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Prior to Project Initiation, We Asked:
Why Do You Want a Water Model?

How Will You Use It?

What Information Do you Already Have?
How Detailed Will Your Model Be?

What Software Platform Will You Use?
Who Will Maintain It?

Will You Use It? (If No...See Question 1)
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Project Mission:

In order to meet the demands of future
growth and provide effective service and
capital planning, the utility finds it
necessary to develop and maintain

accurate computerized models for the
utilities provided.
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Project Platform

Because of Huntsville Utilities” familiarity and experience with
the Bentley platform, Garver created and developed the model
using Bentley’s WaterGEMS software.

Latest version is CONNECT Edition

Worked with Utilities GIS team to import GIS shapefiles as model layers
to import pipes and pipe features

6 WaterGEMS

CONNECT Edition
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Project Approach

In developing the hydraulic model, Garver followed
the guidelines set forth in the American Water Works
Association (AWWA) COMPUTER MODELING OF
WATER DISTRIBUTION SYSTEMS — M32 Manual of

Water Supply Practices.
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Follow the M32 Pattern

Define the boundary conditions = B\

Construct the physical elements

Determine flow in and out of the boundaries

Co
Ba

lect operational data

ance t

Analyze t

ne flow and calibrate

ne data

Utilize the information for planning and operation

Update the information on a regular basis G
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Development of the Huntsville Model
e e Production ‘

Information
Information

JiXe (sl \[oYe [
Elevations

Add Pipe
x Attributes
A
Create »* \
Network of Complete_' Model
Pipes and Model
e Nodes Network Database
Add Facility /
\ Attributes

Add Pumps, W
Tanks, Valves

Staff
Interviews

4

e
G 60% to 70 % Effort 20% to 20% Effort  100% Benefit
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~—  Step 1: Physical Elements:

Billing i

Information
‘ Information

-\

\

Add Node

Elevatlons Add Pipe
Attributes

Create ol \
Network of Complete Model
Pipes and Model
—_— e des — Database
Add Facility /
Attributes

Add Pumps, W
Tanks, Valves

Staff
Interviews
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Specific Properties for E

ump Definitions

OLN DALLAS WELL
FLANT RW INTAKE

OVE 400 GPM
OWNING 300 GFM

DRAKE 700 GPM
ITE SANO 500 GPM
(ANDLER DRIVE

INTAIN 400 GPM
OUNTAIN 200 GFM

GARVER

Pump Definition

Head  Hficiency

Motor  Transient | Library  Netes

Pump Definition Type: Design Poirt (1 Poirt)

100.00
75.00
0.00

bl
<
3
T
m
=
a
@
3

ach Facility:

Properties - Tank - BIG COVE TANK (10426)

Storage Tank Parameters

BIG COVE TANK]

A

1D

Unigue identifier assigned to this element.

Operating Range
Operating Range

Elevation (Maximum) (f)
Uze High Alarm?
Use Low Alarm?

Controls

Physical

Elevation (ft)

Zone

WVolume (Inactive) (MG)
Installation Year
Section

Diameter (ft)

Has Separate Inlet?
Transient (Reporting)
Report Period (Transient)
Water Quality

Age (Initial) (hours)

Concentration (Initial) (mg/L)

|s Constituent Source?
Trace (Initial) (%
Specify Local Bulk Rate?
Tank Mixing Model

Bevation
1,150.00
1,150.00
1,178.80
1,182.00
Falze

False

<Collection=

1,150.81
<MNone>
0.00

0
Circular
52.00
0.51

Completely Mixed

13
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~ Physical Elements Su

1. Physical elements were imported into the database consisting of:
31,008 Pipes
9,964 Hydrants
81 Pumps

35 Tanks
4 Plants
2. Topographic Information was assigned to all physical elements

3. Connectivity veritied
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~—  Step 2: Production & Demand

Production
Information

Billing
Information

B\

\

Add Node
EIevatlons Add Pipe
Attributes
Create -~ \
Network of Complete Model
Pipes and Model
e Nodes Network Database
Add Facility /
Attributes

Add Pumps, ¥
Tanks, Valves

>
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Customer Data:
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] Number
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Formatting - Table -

Warning Text 2 | Normal

Styles

Bad
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Good
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Delete Format

Cells
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CONN_OBIECT

STREET_NUM STREET_NAME

STREET_SUF

STREET_DIR

WATER_METER | WATER_CLASS

SPRINKLER_METER | SPRINKLER_CLASS

MAPLINK

XCOORD

YCOORD

water
consumption
2015 (gallons)

water
consumption
2016 (gallons)

sprinkler
consumption
2015 (gallons)

sprinkler
consumption
2016 (gallons)

7101000006
7101000009
7101000013
7101000018
7101000022
7101000023
7101000026
7101000028
7101000030
7101000033
7101000034
7101000037
7101000039
7101000040
7101000044
7101000045
7101000043
7101000051
7101000053
7101000054
7101000057
7101000062
7101000068
7101000071
7101000073
7101000074
7101000082
7101000085
7101000087
7101000083
7101000092
7101000096
7101000097
7101000101
7101000106

R RENRE- R R RN
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93399 FOUNTAIN
261 OLD 431
315 FOUNTAIN
261 OLD 431
295 OLD 431
99399 SPRAGINS
2700 HAMPTON COVE
0 FOUNTAIN
2924 HONORS
99399 SPRAGINS
2715 TREYBURNE
111 CHURCH
2601 DEFORD MILL
216 WEST SIDE
2600 DEFORD MILL
300 MADISON
2600 DEFORD MILL
310 FOUNTAIN
2603 DEFORD MILL
305 CHURCH
2603 DEFORD MILL
2605 DEFORD MILL
2715 DEFORD MILL
320 FOUNTAIN
2721 DEFORD MILL
320 FOUNTAIN
102 GATES
2716 DEFORD MILL
408 MADISON
2722 DEFORD MILL
404 MADISON
2713 DEFORD MILL
401 MADISON
2714 DEFORD MILL
2718 DEFORD MILL

ROW
HWY
CIR
HWY
HWY
ST
WAY
CIR
ROW
ST
LN
ST
RD
sQ
RD
5T
RD
CIR
RD
ST
RD
RD
RD
CIR
RD
ROW
AVE
RD
ST
RD
5T
RD
ST
RD
RD

Sw
SE
sSw
SE
SE
sSw
SE
Sw
SE
Sw
SE
NW
SE
Sw
SE
Sw
SE
sSw
SE
SW
SE
SE
SE
sSw
SE
Sw
Sw
SE
SE
SE
Sw
SE
SE
SE
SE

20037466 CWM-40

20139031 CWM-40

20108658 CWM-40

20093451 RWM-22
16701217 CWM-40
19943678 RWM-22

20141002 RWM-22
REMOVE219 CWM-40
20142264 RWM-22
20119033 CWM-40

20043521 CWM-50

20063525 RWM-22
19965092 RWM-22
15971386 RWM-22
20083542 CWM-50
19962075 RWM-22

20040572 CWM-40
19962631 RWM-22
20089500 CWM-40
15962207 RWM-22
19979601 CWM-40
16602488 RWM-22
15996668 CWM-40
19995328 RWM-22
19961553 RWM-22

20059546
20087506
20059545
REMOVE2281
16900053
20059583
20009609
19937059

CWM-79
CWM-73
CWM-73
CWM-79
CWM-73
CWM-73
CWM-79
RWM-78

20087545
19948517
19998356

RWM-78
CWM-73
RWM-78

20008679 RWM-78

19998277 RWM-78
19978052
20009025
20093345 RWM-78
20008926 RWM-78
19966842 RWM-78

CWM-79
CWM-79

19966073 RWM-78
20009026 CWM-79
19978151 CWM-73
19988401 RWM-78
20057157 CWM-78
19966270 RWM-78
19979600 CWM-79

19947116 RWM-78
20028194 RWM-78

101926
143841
101827
1734773

1010424
153615
917134

731229
138711
1462029
654009
1805522
1544208
1452028
63978
1608468
133377
1608468
1462030
759960
1695363
731260
153616
151431
759977
63981
753956
B6166
759972
63987
759976
759958

462211.1254
430249.8355
462209.6344
462942.7159

467542.3291
430089.0732
466593.9272

464785.7036

380999.659
460295.5516
430100.9252
460353.9207
430242.6275
4603468547
429947.3129
460414.5308

429981.219
460414.5308

460502.668
461372.8507
430128.8113
461623.6282
430231.0385
4303913138
461164.7163
430633.2153
461375.4268
430416.3748
461307.5026
430532.1691
461121.7892
461228.0755

(95,000 Records; 28 months)

1515053.455
1533077.98
1515032.557
1514412.99

1516663.622
1539538.764
1518081.076

1516652.85
1527343.739
1517688.775
1539667.025
1517499.544
1539445.412
1517549.676
1533050.661
1517719.295

1538852.05
1517719.295
1517680.909

1516464.58
1538949.205
1516299.253
1538879.614
1539295.604
1516419.424
1539166.779
1516217.948
1539159.982
1516546.861
1539345.639
1516528.868
1516343.648

2200

o
40200
141300

4122300

dsheet Provided by HU Team

2200

81000
65400
43500
1825200
55400

400800
2250900
0

1800
1161600
8663200
341200
140100

137100
4400
205800

40700

1301600
3314500




Intermediate Step - ArcMAP

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
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Residential Demand Patterns

Diurnal Residential Demand Pattern

Diurnal Residential Demand Pattern

Monthly Residential Demand Pattern

Monthly Residential Demand Pattern

Multiplier

6
Month
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Monthly Production Reproduce in the-Model

Patterns

Pattem  Library Motes

Hydraulic Start Time:
- diumal

Starting Multiplier:
Pattern Format: tinuous

Hourly Daily Factors Monthly Factors

0.708000
1]

Maonthly Hydraulic

.250000
-200000
150000

= 1.100000
1.050000
1.000000
0.850000
0.900000

January
February
eptember

20
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Sprinkler Demand Patterns

Diurnal Sprinkler Demand Pattern

Diurnal Sprinkler Demand Pattern

Multiplier

Monthly Sprinkler Demand Pattern

|
tn

Monthly Sprinkler Demand Pattern
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o

.
v
E
=
S
=

o
i

o
o
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Sprinkler Demand Patterns

Patterns

Ij X % m |§1 Q' Pattem  Library Notes

EHEh Hydraulic Start Time: 12:00:00 AM 2
diumal

Starting Multiplier: 1.509376

{5 Constituert Pattern Format: Continuous

{ﬁ Pump
{1 Reservoir Hourly Daily Factors Monthly Factors

{1 Valve Settings Multiplier

{21 Valve Relative Closure January 0.033000

= Operational {Transient, Valve) February 0.063000
= Operat?onal {Trans?erﬂ. PumP} March 0.092000

= Operational (Transient. Turbine) :

{h Power Usage Aixi 0.247000

=) Pressure Setting May 1.059000
June 2.101000

July 2,5859000
August 2.400000
September 2.165000
October 1.918000
MNovember 1.276000
December 0,459000

Maonthly Hydraulic Pattern
sprinkler

2.600000
2.400000
2.200000
2.000000
.800000
.600000
-400000
200000
.000000
.800000
.600000
-400000
.200000
.000000

Monthly Multipliers

February
September
November
December

0 The last point in the pattem must be the same value as the 'Starting Multiplier'to ensure an infinitely repeating pattem
. (] — )

GARVER



_ Monthly Production Pattern

>

Monthly Production Patterns

2000000

1800000

1600000

1400000

1200000

1000000

800000

600000

PPRODUCTION GALLONS *1000

400000

200000

(o)

MONTH

2015 2016 @===m)(0]7 e=====Pattern
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Allocate non-Revenue \Water:

Pumped vs. Unaccounted

1,800,000

1,600,000

1,400,000

1,200,000

1,000,000 Pumped (x1,000)

— ) MOS avg %

0,
800,000 %, |Unaccounted

600,000

400,000

200,000
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Allocate non-Revenue \Water:

Patterns

Ij X I% [T @ Q' Pattem  Library Motes

=5 Hydraulic Start Time: 12:00:00 AM s
diumal

non-evenue Pattern Format: Stepwize
= Constituert
=) Pump Hourly Daily Factors Monthly Factors
{1 Reservoir Multiplier
5 Valve Seﬂin_gs January 1.140000
=) Valve Belatlve Clo.sure February 1180000
A=) Operat!onal {Trans!ent.\u’al\re} March 1350000
-{= Operational (Transient, Pump) i 1.270000
-{=) Operational (Transient, Turbine) Gl !
=) Power Usage May 1.090000
= Pressure Setting June 0,770000
July 0,720000
August 0.720000
September 0.860000
October 1.000000
Movember 1.090000
December 1.140000

Monthly Hydraulic Pattern
non-revenue

1.350000
1.300000
1.250000
1.200000
1.150000
1.100000
1.050000
1.000000
0.950000
0.900000
0.850000
0.800000
0.750000
0.700000

Monthly Multipliers

February
September
November
December

]
=)
@
@
x
@
=]

@ The Time from Start'for row 1 must be greater than zero.
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~— SetUp OperatMW

Production
Information

Billing

‘ Information

~

Add Node
EIevatlons Add Pipe

Attributes

Create -~ \
Network of Complete Model
Pipes and Model
e Nodes Network Database
Add Facility /
Attributes

Add Pumps, ¥
Tanks, Valves

Staff
Interviews

GARVER



Understand and Enter Operating Parameters

GARTH BOOSTER STATION
YESTERDAY'S
HOUR'S GRAPH
18.4
GARTH BOOSTER x GARTH TANK _ r
DOOR ALARM HOUR'S i 1
CLOSED 32028.5 1
HI
WHILIERSBURG # 1 PUMP CONTROL FT WATER
s = 35.0
- ; . 32.4
| 30.4
30 1 |
e _ JLow
5 ? s |'30.0
20 | — ' 0
15 | HIGH PRESSURE
10 i . 101 STATION:
i —_— RTU RTU
2 # 1 PUMP ON LEVE pcomm 100
0 T T OLERF
C 500 GPM S CONTROL F’,Oi} 3869
HOUR'S # 2 PUMP MANUAL BATT. [\3NAElR.
» Besn-/ SCADA CONTROL POWERPO
SECTION PRESSURE
12 =

trols  Conditions  Actions
Contral Set: Condition Element: <Pll=
Type: Action Element: GARTH 1
Priority:

ITAIN TANK Hydraulic Grade «< 1.019.75 N GARTH
TAIMN TANK Hydrauli 024, RTH

Pump St:
Pump St

rol Description

[] Evaluate as "Simple” Control [ Pricrity: cdefault>

[[JHas Blse?
IF: |GARTH MOUNTAIN TAMK Hy ~ - ||k THEM: | GARTH 1 Pump Status = <Mone=
Element GARTH 1

GARTH MOUMTAIN TAMK w1 Pump Status

Hydraulic Grade
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Sample Calculation for Pump Cycles

% Graph: Garth

EVE-2- BRI

1,000.00
875.00
750.00
625.00 J
500.00

375.00

Flow (Total) (gpm)

250.00
125.00

0.00
110.00

\Discharge psi

70.uu
60.00
50.00
ERIi)
30.00
20.00
10.00

o Suction psi
Pump OFF

34.00

Pressure (psi)

33.00

32.00

31.00

Level (Calculated) (ft)

30.00

28.00

0.00 12.00
Time (hours)

—— GARTH 1 - Base - Flow (Total) GARTH 1 - Base - Pressure (Suction) —— GARTH 1-Base - Pressure (Discharge) GARTH MOUNTAIN TANK - Base - Level (Calculated) ||
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- Development of thm

Production

Billing Information

‘ Information

~

Add Node
EIevatlons Add Pipe

Attributes
Create ad \
Network of Complete
.—a e KoM Database
Add Facility /

Attributes

Add Pumps, ¥
Tanks, Valves

>

Staff
Interviews
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Calibration-Comparison

Similar Peaks Typical Calibration Comparison

160

120

Similar Valleys

80 e Measured

e Calculated
60

Same No. of Cycles

40

20

Min (psi) Max (psi) | Ave (psi)
Measured Data: 120 146 135
alculated Data: 123 148 135
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Calibration-Actual Data vs Predicted

2017.08.02 - 4.2014- LOGGER 7
80

75
70
65

8,00 ae0e, - poe o® 20,
gt 8 o L I s0p
o Ros = p
=

PRESSURE (PSI)

515) " % m&x?s
50

45

DATE AND TIME
2017.08.02 - 4.2014 -+ Model Prediction
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Analysis: Steady StatevsESP.—
.

Production

Billing Information

‘ Information

~

Add Node
EIevatlons Add Pipe

Attributes

Create -~ \
Network of Complete Model
Pipes and Model
e Nodes Network Database
Add Facility /
Attributes

Add Pumps, ¥
Tanks, Valves

>
€
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Staff
Interviews




Development of the Huntsville Model
T

Production

Billing Information

‘ Information

~

Add Node
EIevatlons Add Pipe

Attributes
Create -~ \
Network of Complete
» Pipes and Model
Nodes Network
Add Facility /
Attributes

Add Pumps, ¥
Tanks, Valves

>
€
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Staff
Interviews




s

** System Operation

»* Water Quality Optimization

€
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Capital Planning

* Tool to Analyze the “What If* Scenarios
» What if demand increases?
» What if the service area changes?

> \What if a wholesale customer needs
additional water?

» What if there are regulatory changes?
e Assist with Capital Project Planning and

Prioritization

GARVER
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Design

Resource for supporting calculations

Alternatives Development allows for the creation of
Various Scenarios

e  Generate results for multiple scenarios at once, “Batch
Runs”

Model output is both graphical and tabular, which
helps with documenting results and coordination

 “FlexTables” are a customizable quick tool for
comparing data sets and creating reports

Most importantly, helps ensure the best alternative is
selected and yields successful projects



Key Desigh Successes:

» Bailey Cove Piping Improvements (Properly Sized
Transmission Main)

» Cecil Ashburn Upgrades (Pump Station Design and
Properly Sized Transmission Main)

» Green Mountain Upgrades (Tank Sizing Analysis, Pump
Station Design)

€
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System Operation

Energy Conservation: Pump station optimization
and efficiency

Pressure Zone Boundary Changes

* Model can add pressure contours and color coding to
pipe features for useful visuals

Tank Sizing and Operation
Optimize Flushing for Water Quality
Fire Flow Capacity

Emergency Scenarios: Line Breaks, Booster Station
Outages, and Temporary Needs



=

=

Notable Successes for System Operation:

» ldentify areas of low and high pressure

» Provided recommendations for fire flow improvement
within certain areas

» Recommendations for pump station operation within
Cummings Research Park West and Mid-City Development

» Recommendations for Improvements to North
Huntsville Industrial Park Area

€
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References and Credits:
Huntsville Utilities:
Glen Partlow, PE (Huntsville Utilities)
Tim Storey, PE (Huntsville Utilities)
Charlie Marlin (Huntsville Utilities)
Dave Carden (Huntsville Utilities)
The Amazing Julie Brown (Huntsville Utilities), et. al.
Kevin Mullins, PE (Ganver)
Brian Shannon, PE (Garver)

Computer Modeling

Evan Tromble, PhD (Garver) of Water Distribution

Systems

AWWA Manual M32
Bentley
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Questions?

€
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