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1. Background
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Background

* Client:
— Water and Sewer Department of the City of Tuscaloosa, Alabama

* Project:

— Collection System Hydraulic Model Update for Long-term Capital
Planning

* System:
— > 550 miles of gravity sewer
—>13,000 manholes

* Pump stations: 19
* Flow meters: 47

1 JACOBS



System Layout
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Google Earth - 4/27/2011
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Tuscaloosa—Birmingham Tornado aftermath

* The City suffered major impacts resulting from the
tornado on April 27, 2011.

— $2.4 billion of property damage, the costliest
single tornado in United States history at that
time.

* Some areas suddenly became almost uninhabited
for a period of time.

* The flows monitored during this time did not
accurately reflect the pre-tornado land use because
there were few people living in some areas.

* There was uncertainty in how redevelopment might
increase the population density in some impacted
areas.

* TWSD needed a hydraulic model to help manage
flows for future development in these areas.

Google earth
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Flow Monitors
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2. Hydrology
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Hydraulic Model

* The modeling platform is DHI Mike Urban Mouse
engine.

* Hydrology: Time-area runoff

* The original model represented the wet weather
runoffs very well.

* It was time consuming to adjust the Time-Area
curve parameters
—No tool is available to do efficient calibration.
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Time Area Method
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RTK Unit Hydrograph

* T1, T2, and T3: time to the peak of
respective unit hydrographs

* K1, K2, and K3: recession coefficients
of the respective unit hydrographs

e T1+K1*T1: last time unit of the first unit
hydrograph

* T2+K2*T2: last time unit of the second
unit hydrograph

* T3+K3*T3: last time unit of the third unit |
hydrograph and the total unit e A o
hydrograph

FIRST UNIT
ayprocrarHor  1OTAL RDII HYDROGRAPH
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RAINFALL, P
! SEQOND UNIT
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: R, T, ANDK, THIRD UNIT

v W
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* R1, R2, and R3: R-values of respective
unit hydrographs; R = R1+R2+R3

Source: Computer Tools for Sanitary Sewer System Capacity
Analysis and Planning, EPA/600/R-07/111, October 2007 JACOBS
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3. Workflow
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Workflow

* Calibrate the dry weather flows and patterns.
Calibrate the wet weather flow with the RTK method using the SRTC tool.
Simulate the RTK unit hydrographs with a one-inch rainfall.

Develop the Time-Area curve using the simulated flow.

— Time of concentration is the maximum of (T+T*K) from the three triangular RTK unit
hydrographs.

— The dimensionless concentration time = (Simulation time from the first timestep with flows)
/ (Time of concentration)

— The Accumulated dimensionless area = (Accumulated volume at a time step)/(Total volume
generated by the RTK unit hydrograph with a one-inch rainfall)

Simulate the Time-Area curve and verify the results
Final refinements.
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RTK Unit Hydrograph

Unit Hydrograph Editor @ D
Unit hydrograph groups: MName:
Hydrograph1 PR13 RDIl Hydrograph PR132
[ Shot-Term [_] Medium-Term [ Long-Term [ Sum
PR13 Rain gage used: Tinch - 0024
Hydrographs for: All Months (%) v 0-022_;
Maonths with UH data have a (*) next to them. 0.020+
: 0018 |
Unit Hydrographs | Initial Abstraction Depth s
Response R T K Z Wk
Short-Term 0.03175 175 1 % 0.012
. =1
Medium-Term 0.0975 425 3 0.010
Long-Term 0.36098 10 225 0.008
0.006
0004
R =fraction of rainfall that becomes |8l
0.002
T =time to hydrograph peak (hours)
0
K = falling limb duration / rising limb duration [|] 5|0 1t|]0 1é0 260
Time (hrs)
Add Del Clear QK Cancel
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RTK to Time-Area Curve Conversion

Time Area Curve

e SWMM_ RTK 1inch Results = MU Time Area Curve Input
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Flow Comparison
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4. Results
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Calibration Criteria

* For WWE, the following standards were used for
calibration guidelines
—Match the general hydrograph shape.

—Predicted time of peaks and troughs is within 1 hour of
the observed flow.

—Predicted peak flow is within -15% to +25% of the
observed flow.

—Predicted volume is within +20% to -10% of the
observed flow.
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Spreadsheet Converting RTKs
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RTK Short Term Medium Term Long Term T+T*K Time of Concentration| (T+T*K)/{Time of Concentration) (T)/({Time of Concentration)
RGID|R T K T K R T K Setl |Set2 |Set3 |hour Minute |Setl Set2 Setd Setl Set2 Set3

TUOL |A 0.01 1 1 0.01 3 3 0.045 25 8.731 2 12| 243.3 14596.5 0.8 4.9 100 0.4 1.2 10.3
TUOZ A 0.0013 1.17] 3.5512 0.0169 5.13 5.67 0.0185 9.95 6.75| 5.3] 34.2( 77.1 4626.8 6.9 a4.4 100 1.5 6.7 12.9
TUDZ A 0.0045 1 1 0.0293 2.3438 7.5933 0.012 21.8035 10| 2.0/ 20.1]|239.8 14350.3 0.8 8.4 100 0.4 1.0 9.1
TUMA A 0.0058 0.6452 1.77 0.0067 4 17045 0.0121 11.5385 9.6835| 1.8| 10.8|123.3 7396.3 1.4 8.8 100 0.5 3.2 9.4
TUOS A 0.0088 0.9804 1.24 0.007 3.75 3 0.01%4 20 7.7 2.2) 15.0(174.0 10440.0 1.3 8.6 100 0.6 2.2 11.5
TUOGE A 0.0206 0.928 1.74 0.0415 2.4535 3.63 0.1313 11.403 6.1376| 2.5| 11.4| 814 4383.4 3.1 14.0 100 1.1 3.0 14.0
TUO? A 0.0065 0.6944 0.53882 0.0186 2.0701 2 0.0263 4.74 5 11 6.2 284 1706.4 3.9 21.8 100 2.4 7.3 16.7
TUOBE A 0.0026 1 1 0.0075 3 564 0.0374 9.494 9.6195| 2.0/ 19.9(100.8 6049.3 2.0 19.8 100 1.0 3.0 9.4
TUOSS A 0.004 0.6667 1 0.0045 1.9355 2.4194 0.0098 10.998 7.62753| 1.3 6.6 94.9 5693.1 1.4 7.0 100 0.7 2.0 11.6
TUDS A 0.0078 0.4705 0.4953 0.0045 0.7304 1.7857 0.0016 5 5| 0.7] 2.0] 30.0 1800.0 2.3 6.8 100 1.6 2.4 16.7
TULD A 0.011 0.6408 1 0.008 0.4199 3 0.0046 6.8435 5 L3 1.7] 411 2463.7 3.1 4.1 100 1.6 1.0 16.7
TU11 A 0.003 1 1 0.003 3 3 0.006 9.6 9.753| 2.0] 12.0|103.2 6192.0 1.9 11.6 100 1.0 2.9 9.3
TULZ A 0.0059 0.7182 1.2895 0.0037 1.4274 3.7996 0.0104 10.4106 9.3548| 1.6/ 6.9(107.8 6468.0 1.5 6.4 100 0.7 1.3 9.7
TU4 A 0.0005 0.9474 0.8669 0.0006 1.4888 1.5408 0.0002 5.05 5 18] 44| 30.3 1818.0 5.8 14.4 100 3.1 4.9 16.7
TU1S A 0.00037 1 1 0.00037 3 3 0.00037 5 5| 2.0] 12.0| 30.0 1500.0 6.7 40.0 100 3.3 10.0 16.7
TUlE A 0.0001 1 1 0.0001 3 3 0.0001 5 5| 2.0] 12.0) 30.0 1800.0 6.7 40.0 100 3.3 10.0 16.7
TULVE A 0.0015 1 1 0.0026 2.3585 5.46 0.014 10 7| 2.0 15.2| 80.0 4800.0 2.5 19.0 100 1.3 2.9 12.5
TUI7W A 0.0052 0.7429 1.39 0.0084 2.1638 1.974 0.0167 6.2879 3| 18 6.4| 37.7 2263.6 4.7 17.1 100 2.0 3.7 16.7
TULIE A 0.0027 1.4181 1.2342 0.0028 3.2444 3 0.0028 8.55 5| 3.2] 13.0) 51.3 3078.0 6.2 25.3 100 2.8 6.3 16.7
TU1S A 0.00015 0.2728 0.5825 0.0001 3 3 0.00005 5 5| 0.4 12.0] 30.0 1800.0 1.4 40.0 100 0.9 10.0 16.7
TU20 A 0.004 1 1 0.004 3 3 0.004 6.95 6.75| 2.0) 12.0] 533.9 3231.8 3.7 22.3 100 1.9 3.6 12.9
TU2L A 0.0326 1 1 0.0417 3 3 0.1988 14.1855 12.549| 2.0 12.0{192.2 11532.0 1.0 6.2 100 0.5 1.6 74
TU22 A 0.01 1.12 1 0.01 2.6549 3 0.0079 5 5| 2.2] 10.6| 30.0 1800.0 7.5 35.4 100 3.7 8.8 16.7
TU23 A 0.0133 2.4242 1.62 0.0339 6.614 10.8864 0.0195 29.865 3.4014| 6.4| 73.6[131.4 75886.9 4.8 59.8 100 1.8 5.0 22.7
TU24 A 0.005 2.6247 1.33  0.0064 9.0396 5.34 0.009 18.6245 7.75| 6.1] 57.3[163.0 9777.9 3.8 35.2 100 1.6 5.5 11.4
TU2S A 0.0024 0.7519 1 0.0044 1.9481 3 0.0048 5 5| L5 7.8| 30.0 1800.0 5.0 26.0 100 2.5 6.5 16.7
TU26 A 0.0017 1 1 0.0026 3 3 0.0424 15 17.29| 2.0| 12.0|274.4 16461.0 0.7 4.4 100 0.4 1.1 5.5
TU2?7 A 0.0045 1 1 0.0041 1.8519 2.3438 0.013 8.7 6.8 2.0, 6.2 67.9 4071.6 2.9 9.1 100 1.5 2.7 12.8
TU28 A 0.0053 0.5376 0.9174 0.0068 3.66 3.87 0.0087 9 7.2 1.0| 17.8| 73.8 4428.0 1.4 24.2 100 0.7 5.0 12.2
TU2SN A 0.0008 0.367 1.5872 0.0007 1.3414 2.0145 0.0004 3.0303 3.0673( 0.9 40| 12.3 739.5 7.7 32.8 100 3.0 10.9 24.6

JACOBS




Converted Time-area Curves

Time Area Curve Input Time Area Curve Input Time Area Curve Input Time Area Curve Input
TUO TUO2 TUO3 TLIO4
WTirne [ ] Adrea ] WTirne [ ] Abrea ] WTirne [ ] Abrea ] WTirne [*2] abrea ]

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.25 0.63 0.25 0.00 0.25 0.51 0.25 0.33

053 E.E1 053 0.01 053 535 0.53 164

105 17.29 105 0.20 105 16.52 105 13.76

158 20.31 158 0.42 158 2417 158 22.00
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5.53 3269 5.53 814 5.53 E5.43 5.53 44.90
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Simulated vs Metered Max Flow (gpm) at TU31 Simulated vs Metered Total Flow (gal.) at TU31 Simulated vs Metered Max Depth (in) at TU31

15 events, Dec 30, 2011 - May 16, 2012 15 events, Dec 30, 2011 - May 16, 2012 15 events, Dec 30, 2011 - May 16, 2012
® Other @ Calibration @ Other @ Calibration ® Other @ Calibration
11+ ]
| . 20
5000 10M- . ®
4500 o* _ow . 184 .
§4000- 2 g am o £t s
— - - { .
3 3500 . . 2 . g1 o
Ewgo. . ] ESM - [ S 312' .'
@ - % . - [} -
= 2500 . e 5M- =10 .
= - A 3 e . 2
! L ] . w -— {
EQOGO < = 4M- % 8
_§15n0- °* . E‘ M- _E%B-
“ 1000- @ 4
500 M- 21
0 1000 2000 3000 4000 5000 0 2M 4M 6M BM 10M 0 5 10 15 20
Metered Max Flow (gpm) Metered Total Flow (gal.) Metered Max Depth (in)
— TUZ1 (0hS) = T3]  e— TU31 (0bS) m— TIU31
20
— 15
£
£ 10 . s WA W d Ll . VW AR ; WAAR W THYY TYY T
Q
(s}
2
0
5000
__ 4000
E
53000
2 2000
L
1000 - i h
Jan 2012 Feb Mar Apr May

Date/Time

Figure B33 - Metered and Simulated WWF Results Comparison for TU31



Simulated vs Metered Max Flow (gpm) at TU11 Simulated vs Metered Total Flow (gal.) at TU11 Simulated vs Metered Max Depth (in) at TU11

15 events, Dec 30, 2011 - May 16, 2012 15 events, Dec 30, 2011 - May 16, 2012 15 events, Dec 30, 2011 - May 16, 2012
@ Other & Calibration @ Other & Calibration @ Other & Calibration
[ ) 1 1 20 .
7000/ 25M-— . . P
. 18- .u L]
L ] .
el I . L] —
ga . = 20M . =16 g s
= . ™ L] =2 . =
3 5000 » z . £
2 . IT yga i &1z
L%%OU'D * e e EISM .,. x
= 2 L e = 10
= 3000 = | . |
g £ 10m p, % g
— T =
£ 2000 2 g 6
e “ 5 4
1000 5]
0 1000 2000 3000 4000 5000 6000  7OOO 1] 5M 10M 15M 20M 25M 0 5 10 15 20
Metered Max Flow (gpm) Metered Total Flow (gal.) Metered Max Depth (in)
— TLI11 (obs) TUT e TUT1 (OhS)  e— T
=)
s
[=1%
[
(s
0
7000
6000
E 5000
o
24000
Z 3000
- 2000
1000
0
Jan 2012 Feb Mar Apr
Date/Time

Figure B12 - Metered and Simulated WWF Results Comparison for TU11



5. System and Alternative Analysis
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System Analysis
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Alternative Analysis
Upsizing
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6. Conclusions and Recommendations
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Conclusions and Recommendations

* The RTK method can be converted to and modeled by
the Time-Area method.

* Modeling platform is not only a part of the
deliverables, it is also a tool.

* No modeling platform is perfect, but has something
unique.

e Utilize the best tools, if available.

* Results from different modeling platforms with
equivalent engines are similar but not necessarily
identical.
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Thank you!

Acknowledgement:
— Russ Barton, Director of Logistics & Asset Management, City of Tuscaloosa, AL.
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