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F u Reasons to F u

Overview Seismically Upgrade Tanks

= Reasons to seismically upgrade tanks = Enhance system reliability
— Post-earthquake fireflow
— Minimize customer business interruption

= Pacific Northwest Seismicity

= Earthquake loads

= Ground level steel tanks

Steel Standpipes

Elevated Steel Tanks

Small tanks

Wire and tendon wrapped tanks
Cast-in-place concrete tanks

— Post-earthquake potable water

Life safety

= Reduce restoration time

Integrate with tank coating projects

Crustal

Pacific Northwest Earthquake Source Zones >
Faulting

1) Crustal Earthquakes (<15
miles deep) occur within the
North American Plate on
faults such as Seattle,
Tacoma, and South Whidbey
Island.

Shortening of about
0.4 incheslyear,
about %2 of which
may result in
crustal
earthquakes.

2) Deep Earthquakes (>40
miles deep) occur within the
subducting Juan de Fuca Plate.
Five M6 events in the last

The last major
crustal earthquake
occurred in the

Graphic and scerarios by USGS

century. Nisqually - = 4
3) Cascadia Subduction Earthquakes ocour Earthquake. Guemany region on the
about every 500 years at the boundary between D Frcevileili Seattle Fault 1,100
the Juan de Fuca and North American plates. An e loneo) years ago. It
M9 event occurred on January 26, 1700. [il resulted in a
[] Sheveetaaienie® 2 \ vertical offset of 7
e meters.

Basement rocks
m (pre-Tertiary)
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Earthquake Loads Damage Mechanisms All Tanks

3 = Broken rigid pipe due to uplift or settlement
— Side - provide flexibility
— Bottom — setback from wall

= Roof/Column damage from sloshing or
inadequate anchorage

= Geotechnical/foundation
— Cut/fill — uneven settlement
— Slide
— Liquefaction

Roof Damage from Sloshing

Loma Prieta 1989

Los Angeles DWP 1995 ; :
» Limon Costa Rica 1991

Roof Damage ﬂu

from Sloshing

Roof Slid Off Tank

3 MG Tank, Calexico, 2010

Los Angeles DWP 1995






Don Ballantyne
MMI Engineering

Uplift Modeling/ —_—
Elephant’s Foot Buckling

sas e IR

Landers 1992

Elephant’s Foot Buckling

ST
Santa Clarita 1994
Santa Clarita 1994

_ snmisti
Nisqually 2001

Costa Rica 1991

PNS AWWA
5/14/10

Tank Rupture

Los Angeles DWP 1994

Sloshing Damage in
Open Tank

Rinconada WTP 1989

Bottom Seam Split Spilling Contents

Moss Landing, 1989
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Wine Tank — u

Anchor Bolt Pull-out/ — u

Drained Causing Implosion Elephant’s Foot Buckling
|
|
: Jensen WTP Los Angeles
Argentina, 1977 DWP 1995

Anchor Bolt Stretching Broken Anchor Strap

Steel Tank/ Standpipe Mitigation Well Anchored Standpipe

= Adequate anchors prevent uplift; inadequate
anchors may stretch

= Add or upgrade anchor/foundation to resist uplift
= Stiffen bottom with concrete inside

= Check structural capacity of tank shell to transfer
load/resist wrinkling; add stiffeners if required

= Limit bending moment on shell at anchor

connection with adequate chairs Lakehaven

Utility
= Unanchored steel tanks with a H/D ratio <0.5 District
usually OK structurally - Provide pipe flexibility
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Add Additional E—a ‘ ’ ﬂ‘

Anchorage if Required Add Foundation to Prevent Uplift

.[ K2y

Portland Water Bureau

Stiffen Tank e u Provide Pipe Flexibility e u

Bottom with Concrete Donut for Unanchored Tanks

Elevated Tank Damage Mechanisms Elevated Tank Tension Rods Stretch

a

= Foundation not sized to resist overturning; BB
individual piers not connected with tie beams :
= Cross bracing
— Connection weaker than cross brace
— Cross-bracing under sized

— Desirable to have ability to stretch to absorb
energy for multiple cycles

— Columns undersized

Bremerton, Nisqually 2001
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Elevated Tank Tension Rods Break Elevated Tank Failure Progression

= Cross brace fails

= Redistributes load to other braces resulting in
torsional moment

= Domino effect
= Columns buckle

= Tank collapses within foundation circle

Scotts Mills Oregon, 1993

Elevated Tank Collapses, = u '—1 T

Damages Police Statio _ Elevated Tanks Collapse

Nt ¥

Tank and Police Station
Philippines 1990

Imperial Valley, CA 1979

Elevated Tank Solutions

= Upgrade foundation, bracing, columns

= Innovative approaches
— Base isolation — Seattle Public Utilities
— Energy absorbing cross bracing — Kent, Renton
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Seattle Public Utilities

PNS AWWA
5/14/10

&
by
3

Clty if Renton/
Reid Middleton

Earthquake Loads

Steel Tank Design Standards

Published first Journal AWWA November 1935
Dynamic analysis tank sloshing — Housner 1957-63
Prior to 1979 — equivalent static load as per

purchaser

1984 — seimsi provisions in Section 13, only

mandatrory in Zone 4
Most recently updated in 2005

Base Isolation

Seattle Public Utilities Myrtle Tank

Small Unanchored Tanks Slide

e
{ERREEREERRAR G

Los Angeles DWP 1971

Limon Costa Rica 1991
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Small Tank Legs
Need to Provide
Lateral Load Path

Limon Costa Rica 1991

Wire Wrapped Concrete
Reservoir Failed Due to
Corrosin

e‘

Wall Section F u

with New Interior Curb

P

Tank Wall ————> ;<.

New Wire Wrap &
Shotcrete

New Interior Curb ]

New Dowels

o '.P/ New Slip Pad
e B

2 Bl

Floor Slab

| Footing Extended
I as Required

Steel Pipe ’ LR N
in Tube i

Ring Joint Footing

Credit EBMUD

PNS AWWA
5/14/10

Wire-Wrapped/Tendon ﬂ-u

Concrete Tank Damage Mechanisms

= Reinforcing corrosion or

= Inadequate reinforcing for earthquake loading
— Stop leakage then re-wrap

Roof/wall joint not designed to transfer shear

Wall/bottom joint not design to transfer shear;
movement required during filling

— Earthquake cables used beginning 1970s

— Passive soil pressure may restrain load on buried tanks

= Add curb or special anchorage

New Concrete Tank F u

Seismic Cables

CreditDYK

Interior Sliding d— u

Restraint Concrete Curbs

Credit EBMUD
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Concrete Tank — Hoop Stress

Credit EBMUD

Cast-In-Place Concrete

PNS AWWA
5/14/10

Credit DYK

= Flat walls carry loads in shear or bending

= Sometimes bending moment carried to
foundation

= Design per ACI-350

New Tank Standards

AWWA D100-05 Welded Carbon Steel Tanks for
Water Storage

AWWA D110-04 Wire & Strand Wound, Circular,
Pretressed Concrete Water Tanks

AWWA D115-06 Tendon-Prestressed Concrete
Water Tanks

International Building Code - 2009

ACI 350-06 — Analysis, Design and Construction
Practices in Environmental Engineering Concrete
Structures

API 650 — Welded Steel Tanks for Oil Storage

Questions ?

Don Ballantyne
MMI Engineering

Dballantyne@MMIEngineering.com
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City of Bellevue Pump Station
Upgrade Program: Newport Pump
Station

Jeff Foray, P.E.
14 May 2010






Serves About 134,000

Supply from Cascade
Water Alliance/Seattle

MDD is 40mgd, 52mgd

in 2040
10 Operating Zones
45 Pressure Zones

23 Water Booster Pump
Stations

60% of Water is
Pumped

Kennedy/Jenks Consuiltants

Engineers & Scientists






2006 Water Booster Pump Station
Condition Evaluation and Prioritization

Multi-discipline field
evaluation of all
water booster
stations

Hydraulic evaluation
Risk assessment

List of
recommended
Improvements

Prioritized list of
facilities

Kennedy/Jenks Consultants

Engineers & Scientists






WATER &

Evaluation Scoring Table Example

Criterion = Electrical 7 scoring parameters
Condition in this criterion

Electrical Condition Evaluation

Location Scoring Possible

Operating Area Operating Zone Pump Station

Is electrical service and
distribution more than 20 years
Is electrical service and
distribution more than 30 years
Are there ongoing maintenance
problems?
current NEC requirements?
current City standards?

Is electrical service 480 VAC?
Do pump motors above 20 hp
have solid-state starters or
Scale 1to 5

Does electrical installation meet
Does telemetry system meet

Pike's Peak
Pike's Peak NE 40th - 670
Cherry Crest
Meydenbauer
Clyde Hill
Woodridge Woodridge
NE 40th Resenvoir
Lake Hills North NE 8th
Crossroads (Lake Hills)
Lake Hills South SE 28th

1
-

West Bellevue
Downtown

East Bellevue

OO ~NOOoO NPOOONO
A OOS~, DS OW S DSOS

Total score, rounded 1 to 5,
lower numbers are worse

Kennedy/Jenks Consuiltants
Engineers & Scientists

Total score, out of 7 possible






WATER

Pump Station Score Card

4 Condition Evaluation :
Criteria (from Fleld Survey) Wth'; .

Pump Condition ]

.07

Mechanical Equipment Condition

.09

Electrical Equipment Condition

Condition of Structure

Condition of Site

Current Pumping Capacity

Pumping Redundancy

Power Reliability

Expansion and Upgrade Capability

Water Quality Considerations

Maintenace Capability

Safety

N | R O W WN N AR W Ol O

Vulnerability to Damage

Kennedvy/Jenks Consultants

Engineers & Scientists
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Bang for Your Buck Slide

Change in Gal/Yr
Pump Station Project Cost Score (Million) Cost/Pt Cost/Pt*MG

Horizon View 3 905,000
Newport 1,220,700
Horizon View 1 2,773,000

Cougar Mountain 1 650,000

Horizon View 2 3,667,200 135,822 888
Woodridge 455,000 37,917 37,917
NE 40th/670 130,000 32,500 903
Pikes Peak 2,900,000 . 74,359 49,573

Cherry Crest 2,550,000 . 94,444 78,704

Kennedy/Jenks Consuiltants

Engineers & Scientists






Newport Pump Station

Pumps approximately
300,000,000 gallons/year

Constructed in 1984,
modified in 1991

Pumps: 1125 hp, 1 150 hp,
2 50 hp

Pumps through two zones
(520 to 850), provides high
level of flexibility and
redundancy

Kennedy/Jenks Consuiltants
Engineers & Scientists






Newport Pump Station

Pumps are fairly old (20 to 30
years), not optimized for
current pumping conditions

Pump No. 2 has been
unreliable and is used
infrequently

Unreliable right-angle diesel
engine drive on Pump No. 1

Newport and several other
pump stations receive power
from Eastgate Substation

Transformer located on street
at end of steep downhill curve

Kennedy/Jenks Consultants
Engineers & Scientists






Recommended Improvements

300 kW standby generator

New process equipment (pumps, electrical)

Roof hatches, misc.

Cost estimate: $813K (bid), $1,220K (total)
Estimate change in score for proposed improvement
o Asis: 48.3 (2" lowest)

e Add generator: 69.1

e Rest of improvements: 86.1

o Now the 3™ highest rated pump station

Kennedy/Jenks Consuiltants
Engineers & Scientists






Pumping System

Capacity: keep the same (2000 gpm) or try to get more
e Existing system does not meet HI standards
e Capacity increase would require additional changes

Frequent dilemma: if it works now do you need to change it to meet
new standards?

Retrofit Lesson: be careful of things like “meet all standards”






Pumping Related Topics

Energy efficiency
e Annual energy bill $35,000
e Small pumps help match demand
e VFD’s could cost $100K, might save $5K a year
Surge
e Flow Science report: vapor cavities out in system
e Surge tank or AVARS?
Retrofit lessons:

e look at total install and actual operations data when
considering VFD’s

e Surge valves are OK but may not solve everything

Kennedy/Jenks Consultants

Engineers & Scientists






urge Analysis

City of Bellevue - Newport Pump Station
Figure 5 - HGL"s along Path D following loss of power to MPS with no surge protection

151

)—Q [closed)

elevation (f)

¥apor pressure

y t

+ t
10000 12000 146000 18000
distance (ft)

20000

— pipeline ——steady state max. HGL min. HGL |

-
FLOW SCIENCE.
091099 December 29, 2009 am

Kennedy/Jenks Consuiltants
Engineers & Scientists






Electrical

Existing service: 150 KVA
Transformer

Existing gear

e Overheating breaker

e Getting old, time to replace
Standby power

e 300 KW in enclosure

e Space a concern: enclosure
options

Retrofit lesson: start early with

utility

Kennedy/Jenks Consuiltants

Engineers & Scientists






Structural/Architectural/Site

Add roof hatches for pump access
Permit — King County

o Less than $200,000 in permitted
improvements

e 8 months
e $15,000

e Similar project in Everett: less
than a month, $2,000

Site: new secondary gate, roof
access

Retrofit lesson: know your permit
agency

Kennedy/Jenks Consuiltants
Engineers & Scientists






Questions?

JeffiForay@KennedyJenks.com
RonBard@KennedyJenks.com

Kennedy/Jenks Consultants
Engineers & Scientists







HOW TO FIT MORE HORSES IN YOUR STABLE
WITHOUT BUILDING A BIGGER BARN

/‘ w

Murray, Smith & Associates, Inc.

M Presented by: Jim Helton, P.E. and Jeff Jones, P.E.






HOW TO FIT MORE HORSES IN YOUR STABLE
WITHOUT BUILDING A BIGGER BARN

Benefits and Challenges in Upgrading Pump Stations
Within Existing Building Envelopes and Site Footprints






WHEN TO CONSIDER UPGRADING EXISTING
PUMP STATION FACILITIES
TIME FOR PUMP STATION UPGRADES WHEN:

Q Pumping Capacity of Existing Pump Station Unable to Keep up With Growing System
Demands;

O  Original Pumps, Electrical System and Other Pumping Equipment Becomes Outdated,
Inefficient, and Requires High Maintenance; and

Q  Pump Station Building Requires a Large Amount of Maintenance and Repairs, Has
Become an “Eyesore” to Nearby Residences

REUSE OF EXISTING FACILITIES IS DESIRABLE WHEN:

O  The Existing Pump Station is Located in Established Neighborhoods with Little
Opportunity to Relocate without Major Public Impacts and Costs;

0  Existing Pump Station Building is Found to be Structural Sound; and

0 Being “Green and Sustainable” is Desirable; Reuse of Existing Facilities is Good PR
for the Owner

MHA 3






BENEFITS IN UPGRADING EXISTING PUMP
STATIONS

Q

Q

Minimizing or Potentially Eliminating Planning Review

Minimizing Overall Permit Requirements

*  Typical Minimum Building Permits Required for Pump Station Remodel: Electrical,
Mechanical (HVAC)

»  Potential Other Building Permits Required: Plumbing, Structural

» Potential Permits Related to Site Improvements: Right-of-Way Permits, Easements

Environmental Benefits by Reuse of Existing Building and Other Components
Reducing Amount of Demolition that Would Otherwise Contribute to the Waste Stream
Reducing Greenhouse Gases by Minimizing Recycling and Manufacturing

Provide Opportunity to Improve Existing Building Architectural Features (May
Trigger Some Planning Review Requirements)

Overall Project Cost Savings Related to Many of the Above Listed Benefits and
Particularly By Eliminating the Need for Property Acquisition

MHA






CHALLENGES IN PUMP STATION DESIGN
UTILIZING EXISTING FACILITIES

In determining if pump station improvements are possible within existing
pump station structure and site envelope, the following design issues
need to be evaluated:

USpace Limitations Due to Existing Building and Site Constraints

*NEC Clearance and Egress Requirements for Electrical Panels

*Adequate and Safe Access Around Larger Pumping, Plant Piping, Ventilation and
Mechanical Equipment

LExtent of Existing Plant and Yard Piping Improvements Required Due to Increased
Pumping Capacities and Pressures

UHeating and Ventilation Improvements Required Due to Larger Pump Motors and
Motor Control Equipment

QStaged Pump Replacement Work such that Pump Station is Operational During all
Phases of Construction

QEvaluate Existing Building to Determine if Structural Sound for Wall Cutouts and
Other Building Structure Improvements

MHA






THREE EXAMPLES OF EXISTING PUMP STATION
IMPROVEMENT PROJECTS

Three Pump Station Examples are presented and are similar in that
they are: Housed in Reinforced Masonry Buildings (SCR Brick),
Originally Constructed in the 1960’s, and Pump Water from Adjacent
Reservoirs to Higher Level Reservoirs through a Distribution System

UWaluga Pump Station Modifications and Improvements (“Schedule
1” of the Water Pump Stations Modifications and Improvements
Project, City of Lake Oswego, 2007)

UKerr Road Pump Station Modifications and Improvements
(“Schedule 2" of the Water Pump Stations Modifications and
Improvements Project, City of Lake Oswego, 2007 )

WValley View Pump Station Modifications and Improvements, Oak
Lodge Water District, 2009

MHA 6






WALUGA PUMP STATION MODIFICATIONS AND
IMPROVEMENTS, CITY OF LAKE OSWEGO

Objectives: Increase firm pumping capacity from 3,000 gpm to 6,000
gpm with high efficiency pumps, provide improved emergency power
system.

Key Design Elements

0  Replace two 1,500 gpm pumps with two
3,000 gpm, 250 hp pumps

O  Complete hydraulic analysis to verify that
distribution system can handle increased
firm pumping capacity

O  Excavate pump station floor to remove and |
replace suction header and pump cans

0  Provide temporary backup pumping during ‘_____—-
construction -————__—'

O Increase ventilation capacity

U  Relocate surge and pressure relief valving
and piping from inside building to new CMU
walled in area

0  Upgrade electrical service

\AKE
5 Qg b,

WA & 7
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WALUGA PUMP STATION MODIFICATIONS AND
IMPROVEMENTS, CITY OF LAKE OSWEGO

Replace Pumps 1 & 2, Existing 200 hp
3,000 gpm Pump 3 to Remain

Existing Pump 3

EX|st|ng Pumps 1& 2

MA &
v\ ;






WALUGA PUMP STATION MODIFICATIONS AND
IMPROVEMENTS, CITY OF LAKE OSWEGO

Existing Surge and Pressure Relief
Valves and Piping Clearance
Constraints

VA &






WALUGA PUMP STATION MODIFICATIONS AND
IMPROVEMENTS, CITY OF LAKE OSWEGO

N \
smir— 1
N - R -
mﬁ"rﬂ § ?‘- - % - § =t
Demolition Plan L N e "§ § .
Showing Floor e f %;m%__\ e
Excavations %\\\\\\\\‘ N N e
i 5 O
buove Ex8T ROOF MOUNTED — i § r\" 4] :{@éh\\\\\\\‘\&\\X%\
”;:::“:_% | e || R | %\\ < DN \
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WALUGA PUMP STATION MODIFICATIONS AND
IMPROVEMENTS, CITY OF LAKE OSWEGO

FURNISH AND INSTALL HEAT TRACING INSTALL 12" | i
CABLE AND INSULATION ON ALL EXPOSED BLIND FLG ON | 1
PIPE AND FITTINGS, SEE SPECS. EXST 18"x12" TEE

NEW 12" SURGE VALVE
PIPING, SEE NOTE 7

REMOVE EXST 80° VERT
BEND AND INSTALL NEW
12" TEE, SEE SHT
SCH1-M3

247Dl

FOR BYPASS PUMPING

FURNISH & INSTALL:
FILL ALL EXST PIPE
HOLES WINON-SHRINK !
GROUT (TYP)

1-12" BFV, FLG
112" SPL, FLGYPE

1-12" BLINDFLG

FILL EXST VENT
OPENING W/CMU
BLOCK
12" TAPPING TEE
Wi 12" GV, MUxFLG

| New
- | Mechanical
= n Layout

1 I

! |
|— INSTALL CONTROLLED
LOW-STRENGTH BACKF|
(COF) BEHIND HOT TAP:

SE% N !

m
12°0I |m | \
I 1
== 1t i 1
/ | ]

12" TAPPING TEE

W/ 12" GV, MIxFLG N
Y

£

=
I

|

3

INSTALL CP TEST STATION,
SEE SHT GEN-M2

INSTALL HEAT TRACING
THERMOSTAT,
SEE SPECS

EXSTPUMPNO. 3 —
TO REMAIN

5-107

EXST %" W —-\
THERMOSTATS FOR
FAN & HEATER \

EXST DISCHARGE ———,
PRESSURE TRANSMITTER})
SEE (21)

EXST ROOF
'OPENINGS (TYP OF 3)

CAP EXST
L INSULATING FLANGED 8" DI DRAIN

18Dl
24Dl

PF SUCTION HEADER.

INSTALL NEW CONG FLR SLAB,
SEE DET 4 SHT GEN-AS1

i

RICAL CONDUITS REMOVED EXST
CONTROL

PANEL

[ORMING TO AWWA C200,
| CRITERIA:

EXST 220D
FLOW METER TUBE

PNTRACTOR MAY INSTALL

1
I :\ APPROX G OF EXST POST
EXST 20" DI PUMP SUCTION & EXPOSED 31 1%" GLU

[t AND DUCT WORK (NOT EXST 12° CONG \:
FAIL.
LAM ROOF BEAMS (TYP)

PIPE DRAIN, SEE H
SHT SCH1-C2 H f
(11-C2 AND SCH1-M3 FOR i [,

IND 12 HOT TAPS AS SHOWN
WITH HIGH DENSITY FOAM. RECORD
SEDIMENT BUCKETS. FLOOR DRAWING
SEE_DISCLAIMER|
SHEET 1,

VERSION 4.1

‘ACTURER'S
12-9-97

| SEE SPECS.

MHA






WALUGA PUMP STATION MODIFICATIONS AND
IMPROVEMENTS, CITY OF LAKE OSWEGO

(S — 1 ﬂ
Yard Piping - T
Improvements n
Behind Pump

Station with
Relocated Surge
and Pressure
Relief Valving

@

§ WAKE o,

ORgGO™ 12






WALUGA PUMP STATION MODIFICATIONS AND
IMPROVEMENTS, CITY OF LAKE OSWEGO

Floor Excavated to Replace
Suction Header and Pump Cans

13






WALUGA PUMP STATION MODIFICATIONS AND
IMPROVEMENTS, CITY OF LAKE OSWEGO

Temporary Electrical Service and
Backup Pumping

02/1 3/29!:

O"( = QSZI/
%
SEI N3
el
OREGOM 14






WALUGA PUMP STATION MODIFICATIONS AND
IMPROVEMENTS, CITY OF LAKE OSWEGO

T

i : .

: In Order to Prowde Space in
Pump Station, Surge and

B Pressure Relief Valving

4 Relocated Outside,

SS Ventilation Intake Duct
With Silencer Located Outside

CMU Wall Under
Construction

— - UB;”Z?!ZOD}‘_ wl
- R

O"( - QSZI/
ST e
e
15






WALUGA PUMP STATION MODIFICATIONS AND
IMPROVEMENTS, CITY OF LAKE OSWEGO






WALUGA PUMP STATION MODIFICATIONS AND
IMPROVEMENTS, CITY OF LAKE OSWEGO
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WALUGA PUMP STATION MODIFICATIONS AND
IMPROVEMENTS, CITY OF LAKE OSWEGO

Before After

VsA @






KERR ROAD PUMP STATION MODIFICATIONS AND
IMPROVEMENTS, CITY OF LAKE OSWEGO

Project Main Objectives: Increase firm capacity from 1,500 gpm to
3,000 gpm with high efficiency pumps, provide corrosion protection
system

Key Design Elements

0 Replace three pumps ranging
from 750 gpm to 1,000 gpm with
three 1,500 gpm pumps

0  VFD’s motor control system
installed to control localized high
pressures within distribution
system caused by increased
pumping capacity

Q Cathodic Protection System with
Impressed current and anode
wells

0 Pumpsinstalled in stages, one at
atime

O Improve ventilation

VSA @
- 19






KERR ROAD PUMP STATION MODIFICATIONS AND
IMPROVEMENTS, CITY OF LAKE OSWEGO

APy g !
y =5 i
A ¢ -, - .
1
! = e -
L iy, i
: &
- . : T
o 2 ® R - ” [ ]
4l i ; P & e

Replace 50 HP Pumps 1 & 2 and 75 HP Pump 3 with Three 1,500 gpm 150
HP Pumps. Reuse Pump 3 Pump Can, Remove Pumps 1 & 2 Pump Can
from Existing Concrete Pipe Sleeves cast in floor and Replace With
Larger Cans

KE Qs

MSA & m
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KERR ROAD PUMP STATION MODIFICATIONS AND

IMPROVEMENTS, CITY OF LAKE OSWEGO

Iy
INSTALL WAL MOUNTED
TEST STATION,
SEE SHT GENARZ
iy
REMOVE EXIST 12" GV,
HEADER, SEE NOTE 3 INSTALL 2.12° BFV &
INSULATING FLANGE, SEE

/ INSTALL INSULATING FLANGE, SEE ST GEN-MZ FAB STLDISCHARGE

SHT GEN - M2 & SCHENIS

]

EXSTING 350 GNIL\._‘\‘\\\‘\
TRANSFORMER FACING DO

VALY

EXST DISCHARGE — |
PRESSURE
TRANSDUCER

INSTALL WALL MQUPHEO\
TEST STATION, SEE SHT
gae

&
EXST 16%14" TAPPING
TEE W) 147GV \

1 =

-
—-+m
—-1-=

b

&
1718, LENGTH AS REQD

A
CUT OPENINGS INTO EXST
MASONRY WALL FOR'

VENTILATION (TYP OF 5, P
SEENOTE S -
MATERAL

r====o o |_— EX5T ROOF EXiAUST 12° 00° VERT BEND PE X FLG Wi 10" FLG OUTLET HORZ
i i
i i NEW ROG EXHAUST FAN, 12 X AP ROGR, PE XFLG
T SEE DET 1, 61T GENAST
| | 10° SPOOL LENGTH AS REQD
| i
(5 -

10" TEE Wi 8* FLG OUTLET DOWN

107 90" HORIZ BEND FLG X FLG W1 4" FLG OUTLET DOWN

B

EXHAUST DUCT 10° BFV, FLOX FLG
T GEN M
RECKEEET A 16" 8POOL, FLG X FLG, LENGTH AS REQD, BEE NOTE 2

w| ]

10 DISMANTLING JONT

VERTICAL TURBINE PUMP, SEE EGUIPMENT LIST SHT
SCH2 M3

\ A
TACK WELD EXIST DOOR

il il & DISMANTLING JOINT
FABSTL SUCTION =
HEADER, SEE NOTE 3 \3_?‘ =7 (D) #5P00L, FLG X FLG, LENGTH AS REQD
& PUMP CONTROL VALVE, FLG XFLG, SEE SPECS
| | o) | | i ®
NOTES: B I ; 1% i [) ‘T\ | ; (@) o 6P00L, FLG XL, BEE NOTE 2
1. GONTRACTOR ALL - [} ¢ \ & [} RELOCATEG DT (i2) 1 BFVFLO XFLG, CLASS 250 WI180 # DRILLING
DISCHARGE PIPING, ‘:: THERMOSTATS FOR ICONTROL PANEL, (1) 10" 90" VERT BEND PE X FLG WII" FLO OUTLET HORIZ
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RODF OPENING FOR NEW ROOF MOUNTED INTAKE VENTILATOR AND DUGT WORK. SEE ROGF SEE DISCLAMER,
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KERR ROAD PUMP STATION
MECHANICAL PLAN
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Mechanical Upgrades
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KERR ROAD PUMP STATION MODIFICATIONS AND
IMPROVEMENTS, CITY OF LAKE OSWEGO

FABRICATE! RA! IOWN.
FABRICAT! R. SEE 1
Q. pp Ip / P 1P
O T T T
A i
.; a T v Il ]
| T
0 T N
...... A N
SUCTIO!

SECTION/ a
SCALE: 1/2"= 10"

Installed Parallel Suction and
Discharge Plant Piping to
Improve Hydraulics and Avoid
Floor Excavation

e
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OREGOV“ 22






KERR ROAD PUMP STATION MODIFICATIONS AND
IMPROVEMENTS, CITY OF LAKE OSWEGO

15 13 ) (@) @o)| Puwes | (B) (7 ;@ 1
-] o

= |
| 1 e T L
» : H
_/ 1] ]' | \_
EXSTE DICHARCE EXST 12* SUCTION FOR P-3 (SHOWN)

FOR P-3 (SHOWN, 2" SU P3(
EXSTE" é SCHAR)G EXST 8" SUCTION FOR P-1 4 P-2
FORP-1&P.
/
S SEE DETS, EXST 14" SUCTION HEADER

EEEEEEEEEE SHT SCH2-M4
07/06/2007 o
] L . B i EXST 18" ID CONC PIPE SLEEVES FOR PUMPS NO. 1 AND NO. 2
NEW PUMP CAN, SEE T g 24" |D CONC PIPE SLEEVES FOR PUMP NO. 3, SEE NOTE 3

SPECS & NOTE3

ST AT

SN}
\®

"ty ey [
i -

I
|

SCALE 1= 1-0°

PUMP 3 SECTION /&
g

Installing New Pump Cans and
Pumps in Stages

OREGOM 23






KERR ROAD PUMP STATION MODIFICATIONS AND
IMPROVEMENTS, CITY OF LAKE OSWEGO

*" 11/05/2003

Fitting and Providing Ventilation for VFD’s and New Electrical
Equipment with Limited Space Created Challenges During
Design and Construction

VAKE O,
o) iy,
A
(A
e
ORgGO™
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VALLEY VIEW PUMP STATION MODIFICATIONS AND
IMPROVEMENTS, OAK LODGE WATER DISTRICT

Project Main Objectives: Replace four dissimilar pumps at 1,600 gpm
firm capacity with three identical 1,000 gpm high efficiency pumps for a
2,000 gpm firm capacity and room for future fourth pump, replace flat
roof with pitched roof, and improve pump mechanical equipment access

Key Design Elements

O Redo pump and control valve layout
to improve pump equipment access

Q  Metal grate floor over lower level

Q  Utilized GPR to verify existing wall
reinforcement placement to confirm if
walls can support new pitched roof

0  Staged construction sequence to
minimize pump shutdowns

Q Improve ventilation without cutting
openings in walls
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VALLEY VIEW PUMP STATIUN MUODIFICA TTUNS
AND IMPROVEMENTS, OAK LODGE WATER
DISTRICT

DUCT TO EXHAUST GABLE VENT
NEW ROOF STRUGTURE,
EF=1 SEE STRUCTURAL SHTS
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.v - ———y. 4
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s oy : N
A R A A 6" REINFORCED SLAB

INSTALLED OVER EXIST SLAB,
SEE NOTE 3 & SHT 5-3

Improving Existing Pump

Equipment Layout RRepareo

EXIST FLR SLAB
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VALLEY VIEW FUMPF SIATIUN MODIFICA TTUNDS
AND IMPROVEMENTS, OAK LODGE WATER
DISTRICT

.*% \gg

ﬂb 2772009

Existing Pump Equipment Shown Located in Lower Level
with Difficult Pump and Pump Control Valve Access
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VALLEY VIEW FUMPF SIATIUN MODIFICA TTUNDS
AND IMPROVEMENTS, OAK LODGE WATER
DISTRICT

New Improved Pump Layout and Grated Floor Providing Better
Equipment Access
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VALLEY VIEW FUMPF SIATIUN MODIFICA TTUNDS
AND IMPROVEMENTS, OAK LODGE WATER

DISTRICT

B B

INSTALL NEW P-2 & P-3, SEE NOTE 2

O e @] ol I

|

INSTALL CONC PUMP CAN
P.z/\ P-3 /BASE, SEE SHT 5-5
o \ o

o) :
2 = o R -
.
" . EXIST PUMPS, SEE ]I:

O

NOTES 2 & 4

ik
]
B

T~\NST.\LL. PORTION OF
PROPOSED LOWER 6"
P_2 & P"S SLAB OVER EXIST
- FLOOR, SE

E SHT &-3

: 0

MAINTAIN EXIST—/

SUMP OPENNING

INSTALL NEW P-1 &
FUTURE P-4 SUCTION
BARREL AND CONC BASE,

SEE NOTE 4 & SHT 5-;\
P-'l/ 2 P3 \P-4
7 3\

.

©] e [©

et INSTALL P I I
boe e el 7 RevaiinG RSP R
T f'-'/ LOWER 6" T
p - SLAB, SEE >
. 1 ]
- J

o
- S -
= ,--L,—A"v_ ‘:'ﬁ F "
= =
.
 — ;

Staged Pump Replacement

P—1 & FUTURE P—4

PUMP REPLACEMENT SEQUENCE

SCALE: %'=1"-0"
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VALLEY VIEW FUMPF SIATIUN MODIFICA TTUNDS
AND IMPROVEMENTS, OAK LODGE WATER
DISTRICT

Before






How to Fit More Horses in Your Stable
Without Building a Bigger Barn

Questions ?

MHA
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INTRODUCTION

g

Water Quality Issues - Common Occurrence In Storage
Reservoirs

* Inlet design, inadequate mixing and low water turn over can
contribute to water quality issues

Reservoir Storage Volumes are Often Reduced to
Maintain Water Quality

« Inability to maintain residual levels
o Distribution system water quality
 Must meet water quality standards

Reducing Volumes = A Reduction in Overall Storage
Capacity

MHA z






INTRODUCTION

O What Causes the Problem?
e Reservoir volumes are underused

* Piping configurations that do not address
water quality considerations (single inlet/outlet)

 Shoreline Water District case study

0 How Can Water Quality Be Improved Without Loosing
Storage Capacity?
o Operationally
* Modifying piping configurations
e Adding mixing valve systems

3
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STORAGE FACILITY HYDRAULICS

L Reservoirs are Designed for Large Amounts of Storage
While Daily Use Equates to Much Smaller Demands

e Fire Suppression - (1500 gpm x 120 min = 180,000 gal)

e Emergency Storage - (DOH Recommends - 200 gal/day/conn)
e Future Growth

e Small Band of Operational Storage

www.msa-ep.com






STORAGE FACILITY HYDRAULICS

L Excess Storage Can Create Water Quality Problems
* Loss of Disinfectant Residual
e Possibility of:
« Bacterial Growth
» Disinfectant By-Product (DBP) Formation
 Algae Growth
* Biofilm Growth
« Taste & Oder Problems

MHA
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STORAGE FACILITY HYDRAULICS

O Often Reservoirs are Designed with a Single

Inlet/ Outlet Pipe

e Sized for max day & fire flow discharge

e \Water enters and leaves through same pipe
e Short circuiting (last in - first out)

e Minimal mixing — creating dead zones

e \Water can be days or weeks old

www.msa-ep.com M SA






CASE STUDY

L Shoreline Water District
2.0 MG Reservoir

e 98’ diameter, 35’ tall
e Pre-stressed concrete tank
e Constructed in 1988

e Single inlet/outlet with floor
drain and overflow pipe

e Located outside District's
service area

e Served by 2,000 ft.
dead-end main

7
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CASE STUDY
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CASE STUDY

O Issues
e Inability to maintain chlorine residual levels
e Operational level reduced to 10 ft. In effort to maintain
residual levels
e Eventually reservoir

was taken out of
service for roof repair

e While out of service,
design was started to
correct problems

MHA
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CASE STUDY

O Project Considerations
e Reservoir located in residential neighborhood
e Limited access to reservoir site along steep driveway

e Initial project — Construct mixing manifold system to promote
mixing within reservoir

MHA :






PROJECT APPROACH

O How Can Water Quality be Improved Within a Reservoir
e Create completely mixed system
e Homogenous in age & chlorination content
e Considerations in mixing design
— Adequate volume turnover
— Fill time
— Inflow rate
— Inlet velocity

0 Shoreline Water District — Design Aspects
e New supply from City of Seattle
e Modify site piping to create separate inlet/outlet
e Construct mixing manifold to promote mixing

www.msa-ep.com






THE SOLUTION

0 New Supply Line From Seattle

System

e Seattle's 66-inch pipeline is
located approximately 1,200 ft.
To the east

e New tap on Seattle line with
12-inch transmission line to
control valve structure

www.msa-ep.com
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THE SOLUTION

0 Control Valve Structure Between Seattle System and
Reservoir

e 10 ft. X 20 ft. underground vault with:
e 3-inch and 8-inch ’
Control Valves

e Mag-Meter

e 12-inch motor
controlled gate T —
/ o

valve for overflow 5, -
protection '

MHA
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THE SOLUTION

L Separate Inlet and Outlet

e Reconfigure existing site piping

and valves to provide separate
Inlet and outlet into reservoir

e Drain line incorporated into
outlet line

e Additional valves added to
allow reservoir to be taken
off-line for maintenance

4,
o

MHA
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THE SOLUTION
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THE SOLUTION

O Construct Mixing Manifold to Promote Internal Mixing

¢ Mixing manifold with duck-bill inlet valves running along floor
of reservoir

e 12-inch epoxy coated steel header
pipe supported along column piers
e Inlet valve in center and at each end
e Manifold and valves sized by manufactur
e Single inlet/outlet design included inlet
and outlet valves along manifold
e New design — manifold is for inlet only

MHA .
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THE SOLUTION

EXIST ROOF DRAIN:

EXIST ELECTRICAL
CONTROL PANEL N

PROPOSED M IXING SYSTEM MANIFOLD

s P . A
FURNISH & INSTALL: |k | 17T 177 =T
Rl TIDEFLEX INLET
mﬁﬁlwm . - PIPE SUPPORTS. TYPE A 1 PIPE SUPFORTS, TYPE B3, VALVE, TYF
1 I ] I ] I
I 1, I I I I
[ [
1 [ [
I ] ]
I I M I M

FURNISH & INSTALL:

I=12" DIA DI 5PL, FLG x PE,

LENGTH AS REQ'D. SEE SPECS FOR COATING
REC'S. INSTALL INSULATING FLANGE JOINT FOR
W.gjl TO DI OR ANY DISSIMILAR METAL
COMNECT | DET 2, SHT M-2.

EXIST COLUMN FOOTING NESOURCES, INC., MCOEL s96. RESOURCES, [NC., MODEL S92
ELEVATION YIEW

HOTE:
SLOPE OF EXISTING TANK FLOOR NOT SHOWN FOR CLAR|TY.
SUPPORTS VARY IN HEIGHT TO ACCOMMODATE SLOPE QF FL
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THE SOLUTION

B ]

WWW.msa-ep.com

20






www.msa-ep.com

THE SOLUTION
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THE SOLUTION
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CONCLUSION

O Maintaining Water Quality In Reservoirs Can Be
Challenging
e Large “excess” storage for emergencies & fire flows
e Reservoirs sized for future growth
e Limitations in existing piping configurations
e Operational procedures often dictate use

0 Water Quality Can Be Improved
e Operationally

e Retrofitting existing reservoirs to improve mixing with
specialized mixing valves or modified piping configurations

www.msa-ep.com
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CONCLUSION
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Today’s Topics

* Treatment of Tacoma'’s in-town South Tacoma
Wellfield groundwater

* Emphasis on the engineering design issues
assoclated with older facilities

 Water quality and treatment discussion is later
today
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South Tacoma Wellfield Background

13 wells along South Tacoma Way In the middle of
town

 Wells range in capacity from 0.8 MGD to 11.5 MGD

 Wells discharge to the Wells Pipeline
— Originally was an open channel flume dug in the 1900s
— Been replaced with buried pipe over the decades
— Now Is a combination 36" to 42" steel or concrete pipe

» Wells Pipeline connects to the Hood Street
Reservoir and the South Tacoma Pump Station
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Project Faclilities

» Hood Street Reservoir
— Originally open reservoir
— Converted to 10 MG partially buried reservoir in 1985

— Receives both groundwater and treated Green River
water

« South Tacoma Pump Station
— 16.7 MGD facility with 0.5 MG clearwell
— Pumps groundwater directly into distribution system






Hood Street Reservoir
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Treatment Building bl






1929 Hood Street Treatment Building






1939 South Tacoma Pump Station






South Tacoma Pump Station BUIldlng Plaque
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Evaluation Project Goals

1. Implement corrosion control iImprovements at Hood
Street Reservoir and the South Tacoma Pump
Station

. Add fluoridation systems at both locations

. Upgrade existing onsite hypochlorite system at the
Hood Street Reservoir






Design Issues

* Incomplete or aging record drawings
 Changing design or code requirements
 Equipment and piping conflicts
 Uncertain condition of buried assets






Incomplete or aging record drawings

* Earlier drawings have less details then modern sets
« Some drawings were lost during office moves

« Some drawings accidently destroyed over time
 Subsequent redesigns not fully documented

Relying more on institutional memory and on-site
informational gathering
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Changing Design or Code Requirements

* Modern code requirements have generally become
more stringent

— But...older construction used greater margins of safety

« Tacoma Water example is structural/seismic
— Many revisions were after 2001 Nisqually earthquake

— EXxisting buildings can be “grandfathered” as long as no
“substantial” changes are done

— Should “critical” utility equipment be in grandfathered
buildings?
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South Tacoma Pump Station Walls






Equipment and Piping Conflicts

« Many older, unused underground equipment is
abandoned rather than removed

— Cost effective process
— Can allow abandoned pipe to be reused in the future

* Problem can occur when abandoned material
potentially conflicts with new plans

— Additional design and construction costs incurred
— Potentially hazardous materials






Hood Street Reservoir Improvements
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Hood Street Reservoir

Multiple pipelines added over time throughout site

Presence of abandoned pipelines marked on
drawings

Presence of some abandoned valves not on

drawings

Old open-air reservoir concrete bottom and sides still
In place

— Differential loading issue for new structures






South Tacoma Pump Station

o Just as old as Hood Street

* Very few piping changes to facility

— Most of those changes properly recorded and easy to
visually verify

» Easy to understand and avoid pipe conflict and
equipment issues






Uncertain Condition of Buried Assets

e Qut of sight, out of mind

» Hood Street Reservoir proposes to connect two
older pipelines together for better flow monitoring

 Aging pipelines can be in a range of conditions

— Some can be very good structural condition

— Others may be weakened and cannot withstand new tie-
Ins without breaking

* Potholing Is important for collecting good condition
data.






Next Steps

o Starting on final design at Hood Street Reservoir for
a caustic soda/FSA chemical feed facility

— Pipeline condition assessment
— Underground utility survey
 South Tacoma Pump Station

— Treatment system pilot testing
— Assessing structural improvements






Conclusions

* Reusing old facilities can be a cost effective way of
reducing capital costs

 Can also have several design challenges
— New equipment doesn’t match existing equipment

— New equipment can conflict with abandoned equipment
— Adding new egiupment can trigger other issues.

» Design challenges with incorrect or missing as-
recorded drawings Is not limited to “old” facilities

— Good project documentation Is crucial






Reusing Old Facilities for New
Treatment Systems — Engineering
ISsues

Pierre Kwan, PE
425-450-6367
pierre.kwan@hdrinc.com

Kim Defolo, PE
(253) 396-3087
kdefolo@ci.tacoma.wa.us







% PNWS &\

Balancing Approach to

SEISMIC
MITIGATION

PNWS Spring Conference
May 14,2010

C car-la

Engineers...Working Wonders With Water™





Project Team

Joint Water Commission

| Iy

Ol R TR RN

L T & 4}
y | B @ '-‘_1

C car~lina

Engineers...Working Wonders With Water™

ENGINEERING

Technical Advisory Committee (TAC)

Peter Martins/City of Hillsboro

Mark Knudson, Jim Doane/TVWD

David Winship, Allan Johansson/City of Beaverton
Derek Robbins/City of Forest Grove

Brian Rager/City of Tigard

Project Management, Operational Scenarios
Todd Perimon,Charlie Dougherty, Lou Carella

Seismic Evaluation & Economic Analysis
Don Ballantyne

Structural Capability Assessment
Jim Snow

Geotechnical Assessment
Park Piao






Key Objective of the Project

. Assess reliability of the
JWC Water Treatment
Plant and Raw Water
Pump Station.

Develop
recommendations to
reduce vulnerability to
seismic events.





The Approach to Seismic
Mitigation Key ,f’f_ff\‘ ~ e

oeiew | FAVORTT SR

(e 77 ‘ P u
1. The “risk” message | = ST GaAzirrg poo o
IS sensitive | Reglona: Water System at RlSk ’

2. Risk Mitigation
1. Acceptable Level
2. Resource Allocation

-~ \Water Bill
2002

3. The plan may result in
big $ costs
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rQ;
$8 2000
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Balance Is Needed In Reducing
the Vulnerability of the System

Achieve a balance between
reduced risk and cost
both near and long term






Near Term Mitigation Reduces
Damage but Requires Resources

Present Cost

50 75
years





Repairs Following an Event
Defer Cost but have Capacity
Impacts.

|
Future Cost

years





A Combination of Mitigation
and Repair Offers a Balanced
Approach

Anticipate
Future Repairs

Some
Mitigation

$

~years





Level of Service Goals Provide
Targets for Mitigation

1. Performance standards for service
following an event
a. Capacity
b. Duration
c. Quality

2. Policy Statement applicable to any stated
event

3. Commission/Board level goal





Overview of Level of Service
Approach

Economically
Seismic Evaluation Acceptable?

Develop |dentify Implement
Preliminary Mitigation to Economic Mitigation

LOS Goals meet LOS IEWAIS
goals

Economically
Unacceptable?

Revise LOS

Goals/Defer
mitigation





LOS Goals established for
3 seismic events

1. Small -72 yr event (50% in 50 yr)
2. Medium- 475 yr event (10% in 50 yr)

3. Large- 2475 yr event (2% in 50 yr)





Each Partner Has Different LOS

Needs

a. Repair and restoration time
b. Partners storage volumes
Alternate supply sources
Fires following earthquakes

System control/emergency management of
demand

© o o

2. LOS Goals Dependant on JWC and
Partners systems





Partner Survey Sets Stage for
LOS Workshop

1. Survey impact of reduced service to JWC
Partners

2. LOS workshop

3. Preliminary LOS goals determined





JWC System
Preliminary LOS Goals

LOS Component

72 year event
(50%0 in 50 year)

475 year event
(10%0 in 50 year)

2475 year event
(2% in 50 year)

Quantity

42 MGD
(ADD)

28 MGD
(Winter ADD)

2 WADD within 3
days
WADD 7 — 14 days
ADD 60 — 90 days

Restoration Immediately following Within 24 hrs See above.
Time event.
Potable Potable Potable

Water Quality






Seismic Evaluation Process

Hazard
Analysis

Baseline
Evaluation

|_>

>

Structural
Capability

Assessment

R ——

Develop

Corrective |

Measures

Compare
Baseline
Evaluation with
Level of
Service
Goals

Conceptual Cost
Estimates

&

Develop
Improvement
Packages & Costs






Hazard Analysis

1. Evaluated seismic events
a. 72yrevent (50% in 50 yr) — M 5.7 crustal
b. 475 yr event (10% in 50 yr) — M 8.6 subduction
c. 2475 yr event (2% in 50 yr) — M 8.6 crustal

2. ldentified seismic hazards

a. Shaking
b. Liquefaction
c. Lateral Spreading

3. Liquefaction induced settlement
a. 12”7 to 15” possible for 475-yr & 2475-yr





Structural Capability Assessment
Determined Operability of Unit
Processes Following Event
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Impact of Damage State on LOS
Drives Mitigation
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Loss of Non-Redundant Facilities
Causes Plant Shutdown
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Work Arounds Considered as

Alternative to Mitigation
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Performance Objectives

1. Life Safety

a.

b
¢
d

Not intended to prevent damage to facilities
Minimize threat to building occupants
Prevent building collapse

Not intended to keep plant operational

2. Immediate Occupancy
a. Some damage to buildings

b.
o

Building can be occupied
Basins/processes remain functional





Improvement Package Summary

Event Mitigation Cost
Package

Package 1 475-yr $2.8 M
O MGD — Life Safety

Package 2a 72-yr $3.1 M
46 MGD within 24 hrs

Package 2b 72-yr $6.1 M
28 MGD Immediately
46 MGD within 24 hrs

Package 3 475-yr $23.8 M
28 MGD Immediately

46 MGD within 24 hrs

Package 4 2475-yr $23.9 M
28 MGD Immediately
46 MGD within 24 hrs






Probabilistic Risk Assessment

1. Determine benefit & cost of implementing each
Improvement package

2. Costs = Improvement package costs (PV)
3. Benefits = Future Avoided losses (PV)

4. Benefit/Cost = BC Ratio
a. BC Ratio > 1 = Good
b. BC Ratio < 1 = Not so good.

5. Total Combined Cost (Mitigation Cost + PV of
Future Losses)





Avolded Loss Calculation

1. Losses are Future Costs
a. Direct damage
b. Water revenue loss
c. Cost of replacement water (PWB, other?)
d. Work around equipment rental

2. Future costs are annualized
a. Annual probability applied to Future Costs
b. Annualized risk related loss

3. Present Value calculated
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Annualized Cost - Baseline

- Useful Service Life 50 yr
- 7% Annual percentage rate

$
$1.4 MIyr
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Present Value Annualized

Losses
- Present value of 50 yr annuity

- (% APR

- $21.8M

25 50 75
years
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ualized Costs — Pkg 2a & 2b
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Annualized Costs — Package 3 & 4

Annualized Losses
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PV Annualized Losses Summary
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Net Benefit - Avoided Losses
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Benefit — Cost Summary

PV Annualized Benefit Package
Package Losses (avoided losses) Cost Benefit/

$M $M SM Cost
Baseline $21.77 N/A N/A N/A
Package 1 $13.60 $8.17 $2.90 2.8
475 yr — LS
Package 2A $11.53 $10.24 $3.10 3.3
72-yr
Package 2B $11.40 $10.37 $6.10 Aslof
72-yr
Package 3 $0.74 $21.03 $23.8 0.9
475 yr
Package 4 $0.74 $21.03 $23.90 0.9
2475-yr






Total Combined Cost

1. Cost of Improvement package

2. Present value of annualized losses

3. Package 1 example
Mitigation Package Cost $2.90M
PV annualized Losses $13.6M
Total Combined Cost Pkg 1 $16.6M






Present Value Million $

Cumulative Cost Curves
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Present Value Million $

Cumulative Cost Curves
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Recommended Package 2b
Provides Benefits for Larger

Events

LOS
Component

72 year event
(50%0 in 50 year)

475 year event
(10%0 in 50 year)

2475 year event
(2% in 50 year)

Preliminary
Level of
Service
Goals

42 MGD (ADD)
Immediate

28 MGD (WADD)
Within 24 hrs

2 WADD within 3 days
WADD 7 — 14 days
ADD 60 — 90 days

Package 2b
Actual LOS

28 MGD Immediately

46 MGD within 24
hrs

O MGD for 14 days
5 MGD 2-6mo
40 MGD 6—12 mo

O MGD for 14 days
5 MGD 2-6mo
40 MGD 6—12 mo
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