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Section 1 

Introduction 

Study Purpose 
This study addresses two concerns of the trichloroethylene (TCE) treatment system and the 
noncontact cooling water (NCCW) systems at the Corps of Engineers Cold Regions Research and 
Environmental Laboratory (CRREL) in Hanford, New Hampshire: 

1. Violation of the National Pollutant Discharge Elimination System (NPDES) Permit for 
pH limits, and  

2. Inadequate performance of the greensand filters (GSF). 

The causes for the high pH levels in the noncontact cooling water discharge to the river are 
discussed in this study.  The existing carbon dioxide system used for pH control is evaluated.  
Alternatives for pH control are presented. 

The existing GSF remove iron from well water prior to air stripping.  This reduces the fouling 
potential in the air strippers and downstream NCCW systems.  CRREL has experienced 
operational problems with the filters.  This study addresses how the performance of the GSF can 
be improved.  Alternative iron removal methods are also presented. 

Objectives of Facilities 
The objectives of CRREL’s TCE treatment system and NCCW systems should be considered 
when evaluating the alternatives presented in this report.   

The primary objectives of these two systems are: 

1. TCE Removal - Remove TCE from the groundwater such that the NPDES limit of 5 
micrograms per liter is achieved. 
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2. NCCW Supply - Provide a reliable water supply for noncontact cooling water in the 
various lab facilities and also for building cooling. 

3. NPDES Conformance - Meet the requirements of the NPDES Permit.  This report focuses 
on the pH requirement of this permit. 

The secondary objectives of these two systems are: 

1. Cost Minimization - Minimize costs to run the two systems.  Capital, maintenance and 
operational costs need to be taken into consideration. 

2. Operation Ease - Provide a system that is easy to operate. 

Description of Existing Facilities 
A schematic of the NCCW systems at CRREL is shown in Figure 1-1.  Five production wells at 
CRREL are used for NCCW.  The NCCW is used in the various cold research laboratories and 
for general building air conditioning systems.  There are two separate NCCW systems.  One 
system uses four wells and the second system uses only Well No. 3.  The discharge flows from 
these two systems flow into two separate combined stormwater/NCCW sewer systems.  These 
two sewer systems combine at a manhole upstream of the Navy Pond Manhole.  (Navy Pond 
refers to an abandoned research pond.)  

Tables 1-1 and 1-2 and Appendix A provide existing equipment data.  Section 3 presents more 
information on the carbon dioxide feed system.  Section 4 presents more information on the 
greensand filters.   

NCCW System 1 
Water from four wells (Wells No. 1, 2, 4, and 5) is treated for TCE removal.  Usually only 2 
or 3 wells are used at any given time.  The TCE treatment system (see Figure 1-2) includes 
pretreatment with potassium permanganate and greensand filters for iron and manganese 
removal followed by two air stripping towers in series to remove TCE.  Carbon dioxide is 
added to Reservoir No. 1, Reservoir No. 2, and to the discharge line from the High Lift 
Pumps, P-1 and P-2, to reduce calcium carbonate precipitation and lower the pH.  The High 
Lift Pumps discharge at a reservoir near the Main Lab.  One or two pumps at this reservoir 
supply water to the NCCW systems in the Main Lab.  Downstream of the Main Lab 
Reservoir Pumps are seven bag filters and an inline pH meter.  The bag filters used in the 
Main Lab are Stainrite Model SP50P-C2ST, 50 micron.  The cartridges are 7.3 inches long 
and 31 inches in diameter.  All seven bags are changed weekly.   

Some of the NCCW from the discharge line from the Main Lab can be diverted to the Lab 
Addition Building for NCCW in that building.  The combined flow from the Main Lab and 
Lab Addition buildings discharges into an open sewer system, which also collects 
stormwater.  Downstream, water is diverted from the sewer for NCCW purposes in the 
Logistics Facility and the Directorate of Public Works Building (PW).  All this water 
eventually discharges into a combined stormwater/NCCW discharge line which discharges 
into the Connecticut River near the “Navy Pond”. 



Schematic of NCCW Systems 
Figure 1-1

 



 

 

Schematic of CRREL TCE Treatment System 
Figure 1-2



 

Table 1-1  Information on Existing TCE Facility Equipment 

 
Source:  CRREL 
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Pumps P-7 and P-8 pump from Reservoir No. 2 at the TCE Treatment Facility to the Frost 
Effects Research Facility (FERF) for NCCW purposes.  These pumps are not used year 
round. 

Table 1-2  Information on Existing Wells 

Well 
Depth to Top of 

Screen, feet 
Motor 

Horsepower Capacity, gpm 
No. 1 113.5 30 450 
No. 2 127 30 450 
No. 3 130 30 450 
No. 4 113 Unknown Unknown 
No. 5 108 20 350 
gpm – gallons per minute 
Source:  CRREL 

NCCW System 2 
Water from Well No. 3 does not require treatment for TCE removal.  Thus untreated water is 
used for NCCW.  The well water is pumped to an underground reservoir and then pumped 
into Ice Engineering for NCCW.  The NCCW water then discharges into a stormwater 
collection system, which eventually discharges into the Connecticut River near Navy Pond.  
None of the water from Well No. 3 is used for building cooling systems.  Pumps P-1 and P-2 
at the TCE Treatment Facility can also pump to NCCW System 2 (Ice Engineering).  
However, this has never been done. 

Background Information 
A copy of the NPDES Permit for the NCCW water from CRREL is in Appendix B.  Included in 
this permit are requirements that the discharge to the Connecticut River meets the following 
criteria: 

TCE, maximum daily value 5 micrograms per liter 

pH    6.5 to 8.0 

CRREL is required to test for TCE monthly and pH, three times per week.  Since stormwater 
enters the NCCW system, tests are required when no rainfall has occurred within the last 24 
hours.  Usually, but not always, this has been possible. 

Several treatment facilities have been added to the CRREL site to meet the limits of this permit. 

In early 1994, a permanent TCE treatment facility became operational.  This facility included a 
potassium permanganate feed system, GSF, and air stripping towers.  The treated water was then 
used for NCCW prior to discharging to the Connecticut River.   

In 1995, the carbon dioxide feed system was added because calcium carbonate deposition was a 
problem in Reservoirs 1 and 2.  Carbon dioxide was released in the air stripping towers, causing 
the pH of the water to increase and calcium carbonate precipitates to form. 
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The backwash water from the GSF initially discharged to the Connecticut River.  However, 
changes were needed due to the total suspended solids levels in the GSF backwash water 
exceeding the 50 mg/L limit in the NPDES Permit.  Thus, in 2005 a temporary holding tank for 
GSF backwash wastewater was added.  The water from this tank is slowly discharged to the City 
of Hanover’s sanitary sewer system.   

In October 2006 the packing material in Tower 1 was replaced.  Packing material in Tower 2 was 
replaced in May 2007.  The packing material required replacement due to excessive deposits in 
the packing material. 

Since March 2006, the NPDES pH limit of 8.0 for the NCCW has been exceeded occasionally.  
As required, CRREL sent a notification letter to EPA on each occasion.  Currently routine 
samples are only collected at the Navy Pond Manhole.  Total volumes of water pumped and hours 
of operation for each well are currently reported to EPA.   

EPA is considering having CRREL move its sampling site for determination of compliance and to 
possibly have more sites measured.  Also, EPA may require flow measurement at various 
locations.   

The NPDES Permit allows the maximum pH limit to increase to 9.0 if approved by the New 
Hampshire Department of Environmental Services (NHDES).  CRREL is currently pursuing 
getting this variance from NHDES.  Application for this variance includes providing flow rate 
and pH information for Connecticut River and performing lab tests to determine the effect of 
blending NCCW discharge with the river water.  Eastern Analytical (EA) performed this work for 
CRREL and the results are presented in Appendix C. 



Section 2 

Data 

Data on water usage and water quality tests for the noncontact cooling water (NCCW) systems 
are presented in this section. 

Water Usage Data 
The water usage data for the year 2006 is summarized in Table 2-1.  The raw data for January 
2006 through September 2007 is included in Appendix D.  Only the data from 2006 was 
summarized such that seasonal fluctuations would be accounted for adequately. 

The 2006 average daily flow rate through the trichloroethylene TCE treatment facility was 
598,000 gallons per day (gpd) or 420 gallons per minute (gpm).  The peak daily flow rate was 1 
million gpd (700 gpm).  The flow rate from Well No. 3 (NCCW System 2) averaged 147,000 gpd 
with a maximum rate of 626,000 gpd.  The actual pumping rate from Well No. 3 probably did not 
vary as much as the table indicates.  (Pumping rates for when the pump operated for short 
durations cannot be calculated accurately.) 

Water Quality Data 
Table 2-2 summarizes the historical water quality data and the primary findings from each source.  
The complete water quality data from these sources is included in Appendices E through M. 

Eastern Analytical Tests 
Eastern Analytical, Inc. (EA) performed sampling and water quality tests as part of this study.  
The sampling locations are shown in Figures 2-1 and Figures 1-1 and 1-2.  Sampling methods 
and results are given in Appendix E, which is bound separately. 

Onsite testing was performed for pH, temperature, and conductance.  Grab samples were 
collected on four separate days and laboratory tests were performed for various parameters.
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Sampling Locations for August & September 
Figure 2-1

 



Continuous monitoring for pH, conductance, and temperature was performed at five locations 
– Manhole 10, 12, 13, and 14 and Well No. 3.  The goal was to monitor the trend in water 
quality as the water passed through the two NCCW systems.  Manhole 10 and Manhole 13 
are locations on NCCW System 1.  Manhole 10 was the first reliable sampling location 
downstream of the carbon dioxide feed point.  The Main Lab Reservoir was not used due to 
the probable inconsistent water quality throughout the reservoir.  Well No. 3, Manhole 12 and 
Manhole 14 are locations on the NCCW System 2.  Results are presented in Section 3. 

The most extensive testing was done on the first grab sample collected on August 13th.  The 
results for this sample are presented in Table 2-3.   

Sections 3 and 4 further discuss EA test results as they pertain to the subject of concern. 

Table 2-1  Well Water Usage Data for 2006 

Well(s) 

No. of 
Days 
Used 

Maximum 
Pumped 
Volume 

per Day, 
gallons 

Average 
Pumped 
Volume 

per Day, 
gallons 

Maximum 
Pumping 

Rate, gpm

Average 
Pumping 

Rate, gpm 
Total Usage in 

2006, gallons

1 220 470,000 296,000 430 320 65,000,000

2 311 537,000 342,000 400 350 106,000,000

3 286 626,000 147,000 460 280 42,000,000

4 355 111,000 1,000 270 160 356,000

5 259 383,000 206,000 340 250 53,000,000

1,2,3,4,5 365 1,199,000 732,000 CD CD 267,000,000

1,2,4,5 365 1,001,000 598,000 CD CD 218,000,000

Notes: 

1. Average pumped volumes for individual wells is based on only days when well is 
used. 

2. See Appendix D for raw data. 

CD - cannot determine from available data 

gpd – gallons per day 

gpm – gallons per minute 

Source:  Stanley Consultants, Inc. 
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Table 2-2  Available Water Quality Data 

Source 
Sample 
Dates 

Sample Locations Tests 

Primary Results 
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Other 

EA 2007 Tests 
(Appendix E) 

8/2007 
and 
9/2007 

x x x x x x See 
Appendix E 

x x  x x See  
Appendix E 

See discussion later in 
this report 

CRREL pH Reports 
(Appendix F) 

3/2006  - 
9/2007 

     x  x x     Exceeded pH of 8.0 
several times 

CRREL TCE 
Reports 
(Appendix G) 

1993-2007  x x   x    x x  Mn See Section 4 

CRREL  
(Appendix H) 

9/1/2006 x  x x x         pH increase across 
towers; CO2 reduces pH 

CRREL Toxicity 
Report (Appendix I) 

1/2006      x Connecticut 
River 

x x   x See  
Appendix I 

---------------- 

T&M Assoc 
(Appendix J) 

6/29/95    x x x Bag filters x x    Calcium 
Alkalinity 

pH decreases due to CO2 

addition 

CRREL 
(Appendix K) 

6/8/2005 x   x x x  x x     pH increase across 
towers; pH increase from 
Main Lab Reservoir to 
Navy Pond MH 
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Table 2-2  Available Water Quality Data – Continued 

Source 
Sample 
Dates 

Sample Locations Tests 

Primary Results 
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T
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Other 

Draft, Investigation 
of Scaling in Heat 
Exhanger System 
Piping, March 21, 
1993 (Appendix L) 

1/23/1995 x  x x  x See 
Appendix L 

x x  x x See  
Appendix L 

Increase in pH and 
calcium carbonate 
precipitation potential 
across towers 

1995 TCE Treatment 
Facilities Contract 
Documents, Section 
13548 (Appendix M) 

unknown x       x  x x x Hardness, Mn, 
Alkalinity, 
Sulfate, 
Nitrate, TDS, 
TS, Nitrite, 
Barium, 
Copper, Zinc 

------------------ 

AA - Aquarian Analytical Inc. 

EA - Eastern Analytical Inc. 

GSF - Greensand Filters 

MH - manhole 

Mn - Manganese 

TCE - Trichloroethylene 

TDS - Total Dissolved Solids 

TOC - Total Organic Carbon 

TS - Total Solids 

Towers - Air Stripping Towers 

        

Source:  Stanley Consultants, Inc. 

 



Table 2-3  Results of Water Quality Tests for August 13, 2007 

Sample Location No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Parameter Units MDL Well 1  Well 2  Well 3 Well 4  Well 5  
GSF 

Influent

Tower 
One 

Influent

Tower 
Two 

Effluent

Main 
Lab 

Reservoir MH 10

Discharge from 
Public Works 
Bldg Cooling 

System (in bldg)  
MH 12 near 

Ice Engr. MH 13 MH 14
Navy 

Pond MH MH 16

Calcium mg/L 0.05 100 77 70 73 78 76 78 78 84 78 77 71 76 70 75 ND

Total Iron mg/L 0.05 0.67 0.33 0.28 0.11 0.39 0.27 < 0.05 < 0.05 ND < 0.05 ND 1.5 < 0.05 0.43 ND ND

Dissolved Iron mg/L 0.05 0.47 0.27 0.15 < 0.05 0.29 0.19 < 0.05 < 0.05 ND < 0.05 ND < 0.05 < 0.05 < 0.05 ND ND

Organically-
bound Iron mg/L 0.05 0.49 0.29 0.15 < 0.05 0.29 0.19 < 0.05 < 0.05 ND < 0.05 ND < 0.05 < 0.05 < 0.05 ND ND

Total 
Magnesium mg/L 0.05 11 10 9.8 11 8.9 ND ND ND ND ND ND ND ND ND 9.9 ND

Total 
Manganese mg/L 0.005 0.13 0.11 0.085 0.022 0.040 0.064 0.068 ND ND ND ND ND ND ND 0.009 ND

Dissolved 
Manganese mg/L 0.005 0.14 0.11 0.086 0.023 0.041 0.065 0.070 ND ND ND ND ND ND ND 0.006 ND

Total 
Potassium mg/L 0.05 5.7 5.2 4.2 4.7 4.9 ND ND ND ND ND ND ND ND ND 4.9 ND

Total Silicon mg/L 0.05 ND ND 5.5 ND ND 4.8 ND ND ND ND ND ND ND ND 5.0 ND

Total Sodium mg/L 5 ND ND 9 ND ND 23 ND ND ND ND ND ND ND ND 21 ND

Total 
Hardness  

mg/L as 
CaCO3 0.05 300 230 220 230 230 230 240 240 250 240 230 220 230 210 230 ND

Total Solids 
Suspended mg/L 2 ND ND < 5 ND ND < 5 ND < 5 ND ND ND  ND < 5 < 5 < 5 ND 

Total 
Dissolved 
Solids mg/L 5 550 360 300 310 380 360 370 360 390 360 370 290 370 310 350 ND

Sulfate mg/L 1 32 ND 34 ND ND 36 ND 36 ND ND ND ND 36 34 35 ND

Total 
Alkalinity-M  

mg/L as 
CaCO3 1 190 150 150 150 150 150 150 150 150 150 150 150 150 150 150 29

Dissolved 
Alkalinity-M  

mg/L as 
CaCO3 1 ND ND ND ND ND ND 150 150 ND 150 ND 150 150 140 ND ND
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Table 2-3  Results of Water Quality Tests for August 13, 2007 - Continued 

Sample Location No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Parameter Units MDL Well 1  Well 2  Well 3  Well 4  Well 5  
GSF 

Influent

Tower 
One 

Influent

Tower 
Two 

Effluent

Main 
Lab 

Reservoir MH 10

Discharge from 
Public Works 
Bldg Cooling 

System (in bldg)  
MH 12 near 

Ice Engr.  MH 13 MH 14
Navy 

Pond MH MH 16

Total 
Alkalinity-P  

mg/L as 
CaCO3 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1

Dissolved 
Alkalinity-P  

mg/L as 
CaCO3 1 ND ND ND ND ND ND < 1 < 1 ND < 1 ND < 1 < 1 < 1 ND ND

CO2 (Free) mg/L NA 17 5 6 6 5 6 5 2 3 16 13 4 7 1 4 ND

TOC mg/L 0.5 0.6 0.7 < 0.5 < 0.5 0.6 0.6 ND < 0.5 ND ND ND ND 0.5 0.5 0.5 ND

Lab pH SU NA 7.2 7.6 7.7 7.7 7.6 7.7 7.7 8.0 7.3 7.3 7.2 7.8 7.6 8.0 7.8 7.8

Heterotrophic 
Plate Count CFU/ml NA ND ND ND ND ND ND ND ND ND 23 ND 7 ND ND 4400 ND

Specific 
Conductance 
Lab µmho/cm 1 830 610 490 540 630 600 600 600 630 620 610 490 600 490 570 130

Field 
Temperature Celsius NA 12 11 12 11 11 12 12 16 14 18 21 13 18 16 22 26

Field pH SU NA 7.3 7.1 7.4 7.1 7.3 7.4 7.2 7.8 6.8 6.8 6.8 7.8 7.0 7.6 7.4 7.7

Field 
Conductivity µmho/cm 1 ND ND 500 ND ND ND ND ND ND 640 ND ND 630 490 ND ND

µmho/cm – micromhos per 
centimeter 

CFU/ml – colony-forming units per 
milliter 

MDL – minimum detection limit 

mg/L – milligrams per liter 

N/A – not applicable 

ND – not determined 

SU – standard units 

TOC – Total Organic Carbon       

Source:  Eastern Analytical, Inc. 



Section 3 

pH Level Control 

Introduction 
The discharge of the noncontact cooling water (NCCW) system has exceeded the NPDES pH 
limit of 8.0 occasionally during the last couple years.  CRREL is in the process of requesting a 
variance from New Hampshire Department of Environmental Services (NHDES) to allow the pH 
level to increase to 9.0. 

For NCWW System 1, the pH of the water increases as it flows through the air stipping towers 
due to the evolution of carbon dioxide.  The pH of the water is subsequently decreased by adding 
carbon dioxide.  The pH has been observed to increase as it flows through the system from the 
carbon dioxide feedpoint to the Navy Pond Manhole.   

For NCCW System 2, the pH of the water has been observed to increase as it flows from Well 
No. 3 to the Navy Pond Manhole. 

This study examines why the pH of the NCCW is changing and presents alternatives for CRREL 
to come into compliance with the NPDES permit. 

General Discussion on pH  
pH is the measure of the hydrogen ion concentration.  It is the negative log of the H+ 
concentration.  Thus a solution with 10-7.4 molar concentration of H+ has a pH of 7.4. 

Water is considered neutral if the concentration of H+ and OH- concentrations are the same.  The 
pH at which this occurs varies with temperature.  Thus a neutral water sample at a temperature of 
25°C has pH of 7.0.  Whereas, a neutral sample at a temperature of 15°C has a pH of 7.18.   

A solution of pH of less than 7.0 is considered acidic.  A pH of greater than 7.0 is considered 
basic.  Some solutions are buffered, meaning that there is little pH change when an acid or base is 
added.  Bicarbonate, which is present in the water in this study, is a buffer. 
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Carbonate System Description 
Since the carbonate system plays a significant role in determining the pH, a brief background on 
the carbonate system is presented.   

The carbonate system is the most important acid-base system in water.  The carbonate species are 
made up of the following species—gaseous carbon dioxide (CO2), dissolved CO2, carbonic acid 
(H2CO3), bicarbonate (HCO3

-) and carbonate (CO3).  Because it is difficult to distinguish between 
aqueous CO2 and H2CO3 by analytical procedures, a hypothetical species, H2CO3

*, is used to 
represent aqueous CO2 plus H2CO3.  The latter, which is a relatively strong acid, only makes up 
0.16 percent of the H2CO3

*.  H2CO3 is the portion that participates in chemical reactions.  For 
purposes of this report, “carbon dioxide” will be used instead of H2CO3

*. 

The amount of CO2 in the water is dependent on whether it is an open or closed system.  In an 
open system (water open to the atmosphere) the amount of CO2 in the water at equilibrium with 
the atmosphere is limited by the partial pressure of carbon dioxide in the atmosphere.  A water 
sample equilibrated to the atmosphere will have a CO2 concentration of 1 x 10-5 M or 0.44 mg/l as 
CO2.  If the water sample is in an essentially closed environment, much more carbon dioxide can 
be dissolved in the water (3.5 g/L at 0°C and 1.5 g/L at 25°C).  Basins that are essentially closed 
and bodies of water with low surface area to volume ratios are considered closed. 

The bicarbonate in the water samples in this study essentially accounts for all the alkalinity in the 
water.  Bicarbonate provides buffering capacity of the water.  Most of the samples collected in 
this study had a bicarbonate concentration of about 150 mg/L as CaCO3. 

The actual concentrations of the various carbonate species can be complicated by the presence of 
complexing agents.  In most cases, it is sufficient to make simplifying assumptions such that 
concentrations of carbonate species can be determined.  Carbon dioxide concentrations are 
difficult to determine, however.  Titration methods are affected by the exposure of the sample to 
the atmosphere.  An alternative method uses a nomograph and data on pH, alkalinity, temperature 
and total dissolved solids.  However, a slight error in pH measurement can give a significant error 
in carbon dioxide concentration using the nomograph.  Samples collected on August 13 were 
tested for carbon dioxide using the titration method.  However, due to the interference with the 
atmosphere the results were unreliable.  

pH Testing 
In order to make comparisons of pH data, it is important that the pH meters are working correctly 
and being used properly.  Also, it is important that the samples are handled carefully such that 
dissolution or absorption of carbon dioxide is minimized.   

The pH meters used in the study have the temperature-compensating feature.  This means that the 
meter automatically compensates for the temperature of the solution being tested.  This is 
important because the sensitivity of the pH probe varies with solution temperature. 

During the site visit in July, a side-by-side comparison of CRREL’s pH meter and Eastern 
Analytical, Inc. (EA) meter was performed for analysis of the pH in the Navy Pond Manhole.  It 
was found that CRREL’s meter measured higher (pH of 7.6 vs. 7.9).  During subsequent site 
visits by EA, additional side-by-side testing was done.  On September 7th, a comparison was 
made between two of EA meters and CRREL’s meter.  The two EA meters gave similar results 

cas:msk:fs2:mp2:19672.06:06:04:CDR:Final 3-2 Stanley Consultants  



cas:msk:fs2:mp2:19672.06:06:04:CDR:Final 3-3 Stanley Consultants  

while the CRREL meter gave consistently higher results.  The calibration readings for the 
CRREL meter indicated that the pH probe and/or meter were not performing optimally, as 
determined by the meter manufacturer.  Specifically, when a slope reading of less than 96 percent 
is obtained, the meter is unreliable.   

Based on these results, the following recommendations were made to CRREL, most of which 
have been adopted: 

• CRREL’s pH probe should be reconditioned overnight by immersing in a buffer solution 
of pH of 4.  If a slope reading of greater than 96 percent is not achieved, replace the probe. 

• When the meter is not in use, the pH probe should be kept hydrated by immersing in a 
buffer solution or an electrolyte solution. 

• When “cleaning” the probe between buffer solutions, rinse first with distilled water and 
then the next buffer. 

• Never rub the probe.  If need to dry the probe, tap probe gently on side of container or dab 
with Chem. Wipes.   

• When testing the 9.0 buffer after calibration, if a reading deviation of greater than 0.1 is 
achieved, recalibrate until results are satisfactory. 

• Comparison of portable meter with bench scale meters on a regular basis. 

• Have two portable meters on hand and alternate use. 

It is also recommended that the inline pH meter in the Main Lab be tested if it hasn’t been 
recently. 

Information on the various pH meters used in the study is given below.   

Table 3-1  Data on pH Meters Used in Study 

Owner Type Manufacturer and Model 

CRREL Portable Schott CG 837 meter with Schott 
Blueline 29 pH-P probe, C060422 029 

CRREL Inline  

Eastern Analytical, Inc. Bench Scale Orion 250A Bench pH Meter 

Eastern Analytical, Inc. Portable WTW 340i pH/Conductance Meter 

Eastern Analytical, Inc. Portable Orion 260 

Eastern Analytical, Inc. Continuous Monitoring YSI 600XLM Sonde 

Source:  Stanley Consultants, Inc. 

Sources of pH Increase 
The pH results for grab samples collected in August and September are shown in Figures 3-1 and 
3-2.  For NCCW System 1, the pH generally decreases as it goes through the GSF and increases 
through the air stripping towers, due to carbon dioxide being evolved.  The pH measured in the 
Main Lab Reservoir and Manhole 10 is less than the effluent from air stripping tower 2 due to the 
carbon dioxide addition.  After the Public Works Building, the pH increases. 



Field pH Results for NCCW System 1 
Figure 3-1

 



Field pH Results for NCCW System 2 
Figure 3-2

 



The pH results for NCCW System 2 shows a pH increase from Well No. 3 to Manhole 14.  The 
relationship of pH between Well No. 3 and Manhole 12 was not consistent.  Note that both 
NCCW systems combine before the Navy Pond Manhole.  

The pH results for the continuous monitoring are shown in Figures 3-3 through 3-5.  For the 
NCCW System 1, there was a consistent increase in the pH as NCCW flowed from Manhole 10 
to 13.  Midway through the monitoring the analyzers were switched between the two manholes to 
rule out the possibility of differences in the analyzers causing the different pH readings.  There 
were spikes in the pH caused by discontinuous feed of carbon dioxide.  

The pH results for the continuous monitoring of NCCW System 2 showed a significant increase 
from Well No. 3 to Manhole 14.  There was little difference in pH readings between Manhole 12 
and Manhole 14. 

Potential sources for the increase in pH in the NCCW system as it flows through the system are 
discussed below: 

1. Addition of flows from CRREL facilities.  Dye testing was performed by CRREL in 
2002 to determine what lines discharge into the NCCW system.  Several floor drains, 
which received discharges from area equipment, were tied into the NCCW system.  
Those equipment discharges were rerouted to the sanitary sewer system and floor drains 
were plugged.  At the site visit in July, upstream manholes on storm sewers that 
discharged into the NCCW systems were checked for flows.  None of the manholes had 
flow except there was an unknown low flow from MH 16 near the north side of the Main 
Lab (see Figure 1-1).  Analysis of the flow indicated it was low in alkalinity (29 mg/L as 
CaCO3) and had a pH of 7.7.  Since the flow rate is low and the NCCW has a high 
alkalinity (buffering capacity), MH 16 flow would have little effect on the pH of the total 
flow at the Navy Pond MH.  CRREL is in the process of identifying and eliminating the 
flow from MH 16 into the NCCW discharge system. 

2. Addition of stormwater.  This is not a concern since NPDES compliance is determined 
during non-rainfall events.  However, as shown in the continuous monitoring graphs, the 
rainfall events in August and September had little or no effect on pH at the locations 
tested. 

3. Dissolution or precipitation of chemicals.  Pipe materials may be dissolving into the 
water or chemicals may be precipitating from the water as it flows through the system.  
Corrosion indices for the NCCW indicate that the water is corrosive after the carbon 
dioxide feed point.  Dissolution of previously deposited materials on the interior of the 
pipe or of the pipe itself may be occurring. 

4. Naturally occurring chemical changes in the water due to biological activity.  During the 
July site visit, significant biological growth was occurring in the Main Lab Reservoir.  
This reservoir has open lids allowing rainfall and sunlight to enter the reservoir.  The type 
of biological growth in this reservoir however, is not expected to cause the pH to change 
significantly.  If iron bacteria were present, they could cause the pH to decrease, not 
increase. 
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Continuous Monitoring Results-Manholes 10 and 13 
Figure 3-3

 



Continuous Monitoring – Well No. 3 and Manhole 14 
Figure 3-4

 



Continuous Monitoring Results-Manholes 12 and 14 
Figure 3-5

 



5. Naturally occurring chemical changes in the water due to water chemistry.  When water 
is exposed to the atmosphere, the water strives to come into equilibrium with the carbon 
dioxide in the air.  As the NCCW flows through the system, carbon dioxide is being 
evolved causing the pH to decrease.  Given enough time and exposure to the atmosphere, 
the dissolved carbon dioxide concentration in the NCCW would decrease to 0.44 mg/L 
and the pH of the water would rise and calcium carbonate would possibly precipitate out.  

This is true for both NCCW systems.  The discharges into the manhole downstream of 
Manhole 12 (NCCW System 2) and at Manhole 13 (NCCW System 1) are elevated 
allowing significant water/air contact thereby improving conditions for carbon dioxide 
evolution.  A sample from MH 10 was allowed to set open to the atmosphere in the lab 
for several hours.  During this time, the pH increased from 7.2 to 7.8.  Even though 
carbon dioxide is not added to NCCW System 2, the groundwater has carbon dioxide in 
it, which is released as the water flows toward the Navy Pond MH causing the pH to 
increase. 

Based on the above discussion, it appears that the primary reason for the NCCW’s pH increasing 
as it flows toward the Navy Pond MH is due to the natural evolution of carbon dioxide. 

Alternative pH Control Methods 
Currently carbon dioxide, an acid, is added at Reservoirs 1 and 2 to reduce calcium carbonate 
precipitation and to lower the pH of NCCW System 1.  Nothing is currently done to adjust the pH 
in NCCW System 2. 

A summary of the alternatives considered for pH compliance are given in Table 3-2.  Two 
alternatives for adjusting the pH are presented, the existing carbon dioxide system and a sulfuric 
acid system. 

Table 3-2  Summary of Alternatives for pH Compliance 

Alternative Description Pros Cons Costs 

NPDES variance Obtain variance 
from NHDES to 
raise pH limit to 
9.0 

Limit unlikely to 
be exceeded  

Usage of carbon 
dioxide decreases 

None Only administrative 
and tests associated 
with obtaining 
variance 

Carbon Dioxide at 
TCE Treatment 
Facility 

Continued 
addition of CO2 at 
Reservoir 1 and 2 
and discharge of 
High Lift Pumps 

Use only for water 
stabilization 

Reduces calcium 
carbonate 
precipitation 

Carbon dioxide 
feed system is 
simple 

Carbon dioxide is 
expensive relative 
to other chemicals 
such as sulfuric 
acid 

Capital cost for 3 
separate feed systems 
- $19,000  

Annual chemical cost 
- $28,000 (See Note 1) 
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Table 3-2  Summary of Alternatives for pH Compliance (Continued) 

Carbon Dioxide at 
Navy Pond Manhole 

Add carbon 
dioxide to adjust 
pH below NPDES 
limit 

System easy to 
operate 

Feed point close 
to river discharge 
point 

Requires new 
chemical feed 
system 

Carbon dioxide is 
expensive relative 
to other chemicals 
such as sulfuric 
acid 

Capital cost - $41,000 

(See Note 2) 

Annual chemical cost 
- $8,800 

(See Note 3) 

Sulfuric Acid Add sulfuric acid 
instead of carbon 
dioxide at TCE 
Treatment Facility 
and at Navy Pond 

Chemical costs 
less than CO2 

Sulfuric acid is 
corrosive and 
more difficult to 
handle than carbon 
dioxide 

Capital cost for two 
chemical feed systems 
- $80,000 

(See Note 2) 

Annual Chemical cost 
- $6,800 

(See Note 4) 

Note: 

1. Based on total feed rate of 24 mg/L, average flow rate treated is 600,000 gpd, and cost of carbon 
dioxide is $0.65 per pound. 

2. Assumes existing building at Navy Pond does not require structural or HVAC modifications.  
Assumes sufficient power available at Navy Pond building.  Sulfuric Acid system at TCE facility 
includes removal of potassium permanganate system. 

3. Based on total feed rate of 6 mg/L, average flow rate treated is 730,000 gpd, and cost of carbon 
dioxide is $0.65 per pound. 

4. Based on total feed rate of 9 mg/L at TCE Treatment Facility and 7 mg/l at Navy Pond Manhole.  
Average flow rate treated is 600,000 gpd at TCE Treatment Facility and 730,000 gpd at Navy Pond 
Manhole. Cost of sulfur dioxide is $0.20 per pound (excluding shipping). 

5. Cost estimates presented are Stanley Consultants' opinions of probable project and construction costs.  
Costs estimates are made based on Stanley Consultants’ experience and best judgment.  The 
construction costs are based on current prices.  The estimates do not include inflation. Stanley 
Consultants has no control over cost of labor, materials, equipment, contractor's methods, or 
competitive bidding or market conditions.  Therefore, Stanley Consultants does not guarantee that 
actual construction costs will not vary from cost estimates presented. 

Source:  Stanley Consultants, Inc. 

NPDES Variance 
As stated earlier, CRREL is in the process of requesting a pH variance from the NPDES 
permit such that the upper limit will be 9.0.  If this variance is obtained, then no treatment is 
needed to keep the discharge in compliance with the NPDES pH requirement.  The water 
with the characteristics observed in this study naturally will not exceed a pH of 9.0. 
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Carbon Dioxide Feed System 
The schematic of the existing carbon dioxide feed system for NCCW System 1 is shown in 
Figure 3-6.  Information on the equipment is also shown on this figure. 

Carbon dioxide gas is fed from one of two 350-pound liquid carbonic acid cylinders.  The 
carbon dioxide feed rate is manually controlled.  There is an automatic switchover such that 
the source of carbon dioxide can be automatically switched to the other cylinder when the 
first is exhausted.  The carbon dioxide is fed into a water line using an ejector.  A booster 
pump supplies water from the discharge line of Pumps P-1 and P-2 to the ejector.  The carbon 
dioxide solution line feeds to three locations: the discharge of Pumps P-1 and P-2, Reservoir 
1, and Reservoir 2.   

(Note that the size of the elements in pounds per day (ppd or lbs/day) in Figure 3-6 refer to if 
chlorine gas was being fed.  The actual carbon dioxide feed rate is 78% of these numbers.) 

Prior to August 2007, carbon dioxide was fed to all three locations.  A brief study in August 
indicated better pH reduction by only feeding the reservoirs.  Therefore, since then, carbon 
dioxide has only been fed to the reservoirs. 

Discussions with Severn Trent (a division of Capital Controls) indicate that the system is 
sized correctly for a 500 pounds per day (ppd) system except for the booster pump.  The 
booster pump currently installed could supply enough water to feed 200 ppd or 156 ppd of 
carbon dioxide.  At a flow rate of 600,000 gpd (average flow rate in 2006), this corresponds 
to a feed rate of 31 mg/L.  At a maximum desired flow rate of 1.2 million gallons per day 
(850 gpm).  This corresponds to a feed rate of 15 mg/L. 



Schematic of Existing CO2 System 
Figure 3-6

 



The carbon dioxide is reducing the pH of the water as shown in the figures previously 
presented in this section.  The more carbon dioxide added, the lower the initial pH and the 
less amount of carbon dioxide that is lost to the atmosphere as the NCCW flows towards the 
Navy Pond Manhole.  Thus a higher carbon dioxide feed rate corresponds to a lower pH at 
the Navy Pond Manhole. 

If feeding of carbon dioxide continues at the TCE treatment facility, a separate 200 ppd meter 
panel and ejector should be installed on each of the three feed lines to better monitor the feed 
rates.  A schematic of the proposed system is shown in Figure 3-7.  Only the line feeding into 
the discharge of pumps P-1 and P-2 would need a booster pump.  The booster pump and 
ejectors should be installed inside for year-round accessibility.  A feed rate of 12 mg/L of 
carbon dioxide to a flow rate of 850 gpm corresponds to 120 ppd of carbon dioxide.  Thus a 
200 ppd system would be adequate.  (Theoretically a maximum feed rate of about 8 mg/L is 
required to achieve water stability.  Due to losses, a 50% factor is included giving a total feed 
rate of 12 mg/L.)  The intention is to be able to feed 12 mg/L at Reservoir 1; and that the 
combined feed rate to Reservoir 2 and discharge from Pumps P-1 and P-2 be 12 mg/L.  Most 
of the carbon dioxide fed to Reservoir 1 is probably lost in the second tower.  Feeding to the 
discharge from Pumps P-1 and P-2 has the advantage of less carbon dioxide lost to the 
atmosphere than from the Reservoir 2 feed point. 

Sulfuric Acid System 
Sulfuric acid is an alternative to carbon dioxide for pH adjustment.  One advantage of using 
sulfuric acid is that a loss of sulfuric acid to the atmosphere, which occurs with carbon 
dioxide, doesn’t occur.  However, the addition of sulfuric acid causes an increase in the 
carbon dioxide concentrations by converting bicarbonate to carbon dioxide.  This carbon 
dioxide will subsequently be lost to the atmosphere in an open system causing the pH to rise, 
just as in the case with the carbon dioxide feed system. 

The sulfuric acid would be delivered as a concentrated solution (93%) in 55-gallon drums.  
The metering pump would pump directly from the drum to a water line where the sulfuric 
acid would be diluted prior to discharging at the feed point.  At the TCE Treatment Facility, 
sulfuric acid would be fed to the same three locations now receiving carbon dioxide – 
Reservoirs 1 and 2 and the discharge from the High Lift pumps.  The ability to control the 
feed rate based on the flow rate into the GSF would be provided. 

Sulfuric acid is less expensive than carbon dioxide.  However, sulfuric acid is more difficult 
to handle due to its corrosivity and exothermic reaction with water.  Carbon dioxide is a safer 
chemical to handle. 

Acid Feed Point Alternatives 
In addition to adjusting the pH of the water, adding an acid, such as carbon dioxide or sulfuric 
acid, also changes the corrosiveness of the water.  For the Tower 2 effluent sample collected 
on August 13, the pH corresponding to a Langlier Index (LI) of 0 is 7.6.  (Langlier Index is a 
tool used to determine the corrosive nature of water.  A negative value indicates the water 
tends to be corrosive and a positive number indicates the water tends to precipitate out 
calcium carbonate.)  Usually, in water supply systems, the goal is to have the LI slightly 
positive to prevent corrosion.  However, if only enough carbon dioxide is fed to adjust the 
Tower 2 effluent down to about 7.6, it is possible that the pH of the water will exceed 8.0 at 
the Navy Pond Manhole.
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Schematic of Proposed CO2 System 
Figure 3-7

 



It is recommended that the acid feed rate at the TCE Treatment Facility be limited such that 
the water does not become corrosive.  This would correspond to a pH around 7.6.  
Corrosiveness of the water can be monitored using a corrosion test loop.  An example of one 
is shown in Figure 3-8.  Corrosion coupons are used widely in the power industry.  Pre-
weighed metal specimens are put in a side stream of the system.  After several months, the 
specimens are removed, weighed, and observed for corrosion.  The piping setup could be 
installed in the line inside the Main Lab. 

Addition of acid for pH compliance should occur closer to the river discharge point to reduce 
the time for carbon dioxide evolution and subsequent pH increase.  This acid feed system 
could be located in the building adjacent to the Navy Pond Manhole.  The chemical could be 
added to the manhole upstream of the Navy Pond Manhole.  A sample would be collected at 
the Navy Pond Manhole to continuously monitor pH and control the acid feed rate.  Adding 
the acid here will adjust the pH in both NCCW systems. 

The chemical feed system at the Navy Pond would be similar to that used at the TCE 
Treatment Facility.  If carbon dioxide is used, the maximum feed rate would be 6 mg/L as 
CO2.  A 200 ppd system would be adequate.  If sulfuric acid is used, the capability of feeding 
7 mg/L of sulfuric acid is needed. 

Recommendations 
CRREL should come into compliance with its NPDES permit by obtaining a variance form 
NHDES to raise the pH limit to 9.0.  Tests performed by Eastern Analytical indicate this variance 
should be obtainable.  Tests on the NCCW indicate that it will naturally not exceed a pH of 9.0.  

CRREL should continue feeding an acid to NCCW System 1 at the TCE Treatment Facility to 
minimize precipitation of calcium carbonate.  Carbon dioxide is recommended instead of sulfuric 
acid because it is safer and less corrosive.  Separate systems should be provided for each of the 
three feed points.  

If the NPDES pH limit is not increased to 9.0, then an acid feed system should be added near the 
Navy Pond Manhole.  Again, carbon dioxide is recommended instead of sulfuric acid because it 
is easier to feed and less corrosive.  Also, the consequence of overfeeding carbon dioxide would 
be less.  This system would include a booster pump and ejector system.  Continuous monitoring 
of pH downstream of the Navy Pond Manhole would be provided.  Figure 3-9 shows the 
recommended system.
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Typical Corrosion Test Loop Assembly 
Figure 3-8

 



Schematic of Proposed CO2 System at Navy Pond 
Figure 3-9

 



Section 4 

Greensand Filter Study 

Introduction 
Greensand filters are only used for NCCW System 1.  Greensand filters (GSF) are used upstream 
of the air stripping towers to remove iron and manganese.  Removal of these two constituents 
reduces fowling in the strippers and the subsequent noncontact cooling water (NCCW) system.  
Fowling would be due to formation of iron and manganese oxide solids and, possibly, biological 
growth of iron bacteria.  Because of the concentrations and chemistry, iron is potentially more of 
a problem than manganese.  The NPDES Permit does not limit the iron and manganese 
concentrations in the discharge to the Connecticut River.   

CRREL has stated the following concerns for the greensand filters:  

1. Potassium permanganate feed system. 

2. Backwashes-frequency, loss of media, and disposal of backwash water. 

3. Hydraulic capacity. 

In addition to the above issues, the removal rates of iron are discussed.  The existing system is 
evaluated and improvements for the existing GSF are recommended.   

Alternatives for dealing with the iron are also presented. 

Groundwater Quality 
Data on the iron levels in the groundwater is presented in Table 4-1.  The groundwater total iron 
concentrations are generally in the range of 0.3 to 1.1 mg/L.  The manganese levels generally 
vary from 0.05 to 0.13 mg/L.  Water analyses by Eastern Analytical, Inc. (EA) in 2007 indicate 
that about 0.06 to 0.2 mg/L of the total iron is undissolved.  This may be due to iron carbonate 
and/or some oxidation of iron by naturally occurring oxygen in the well water.  Also, oxygen may 
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have been introduced to the water samples when they were filtered at the time of sampling.  All 
the manganese is dissolved. 

Table 4-1  Iron and Manganese Levels for Wells 1, 2, 4, and 5 

Sample 
Location 

Total Iron, 
mg/L

Dissolved 
Iron, mg/L

Total 
Manganese, 

mg/L

Dissolved 
Manganese, 

mg/L 
Data Source 
(see Note 1) 

Well 1 0.67
0.22-0.49

0.47
ND

0.13
0.06-0.11

0.14 
ND 

EA 2007 
1995 CD 

Well 2 0.33
0.38-0.76

0.27
ND

0.11
0.04-0.12

0.11 
ND 

EA 2007 
1995 CD 

Well 4 0.11
0.25-0.87

<0.05
ND

0.022
0.06-0.10

0.023 
ND 

EA 2007 
1995 CD 

Well 5 0.39
0.29-0.76

0.29
ND

0.040
0.11-0.13

0.041 
ND 

EA 2007 
1995 CD 

GSF Influent 
(Wells 1,2, & 5) 

0.38-0.44 0.32-0.38 ND ND EA 2007 

GSF Influent 
(See Note 2) 

0.348 <0.10 0.053 0.049 Scaling Inv 
1995 

GSF Influent 
(See Note 2) 

0.085-1.1 ND 0.03-0.375 ND CRREL 
1993-2007 
(See Note 3) 

Notes: 

1. Data Sources:  

EA 2007 - Eastern Analytical Results for August and September 2007, See Appendix E. 

CRREL 1993-2007 - Data for TCE and GSF Iron and Manganese Levels, See Appendix G. 

Scaling Inv 1995 - Investigation of Scaling In Heat Exchanger System Piping, See 
Appendix L. 

1995 CD - Excerpt from 1995 TCE Groundwater Treatment Facility Contract Documents, 
See Appendix M. 

2. Which wells were operating is unknown.   

3. There were a few results that seemed suspect due to their extreme values and are not 
included in this table. 

ND - not determined 

Source:  Stanley Consultants, Inc. 
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Existing GSF System 
The GSF system is shown in Figure 4-1.   

The GSF system oxidizes and filters out iron and manganese.  The greensand in the filters is 
produced by treating glauconite (greensand) with manganous sulfate and potassium permanganate 
to produce an active supply of manganese dioxides on the sand grains.  The manganese dioxide 
removes soluble iron and manganese.  A bed of anthracite filter media on top of the greensand 
reduces the plugging of the greensand. 

CRREL has two 10-foot diameter pressure GSF.  Originally the filters had 21 inches of anthracite 
on top of 24 inches of greensand.  The media was on top of 16 inches of support gravel.  In 
February 2003 Monarch replaced the anthracite and greensand in the filters.  At that time 
Monarch noted that there was no anthracite coal left in the filters.  Apparently media was being 
lost during backwashing.  The backwash system is discussed further later.   

Addition of potassium permanganate to the GSF influent oxidizes iron and manganese thereby 
reducing the load on the GSF and also helps to continuously regenerate the filter.  At the time of 
this study, potassium permanganate was not being fed due to problems with the pumps.  CRREL 
is in the process of replacing the pumps and some associated piping. 

Potassium permanganate is delivered to CRREL as a solid.  Normally it is manually mixed with 
water to form a 0.6 percent solution.  One of two positive displacement pumps feed the potassium 
permanganate solution to the GSF influent upstream of an inline mixer.  The feed rate is 
automatically paced by a flow signal from the GSF influent flow meter. 

The potassium permanganate system is discussed further later. 

Evaluation of GSF System 
Greensand filters with potassium permanganate addition is a common way to remove iron and 
manganese.  It is considered one of the least expensive and easiest processes for iron and 
manganese removal.   

Removal Rates of Iron and Manganese 
Since the purpose of the GSF is to remove iron and manganese, the water quality data was 
evaluated to determine how well the GSF meet this objective.  Normally, GSF can be 
expected to reduce the iron concentration to 0.2 mg/L and the manganese reduction will be 
about 50 percent.  Iron is easier to remove than manganese 

The iron and manganese levels for the GSF are shown in Figure 4-2 and Figure 4-3 for the 
time period 1994 - early 2007.  These results indicate that iron removal has varied 
considerably. 



Schematic of CRREL TCE Treatment System 
Figure 4-1

 



Iron Levels for CRREL Greensand Filters 
Figure 4-2

 



Manganese Levels for CRREL Greensand Filters 
Figure 4-3

 



The wide range in results could be due to one or more of the following reasons: 

1. Complexing of iron and manganese with other chemicals in the water.  GSF do not 
operate well when total organic carbon (TOC) values are greater than 1 mg/L.  The 
only data that indicates the TOC levels may be greater than 1 mg/L in the 
groundwater was the design criteria table included in the 1995 Contract Documents.  
This table indicated a TOC range of 2 to 3 mg/L.  However, all other tests, including 
the recent tests by EA indicate TOC values of less than 1 mg/L.  EA also tested for 
organically bound iron and the result was negative. 

2. Inadequate feed rate of potassium permanganate.  Even though the feed rate of 
potassium permanganate is paced off the GSF influent rate, the demand for potassium 
permanganate varies also with the actual level of iron and manganese and other 
constituents in the groundwater.  Data indicates that the iron and manganese levels 
vary for the four wells used.  Also, during the Monarch visit in 2003 they noted that 
insufficient potassium permanganate was being fed. 

3. Loss of effectiveness of the greensand in the filters.  If the potassium permanganate 
feed rate is too low, the greensand eventually looses its effectiveness.  The greensand 
has most likely lost its effectiveness because potassium permanganate has not been 
fed for several months.  Monarch, the GSF supplier, indicates the greensand can be 
regenerated by saturating for eight hours with potassium permanganate.  Afterwards 
the bed should be aerated and backwashed. 

4. Loss of media in the filters.  Less media results in lower filtration capacity of the 
filters.  As stated earlier, a visit by Monarch in 2003 determined that all the anthracite 
coal was gone.  Monarch recommended improvements to reduce media loss in the 
future.  Those improvements have not been made.  CRREL has observed substantial 
media in the backwash water since the media was totally replaced in 2003.  This 
media should be replaced if CRREL decides to continue using the GSF process.  
Also, the recommendations by Monarch to reduce the air flow rate during 
backwashing should be adopted.  The air flow rate could be changed by using a 
different sleeve and pulley ratio or, even better, by adding a variable frequency drive 
(VFD) on the blower such that the air flow rate could be changed gradually. 

5. Inadequate backwashing.  If the media is inadequately cleaned, breakthrough of iron 
and manganese can occur.  Also, if the time between backwashes it too great 
breakthrough of iron and manganese occurs.  There is no evidence that the media is 
not being cleaned adequately.  Physically looking at the media would help determine 
the adequacy of the backwashes.  Also, looking at the turbidity level in the GSF 
effluent with time would help determine if the backwash is adequate or if more 
frequent backwashes are needed. 

6. Corrosion.  The groundwater tends to be corrosive as indicated by its negative 
Langelier Index (LI).  (Langlier Index is a tool used to determine the corrosive nature 
of water.  A negative value indicates the water tends to be corrosive and a positive 
number indicates the water tends to precipitate out calcium carbonate.)  The LI for 
the GSF influent sample collected on August 13th was –0.4.  Some corrosion products 
may be sloughing off into the filter effluent.  The best way to determine if the water 
is corrosive is to install a corrosion coupon.  The corrosion coupon was discussed in 
Section 3. 
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The results for iron levels across the GSF for samples collected in August and September of 
2007 are presented below.  Note that the Tower 1 Influent is equivalent to the GSF Effluent. 

Table 4-2  Iron Levels Across GSF 

Sample Date 
Total Iron, mg/L 

GSF Influent
Total Iron, mg/L  

GSF Effluent 

8-13-07 0.27 <0.05 

8-27-07 0.44 <0.05 

9-7-07 0.42 0.05 

9-14-07 0.38 0.06 

Detection Limit is 0.05 mg/L. 

Source:  Eastern Analytical, Inc. 

These recent results indicate essentially complete removal of iron across the GSF despite the 
lack of feeding of potassium permanganate.  Manganese results indicated no removal.  It 
appears that a biological filter has formed in the GSFs. 

Biological filters are discussed later in this section. 

Potassium Permanganate System 
Potassium permanganate is an oxidant.  Iron and manganese are oxidized by potassium 
permanganate to form insoluble solids.  Also the potassium permanganate continuously 
regenerates the greensand in the filters.  Potassium permanganate is corrosive and requires 
special handling. 

Potassium permanganate feed rates are generally: 

0.94 milligrams (mg) of potassium permanganate per mg of iron, and  

1.92 mg of potassium permanganate per mg of manganese. 

Using these values, the raw water quality data, and the well pumping volumes for 2006, the 
potassium permanganate feed rate should be 1.7 to 13 lb/day.  Potassium permanganate is 
usually fed as a 1 percent solution.  (A 2 percent solution is considered maximum.)  Thus, the 
solution pumping rate desired is 0.85 to 6.5 gph of a 1 percent solution.  The average demand 
of potassium permanganate is estimated at 3.5 pounds per day.   

CRREL has two feed pumps with one serving as a standby.  Each is sized to feed 0.3 to 6.0 
gph, which is adequate.  (A slightly higher concentration of 1 percent solution could be used 
to meet the maximum demands.)  CRREL indicates they prepare a 0.6 percent solution, 
which is acceptable.  Their normal usage rate is about 5 pounds per day.  Based on the above 
analysis, this may be too high.   

CRREL personnel should check the color in the GSF influent and effluent daily to assure 
proper potassium permanganate feed rate.  There should only be a slight pink color in the 
GSF influent and no color in the GSF effluent.   
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CRREL should flush the potassium permanganate system with water when feeding of 
potassium permanganate is discontinued for any extended period of time. 

Backwashing 
Each filter is backwashed twice a week based on a time basis.  Normally GSF are 
backwashed every 24-48 hours.  Thus the time between CRREL backwashes is longer than 
normally used.  Apparently the headloss across the filter does not become too excessive 
during the filtration cycle since the flow rates to the air stripping towers remain adequate.  
Tests on the GSF effluent at various times of the filtration cycle could determine if iron and 
manganese are breaking through near the termination of the filtration cycle.  These tests 
would determine if the time between backwashes should be changed. 

The automatic backwash sequence is manually initiated.  The sequence of the backwash cycle 
is presented below.  The total time to backwash is approximately 21 minutes. 

Table 4-3  Backwash Sequence 

Event Duration, min 

Partially drain filter 2 

Air scour only 10 

Backwash with water only (about 720 gpm) 7 

Rinse (Filter-to-Waste) 2 

Source:  CRREL 

The flowmeter on the backwash supply line indicates that the current backwash rate is 
constant at about 720 gpm. 

Media losses have been occurring for years from the filters during backwashing.  During a 
site visit in July, anthracite and small pebbles that had backwashed from the filters were 
observed.  Probable reasons for media loss are: 

1. Backwash and/or air wash rates are too high.  Some sources indicate backwash rates 
should be about 12 gallons per minute per square foot (gpm/ft2).  Currently, CRREL 
is backwashing at about 9.2 gpm/ft2, which may not be adequate to clean the media.  
CRREL should observe the turbidity in the filtered water after a backwash cycle to 
help determine if the backwash rate was adequate.  Air wash rates were discussed 
earlier in this section. 

2. A closed valve has been installed on the air release on the top of tank.  Sometimes the 
air relief valve on the top of the tank leaks water and then is replaced with an 
open/close valve.  This doesn’t allow for air relief anymore.  Whether the air relief 
valve has been eliminated on CRREL’s filters is unknown. 

3. Bring the backwash rate up slowly over 1.5 to 2 minutes.  Currently CRREL 
backwashes at a constant rate throughout the backwash.  If the backwash rate isn’t 
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ramped up the media tends to lift as a unit when initiating the backwash possibly 
causing some media loss. 

As indicated above under “Removal Rates of Iron and Manganese” the following 
modifications are recommended in the backwash system to reduce media loss and to monitor 
backwash performance: 

• Modify air blower to reduce air scour rate. 

• Ramp up air scour rate. 

• Ramp up water wash rate. 

• Periodically check the filter effluent turbidity at the beginning and end of a filtration 
cycle to determine if backwash practice is adequate. 

Since 2006 the backwash wastewater has been sent to a temporary holding tank and then 
gradually discharged to the City of Hanover’s sanitary sewer.  This was done because the 
high solids loading exceeded NPDES permit requirements.  No improvements are 
recommended for this disposal method. 

Hydraulic Capacity 
CRREL indicates that occasionally the hydraulic demands for the NCCW System 1 cannot be 
met.  CRREL desires to increase the capacity of the GSF system to match the hydraulic 
capacity of the air stripping towers, which is 850 gpm, such that more water is available for 
NCCW System 1.  The treated water is always used to feed the NCCW System 1 and, 
occasionally, the Frost Effects Research Facility (FERF).  How much is currently needed for 
each is unknown. 

Possible reasons for not having sufficient capacity include: 

• System Design Capacity - The system was sized too small. 

• Element Design Capacities - Element(s) in the system cannot reach design capacities. 

• Controls - Controls for how various elements functions limit quantity of water being 
conveyed. 

• Backwash Water Demands - During the backwashing of the GSF, there is insufficient 
water for the NCCW System 1. 

System Design Capacity.  According to the design capacities of the various elements of 
the TCE treatment facility as supplied by CRREL (see Table 1-1, Figure 1-1, and table 
below), the High Lift Pumps and the Main Lab Reservoir Pumps limit the capacity of the 
NCCW System No. 1 to 500 gpm.  The maximum capacity of the pumps feeding FERF is 
200 gpm.  Thus the total capacity currently needed by the GSF is 700 gpm plus additional 
capacity a few hours per day to help replenish the backwash water supply.   
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Table 4-4  Design Capacities of TCE Treatment Facility 
and NCCW System 1 Elements 

Element Design Capacity, gpm 

Wells 1, 2, 4, and 5 total: approximately 1500 gpm; head capacity unknown (See 
Tables 1-2) 

GSFs Between backwashes: 800 gpm 
During backwash: 400 gpm 

Air strippers 850 gpm 

Low Lift Pumps, P-4 and P-5 800 gpm, each 

High Lift Pumps, P-1 and P-2 500 gpm, each 

Main Lab Reservoir Pumps Number-2 
Floway pumps, Size DKL, 500 gpm, 10 hp 

Note: Each set of pumps includes one standby pump. 

Source:  CRREL 

Increasing the design capacity of the NCCW System 1 to more than 500 gpm requires at 
least replacement or addition of High Lift Pumps and Main Lab Reservoir Pumps.  
Depending on the demand for the FERF, capacities of other elements may also need to be 
increased. 

Element Design Capacities.  The scope of this report only addresses whether the GSF 
are achieving their design capacity.  Other elements, such as the pumps, may not be 
performing at their design capacity.  Evaluation of these elements is not included in the 
scope of this study. 

According to the 1995 Contract Documents, the GSF were originally designed to provide 
500 gpm to the Main Lab Reservoir and, during several months per year, 250 gpm to the 
Frost Effects Research Facility (FERF).  (Note that Table 1-1 indicates capacity of Pumps 
P-7 and P-8, which feed FERF, is only 200 gpm each.)  The documents also indicate that 
the total GSF flow rate would be increased by 50 gpm several hours per day to replenish 
water used for backwashing.  Thus the GSF were designed to each handle between 250 
and 400 gpm, which translates to 3.2 to 5.1 gallons per minute per square foot (gpm/ft2).  
The higher capacity desired by CRREL, 850 gpm, corresponds to 5.4 gpm/ft2. 

The well usage data for 2006 and 2007 indicates the maximum flowrate through the GSF 
for this time period was 690 gpm.  There is no indication that the GSF could not 
hydraulicly handle more flow.  From the well pump information, it appears that more 
flow could be pumped through the GSF.  However, at higher flow rates, the possibility of 
solids breakthrough becomes greater. 

The GSF were originally designed to handle 5 gpm/ft2.  Monarch, the supplier of the 
GSF, indicates that GSF should operate well at 5 gpm/ft2 and at possibly higher loadings.  
Some systems operate fine at 7 gpm/ft2.  Design handbooks indicate GSF operate well at 
about 4 gpm/ft2, but this limit is for water supply systems which have more stringent 
requirements on effluent quality than a nonpotable water system such as CRREL’s.  
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In order to determine whether the GSF at CRREL can handle a higher hydraulic loading, 
CRREL should measure the turbidity in the GSF effluent at higher filtration rates. 

Controls.  Another potential problem in supplying water to the NCCW System 1, are the 
controls for the various sets of pumps.  (Refer to Figures 1-1 and 1-2.)  The controls 
description below was taken from the 1995 Contract Documents.  It is unknown whether 
this control system is still utilized. 

Wells.  Which of the wells will operate is manually selected.  Normally the operator 
inputs a desired flow rate, which controls the position of a throttling valve on the 
influent line to the GSF.  This rate is maintained unless the level in Reservoir 1 
becomes too low or high.  Then the influent flow control valve is adjusted 
accordingly to maintain the appropriate Reservoir 1 level.  The wells automatically 
shut off if a high-high level is reached in Reservoir 1.  Proper operation would be 
such that the wells would never shut off unless manually selected to. 

Low Lift Pumps (P-4 and P-5).  These pumps normally operate all the time.  A 
throttling valve on the pump discharge controls their pumping rate.  The valve is 
throttled based on the water level in Reservoir 2.  The pumps automatically shut off 
if a low level is reached in Reservoir 1 or a high level in Reservoir 2.   

High Lift Pumps (P-1 and P-2).  The High Lift Pumps are controlled by the water 
level in the Main Lab Reservoir.  When there is a high level in the Main Lab 
Reservoir, the pumps shut off.  The pumps turn back on when a low level is reached 
in the Main Lab Reservoir.  When an extreme low level is reached in Reservoir 2, 
the High Lift Pumps are automatically stopped. 

This operation scenario, with the High Lift Pumps turning on and off, has a domino 
effect on the Low Lift Pumps and well pumps causing water levels in Reservoirs 1 
and 2 to reach extremes, pumps to turn on and off, and discontinuous flow through 
the treatment processes.  One possible solution is to install VFDs on the High Lift 
Pumps that are controlled by the water level in the Main Lab Reservoir.  This would 
allow the high lift pumps to operate continuously, thus maintaining less fluctuating 
demands on upstream pumps. 

Backwash Water Demands.  The other hydraulic concern is the backwash water 
demands for the GSFs.   

The backwash water supply is from Reservoir 2.  Reservoir 2 has a capacity of about 
20,000 gallons.  The amount of water used from Reservoir 2 for backwashing during the 
21 minute cycle is 5,100 gallons (backwash rate of 730 gpm for 7 minutes).  If the flow 
rate to the online GSF is 400 gpm, as designed, and Reservoirs 1 and 2 are nearly full at 
the beginning of the backwash cycle, the feed rate of 500 gpm can be maintained to the 
Main Lab Reservoir during backwashing.  However, for ease of operation, it is 
recommended that the High Lift Pumps do not operate while the Backwash Supply 
Pumps are operating.  If the level in the Main Lab Reservoir is high at the start of the 
backwash cycle, service to the Main Lab would not be interrupted.   

After each backwash cycle, the filtration rate through the GSF should be increased to a 
higher rate than the total flow rate leaving Reservoir 2 such that the levels in Reservoirs 1 
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and 2 could be returned.  If the filtration rate is increased by 50 gpm, the levels could be 
revived within 3 hours. 

Further analysis of CRREL’s control system during backwashing would determine what, 
if any, modifications should be made to achieve the uninterrupted service during 
backwashing. 

Alternative Iron Handling Methods 
Alternatives for handling the iron in the NCCW System 1are presented in Table 4-5.  Alternatives 
considered are to not treat for iron (Do Nothing), three iron removal methods (GSF, ion 
exchange, and biological filters), and sequestering.  These alternatives are described below. 

Table 4-5  Summary of Alternatives for Handling Iron 

Alternative Description Pros Cons Costs 
Do Nothing Provide no treatment of 

iron; bypass GSF 
No longer need to 
handle backwash 
water or chemical 
feed systems 

Will increase the 
fouling rate in the 
towers 

Capital:  None 
 
Operational:  
Additional costs to 
replace/clean packing 
material in towers 

GSF Make improvements to 
GSF—Replace media, 
modify blowers, 
modify backwash 
controls 

CRREL familiar 
with process 
 
Obtain partial 
removal of iron and 
manganese 

Continued handling of 
corrosive potassium 
permanganate  
 
Continued discharge of 
backwash wastewater 
 
Removal rates of Fe 
and Mn not great 

Capital – Media 
Replacement: 
Anthracite-$10,000 
Greensand-$36,000 
Modifications to 
blowers-$20,000 
 
PP costs- $4,200 per 
year 

Ion Exchange Treat 50% of the water 
to remove Fe and Ca 
and blend with 
untreated water 

Also removes 
calcium thus 
reducing fouling rate 
of strippers 

Very costly 
 
May foul 
 
Regeneration volumes 
are great-21,600 gpd 

Material Capital Cost-
$190,000 
 
Salt costs-$31,000 per 
year 

Biological Filters Iron is removed by 
bacteria in the existing 
GSF 

Removal rates of Fe 
are good 
 
Filtration rates 
higher than for GSF 
 
No chemical feed 
systems required  

No removal of Mn in 
single stage system  
 
System may be 
sensitive to sudden 
changes in flow or 
temperature 
 
Continued discharge of 
backwash wastewater 
to City Sewer 

Possibly media 
replacement/addition 
 
Modifications to 
blowers - $20,000 
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Table 4-5  Summary of Alternatives for Handling Iron (Continued) 

Sequestering Sequestering agent 
added to reduce iron 
and calcium 
precipitation 

Treats Fe and Ca 
thereby reducing 
fouling rate of 
strippers 

Requires chemical feed 
systems: sequestering, 
and possibly 
chlorination, and 
dechlorination 
 
Foaming may occur in 
Towers 

Capital cost for Jaeger 
sequestering system-
$8,000 
 
Jaeger’s JP-7 
annual chemical cost- 
$18,000 

Note: 
1. Cost estimates presented are Stanley Consultants' opinions of probable project and construction costs.  

Costs estimates are made based on Stanley Consultants’ experience and best judgment.  The construction 
costs are based on current prices.  The estimates do not include inflation. Stanley Consultants has no 
control over cost of labor, materials, equipment, contractor's methods, or competitive bidding or market 
conditions.  Therefore, Stanley Consultants does not guarantee that actual construction costs will not vary 
from cost estimates presented. 

2. Ca-calcium, Fe-iron, Mn-manganese, PP – Potassium Permanganate 

Source:  Stanley Consultants, Inc. 

Do Nothing 
The “Do Nothing Alternative” would provide no treatment for iron.  If all the iron was 
consequently deposited in the Towers, this would result in over 1700 pounds of iron 
hydroxide solids accumulating in the towers each year.  This would require more frequent 
cleaning or replacement of tower packing material.  However, there would be no capital or 
operational costs associated with iron treatment. 

Greensand Filters 
A common iron treatment method is oxidation followed by filtration, such as in the existing 
GSF system.  Common oxidants are oxygen, chlorine, and potassium permanganate.  Iron and 
manganese reaction rates with oxygen are slow.  Chlorine reacts quickly with iron but at a 
much slower rate with manganese.  Potassium permanganate reacts quickly with both iron 
and manganese over a large pH range.  The recommended oxidant for CRREL would be 
permanganate because of its reaction rate and also because it is easier to handle than chlorine.  
Greensand filters have already been described under the description of the existing system.  
However, as seen with the existing system, oxidation and filtration will not remove all the 
iron and some subsequent deposition in the air strippers and downstream systems is expected. 

Ion Exchange 
Figure 4-4 shows an ion exchange system as developed by US Filter for CRREL.  Initial 
calculations indicate 50% of the total flow should be treated and then blended with bypassed 
water to form a stable water. 

Ion exchange for removal of iron consists of using a cation resin.  Sodium is commonly used 
on the resin.  As the water flows through the tank, the iron and other cations in the water, 
replace the sodium on the resin.  When the resin has been exhausted, the unit is removed from 
service and regenerated with a solution of sodium chloride.  The waste regenerate contains 
the iron and other chemicals removed.  Even though the primary goal in this study is iron 
removal, ion exchange would also provide the advantage of removal of calcium.  



Ion Exchange System 
Figure 4-4

 



The cost for ion exchange is very high.  Organics and iron precipitates can foul the media 
easily.  The data from EA indicate that there are some iron precipitates in the raw 
groundwater.  If this alternative is selected, pilot testing should be performed.   

Biological Removal 
Biological removal of iron involves filtering the water through media that contains iron 
bacteria.  The bacteria oxidizes the iron from ferrous (Fe 2+) to ferric (Fe 3+) and accumulate a 
metal precipitate.  This process is used extensively in Europe but has been used to a lesser 
extent in the US.  Infilco-Degremont, a manufacturer of water treatment equipment, provides 
a biological filter for iron and manganese removal.  Their process is called 
Ferazur/Mangazur.  Their experience is that the biological filter works down to a temperature 
of about 5°C.  Filtration rates can be as high as 20 gpm/ft2.  Other sources indicate biological 
filters operate successfully at loading rates of 5-15 gpm/ft2, which is higher than rates for 
GSF, and iron and manganese removal rates are better than for GSF.  However, almost 
always, to have manganese removal, two filters must operate in series with the first filter 
removing iron and the second, manganese. 

Backwashing of biological filters usually includes air scour, low-rate backwash at 4-6 
gpm/ft2, and high rate backwash at 10-12 gpm/ft2.  Total backwash duration is typically 5-10 
minutes.  Times between backwashes are typically 1-3 days. 

As discussed earlier during this study, feeding of potassium permanganate has not occurred 
for several months and currently is not being fed.  However, iron was almost completely 
removed across the filters.  It appears that a biological filter has inadvertently been formed.  
A backwash sample collected this month tested positive for the presence of iron bacteria.  
Naturally-occurring iron bacteria probably seeded the filter media.  Since potassium 
permanganate was not added, the bacteria were not killed.  However, the biological filters are 
not currently removing manganese, which is consistent with how single stage biological 
filters typically operate. 

Water temperature may be a problem for the iron bacteria.  It is unknown how cold the 
groundwater can get but groundwater temperatures do not usually vary much seasonally.  The 
water temperature for the groundwater sample collected in January 1993 indicated a 
temperature of 9.3°C (see Appendix L).  The GSF influent water temperature for the samples 
collected in August and September were 10-13°C.   

Another operational consideration is that it is best to have continuous flow through the 
biological filter (except during backwashes) and not to have sudden changes in filtration 
rates.  Iron bacteria need oxygen.  Even though air is not added to the GSF influent, there 
may be naturally occurring air in the water.  Too much oxygen is not good since then the iron 
would be oxidized. Iron bacteria use iron in its reduced form. 

Currently there probably is only about 24 inches of greensand in the filters.  Manganese 
greensand has an effective size of 0.30 to 0.35 millimeters (mm).  Typically biological filters 
have 36 to 60 inches of media with an effective size of 1.0 to 1.5 mm.  However, apparently 
the unconventional media is working adequately. 
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Sequestering 
An alternative to iron removal is sequestering the iron such that it doesn’t precipitate out.  
Jaeger, the manufacturer of the packing material used in the air stripping towers, provides a 
sequestering package that utilizes the sequestering agent JP-7 (see Appendix N.).  JP-7 
sequesters soluble iron, manganese, calcium, magnesium and silica. It also produces a 
microscopic film to decrease corrosion rates.  Even though this product contains phosphate, 
Jaeger claims that biological growth would not be a problem.  Jaeger’s system includes a 10 
gpd feed pump, which would feed directly out of a 55-gallon drum.  Feed rate would be about 
6 gallons per day.  The sequestering agent JP-7 costs $9 per gallon (not including shipping). 

If biological growth would occur, a disinfectant would need to be added.  The disinfectant 
would probably be hypochlorite because of its relative ease of use, low cost, and ability to 
maintain a residual.  Dechlorination would also be needed since the NPDES permit would 
undoubtedly include a maximum chlorine residual in the discharge to Connecticut River.  
(The City of Hanover has a maximum chlorine residual limit of 1.0 mg/L, but indicated that 
this limit varies greatly for dischargers along the river.)  Dechlorination would probably be 
provided by sodium bisulfite and occur at the Navy Pond Manhole.  Because of the expense 
and maintenance concerns with 3 chemical feed systems, sequestering would not be an 
attractive option should biological activity increase due to the feeding of the sequestering 
agent. 

Sequestering agents may also cause foaming in the air strippers. 

Because of the several concerns with feeding a sequestering agent and because there are 
several sequestering agents available, bench scale tests of the sequestering agents would be 
needed prior to implementation of this alternative. 

Discussion and Recommendations 
Iron is removed to minimize iron deposits and biological growth in the air strippers and 
subsequent NCCW.   

The packing material in the two air strippers was removed within the last year after being in 
service for over 12 years.  Monarch performed the work at a cost of $50,885.  A picture of the 
packing material removed is shown in Figure 4-5.  From the color, it is apparent that iron and/or 
manganese were present.  However, tests by Monarch indicate the predominant precipitate was 
calcium carbonate.  Also, Monarch noted that there was only limited biological growth, which 
occurred in the first few inches at the distributor.  The addition of potassium permanganate to the 
well water probably reduced the biological activity.  Plus some iron and manganese removal 
occurred in the GSFs. 

Thus, even if iron is removed, CRREL can still expect solids deposition in the packing material 
unless the water is softened (calcium reduction) prior to the air strippers.  Monarch indicated that 
instead of total packing material replacement, in-place acid cleaning of the packing media could 
probably be done biannually.  Monarch’s cost to perform the cleaning and dispose of the spent 
cleaning material would be about $10,000 per cleaning.  Initially piping modifications would 
need to be made at the towers to facilitate circulation of the cleaning solution. 



Air Stripping Tower Packing Material Removed 
Figure 4-5

 



To reduce the rate of fouling of the air stripping towers and subsequent NCCW system it is 
recommended that CRREL continue to use the “GSF” as biological filters. The biological filters 
are simple to operate and require no chemical feed systems. The filtration rate can probably be 
increased such that CRREL’s goal of 850 gpm through the filters could be achieved. The 
increased rate may require more media though. The modifications to the air and water backwash 
systems recommended for the GSF should be adopted for the biological filters. Iron removal rates 
and turbidity breakthrough should be monitored to determine if backwash practices are adequate. 

Elimination of the potassium permanganate system should be delayed at least one year to assure 
adequate performance by the biological filters. 

At this time the use of a sequestering system is not recommended unless it is desired to reduce 
precipitation of calcium carbonate in the air stripping towers.  The current packing material 
replacement rate of 12 years is considered good by industry standards.  

Controls for how the pumps (wells, Low Lift, and High Lift) operate normally and during 
backwashes should be evaluated such that supply to NCCW System 1 will not be interrupted. 
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Appendix A 

Existing Equipment Data 
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Appendix B 

NPDES Permit 
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Appendix C 

Test Results for NPDES Variance 
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Appendix D 

CRREL Well Pumpage Data 
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Appendix E 

Results of Tests by Eastern Analytical 
August - September 2007 (Bound Separately) 
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Appendix F 

CRREL pH Results 

Sampling Dates:  March 2006 – September 2007 

Sampling Location:  Navy Pond Manhole 

Results by:  CRREL 
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Appendix G 

Data for TCE and GSF Iron and Manganese Levels 
1993 - 2007 

Source:  CRREL 

Analyses by:  Others including Aquarium Analytical 
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Appendix H 

CRREL’s pH Investigation Results 
September 1, 2006 
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Appendix I 

Excerpt from January 2006 Toxicity Report 
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Appendix J 

CRREL’s pH Investigation Results 
June 8, 2005 
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Appendix K 

T&M Associates June 1995 Water Quality Tests 
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Appendix L 

Investigation of Scaling In Heat 
Exchanger System Piping 

March 21, 1995 
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Appendix M 

Excerpt from 1995 TCE Groundwater 
Treatment Facility Contract Documents 

 
 

cas:msk:fs2:mp2:19672.06:06:04:CDR:Final M-1 Stanley Consultants  





Appendix N 

Sequestering Agent 
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Appendix O 

Independent Technical Review 
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INDEPENDENT TECHNICAL REVIEW 

 
DATE  October 15, 2007 

 
PAGE  1  of 2 

 
Project:  Conceptual Design Report – pH Level Control and Greensand Filter Study  
 
Discipline:  __ Architecture X Civil __ Structural __ Electrical __ Mechanical 
Reviewer:  Scott Byram 
 
Action Codes: A- Agree Change will be made    E- Exception   D- Delete-Change not needed  

Comment 
No. Reference Comment Review Action 

 

 
1 Table 2-3 Units for conductance are microSiemens (uS) A-Changed to 

micromhos per 
centimeter 

2 Table 3-2 Cost info missing A-Cost information 
has been added. 

3 Table 3-2 I don’t see how replacing manhole covers will keep dissolved 
CO2 levels up.  The tank has to be vented to atmosphere, so 
ambient air must always be present over the water surface.  It 
will keep the water cleaner however. 

A-Changed text to 
say replacement 
recommended to 
prevent unwanted 
discharges into sewer 

4 Page 4-7 #4 Do we mean shieve (for blower) rather than sleeve? D-Monarch indicated 
sleeve. 

5 Page 4-12 Controls – What problem are we trying to solve here?  The 
existing tank level based control setup sounds typical to me.  
It’s all based on demand anyway so adding VFD at the user 
location won’t help much, it just makes more complication. 

E-Concerned that 
controls not being 
used as initially 
designed. CRREL 
has indicated that 
reservoir levels reach 
extremes often 
causing dirupttion of 
flow to Main Lab. 
Using VFDs would 
allow continuous 
flow through filters 
and towers. 

6 Page 4-12 and 4-13 Backwash – Is this necessary?  What problem are we trying to 
solve here?  Are they short of backwash supply?  Wouldn’t it be 
better to add clearwell volume (if necessary) rather than add 
another layer of controls? 

E-Not short of 
supply; Problem is 
levels in reservoirs 
reach extremes 
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Project:  Conceptual Design Report – pH Level Control and Greensand Filter Study  
 
Discipline:  __ Architecture X Civil __ Structural __ Electrical __ Mechanical 
Reviewer:  Scott Byram 
 
Action Codes: A- Agree Change will be made    E- Exception   D- Delete-Change not needed  

Comment 
No. Reference Comment Review Action 

 

7 Page 4-13 IMHO 12 years without cleaning or media replacement is pretty 
good performance for air stripping towers.  Periodic acid 
cleaning for scale removal is a good idea.  Frequency is 
typically based on observed TCE removal efficiency of the 
towers. 

A-Cost for periodic 
cleaning may be as 
much as media 
replacement. 
Monitoring required 
to determine which is 
economically the 
best choice. Note: 
TCE removal rates 
were adequate at 
time of media 
replacement. 

8 Page 4-13 The iron is not really a food source for the bacteria, it is an 
electron donor.  The bugs function by oxidizing Fe+2 to Fe+3 in 
the presence of oxygen (which will also oxidize Fe+2 as well). 

A-Will clarify. 

9 Table 4-5 Missing cost info. A-Cost info added. 

10 Table 4-5 Not iron “eating”, rather iron oxidizing.   A-Will clarify. 

11 Page 4-17 # 1 The lab data is showing good iron removal through the filters.  
The deposition on the air stripper media is CaCO3 scale.  The 
black stuff in the upper portion of the air stripper column may 
be biological (Fe bugs), or may be Mn(OH)2, or both. 

A-Will add 
possibility of Mn 
deposits.  

12 Page 4-17 #3 Same comment re “iron eating” A-Will clarify 

13 Page 4-18 
paragraph 2 

Oxidizing the Fe+2 with O2 is OK provided it is followed by 
filtration.  Then the iron bacteria wouldn’t be needed for 
removal as the resulting Fe(OH)3 would be captured by the 
filters. 

E-Only enough 
oxygen is needed for 
bio activities; 
Oxygen not at levels 
required for 
oxidation of iron by 
oxygen alone; Also 
oxidation of iron by 
oxygen is relatively 
slow 
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Discipline:  __ Architecture X Civil __ Structural __ Electrical __ Mechanical 
Reviewer:  Scott Byram 
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Comment 
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14 Page 4-18 
Sequestering 

Adding chlorine would oxidize the Fe+2, to Fe+3 probably 
making sequestering unnecessary (provided that filtration 
follows the Cl addition). 

E-Chlorine added 
after sequesterant; 
Nalco indicates iron 
will not be oxidized 

15 Page 4-18 
Sequestering 

Need to verify that we won’t get foaming in the air strippers 
after addition of sequestering agent. 

A-Added info on 
foaming to report 

16 Page 4-19 Test the sequestering agent if the client wants to, but I can’t say 
I agree with its use here.   

A-Changed 
recommendation to 
not use sequestering 
agent at this time 

17 General Comment If CRREL can get their pH limits modified good.  If not an end 
of pipe recarb step (ie final pH adjustment) would seem to me 
to be the most cost effective method for pH management.  

A-Modified report to 
indicate end point pH 
adjustment. 
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