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Halifax, Where's That?
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Shearwater Airport

otal Precipitation: 1.369mm

Shearwater IDF (24 Hour Duration )
055 2001

Water & Wastowater Service Districts
and Supporting Infrastructure

Halifax Service
Boundary is
Approximately 250
Square Kilometers




[»] What is Halifax Water?

+ Halifax Water is an autonomous, self-financed and§  ully metered
water utility providing water, fire protection, was ~lewater and
stormwater services.

« Halifax Water operates in
accordance with the Provincial  |g
Public Utilities Act and is
regulated by the Provincial
Utility and Review Board.

« Operates like a business
governed by Board of
Directors; solely owned by the
Halifax Regional Municipality.

Corporate History

[»] Water Main Installation — Early 1900's

Mention that we are the 15t and
only Regulated Water, Wastewater
and Stormwater Utility in Canada
Number of Costumers — Approx
80,000 supply services.
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« 2 Large Water Supply Systems
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Pockwock Lake (~91,800 cubic metres/day)
Lake Major (43,700 cubic metres/day)

6 Small Water Supply Systems ]

combined provide ~3,500 cubic metres/day

18 Storage Reservoirs (total storage ~259,000 cubic
metres)

More than 1,500 kilometres of Mains and
Appurtenances

22 Distribution Pumping Stations Y
134 Pressure Control/Flow Meter Chambers
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Wastewater

3 Harbour Wastewater Treatment Fatliities
Dartmouth WWTF (~83,800 cubic metres/day)
Halifax WWTF (~139,900 cubic metres/day)
Herring Cove WWTF (~28,500 cubic metres/day)
12 additional Wastewater Sewersheds
‘Combined treat ~53,700 cubic metres/day »
> 1,500 Kilometres of Sanitary Sewers &
Appurtenances
> 300 Kilometres of Combined Sewers &
Appurtenances

173 Pumping Stations
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Stormwater i

+ ~28 Stormwater Retention StructuresFFacilities

> 700 Kilometres of Storm Sewer Pip"e
~1600 Kilometres of Ditched Systems.
1000s of Cross and Driveway Culverts

~700,000 cubic metres of storage)
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Data collected with the SCADA sy*em is
relayed to the PI Data Histori?n
Provides real time and historic data !
« System Flows J
+ System Pressure
« Chlorine Residual
+ Open/Closed or On/Off Signals
+ Rainfall Depths
Used for
« Identifying leaks
« Observing trends
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Radar acquisition and
processing
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COMPLETED WSR-88D INSTALLATIONS

__WITHIN THE CONTIGUOUS U.S.
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« Environment Canada Operates 31 RADAR Stations
+ Located Near Populated Regions for Early Detettion of
Precipitation
+ Range of Approximately 250 Kilometers {
+ Closest Station to Halifax Approx. 50 kms from Downtown

* Various Products Available »

« Data Offered in “RAW” IRIS Format or Various “Filterd” ASCII
Products

+ Halifax Water Using Filtered ASCII Product Which Removes
Ground Clutter and other “non-meteorological” echoes

+ Doppler/Velocity Products also Available

+ Data Offered to Clients on “Cost Recovery” Model
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+ 128 km radius scan

* Uses Dopplerprocessing to edit out fase echos fom  ground
objects like buildings and towers

« Looks at patterns of echos and attempts to remove th e echo
patterns that do not appear meterological f

+ Combination of Doppler processing (first 110 km fro  m radar)
and conventional processing (beyond 110 km fram rad  ar) and
sometimes there can be a discontinuity

« Doppler processing does not do a good job, in gener al, at
detecting precipitation as conventional radar proce  ssing.
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Doppler processing can detect
these false echoes because they
are not moving in relation to the
radar as raindrops and snowflakes
would.



Name of RADAR and
identification code

Time in (UTC)
Coordinated Universal Time

Scale

Graduated Intensity scale
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‘Technical parameters used
by technicians to diagnose
e operation of the radar.
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Common Interpretation Errors —
Common radar interpretation
mistakes
http://www.ec.gc.ca/meteo-
- weather/default.asp?lang=En&n=2
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Overshooting Beam
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Electromagnetic
nterference
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« Data Storage A
+ ASCII RADAR extents are 480 km x 480 km at &resolutlon of1
square kilometer (up to 230,400 data points pet 10 minutes)
* Size Limitations on Microsoft Access Required us to move to
Microsoft SQL

« Data Retrieval

+ Environment Canada “pushes” data to clients at a 10 minute
interval.

+ Requires a SFTP site to be established for data to “land” in
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| decided to start with this comic
strip not because it is especially
funny rather it does a lovely job of
illustrating the challenges of using
radar rainfall.

B And this video illustrates the same

thing

Comnissin

This slide is showing radar data
rendered based on the relative cell
intensities. As you can see this
resolution is vastly superior than a
typical resolution you would get
from a network of rain gages and it
allows you to see the spatial
variations between the rain gages

In this view the rain gages are
being represented by blue
cylinders.

But however rain gages are fairly
accurate or are at least one of the
best tools we have at measuring
point rainfall amounts but they are



very poor at telling you what fell
even 1 km away where as the
radar data gives us that nice spatial
variability in rainfall.

But because radar is being
sampled in this area, its about a
kilometer above our heads its hard
to correlate that with actual rainfall
that falls on the ground.

By combining these two products
we hope to create a product that is
both gives us spatial variability,
high temporal variability and is
more accurate then what the
raingage network gives us.

o d The key technologies we used
' ' were PCSWMM, Environment
Canada Precitipatation radar
product and OSlsoft.
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[»] PCSWMM Real-Time

« Official US EPA SWMM5

engine

- GIS enginel

« Open standards

+ No data migration

« Stand-alone product
+ Proven

- 25years
« 70 countries
+ 10,000 project

« Efficient solution of

complex models

He

Typically applied to storm water
drainage, wastewater drainage or
watershed drainage systems.

It's a physically based deterministic
model that excels at long term
continuous modelling in dynamic
wave analysis

PCSWMM real-time uses the
official US EPA engine for all
hydrology and hydraulic
calculations.

It itself is based around a high
performance GIS engine which
lends itself very well to some of the
topological operations that we have
to do in the flood analysis

Based around open standards so
there is no data migration required

It's a stand-alone product so there
is no additional licences required

It has a proven track record
Most importantly it provides

efficient solution of complex
modeling



[»] Processing

[} Radar processing methods of PRECIP
product
1. No bias applied
2. Rain gage moving average bias

3. Rain gage values method

This is a brief overview of how the
radar rainfall and raingage rainfall
are acquired and stored. Basically
the raingage rainfall is downloaded
to the PiServer in real-time. At the
same time Canadian radar data is
downloaded and stored after a
scan. From there PCSWMM
acquires and processes the radar
data to generate time series.

What PCSWMM does is it creates
a grid layer containing potentially
hundreds of thousands of cells,
each with an associated rainfall
time series.

Each of the cells contain X and Y
coordinates and a rainfall intensity
associated with the scan.

We completed a comparison of
three different radar rainfall time
series products. The methods
include no bias, raingage moving
average bias and the rain gage
values method.



[»] METHOD 1: No Bias

« This method uses the radar precipitation and cregte
weighted hy

s an area-

[»] METHOD 2 and 3: Bias methods

Where:

[»] METHOD 2: Rain gage moving average bias

Where:

The first method is the no bias
method and uses the radar rainfall
data directly from Environment
Canada without any groundtruthing
methods applied.

Methods 2 and 3 both applied a
bias to a radar rainfall time series
in order to ground truth the
Environment Canada data.

The second method, named rain
gage moving average bias, uses a
mean-field bias method computed
by comparing accumulated rain
gage rainfall over a specified time
period to the accumulated rain
gage rainfall over the same period
using radar rainfall.



[»] METHOD 2: Rain gage moving average bias

+ Uses a mean-field bias computed by comparing te
accumulated rain gage rainfall to the accumulatedyr  ainfall
« Biasis calculated for a specified moving averageli | nterval

(] METHOD2: Rain gage moving average bias
Step 1: PCSWMM calculatestotal rain gage rainfallf  or a specified
moving average interval |

(] METHOD2: Rain gage moving average bias
Step 2: PCSWMM creates a radar rainfall time series ~ and calculatesthe
total radar rainfall for a specified moving average  interval

nil,
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Basically the bias is computed by
comparing accumulated rain gage
rainfall to the accumulated rain
gage rainfall over a specified
moving duration.

The rain gage moving average bias
method uses rain gage rainfall and
calculates the total rain gage
rainfall for the specified moving
average interval

From there it calculates the total
radar rainfall and calculates the
total radar rainfall.



[»] METHOD 2: Rain gage moving average bias method

hyetograph

g averag
Step 3: Moving average bias is applied to the radar ~ generated

[»] METHOD 3: Rain gage values method

ge time
according to

From there the bias is computed
and applied to the original radar
rainfall hyetograph.

This is a picture of the report
PCSWMM generates after creating
a time series. In this case we are
looking at a NOAA NEXRAD scan
however the Canadian radar report
is similar.

Radar time series can be
generated for both points and
polygon layers. If using a polygon
layer PCSWMM creates a time
series using an area-weighted
average rainfall.

The third method, rain gage values
method, uses the average rainfall
for each time step from available
rain gage time series and spatially
distributes the rainfall according to
relative precipitation intensities
from the radar product.



[»] METHOD 3: Rain gage values method
~ Step 1: PCSWMM calculates the average rain gage rain  fallfor radar
scan interval

(] METHOD 3 Rain gage moving average bias

Step 2: PCSWMM generates a radar rainfall time seri ~ es and calculates

the average radar rainfall for radar scan interval

(] METHOD 3 Rain gage moving average bias

Step 3: PCSWMM calculatesthe difference and applie ~ sitas a bias

Similar to the rain gage moving
average bias this method uses a
rain gage and paired rainfall
hyetograph however for this
method we are calculating the
average rain gage rainfall for the
scan interval.

Similarly PCSWMM next calculates
the average radar rainfall for the
same interval.

From there the bias is computed
and applied to the original radar
rainfall hyetograph.

This is a picture of the report
PCSWMM generates after creating
a time series.



Radar method comparison

] Radar rainfall comparison with rain gage rainfall

m Method 1 - No bias
fall -

| am now going to show you three
events and the estimated
hydtographs using the three
methods | just discussed.

Here is the first event.

This plot show a comparison of the
observed raingage rainfall
compared to radar generated
rainfall without a bias being applied



Method 3 - Rain gage values
-

Method 1 - No bias

This plot show a comparison of the
observed raingage rainfall
compared to radar generated
rainfall using a moving average
bias.

This plot show a comparison of the
observed raingage rainfall
compared to radar generated
rainfall using the rain gage values
method.

Here is the second event.

This plot show a comparison of the
observed raingage rainfall
compared to radar generated
rainfall without a bias being applied



I~

Method 1 - No bias
-

This plot show a comparison of the
observed raingage rainfall
compared to radar generated
rainfall using a moving average
bias.

This plot show a comparison of the
observed raingage rainfall
compared to radar generated
rainfall using the rain gage values
method.

Here is the third event.

This plot show a comparison of the
observed raingage rainfall
compared to radar generated
rainfall without a bias being applied
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Method 3 - Rain gage values
o -

This plot show a comparison of the
observed raingage rainfall
compared to radar generated
rainfall using a moving average
bias.

This plot show a comparison of the
observed raingage rainfall
compared to radar generated
rainfall using the rain gage values
method.

The following three plots show the
comparison of raingage rainfall
compared to Environment Canada
radar data. This plot is comparing
the radar rainfall with no bias
applied.



Conclusions

This plot is comparing rain gage
rainfall to radar rainfall using a
moving average bias.

This plot is comparing rain gage
rainfall to radar rainfall using the
raingage values method.



Questions?




