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Pat’'s Corner - Modeling Tips & Techniques

To: Hydraulic Modeling Community

From: IDModeling, Inc.

Date: February 5, 2008

Subject: Tips & Techniques for Developing Diurnal Patterns Volume 1 Number 1

Dear Fellow Modelers!

Below are some notes on creating Diurnal Patterns to keep in mind when you are developing demands
for your model to help ensure that the Diurnal Patterns created are accurate and appropriate for hydraulic
modeling. Let’s start with a basic definition:

Diurnal Patterns are literally patterns that are completed in 24 hours and are repeated every 24
hours. However in general they represent temporal variations in water usage for municipal water
systems that represent how water use varies from the average use over a specified time period
(for example a 24-hour time period . Diurnal Patterns must be incorporated into an Extended
Period Simulation (EPS) in order to accurately reflect the changing system demand of a real
system over time.

A typical diurnal curve will usually have two peaks of high water use similar to the curve shown in the
figure below. One peak occurs between 6 to 8 am and the other occurs between 7 to 9 pm. Thisis a
typical diurnal curve for a system with a significant amount of residential demand.

Typical 24-Hour Diurnal Curve
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5)
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Proper calculation of a diurnal curve is essential for accurate modeling and to get good calibration
results for EPS calibration runs. Some of the points noted below highlight simple but important mistakes
often made when creating diurnal curves that can lead to misleading model results. We have listed some
key tips to help avoid these mistakes and help ensure better modeling results!

Here are some key points to remember when developing Diurnal Patterns:

Diurnal Patterns represent how water use varies form the average water use of the period in question. If the period
looked at is a 24 hour period the average water use is over the entire 24 hour period. If the period is a week the
average water use is over the entire seven day period. The average period demand is represented in the model as
the base model demand. Make sure that all water use values calculated are normalized to the average period
demand that is under investigation.
Diurnal patterns are often represented as water use from midnight to midnight in a 24 hour period. Make sure the
water usage data used starting time reflects the desired model start time. If the time frame of the data is not
from midnight to midnight but includes a full 24 hours, this data can still be used to calculate the diurnal just make
sure the final patterns reflect the start time expected. In the model.
Diurnal curves separate water use over a specified period into distinct time steps. Many modelers typically use a one
hour time step for most models because these represent a reasonable balance between model accuracy and model
calculation time. The higher the number of calculation points can result in longer model run times. Select a time
step that is compatible with the available data while being aware of the model calculation time.
Calculation of Diurnal curves is typically done using mass balance methods to calculate the water use for each time
step in the period. Make sure that all calculations are completed using the same time period. If the first time step is
from midnight to 1 am (assuming a midnight start and a one hour time step) then the first mass balance will relate to
the total water use between midnight and 1 am. . It is very easy to mistakenly use one time frame for tanks and
another time frame for well and pump station flows accidently. The best way to remember this is to think that
each time frame is a mass balance of all water use during that specific period.
System mass balances can be calculated for the entire system or for specific pressure zones as long as the flows in
and out of the zone are known. If significant flows between zones occur at unmetered PRV’s, the diurnal curves will
not effectively represent water use in either zone. Combine the water zone mass balances together to get a more
accurate mass balance.
How to complete a Mass balance of water use for a specific time period:

a. Mass balance equation: Demand = Flow in — Flow out + water supply from Tanks

b. To do a mass balance you need

i. the flows in and out of the system for that period

1. Water supply from flows in and out should be translated to total volume of water. Do not
translate volume change in tanks to rates of water flow. This is a mass balance of total
water used (i.e. a volume) for a given period.

2. Convert flow rates to volumes by multiplying water rate of flow by the length of time the
water flowed. For example: 60 minutes of flow at 1000 gpm = 60,000 gallons

a. Adjust the time factor as necessary if a pump is shut off during the hour.

3. Flowinis the sum of all sources of water supply into the zone or system. This may include
wells, pump station and turnouts, and PRVs from higher zones that feed the zone or
system in question

4. Flow out of the zone includes all sources of water supply out of the zone or system. This
may include wells, pump station and turnouts, and PRVs from higher zones that are fed by
zone or system in question

5. If flows vary try to get the best average flow value for the period

ii. The Water supply from the system Tanks can be calculated as follows:

1. Obtain the starting and ending tank levels for the period for each tank in the zone in
guestion.

2. Water supplied by tanks is calculated form the tank level change.

a. Make sure to use this formula: Water supply from the tanks = Volume at start
of period — Volume at the end of the period.
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i. Volume = pi/4 *D"2 * Tank Height. Since only the level changes the
volume change = pi/4 *D"2 *(L_start —L_end), where D =the tank
diameter in feet and L is the tank level in feet.

ii. For our current example this would use Level_12 am — Level at 1 am.

iii. NOTE: using this formula ensures that the mass balance equation reflect
the proper mathematical sign. Water from the tank (tank level is lower at
the end of the period) is a “flow in” (the result is positive) and water stored
(tank level is higher at the end of the period) is a “flow out” (the result is
negative). Calculating the volume change this way will ensure the mass
balance is accurate and lessens the chance of a miscalculation.

b. NOTE: you do NOT use the tank level at 11 am for the water stored for this
period. This is the most common error people make and can introduce a
significant error in the diurnals. Only use the starting and ending tank levels for
the period in question.

c. See the example below for how different the patterns can be. The original curve
used the wrong tank levels, the IDM updated curve used the correct tank levels
Note: this will require tank levels for one hour past the ending period
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7) Once you calculate the system demand at each hour you need to normalize the demand to create diurnal
multipliers.
a. Adiurnal multiplier is how the water flow varies from the average flow for the day.
b. This is why the “base” demand put into the model DEMANDO1 category is equal to the average demand
flow at that location.

i. i.e.on Max Day node 1000 has a demand of 100 gpm. This is the average Max Day demand for
this node for the simulation period. To get the demand at a given hour you multiply the “base”
demand by the pattern multiplier for that hour.

c. First calculate the average demand for all period values. If you have 24 demand periods you average all of
them to get this value. Now divide each hourly demand by the average demand to get the diurnal multiplier.
d. Don't forget the simple QA/QC check:

i. Diurnal multipliers must average to 1 for all values used in the period or sum to equal to 1 times the
number of pattern values. Thus if 1 hour patterns are used then summing all diurnal patterns will
equal 24.00 ( 24 patterns x 1 = 24.00) and averaging all diurnal patterns will equal 1.00. Summing
is a better check as it is easier to find small errors using this method that averaging.

ii. Completing this check will ensure that no simple math errors were made.
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ii. Watch out for rounding the pattern values to 2 decimal places. If you round the pattern values
make sure to check the sum again to make sure you are not high or short due to rounding.

Keeping these things in mind should help you whenever you are asked to make diurnal curves. Just
remember the key ids the pattern multiplier is based on a mass balance of all water use from the start of
the period until the start of the next period. This will help you use the right values.

HHH

IDModeling is a specialty service company, uniquely qualified to deliver hydraulic modeling
solutions for both water/wastewater utilities and engineering consulting firms. IDModeling
focuses on hydraulic model construction, development, calibration, analyses, and software or
system-specific training as stand-alone services or within the context of master planning and
operational studies. Bringing a customer-first approach to projects, IDModeling has enjoyed
broad industry acceptance and works with utilities and consultants to help satisfy SBE, MBE,
and DBE certifications. IDModeling currently has regional office locations in Pasadena-CA,
Tacoma-WA, Albuquerque-NM, Tampa-FL, and Wakefield-RI. For more information, visit
www.idmodeling.com.
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