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ISCO Field Task Work Plan
Ward Products Site - Amsterdam, NY
April 2010 (Revision 1 May 3, 2010)

Prepared by AECOM

1. Introduction
On behalf of New Water Reality Corporation, AECOM has prepared this ISCO Field Task Work for

conducting the second round of in-situ chemical oxidation (ISC) injection (Plan B) at the Ward Products

Site in Amsterdam, New York.  The work will entail collection of semi-annual groundwater samples,

injection of potassium permanganate solution into five wells, and post-injection performance monitoring

along with continued operation of the extraction and treatment system.  The primary contaminant targeted

by ISCO is trichloroethene (TCE).

2. May 2010 Semi-Annual Monitoring
The May 2010 groundwater sampling event will be performed immediately preceding the second round of

chemical oxidation injections using potassium permanganate.  Groundwater samples will be collected

using low-flow methods from a total of 24 wells including 20 monitoring wells (MW-1, MW-1R, MW-2,

MW-4, MW-4R, MW-5, MW-6, MW-7, MW-8, MW-9, MW-10, MW-12, MW-13, MW-14, MW-15, MW-16,

MW-17, MW-18, MW-19, MW-20) and the four injection wells (IW-01, IW-02, IW-03, and IW-04).

Prior to sampling, a complete synoptic water elevation evaluation will be completed by recording depth to

groundwater in each of the site monitoring wells from a measuring point of known elevation.

Sampling will be completed using low-flow groundwater sampling methods in selected wells.  The

appropriate volumes will be collected for analytical samples identified in the sampling plan (24 wells for

VOCs, 11 wells for total chromium, and 11 wells for hexavalent chromium).

The quarterly sampling from the extraction well will be collected during the May 2010 sampling round. In

addition to typical parameters, a small volume of water will be collected in a vessel to record oxidation-

reduction potential (ORP) reading using a YSI water quality probe to record a pre-ISCO, baseline ORP

reading at the extraction well.

3. May 2010 Permanganate Injection

Permanganate solutions will be injected into five well locations, including two injection wells (IW-01 and

IW-03) and three monitoring well locations (MW-4R, MW-6, and MW-10).
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The injection plan for the June 2009 event was to inject 250 gallons of permanganate solution were

injected into four wells followed by 250 gallons of “chase” water.  In well IW-01 250 gallons of

permanganate solution were injected in approximately 45 to 60 minutes (approximately 4.5 gallons per

minute or gpm).  At injection well IW-04, injection of 500 gallons (250 gallons of permanganate solution

and 250 gallons chase water) was completed in approximately 4 hours (approximately 2 gpm).  Injection

into well IW-03 proceeded significantly slower, taking more than 8 hours to inject 250 gallons of

permanganate and 125 gallons chase water (approximately 0.75 gpm).  These observed injection rates

were used in planning for Plan B injections.

For 2010 injections a 4% permanganate solution will be used.  For each batch of 250 gallons,

approximately 120 pounds of potassium permanganate (KMnO4) will be added (approximately 2.2 fifty-

five (55) pound pails to each batch). Following injection of the specified permangate solution volume,

additional potable “chase” water will be injected into the well to increase distribution and delivery into the

bedrock.  Five injection wells are proposed for Plan B.  Injection volumes and permanganate quantities

for each of the five wells are summarized in the table below.  Field observations during injection will be

recorded on Field Injection Sheets; an example is attached to this work plan.

Well IW-01 MW-10 MW-6 IW-03 MW-4R
Screen Length 15 15 15 60 10
Permanganate Solution Volume (gal) 375 375 375 375 250
Potassium Permanganate Mass (lbs) 180 180 180 180 120
Number of 250 gallon Batches 1.5 1.5 1.5 1.5 1.0
Chase Water (gallons) 200 200 200 125 200
Total Volume (gallons) 575 575 575 500 450

Prior to injection, inspection will be performed of all pumps, hoses, and other injection materials for wear

and/or corrosion to prevent spills or exposure to strong oxidant.

Injection will be completed in the proposed wells furthest from the extraction well first to maintain

extraction well operation for as long as possible.  Injection is proposed to be performed in the following

order:

1. MW-10

2. MW-6

3. IW-01

4. IW-03

5. MW-4R.
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The extraction pump rate will be lowered for the first three injection wells, and will be shut off until after

completion of injection in the final two wells.  Injection is anticipated to begin on Monday May 10.  The

extraction well will remain off until the following week (Week of May 17) to allow the permanganate to

react with TCE.  If purple water is observed in the extraction well during injection of the first three wells, it

will be shut down immediately.

4. Post ISCO Monitoring 2010
The primary objective of Post ISCO monitoring is to evaluate the distribution and movement of the

injected permanganate within the subsurface/bedrock matrix.   As permanganate has a distinct purple

color that can be visually detected; therefore, observing pink/purple color in groundwater will be the

primary positive indicator of the impact of the injected chemical oxidant.  Additionally oxidation reduction

potential (ORP) is a commonly measured water quality parameter that will increase in monitoring wells

influenced by ISCO injections.   Post ISCO monitoring will be performed approximately one week, two

weeks, four, and six weeks after injection.  Groundwater wells will be purged using low flow methods for

approximately 30 minutes in each well.  If pink/purple water is observed prior to 20 minutes, purging will

be terminated with presence of permanganate confirmed visually.  At the completion of 30 minutes of

purging, groundwater field parameters of ORP, pH, and specific conductivity will be recorded and

compared to geochemical conditions prior to the 2010 permanganate injection.   Alternatively, water can

be extracted using bailers (bail a minimum of 3 gallons, or less if pink/purple color is observed), and

groundwater field parameters can be recorded from bailed water.  Post ISCO monitoring will be

conducted at the five wells where permanganate will be injected (IW-01, IW-03, MW-4R, MW-6, and MW-

10) as well as at the following wells in the vicinity of the injection wells:  MW-7, MW-9, MW-13, IW-02, and

IW-04. Permanganate in the influent treatment system will be evaluated as part of Post ISCO monitoring,

and is further detailed in Section 5.

5. Extraction Well Shut Down Criteria During Injection and After Injection
During the first permangante injection in June 2009, pink/purple water was noted in the extraction well

within 30 minutes of starting injection into the four wells.  If purple water is observed in the extraction well

during injection of the first three wells, it will be shut down immediately.  The extraction pump will be shut

down for injection into the two wells closest to the extraction well.

The first Post ISCO Monitoring will be completed approximately one week after the injection event.  The

following procedure will be completed to evaluate permanganate entering the extraction well:

a. Measure depth to water in monitoring wells, including but not limited to IW-02, IW-03, IW-

04, MW-4R, MW-6, MW-7.

b. Turn on the extraction well.  Allow extraction well to pump for 4 hours.  Check the color of

the extracted water at a frequency of approximately once per 30 minutes.
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c. While the extraction well is pumping for 4 hours, measure and record depth to water in

the wells noted above at a frequency of approximately once per hour.

i. While the extraction well is pumping, perform monitoring as discussed in Section

4, including but not limited to using low-flow sampling or bailing check wells for

pink/purple color and record pH and ORP.

d. If pink/purple color is observed after 4 hours of extraction, turn off the system.

e. If no pink/purple color is noted after 4 hours, collect a water sample from the extraction

well influent and measure ORP.  Leave the extraction well on and return to the site the

next day.

f. If pink/purple color is observed in the extraction well the following day, turn off the

system.  If not, leave the system on.

The second Post ISCO monitoring event is schedule approximately two weeks after the injection.  The

following procedure will be completed to evaluate permanganate entering the extraction well:

a. If the extraction well was operating, check for pink/purple color in extracted water and

measure pH and ORP.

b. If the extraction well was shut down, turn it back on and operate for at least 4 hours.

c. Repeat Steps b through f as detailed above (one week Post ISCO extraction well

evaluation).

d. If pink/purple color is observed after 4 hours of extraction, compare with color key

provided.  If purple color is darker than indicated, shut the extraction well off.  The intent

is not to remove deep purple/high concentration permanganate from the ground, but if

dilute concentrations are entering the extraction well to continue pulling the oxidant

through bedrock fractures.

e. If no color is observed or hue is less than indicated on the color key leave the extraction

well on and return to the site the next day.

f. If pink/purple color is observed in the extraction well the following day compare with color

color key provided.  If purple color is darker than indicated, shut the extraction well off.  If

not, leave the system on.

If the system is shut-off after two weeks, return to the site weekly after the injection event and repeat the

procedure from Week 2.

6. Semi-Annual Sampling August 2010
The August 2010 groundwater sampling event will be performed approximately three months following

the second round of chemical oxidation injections using potassium permanganate.  No significant
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changes are proposed from the agreed sampling schedule for this event.  Samples for analysis of VOCs

will be collected from a total of 22 wells, and fourteen of the samples collected in August 2010 will be

analyzed for chromium (hexavalent and total).

Residual permanganate from a monitoring well in a sample will continue to react and oxidize with any

VOCs in the collected groundwater between the time of collection and laboratory analysis.  If groundwater

in a particular well is observed to be pink/purple, a sample will not be sent to the laboratory for analysis

during the August 2010 round.  The well will be resampled for laboratory analysis during the October

2010 ISCO Performance round (see Section 7).

Prior to sampling, a complete synoptic water elevation evaluation will be completed by recording depth to

groundwater in each of the site monitoring wells from a measuring point of known elevation.

The quarterly sampling from the extraction well will be collected during the August 2010 sampling round.

In addition to typical parameters, a small volume of water will be collected in a vessel to record oxidation-

reduction potential (ORP) reading using a YSI water quality probe to record a three-month post-ISCO,

ORP reading at the extraction well.

7. October 2010 Groundwater Sampling
Additional groundwater samples will be collected via low flow methods in October 2010, approximately

5.5 months following injection of permanganate and approximately two months following the semi-annual

sampling in August 2010.  The primary objectives of this sampling will be to assess the residual presence

of permanganate in monitoring and injection wells as well as to evaluate any VOC concentration rebound.

In-situ chemical oxidation will destroy VOC mass where permanganate is delivered; however,

concentration in groundwater can rebound due to dissolution of NAPL and/or advection of contaminated

water to areas that were treated.  A limited number of groundwater monitoring wells will be sampled in

October 2010 including MW-2R (upgradient, background), MW-4R, MW-6, MW-7, MW-9, MW-10, and

MW-13 (downgradient).  In addition, samples will also be collected from any wells where a sample was

not collected in August 2010 due to the visual presence of permanganate.
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New Water Reality - Amsterdam, NY
2010 Permanganate Injection

Injection Well:

Permanganate Solution Preparation

Date Time Batch #
KMnO4 added

(lb)***
Batch Volume

(gallons)
MnO4 added

(lb)

MnO4
concentration

(%wt)
1 120 250 90.2 4.1

0 #DIV/0!
0 #DIV/0!
0 #DIV/0!
0 #DIV/0!
0 #DIV/0!

Date Time Batch #
Gallons
Injected

Injection
Pressure (psi)

Injection
Time (min)

Injection Flow
Rate (gpm) Notes

1 0 0

- If injection wells are taking solution readily, collect injection volume and pressure every 15-20 minutes.
- If injection wells are taking solution slowly, collect injection volume and pressure every 30-40 minutes.

***Potassium Permanganate will be delivered to the site in 55.125 pound pails.
            Use ~2.2 pails per 250 gallon batch (120 lbs per batch).



New Water Reality - Amsterdam, NY
2010 Post ISCO Monitoring

Date Well

Depth to
Groundwater

(ft bgs)

Purple Color
Observed
 (Y or N)

pH
 (at 30 min)

ORP (mV)
(at 30 min) Notes

1. Purge wells for at least 20 minutes.
2. Record if purple color observed.
3. pH and ORP to be recorded after 30 minutes of low flow purging (or removal of at least 3 gallons by bailing)
                        -If purple color observed, no need  purge for 30 minutes to collect pH and ORP



Turn off if color is darker than this line Keep extraction pump on if color is less dark
than this line

Permanganate Color Key for Extraction Pump Re-Start
1. Collect sample of extraction water in a 40 mL vial
2. Place vial below photo and compare to vertical line
3. Keep pump running or turn off based on comparison to line



Ward Products Site - Amsterdam, NY
ISCO Field Task Work Plan

Permanganate Dosage Calculations

Percent Weight Permanganate = Mass Permanganate
Mass Water + Mass Permanganate

2009 Injection Assumption
25 lb per 250 gallon = 1.2% Permanganate by weight

250 gallon chase water

Total Injection Volume 500 gallons
Screen Length 60 feet
Assume Bedrock Porosity 3%
Radius of Influence 3.4 feet r2 = V / [h x pi x porosity]
2010 Injection Design
Injection into Monitoring Wells in Shallower Bedrock
Target radius of influence 14 feet
Screen Length 10 feet (MW-4R has 10' screen)
Assume Bedrock Porosity 4%
Injection Volume 250 gallons V = r2 x h x pi x porosity

200 gallons chase water (at least)

Screen Length 15 feet (MW-6, MW-10, IW-01)
Injection Volume 375 gallons

200 gallons chase water (at least)

Target Permanganate Concentration 4.0%
Mass Water 250 gallons = 2085 lbs water (MW-4R)
Permanganate Mass 87 lbs permanganate per 10' screen length

Mass Water 375 gallons = 3128 lbs water (MW-6, MW-10, IW-01)
Permanganate Mass 131 lbs permanganate per 15' screen length

Injection into Long Screen Injection Well (IW-03)

Based on low injection rate observed in June 2009, 375 gallons of permanganate solution (equal to 15 foot screens) will be injected
Assume Bedrock Porosity 1.8% (assume 4% porosity in top 15 feet and 1% porosity in lower 45 feet)
Radius of Influence 375 gallons V = r2 x h x pi x porosity

100 gallons chase water (at least)
Mass Water 375 gallons = 3128 lbs water (IW-01 and IW-03)
Permanganate Mass 131 lbs permanganate

1 of 2



Potassium Permanganate (KMnO4)
MW #

K 39.09 1 Permanganate anion MW = 118.94 = 0.75
Mn 54.94 1 KMnO4 MW 158.03
O 16 4

Total 158.03

Therefore, every 1 pound of permanganate requires 1.33 pounds of potassium permanganate powder.

Well IW-01 MW-10 MW-6 IW-03 MW-4R Totals Notes
Screen Length 15 15 15 60 10
Permanganate Solution Volume
(gallons) 375 375 375 375 250 1,750

Permanganate Mass (lbs) 135 135 135 135 90 630

Potassium Permanganate Mass (lbs) 180 180 180 180 120 840
Chase Water (gallons) 200 200 200 125 200 925
Total Volume (gallons) 575 575 575 500 450 2,675
Estimated Injection Rate (gpm) 4 2.5 2 0.75 2

Number of Batches 1.5 1.5 1.5 1.5 1.0 7.0
MnO4 Preparation Time (hrs) 0.50 0.50 0.50 0.50 0.33 2.3 assume 20 minutes per batch

Chase Water Preparation Time (hrs) 0.17 0.17 0.17 0.10 0.17 0.8 assume 10 minutes to fill tank (250 gallons)

Injection Time (hrs) 2.4 3.8 4.8 11.1 3.8 25.9
Total Injection Well Time (hrs) 3.1 4.5 5.5 11.7 4.2 29.0 Assume 4 injection days

KMnO4 mass per batch (lbs) 120 120 120 120 120 Use approximately 2 pails and

55 lb buckets per batch 2.2 2.2 2.2 2.2 2.2  one-fifth of a pail per batch

Unit Conversions
Water Density = 8.34 lbs/gallon
Volume 7.48 gallon/cubic foot

Order 16 pails (55 lbs/pail) = 880 pounds
Remainder can be used at MW-4R

Injection slightly more than half volume of frac tank for
last batch for wells IW-03, MW-10, MW-6, IW-01

2 of 2




