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Killing Two Birds with One Stone

Two deod birds, one stone...
It just doesnt add up...




Project Team
- 000000__]

 Owner — Portland Water Bureau

 Prime Consultant — Murray, Smith & Associates, Inc.

« CFD Modeling -- MWH

« Structural Engineer — Peterson Structural Engineers, Inc.
* Prime Contractor — Emery & Sons/Marion Construction

« Tank Prestressor — DN Tanks
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Studies, 1987, 1992,
2007

Additional storage
Reduce pumping
frequency

Improve system
pressures
Redundancy

Flexibility
2.6 MG needed




History - Siting

Number of sites
identified
NN Alternatives analysis
v"HE.ams'w Condemnation

| process
Purchased in 2003




roject Description
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/ EXIST PROPERTY
’ LINE, (TYP}

APPROX LOCATION
OF EXIST 12" DIA
DRAINFIELD LINES,
TO BE REMOVED
“FROM PWE
PROPERTY &
-~ PLUGGED AT~
PROPERTY-LINE

1.3 MG prestressed
concrete, fully-buried

1.3MG RES
OF, EL=1l
% FLREL=1004.

F’OROUS F‘AVING UNIT TURNAROUND \
AREA SEE DET 2, SHT G-3 N

7 PT STA 5+36:08 -
| VEGETATED RET - N i re S e rVO I r
WALL. (TYP}. SEE . E7823742:64.
EL 1048.0'

/DET 1, SHT C-8

12

Pump station building
for future 3,300 GPM
pumps

Site piping

Access road
Drainage facilities

In scenic overlay area
in Northwest Skyline
Road

- CENTER OF RES.
N 689046.37
" E 7623737.71

CENTER OF !

- FUTURE RES

N 68857580 - __

] E 762379446 1 _
¥

ES O.F. DETENTION
* STORAGE FACILITY, *
EE SHT C-12 FOR

AVED RES ACCESS RD
SEE DET 1, SHT C-3
RN

- NGBBI3D. 4D, E7é?3679 60
NORTH.CORNER OF - .
PUMP.& VALVE HOUSE -

o NEiSﬁQDl 52. E7523735 99
o - EAST CORMER ©OF.
. PUMP & VALVE Hoﬁ?ﬁ

EXIST GABION
RETAINING WALL

‘REMOVED FOLLOWING
PROJECT CONST

“5TA 100.00
NE8BB44.16
E7623760.96
EL=093.98'

EXIST 12" CMP
CULVERT

GRUSHED ROCK SHOULDER,
SEE DET 4. SHT G-3

2" CMP CULVERT
) v RESERVOIR ACCESS ROAD
SWING BAR GATE ENTRANGE,
- EXIST SITE AGGESS GATE. CONTRAGTOR TO SEE DET 6, SHT G-18
REMOVE & REPLACE FOLLOWING GONST
EXIST 12" CSP CULVERT
EXIST CONC WY

EXIST COMMUNICATIONS
VAULT,

APPROX LOCATION OF




TOTAL
USABLE
STORAGE
VOLUME

OPERATIONAL/
EQUALIZATION STORAGE

—_— e e e e e e e e e e e e e e e e e e e e e e —

EMERGENCY STORAGE

Considerations
In developing
new storage

Fire flow

Maintain or improve
water quality
Improve system
pressures

Address seismic risk
Reduce pumping to
the zone




« Match Mt. Calvary
Tank 1044 overflow
elevation

* Round for mixing,
water quality, and cost

* Round for seismic
performance

» Fully buried to minimize
visual impacts

« Screening
improvements due to
scenic overlay




Existing System Operations
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3@ 1.58 MGD
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1@ 0.86 MGD
2 @ 0.43 MGD
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TO ARLINGTON
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TANK - w
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1 PORTLAND HEIGHTS |
L PUMP STATION
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o1,
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ARLINGTON HEIGHTS TANKS

sy

FROM WASHINGTON
PARK COMPLEX

e e e A e i)

i -

VERDE VISTA
PUMP STATION

FROM WHITWODD
4" PUMP STATION

Current — ADD = 800 gpm, PDD = 1,300 gpm

2030 — ADD = 1500 gpm, PDD = 2400 gpm




Hydraulic & :
Operational Analysis

Flow rates & demands
Operating modes
= Water age
wES Tl Cl residual
Storage need
Supply to tank

CALVARY !

_PUMP STATION




Proposed Upgrades
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Hydraulic analysis — Future upgrades
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Hydraulic System Analysis

Model Scenarios
Current Demands
P 4 | N
Minimum Average Peak Day
Day Day
3-in Altitude 6-in Altitude 3-in Altitude 6-In Alttude 3-in Altitude 6-in Altitude
Valve Valve Valve Valve Valve Valve
Case 1-3 Case 1-6 Case 2-3 Case 2-6 Case 3-3 Case 3-6

* More specific modeling scenarios
* Modeling to support CFD modeling

« Water quality considered throughout




Modeling Criteria & Scenarios

12-Inch Transmission Line Hydraulics Flow and Stage Summary

Minimum Day Average Day Peak Day
Demand Demand Demand

3-in B-in 3-in B-in 3-in B-in

ACV ACV ACV ACV ACV ACV
CFD Case ID 1-3 1-6 2-3 2-6 3-3 3-6
Sample Period (hrs) 72 72 72 72 72 72
Operational Scenario 1D 1-3 1-6 2-3 2-6 3-3 3-6
Minimum Inflow Rate (gpm) 0 0 0 0 0 0
Maximum Inflow Rate (gpm) 787 2,983 795 2,993 786 3,013
Average Fill Time (hrs) 3.0 0.8 3.9 1.0 7.4 1.8
Average Drain Time (hrs) 17.8 19.8 17:2 19.7 14.5 19.1
# Fill'Drain (FD) Cycles (per day) 09 09 09 09 09 09
Minimum Tank Level (it) 1,036.4 | 1,0361 1,035.0 | 1,0346 | 1,031.6 | 1,0298
Maximum Tank Level (ft) 1,041.0 | 1,041.0 | 1,041.0 | 1,041.0 | 1,041.0 | 1,041.0
Tank Drawdown (%/FD cycle) 12.2 13.0 158 16.9 248 295




Flow (GPM)

1,000 - 1020
3,000 7 , * ” ' e 1020
2,000 ' 1010
|
1.000 » 1000
0 p——— e ——— —— 940
|
-1.000 ! ‘ | ! > 980
| . ) = 1 ”
 Modeled 6-inch Diameter ACV
S LN
0:00:00 12:00:00 24:00:00 36:00:00 48:00:00 60:00:00 72:00:00

Time (hours)

s Inflow {Link EQO00021)} s Quitflow (Link EQ000020) = fteservolr Elevation (EPANLT)

Tank Elevation (ft)

Modeling Scenarios —
o6-inch valve simulation

Faster fill

Lower transmission
main pressures
Forest Park High
Tank never fills

More pumps run to
fill




Modeling Scenarios —
3-inch valve simulation

Slower fill
T Better pressures in
| transmission main

6,000

5000 & . 1030

ACV opens at 2:00

1,000 -

each day
| | | o _ Pump stations run of
- |3 other tanks not
E . based on Forest
S | 1 | | | A Park Low Tank
- Modeled 3-inch Diameter ACV
i AR T T R

Time (hours)

w— Inflow (Unk £Q000021} s Quitflow (Link £Q000020) — fteservolr Elevation (CPANLCT)




Goals for CFD
modeling

Flow & velocity
distribution
Turnover

Eliminate stratification
Determine average
water age

Evaluate operations
|dentify inlet layout
Minimize short
circuiting

Minimize decay of
chloramines and
chlorine




Basis for CFD
modeling

Current and 2030
demands

Assumed isothermal
conditions — buried

16-inch N N ! A

tank
Diareter / s | ey Tank configuration
tlet e . .
utet 17 J considerations
]—— 17'-0" ‘ 210" - 2’0" —————f——— 17'=0" — . .
/ (TRANSVERSE DIMENSIONS SIMILAR) Com pletely m IXI ng
= . T PERMANENT RETAINING WALL CO nte ntS
#Inlsh nll‘arade éL 1,047.00 —\ Kubaitng \
L . Mo, Grade T\
roposed N 4.\—«7 =
— inisher Grade 1 1]
X —=T X
— Overflow _|\
B ™ EL = 1,044.00
" flametdr T T
Tp(ﬁs:fn—m TOF OF SLAB @) ,//"
E f k CENTEROF TANK .~
Eigefo 400 / i
N emporary Construction __\

Approximately 3-5ft of Crushed Cut Slope

Rock Structural Fill




Use the " momentum”

{K’), (JJSL) “Jn'

S -uff' mes ﬁvﬂio
|




Basis for CFD
modeling

Passive mixing system
Multiple inlet ports
Momentum over

20 ft.4/s?

6,000

4,000

— g7

3,000

Flow (GPM)
N
(=1
2

1,000

970

™ [ | e
1 i; ' i Time Frame #1 FL} I :| B
=L 4 i: ;' | Time Frame #2 | | ]
3 gl T l‘ : :
! I Time Frame #2 L I :I
27000 | R | — i ‘ ]
0:00:00 12:00:00 24:00:00 36:00:00 48:00:00 60:00:00 72:00:00

——Inflow (Link EQ000021)

Time (hours)

e Quitflowy (Link EQ000020)

—Reservoir Elevation (EPANET)

Tank Elevation (ft)




Sir Mix-A-Lot




Mixing System
Configuration

Initial layouts developed
Initial sensitivity analysis
conducted

Two likely options

selected
- Option 1 (Orientation 1):
Single vertical inlet near the

wall
Orientation Orientation Orientation Orientation _ Option 2 (Orientation 4):
1 2 3 4 3 inlets oriented 120 degrees

apart




6.0 8.0

PROFILE
T, I
il
| |
E-E ‘ ‘
l
F-F =
c-C
SECTIONA-A

SECTION B-B

SECTIONC-C

SECTION D-D

SECTION E-E

SECTION F-F

CFD results —
thoroughly mixed

6-inch nozzle

No dead zones

No short circuiting
No additional mixing
devices needed
Conducted sensitivity
analysis




CFD results — not
completely mixed

 16-inch nozzle

e = ) ] - Lower degree of mixing

B-B

B o

Stagnation/Non-mixed Area

« Some dead spots

SECTIONA-A




Flow (GPM)

6,000 1050
| | | |
| | | |

5,000 g , i V 1040
| | I i
! ! ! !

1,000 - 1 1 i T T i T {— 1030
I | I |

3000 - : + ' I l + 1020
| | | |
I | | |

2000 - I , I L || 1010
| | | |
AN | | |

1000 | 4 | = ! | 1000

n —.I.____J L 490

N~ AR s st o o

. ; [_Time frame s1_}— .

e |+ ! N—| Tine frame 02 ' ' I | »
| | - | |

-2.000 ' J ! ‘ | 970

0:00:00 12:00:00 24:00:00 16:00:00 A5:00:00 60:00:00 12:00:00
Time {hours)

inflow {Link EODO0021) e Oustflowy (Link ECOON020) ——Reservolr Elevation (EPANET)

Tank Elevation (ft)

Tank turnover
analysis — 3-inch ACV
Simulation

12-16% for minimum
demand and ADD
19-24% for PDD
Guidelines 20-25%
Short circuiting can still
be an issue (last in - first
out)




Age (days)

Water age
analysis

Indicator of water

Case 1.3
Case 16 | ‘ ' qua“ty
s Ve AW VW Appropriate water age
—aess | MWW | based on a number of
W W YW WYY variables

3-9 days ADD

3-5 days PDD
Guidelines

3-5 days

Uniform water age if
completely mixed

Recommended
Industry Standard

0 240 480 720 260 1200 1340
Time (hours)




Recommendations — chlorine monitoring & boosting
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Mixing system configuration




Site piping & valving configuration

l®

RESERVOIR <
B3 PARALILELTO | 8
T ) INLETPIPING | %

(3} 1" DIA COP WATER QUALITY

/ MONITORING LINES, FROM RESERVOIR,

- SEE SHT C-6 FOR DETAILS

p— ) |

LT TTTTT 18 T
1CoP s tt 15"COP =] RTU
2) [I1]]1 FUTURE M.C.C. (BY OTHERS) (1
(4)
\ 3
5] Il b i FUTURE PUMP STATION
1k L 1] DISCHARGE FIFING
2 B s R S i D e e —-H T T
[3) VALVE VAULT / R i
ACCESS & | ADDER
(5} EDGEOF FUTURE PUMP DISCHARGE PIPE CHASE " (e
7 SoCaeTa foon A, |
[2) OTHERS) I [T it
faa) T 1A —
1481
| FUTURE PUMP GAN 1!
! LOCATION , TYP

o i R ™ £L222 | S || (Y OTHERS)
M
Ol e [ 1 e T e I e T

T
WORKBENCH

O
]

| |12

CHLORINATION ROOM

EEOE &

H — .= |—— FUTURE PUMP SUCTION PIPE CHASE %

g % roorw
N @)
; (2)/ T H 8 H\ (6}-1"COP .\{_‘ /i m,_! ;
&1

\— FW/NFW MANIFOLD,
SEE DET 5, SHT M-2

Floor Plan
Scale: /8" =1'0"

e
= ELif =
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Project challenges




Geotechnical conditions




Booster pump station




* Fully buried
reservoir
minimizes
visual impacts

« Design
minimizes
stormwater
run-off

e Stormwater
treatment

« Partially buried
pump station

* Drivable
access to the
top of the tank




Consider water
guality when
adding storage
Siting,
operations,
sizing, and
tank
configuration
Analysis
needed
Proper design
and operations
impact water
quality







