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Project 2 – Water Distribution System Analysis

An existing hydraulic model for one pressure zone of a drinking water distribution system is used in this project. The study area covers approximately 300 acres, nearly one-half of a square mile of commercial facilities with two high-density housing areas. This model was developed and calibrated for design of hydraulic upgrades to the distribution system. The demands shown in the model represents the average daily flow conditions of 230,000 gallons per day with a daily pattern which peaks at 1.5 times average demand during the hours 6 am, 11 am, and 5 pm and drops to 0.1 times average demand during the night.
Boundary Condition
The hydraulic distribution model contains one reservoir and two tanks, which are boundary nodes, meaning that they have a user-defined hydraulic head. 
· The reservoir here represents the water supply with a constant hydraulic grade, set at115 feet, and infinite volume.

· Tank T-1 holding 750,000 gallons is an elevated water supply tank with a diameter of  61.5ft, which provides over three days storage to supply the planned future daily domestic demand and maintain the required fire protection storage. From the elevated tank, the water is gravity fed to the entire distribution system. 
· Tank T-2, with a diameter of 20.3ft, is an underground clearwell at a chlorine booster station, which holds 28,500 gallons of water received directly from the reservoir.

Pump Information
· Two booster pumps, designed for 560 gpm at 130 foot head and located near the clearwell, pump water from the clearwell to the elevated water tank. Water is typically refilled in the elevated tank at night from 7 pm until 12am to prevent pressure problems in the supplier’s system. The pumps are activated to fill the tank at 7 pm and deactivated at 12 am. Automatic shut-off of the pumps occurs when the elevated tank is filled.
Pipe Information

· The waterlines are all PVC with a roughness coefficient, Hazen-Williams C-factor, of 130, determined during prior hydraulic calibration of the model.
Objectives
The primary goals of this study are to address the daily performance fire protection status, water quality status, as well as recommended measures to prevent terrorist contamination to the distribution system.  The major objectives to fulfill these goals include:

· Analyzing water pressure adequacy for customers;
· Analyzing adequacy of fire protection requirement of the distribution system and required changes; (10 fire hydrants F1 to F10 are included in the model, in the query “base demand=0.001”)
· Analyzing the existing water quality of the distribution system;
· Determining improvements to the distribution system as required to meet minimum Cl requirements throughout the system;
· Predicting the effect of the chosen terrorist contaminant inserted at vulnerable locations;
· Analyzing the effects of any improvements to the distribution system on the movement and persistence of the contaminant.
To meet these objectives, five scenarios must be analyzed:  average day pressure analysis, fire flow analysis, and three water quality analyses. 
The average daily pressure analysis assures that each demand point in the system can sustain the minimum required pressure at all times during the day.  Fire protection analysis assures that the required fire flow rate can be achieved, at a specific residual pressure (usually 20 psi or 138 kPa) and for a specified duration; however, the specific requirements vary according to the structure (See standard fire protection requirements).
Water quality analysis includes:
· Water age analysis for use in understanding the circulation and initial water quality of the system.
· Analysis of chlorine decay in the system as a non-conservative 1st order decay pollutant assures that the minimum chlorine residual will exist in the system at all times of the day.  The chlorine decay section includes recommendations based on the results of the chlorine residual analysis.
· Last analysis addresses the effects of a contaminate injection into vulnerable entry points in the water distribution system. The contaminant is modeled as a conservative pollutant with no decay. Possible monitoring points need to be discussed as part of this analysis.  For this analysis we will assume that the concentration of the lethal contaminate introduced into the system is 
Figure 1 illustrates the layout of the distribution system used for modeling, and Figure 2 shows the water distribution model.  You may make any changes to the system you deem appropriate and cost effective in your mind to make the system meet its hydraulic and water quality requirements.  

You should read the document Background for Modeling on the class web page to assist in your modeling.  You may need to use additional reference material.
Your modeling report is due on Thursday October 9.
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