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« Mitigate active CSOs
 OARS is existing - 4.4 miles of 20’ tunnel

« LOT is an extension and it is under design -
3 miles of 12’ tunnel

WET WEATHER FLOW

Source: https://www.columbus.qgov/utilities/projects/ OARS-Deep-Sewer-

Tunnel/
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https://www.columbus.gov/utilities/projects/OARS-Deep-Sewer-Tunnel/

OARS Configuration

* Relieves OSIS interceptor using
three weir gates and approaching

channels

* Three drop shafts

* Shafts 4 and 5 has 9 ft adit to OARS at

Invert

*  Flow drops directly into OARS at Shatft €
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OARS Shaft 6 Conflguratlon

« Shaftis 60 ft in diameter I
- Drop Shaftis 16 ft > i <
. : : jz W urge
* Air vent chamber is 20 ft éﬁgrnonaeﬁh'”g 1 i 1E: B Chamber
- Remaining area is e e £
emergency surge storage

« Surge water Is released
back to OARS through a
2’ x 2" flow release
orifice

« LOT is connected by a
12 ft tunnel at invert




LOT Configuration

* Relieves OSIS interceptor using
three six weirs and relief pipes

« Three drop shafts

« Tuttle Park
« Gowdy St
* Vine St (Baffles)
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LOT Vine St. Shaft Configuration ]
- Flap gate L { varess 27
22 B
- Sluice gate to be used to store = e
flow in LOT and flush the 3
tunnel after storms @6 x10

Gates

- Baffles are to dissipate the

energy associated with the  —
large drop —
| Baffle Slab :
: i OARS
g | ;| Connecting
; 3| Tunnel

562.66’

O
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Critical Events

. SWMM Model

. All_inflows
+ Used SWMM to simulate 20 years of 1600 S e
historical storms 149971 Inflow to OARS y
1200 — i
- . . . T 1000 g
 ldentified storms with high risk surge £ g0 ;
condition - tunnel is full and high inflow 8 600 |
continues 400 |
200 ;
__Rank | Event | Q filled (mgd . |
1 8/30/2003 1365.382 700 | e
2 8/28/2009 1281.328 680 Head in OARS |
3 6/11/2004 851.522 660 g
4 1/11/2005 686.591 S 040
5 5/31/1997 585.656 $ 0207
6 11312000 559.088 2. | OARS CrownElev. -
7 12/21/1998 515.211 o0 _—
8 1/3/2004 422629 20 ot o e, A
9 12/5/2011 333.683 Aug 2003 T Date/Time

10 1/15/1995 310.615 T,
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OARS Surge Chamber at Shaft 6

Head (ft)

OF-rate {mgd)

3-woWSST-DS6

—_— e — —  3-WoWSST-DS6_
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ackup Condition from OARS into LOT

HGL
Flow = 0.126 mgd Flow =0.129 mgd Flow =0.13mgd Flow = 0,135 mad Flow =0.138 mgd Flow = 0,143 mad Flow=0.183mgd
! : 740
720
700
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560
549
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CWSEL=665.8385Rt CWSEL=66063331t CWSEL=660.6283 1t CWSEL=563.4345 ft CWSEL=561.0343 Rt CWSEL=560.9932ft CWSEL=560.9766 ft CWSEL=550.93711t
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31-downstream 32-upstream OARS inflow
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LOT Surge Condition — Vine Shatft
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Surge Condition at Tuttle and Gowdy Shafts

27-LOT_Shaft1 ——— tuttle inflow
70— Tuttle Shaft acosn-ivaseigingn
£ 700
®
2 690
680 — s —
S | | | | | |
9AM 12PM 3PM 6PM 9PM 11 Tue 3AM
Jan 10 Mon 2005 Date/Time
28-Gowdy_Shaft gowdy inflow
710
o 700 Gowdy Shaft
o 690
o
T 680
670— -
6AM 9AM 12PM 3PM 6PM 9PM 11 Tue  3AM
Jan 10 Mon 2005 Date/Time

© Arcadis — Hazem Gheith, PhD, PE

S ARCADIS

Design & Consultancy
for natural and
built assets

LOT .

() HAST Rzach D

Ay +
A =
g TUttle
oz @
g | Shaft
O
s +
= @)u v e ripes| FAERSE
Lo iy L T
T, % T @‘ TR
s |5
T T Do Ak
romar| (@) Peaes p
| (0F al 725
,,,,, @ [rm——
et (8
NEID
TR a
AN LT e
LOT @ ® - ¥
v el ()
e 1 OSIS
AT
A
TN
ez (G
S | @ et Ireilansi;
1 Pl (0F at 728,
wair | @ N :|=:E:;:':.“.
KAt
woweyre ()
e
DEZTHEY @ TR Hrg Ava
fr=nty - (OF ai 72070
e -k W Storage Aea = 60T
a s |3
At
S T
: Fanres_ 6 a Thid Ave
s [COF il 755, 75H)
h f ¥ Inlow:
S a tg"m - J@ Py
| -
._&4_@_.__%'_.._ R
[, LT Awns
ey ST
. - @
Bt . Flat &
e = 4 Tarrar = oF 715,
o N N B
_—— R s LT @ —
—_——— el )
T ria e Ao . @
PHATRIAT e Ty TELMTION Rz o :ﬂ"l’
[ il -
— - B jne @) | nase S
. L T I m
et w LTl DR
s Tremue e =i *
HAST Mode |0 * V' %
OARS ne t osls



A ARCADIS | g
Impact of Flap Gate on Vine Shaft Surge

With Flap Gate Without Flap Gate
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Impact of Flap Gate on Gowdy and Tuttle Shafts
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Flap gate reduces backups and the impact of OARS surge
conditions on LOT
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Air Phase in Conveyance Tunnels

« Tunnel fills rapidly during intense storms

 Air can be trapped due to

— Water waves in the tunnel
— Back-to-back storms

 Air pockets phases

— Compression and expansion cycles
— Spreading and dragging with the flow
— Potential for uncontrolled release at the vertical shafts

« Used HAST to evaluate the air pockets formation in OARS
and LOT
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OARS Air Pockets Formation "/ =*° = .
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OARS Air Pockets Results

- HAST simulation indicates air pocket is pressured against pipe crown
* Volume of the air pocket decreases as its pressure increases

- Air pocket spreads while moving along the tunnel
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 Air pocket unlikely to escape at shaft 5 due to the small adit connection at invert

It will then move upstream and release at shaft 6 through the vent chamber



LOT AIr Pockets

Mild air pockets formation at the
upstream reach

Air pockets at Vine St shaft
CFD Modeling
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Air pockets at Vine St shaft
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CFD simulation in a simple shaft geometry, varying ventilation conditions

4.5 AT =0 A =0.02 A =0.05 A =1
Av¥=0 e A € [@ e
4 i [
Av¥*=0.02 +
3.5  emmmAv*=0.05
3 e 3 3 3 3
2.5
E
<
1.5 g | 3 3 3
1 A A
0.5 -
Askg/27llb = =3 = =
0 | v e - ¥ X ¥ ~
-0.5
18 28 38 48
b (m)
0 8.6 1529 22 42 30.58

||||“IIIIIIIIH
M time= 0.0 time= 0.0 time= 0.0 time=



ELEWATION

Vine Shaft geometry —bafftles, ventilation
shaft, and expansion of plan area near grade
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General characteristics of the CFD study

* Used OpenFOAM
* CompressiblelnterFOAM solver

Lower conduit
cross section

 Turbulence model: Realisable k-g

* Number of Cells: 5.09 million Vtent“atri]on tol
1 atmosphere
* Number of cells in transversal mesh

direction of conduit: 29




Preliminary CFD simulation: medium-sized air
pocket release with no ventilation, lower WL
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Preliminary CFD simulation: medium-sized air
pocket release with no ventilation, lower WL
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Selected ventilation geometry — two 8'x8&’
ventilation ports




Animation of air pocket discharge — final ventilation
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Pressure (m)

Air phase pressure underneath concrete slab
and at ventilation ports
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Vine Shaft Baffles Air Pressure

Pressures underneath baffles

are investigated. Baffle
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the slab at elevation 619'. = h"-
§ 10,00
5.00
0.00
Q = 10 1% 20 25 20 15 40}
Time (s)

Up Lhniny

32



Des
for
bu

= ARCADIS

Conclusion

« HAST simulation proves the geometric advantages of OARS design
to control surge condition

* Flap gate at Vine shaft reduces the risk of backups and propagation
of OARS surge into LOT

* Entrapped air pockets appear in OARS and LOT upstream ends.

« Air release pressure at the ceiling of the Vine shaft is expected to be
mild and could be controlled by the cover slap
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