
CE 3372 WATER 
SYSTEMS DESIGN 

LECTURE 12: STORAGE AND EXTENDED PERIOD 
SIMULATION 



OVERVIEW 

• STORAGE CONCEPTS 
•  FLOW EQUALIZATION 

•  EPANET TANK MODEL(S) 
•  SINGLE PERIOD SIMULATION 

•  BUT MULTIPLE PERIOD SIMULATION -- INTERESTING 

• MULTIPLE PERIOD SIMULATION 
•  REASONS 

•  MULTIPLIER TABLE 



STORAGE 
•  STORAGE IS USED IN WATER SUPPLY, STORM WATER MANAGEMENT, AND 

WASTEWATER SYSTEMS FOR A VARIETY OF REASONS.  

•  ONE PRIMARY REASON IS FLOW EQUALIZATION — GENERALLY THINGS ARE 
DESIGNED FOR A PARTICULAR STEADY FLOW RATE AND STORAGE CAN BE 
USED TO ACCOMMODATE VARIABLE FLOW RATES IN A SYSTEM. 

•  STORAGE IS EITHER ELEVATED (ABOVE GRADE), AT GRADE (RESERVOIR, 
TANKS, PONDS, ETC.) OR BELOW GRADE (SUBSURFACE VAULTS — NOT 
AQUIFERS).  



STORAGE COMPARTMENTS 

•  FIRE STORAGE 

•  FLOW-EQUALIZATION STORAGE 

•  EMERGENCY STORAGE  

Emergency 

Flow Equalization 

Fire 



FIRE STORAGE 

• FIRE STORAGE IS SUFFICIENT STORAGE TO 
ALLOW THE SYSTEM TO MEET ROUTINE USES 
PLUS SUBSTANTIAL FIRE FLOW.  

•  THE DESIRABLE VOLUME IS BASED ON EXPECTED FIRE 
FLOW RATES MULTIPLIED BY THE REQUIRED FIRE 

FLOW DURATION. 



FLOW-EQUALIZATION 

• FLOW-EQUALIZATION STORAGE IS SUFFICIENT 
STORAGE TO ACCOUNT FOR PEAK DEMANDS IN 
THE SYSTEM WITHOUT HAVING TO EXCEED 
SUPPLY CAPACITY.  

• A DESIRABLE VOLUME IS 1-2 DAYS OF AVERAGE 
DAILY DEMAND.  



EMERGENCY STORAGE 

•  EMERGENCY STORAGE TO ALLOW THE SYSTEM TO 
OPERATE WITHOUT EXTERNAL SUPPLY SOURCES FOR A 
PERIOD OF TIME TO ALLOW FOR REPAIRS OR OTHER 
UNUSUAL CIRCUMSTANCES.  

•  WITHOUT EMERGENCY STORAGE, EVERY UPSET WILL LEAD 
TO A ”BOIL-WATER” ORDER OR SUBSTANTIAL INTERRUPTION 
OF SERVICE — THESE KINDS OF INTERRUPTIONS SHOULD BE 
RARE IF THE SYSTEM IS WELL ENGINEERED.  

•  A DESIRABLE VOLUME IS 1-2 DAYS OF AVERAGE DAILY 
DEMAND. 



HOW MUCH? 

• ENGINEERING WOULD TEND TO CHOOSE 
FOR THE LARGER VOLUMES 

• ECONOMICS WILL ARGUE FOR THE 
SMALLER VOLUMES 

• THE ENGINEER WILL HAVE TO BALANCE THESE 
COMPETING CHOICES IN A DESIGN. 



RESIDENCE TIME 

• ADDITIONALLY, RESIDENCE TIMES IN ANY 
STORAGE RESERVOIR FOR TREATED WATER 
SHOULD NOT EXCEED A REASONABLE AMOUNT 
DISINFECTION RESIDUAL CONTACT TIME.  

•  FOR CHLORINE/CHLORAMINE DISINFECTION TIME IS 
ON THE ORDER OF 6-10 DAYS 

•  AN HYDRAULIC RETENTION TIME OF ANY SUCH 
RESERVOIR SHOULD BE NO LONGER THAN 8 DAYS 
(AS A REASONABLE RULE OF THUMB). 



HYDRAULIC RETENTION TIME 

• HYDRAULIC RETENTION TIME IS THE RATIO OF 
STORAGE VOLUME TO AVERAGE DISCHARGE 
THROUGH THE RESERVOIR 
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HOW MUCH? 
FLOW EQUALIZATION 

•  OPERATING (FLOW-EQUALIZATION) STORAGE IS DETERMINED 
AS FOLLOWS:  

1.  DETERMINE THE HOURLY DEMAND FOR A TYPICAL DESIGN DAY.  

2.  COMPUTE THE CUMULATIVE DRAFT (CUMULATIVE VOLUME AS A 
FUNCTION OF TIME)  

3.  COMPUTE THE AVERAGE CONSTANT DRAFT RATE (FLOW RATE THAT IF 
APPLIED OVER THE DAY END AT THE SAME ACCUMULATED VALUE) 

4.  THE EQUALIZATION STORAGE IS THE SUM OF THE TWO LARGEST 
DEVIATIONS FROM THE AVERAGE FLOW LINE TO THE CUMULATIVE 
DRAFT LINE.  



FLOW EQUALIZATION STORAGE 

•  DEMAND PATTERN FROM 
HISTORICAL DATA 
APPROPRIATE TO THE 
SERVICE AREA. 



FLOW EQUALIZATION STORAGE 

• ACCUMULATE THE DEMAND 
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FLOW EQUALIZATION STORAGE 

• AVERAGE 
CONSTANT 
DRAFT 



FLOW EQUALIZATION STORAGE 

V1 

V2 

• SUM THE 2 LARGEST 
DEVIATIONS 

• STORAGE REQUIRED 
V1+V2 

•  IN THIS CHART, 
ABOUT 25000 
VOLUME UNITS. 



FLOW EQUALIZATION   

•  THE ENGINEER NEEDS TO DECIDE WHICH DEMAND TO 
USE: 

•  DAILY 

•  PEAK 

•  THESE VOLUMES ARE ADDED TO THAT NEEDED FOR 
EMERGENCY AND FIRE FLOW. 

•  DETERMINES THE TANK VOLUME REQUIRED 

•  TANK TYPE (ELEVATED, AT-GRADE, BURIED) DETERMINES 
SHAPE – ELEVATION, DIAMETER, MIN-LEVEL, MAX-LEVEL. 

•  ELEVATED TANKS HAVE SUBSTANTIAL STRUCTURAL 
CONSIDERATIONS 



TYPICAL INSTALLATION 



STORM WATER STORAGE 

• USED TO MITIGATE PEAK FLOWS FROM 
DEVELOPMENT. 

• PROVIDE WATER QUALITY BENEFIT. 

• DEVELOP A WATER RESOURCE (RAINWATER 
HARVESTING) 



UNDERGROUND “TANK” 

•  MORE THAN A HOLE IN THE GROUND 

•  NEEDS STRUCTURE TO SUPPORT 
SURFACE LOADS 

•  NEEDS A WAY TO DRAIN 
COMPLETELY (USUALLY A PUMP) 



READINGS 
•  EPA NET USER MANUAL – HOW TO MODEL STORAGE TANKS IN A 

WATER DISTRIBUTION SYSTEM. 

•  INTERESTING WEB-RESOURCES 

•  HTTP://WWW.INVISIBLESTRUCTURES.COM/RAINSTORE3.HTML 

•  HTTP://WWW.UPOUT.COM/BLOG/SAN-FRANCISCO-3/HERES-WHAT-IT-
LOOKS-LIKE-UNDER-THOSE-BRICK-CIRCLES-IN-THE-STREET 



RECALL	
  EARLIER	
  EXAMPLE	
  



MODELING	
  PROTOCOL	
  

•  SKETCH	
  A	
  LAYOUT	
  ON	
  PAPER	
  

•  IDENTIFY	
  PIPE	
  DIAMETERS;	
  LENGTH;	
  ROUGHNESS	
  VALUES	
  

•  IDENTIFY	
  NODE	
  ELEVATIONS;	
  DEMANDS	
  

•  SUPPLY	
  RESERVOIR	
  (OR	
  TANK);	
  IDENTIFY	
  RESERVOIR	
  POOL	
  ELEVATION	
  

•  IDENTIFY	
  PUMPS;	
  PUMP	
  CURVE	
  IN	
  PROBLEM	
  UNITS	
  



TANK	
  

•  SUPPLY	
  RESERVOIR	
  (OR	
  TANK);	
  IDENTIFY	
  RESERVOIR	
  POOL	
  ELEVATION	
  
•  MAY	
  NEED	
  	
  

ASSUMPTIONS	
  

•  TANK	
  DIMENSIONS	
  
SHOULD	
  BE	
  SENSIBLE	
  

•  PIPE	
  LENGTH	
  IS	
  GIVEN	
  

Z=180 ft 

Z=315 ft 

Z=300 ft 

L2=120 ft 

L1=180 ft 
Elevation 

Max Level 

Min Level 

Diameter 

Node 2 Pipe 8:  L1 + L2 = 300 ft 



EXTENDED PERIOD SIMULATION 

•  EPANET AND SIMILAR PROGRAMS FIND STEADY-FLOW 
SOLUTIONS 

•  EXTENDED PERIOD SIMULATION PRODUCES A 
SEQUENCE OF STEADY STATES WITH 
APPROXIMATIONS FOR: 

•  TANKS DRAIN AND FILL 

•  PRESSURES CAN CHANGE AT BEGINNING AND END OF A 
TIME INTERVAL 

•  PUMP OPERATING POINTS MOVING ALONG A PUMP CURVE 



USES 

•  EXTENDED PERIOD SIMULATION USED FOR: 
•  MODELING PRESSURE IN SYSTEMS DURING CHANGING 

DEMAND –USUALLY AT HOURLY TIME SCALE 

•  STORAGE TANK OPERATION AND SIZING 

•  WATER QUALITY SIMULATION  
•  EPANET CAN APPROXIMATE WATER QUALITY FROM MULTIPLE 

SOURCES – HAS USES IN 

•  WATER AGE IN SYSTEM 

•  DETECTION OF INTRUSIONS INTO A SYSTEM 

•  SEVERITY OF CONTAMINATION (IMPACT ASSESSMENT) 



HOW IMPLEMENTED?   

•  IN EPANET ASSIGN A DEMAND PATTERN 
TO A NODE 

• SET SIMULATION TIMES 

• PROGRAM THEN FOLLOWS THE PATTERN 



MODELING	
  PROTOCOL	
  

•  SKETCH	
  A	
  LAYOUT	
  ON	
  PAPER	
  

•  IDENTIFY	
  PIPE	
  DIAMETERS;	
  LENGTH;	
  ROUGHNESS	
  VALUES	
  

•  IDENTIFY	
  NODE	
  ELEVATIONS;	
  DEMANDS	
  

•  SUPPLY	
  RESERVOIR	
  (OR	
  TANK);	
  IDENTIFY	
  RESERVOIR	
  POOL	
  ELEVATION	
  

•  IDENTIFY	
  PUMPS;	
  PUMP	
  CURVE	
  IN	
  PROBLEM	
  UNITS	
  

•  IDENTIFY	
  DEMAND	
  PATTERN(S)	
  AND	
  TANK	
  OPERATING	
  
CONSIDERATIONS	
  



EXAMPLE 



ILLUSTRATE BY EXAMPLE 



ILLUSTRATE BY EXAMPLE 



ILLUSTRATE BY EXAMPLE 



ILLUSTRATE BY EXAMPLE 

•  BUILD NETWORK LAYOUT 

•  NODES (JUNCTIONS, TANKS, RESERVOIRS) 

•  LINKS (PIPES, PUMPS, VALVES) 

•  ADD PUMP CURVES 

•  BROWSER/DATA/CURVES/ADD (TYPE=PUMP) 

•  ADD STORAGE CURVES 

•  BROWSER/DATA/CURVES/ADD (TYPE=STORAGE) 

•  ADD DEMAND PATTERN(S) 

•  BROWSER/PATTERNS/ADD 



ILLUSTRATE BY EXAMPLE 



ILLUSTRATE BY EXAMPLE 



ILLUSTRATE BY EXAMPLE 



ILLUSTRATE BY EXAMPLE 



ILLUSTRATE BY EXAMPLE 



REPORT OUTPUT 



REPORT OUTPUT 



REPORT OUTPUT 



REPORT OUTPUT 



REPORT OUTPUT 



REPORT OUTPUT 



NEXT TIME 
•  WATER QUALITY IN EPANET 


