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Section 1 Introduction 
 
 
1.1 Background 
 
Stearns & Wheler was retained by the Town of Cape Charles to conduct an immediate 
needs evaluation of the existing water treatment facilities.  The objectives of the 
evaluation are: 
 

• Gather, review, and evaluate data provided by the Town concerning plant 
operations and raw water quality. 

 
• Discuss filter performance with the filter manufacturer and explore operational 

adjustments. 
 
• Conduct on-site testing to evaluate the oxidation efficiency of the iron and 

manganese by chemical addition and removal of those metals throughout the 
treatment process. 

 
• Conduct jar tests to evaluate the treatment process chemistry. 
 
• Verify raw water quality, chemical usage, backwash consumption, and other 

operational parameters. 
 
• Recommend cost-effective measures which can be implemented at the existing 

treatment facilities to improve finished water quality and overall plant 
operations. 

 
• Develop capital and operational cost estimates for all recommended 

improvements to quantify the financial impacts of implementing the proposed 
recommendations. 
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secondary standards mandate that the finished water pH be between 6.5 and 8.5.  The 
Town meets these finished water quality standards. 
 
B. Alkalinity.  See Figure 10.  Raw water alkalinity influences the degree that pH is 
affected by chemicals added to the water.  The lower the alkalinity the greater the impact 
on pH.  The raw water alkalinity is sufficiently high to prevent the pH from dropping 
precipitously with the addition of pH depressing chemicals such as fluoride.  Finished 
water alkalinity is not regulated either by VDH or the USEPA.  However, this parameter 
has a direct impact on corrosion control in the distribution system.  In general, waters 
with a higher alkalinity are more resistant to corrosion than those with a low alkalinity.  
The alkalinity of the finished water averages about 150 mg/L as CaCO3 and ranges from 
100 to 200 mg/L as CaCO3.  These levels are considered moderate to moderately high, 
which is desirable for corrosion control. 
   
C. Hardness.  See Figure 11.  The raw water hardness ranges from 192 to 418 mg/L as 
CaCO3, which is considered hard to very hard water.  Because of the raw water hardness, 
the treatment process employs an ion exchange softener to reduce the hardness to 
minimize the aesthetics impacts of hard water (i.e., scale).  There are no limits on 
finished water hardness, but the lower the level in the finished water, the less the impacts 
of scale will be.  The finished water hardness ranges from 112 to 416 mg/L as CaCO3, 
which is still considered moderately hard to very hard. 
   
D. Iron.  See Figure 12.  Raw water iron levels have increased from 1999 to the present.  
In 1999, the raw water iron concentration was about 3 mg/L.  Today, the level is about 7 
mg/L.  This is significant as the water treatment plant process was designed to treat water 
with an iron concentration of 2.5 mg/L.  VDH has a secondary MCL for finished water 
iron of 0.3 mg/L.  Although the presence of iron in drinking water is not known to cause 
health effects, higher levels (i.e., levels over 0.1 mg/L) may cause aesthetic problems.  
These problems include yellow to reddish-brown water color and similarly colored 
staining of clothing or bathroom fixtures, metallic water taste, and sediment in the 
distribution system that reduces the system’s hydraulic capacity and may cause cloudy 
water at customer’s taps.  Reported iron levels in the finished water average 0.04 mg/L, 
which is considered low enough to avoid aesthetic problems.  Review of the operating 
records indicates that since 1999, the iron levels in the finished water have exceeded the 
SMCL on 20 separate occasions.  Generally, there was only one excursion per year, but 
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in 2001 there were 15 excursions. The Town typically measures the iron level about 2 
hours after bringing the filters on-line, which will generally yield the best results, but the 
plant is often run to a point where iron levels may exceed the SMCL to satisfy water 
demands. 
 
E. Manganese.  See Figure 13.  The raw water manganese concentration has risen since 
1999 from about 0.4 mg/L to about 0.5 mg/L.  The existing plant was designed to treat 
raw water with a manganese concentration of 0.2 mg/L.  Like iron, manganese is not 
considered a health issue in drinking water but rather an aesthetic problem.  VDH has a 
secondary SMCL for finished water manganese of 0.05 mg/L.  Problems can sometimes 
be observed if the manganese levels exceed 0.02 mg/L.  These problems include black 
staining on clothing or fixtures, black to brown discoloration of the water, and a bitter 
metallic water taste.  The finished water manganese concentration is typically 0.01 mg/L 
which is considered acceptable to avoid customer complaints. However, the 
concentrations in the finished water have been as high as 0.37 mg/L. Review of the 
operating records since 1999 indicate that the manganese levels have exceeded the MCL 
on 76 occasions, usually about 5 times per year (with a much higher number of 
excursions in 2001 and 2004).  As with iron, the operators typically measure the 
manganese levels about 2 hours after bringing the filters on-line but often run the plant to 
a point where manganese levels exceed the MCL in order to satisfy water demands. 
 
F. Fluoride.  See Figure 14.  The national maximum contaminant level (MCL) for 
fluoride in finished water is 4.0 mg/L.   VDH has established a more stringent MCL of 
2.0 mg/L.  This limit is used to prevent bone disease and mottled teeth.  The optimal level 
of fluoride in the finished water established by VDH is 0.9 mg/L (with an allowable 
range of 0.8 to 1.0 mg/L).  Review of the historical record indicates that the Town has 
maintained the fluoride levels, generally, within the accepted limits. 
 
G. Free Chlorine Residual.  See Figure 15.  A free chlorine residual within the 
distribution system must be maintained to prevent microbial re-growth that could affect 
public health.  Throughout the distribution system, the residual needs to be at least at 
trace levels.  Little benefit is observed at levels above 0.3 mg/L.  But to maintain these 
levels at the extremes of the distribution system, the chlorine residual level in the water 
leaving the treatment plant must be higher to account for chlorine demands in the 
distribution system. On average, the finished water free chlorine residual is about 1.4 
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mg/L, with levels ranging from 0.4 to 2.2 mg/L. Without further data from the Town 
regarding chlorine levels within their distribution system, a determination of whether the 
free chlorine residual observed in the finished water leaving the plant is sufficient to 
maintain at least a trace concentration of chlorine everywhere within the distribution 
system cannot be determined. 
 
H. Other Parameters.  In addition to the raw water and finished water quality data 
provided by the Town to VDH, quarterly data provided by an outside laboratory on the 
Tower Well water quality is given to the Virginia Department of Environmental Quality 
for monitoring water quality in the aquifer.  The data is summarized on the figures listed 
below and in Table 2-3. 
 
 Figure 16 – Well Quality: Chloride 
 Figure 17 – Well Quality: Sulfate 
 Figure 18 – Well Quality: Alkalinity 
 Figure 19 – Well Quality: Fluoride 
 Figure 20 – Well Quality: Calcium 
 Figure 21 – Well Quality: Magnesium 
 Figure 22 – Well Quality: Sodium 
 Figure 23 – Well Quality: Iron 
 Figure 24 – Well Quality: Potassium 
 
 

TABLE 2-3 
 

TOWER WELL WATER QUALITY SUMMARY 
 

CONCENTRATION WATER QUALITY 
PARAMETER MINIMUM AVERAGE MAXIMUM 

Chloride (mg/L) 136 239 370 
Sulfate (mg/L) 4 99 154 

Alkalinity (mg/L as CaCO3) 132 171 206 
Fluoride (mg/L) 0.10 0.15 0.21 
Calcium (mg/L) 21 102 123 

Magnesium (mg/L) 11 16 26 
Sodium (mg/L) 58 104 164 

Iron (mg/L) 0.30 4.32 9.03 
Potassium (mg/L) 4 10 39 
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Comparing the iron and alkalinity data collected by the Town with data from the outside 
laboratory show fairly similar results.  A review of the historical record of the other water 
quality data from 1999 to 2006 indicates the following: 
  

• Chloride levels have increased from about 200 mg/L to almost 300 mg/L. 
• Sulfate levels have increased from about 80 to 100 mg/L to 110 to 130 mg/L. 
• Fluoride levels have generally been less than 0.05 mg/L and have remained 

unchanged. 
• Calcium levels have remained relatively constant at about 100 mg/L. 
• Magnesium levels have climbed from 10 to 15 mg/L. 
• Sodium levels have increased from about 100 mg/L to 130 mg/L. 
• Potassium levels have increased from 5 to about 15 mg/L. 

 
These changes in water quality suggest that salt water intrusion into the aquifer is 
occurring. 
 
 
2.5 Chemical Use 
 
The Town provided chemical use data from February 1999 to July 2006.  Table 2-4 
summarizes the chemicals used at the facility. 
  
 

TABLE 2-4 
 

WATER TREATMENT CHEMICALS 
 

CHEMICAL PRODUCT NAME CONCENTRATION MANUFACTURER SUPPLIER CURRENT COST 

Sodium Fluoride --- 99 percent Solvay Fluorides, St. 
Louis, MO 

Univar, Richmond 
VA $0.7550/dry lb. 

Sodium 
Hypochlorite Liquichlor 12.5 percent available Cl2 

Univar, Richmond, 
VA 

Univar, Richmond, 
VA $1.70/gal 

Potassium 
Permanganate 

Cairox  (free-
flowing grade) 97 percent Carus Chemical, 

Peru, IL 
Univar, Richmond, 

VA $2.5793/dry lb. 

Sodium 
Chloride Solar Salt 99.6 percent Cargill Salt, 

Minneapolis, MN 
Univar, Richmond, 

VA $0.1146/dry lb. 
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The plant was designed to feed soda ash (sodium carbonate) for pH adjustment 
downstream of the potassium permanganate and chlorine feed points and before the 
filters but this chemical has not been used since at least 1999. 
 
Chemical use at the plant from February 1999 through July 2006 is summarized in Table 
2-5. 
 
 

TABLE 2-5 
 

WATER TREATMENT CHEMICAL USE (1) 
 

CHEMICAL MINIMUM AVERAGE  MAXIMUM 
Sodium Hypochlorite (2) 0.7 mg/L as Cl2 5.7 mg/L as Cl2 20.2 mg/L as Cl2 
Potassium Permanganate 0.77 mg/L (dry) 3.26 mg/L (dry) 20.3 mg/L (dry) 

Sodium Chloride 1,840 lbs/batch (dry) 2,000 lbs/batch (dry) 2,160 lbs/batch (dry) 
(1) Sodium fluoride use data was not provided. 
(2) Dosages are the total of feeding the chemical both pre-filtration and post-filtration.  

 
 
The historic trends for chemical use are presented on the following figures: 
 
 Figure 25 – Sodium Hypochlorite 
 Figure 26 – Potassium Permanganate 
 Figure 27 – Sodium Chloride 
 
Potassium permanganate is used to oxidize iron and manganese to form insoluble 
particles that can be removed by the filters.  The permanganate is also used to regenerate 
the greensand, which is imperative for effective manganese removal.  Sodium 
hypochlorite is used for the same purposes as the potassium permanganate when added 
before the filters as well as disinfection.  Sodium chloride is used to regenerate the 
softener media. 
 
Continuous greensand regeneration is practiced at the plant (i.e., the facility feeds 
sufficient sodium hypochlorite and potassium permanganate to oxidize the iron and 
manganese and to regenerate the greensand) and is the preferred method of regeneration. 
 
The greensand manufacturer recommends estimating the dosages of chlorine and 
potassium permanganate for continuous greensand regeneration in the following way: 
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 mg/L Cl2 = mg/L Fe 
 
 mg/L KMnO4 = (0.2 x mg/L Fe) + (2 x mg/L Mn) 
 
Based on the current levels of iron and manganese in the raw water, the estimated 
required dosages of chlorine and potassium permanganate are: 
 
 Chlorine:  7 mg/L Cl2 (peak dosages of 9 mg/L) 
 
 Potassium Permanganate:  2.4 mg/L KMnO4 (peak dosages of 3.1 mg/L) 
 
Review of the chemical data indicates that the potassium permanganate dose has 
remained relatively constant at 3.3 mg/L since 1999 (with some notable exceptions).  The 
sodium hypochlorite dose has increased from 4 mg/L as Cl2 in 1999 to about 7 mg/L as 
Cl2 today.  This upward trend is consistent with the increase in raw water iron and 
manganese concentrations.  Both chemical dosages appear sufficient to oxidize the iron 
and manganese. 
 
Chlorine must also be fed to maintain a free chlorine residual in the distribution system.  
As sufficient chlorine appears to be fed to maintain that residual, the plant is likely 
underfeeding sodium hypochlorite by about 1.0 to 1.5 mg/L for optimum continuous 
greensand regeneration.  The potassium permanganate dose has generally been higher 
than what is estimated for optimum iron and manganese oxidation and greensand 
regeneration. 
 
The sodium chloride batches have remained generally constant over the past seven years 
at about 2,000 pounds per cycle.  The softener supplier recommends 2,100 pounds per 
backwash cycle. 
 
None of the chemical feed systems have calibration columns.  These columns (generally 
graduated cylinders installed on the suction side of the chemical feed pump) allow for an 
accurate measurement of the chemical feed rate.  As the pumps age, the feed rates will 
change even if the pump settings remain unchanged.  The most common way to verify 
the pumping rate is the use of calibration columns. 



 Town of Cape Charles 
Water Treatment Facilities Study and Expansion 

Immediate Needs Study 

2-12

 
2.6 Other Treatment Standards 
 
A. Disinfection Byproducts.  Under the Stage 1 Disinfectants and Disinfection 
Byproduct (D/DBP) Rule, the running annual average concentration of total 
trihalomethanes (TTHMs) and five haloacetic acids (HAA5) must be below 80 µg/L and 
60 µg/L, respectively.  The recently promulgated Stage 2 D/DBP Rule will require 
communities to determine those areas within their distribution systems that have the 
highest levels of TTHMs and HAA5 and maintain those levels below the action levels 
established by the Stage 1 Rule. 
 
The TTHM concentrations were 79 and 64 µg/L in 2004 and 2005, respectively.  The 
expectation is that the TTHM level would have been lower given the low levels of total 
organic carbon (TOC) in the raw and finished water (less than 2 mg/L).  The HAA5 
levels in 2004 and 2005 were 9 µg/L and non-detectable, respectively. 
 
B. Lead and Copper.  Under the Lead and Copper Rule, 90 percent of all samples from 
the distribution system must have lead levels below 0.015 mg/L and copper levels below 
1.3 mg/L.  Although no lead data was available, the copper levels for all of the sample 
points were below 0.1 mg/L.  This analysis, however, is based on only one set of data 
from 2005. 
 
C. Miscellaneous Standards.   Review of additional water quality data based a samples 
taken from the distribution system indicate the following (this analysis is based on a 
limited number of samples from 2005): 
 

1. Chloride levels were at 252 mg/L (single sample in 2005).  Chloride levels are 
slightly above the SMCL of 250 mg/L.  This suggests salt-water intrusion into 
the aquifer may be occurring. 

 
2. Total dissolved solids concentration was 762 mg/L, which exceeds the SMCL 

of 500 mg/L. 
 
3. Hydrogen sulfide was not detected in the drinking water supply. 
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4. Sulfate levels were at 18 mg/L.  The USEPA has proposed in the past to 
regulate sulfate as a secondary contaminant at 250 mg/L because of the 
substance’s laxative effects.  These levels suggest that the Town would not 
have a problem meeting the proposed standard of 250 mg/L. 

 
5. No heavy metals (e.g., mercury, cadmium) or other undesirable metals such as 

aluminum were detected in the drinking water. 
 
6. Nitrite and nitrate were not detected in the water supply. These compounds will 

generally affect infants (e.g., blue baby syndrome). 
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. 
Section 3 Testing Methodology 

 
 
3.1 Description of Methodology 
 
The protocol proposed by Stearns & Wheler, and approved by the Town, to be used as a 
guideline for how the on-site testing at the treatment facility might be conducted is 
provided in Appendix A.  The protocol was modified in the field as new data was 
obtained and additional insights gained as a result of the proceeding tests. The results of 
the jar are provided in Appendix B. 
 
Several parameters, shown below, were examined as part of this study by the method 
indicated: 
 
A. Product Dose.  Dosages of products were analyzed on a dry basis (potassium 
permanganate) or on the basis of available chlorine or fluoride (sodium hypochlorite and 
sodium fluoride) unless indicated otherwise. 
 
B. pH.  Determined by pH electrode.  See above for discussion on the importance of pH 
on treatment performance. 
 
C. Iron and Manganese.  Determined using Hach Company reagents and 
spectrophotometer. Both total iron and manganese and dissolved iron and manganese 
were measured.  The total concentration of both metals was measured using an unfiltered 
sample.  The dissolved iron and manganese concentrations were measured after filtering 
the water through a 0.45 µm membrane filter.  In some instances, the iron and manganese 
concentrations were also measured after filtering a sample through a 5 µm membrane.  
Experience has shown that particles removed by a 5 µm filter will be readily removed by 
most course media filters.  Particles not trapped by a 5 µm filter may or may not be 
removed by conventional filters.  Those particles not removed by a 0.45 µm filter are in a 
dissolved state and will not be removed by course media filters. 
 
D. Filterability Index.  This parameter is determined by comparing the filtration time of 
a 200 mL aliquot of de-ionized water with that of a 200 mL aliquot of treated water.  
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Filtration occurs though a standard 47 mm diameter, 0.45 µm nylon filter. A value of 3 or 
less indicates chemical treatment producing good filtering conditions. The higher the 
filterability index, the faster the filters will likely develop headloss.  In all cases, the 
indices measured were less than three and the differences in the measured values for 
individual tests were not significant.  Therefore, no further analysis with this parameter 
was conducted. 
 
E. Dissolved Oxygen Concentration.  Determined using a portable dissolved oxygen 
probe.  In order for oxidation of iron and manganese to occur, the oxygen level within the 
water needs to be sufficient or an alternative oxidant (such as chlorine) needs to be added.  
Even with the necessary pH adjustment, simple aeration is generally not sufficient to 
encourage manganese oxidation.  The oxygen levels in the raw water were below 1 mg/L 
indicating that a chemical oxidant must be added to oxidize iron and manganese.  No 
further analysis was conducted with this parameter. 
 
F. Free Chlorine.  Determined using Hach Company reagents and spectrophotometer. 
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Section 4 Testing Results and Discussion 
 

 

4.1 Iron and Manganese Oxidation Efficiency of the Existing 
Treatment Process 

  
To evaluate whether the current process was efficiently oxidizing iron and manganese in 
the raw water and subsequently removing the oxidized metals in the filters, water samples 
were taken at several points in the process.  Each sample was measured for total and 
filterable iron and manganese (both through a 5 µm and a 0.45 µm membrane).  The 
water samples were filtered immediately upon being drawn to prevent further oxidation.  
A summary of the results is provided in Table 4-1 and on Figures 28 and 29. 

 
 

TABLE 4-1 
 

TREATMENT PROCESS OXIDATION EFFICIENCY 
 

TOTAL FILTERED (5 µm) DISSOLVED (0.45 µm) SAMPLE 
LOCATION Fe Mn Fe Mn Fe Mn 

Raw 6.6 0.473 6.8 0.496 6.4 0.493 
Filter Inlet 7.2 2.45 4.0 1.53 0.01 0.55 
Between Anthracite 
and Greensand 7.2 2.30 5.2 1.91 0.05 0.57 
In Greensand 5.9 1.60 3.6 1.10 0.03 0.16 
Finished Water 0.38 0.149 0.38 0.150 0.00 0.040 
 
 
By the time the chemically treated water reached the filter inlet, 100 percent of the 
dissolved iron had been oxidized.  However, about two-thirds of the oxidized iron was 
smaller than 5 µm.  Despite this fact, the finished water iron was reduced from about 6.5 
mg/L to about 0.4 mg/L.  Thus, the chemical oxidation and filtration processes are 
performing well despite half the media missing from each filter.  Improved performance 
would likely be obtained with the full compliment of filter media.  Also, the use of 
polymers to increase the particle sizes may also improve filtration efficiency. 
 
Chemical oxidation of the manganese was not effective as evidenced on Figure 29.  The 
dissolved manganese concentration remained unchanged until the manganese came in 
contact with the greensand.  This is not unexpected given the pH of the chemically 
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treated water.  After contact with the greensand, the manganese was oxidized and the 
concentration was reduced from about 0.5 mg/L to 0.04 mg/L.  The treatment process is 
accomplishing significant manganese reductions despite missing half the filter media (see 
later in report for discussion of missing media).  Improved performance is expected with 
a full compliment of filter media.  Polymer use will likely have little not impact 
manganese removal as manganese is not oxidized by the added chemicals.  The increase 
in total manganese between the raw water and the filtered water is due to interferences 
caused by the addition of potassium permanganate. 
 
Dissolved iron and manganese not removed by filtration will likely foul the downstream 
softener media.  Once fouled, no amount of softener regeneration will restore media 
performance.  VDH recommends that the total concentration of both iron and manganese 
in the water entering the softener not exceed 0.3 mg/L to prevent fouling.  We 
recommend sampling the softener media to be sure the media has not been fouled. 
 
 
4.2 Organic Complexation of Iron and Manganese 
  
When the level of TOC in the raw water exceeds 2 mg/L, the possibility exists that 
complexation can occur between the TOC and the iron and manganese.  This 
complexation can interfere with chemical oxidation and inhibit metal removal.  Samples 
were taken of the raw water from the Tower Well, East Well, and the combined raw 
water had TOC levels of 1.75, 1.24, and 1.19 mg/L, respectively.  The data suggests that 
organic complexation is probably not an issue.  Also, the fact that the iron is readily 
oxidized suggests that organic complexation is not occurring.  However, we recommend 
that the Town collect additional raw water samples from each well on a weekly basis to 
verify that the TOC levels are indeed below 2 mg/L on a consistent basis. 
 
 
4.3 Potassium Permanganate Dose 
  
See Figure 30.  About 2.8 mg/L of potassium permanganate is required to effectively 
oxidize the iron present in the raw water (chemical oxidation has little impact on 
manganese unless the pH is raised).  This dose is somewhat higher than the dose of 2.4 
mg/L estimated by the greensand manufacturer, but the estimated dose is based on 
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feeding chlorine as well for oxidation.  On average, the plant feeds about 3.3 mg/L.  We 
recommend further in-plant testing to determine whether the permanganate dose can be 
reduced without impacting treatment performance. 
 
 
4.4 Sodium Hypochlorite (Chlorine) Dose 
  
See Figure 31.  About 5 mg/L of chlorine is required to efficiently oxidize the iron.  The 
results are somewhat lower than the 7 mg/L estimated by the greensand manufacturer.  
This is likely due to the oxidation of the iron between the time the raw water was 
collected and the analysis performed.   The test results suggest that the current chlorine 
dose is reasonable.  As discussed earlier, the overall chlorine dose is probably at least 1.0 
mg/L less than what is required for optimum treatment performance and therefore, further 
in-plant testing is recommend. 
 
 
4.5 Order of Chlorine and Permanganate Addition 
  
See Figures 32 and 33.  The order of addition of these two chemicals had no impact on 
iron oxidation.  The only difference in the two addition methods was that a higher 
chlorine residual was observed when the potassium permanganate was added first.  This 
is not unexpected as the permanganate will oxidize the iron first leaving less iron for the 
chlorine to react with.  Because both addition methods are equally effective, we 
recommend that the chlorine be added as far upstream of the permanganate as possible as 
the chlorine reacts slower than the permanganate.  This will allow the less-expensive 
chlorine to oxidize as much of the iron as possible thereby minimizing the consumption 
of the permanganate by the iron and leaving the permanganate available for greensand 
regeneration. 
 
 
4.6 Impact of Increasing pH on Iron Oxidation  
  
Increasing the pH had no impact on chemical oxidation of iron with chlorine and 
potassium permanganate as the oxidation occurs readily even without pH adjustment.  
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The impacts of pH adjustment on manganese oxidation were not examined in these tests 
should be examined further. 
 
 
4.7 Impacts of Fluoride on Iron Oxidation  
  
See Figure 34.  Before testing, the assumption was that fluoride would have no impact on 
iron oxidation.  That assumption was borne out by the test data.  The only observed effect 
of the fluoride was to reduce the free chlorine residual.  The cause of this reduction is 
unknown at this time as fluoride is generally inert and not known to have impacts on 
chlorine residual. 
 
 
4.8 Temporal Variations in Iron and Manganese 

Concentrations through the Plant  
 
Figures 35 and 36 show the variations in the total iron and manganese concentrations, 
respectively, at various points in the treatment process over a 6 hour period.  Initially, the 
finished water iron concentration is above the SMCL but declines quickly (probably 
faster than suggested by the Figure 35) and remains below the SMCL for the first 3 to 4 
hours of plant operation only.  The manganese concentration in the finished water was 
always above the SMCL.  The levels of iron and manganese in the greensand began low 
but steadily increased and then stabilized after about 3 hours.  This suggests that the iron 
and manganese particles were moving through the filter rather than being captured in the 
filter.  This data supports an earlier conclusion that many of the iron and manganese 
particles were too small to be trapped by the filters.  To minimize this problem, we 
recommend examining the use of polymers to increase the size of the particles so that 
they are trapped by the filters and are prevented from migrating through the filters.  
Figure 37 is similar to Figure 36 but is for dissolved manganese.  The data suggests that 
the greensand is being consumed and not being fully regenerated as the dissolved 
manganese levels initially decline and then begin to rise over time.  This data supports the 
conclusion that perhaps the current chlorine dose is less than optimum for continuous 
greensand regeneration.  The data also suggests that greater oxidation of manganese is 
occurring in Filter No. 2 than Filter No. 1 given the lower dissolved manganese levels 
throughout the day in Filter No. 2 within the greensand layer.  This improved oxidation is 
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likely due to the greater amount of greensand in Filter No. 2 compared to Filter No. 1 
(see Section 5.1). 
 
 
4.9 Impacts of Increased Contact Time (Rapid Mixing Only)  
 
See Figures 38 and 39.  Both figures indicate that increased contact time (without pH 
adjustment) had no impact on the chemical oxidation efficiency of either iron (which was 
100 percent complete under all circumstances) or manganese (increased contact time had 
little or no impact on oxidizing the dissolved manganese). 
 
 
4.10 Impacts of Flocculation and Settling on Iron and 

Manganese Removal  
  
See Figures 40 and 41.  There was no observable difference between having rapid mixing 
or rapid mixing and flocculation on either the removal of iron or manganese.  However, 
when settling was also provided, iron and manganese levels were reduced prior to 
filtration.  This reduction could improve overall filter operation, increase filter run times, 
and improve finished water quality.  Also, the use of polymers may improve the 
flocculation and settling processes.  Further evaluations in this area are required. 
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Section 5 Other Plant Tests and 
Observations 

 
 
5.1 Filter Media  
  
On September 20, 2006, a visual inspection of the interior of each filter was made.  The 
following observations were made: 
 
1. The top of the filter media surface in Filter No. 1 was 10 inches below the centerline 

of the uppermost sample tap.  The top of the media surface in Filter No. 2 was located 
about 5.5 inches below the uppermost sample tap.   The original top of the media 
surface was supposed to be 12 inches above the uppermost sample tap.  The overall 
depth of the media originally was 36 inches.  Assuming the media was installed as 
shown on the record drawings, 22 inches of media has been lost in Filter No. 1 (or 
more than 60 percent)  and 17.5 inches of media has been lost in Filter No. 2 (or about 
50 percent of the media).  Assuming that approximately 2,000 backwashes have been 
conducted since 1993, each backwash would have had to wash out between 6 and 8 
cups of media.  According to Roberts Filter, during their review of the filters in 2004, 
only a few inches of media had been lost at that time.  Assuming this was the case, 
between 18 and 24 cups of media would have had to have been lost since then.  The 
large quantities of media loss per backwash suggest possible mechanical problems:  
damaged screen on the drain pipe that is allowing media to escape; or a clogged 
screen that is allowing the media to be washed out through the influent header by 
either the air scour or the backwash process or both due to higher-than-desired water 
levels in the tank during backwashing. 

 
2. Most of the media in the filter appeared to be greensand with minor amounts of 

anthracite. 
 
3. The media surface did not appear to be irregular, nor were any ridges, mounds, 

craters, or other indications of problems with the filter underdrain system visible.  In 
fact, the media surface of both filters appeared smooth and uniform.  Therefore, loss 
of media through the underdrains appears unlikely. 

 



 Town of Cape Charles 
Water Treatment Facilities Study and Expansion 

Immediate Needs Study 
 

5-2

4. Some filter media was observed in the finished water chlorine tap that was dismantled 
to allow the filters to drain. 

 
5. The interior of the tanks did not appear to have any defects or significant corrosion 

after having been in service for 13 years. 
 
The greensand manufacturer suggests that the typical useful life of greensand is 5 to 8 
years, although there are instances where media lasts much longer or for a much shorter 
period of time depending on site-specific conditions.  The media at the Town’s facility 
has been in service since 1993 (13 years). 
 
 
5.2 Observations of Backwash Process  
  
Review of the backwash process did not suggest that excessive loadings rates were being 
used that would cause the loss of filter media.  Also, the backwash waste was sampled 
periodically through the backwash cycle an examined visually.  The observations suggest 
that the cycle lasted long enough to effectively clean the filter and not too long to 
needlessly waste finished water.  When backwashing to waste (i.e., rinse cycle), the 
chemical feed pumps are disabled which should not be done as this allows dissolved iron 
and manganese to penetrate deep into the filter bed.  This will reduce the time between 
filter startup and iron and manganese breakthrough.  Both the sodium hypochlorite and 
potassium permanganate should be fed during the backwash.  Minimal controls exist to 
effectively control the backwash rate.  As the temperature of the water increases, greater 
water flow is required to achieve the same level of cleaning that occurs when the water is 
colder.  The data suggests that the flow rate is not altered seasonally.  The backwash 
waste was collected and examined for filter media particles and none was observed 
suggesting that the backwash rate is not excessive (at least for the current media depths in 
the filters). 
 
 
5.3 Distribution System Flushing  
  
The distribution system is generally flushed once per year.  Flushing should be done twice 
per year.  Flushing helps remove materials, such as iron and manganese particles, that 
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may have accumulated inside the distribution system and which can cause degraded water 
quality.  Flushings should be done in a uni-directional manner so that solids stirred up by 
the flushing process are moved downstream until they are ultimately removed from the 
pipe.  Given the high level of iron and manganese in the finished water, we recommend 
that flushing be performed on a quarterly basis over the next year.  After a year of 
quarterly flushing, the Town should evaluate the results of the flushing and determine 
whether the quarterly frequency should continue or be reduced. 
 
 
5.4 Finished Water Hydrant Flushing  
 
Typically, before the operators bring the plant on-line each day they open the hydrant on 
the finished water line.  The hydrant draws water from both the elevated storage tank and 
the finished water line.  When only water from the storage tank was flushed (the finished 
water valve inside the plant was closed), the water ran clean during several minutes of 
flushing.  Once the finished water valve was opened, the water ran clean for only a few 
moments, than ran dirty for about 2.5 minutes.  Based on these observations, the source of 
the rust colored water was water inside the finished water pipe inside the building and not 
water from the storage tank.  Also, no filter media was observed in the water that was 
flushed from the plant.  This suggests that media loss is occurring through the drain to the 
wastewater plant and not the underdrains. 
 
 
5.5 Hydrogen Sulfide and Silica in Raw Water  
  
In addition to TOC tests on each of the wells and combined raw water, hydrogen sulfide 
and silica were also tested.  Sulfide levels were non-detectable in the raw water.  This is 
not unexpected as there have been no reported complaints regarding rotten egg smells in 
the water supply.  The lack of hydrogen sulfide further suggests that iron and manganese 
complexation with TOC is unlikely.  The silica levels in both wells were between 9.6 and 
10.1 mg/L.  This is important as silica has been known to damage greensand when silica 
levels exceed 10 mg/L.  We recommend continued well water sampling to verify the 
silica levels. 
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5.6 Plant Equipment  
  
Several pieces of equipment appear not to be operational: 
 
1. Influent rate of flow control valve appears to be frozen fully open. 
 
2. Filtered water flow meter on both filters is not operational and the operators must try 

to balance flow using the headloss gauges on each filter. 
 
3. None of the chemical feed pumps except for sodium fluoride, are flow paced. 
 
4. Altitude valve on the finished water line to the elevated storage tank is not functional. 
 
5. Finished water chlorine analyzer and pH meter are not functional. 
 
6. Flow meter readout for each well at the plant is not functional. 
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Section 6 Summary of Discussions with 
Roberts Filter 

 
 
To better understand the treatment process and the concerns and issues at the facility, 
Stearns & Wheler has had several discussions with the Roberts Filter Group (the 
manufacturer of the filter and softener processes) and their local representative, K.L. 
Shane, Inc.  The following is a brief summary of those discussions: 
 
1. Initial questions by Roberts regarding the problems being experienced by the Town: 
 

• Has media been replaced since 1993? 
• Is the regeneration of the media being performed at optimal levels? 
• Has media been lost or has the filter media been added to? 
• Is the backwash process sufficient to clean the filter while avoiding media loss? 
• Are flow meters calibrated? 

 
Our investigations indicated that the media has not been replaced since 1993 nor has 
media been added to the filters.  Significant amounts of media have been lost from the 
filters.  There may be underfeeding of sodium hypochlorite for greensand regeneration.  
The backwash process appears adequate at present to clean the filters while avoiding 
media loss. 
 
2. Given the level of iron and manganese present today in the raw water, Roberts 

suggested that consideration be given to altering the depths of the media as originally 
designed.  Essentially, the anthracite layer might be made deeper (from 12 inches to 
perhaps 18 to 24 inches) and the greensand layer made shallower (from 24 inches to 
perhaps 12 to 18 inches). 

 
3. Roberts is scheduled for a site visit on November 21, 2006 to perform the 

following: 
 

• Review previous sieve analysis from 2004 for relevance to today’s filter 
problems. 



   Town of Cape Charles 
Water Treatment Facilities Study and Expansion 

Immediate Needs Study 

6-2

• Take core samples of each filter bed to determine the current makeup of the 
media.  The cores are intended to determine whether the media continues to be 
stratified or has mixed together. 

• Take samples of the filter media for possible sieve analysis.  The analysis will 
be conducted on the individual filter media types, which may require an initial 
separation of the two medias before the sieve analysis is conducted. 

• Take samples of the greensand for possible future microscopic analysis.  This 
analysis would indicate whether the greensand coating has been damaged or 
stripped away. 

• Take samples of the ion exchange media to determine whether the media has 
been fouled by dissolved iron and manganese. 

• Conduct thorough inspection of the interior of the filter tanks, including the 
underdrains and drain piping screen. 

• Review the entire backwash process to be sure valves are operating as intended, 
the process timings are appropriate, and other backwash operational parameters 
are reasonable. 

• Review the entire treatment process to determine whether there are operational 
activities that should be modified. 
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Section 7 Conclusions & Recommendations 
 
 
7.1 Conclusions  
 
1. Since 1999, average daily water production has increased from 120,000 gpd to 

160,000 gpd, which had the effect of increasing the filter loading rate from about 2 
gpm/sq. ft. to about 2.8 gpm/sq. ft.  The design filter loading rate is 2.6 gpm/sq. ft. 
and the maximum filter loading rate is 3 gpm/sq. ft.  Raw water production from the 
East Well and Tower Well is split about 50-50. 

 
2. The raw water iron concentration has increased from 3 mg/L in 1999 to about 7 mg/L 

in 2006.  The plant was designed to treat raw water with an iron concentration of 2.5 
mg/L.  The raw water manganese concentration has increased from about 0.4 mg/L to 
0.5 mg/L since 1999.  The plant was designed to treat raw water with a manganese 
concentration of 0.2 mg/L.  The raw water quality has also changed due to increases 
in the concentrations of chloride, sulfate, magnesium, sodium, and potassium, which 
suggests saltwater intrusion into the aquifer. 

 
3. The finished water iron concentration has averaged about 0.04 mg/L, well below the 

SMCL of 0.3 mg/L.  There is generally one occurrence per year when the iron 
concentration exceeds the SMCL.  The finished water manganese concentration 
averages about 0.01 mg/L, which is less than the SMCL of 0.05 mg/L.  On average, 
there are 3 to 4 occurrences per year when the manganese concentration exceeds the 
SMCL. 

 
4. The potassium permanganate dose has remained relatively constant since 1999 at 3.3 

mg/L, which is at or above the estimated dose for continuous greensand regeneration.  
The chlorine dose has increased from 4 to 7 mg/L since 1999, but has generally been 
about 1.0 to 1.5 mg/L below the dose currently estimated for iron oxidation, 
continuous greensand regeneration, and maintenance of a chlorine residual in the 
distribution system.  The order of feeding the chemicals before the filters has no 
impact on iron or manganese oxidation.  As the raw water pH was about 7.4, iron 
oxidation was 100 percent complete by the time the water reached the filters.  The 
raw water pH, however, is too low for effective chemical oxidation of manganese, 
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which requires a pH of about 8.5 to 9.0. Even though all the iron was oxidized to an 
insoluble form, more than 50 percent of the iron particles were smaller than 5 µm, 
which are difficult to remove by course media filtration.  Even with a significant 
amount of media missing, more than 90 percent of the manganese, though not 
chemically oxidized, was oxidized by the greensand filter media. 

 
5. Average filter backwash waste is 18,000 gallons for both filters.  Before October 

2003, this volume represented on average 4 percent of total water production.  After 
October 2003, this volume represented on average 10 percent of total water 
production, which is well above the 5 to 7 percent generally considered acceptable.  
The cause of this increase in wasted water production is due to the decrease in filter 
run times.  Since 1999, the filter run times have decreased from 20 hours to 6 hours 
(the system was designed to have 24 hours between backwashes).  Filter-to-waste 
averages about 1,700 gallons per filter per backwash cycle.  Since 2002, the 
backwash loading rate to the filters has been between the recommended loading rate 
of 10 and 12 gpm/sq. ft.  However, from 1999 to 2002, the backwash loading rate 
often exceeded 12 gpm/sq. ft. 

 
6. More than 60 percent of the filter media has been lost from Filter No. 1 and about 50 

percent from Filter No. 2.  Visual inspection of the media surface did not indicate any 
imperfections that would suggest a damaged underdrain system.  Review of the 
backwash rates from 1999 to the present did not suggest overly excessive rates that 
would result in media loss.  The greensand manufacturer suggests that the typical 
useful life of greensand is 5 to 8 years.  The media at the treatment facility has been 
in service since 1993. 

 
Miscellaneous observations:  (a) dissolved iron and manganese in the filtered water will 
foul the softener media; (b) calibration columns are not installed on any of the chemical 
feed systems; and (c) flushing of the distribution system has been performed about once 
per year in the recent past. 
 
 
7.2 Recommendations  
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• Replace all the existing filter media with new media.  Many of the observed problems 
(e.g., poor iron and manganese removal, short intervals between backwashes) can be 
directly attributed to the loss of media.  When the filter media is removed, the interior 
of the existing filter tanks should be thoroughly inspected, including the underdrains 
and the backwash drain piping in an attempt to ascertain the possible cause(s) of the 
media loss and prevent future loss.  Any damage to the underdrains should be 
repaired before the new media is installed.  The media should be restored to original 
design depths (24 inches of greensand topped with 12 inches of anthracite). 

 
• Install calibration columns on each of the chemical feed systems to ensure more 

accurate feeding of chemicals to the treatment process. 
 
• Increase the chlorine dosage fed ahead of the filter units to about 8.0 to 8.5 mg/L as 

Cl2.  The chlorine concentration must be sufficient to not only oxidize the raw water 
iron but also to help continuously regenerate the greensand and maintain a chlorine 
residual in the distribution system.  We recommend that all the chlorine be fed ahead 
of the filters, if possible.  Additional chlorine should be fed after the filters only to 
maintain the required chlorine residual in the distribution system. 

 
• Decrease the raw water pumping rate.  Current plant operations have the filter loading 

rate generally above the design rate of 2.6 gpm/sq. ft. and approaching the maximum 
loading rate of 3 gpm/sq. ft.  Although the total daily water demand must be satisfied, 
the demand does not have to be satisfied within a 6 hour period.  If plant operations 
were extended to about 12 hours, the filter loading rate could be reduced to about 1.4 
gpm/sq. ft.  This reduction in flow rate may delay iron breakthrough and allow more 
time for the iron and manganese to be in contact with the greensand, which should 
increase iron and manganese removal.  As daily demands increase, a greater number 
of hours of operation should be expected. 

 
• Inspect the softener media to determine whether the media has been fouled by 

dissolved iron or manganese.  If fouling has occurred, all the ion exchange media 
inside the softener should be replaced.  Also, keep the softener on-line whenever 
possible. 
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• Conduct further jar testing and in-plant testing to determine the effectiveness of using 
an anionic polymer upstream of the filters to agglomerate iron particles into a size 
that can be removed by course media filtration.  Also conduct additional testing to 
determine whether increasing the raw water pH from 7.4 to about 8.5 will enhance 
manganese removal. 

 
• Flush the distribution system on a quarterly basis over the next year.  With improved 

filtration performance, the iron and manganese concentrations in the finished water 
should decrease and may allow less frequent flushing in the future. 

 
• Backwash the filters when the iron or manganese concentrations in the finished water 

approach the SMCL to enhance finished water quality in the distribution system.  
Also, consider backwashing the filters in the evening rather than the morning just 
prior to bringing the filters on-line.  This may allow the filters to “ripen” overnight 
and enhance iron and manganese removal. 

 
• Evaluate the raw water iron, manganese, TOC, and silica concentrations in the East 

Well and Tower Well (sample on a weekly basis).  During our recent visit, the Tower 
Well had an iron concentration of 5.4 mg/L and the East Well had an iron 
concentration of 7.0 mg/L (both wells had about the same levels of manganese).  If 
the Tower Well proves itself to consistently have a lower iron concentration, draw 
proportionately more water from the Tower Well. 

 
• Repair or replace those plant components that have been damaged or are no longer 

operational to assist with the implementation of the other recommended 
improvements discussed above:  (1) influent rate of flow control valve; (2) filtered 
water flow meters on each filter; (3) altitude valve; and (4) finished water chlorine 
analyzer and pH meter. 

 
• The following are longer-term considerations that should evaluated as the design of 

an expanded treatment facility proceeds  and after the initial recommendations are 
implemented: 
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• Conduct other testing to:  (1) evaluate whether using water from only the Tower 
Well or only the East Well improves treatment performance; and (2) evaluate 
feeding chlorine further upstream to improve treatment performance 

 
• Consider finding alternative water sources because of the high levels of iron and 

manganese in the well water.  Increase the number of filters treating the water to 
decrease the filter loading rate and increase greensand contact time in order to 
maximize the amount of time that the filter are on-line producing finished water 
that meets the SMCL for both iron and manganese.   

 
• Given the evidence of saltwater intrusion into the aquifer, consideration should be 

given to either drilling additional wells or drawing water from different aquifers 
to minimize the impacts of continued saltwater intrusion. 

 
• Further evaluate the benefits of providing flocculation and clarification processes 

upstream of the filters.  The testing conducted to date suggests that flocculation 
and clarification will reduce the levels of iron and manganese entering the filters, 
which should increase filter run times, decrease the amount of backwash water 
used, and enhance filtered water quality. 

 
• Evaluate the use of turbidimeters or particle counters as surrogate monitors of iron 

breakthrough in the filters and as a means of optimizing filter run times. 
 

• Repair or replace other damaged or non-operational plant components to improve 
plant operations and performance reliability including possibly allowing all 
chemical feed pumps to be flow-paced and replacing flow meter readouts at the 
plant for each well. 
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Section 8 Estimated Costs of Implementing 
Short-Term Improvements 

 
 
The short-term recommendations discussed in Section 7 to be implemented as part of the 
Immediate Needs Study can be broken into three broad categories: 
 
A. Filter System Rehabilitation.  The costs in this category are generally on-time 

capital cost improvements. 
 

1. Replace filter media. 
2. Install calibration columns. 
3. Inspect the softener media (media replacement is anticipated) 
4. Repair and/or replace damaged plant components. 

  
B. Filter Operation Optimization.  The costs in this category are generally on-going 

operational costs. 
 

1. Increase chlorine feed. 
2. Decrease raw water pumping rate. 
3. Perform quarterly flushing. 
4. Backwash filters when the SMCL is approached. 
5. Weekly raw water testing and withdraw of raw water from only one well. 
6. Maintain repaired or replaced plant components. 

.  
C. Additional In-Plant Testing and Implementation Engineering Services.  The 

costs in this category reflect engineering services to assist the Town with system 
rehabilitation and operations optimization. 

 
1. Additional jar testing and in-plant testing for pH adjustment and polymer use 
benefits. 
 
2. Implementation engineering services to assist the Town with the filter and 
softener rehabilitation, repair and/or replacement of the damaged plant components, 
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and to provide guidance to the Town in making operational changes for improved 
plant performance. 

 
The following table indicates the expected one-time capital and on-going operational 
costs associated with the implementation of each of the proposed short-term 
improvements described above. 
 
 

TABLE 8-1 
 

ESTIMATED COSTS OF SHORT-TERM IMPROVEMENTS 
 

IMPROVEMENT ONE-TIME COSTS OPERATIONAL COSTS 
Replace filter media $200,000 --- 

Install calibration columns $5,000 --- 
Inspect softener media    $2,000 (1) --- 

Repair/Replace Damaged Plant Components (2) $50,000 $5,000 
Increase the chlorine feed --- $2,000 

Decrease raw water pumping rate (3) --- $50,000 
Perform quarterly flushing --- $5,000 

Backwash the filters when the SMCL is approached --- $5,000 
Weekly raw water testing/Draw water from only one well (4)  --- $3,000 

Conduct additional jar testing and in-plant testing $20,000 --- 
Implementation Engineering Services  (5) $20,000 --- 

TOTAL $297,000 $70,000 
 
(1) Does not include the cost of media replacement, which could be necessary. 
(2) Only those components relevant to the “Immediate Needs” upgrades. 
(3) 1 – 2 FTE. 
(4) No additional costs for pumping from only one well are anticipated assuming the plant is operated for a 

longer period of time.   
(5) Services have yet to be specifically scoped. 

 


