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Agenda

* Project Background

e Turbine Study

e Construction

* Project Detalls

» Best Practices and Key Take-aways
e Questions
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Existing Turbine Capacity

Pre-Project Plant Capacity

# Bl Total Plant Output Capacity | Electric (kW)

TG 6 18
TG 1 3
TG5 3
Total 24
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Post-Project Turbine Capacity

Post-Project Plant Capacity

Total Plant Output Capacity Electric (kW)

TG 6 18
TG7&8 15
Post Project Plant Capacity 33
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Capacity Expansion Program Objectives

g gy /72N

 New reliable boiler
and turbine capacity

" « TwO new steam
turbine generators to
replace TG1
(installed in 1947)
and TG5 (installed in
& 1952)

| » New Maintenance
Shop

INTERNATIONAL
DISTRICT ENERGY
ASSOCIATION

LEADING THE WAY
CampusEnergy2022

Feb.15-18 Westin Boston Seaport District Hotel Boston, MA



Capacity Expansion Program Objectives
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e TWO new steam
turbine generators to
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Contracting Methodology

The CapEx program included several procurement
contracts to expedite the schedule and provide shop
drawings of actual equipment. Having shop drawings leads
to a detailed design of the new equipment. The major
equipment procurement packages include:

e Steam Turbine

» Steam Condenser

» Electrical Gear

« CEMS

» Control Hardware Integration

The following were major construction packages:
« Utility Outage

e Structural Foundation Contract

» Balance of Plant

* Boiler Procurement/Erection Contract
* Maintenance Shop
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Turbine Study

Variables in the life cycle cost
analysis and evaluation
regarding the new Turbine
Generators:

» Cost to produce power

« Condensing versus back pressure
 Ability to meet storm mode

 Life-cycle cost
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BOILER 11 BOILER 7 BOILER 8 BOILER 10 BOILER 1 o PT I o
NATURAL NATURAL NATURAL
COAL GAS GAS COAL GAS REPLACETG5 & TC
A.) 150 kéthr A.) 0 kitihr A.) 0 kit A.) 100 k#thr A.) 125 kithr CONTINUE USE OF
B.) 127 kifhr B.) 0 kitfhr B.) 0 kit/hr B.) 25 kit/hr B.) 101 kithhr TG7 - 500# TO 155#
C.) 127 kiéhr C.) 0 kithr C.) 0 kéthhr C.) 25 kifhr C.) 85 kifhr TGS - 1554 TO 204 |
D.) 0 ki D.) 65 kit/h D.) 0 kit D.) 120 kit D.) 46 kith
R ek R e kil CONDENSING - TGH
5004 >
FUEL CHARGEABLE TO POWER:
A)51.0 mmBTUh TOTGE: 7O TGE:
D.) 39.8 mmBTUh C.)6.70 $/k# C.) 115 ka#t/hr
D.)7.34 $/k# D.) 115 kithr
TURBINE
EFFECTIVE HEAT RATE: GENERATOR  f—
A.) 4180 BTUKwh NO.6
B.) 8923 BTU/kwh
C.) 8121 BTU/kwh TO 155#: From TG-6
D.) 5746 BTUAwh On Peak TO 1554
A)6.328k#  A)6.40SMKE A 160 kithhr
B)490Ske  B)672Sk#  B.) 100 kéthr
C)4848k#  C)6668k#  C.)100 kithhr v
D.)7.368k#  D)7.448k#  D.)100 kithr
1554 >
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OPTION 1

REPLACE TG5 & TG1 WITH NEW TURBINES (TG7 & TG8)

LEGEND

CONTINUE USE OF TG6 IN CONJUNCTION WITH NEW TURBINES A.) COLD WINTER DAY

TG7 - 500# TO 155# BACKPRESSURE TURBINE (TWIN) B.) HOT SUMMER DAY

TG8 - 155# TO 20# BACKPRESSURE TURBINE (SINGLE) C.) COOL SUMMER DAY

CONDENSING - TG6 ONLY D.) FALL SHOULDER DAY
TOTGT: 500# TO 155#:

A)6.828k# A )200 kéthr v

B)6.75Sk# ) 138 kithr
C)6.708k#  C.)122 kithhr
D)7.34 $k#  D.)116 kitihr >
A.) 4.4 MW, 10.06 kBtu/kWh TURBINE —p— 0126 WY, 391 MBubYh i

TURBINE B.) 2.59 MW, 3.91 MBtuMWh
GENERATOR B.)Z6 MW, 11.54 Kok GENERATOR 1 C.) 2.18 MW, 3.92 MBtu/MWh &

C.) 2.6 MW, 11.84 kBtu/kWh NO.7
NO.6 D.) 2.6 MW, 11.84 kBtukWh / D.) 2.03 MW, 3.92 MBLWMWh
155#: ’
160 kiifhr T0 1554: From TG-7
00 kethr TO 1554: ) On Peak Off Peak

100 k#/hr v A.) 200 k#t/hr A)587Sk#  A)5.94 Sk

100 ké/hr B.) 138 kif/hr B.)3.10S/k#  B.)5.48 $/k#
C.) 122 k##hhr v C.) 2.57 Sk# C.)5.85 S/k#
D.) 116 k#/hr D.)5.71 $/ki D.) 6.58 $/ki
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D)7365k¢  D)7448k# D) 100kt B.j 138 kitthe gg oo ?:}; s m
C.) 122 kithr )2 )5,
1558 ’ D.) 116 kihr D.) 5.71 §ik# D.)6.58 $#
v v TO TG-8: From MPS Header
On Peak Off Peak 155# TO 20¢:
TO PLANT: A)BOTSKE  A)6.14 Si A) 130 kiffhr
A.) 60 kithhr B)385SK#  B)5.99 5K B.) 38 kit/he
B.) 60 kthe B B0 C)I598K  C)e21skE  C)akihe T
C.) 50 khr v D.)647Sk#  D.)6.98 Sk D.) 96 kefnr
D.) 40 kithr TUREAE A) 3.23 MW, 4.04 MBU/MWh
GENERATOR || B 0.85 MW, 4.18 MBtuMWh
P AT NO.8 C.) 0.99 MW, 4.17 MBIW/MWh
- : D.) 2.29 MW, 4.07 MBtuMWh
TO 20#%: From TG-8
On Peak Off Peak TO 20¢
A)3S88kE  A)540 Sk A.) 130 kiffhr
B.)243SKk#  B.)5.82Sk# B)3Bkih oy
C)2368k#  C.)5.75$h# C.) 44 ke
D)4738k#  D.)6.48 Sk D.) 96 kitihr
204 >
TO CON:
A) 15 kiffhr
B)15kithe
( NO 2 ) ( o7 ) ( NO_T1 ) g;:g::i::
DEAERATOR DEAERATOR DEAERATOR '
CONDENSING > >
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T0 1558 On Peak Off Peak

A)587 Sk  A)5.94 Sikd

A.) 200 kithr

B.) 138 kitihr B.)3.10%k#  B.)5.48 %k 0 plngPS Heac;; o

C.) 122 kithr C)2578k#  C)585%k n ed

0.} 116 kiéhr D)5718kE  D)6.58 3kt A)166kihr  A)6.OTSKk#  A)6.14 Sk#
. — " 155¢ ( B)140kEhr  B)385SAK#  B)5.99 Siké

) C)128k#he  C)3508k#  C.)6.21 ke
D)BOK#hr  D)647SKk#  D.)6.98 Sikk

Header
Peak 1558 TO 204
14 S/t A} 130 kitihr
99 §/ké B) 38kt oy PRV
21 Sk C.) 44 kéthr A) 4 ke
98§ D)9 kkhr B.) 0 kithr
TURBINE A) 3.23 MW, 4.04 MBtu/MWh c)o k#.:hr
GENERATOR | B 0-85 MW, 4.18 MBw/MWh D.) 0 kitthr
NO. 8 C.) 0.99 MW, 4.17 MBIWMWh &
: D.) 2.29 MW, 4.07 MBtuMWh
TO 20% From TG-8
On Peak Off Peak TO 204
A)358 8k A)5.40 Sk A.) 130 ki#hr
B.)2438k#  B.)5.82 Skt B)3idhr oy
C)2368k#  C.)5.75 C.) 44 kéthr To LPS Header
D.)4.73 $ik# D.) 6.45 Sik# D.) 96 k&lhr On Peak Off Peak
A)134kithr  A)3658kE  A)542 Sk
2% ( Basidhe  B)243SKkE  B.)5.82 Sk#
) C)4dk#thr  C)2365kE  C.)5.75 S
D)% k#hr  D)473%k#  D.)6.48 Sk
A) 15 ke
CONDENSING ¢ B,) 15 kiihr
’ ) C.)15 ke
D.} 15 ké#hr
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Foundation

The existing turbine pedestal
was demolished to the pile cap,
approximately 5 feet under the

. basement floor.

| The concrete was wetcut to
reduce dust and craned out of
the area.
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Demolition

The existing turbines had drilled piers
with a pile cap, approximately 5 feet
under the basement floor. This project
removed the existing turbine pedestal to
the pile cap and built new turbine
generator pedestals.

Note the original plant wall with the
column, in the middle of everything.
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Demolition
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i/l

Elements of basic

SSS Clutch
A Pawl
B Clutch Teeth E Input Shaft
C Sliding Component F Output Clutch Ring
D Helical Splines G Ratchet Teeth
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Pressure Balanced Expansion Joint
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Generators

: '[ r: l‘f et — =R S i N 4 e =

e TG 8 - 65,000 Ibs

« TG 7-50,000 Ibs

 New steam turbines
and generators were
rigged into the
building through a
new roof opening.
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Best Practices and Key Take-Aways

Weekly meetings with action
items

3D laser scan the Plant

3D model the Plant

Plant involvement
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Questions?
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Thank you!

Russ Price, PE

President and Principal
Mechanical Engineer

price@PRVNInc.com

Matt Mercer, PE
Sr. Mechanical Engineer
mmercer @PRVNinc.com
PRVN Consultants, Inc.

PRVN Consultants, Inc.
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