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OARS Tunnel Addition

OARS Tunnel

« 23,000 feet long
« 20 ft diameter

« ~180 ft deep

* Four drop shafts
« 63MG storage

OARS Dewatering Pump

Station Rhodes

« Tunnel must be pumped 2 Voo
empty to be ready for next Storm Tanks
wet weather event

* 9 pumps

* 4 level sensors
« Complex control circuits

BIS

SWWTP
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OARS Dewatering Pumps
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Dewatering Pumps

« Two pumping zones to deal with depth of tunnel
 Zone 2 — 2 pumps, 4160V, 450HP, 20MGD each

« Zone 1 -4 pumps, 4160V, 800HP, 15MGD each

» Grit Pumps — 2 pumps, 480V, 105HP, 1IMGD each
* Mixing Pump — 1 pump, 480V
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Many Items in Control Circuit

Adjustable Area Operator
Frequency o _ | Touch Panel
Drive ‘ 4
. Local . | Programmable
Control |- Logic
) Panel Controller ) Plant Wide
Pump A .| HMI System
Monitor :
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Many Different Providers

Pump
vendor AFD

provider

CDM Smith

Adjustable Area Operator

Frequency |- Touch Panel
Drive A
. Local | Programmable
Control |- Logic
Panel ' Controlle S

Plant Wide
HMI System

System
Integrator

Pump vendor
panel provider

Electrical sub responsible for all wires between them
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Complex Control Strategy

Level

700 --
690

« Each pump has an operating depth
range

« Tunnel can be completely filled and
flow by gravity to JPWWTP which
requires throttling of gates to control
the flow

» Speed of pumps must be varied with
depth to maintain operation on
favorable pump curve

617--

« Many pump protective interlocks
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690 invert

» 4 Hydrostatic level sensors
« 1 each grit sump
« 2 for dewatering pumps
« Automatic failover
« Multiple local displays

0DS LEVEL 1

Level I\/Ieasurement Complexities

0DS LEVEL 2

 Must be correct to compare to other plant influent levels

* 0.25% accuracy is about %2 foot error

Local Control Panel

[506.19]to [r21.19] FT
|506.23|to [721.23| FT
[501.21|to [721.21] FT
|501.18[to [721.18] FT 690.84

Display in AFD Room

Plant Wide HMI System
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Equipment Values

Zone 1 Pump, AFD, Rails & Brackets = ~$600,000 Each (4 total)
Zone 2 Pump, AFD, Rails & Brackets  ~S$500,000 Each (2 total)
Grit Pump, AFD, Rails & Brackets ~$170,000 Each (2 total)
Mixing Pump, Starter, Nozzles ~S$500,000

Testing must reduce risks due to equipment values.

“Press & Pray” is not a good method to manage risks
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Something this complex
doesn’t get “turned on” one day

40 people here and no
one will stand next to the
person who hits the start
button the first time.
Why?

Answer:
It worked the first time, they
didn’t have time to walk over

The first pump start with sewage
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Testing and Validation

Live System
Operation

Wet testing with
controlled fill events

Pump bump testing

Simulated tunnel filling/emptying

Testing of interlocks

Simulated motor start/stop with PLC

Simulated motor start/stop with hardwired controls

Equipment Monitoring Signals
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Process Monitoring Signals

Tested by using
smart instrument
interface to force
simulation.

Filling the tunnel
just to test level
sensors isn’t
feasible
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Pump Operation Simulation

Cannot operate pumps without sewage
* Medium voltage AFD has a motor simulation mode

« Allows for full testing of local and PLC circuits without
starting the pump

» Testing without even having the pump attached was
possible with a jumper to bypass the pump protection
devices

« Many wiring issues fixed between the multiple vendor
panels and electrical contractor. Several failed lights &
indicators replaced.

* 480VAC pumps were simulated tested by removing

o\ motor leads from AFD

Medium Voltge
Adjustable Frequency Drive
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Tracking and Coordinating Circuit Issues

((:-) 7 11810 Pump 1 Motor Circuit sketch with wire numbe - OneNote Heyob, Edward = —

File Home Insert Draw History Review View

@t OARS Loop Validation Issues v [IGaeaiizsues) Loop Specific Issues | (Giasediaues )\ motorcreut | + Search [Ctrl+E) P~
11810 Fump 1 Motor Circuit sketch with wire numbers 2 (*) Add Page
Index of Loop Numbers -
06202 PEB HVAC

11810 OARS Pump 1
11810 - MAS Config
11810 - LCP Start Pushbu
11810 - Speed Feedback t
11810 - PLC start command

11810 Pump 1 Mator Cir
11810 - Pump failure light
11810 - LCP speed feedba
11810 - E-Stopis N.O.
11810 - Restart delay is v
11810 - PLC Fail to stop alar
11810 - AFD Config

11820 OARS Pump2

11830 OARS Pump 3

11840 OARS Pump 4

11850 OARS Pump 5

€ < ¢ ¢ <

11860 OARS Pump 6
11871 PEB Transformer 1
11872 PEB Transformer 2
11875 PEB Temperature
11885 ODS Level Sensor 1
11886 ODS Level Sensor 2
11887 ODS Sump Level Sens
11888 ODS Sump Level Sens
11895 ODS Mixing Pump
11910 OARS Grit Pump 1
11910 - MAS Config
11910 - Speed Feedback to
11910 - Speed indication on
11910 - LCP speed contral
11910 - PLC Speed Control
11810 - MAS shutdown inte
11910 - AFD configuration
11910 - MAS alarm A
11920 OARS Grit Pump 2
11920 - MAS config
11920 - Speed Feedback to
11920 - Speed indication on

Every circuit issues was tracking individually. Microsoft Surface with OneNote was used as it could
capture pictures, drawings and hold markups. Allowed for detailed notes in field with quick conversion
to PDF to coordinate with Contractor, Construction Manager and Design Professional.
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Simulated Tunnel Filling/Emptying

JODS_PUMP_CONTROL_SUMMARY.grf

Login | Show Tagsl

117372015

OARS AUTO CONTROL SUMMARY 10: 04 54 AnSER COM
4 ‘ PRINT [H ALARMS mmm MENU[H OUERVIEW SYSTEM OVEW'E‘?"l O ” HELP BACK [H 4”‘ b-ﬂ

PUMP 6 | ‘ AUTO CONTROL” pum:r 3

Simulated testing
occurred many
months before pumps
were installed in shaft

COLUMBUS

710.0 -
WDP====] ~  feessssssssss| fessessssssed fessssssssssd fessssssssssofhessees
690.0- - S - - - I - - - [ -l e . .
0.0 S [ | g AFD Simulation
SOSS I Mode allowed for
2l R initial testing of
6200 S automatic |OgiC
e = E— - £ against the actual
800 I o o AN o control circulits.
FE@ocse{  boscooocomese] 0 fooososcoesed 0 focscocomosed] 0 boocoscocomosdpescsed 00 |eccscososces
si0.0 [ N This uncovered
= - some additional
200.0- | IN RANGE | | -------- I -- INRANGE | | -------- | -- IN RANGE | | ---- | INRANGE | I ---------- - |-OUT OF MNGE - | ------- | - O UT OF MNGEI CI rcu It Issues On
HIGH INTLK |600.0 FT| HIGH INTLK |600.0 FT| HIGH INTLK |600.0 FT| HIGH INTLK |600.0 FT HIGH INTLK |700.0 FT| HIGH INTLK |700.0 FT pu m p Shutd Own
HIGH SP| 593.0 FT HIGH SP| 595.0 FT HIGH SP| 597.0 FT HIGH SP| 599.0 FT HIGH SP| 680.0 FT HIGH SP| 685.0 FT .
Low sP[533.0 FT] LOW SP[535.0 FT] LOW SP[537.0 FT]  LOW SP[539.0 FT Low sP| 605.0 FT|  Low SP| 610.0 FT Wlth restart delay
LOW INTLK |515.0 FT| LOW INTLK |515.0 FT| LOW INTLK |515.0 FT| LOW INTLK |515.0 FT LOW INTLK |600.0 FT| LOW INTLK |600.0 FT . .
A [RUNNING A [RUNNING A [RUNNING A [RUNNING A [STOPPED A [STOPPED timer effeCtlng the
I 81 % I 81 % I 81 % I 82 % I 0 % I 0 % uremote” Status
‘ AUTO PERMISSIVES” ‘ AUTO PERMISSI\IES[H AUTO PERMISSIVES” ‘ AUTO PERMISSI\.-"ES” ‘ AUTO PERMISSIVES” ‘ AUTO PERMISSIVES” .
signal to the PLC.
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Pump Bump Testing

First time medium voltage applied to pumps in field

Video of each pump spinning
the correct direction. Pumps
tested on surface before
being lowered in. Allowed for
easier inspection and
troubleshooting.

Special submersible cables
with plug terminations. One
of them was not terminated
correctly. Found during bump
testing and fixed.
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Wet Test with Controlled Tunnel Filling

« Test each pump by doing a
volume draw down test over its
operating range

e Tunnel holds ~60MG

« Utilize surface sewer to fill
tunnel for pump testing

 Fill tunnel during dry weather
ideally

* Repeat multiple times to test
each pump

First tunnel filling test
Flow enters the dewatering pumps station
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Wet Test with Controlled Tunnel Filling

Level

704 — Invert of northern shaft used to fill tunnel

* Invert of filling sewer is higher than overflow
at end of tunnel

* Must manage the filling process with crews
called in to stop the filling process

« Surface sewer flow is variable adding
uncertainty to the procedure

* Pumps not tested yet so they can’t be used

617 -~ during first fill to slow the rate of filling

* Flow must be stopped or sent by gravity to
Jackson Pike WWTP. Capacity must be
available to receive it.
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Wet Test with Controlled Tunnel Filling

60

OARS Tunnel Filling Progress

» Filling projections done to aid
1/21/2017 5:00PM Update

the team in responding

690

Fill rate adjusted to
48 MGD based on
recent readings

50 670

—fll— Estimated Fill Volume (MG)

* Flow calculated based on the
volume change in the tunnel

= == Projected Volume (MG)

= 0DS5 Level 650

s
[=]

= = = Projected ODS Level

Shaft full 630
projected at
10PM on
Saturday

« Far majority of tunnel volume
IS in the tunnel, not in the
shafts. Notice rapid rise at end
as shafts are filling

610

Tunnel Total Volume (MG)
W
[=]
0ODS Level (feet)

590

(%]
[=]

570

e Shafts can fill in 1 to 2 hours

10

Tunnel filled and shafts
start filling projected at
8PM Saturday

550

* One fill test was filling shafts at
1ft/min

1 2 1 1 1 2 1 1 1
/20/20179‘35 /20/2017142 /20/291?191 /21/20170100 /Evrfzoj“‘qa /21/20179_36 /21/291?142 /2’1/201719I /22/20170‘00
- » 4 .. 2 ! - . . 4 . _2 -
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Wet Test with Controlled Tunnel Filling

DARS_TUNMEL_FILL_CALL.grf

OARS TUNNEL AND SHAFT FILLING CALL QUT ACTIONS 1
Common graphics at
CURRENT QDS LEVEL CURRENT FDS LEVEL J PWWTP SWWTP and
CALL ACTION CALL STATUS oDS IS ABOVE (5206 FTl [ LEVEL OK ) ]
SMOC Dispatch Action: Call crew in to operate OARS Shaft B gates in 2 to 3 hours to redirect flow S M OC to ({0]0) rd N ate
as shafts are now filling
JPWAYTE Actian: S:t‘!ag‘a\rr]’}sT:l?;\gfeerrif?fnlgvi?\’;?%%]g. the tunnel is full. Review status of FDS and WGEC aCtI O nS

QDS IS ABOVE [ 640.6 FTl | LEVEL OK
CALLS NOT COMPLETE SMOC Dispatch Artinne Verify rrew is headed trward Shaft B Ahoot 1 hoor ontil first fate movement neaded
ID0SDZ_10DS.grf

RESET CALL JPWWTP Action:
et S | Login | Show Tags S WET TESTING b usen cou
ODS IS ABOVE | & gi PROCESS [ [ [
ML HELP BACK ||| --l

i PRINT | ALARMS | MAIN MENUl OWVERVIEW SYSTEM
CALLS NOT COMPLETE SMOC Dispatch 2

LEVEL (FT)
715.00=

e o
COMPLETION CALLS COMPLETED JPYWAWWTR Action:

d o T
BES .00 = \
DS S ABOVE
CALLS NOT COMPLETE]  SMOC Dispatch 4 | .
ACH CALLS VAT Action
COMPLETE CALLS HOT COMPLETE a55.00
PUMF 1 |STOPPED 0%
CALLS HOT COMPLETE SWANYTP Action: # PUMPF 2 |STOPPED 0 %

51530[}8 4 Pl 4DS1I4PM 4DB1I4PM 4DE1I4PM 4DS1I4PM 4DSﬂI4PM 4DS1I4PM 4DE1I4PM a5 TOFPED 0%

ODS ‘S ABOVE 4102017 412207 41530207 454207 52T 452017 42017 415207 PUMP 4 [STOPPED 0%

WIE FUMP 5 [STOPPED 0 %

CALLS COMPLETED SMOC Dispatch # | Hist-l AB.FDS LT11390C_L| USGSF_Cv FDS LEVEL TRANSMITTER & USGS LEVEL Ba0.58

Hist.J_2B.JODS_SEQ11584_ACTIVE_LI_USGS F SELECTED ACTIVE ODS LEVEL LISGS (F_C B&5.29 FUMP & |STOPPED 0%

Hist.J_AB.JFDS_WLY119350_ZI_USGS.F_CY SMRWEIR GATE POS (F_CW) £90.84 GRIT1 [STOPPED 0%

JPWAWTE Acti Hist.5_AB SREP_LIT11700_LI_USGS.F_CY ICS USGS LEYEL (F_CV, B54.91 el
ACH CALLS CALLS NOT COMPLETE GHOM, | HStSA8 SRERHIT 7R HRCE T e BRIT2 [_comm | I
————— 1HR H:wR Hl 8 HR "| 1 DAY “ SH"‘E’(E%D“ - || m [ e e |||t PUMP [STOPPED
| CALLS NOT COMPLETE | N —
CALLS NOT COMPLETE]  SWWIR Action: / S QT UPSTREAM OSIS _DSRA3
| SMR [69338 FT] [693.35 FT]
SCIOTO
OARS TUNMNEL FILL MAIN
CALL ACTIONS Q(
FDS
689.05 FT
w15 7] -
INTERCOMNECTOR
TO SYAWTE.
655.24 FT|[ 655.22 FT
e Ic3 / TOTAL FLOW < WET WELL WERFLOW [ D.0MG
[ s26mMGD| [687.2USGS]|
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Pump Wet Testing Progressive Testing

Zone 1 Pump Testing 2/2/2017

*  Pump flow rate
estimated by drop in oo
tunnel level and
calculated tunnel
volume

« Subsequent testing runs
built on data from
previous runs for each
pumps baseline

Flow Rate {(MGD)
= i

performance i

T ——— T

- Due to testing of circuits SRUAST—G—.
before, equipment ran o0 e St o e 450
without control system Pt e
issues. N P
Voo0ryg s P01y, TR0y, 01 207 /201 /3201 /320, /320, /31201 7320174
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Wet Testing Issues

Pump 6 Troubleshooting Run 2/3/2017 .
1 Minute Data from MAS Pump 6 had a

0 manufacturing issue

. - ibration spike . .
e et that resulted in high
—8— Support Bearing tem ture shut .

—@— Stator Temperature . dow:‘.!?ﬁggered 3 bearl n g te m pe ratu re

—@— Current warni alan'n.
- shut down after

250

Vibration

* several hours of
_ 2 operation
5 25
5 £ |« Manufacturer pulled
€™ " 8 pump and repaired it
8 “ |+ Internal pump

monitoring only way
to know what is
going on under 100+
feet of sewage

10

50

V]
11:20:00 11:50:00 12:20:00 12:50:00 13:20:00 13:50:00 14:20:00 14:50:00 15:20:00
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Wet Testing Success

100.00

90.00

80.00

70.00

60.00

50.00

Percent Speed

40.00

30.00

20.00

10.00

0.00

Zone 1 Pumps Speed Control for ODS Elevations

575.00

- 570.00

- 565.00

- 560.00

- 555.00

—+—Pump 1 % Speed 30 min average

- 550.00

Pump 5 % Speed 30 min average

Pump 2 % Speed 30 min average

- 545.00

—#—Pump 6 % Speed 30 min average

i —=— Elevation (88)

- 540.00

- 535.00

| \
\\-..

4/6/201 79'35

4/6'/201?142 4/6/2017191 4/7/20170.00 4/7/20174'48

530.00

ODS Elevation (88)

4/7/2017142
:24

All four Zone 1 pumps operation run including Pump 6.

Notice change of speed with depth
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Preparing for Live Operation

JODS_OYERYIEW_PLANT.grf

Dy

i PRINT ALARMS MAIN MENU| | OVERVIEW SYSTEM
MODE
OIT/HMI |

WITH FDS SET POINT AT | 690.50 USGS| SMR HAS CAPCAITY TO

SMR FLOW CAPACITY ESTIMATE
CONVEY 111 MGD | WHEN FULLY OPENED. WITH CURRENT FDS LEVEL

AT | 687.14 USGS| SMR HAS CAPACITY TO CONVEY 0 MGD | REMAINING
IF FULLY OPENED. CURRENT FLOW RATE THROUGH SMR IS 0 MGD

0313

SCI0TO
MAIN
FDS
667.24 FT

691.55 FT

e
el

- L=
/ INFLUENT
SCREENING
INTERCOMKWECTOR
TO SWANTR

G | 654.91 FT

=2 | Login | ShowTagsI OARS OVERVIEW et s’ cow |

Ammm

v

SUMP 1
528.3 FT

SUMP 2
GRIT 1 528.5 FT| gRiT2
1 ACTIVE M|){i
oDs g

528.56 FT i
2

&
lS Ei

WEIR FLOWY 0.0 MG|

Wet testing helped
establish interactions
between tunnel pump
station and surface
sewers at JPWWTP

Many graphic and
automatic programming
adjustments being made

SOP being prepared with
lessons learned from
testing

Final construction items
being completed
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ARCHITECTURE * ENGINEERING * PLANNING
SURVEYING «» CONSTRUCTION SERVICES

,H.R.Gray

E BLACK & VEATCH

Thank You to everyone who

helped with all of the testing
and issue resolutions
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Will it be this nice out
when its put on-line?
Questions?

Ed Heyob | | Kim Brown
CDM Smith Automation Engineer JPWWTP Supervisor Il

heyobes@cdmsmith.com kmbrown@ Columbus.gov



