
 

 

 

 

APPENDIX N 

 

DISTRIBUTION OPERATOR TRAINING MODULE 
  



Operator Training



How do we get this? From this?



Source: http://cof-cof.ca/wp-content/uploads/2012/03/Surface-Water-Treatment-Plant.gif



 Flint System

 Introduction to Water Treatment

 Pretreatment 

 Coagulation and Flocculation

 Sedimentation

 Filtration

 Disinfection

 Corrosion and Scaling Control 



In the US Flint system

 150,000 community water 
systems (CWSs) in the US

 95% of US population gets 
its water from a CWS

 Most CWSs (68%) use 
surface water

 Flint is a CWS
 Serves about 100,000 people
 Purchases surface water from 

Great Lakes Water Authority 
(GLWA)

 Source is Lake Huron
 Flint responsible for additional 

treatment and distribution 
 Flint also owns a water 

treatment plant that has 
treated Flint River water which 
is not currently operational



 Flint serves about 100,000 people purchased water 
from GLWA

 The water is taken from Lake Huron and treated at 
Port Huron WTP

 Treated surface water enters the Flint system at a 
location at the Flint water treatment plant (WTP)

 Chlorine, Sodium Hydroxide and Orthophosphate 
are added at this location 



 Water is then distributed to the City’s system via one 
transmission line 

 City has four reservoirs with a total capacity of 
54 MG 

 The City additionally owns the Flint Water Treatment 
Plant as a backup supply but it is currently not in 
service and is not expected to be returned to service

 Eventually Flint will also receive a small percentage of 
water from Genessee County Water Treatment Plant





USEPA sets the 
requirements

Michigan DEQ enforces 
them

 Sources are treated to 
produce water that meets 
all regulatory requirements

 The purpose of water 
treatment is to remove 
substances present in the 
raw water that would make 
the tap water objectionable 
due to health or aesthetic 
issues

 The US Federal 
Government, through the 
USEPA, has established 
requirements that limit the 
level of more than 90 
contaminants in drinking 
water through the Safe 
Drinking Water Act



• Primary Drinking Water Regulations 
(health based) limits contaminants 
including  microorganisms,     
disinfectants, disinfectant by-products, 
inorganic chemicals, organic chemicals 
and radionuclides

• Secondary Drinking Water Regulations 
(aesthetic based)includes inorganic 
chemicals, taste and odor causing 
compounds



 Process of removing impurities from source 
water

 Made up of a series of steps, called unit 
operations or processes

 Each water treatment plant uses the best unit 
processes based on its water source to 
remove or inactivate primary contaminants, 
and to limit the impact of secondary 
contaminants



Port Huron 
WTP

Flint 
WTP



 Plans for this plant to serve as backup source 
for Flint

 Also will continuously supply a small amount  
(5% of total flow) to Flint once a pipeline is 
completed to keep fresh water in pipeline 

 The plant uses raw water from Lake Huron
 Plant was completed in 2017, located in 

Oregon Township
 Treatment at this plant is essentially the same 

as that used at GLWA’s Port Huron WTP



Overview Unit process

 Uses Lake Huron as a 
source

 Located in Fort Gratiot 
Township

 Treats average of 270 
MGD, and can treat up 
to 400 MGD

 Put on  line in 1974
 Owned by GLWA

 Pretreatment
 Chemical addition
 Coagulation/

Flocculation
 Sedimentation (limited)
 Filtration
 Disinfection
 Corrosion control
 Pumping
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 Pretreatment
 Chemical Addition
 Coagulation and Flocculation
 Sedimentation (limited)
 Filtration
 Disinfection
 Corrosion Control
 Further disinfection and scale control at the 

Flint entry point



 Pretreatment
 Chemical Addition
 Coagulation and Flocculation
 Sedimentation
 Filtration
 Disinfection
 Corrosion Control



 Typically used to remove floating debris 
(leaves, twigs, aquatic plants) and gritty 
substances (sand, gravel, etc.)

 This helps in preventing issues such as 
equipment jam, pumps & pipe damage 

 Pretreatment is also used when raw water 
contains high concentration of sediment 



 Common pretreatment processes: 
 Screening (bar screens, wire-mesh 

screens)
 Pre-sedimentation (sand traps, plate and 

tube settlers, impoundments)
 Micro-straining 
 Pre-oxidation (using hypochlorite or 

ozone)
 Port Huron WTP uses screens



 Pretreatment
 Chemical Addition
 Coagulation and Flocculation
 Sedimentation
 Filtration
 Disinfection
 Corrosion Control



Chemicals are added in water treatment to help 
in coagulation/flocculation, disinfection and 

corrosion control



 Alum is added as a coagulant
 Chlorine for disinfection
 Orthophosphate for corrosion control
 Fluoride for dental health





 Pretreatment
 Chemical Addition
 Coagulation and Flocculation
 Sedimentation
 Filtration
 Disinfection
 Corrosion Control



Coagulation: adding and rapid mixing of 
chemical coagulants into the raw water 

 Flocculation: slow mixing of the chemicals 
with the water to assist in building up 
particles of floc 



 This process involves conversion of non-
settleable solids into large and heavier 
settleable solids

 This is achieved using physical-chemical 
changes brought by addition and mixing 
of coagulant chemicals into raw water



 Pretreatment
 Chemical Addition
 Coagulation and Flocculation
 Sedimentation (limited at Port Huron WTP)
 Filtration
 Disinfection
 Corrosion Control



 Sedimentation (or Clarification) is the removal 
of settleable solids by gravity 

 Also used to remove large amounts of chemical 
precipitates

 Sedimentation basins can be rectangular, 
square or circular 

 Water flows slowly through the basin to allow 
for solids to settle out











 Detention time in most WTPs is usually 4 hours 

 Port Huron WTP does not use sedimentation tanks 
because the source water is so clear that not much 
solid material is formed that has to be removed by 
sedimentation

 Port Huron WTP operates as a direct filtration plant, 
where solids are removed by the filters



 Pretreatment
 Chemical Addition
 Coagulation and Flocculation
 Sedimentation
 Filtration
 Disinfection
 Corrosion Control



Removes suspended particles by filtration 
through granular media which is typically 
contained in a rectangular basin

Material removed from the water can 
include floc from coagulation, flocculation 
and sedimentation processes; 
microorganisms; particles and precipitates 



Material is collected and held when water 
passes through a bed of granular material 
called filter media

Material is removed when filter is 
backwashed 

Most common filter media are sand, 
anthracite coal, granular activated carbon 

 Performance is measured by turbidity and 
particle removal



Source: cityofflint.org



Requires pretreated water (coagulated)
Single media or dual-multi media
Must be backwashed
May use air-scour to help clean the media during 

backwashing
Port Huron WTP uses dual media (anthracite and 

sand



 Pretreatment
 Chemical Addition
 Coagulation and Flocculation
 Sedimentation
 Filtration
 Disinfection
 Corrosion Control



 Disinfection is the treatment process used to 
destroy or inactivate disease-causing organisms 
such as viruses, bacteria, fungi or protozoa 

 Disinfection requirements are based on the USEPA 
Surface Water Treatment Rule which requires  3-log 
removal (99.9%) and/or inactivation of Giardia 
cysts, and 4-log removal (99.99%) and/or 
inactivation of viruses 



 The level of disinfection required for inactivation of 
cysts and viruses is determined by the water 
temperature, pH, contact time in minutes, and the 
free chlorine residual at the end of the contact time

 Renders pathogens harmless or inactive
 Typical chemicals: chlorine, chloramines, chlorine 

dioxide, ozone
 Port Huron WTP uses chlorine as a disinfectant



 Pretreatment
 Chemical Addition
 Coagulation and Flocculation
 Sedimentation
 Filtration
 Disinfection
 Corrosion Control



 Prevents corroding pipes
 Prevents encrusting pipes  
Minimizes lead and copper release
pH control or the addition of phosphates 

are the most used methods in water plants



 Port Huron WTP adds orthophosphate to the 
finished water at a level of 1 mg/L

 At the Flint WTP entry point, additional 
orthophosphate is injected to boost the phosphate 
levels in the treated water the plant receives from 
GLWA to 3.5 mg/L

 When Flint also receives water from Genessee
County Water Plant, that water contains 2.5 mg/L 
orthophosphate and so more chemical will be 
added at the Flint WTP entry point to bring the total 
to 3.5 mg/L



City of Flint personnel maintain the distribution 
system that delivers water to Flint customers





 At Flint WTP the GLWA water is treated with 
orthophosphate, sodium hydroxide (to raise 
pH) and chlorine

 Water enters the Flint distribution system
 Water is distributed to customers throughout 

the City
 Because some areas of the distribution 

system have more demand than others, water 
stays in the distribution system for different 
periods of time before it is used.  This is 
referred to as water age.









Many processes run by skilled operators result 
in drinking water for Flint customers
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