
HANOVER DRINKING WATER
MEMBRANES & MILESTONES: HANOVER’S PATH TO PURE WATER



10/29/2025Sample Footer Text 2











• 1880 A DISASTROUS FIRE IN THE VILLAGE INDICATES THE 
NEED OF FIRE PROTECTION.

• 1887  PROFESSOR CHARLES PETTEE RECOMMENDS 
THAT THE VILLAGE BUILD A SYSTEM TO IMPOUND THE 
WATER OF CAMP BROOK AND CONSTRUCT A NEW 
DISTRIBUTION SYSTEM. THE STATE AUTHORIZES THE 
HANOVER VILLAGE PRECINCT TO RAISE $20K ($700K 
TODAY) TO IMPLEMENT PROFESSOR PETTEE’S PLAN.  
HOWEVER, THE AMOUNT IS INADEQUATE.

• 1890  ANOTHER SERIOUS FIRE EMPHASIZES THE NEED 
FOR FIRE PROTECTION.

• 1893 DARTMOUTH TRUSTEES AUTHORIZE AN 
APPROPRIATION OF $25K TO CONSTRUCT THE PROPOSED 
PROJECT. ($45K TODAY IS $1.6M)

• 1893 THE HANOVER WATER WORKS COMPANY IS 
INCORPORATED ON AUGUST 1, 1893, AS A JOINT 
DARTMOUTH COLLEGE AND HANOVER VILLAGE PRECINCT 
COMPANY.















Health concern due to a1903 
Typhoid fever outbreak in Ithica, 
NY (1,340 cases in a population of 
3,000 people) prompted HWWCo 
to purchased all the land within the 
watershed.







1915 
The original reservoir level was raised to increase the impounded storage to 134,000,000 gallons.
1924  
A second reservoir built on Camp Brook adds 150,000,000 gallons to impounded storage.
1951 
The flow-line of the second reservoir raised increasing the impounded storage to 206,000,000 gallons.
1954  
The capacity of the original reservoir increased to 219,000,000 gallons resulting in a total impounded 
storage 425,000,000 gallons.
1955 
Continuous chlorination of supply commenced.
1958 
After several public hearings, continuous fluoridation of the supply started.
1959
The installation of meters on all service lines commenced.
1962 
A third reservoir was constructed on a tributary of Mink Brook in Hanover Center. increases storage to 
525,000,000 gallons. 





















• TASTE AND ODOR COMPLAINTS 

• COMPLIANCE WITH THE LEAD AND COPPER RULE

• COMPLIANCE WITH CURRENT AND PROPOSED SURFACE WATER RULES AND REGULATIONS.

• SAFE YIELD REDUCED DUE TO REQUIRED CHLORINE CONTACT REQUIREMENTS AND NO POST 
TREATMENT STORAGE IN THE MAIN SYSTEM

Still had the following issues



Options 
considered:

No Filtration 

Ground Water – TCE present in ground water near CRREL, high iron & manganese.

Conventional Filtration – more economical > 10 MGD, higher capital cost and larger land area 
required.

Slow Sand Filtration, color < 10, < 5 NTU, ineffective at removal of TOC, can get higher with 
Granular Activated Carbon (GAC) and pre-ozonation

Package Filtration packaged mixed media – 10 NTU limit, alkalinity < 20 mg/l, color < 60  

Membrane filtration – 6 log removal of giardia & cryptosporidium, color, iron & manganese, THM 
precursors, TOC, 0.1micron pore size. Effective at removing higher turbidity levels (450 NTU)



• Limited land area to construct a facility
• A need to maximize yield due to safe yield conclusions
• Address present and scheduled future federal and state surface water 

treatment  and disinfection-by-product rules and regulations
• Address Taste and Odor
• Cost 
• Desire to minimize staff requirements





 Kinetico Pressure Vessel Filtration System
 U.S. Filter Microfloc “Trident” System
 Pall Membrane “Aria” Microfiltration System 

Filtration Technology Comparison



Screening and Rank of Alternatives
Criteria Points OPTION 1

KINETICO FILT
RATION1

OPTION 2
PACKAGED

MICROFLOC1

OPTION 3
MEMBRANE MICRO

FILTRATION
Health and Safety 1-5 5 5 5

Equipment Cost 1-5 2 3 4

O & M Cost 1-5 2 3 4

Meets LT2SWTR Rule 1-5 4 4 5

Addresses Primary Contaminant Issues 1-5 4 4 4

Meets Disinfection By-Product Rule 1-5 4 4 4

Additional Land Required 1-5 4 4 5

Water Use Efficiency 1-5 4 4 4

Ease of Operation 1-5 3 3 4

Power Requirements 1-5 4 4 2

Hazardous Chemical Handling 1-5 4 4 3

Waste Generation 1-5 3 3 4

Totals 12-60 43 45 48



Primary Contaminant Treatment Comparison

Contaminant MF Removal Package Treatment Removal

Viruses 1-2.5 log 1-log

Cryptosporidium Oocysts 6-log 2.5-3.0-log

Giardia Cysts 6-log 2.5-log

Fecal Coliforms 6-log 3.0-4.0-log

Turbidity 0.04-0.1 NTU 0.08-0.3 NTU

Dissolved Metals 1.0-2.0-log 1.0-2.0-log

Dissolved Natural Organic Matter
40-60 Percent 40-70 Percent



Membrane Filtration 
Contaminate Typical removal
Giardia  > 6 log
Cryptosporidum > 6 log
E. Coli   0.5 - 3 log
Turbidity  <0.1 NTU



US Filter Memcor Pall Aria



PARALLEL PILOTS



PRETREATMENT AND COMPRESSOR SYSTEM



PHASE 1
(NO 

PRETREATMENT) LAB 
RESULTS

PARAMETER

PARAMETER

FEED WATER PALL AND U.S. FILTER FILTRATE

Concentration 
Range

Average 
Concentration

Concentration 
Range

Average 
Concentration

Turbidity (NTU) 0.331 – 0.421 0.367 0.021 – 0.027 0.024

Color (CU) 3 – 23 11.6 0 – 21 9.5

Iron (mg/L) 0.02 – 0.05 0.04 0.00 – 0.01 0.004

Manganese (mg/L) 0.006 – 0.078 0.015 0.000 – 0.007 0.001

Hardness (mg/L) 18– 21 19.4 17 – 22 19.7

TDS (mg/L) 43-49 45.9 41 – 48 42.3

Alkalinity (mg/L) 12.0 – 18.5 14.6 13.5 – 15.0 14.4

pH 6.8 – 7.5 7.05 6.9 – 7.4 7.08



• Both filters provide similar filtered water quality results
• Both filters utilize an air scrub and backwash process.
• Pall Aria utilizes two additional cleaning processes a heated chlorinated water soak 

and rinse and a Clean in Place (CIP).  The CIP utilizes citric acid and caustic soda 
allowing for longer filter runs reducing operating costs and longer lasting membranes.

• Pall Aria was chosen based on the lower maintenance costs, more effective filter 
cleaning, and less required operator interaction.  



Raw water filtered without coagulant



Parameter
Location

Raw 
Water

Pall MF
Filtrate

US Filter MF 
Filtrate

Total Suspended Solids (mg/L) <4 <4 <4
Color (CU) 15 5 5
Total Iron (mg/L) 0.09 <0.02 0.03
Total Manganese (mg/L) 0.04 0.03 <0.02
Total Organic Carbon (mg C/L) 4.2 4.0 4.3
Dissolved Organic Carbon (mg C /L) 4.8 3.8 3.7

THM Formation Potential (ppb) 103.6 - 90.7
Total Coliforms Present Absent Absent
E. Coli Present Absent Absent

Phase 1 Lab results



Parameter
Feed Water Pall and U.S. Filter Filtrate

Concentration 
Range

Average
Concentration

Concentration 
Range

Average
Concentration

Turbidity (NTU) 1.307 – 10.72 2.393 0.026 - 0.033 0.028

Color (CU) 1 - 23 15.8 0 0

Iron (mg/L) 0.06 – 0.19 0.10 0.00 – 0.02 0.01

Manganese (mg/L) 0.006 – 0.154 0.043 0.000 – 0.070 0.030

Hardness (mg/L) 16.5 – 20.1 18.2 16.0 – 19.0 18.1

TDS (mg/L) 35 - 37 35.3 42 - 46 43.5

Alkalinity (mg/L) 12.5 – 15.0 14.1 10.0 – 12.0 11.3

pH 6.42 – 6.98 6.69 6.22 – 6.96 6.65

PHASE 2 (PRETREATMENT WITH PACL) RESULTS



Parameter

Location

Pall MF
 Raw Water

Pall MF
Filtrate

Total Organic Carbon (mg C/L) (1.8 
mg/L as AL)

3.3 1.9

Total Organic Carbon (mg C/L) (2.2 
mg/L as AL)

3.4 1.8

PHASE 2 TOC RESULTS



Phase 2 addition of PAC for disinfection byproduct and color removal



Phase 2 addition of PAC for disinfection byproduct and color removal  
based on pilot expected 30 hrs at 1.8-2.2 mg/l of PAC before CIP



DURING DESIGN THIS HAPPENED 
JUNE 10, 2005
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