Clearwater Utility Emergency Math Worksheet
Cyber Attack Response Challenge
Name: ___________________________________
Date: ____________________________________
A cyberattack has disrupted the Clearwater drinking water treatment plant. Automated systems are unreliable, and operators need your help to manually calculate critical treatment values. You are part of the emergency response team. 
→ Solve each problem to determine which processes have been affected and which are running smoothly. 

Formulas You’ll Need
Use these formulas to solve the problems:
Filtration Rate
Filtration Rate = Flow (gpm) ÷ Filter Area (ft²)
Backwash Rate
Backwash Rate = Backwash Flow (gpm) ÷ Filter Area (ft²)
Surface Overflow Rate (SOR)
SOR = Flow (gpd) ÷ Surface Area (ft²)
Detention Time
Detention Time = Volume (gal) ÷ Flow (gpm)
Weir Overflow Rate
Weir Overflow Rate = Flow (gpd) ÷ Weir Length (ft)
Specific Capacity
Specific Capacity = Pumping Rate (gpm) ÷ Drawdown (ft)



Problem 1: Filter Overload
[bookmark: _Int_FGOe8VMp]A filter is receiving 1,200 gpm of water. The filter's dimensions are 20 ft × 25 ft. 
a) Calculate the filter area:

b) Calculate the filtration rate:

c) Is the filter operating properly? (Typical filtration rate ranges from 2-5 gpm/ft2)  
YES   NO

d) Explain your reasoning:



Problem 2: Backwash Failure
The system reports a backwash flow of 3,000 gpm. 
a) Calculate the backwash rate: 


a) Is the backwash effective? Typical backwash range: 15–20 gpm/ft²
   	YES  NO
b) What might happen if the rate is too low?




Problem 3: Sedimentation Basin Overload
· Flow: 4 MGD (million gallons per day)
· Basin surface area: 10,000 ft²

a) Convert flow to gallons per day:


b) Calculate the Surface Overflow Rate:



c) Is the basin overloaded? Typical range: 600–1,000 gpd/ft²    

YES  NO



Problem 4: Detention Time Drop
· Tank volume: 500,000 gallons
· Flow: 2,500 gpm

a) Calculate detention time (minutes):


b) Convert to hours:


c) Is detention time adequate? Target: 2-4 hours
YES  NO


Problem 5: Weir Overflow Crisis
· Flow: 3 MGD
· Weir length: 200 ft

a) Convert flow to gpd:

b) Calculate weir overflow rate:

c) Is this safe? Typical limit: 10,000 gpd/ft

YES  NO

d)  What could happen if the overflow rate is too high?



Problem 6: Well Performance Issue
· Pumping rate: 800 gpm
· Drawdown: 40 ft

a) Calculate specific capacity:

b) Previous value was 30 gpm/ft. Has performance improved or declined? 

⬆ IMPROVED  ⬇ DECLINED
c) What might cause this change?



Extension Question (Optional)
Which system (filters, backwash, basin, tank, weir, or well) do you think is most at risk during this cyber attack? Why?







Challenge Reflection
What was the most important calculation for protecting public health? Why?
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Teacher Answer Key: Clearwater Utility Worksheet

Problem 1: Filter Overload
a. Area
20 ft × 25 ft = 500 ft²
b. Filtration Rate
1200 gpm ÷ 500 ft² = 2.4 gpm/ft²
c. Proper Operation?
YES
d. Explanation
2.4 gpm/ft² falls within the typical range (2–5 gpm/ft²), so the filter is operating correctly.

Problem 2: Backwash Failure
a. Backwash Rate
3000 gpm ÷ 500 ft² = 6 gpm/ft²
b. Effective?
NO
c. Explanation
Typical backwash rate is 15–20 gpm/ft².
At 6 gpm/ft², the filter media will not expand properly → poor cleaning → clogged filters.

Problem 3: Sedimentation Basin Overload
a. Conversion
4 MGD = 4,000,000 gpd
b. SOR
4,000,000 ÷ 10,000 = 400 gpd/ft²
c. Overloaded?
NO
Explanation
400 gpd/ft² is below the typical range (600–1,000), indicating conservative loading (not overloaded).

Problem 4: Detention Time Drop
a. Detention Time (minutes)
500,000 ÷ 2,500 = 200 minutes
b. Convert to hours
200 ÷ 60 = 3.33 hours
c. Adequate?
YES
Explanation
Falls within the target range of 2–4 hours.

 Problem 5: Weir Overflow Crisis
a. Conversion
3 MGD = 3,000,000 gpd
b. Weir Overflow Rate
3,000,000 ÷ 200 = 15,000 gpd/ft
c. Safe?
NO
d. Explanation
Exceeds typical limit (~10,000 gpd/ft).
This can cause:
· Solids carryover
· Poor clarification
· Reduced water quality






Problem 6: Well Performance Issue
a. Specific Capacity
800 ÷ 40 = 20 gpm/ft
b. Trend
⬇ DECLINED (from 30 → 20)
c. Explanation
Decline indicates reduced well performance, possible causes:
· Well clogging or fouling
· Pump wear
· Aquifer depletion or changes
Extension Question (Sample Answers)
Most at risk systems:
· Backwash system (directly affects filter performance)
· Weir overflow (impacts water quality immediately)
· High-risk answers should reference public health impact
Reflection Question (Sample Answer)
Most important calculation:
Any disinfection-related or filtration-related metric (filtration rate, detention time) because they directly impact pathogen removal and safe drinking water.



