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ABSTRACT

The Philadelphia Suburban Water Company replaced the support gravel and media in four of the dual 
media filters at the Pickering West Water Treatment Plant in Phoenixville, PA.  The support gravel and 
sand was replaced with the same size and quality in all of the filters.  The anthracite was replaced with 
the same effective size and quality in all of the filters, but with different uniformity coefficients (one at 
1.6 UC, one at 1.5 UC, one at 1.4 UC and one at 1.3 UC).  Data gathered over a one year period 
indicates substantial differences in the filter run times and water quality.  The lower the anthracite 
uniformity coefficient, the longer the run times (up to 50% longer), the fewer the backwashes (up to 
33% less) and the better the water quality (up to 38% less 2-5 micron counts).  This paper will present 
the methodology and results of the full scale operational test. 

BACKGROUND

For production of potable water on a large scale basis, dual media, granular filtration is the choice of 
most designers.  The preferred arrangement is to place a coarse layer over a fine layer.  The lower fine 
layer is usually a silica sand that is used as a polishing layer, while the upper coarse layer usually 
consists of an anthracite coal which is used as the roughing layer.  The two dissimilar materials have 
different particle sizes and specific gravities which allow the layers to separate and restratify during 
the high rate water backwash.  As the backwash flow rate decreases, the heavier material sinks first.
The hydraulic grading of the media allows the coarse layer to remain on top to remove the larger 
particles in the filtration stream while the finer, lower layer of higher specific gravity removes the 
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smaller particles.  Since the larger particles are removed by the coarse layer, the fine layer can be 
designed with smaller particles without premature blinding of the surface.  This coarse to fine 
arrangement of filtering materials allows “storage” of larger particle sizes within the filtering bed.  
When compared to other arrangements of single material layers, or mono-medias, the dual media 
arrangement was shown to extend filter run times and to produce improved water quality. 
 
In order to describe the particle size and distribution of filtering materials, the water treatment and 
media supply industry, through the American Water Works Association (AWWA) Standards Committee, 
defined several methods.  The most commonly used method defined by the AWWA B100 Standard for 
Filtering Material uses the effective size and uniformity coefficient of a media.  The effective size (ES), or 
D10 is defined by the B100 Standard as “the size opening that will just pass 10 percent (by dry weight) 
of a representative sample of the filter material; that is, if the size distribution of the particles is such 
that 10 percent (by dry weight) of a sample is finer than 0.45 mm, the filter material has an effective 
size of 0.45 mm.”  The uniformity coefficient (UC) is defined by the AWWA B100 Standard as “a ratio 
calculated as the size opening that will just pass 60 percent (by dry weight) of a representative sample 
of the filter material divided by the size opening that will just pass 10 percent (by dry weight) of the 
same sample.”  The method of determining the percent passing a size opening is to obtain a 
representative sample of the material and to screen the sample through a nest of calibrated standard 
sieves in accordance with the sampling and testing methods described in the AWWA B100. 
 
In effect, the uniformity coefficient defines the slope of the material curve between the 10% passing 
and the 60% passing sizes.  Figure Number 1 presents the size distributions of several anthracite 
samples.  All of the samples have an ES, or 10 percent passing of approximately 0.95 mm.  However, 
the 60 percent passing varies between 1.2 mm and 1.5 mm so that the UC varies between 1.3 and 1.6.  
Of further significance is the 90 percent passing, or D90 size which represents the larger particle size in 
the material.  In these samples the D90 size varies from 1.4 mm to 2.0 mm.  This represents a significant 
difference in the large particle size between these filtering medias.  The lower UC media has a more 
uniform particle size with a smaller range of particle sizes. 
 
Since water is used to backwash and clean these filtering materials, it has been shown that particle size 
effects the quantity of water necessary to expand and fluidize a larger particle as compared to a smaller 
particle.  Expansion of the filtering bed is necessary to allow the accumulated dirt to be removed from 
within the filtering bed during backwash.  Figure Number 2 presents a graph of several anthracite 
media samples with differing effective sizes but similar uniformity coefficients.  Based on these 
laboratory tests, as the effective size increases, the backwash rate necessary to fluidize and expand the 
particles increases.  Therefore, within a media material, the smaller particles fluidize more readily than 
the larger particles.  This is also evident when viewing a core sample of a typical filter media that has 
been backwashed.  The smaller particles within each backwashed media layer are generally on top with 
the larger particles on the bottom of each layer.  Since there are smaller particles overall in a low UC 
media as compared to a larger UC media,  the backwash rate to fluidize and expand  a low UC media 
will be less than a higher UC media of the same material. 
 
Researchers (Beverly, 1992) investigating various UC materials showed that, on a laboratory basis, the 
lower UC media produced a higher quality effluent with longer filter runs.  The solids capture in the low 
UC media is higher thereby producing a better effluent turbidity.  The filter run difference was based on 
the difference of terminal headloss and turbidity breakthrough.  The lower UC media had a higher 
headloss, but the higher UC media had a faster breakthrough. 
 
Based on the laboratory tests, it was theorized that on a full scale basis there should be a savings in 
backwash water, longer run times, and a better effluent quality by using a lower UC anthracite.  To 
confirm these theories and the pilot scale testing, a full scale test was commissioned. 
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. 
BASIS OF THE FULL SCALE TEST  
 
The Philadelphia Suburban Water Company agreed to host a full scale UC test at their Pickering Creek 
West Water Treatment Plant.  Pickering West receives its flow from the Schuylkill River and an 
impoundment of Pickering and Perkiomen Creeks near Phoenixville, PA.  The water is treated by 
chemical addition, flash mixing, flocculation and clarification in center feed, rectangular clarifiers prior 
to filtration.  The filters have an umbrella strainer underdrain, with 17" of graded silica gravel varying in 
size from 2-1/2" to No. 10, 8" of 0.35-0.45 mm sand �1.5 UC and 20" of 0.90-1.00 mm anthracite.  All of 
the gravel and media was removed from four 18'  x 20' filters and replaced with identical gravel and 
sand layers while the anthracite had the same ES but varying UCs.  The effective size of the anthracite 
was maintained at 0.90-1.00 mm, but each filter had a different UC of �1.3, �1.4, �1.5, and �1.6.  The 
filters are backwashed hydraulically and use surface agitators to break-up the upper media layer. 
 
All of the filters receive the same quality influent from the same source and the flow rates to each filter 
were maintained at the same level of 3 gpm/sf.  The filters are operated on a constant rate basis and 
are backwashed on either high headloss or a 30 hour time limit whichever occurs first.  Each filter was 
backwashed using water only on a fixed time duration using a consistent 30,000 gallons of backwash 
water for each backwash.  The effluent from each filter was monitored by a Met One particle counter 
and all data was recorded, on an hourly basis, in a distributed control acquisition system.   
 
Originally, a particle counter was installed on the backwash stream that was to control the length of 
the backwash.  Once the backwash water cleared, the backwash was to terminate.  However, 
difficulties were encountered keeping this particle counter in operation.  Only about two weeks worth 
of data was acquired and it was felt that this was not enough data nor representative enough to be 
able to draw a conclusion. 
 
ANTHRACITE SELECTION 
 
Selecting and processing the anthracite from a feedstock to a filtration media required that special 
consideration be given to ensure that “other” characteristics of the anthracite media were held uniform 
in each of the four filters.  It was essential to limit variations in the physical and chemical characteristics 
of the anthracite if changes in filter performance were to be reasonably linked to changes in uniformity 
coefficient.  Limiting the variations in anthracite properties is more difficult since anthracite, and coal in 
general, is best defined as “mineral-like” rather than a mineral due to the wide range of variability in its 
properties.  Leonard states that “Not only are there large differences in the properties of coal 
originating in different seams, but also in coal removed from different locations in a single seam.”  
Silica sands, on the other hand, have fewer variations since they do not require complex processing 
to remove impurities, (other than washing and sizing).  Limiting the variations required the 
anthracite to be mined and processed into a feedstock at a single dedicated mine location, and 
then processed into filtration media under strict quality and sizing standards. 
 
The anthracite in this study was mined and processed into standard anthracite at one of the five largest 
anthracite mining operations in the United States.  The mine is a major supplier of raw feedstock in the 
production of anthracite filter media, and was chosen specifically for this study by having consistently 
produced a high quality anthracite.  The quality of anthracite used in this study is standard to the 
anthracite mining industry, and of the type/quality used by most media producers. 
 
MEDIA PRODUCTION AND TESTING 
 
The feedstock was processed into filtration media having four different uniformity coefficients through 
a drying, sizing, and blending process at The F. B. Leopold Co., Inc., Engineered Filter Media® Facility in 
Watsontown, PA.  The testing program included independent analysis of the anthracite media by a 
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respected laboratory with regional experience in analyzing anthracite and filtration media, see Table A. 
 As can be seen in the table, the anthracite media in each of the filters has “basically” the same physical 
and chemical footprint, especially specific gravity. 
 

 
TABLE A – Anthracite Media Characteristics, (Physical & Chemical) 

 
Characteristics 

 
Filter # 1 

 
Filter # 4 

 
Filter # 5 

 
Filter # 6 

 
Effective Size (mm) 

 
0.90 

 
0.91 

 
0.93 

 
0.92 

 
Uniformity Coefficient 

 
1.59 

 
1.49 

 
1.39 

 
1.29 

 
Moh Hardness 

 
3.0<X<3.5 

 
3.0<X<3.5 

 
3.0<X<3.5 

 
3.0<X<3.5 

 
Acid Solubility % 

 
1.1 

 
1.2 

 
1.1 

 
1.2 

 
Caustic Solubility % 

 
1.2 

 
1.1 

 
1.2 

 
1.4 

 
Bulk Sp. Gr. 

 
1.41 

 
1.40 

 
1.40 

 
1.40 

 
Bulk SSD Sp. Gr. 

 
1.55 

 
1.53 

 
1.54 

 
1.53 

 
Apparent Sp. Gr. 

 
1.64 

 
1.61 

 
1.64 

 
1.61 

 
Absorption 

 
9.76 

 
9.22 

 
10.11 

 
9.22 

 
Ash % 

 
11.42 

 
11.52 

 
11.42 

 
11.84 

 
Volatile % 

 
5.19 

 
4.94 

 
4.90 

 
5.22 

 
Fixed Carbon % 

 
83.39 

 
83.54 

 
83.68 

 
82.94 

 
Hardgrove Grindability 

 
41 

 
41 

 
42 

 
41 

 
SPECIFIC GRAVITY CONTROL 
 
Special emphasis was placed on monitoring the specific gravities of each of the different UC media(s), 
since this characteristic plays a significant role in influencing media bed dynamics; expansion, 
fluidization, and re-stratification.  Specific gravity testing was performed in accordance with AWWA 
B100-96 employing ASTM C128-93, The Standard Test Method for Specific Gravity and Absorption of 
Fine Aggregate.  The procedure empirically determines the specific gravity of an aggregate or media on 
a bulk saturated surface dry basis, and the absorption value in the bulk saturated surface dry state.  
These two values are then used to mathematically determine the specific gravity of the media in both 
an apparent and bulk basis. The AWWA B100 requires that “The specific gravity of high density gravel, 
high-density sand, silica sand, and filter anthracite shall be determined in accordance with ASTM C128 
and shall be reported as apparent specific gravity”.  
 
The ASTM C-128-93 states that apparent specific gravity “pertains to the relative density of the solid 
materials making up the constituent particles not including the pore space within the particle that is 
accessible to water.”  It represents the specific gravity of the solid dense anthracite, less the pore space. 
The pore space within anthracite, determined by absorption, is much higher than that of sand or 
garnet, as much as 8 times higher.  These higher absorption values widen the difference in specific 
gravity between the apparent and bulk saturated surface dry basis.  In the case of anthracite a more 
accurate or true value of specific gravity may be bulk (saturated surface dry), since it represents the 
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specific gravity of the media particles when the pore spaces are saturated with water, as they are when 
in a filter. 
 
IN-FILTER CORE SAMPLING AND ANALYSIS 
 
The media was installed in April 1996, with four filters allowed to operate for 17 days before the first 
set of cores were removed.  Five cores from each filter were removed, composited, and transferred to 
the laboratory for analysis.  Each composite was prepared by separating the anthracite from the sand 
using a high specific gravity solution of zinc chloride and water, (sp. gr. 1.95).  A gradation analysis of 
the anthracite was performed to check for changes in sizing that could affect filter performance.  The 
filters were again cored and analyzed at 52 and 520 days, with the results listed in Table B, along with 
changes in bed elevation at 52 to 520 days.  Plans are to continue to core and analyze the filters to 
document any media changes over time, in effective size, uniformity coefficient, and depth. 
 
 
 
TABLE B - U.C. and ELEVATION CHANGES 
 
 

 
Filter # 1 

 
Filter # 4 

 
Filter # 5 

 
Filter # 6 

 
Date/Days 

 
E.S. 

 
U.C. 

 
El._ 

 
E.S. 

 
U.C. 

 
El._ 

 
E.S. 

 
U.C. 

 
El._ 

 
E.S. 

 
U.C. 

 
El._ 

 
4-16-96 

 
0.90 

 
1.59 

 
- 

 
0.91 

 
1.49 

 
- 

 
0.93 

 
1.39 

 
- 

 
0.92 

 
1.29 

 
- 

 
5-03-96 (17) 

 
0.88 

 
1.48 

 
- 

 
0.90 

 
1.46 

 
- 

 
0.94 

 
1.37 

 
- 

 
0.92 

 
1.27 

 
- 

 
6-07-96 (52) 

 
0.87 

 
1.52 

 
+1.0 

 
0.91 

 
1.46 

 
+0.5 

 
0.94 

 
1.37 

 
-0.5 

 
0.93 

 
1.29 

 
+1.0 

 
9-19-97 (520) 

 
0.91 

 
1.52 

 
-0.5 

 
0.95 

 
1.48 

 
-1.0 

 
0.98 

 
1.38 

 
-1.0 

 
0.96 

 
1.28 

 
-0.5 

El._ =Change in elevation from 5-3-96 
 
As can be seen in Table B the effective size of the media in each filter has increased slightly over time, as 
could be expected in a new media installation.  Variations in the effective size and uniformity coefficient 
of media derived from filter cores can also be the result of ineffective media separation in the 
laboratory.  Overall, the effective size increased a maximum of 0.05mm and a minimum of 0.01mm 
after 520 days of operation.  Changes in media bed elevations indicated that the media surface is more 
dynamic than static, with elevations increasing and decreasing during the study. 
 
RESULTS AND DISCUSSION 
 
The following table presents the average run time and 2-5 micron count results from a year of 
operation from August 1996 to August 1997: 
 
Uniformity    Average   Average 
Coefficient    Run Time   2-5 Micron count 
1.3     24 hours   40 
1.4     21     173 
1.5     21     42 
1.6     19    48 
 
The average yearly filter run times increase with decreasing UC and the difference between the 1.3 UC 
and the 1.6 UC was 5 hours or a filter run time increase of 25% for the low UC anthracite.  Figure 
Number 3 presents the average monthly run times.  During certain months the run time difference was 
even greater, up to 50% due to termination of backwash on time instead of headloss.  Allowing the 



 
6 

filters to run to headloss termination without the time limit would have increased the run time 
difference even more as the 1.3 UC filter was frequently backwashed on the time basis rather than the 
headloss limit. 
 
Over a period of a year even using the time limited run times, the difference in backwash volume 
amounts to an additional 96 backwashes for the higher 1.6 UC filter versus the lower 1.3 UC.  Using the 
30,000 gallons of backwash water, this amounts to a savings of 3 million gallons per filter per year of 
backwash water alone.  Using a typical backwash length of one hour, there is an additional production 
of forward flow of 6.2 million gallons per filter per year.  This is an additional 6.2 million gallons per 
filter per year of saleable water due to additional filter run time and a savings of 3 million gallons of 
backwash water that does not need to be treated and can be sold for a total of 9.2 million gallons/filter 
of water or an additional 2% per year in additional saleable water due to fewer backwashes. 
 
Additionally, the average 2-5 micron count was reduced by 20% using a low UC.  Figure Number 4 
presents the monthly average 2-5 micron count for each filter.  Although not a direct indicator of actual 
pathogen count, the 2-5 micron count is considered the particle size range that contains 
cryptosporidium.  The average micron count is over the run of the filter and includes the ripening 
period.  The 1.4 UC media filter micron count can be discounted due to instrument error.  As the UC is 
reduced the filter run average particle count in the 2-5 micron range was reduced. 
 
At 17, 52, and 520 days after operation, each filter was core sampled in five locations, each corner and 
the middle per the AWWA B100.  Elevations were taken to determine if there was any media loss and 
the core samples were gradation tested to determine if there was any change in media size.  Both the 
elevations and gradation tests showed no appreciable change in bed depths and media particle size.  
However, a visual examination of the filter cores revealed a marked difference in the sand and anthra-
cite interface.   Figure Number 5 shows a photograph of typical cores from each filter after 520 days of 
operation.  As the UC increases, the interface distinction is less noticeable and intermixing of the media 
is more evident.  This can be related to the larger particles of anthracite mingling with the heavier sand 
particles probably due to the disparate fluidization differences of each media.  The lower UC anthracite 
has a more distinct interface with less intermixing of the anthracite into the sand.  This also can relate 
to the water quality differences between the various UCs.  As the larger particles migrate into the sand, 
the pore size of the sand is opened allowing particles to pass through the polishing sand layer. 
 
CONCLUSIONS 
 
Reducing the uniformity coefficient of a media provides a more uniform particle size with a smaller 
range of particle sizes.  In laboratory and full scale testing, the low uniformity coefficient anthracite 
increased filter run times up to 50%.  The number of backwashes in a year was decreased by 25% or 
more.  With longer filter run times and fewer backwashes, the amount of saleable water was increased 
by 2%.  An added benefit was that water quality was improved as the average 2-5 micron count was 
reduced by 20%. 
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