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Anchorage

PROJECT BACKGROUND

 King Cove, Alaska

 Remote location on Alaska Peninsula



 5 well system

 Original production capacity – 1.0 MGD

 Capacity pre-rehabilitation – 0.7 MGD

 Increasing demand

PROJECT MOTIVATION

Well Well 2 Well 6 Well 8 Well 9 Well 16

1996-1999 Pumping Rates (gpm) 100 300 100 100 100

Pumping Rate in June 2017 before 

Rehabilitation (gpm)
130 30-50 0 NA 10

Well 9

Well 8

Well 2

Well 16Well 6



OPTIONS TO INCREASE SUPPLY

Alternative Rehabilitation 5 New Wells

Cost $170,000 $1,800,000

Time Required 5 months 1 - 2 years

Advantages • Lower cost

• Short time frame

• Potentially more production capacity

• Potentially better water quality

Disadvantages • May not fully restore production capacity

• Rehabilitation may be needed again in 

10 - 20 years

• Continue to require water treatment for 

iron and manganese

• Higher cost



Causes of deterioration

 Decline in yield

o Dewatering

o Pump wear or impeller detachment

o Plugging/encrustation

 Failure 

o Corrosion

o Subsidence/earthquake 

o Improper installation

 Water Quality Decline

o Biofouling

o Contamination

o Corrosion

WELL PROBLEMS



 Screen slot enlargement

 Sanding

 Strength reduction 

 Collapse of well screen or casing

 Re-deposition of corrosion products

 Screen blocking

 Decrease in water quality

 Depends on:

o pH

o Redox conditions

o Hydrogen sulfide

CORROSION

Citation1



 Deposition on screen, sand pack, or formation

 Precipitation of minerals: calcium or 

magnesium carbonates, ferric or magnesium 

hydroxides, sulfate salts, manganese oxide

 Depends on:

o Turbulence

o Oxygen entrainment

o Microbial oxidation

 Deposition of fines

o Failure to develop

o Improper filter pack gradation

o Improper screen size

PLUGGING/
ENCRUSTATION



Pumping Tests –
Specific capacity

Visual Inspection –
Inspection of column 

pipe and pumps

Visual Inspection -
Video logging

Sample Collection –
Mineral scale and water

IDENTIFYING THE PROBLEM
Diagnostic Techniques



 VISUAL INSPECTION: Formation of 

biological slime and mineral encrustation

 SCALE MINERAL ANALYSIS:

Well 9 – deposits of manganese

Wells 2, 6, 8, 16 – deposits of iron, 

manganese, calcium and decomposed 

organic matter (biological slime)

 WATER QUALITY ANALYSIS:

High Iron: Wells 2, 8, 9, 16

High Manganese: Wells 2 and 9

High Calcium: Wells 2, 6, 9, 16

CAUSES OF WELL YIELD DECLINE



 Scale and water quality analysis to 

determine chemistry

 Amount of chemicals dependent on water 

volume in well

o Depth to water

o Casing diameter 

 Field procedure

TREATMENT PLAN



Removal of Pump and 
Pipe

Brushing Developed with air + 
Airlift debris from well

Chemical Treatment

TREATMENT PROCESS



 Specified chemicals were applied to the 

well based on scale analysis

o Blended treatment – “Unicid” 

o HCl

 Amount of chemicals dependent on water 

volume in well

 Monitor pH

CHEMICAL TREATMENT



 Clean pump

 Video Inspection

 Reinstallation

 Disinfection

TREATMENT PROCESS (CONTINUED)



CHECK YOUR WORK – PUMP TESTS

Well Well 2 Well 6 Well 8 Well 9 Well 16

1996-1999 Pumping Rates (gpm) 100 300 100 100 100

Pumping Rate in June 2017 before 

Rehabilitation (gpm)
130 30-50 0 NA 10

Pump Test Rate (gpm) 109 150 100 180 107

Estimated Future pumping Rate

(gpm)
250-320 160 70 180 90

After 

Rehab



 Planning and teamwork are key

 Beware – the bear!

LESSONS LEARNED



 Well rehabilitation is generally cost effective 

and extends the operating life of a well 

 Keep good records 

o Well details (design, completion)

o Operating history (water levels, discharge rate, 

efficiency) 

o Maintenance history (pump replacement)

 Appropriate treatment for the well

 Don’t wait too long (extensive and 

hardened mineralization)

KEY TAKE-AWAYS
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SUPPORTING SLIDES



AREA TOPOGRAPHY MAP



Well Well 2 Well 6 Well 8 Well 9 Well 16

Groundwater Levels and Pumping Rates During Pump Tests

Static Depth to Groundwater,             October 

2017 (feet)
36.06 15.04 48.42 42.13 20.72

Pumping Test Flow Rate (gpm) 109 150 100 180 107

Duration of Pumping Test (hrs:min) 23:31 24:32 57:53 23:09 24:18

Maximum Depth to Groundwater During 

Pumping (feet)
40.85 30.35 64.58 59.13 45.97

Maximum Groundwater Drawdown During 

Pumping (feet)
4.79 15.31 16.16 17.00 25.25

Time to Achieve Maximum Drawdown (hrs:min) 23:31 23:42 57:53 23:09 23:27

Depth to Top of Well Screen (feet btoc) 64 47 71 76 65

Available Drawdown (feet) = 0.5 * (Depth to Top 

of Screen-Static Groundwater Depth)
14.0 16.0 11.2 16.9 22.1

Specific Capacity (gpm/foot drawdown) 22.76 9.80 6.19 10.59 4.24

Future Estimated Well Pumping Rates

Estimated Max. Long-Term Pumping Rate 

(gpm) = Specific Capacity x Available 

Drawdown1

250 to 3202 160 70 180 90

ESTIMATING PUMPING RATE



REHABILITATION VS. REPLACEMENT  



REPLACEMENT COST BREAKDOWN



 Pumping water level decline – reduced hydrodynamic efficiency in well, or regional water level 

declines or well interference

 Lower specific capacity – drop in puping water level (increased drawdown) or pumping yield 

reduction

 Lower or insufficient yield – dewatering, caving in of major fracture or water bearing zone, 

insufficient development, pump wear, perforation of column pipe, or increased total dynamic 

head in delivery system

 Lower efficiency – usually a pump problem ( wear, corrosion, inadequate power supply)

 Complete loss of production – dewatering, plugging, subsidence, collapse, pump failure

 Sand or silt pumping – open borehole, leakage in casing, problems with filter pack, enlarged 

screen openings



SUMMARY OF PROBLEMS AND CAUSES


