa from HVAC cooling units and incidental sources.

14.5.2.2 Penstock Drain

Penstocks will be provided with a valved drain immediately upstream of each Ti¥cA @rain line will be
routed below slab to the dewatering sump, and provided with a valved conneictitive drain discharge
header.

14.5.2.3 Spiral Case Drain

Spiral case drains will be provided immediately downstream of each TIV. A valael,tép from the
bottom of the spiral case will connect to the penstock drain below slab and run in a common line to the
valved connection in the dewatering sump.

14.5.2.4 Bearing Cooling Water Drain
Bearing cooling water will be routed to a hub drain at floor level, located near the turbine.
14.5.2.5 Turbine Shaft SeaDrain

The turbinesealoutlet will be provided with a piped connection to route the discharge to the hub drain near
the turbine.

14.5.2.6 Turbine Hub Drain

Each turbine unit will be provided with a hub drain located at floor level, to collect bearing cooling water,
shaft seal waterandincidental discharge from the spiral case@iteasevalve.
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14.5.2.7 Head Cover Pressure Equalization Pipe Assembly

Depending on turbine designaeh turbinemaybe provided with énead cover pressure equalization line
from head cover ports to the associattllbay. Thissystem will be provided with the turbind. provided, a
sightglasstype level gauge will be provided in the vertical section of piif@ng to provide tailbay level
indication

14.5.2.8 Tailbay Drainand Vent

Anun-trappedfloor drain will be locatedn each tailbayandrouted to the dewatering sump. The drains will
allow draining of the tailbays for dewatering, and will provide the connection with the tailbay equalization
system for filling the tailbayg&ach tailbay will also jEovided witha vert to the tailrace area.

14.5.2.9 Tailbay Equalization System

The tailbay equalization system will provide tailbay drain and fill capabilities by means of an arrangement of
isolation valves. Tailbay equalization will serve to adjust the static water level in lih@ysio match the

water level in the tailrace, allowing operation of the tailbay gates. The tailbay equalization systatsawill
connect to the tailbay floor drains.

14.5.3 Sumps

Sumps will provide collection basins for drainage systems and will be sizederétatihe required pumping
volume to meet various operating demands.

14.5.3.1 Dewatering Sump

The dewatering sump will provide dewatering capability for the pensiwakches (primary dewatering
capability for the Reclamation Pipelipeovided byothers), spiral cae, and tailbay systems. Discharge from
the dewatering sump will be routed to the tailrace.

A large sump pump will provide a high discharge as required to completely dewater the major components
of the system, and will be sized based on the flow rate ftbenpenstock and spiral case drains, and
anticipatedtailbay gatdeakage

A smaller, duty sump pump will provide periodic operation based on level float switches installed in the
sump. The smaller pump will be sized for approximatelp&@entduty basedon continuous flows from
the bearing coolingvater and shafseals

14.5.3.2 Drainage Sump

The drainage sumyill be located in the Unit No. 1 TIV gditwill collect flows from area drains, condensate
drains, and incidental sources. In the event of a spill dfdylic fluid or general washdowfipws will be
directed by floor slope to the drainage sump.

A duplex pumping system will provide alternating duty/standby pumping from the drainage sump through
an oil water separator, with final effluent routed to an @esdrain field orholding tank for pumping and
disposal offsite. Pump control will be by level float switches installed in the sump.

14.5.4 Air Valves

Air valves will provide air and vacuum relief for draining and filling of system components. Air valves will b
sized as required for design flows and with sufficient pressure capability for the system served.

14.5.4.1 Spiral Case

An air valve will be located at the top of the spiral case assembly, sized and provided by the turbine
manufacturer. The outlet of the spiraleaair valve will be piped to the nearby turbine hub drain, to collect
incidental liquid discharged from the air valve.
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14.5.5 Hydraulic Power Unit Systems

A hydraulic power unit system will be provided with each turbine unit, sized by the turbine system
manufactrer for power and pressure required to operal®/ andurbine wicket gate actuators
14.5.5.1 Turbine Inlet Valves

High pressure hydraulic fluid will be routed to each turbine inlet vahaufiply singleacting hydraulic
actuatorsthat operatethe TIVs for turlsie isolation. Return piping will carpyston leakagdvack to the
hydraulic power unit.

14.5.5.2 Wicket Gates

Turbine wicket gates will control flow through the turbines. High pressure hydraulic fluid will be routed to
double-actingwicket gatesactuatorsfor modulating control of the gate openings, and return piping will
carry lower pressure fluid back to the hydraulic power unit.

14.6 HVAC Systems

14.6.1 Climate Information, Temperature Maintenance, and Building Envelope

Climate data used in the project and the assodateilding envelope requirements are based on EBEC
and ASHRAE Handbook of Fundamentals. Climate information and interior design temperatures are shown
in Table14-4. Building envelope ruirements are shown in Sectidrii Architectural Design.

TABLHEA4-4
Climate Information and Design Temperatures
Pueblo Dam Hydroelectric Project

Description Value Remarks

Building Location (for weather data Pueblo County, Colorado Weather data as recorded at Pueblo Memorial Airport

Climate Zone 5B IECC, 2012

Heating Degree Days 5496 ASHRAE Fundamentals, 2009
Cooling Degree Days 932 ASHRAE Fundamentals, 2009
Heating DB -2.0 degF 99.6% Occurrence, per ASHRAE
Cooling DB / WB 98.4/62.7 degF 0.4% Occurrence, per ASHRAE

Heating Design Temps

65 degF ControlRoom

45 degF Battery Room, freeze protection only

45 degF EquipmentRoom, freeze protection only
Cooling Design Temps

75 degF Control Room

Ambient + 5 degF Battery Room, ventilation only

Ambient + 5 degF EquipmentRoom, ventilation only

14.6.2 Healing

Indoor temperatures in the facility will be maintained during the heating season by electric heat, sized for
envelope losses and minimum ventilation.

14.6.2.1 Control Room
The controlroom®@ & F2NIOSR FANJ a@adSY g Af-tontmled mblti-stahe dleidrik ¢ A (1 K
duct heat,arranged to distribute heat across the entire space.
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14.6.2.2 Battery Room

The battery room will be provided with a single unit heater, explosion proof for the battery room
environment. The unit heater will be controlled by aneigtal thermostat.

14.6.2.3 Equipment Room

The turbine room will be provided with several unit heaters, arranged to distribute heat across the entire
space. Control will be by wattiounted thermostats located approximatelyftsabove the floor.

14.6.3 Cooling and Ventilaton

14.6.3.1 Control Room

The control room will be provided with a split system direct expansion cooling unit, providing minimum
ventilation and cooling to the space. The condensing unit will be located in the turbine room or outdoors, as
determined during design.

The control room will be ventilated in accordance with the IMC, and the cooling unit will be provided with
economizer capability based on outdoor dry bulb temperature.

14.6.3.2 Battery Room

The battery room will be provided with exhaust ventilation only, at a ratesguired for temperature
maintenance and as required to maintain concentrations of hydrogen belgwe@&®ntof the Lower
Explosive Limit and maintain concentrations of oxygen above the minimum requirements prescribed by
OSHA, whichever is greatest.

14.6.3.3 Equipment Room

Theequipmentroom will be ventilated by multiple axial exhaust fans, located near the roof. Intake air will
be through inlet louvers located opposite the exhaust fans, with inlet plenums shaped to direct the intake
air toward the floor. All oprings will be provided with motorized dampers interlocked with fan operation.
Each fan will be controlled by a simple thermostat, with graduatetchointsto stage the fans based on
indoor temperature.

14.7 Gates

14.7.1 Tailbay Gates

91 OK dzy A G Q& ldedwitioarbélkheadypeflisolaidgatelitplagied using the monorail hoist.
Gate sealing will be accomplished bysedl system, operated by integral springs and offset guidate
removal requires that the tailbay be filled and equalized with the ta@drd/ SEWhen not deployed, each
gate can be dogged in its gate well above the tailrace water level.
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SECTIONSL

Electrical Design

15.1 General

This section presents the electrical design basis foPhelP The section is organized fatlows:

Applicable Codes, Standards, and Regulations
Area Classifications

Existing Electrical Systems

Electrical Power Generating Systems

Station Service Electrical Systems

General Facility Electrical Systems
Instrumentation and Control

15.2 Applicable CodesStandards, and Regulations

The design will be based on the following codes and standards:

Codes
1 2011 National Electrical Code (NEC, NFPA 70)

Standards

ANSI

National Electrical Manufacturers Association
Institute of Electrical and Electronic Engineers
Instrument Society of America

Insulated Cable Engineers Association
Occupational Safety and Health Administration
ASTMnternational

Underwriters Laboratories, Inc.

llluminating Engineering Society

National Fire Protection Association

15.3 Area Classificabns

Area classification&lassified, or hazardous locations) will be established on the basis of the NEC or other
applicable codesAt this time, only theBattery Room has been identified as a classified aray such areas
will be specified on therawings.

15.4 Existing Electrical Systems

There are no existing electrical systems within the construction scope of this project. Utility interconnection
will be made at the existing Juniper Pump Station, and is described under Section 8 of this report.

15.5 Electrical Power Generating Systems
15.5.1 Overview

The generating systems include thasmcernedwith the generators and their interconnection with the
utility grid, including the generator and transformer switchgdefer to the conceptual singlae diagram
included with the Project Drawings in Appendix D.

=A =4 =4 =4 -8 -8 9

=4 =4 =4 =8 -8 -8 - -8 a8

WBG042710232636B0OI 15-1



SECTIONL5 ELECTRICAL DESIGN

15.5.2 Generators

Electrical power will be generated by two horizorsakft, synchronous generatorsach operating at
4,160V, 3phase, 66Hz. Each generator will be aipoled, 2bearingtype, with open dripproof enclosure,
pedestaltype bearings, rotating brushless exciter, and digle brake. Individual ratings are anticipated to
be:

I Unit 1:5,500 kW, 6,11kVA, 0.9 power factor (PF), 300 rpm.
1 Unit 2:1,500 kW, 1,66KkVA, 0.9 PF, 514 rpm.

15.5.3 Power Terminal Cubicles
Each generator will be equipped with an adjacent power terminal cubicle. This cubicle will house:

1 Phase and neutral winding terminations.
1 Neutral grounding transformer and resistor (for hig¢sistance grounding).
1 Current and voltage potential transformeer

15.5.4 Generator Switchgear

The Control Room will house the&k¥ metalenclosed generator switchgedBus rating is expected to be
1,200 amperes. This switchgear will house:

1 Two vacuumtype drawout-style generator circuit breakers
9 Current and voltage potentidransformers

1 Ground overvoltage relayg

9 Outgoing line section to the main steyp transformer

15.5.5 Main Stepup Transformer

The main stequp transformer, T1, will be installed adjacent to the powerhouse and will be of the liquid
insulated power transformetypein accordance with ANSI C57.18.purpose is to stepp power plant
output voltage to the transmission voltage of 1&\ This transformer will have the following ratings and
features:

1 13200Y/762314160 Vac (grevye-delta)

1 7.5/10 MVA OA/FA at 65 dece C

91 Fullyenclosed primary and secondary termination compartments.

1 Oilfilled (seedbased biodegradable fluid may be considered if desiegd)fan-cooled

The standard monitoring and protective functions are anticipated, inclugliagsure reliefsudden pressure
relay,winding temperatureliquid temperature, andiquid level.

15.5.6 Transformer Switchgear

The Control Room will also house thekMemetalenclosed transformer switchgear. Bus rating is expected
to be 1,200 amperes. This switchgear will house:

Avacuumtype drawout-style transformer primary circuit breaker
A vacuurmtype drawout-style ac station service circuit breaker
Current and voltage potential transformers

Transformer differential and line overcurrent relays

Outgoing line section to the tramission line

=A =4 =4 =4 =4
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15.6 Station Service Electrical Systems

15.6.1 Station Service Transformer

The 13.&Vac station service feeder from the transformer switchgear will serve a dedicated station service
transformer, located exterior to the power plant to provide 480 Vaphase low voltage ac station service
for facility loads. This transformer will have the following ratings and features:

1 13200480Y/277 Vac

1 Size rating (kVA) to be determined

1 DeltaGrdWye-connected windings

91 Oilfilled, convectiorcooled, padmountesbtyle.

15.6.2 Station Service Normal PoweDistribution

Station normal power will be distributed via a 480 Vac Motor Control Center (MCC). This MCC will directly or
indirectly (via panelboardservethe following loads:

Normal power 480 &cdistribution panelboard

Normal power 20&/120Vacpanelboard, via steggown transformer
Bridge crane

Monorail

Exhaust fans

Unit heaters

Air conditioning

Automatic transfer switch

15.6.3 Standby PowerSupply

There will not be a generator set for standby power supply. Instead, standby paivbe received from

the standby power system of the Juniper Pump Station via a 480 Vac feeder, routed athabent 3.2kV
transmission line. This feeder will require upsizing to control voltage drop within acceptable limits. A start
signal will alswouted from the powelplant automatic transfer switch to the Juniper Pump Station standby
gerset

15.6.4 Automatic Transfer Switch

An automatic transfer switch (ATS) will be installed to switch between the normal station service feeder
(suppliedfrom the normalservice MCY; and the 480 ®cstandby power feeder from the Juniper Pump
Station. The load side of this ATS will serve the station service standby power MCC.

15.6.5 Station Service Standby Powebistribution

Station service standby power will be provided by a ¥806 MCC. This MCC will directly or indirectly (via
panelboardsyervethe following loads:

=4 =4 =4 = - -4 -8 -9

Standby power 480a¢distribution panelboard

Standby power 208/120Vacpanelboard, via steplown transformer
HPUs

Sump pumps

Station dc System battery chargers

Power plantlighting and convenience receptacles

TIV bypass valve actuators

Stepup transformer T1 cooling fans

=4 =4 =8 =8 -8 -8 -8 -9
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15.6.6 Stationdc Service Powemistribution

A Direct Current (dc) power distribution system will be provided to supplyer generation controls and
protection, as well as selected critical loads. This system will consist of the following items:

1 125 \dcbattery bank, tentatively sized at 200 Ampédreurs
1 Redundant 125 8¢ battery chargers
1 125 \dcpanelboard

Thedc system will serve the following loads:

Emergency lighting

HPU controls

Switchgear controls and protection

Stepup transformer T1 controls and protection

Plant Control Panel (PCP, unit controls and protection)
Any other powerhouse loads deemed critical to safety

15.7 General Facility ElectricalSystems
15.7.1 Facility Lighting

Lighting will be provided throughout the interior and exterior of the facility. A conventional luminaire
selection would be of the fluorescent tube or High Intensity Discharge (HID) types. Fixtures employing Light
Emitting Diodesvill be investigated during design for energy savings and lifecycle benefits.

= =4 =4 =4 =4 =4

TheTable15-1 summarizes theletails of a preliminary illumination plan

TABLHES5-1
Facility llluminationPlan
Pueblo Dam Hydroelectric Project

Fixture
Area Fixture # of Fixtures Watts Total Watts

Switchgear and Control Room  Fluorescent 16 64 1024
Battery Room Class IDiv2 Fluorescent 1 64 64

Equipment Room Upper Level  Metal Halide HID 2 400 800
Equipment Room Lower Level  Metal Halide HID 6 1000 6000
TIV Pit Vapokrtight Fluorescent 4 64 256
Drainage Sump NEMA 250, Type 6 Rated Fluorescen 1 32 32

Emergency Egress Lights LED 22 10 220
Exterior BuildingAreas Metal Halide HID 9 175 1575

15.7.2 Facility ConvenienceReceptacles

Convenience power receptacléX)A, 120Vacrated duplextype, will be distributed throughout the facility.

A higher density of receptacles will be installed within the Control Room, tailored to SCADA and other plant
control needs. Weatherproof receptacles will be provided on the extari the facility at key locations. All
receptacles will be of the-BA trip GFCI typéf desired, 3phase receptacles for portable welding

equipment can also be provided at selected locations.

15.7.3 Facility Intrusion Detection

Provisions will be tailored tDistrict needsDoor supervision switchesanbe installed at all exterior access
doors, including the main rellp door. Theseanprovide status indication to the powglant SCADA system
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for each door to alert supervising personnel of any unauthorizgdyeProvisions for CCTV cameras can also
be made.

15.7.4 Facility Hazardous Gas Detection / Fire Detection

Hydrogen gas detection will be installed within the Battery Room to provide status indication of elevated
hydrogen levels. An alarm signal will be senthi® powerplant SCADA systerkleat detectortype fire
detection will also be provided in the Battery Room.

No additional fire detection provisions are plann&dhether or not anyadditionalfacility fire detectioncan
be evaluated on the basis Biistrict preferencespecial hazard®r property loss prevention considerations
when considered against personnel response time from a remote site.

15.7.5 Facility Grounding & Lightning Protection

A comprehensive facility grounding system, and a lightning ptiotesystem, will be installed and detailed
in the design documents. The lightning protection system will only be bonded to the facility grounding
system exterior to the structure at selected ground rods or plates.

15.8 Instrumentation and Control
15.8.1 Plant ControlPanel

A PCP, or control switchboard, will be provided with the-puechased generating equipment packagae

PCP will be located in the Control Room. The PCP will provide a complete system of manual and automatic
monitoring, protection, and control fahe turbine-generator unitsThe PCP functions will be housed in a
multi-section cabinet. All critical functions will be of fgéife design and powered from the station battery.
Conventional relay logic, Programmable Logic Controller (PLC) logic, odabthese technologies can be
provided¢ KS t/t @gAfft | fa2 LINBOARS RAIAGIE 2NJ RAaAaONBGS
remote monitoring and controlt is currentlyassumed that the District will install its own SCADA hardware

at the power plant and the interface will be implemented via Ethernet or similar digital connectivity.

15.8.2 Ultrasonic Flowmeter

Each penstock will be equipped with an ultrasonic flowmeter installecujpstream of each TVt is
anticipated that the flowmeter system will kf the multi-path arrangement, according to accuracy needs.
Final configuration, path quantity, and transducer quantity wilkdleéerminedduring design.
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Operations and Matenance

16.1 General

The power plant design anticipates providing the features and capability to support local and remote
monitoring and control of the generating unitgis assumed that units will be operated to achieve the
release of prescribed flows thugh the power plant, in accordance with their operating linmitscal manual,
local automatic, and remote automatic modes of operation are planned.

Power plant and equipment features necessary to support convenient maintenance of the generating units
and aher plant equipment are planned, including, for example, access roadways, inspection and access
hatchways, dewatering and drainage systems, illumination systems, bridge crane, and tailbay monorail hoist.

16.2 Features

Specifideatures will bespecified further as design progresses.
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Construction

17.1 General

The means and methods of construction will be left at the discretion of the Contractor. However,
construction sequencing and constructability have been considered and must continue to be studied during
the final design phase. In particular, the accesh®hatchery, construction of special features, and

continued operation of the hatchery during construction must be points of consideratiorsethien is

organized as follows:

i Construction Considation

17.2 Construction Access

This section is to be determined
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