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Appendix A6: Particle Size Removal Data from  
Long-Term, Full-Scale Column Tests 

 
 
 
This appendix contains information pertaining to the removal of particulates, by particle size, 
from the treated stormwater by each media column during long-term, full-depth, column tests. 
The following describes the sets of figures in this appendix: 
 
 The initial figures show the SSC and TSS influent particle size distributions. The SSC plot 
shows all particles that are greater than 0.45 µm, with no upper limit. The largest particles were 
about 2,000 µm, but only represented a very small fraction of the total mass. The TSS plot 
truncates the upper limit to 75 µm, a common cutoff for TSS. 
 
 The main body of the appendix is organized showing the particle removal results for each of 
the ten media combinations examined, in the following order: 
 

Granular activated carbon (GAC) 
Surface modified zeolite (SMZ) 
Rhyolite sand (R) 
Rhyolite sand – surface modified zeolite – granular activated carbon (R-SMZ-GAC) 
Layered site filter sand, site zeolite, and granular activated carbon (layered S-Z-GAC) 
Site zeolite (Z) 
Peat moss (P) 
Rhyolite sand, surface modified zeolite, granular activated carbon, and peat moss (R-SMZ-

GAC-P) 
Rhyolite sand and surface modified zeolite (R-SMZ) 
Site filter sand 

 
Each section describes performance with the following plots and tables:  
  

Effluent particle size plot (SSC) 
Effluent particle size plot for 0.45 to 75 µm (TSS) 
ANOVA for regression plot of influent vs. effluent concentration, by particle size category 
Line plot showing influent vs. effluent concentrations, along with Sign test significance p 
Paired probability plot of influent and effluent concentrations along with Anderson-Darling 

test of normality 
Scatterplot of influent vs. effluent concentrations, with best-fit regression line and equation 

(or COV if a constant) 
Same scatterplot but without regression line to better see actual data  

 
In each of these sets, these analyses are presented for different particle size categories. The 
particle size categories examined are: 
 

<0.45 µm (TDS) 
0.45 to 3 µm 
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3 to 12 µm 
12 to 30 µm 
30 to 60 µm 
60 to 120 µm 
120 to 250 µm 
250 to 1190 µm 
>1280 µm 
>0.45 µm (SSC) 
0.45 to 75 µm (TSS) 
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Influent Particle Size Distribution 
 
SSC (>0.45 µm) 
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Influent TSS (0.45~75 μm) Particle Distribution
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Granular Activated Carbon (GAC) Media Particulate Removal 
Data from Column Tests 
 
 
Effluent Particle Size Distributions 
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TDS 

 
 

GAC TSS (0.45~75 μm) Particle Distribution
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Total Dissolved Solids Concentration Plot for GAC and 
Influent 
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Dissolved Solids Concentration Plot for GAC and 
Influent 

0

50

100

150

200

250

300

350

400

0 100 200 300 400

Influent Solids Concentration (mg/L)

G
A

C
 S

o
lid

s 
C

o
n

ce
n

tr
at

io
n

 
(m

g
/L

)

Series1

Series2

Series3

Series4

Series5

Series6

Series7

Series8

Linear (Series3)



A6-9 
 

 
0.45-3 um 

 
 

 
 
 

0.45~3 μm Particulate Solids Concentration Plot for GAC 
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0.45~3 μm Particulate Solids Concentration Plot for GAC and 
Influent
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0.45~3 μm Particulate Solids Concentration Plot for GAC 
and Influent
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3-12 um 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

3~12 μm Particulate Solids Concentration Plot for GAC and 
Influent 
p=0.009
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3~12 μm Particulate Solids Concentration Plot for GAC and 
Influent
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3~12 μm Particulate Solids Concentration Plot for GAC and 
Influent 
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12-30 um 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

12~30 μm Particulate Solids Concentration Plot for GAC and 
Influent 
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12~30 μm Particulate Solids Concentration Plot for GAC and 
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12~30 μm Particulate Solids Concentration Plot for GAC and 
Influent 
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30-60 um 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

30~60 μm Particulate Solids Concentration Plot for GAC and 
Influent 
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30~60 μm Particulate Solids Concentration Plot for GAC and 
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30~60 μm Particulate Solids Concentration Plot for GAC and 
Influent 
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60-120 um 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

60~120 μm Particulate Solids Concentration Plot for GAC 
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60~120 μm Particulate Solids Concentration Plot for GAC and 
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60~120 μm Particulate Solids Concentration Plot for GAC and 
Influent
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120-250 um 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

120~250 μm Particulate Solids Concentration Plot for GAC 
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120~250 μm Particulate Solids Concentration Plot for 
GAC and Influent
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250-1180 um 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

250~1180 μm Particulate Solids Concentration Plot for GAC 
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250~1180 μm Particulate Solids Concentration Plot for 
GAC and Influent 
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>1180 (no particulates observed in this size range) 
 
SSC (>0.45 µm) 

 
 

 
 
 
 
 
 
 
 
 
 
 

Total Particulate Solids Concentration Plot for GAC and 
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Total Particulate Solids Concentration Plot for GAC and 
Influent 
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TSS (0.45 to 75 µm) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

TSS (0.45~75 μm) Concentration Plot for GAC and Influent
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TSS (0.45~75 μm) Concentration Plot for GAC and 
Influent 
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Surface Modified Zeolite (SMZ) Media Particulate Removal Data 
from Column Tests 
  
Effluent Particle Size Distributions 
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SMZ TSS (0.45~75 μm) Particle Distribution
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Dissolved Solid Concentration Plot for SMZ and Influent
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Total Dissolved Solids Concentration Plot for SMZ and 
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Dissolved Solids Concentration Plot for SMZ and 
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0.45~3 μm Particulate Solids Concentration Plot for SMZ and 
Incfluent 
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Normal - 95% CI

 
 

 
 
 
 
 
 
 
 
 

0.45~3 μm Particulate Solids Concentration Plot for SMZ and 
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0.45~3 μm Particulate Solids Concentration Plot for SMZ and 
Influent
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3~12 μm Particulate Solids Concentration Plot for SMZ and 
Influent 
p=0.009
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Probabi l i t y Plot  of  I nf luent  3~ 12 µm, SMZ 3~ 12 µm
Normal - 95% CI

 

 
 
 
 
 
 
 
 
 
 

3~12 μm Particulate Solids Concentration Plot for SMZ and 
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3~12 μm Particulate Solids Concentration Plot for SMZ and 
Influent 
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12~30 μm Particulate Solids Concentration Plot for SMZ and 
Influent 
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Normal - 95% CI

 

 
 
 
 
 
 
 
 
 
 

12~30 μm Particulate Solids Concentration Plot for SMZ and 
Influent
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12~30 μm Particulate Solids Concentration Plot for SMZ and 
Influent 
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30~60 μm Particulate Solids Concentration Plot for SMZ and 
Influent 
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Probabi l i t y Plot  of  I nf luent  30~ 60 µm, SMZ 30~ 60 µm
Normal - 95% CI

 

 
 
 
 
 
 
 
 
 
 

30~60 μm Particulate Solids Concentration Plot for SMZ and 
Influent

y = 1.85 (0.90)
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30~60 μm Particulate Solids Concentration Plot for SMZ and 
Influent 
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60~120 μm Particulate Solids Concentration Plot for SMZ 
and Influent 

p=0.009
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Probabi l i t y Plot  of  I nf luent  60~ 120 µm, SMZ 60~ 120 µm
Normal - 95% CI

 

 
 
 
 
 
 
 
 
 
 

60~120 μm Particulate Solids Concentration Plot for SMZ and 
Influent

y = 0.966 (1.1)
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60~120 μm Particulate Solids Concentration Plot for SMZ and 
Influent
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120~250 μm Particulate Solids Concentration Plot for SMZ 
and Influent 
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Probabi l i t y Plot  of  I nf luent  120~ 250 µm, SMZ 120~ 250 µm
Normal - 95% CI

 

 
 
 
 
 
 
 
 
 
 

120~250 μm Particulate Solids Concentration Plot for SMZ 
and Influent

y = 0.185 (1.4)
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120~250 μm Particulate Solids Concentration Plot for 
SMZ and Influent
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250~1180 μm Particulate Solids Concentration Plot for SMZ 
and Influent 
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Variable

Probabi l i t y Plot  of  I nf luent  250~ 1180 µm, SMZ 250~ 1180 µm
Normal - 95% CI

 

 
 
 
 
 
 
 
 
 
 

250~1180 μm Particulate Solids Concentration Plot for SMZ 
and Influent

y = 3.54 (0.52)
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250~1180 μm Particulate Solids Concentration Plot for 
SMZ and Influent 
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>1180 um (no particles in this size range observed) 
 
SSC (>0.45 µm) 
 

 
 
 

 
 
 
 
 
 
 
 
 

Total Particulate Solids Concentration Plot for SMZ and 
Influent
p=0.009
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Normal - 95% CI

 

 
 
 
 
 
 
 

Total Particulate Solids Concentration Plot for SMZ and 
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y = 7.67 (0.35)
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Total Particulate Solids Concentration Plot for SMZ and 
Influent 

0

10

20

30

40

50

60

0 100 200 300 400 500

Influent Solids Concentration (mg/L)

S
M

Z
 S

o
lid

s 
C

o
n

ce
n

tr
at

io
n

 
(m

g
/L

)

Series1

Series2

Series3

Series4

Series5

Series6

Series7

Series8

Linear (Series3)



A6-65 
 

 
 
 

TSS (0.45 to 75 µm 

 
 

 
 
 
 
 
 
 
 

TSS (0.45~75 μm) Concentration Plot for SMZ and Influent
p=0.009
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TSS (0.45~75 μm) Concentration Plot for SMZ and Influent 

y = 0. 0465x
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TSS (0.45~75 μm) Concentration Plot for SMZ and 
Influent 
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R TSS (0.45~75 μm) Particle Distribution

0

20

40

60

80

100

0.1 1 10 100

Particle Size (μm)

%
 F

in
e

r 
(%

)

Series1

Series2

Series3

Series4

Series5

Series6

Series7



A6-70 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Dissolved Solid Concentration Plot for R and Influent
p=0.199

0

50

100

150

200

250

300

350

Influent R

D
is

so
lv

ed
 S

o
lid

s 
(m

g
/L

)

Series1

Series2

Series3

Series4

Series5

Series6

Series7



A6-71 
 

4003002001000

99

95

90

80

70
60
50
40
30

20

10

5

1

Dat a

Pe
rc

en
t

199.2 51.53 7 1.019 <0.005
227.9 34.95 7 0.230 0.695

Mean StDev N AD P

Influent <  0.45 µm
R < 0.45 µm

Variable

Probabi l i t y  Plot  of  I nf luent  <  0.45 µm, R <  0.45 µm
Normal - 95% CI

 

 
 
 
 
 
 
 
 
 
 
 

Total Dissolved Solids Concentration Plot for R and Influent 

y = x
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Dissolved Solids Concentration Plot for R and Influent 
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0.45~3 μm Particulate Solids Concentration Plot for R and 
Incfluent 
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Variable

Probabi l i t y  Plot  of  I nf luent  0 .45~ 3 µm, R 0.45~ 3 µm
Normal - 95% CI

 

 
 
 
 
 
 
 
 
 
 

0.45~3 μm Particulate Solids Concentration Plot for R and 
Influent
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0.45~3 μm Particulate Solids Concentration Plot for R and 
Influent
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3~12 μm Particulate Solids Concentration Plot for R and 
Influent 
p=0.009
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Variable

Probabi l i t y Plot  of  I nf luent  3~ 12 µm, R 3~ 12 µm
Normal - 95% CI

 

 
 
 
 
 
 
 
 
 
 

3~12 μm Particulate Solids Concentration Plot for R and 
Influent

y = 1.66 (0.7)
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3~12 μm Particulate Solids Concentration Plot for R and 
Influent 
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12~30 μm Particulate Solids Concentration Plot for R and 
Influent 
p=0.009
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Normal - 95% CI

 

 
 
 
 
 
 
 
 
 
 

12~30 μm Particulate Solids Concentration Plot for R and 
Influent

y = 1.21 (1.2)
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12~30 μm Particulate Solids Concentration Plot for R and 
Influent 
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30~60 μm Particulate Solids Concentration Plot for R and 
Influent 
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Normal - 95% CI

 
 

 
 
 
 
 
 
 
 
 

30~60 μm Particulate Solids Concentration Plot for R and 
Influent

y = 4.12 (1.2)
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30~60 μm Particulate Solids Concentration Plot for R and 
Influent 
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60~120 μm Particulate Solids Concentration Plot for R and 
Influent 
p=0.021
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Normal - 95% CI

 

 
 
 
 
 
 
 
 
 
 

60~120 μm Particulate Solids Concentration Plot for R and 
Influent

y = 1.94 (1.5)
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60~120 μm Particulate Solids Concentration Plot for R and 
Influent
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120~250 μm Particulate Solids Concentration Plot for R and 
Influent 
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120~250 μm Particulate Solids Concentration Plot for R and 
Influent

y = 0.444 (1.3)
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120~250 μm Particulate Solids Concentration Plot for R 
and Influent
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250~1180 μm Particulate Solids Concentration Plot for R and 
Influent 
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Normal - 95% CI

 

 
 
 
 
 
 
 
 
 
 

250~1180 μm Particulate Solids Concentration Plot for R and 
Influent

y = 5.27 (0.90)
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250~1180 μm Particulate Solids Concentration Plot for R 
and Influent 
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>1180 µm (no particles observed in this size range) 
 
SSC (>0.45 µm) 
 

 
 

 
 
 
 
 
 
 
 
 
 

Total Particulate Solids Concentration Plot for R and 
Influent
p=0.014
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Total Particulate Solids Concentration Plot for R and Influent

y = 7.30 (0.5)
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Total Particulate Solids Concentration Plot for R and 
Influent 
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TSS (0.45 to 75 µm) 
 

 
 

 
 
 
 
 
 
 
 
 
 

TSS (0.45~75 μm) Concentration Plot for R and Influent
p=0.009
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TSS (0.45~75 μm) Concentration Plot for R and Influent 

y = 3.52 (0.6)

0

20

40

60

80

100

120

140

160

0 50 100 150 200 250 300 350

Influent Solids Concentration (mg/L)

R
 S

o
lid

s 
C

o
n

ce
n

tr
at

io
n

 (
m

g
/L

)



A6-99 
 

 
 

 
 
 
 
 

TSS (0.45~75 μm) Concentration Plot for R and Influent 
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Rhyolite Sand – Surface Modified Zeolite – Granular Activated 
Carbon (R – SMZ – G) Mixed Media Particulate Removal Data 
from Column Tests 
  
Effluent Particle Size Distributions 
 
 

 
 

 R-SMZ-G Particle Distribution
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 R-SMZ-G TSS (0.45~75 μm) Particle Distribution
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Dissolved Solid Concentration Plot for R-SMZ-G and Influent
p=0.249
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Normal - 95% CI

 

 
 
 
 
 
 
 
 
 
 
 

Total Dissolved Solids Concentration Plot for R-SMZ-G and 
Influent 
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Dissolved Solids Concentration Plot for R-SMZ-G and 
Influent 
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0.45~3 μm Particulate Solids Concentration Plot for R-SMZ-G 
and Incfluent 
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Probabi l i t y Plot  of  I nf luent  0 .45~ 3 µm, R-SMZ-G 0.45~ 3 µm
Normal - 95% CI

 
 

 
 
 
 
 
 
 
 
 

0.45~3 μm Particulate Solids Concentration Plot for R-SMZ-G 
and Influent
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0.45~3 μm Particulate Solids Concentration Plot for R-SMZ-G 
and Influent
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3~12 μm Particulate Solids Concentration Plot for R-SMZ-G 
and Influent 

p=0.009
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Probabi l i t y  Plot  of  I nf luent  3~ 12 µm, R-SMZ-G 3~ 12 µm
Normal - 95% CI

 

 
 
 
 
 
 
 
 
 
 

3~12 μm Particulate Solids Concentration Plot for R-SMZ-G 
and Influent

y = 3.96 (0.5)
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3~12 μm Particulate Solids Concentration Plot for R-SMZ-G 
and Influent 
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12~30 μm Particulate Solids Concentration Plot for R-SMZ-G 
and Influent 
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Variable

Probabi l i t y  Plot  of  I nf luent  12~ 30 µm, R-SMZ-G 12~ 30 µm
Normal - 95% CI

 
 

 
 
 
 
 
 
 
 
 

12~30 μm Particulate Solids Concentration Plot for R-SMZ-G 
and Influent

y = 0.675 (0.76)
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12~30 μm Particulate Solids Concentration Plot for R-SMZ-G 
and Influent 
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30~60 μm Particulate Solids Concentration Plot for R-SMZ-G 
and Influent 
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Probabi l i t y  Plot  of  I nf luent  30~ 60 µm, R-SMZ-G 30~ 60 µm
Normal - 95% CI

 
 

 
 
 
 
 
 
 
 
 

30~60 μm Particulate Solids Concentration Plot for R-SMZ-G 
and Influent

y = 1.08 (0.70)
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30~60 μm Particulate Solids Concentration Plot for R-SMZ-G 
and Influent 
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60~120 μm Particulate Solids Concentration Plot for R-SMZ-G 
and Influent 
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Influent 60~120 µm
R-SMZ-G 60~120 µm

Variable

Probabi l i t y  Plot  of  I nf luent  60~ 120 µm, R-SMZ-G 60~ 120 µm
Normal - 95% CI

 
 

 
 
 
 
 
 
 
 
 

60~120 μm Particulate Solids Concentration Plot for R-SMZ-G 
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60~120 μm Particulate Solids Concentration Plot for R-SMZ-G 
and Influent
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120~250 μm Particulate Solids Concentration Plot for R-SMZ-
G and Influent 
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Probabi l i t y  Plot  of  I nf luent  120~ 250 µm, R-SMZ-G 120~ 250 µm
Normal - 95% CI

 
 

 
 
 
 
 
 
 
 
 

120~250 μm Particulate Solids Concentration Plot for R-SMZ-
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y = 0.082 (1.4)
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120~250 μm Particulate Solids Concentration Plot for R-
SMZ-G and Influent
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250~1180 μm Particulate Solids Concentration Plot for R-SMZ-
G and Influent 
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R-SMZ-G 250~1180 µm

Variable

Probabi l i t y  Plot  of  I nf luent  250~ 1180 µm, R-SMZ-G 250~ 1180 µm
Normal - 95% CI

 
 

 
 
 
 
 
 
 
 
 

250~1180 μm Particulate Solids Concentration Plot for R-SMZ-
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y = 5.01 (0.66)
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250~1180 μm Particulate Solids Concentration Plot for R-
SMZ-G and Influent 
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>1180 µm (no particles observed in this size range) 
 
SSC (>0.45 µm) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

Total Particulate Solids Concentration Plot for R-SMZ-G and 
Influent
p=0.009
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Variable

Probabi l i t y  Plot  of  I nf luent  Total , R-SMZ-G Total
Normal - 95% CI

 
 

 
 
 
 
 
 
 
 

Total Particulate Solids Concentration Plot for R-SMZ-G and 
Influent

y = 10.2 (0.24)
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Total Particulate Solids Concentration Plot for R-SMZ-G and 
Influent 

0

10

20

30

40

50

60

0 100 200 300 400 500

Influent Solids Concentration (mg/L)

R
-S

M
Z

-G
 S

o
lid

s 
C

o
n

ce
n

tr
at

io
n

 (
m

g
/L

)

Series2

Series3

Series4

Series5

Series6

Series7

Series8

Linear (Series3)



A6-129 
 

 
TSS (0.45 to 75 µm) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

TSS (0.45~75 μm) Concentration Plot for R-SMZ-G and 
Influent
p=0.009
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Normal - 95% CI

 

 
 
 
 
 
 
 
 
 
 

TSS (0.45~75 μm) Concentration Plot for R-SMZ-G and 
Influent 

y = 10.2 (0.37)
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TSS (0.45~75 μm) Concentration Plot for R-SMZ-G and 
Influent 
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Layered Site Sand – Site Zeolite – Granular Activated Carbon (SZG) 
Media Particulate Removal Data from Column Tests 
  
Effluent Particle Size Distributions 
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Dissolved Solid Concentration Plot for SZG and Influent
p=0.155
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Variable

Probabi l i t y Plot  of  I nf luent  <  0.45 µm, SZG <  0.45 µm
Normal - 95% CI

 

 
 
 
 
 
 
 
 
 
 
 

Total Dissolved Solids Concentration Plot for SZG and 
Influent 
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Dissolved Solids Concentration Plot for SZG and 
Influent 

0

50

100

150

200

250

300

350

400

0 100 200 300 400

Influent Solids Concentration (mg/L)

S
Z

G
 S

o
lid

s 
C

o
n

ce
n

tr
at

io
n

 
(m

g
/L

)

Series1

Series2

Series3

Series4

Series5

Series6

Series7

Series8

Linear (Series3)



A6-137 
 

0.45-3 um 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

0.45~3 μm Particulate Solids Concentration Plot for SZG and 
Incfluent 
p=0.014
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Variable

Probabi l i t y Plot  of  I nf luent  0 .45~ 3 µm, SZG 0.45~ 3 µm
Normal - 95% CI

 
 

 
 
 
 
 
 
 
 
 

0.45~3 μm Particulate Solids Concentration Plot for SZG and 
Influent
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0.45~3 μm Particulate Solids Concentration Plot for SZG and 
Influent
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3-12 um 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

3~12 μm Particulate Solids Concentration Plot for SZG and 
Influent 
p=0.009
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Variable

Probabi l i t y  Plot  of  I nf luent  3~ 12 µm, SZG 3~ 12 µm
Normal - 95% CI

 
 

 
 
 
 
 
 
 
 
 

3~12 μm Particulate Solids Concentration Plot for SZG and 
Influent

y = 1.38 (0.61)
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3~12 μm Particulate Solids Concentration Plot for SZG and 
Influent 
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12-30 um 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

12~30 μm Particulate Solids Concentration Plot for SZG and 
Influent 
p=0.009
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Variable

Probabi l i t y  Plot  of  I nf luent  12~ 30 µm, SZG 12~ 30 µm
Normal - 95% CI

 
 

 
 
 
 
 
 
 
 
 

12~30 μm Particulate Solids Concentration Plot for SZG and 
Influent

y = 0.645 (0.59)
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12~30 μm Particulate Solids Concentration Plot for SZG and 
Influent 
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30~60 μm Particulate Solids Concentration Plot for SZG and 
Influent 
p=0.009
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Influent 30~60 µm
SZG 30~60 µm

Variable

Probabi l i t y  Plot  of  I nf luent  30~ 60 µm, SZG 30~ 60 µm
Normal - 95% CI

 

 
 
 
 
 
 
 
 
 
 

30~60 μm Particulate Solids Concentration Plot for SZG and 
Influent

y = 1.12 (0.96)
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30~60 μm Particulate Solids Concentration Plot for SZG and 
Influent 
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60~120 μm Particulate Solids Concentration Plot for SZG and 
Influent 
p=0.009
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Probabi l i t y  Plot  of  I nf luent  60~ 120 µm, SZG 60~ 120 µm
Normal - 95% CI

 

 
 
 
 
 
 
 
 
 
 

60~120 μm Particulate Solids Concentration Plot for SZG and 
Influent

y = 0.748 (1.1)
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60~120 μm Particulate Solids Concentration Plot for SZG and 
Influent

0

10

20

30

40

50

60

0 20 40 60 80

Influent Solids Concentration (mg/L)

S
Z

G
 S

o
lid

s 
C

o
n

ce
n

tr
at

io
n

 
(m

g
/L

)

Series1

Series2

Series3

Series4

Series5

Series6

Series7

Series8

Linear (Series3)



A6-152 
 

120-250 um 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

120~250 μm Particulate Solids Concentration Plot for SZG 
and Influent 
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Probabi l i t y  Plot  of  I nf luent  120~ 250 µm, SZG 120~ 250 µm
Normal - 95% CI

 

 
 

120~250 μm Particulate Solids Concentration Plot for SZG 
and Influent

y = 0.189 (1.2)
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120~250 μm Particulate Solids Concentration Plot for 
SZG and Influent
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250~1180 μm Particulate Solids Concentration Plot for SZG 
and Influent 

p=0.009
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Probabi l i t y  Plot  of  I nf luent  250~ 1180 µm, SZG 250~ 1180 µm
Normal - 95% CI
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250~1180 μm Particulate Solids Concentration Plot for 
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>1180 µm (no particles observed in this size range) 
 
SSC (>0.45 µm) 

 
 

 
 
 
 
 
 
 
 
 
 
 

Total Particulate Solids Concentration Plot for SZG and 
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Total Particulate Solids Concentration Plot for SZG and 
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Total Particulate Solids Concentration Plot for SZG and 
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TSS (0.45 to 75 µm) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

TSS (0.45~75 μm) Concentration Plot for SZG and Influent
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TSS (0.45~75 μm) Concentration Plot for SZG and Influent 

y = 5.38 (0.33)
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TSS (0.45~75 μm) Concentration Plot for SZG and 
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Site Zeolite (Z) Media Particulate Removal Data from Column Tests 
  
Effluent Particle Size Distributions 
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Dissolved Solid Concentration Plot for Z and Influent
p=0.433
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Total Dissolved Solids Concentration Plot for Z and Influent 
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Dissolved Solids Concentration Plot for Z and Influent 
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0.45-3 um 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

0.45~3 μm Particulate Solids Concentration Plot for Z and 
Incfluent 
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0.45~3 μm Particulate Solids Concentration Plot for Z and 
Influent
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3-12 um 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

3~12 μm Particulate Solids Concentration Plot for Z and 
Influent 
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Normal - 95% CI

 
 

 
 
 
 
 
 
 
 
 

3~12 μm Particulate Solids Concentration Plot for Z and 
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y = 1.63 (0.81)
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3~12 μm Particulate Solids Concentration Plot for Z and 
Influent 
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12~30 μm Particulate Solids Concentration Plot for Z and 
Influent 
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Normal - 95% CI

 
 

 
 
 
 
 
 
 
 
 

12~30 μm Particulate Solids Concentration Plot for Z and 
Influent

y = 0.779 (1.1)

0

10

20

30

40

50

60

0 20 40 60 80 100

Influent Solids Concentration (mg/L)

Z
 S

o
lid

s 
C

o
n

ce
n

tr
at

io
n

 
(m

g
/L

)



A6-177 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

12~30 μm Particulate Solids Concentration Plot for Z and 
Influent 
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30~60 μm Particulate Solids Concentration Plot for Z and 
Influent 
p=0.009
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Normal - 95% CI

 
 

 
 
 
 
 
 
 
 
 

30~60 μm Particulate Solids Concentration Plot for Z and 
Influent

y = 1.96 (1.3)
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30~60 μm Particulate Solids Concentration Plot for Z and 
Influent 
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60-120 um 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

60~120 μm Particulate Solids Concentration Plot for Z and 
Influent 
p=0.014
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Probabi l i t y  Plot  of  I nf luent  60~ 120 µm, Z 60~ 120 µm
Normal - 95% CI

 
 

 
 
 
 
 
 
 
 
 

60~120 μm Particulate Solids Concentration Plot for Z and 
Influent

y = 1.28 (1.5)
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60~120 μm Particulate Solids Concentration Plot for Z and 
Influent
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120~250 μm Particulate Solids Concentration Plot for Z and 
Influent 
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Normal - 95% CI

 
 

 
 
 
 
 
 
 
 
 

120~250 μm Particulate Solids Concentration Plot for Z and 
Influent

y = 0.307 (1.5)
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120~250 μm Particulate Solids Concentration Plot for Z 
and Influent
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250~1180 μm Particulate Solids Concentration Plot for Z and 
Influent 
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Normal - 95% CI

 
 

 
 
 
 
 
 
 
 
 

250~1180 μm Particulate Solids Concentration Plot for Z and 
Influent

y = 3.97(0.61)
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250~1180 μm Particulate Solids Concentration Plot for Z 
and Influent 
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>1180 µm (no particles observed in this size range) 
 
SSC (>0.45 µm) 

 
 

 
 
 
 
 
 
 
 
 
 
 

Total Particulate Solids Concentration Plot for Z and Influent
p=0.009
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Total Particulate Solids Concentration Plot for Z and Influent

y = 11.9 (0.52)
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Total Particulate Solids Concentration Plot for Z and Influent 
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TSS (0.45~75 μm) Concentration Plot for Z and Influent
p=0.009
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TSS (0.45~75 μm) Concentration Plot for Z and Influent 

y = 6.08 (0.53)
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TSS (0.45~75 μm) Concentration Plot for Z and Influent 
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Peat Moss (P) Media Particulate Removal Data from Column Tests 
  
Effluent Particle Size Distributions 
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Dissolved Solid Concentration Plot for P and Influent
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Total Dissolved Solids Concentration Plot for P and Influent 
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Dissolved Solids Concentration Plot for P and Influent 
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0.45-3 um 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

0.45~3 μm Particulate Solids Concentration Plot for P and 
Incfluent 
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0.45~3 μm Particulate Solids Concentration Plot for P and 
Influent
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3-12 um 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

3~12 μm Particulate Solids Concentration Plot for P and 
Influent 
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3~12 μm Particulate Solids Concentration Plot for P and 
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3~12 μm Particulate Solids Concentration Plot for P and 
Influent 
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12~30 μm Particulate Solids Concentration Plot for P and 
Influent 
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12~30 μm Particulate Solids Concentration Plot for P and 
Influent
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12~30 μm Particulate Solids Concentration Plot for P and 
Influent 
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30-60 um 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

30~60 μm Particulate Solids Concentration Plot for P and 
Influent 
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30~60 μm Particulate Solids Concentration Plot for P and 
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30~60 μm Particulate Solids Concentration Plot for P and 
Influent 
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60~120 μm Particulate Solids Concentration Plot for P and 
Influent 
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60~120 μm Particulate Solids Concentration Plot for P and 
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60~120 μm Particulate Solids Concentration Plot for Pand 
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120~250 μm Particulate Solids Concentration Plot for P and 
Influent 
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120~250 μm Particulate Solids Concentration Plot for P and 
Influent
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120~250 μm Particulate Solids Concentration Plot for P 
and Influent
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250~1180 μm Particulate Solids Concentration Plot for P and 
Influent 
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250~1180 μm Particulate Solids Concentration Plot for P and 
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250~1180 μm Particulate Solids Concentration Plot for P 
and Influent 
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>1180 µm (no particles observed in this size range) 
 
SSC (>0.45 µm) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

Total Particulate Solids Concentration Plot for P and 
Influent
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Total Particulate Solids Concentration Plot for P and 
Influent 
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TSS (0.45 to 75 µm) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

TSS (0.45~75 μm) Concentration Plot for P and Influent
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TSS (0.45~75 μm) Concentration Plot for P and Influent 
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TSS (0.45~75 μm) Concentration Plot for P and Influent 
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Rhyolite Sand – Surface Modified Zeolite – Granular Activated 
Carbon – Peat Moss (R – SMZ – G - P) Media Particulate Removal 
Data from Column Tests 
  
Effluent Particle Size Distributions 
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 R-SMZ-G-P TSS (0.45~75 μm) Particle Distribution
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Dissolved Solid Concentration Plot for R-SMZ-G-P and 
Influent
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Total Dissolved Solids Concentration Plot for R-SMZ-G-P and 
Influent 
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Dissolved Solids Concentration Plot for R-SMZ-G-P and 
Influent 
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0.45-3 um 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

0.45~3 μm Particulate Solids Concentration Plot for R-SMZ-G-
P and Incfluent 
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Normal - 95% CI

 
 

 
 
 
 
 
 
 
 
 

0.45~3 μm Particulate Solids Concentration Plot for R-SMZ-G-
P and Influent

y = 4.84 (0.70)
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0.45~3 μm Particulate Solids Concentration Plot for R-SMZ-G-
P and Influent

0

10

20

30

40

50

60

0 10 20 30 40 50 60

Influent Solids Concentration (mg/L)

R
-S

M
Z

-G
-P

 S
o

lid
s 

C
o

n
ce

n
tr

at
io

n
 (

m
g

/L
)

Series1

Series2

Series3

Series4

Series5

Series6

Series7

Series8

Linear (Series3)



A6-236 
 

3-12 um 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

3~12 μm Particulate Solids Concentration Plot for R-SMZ-G-P 
and Influent 
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Influent 3~12 µm
R-SMZ-G-P 3~12 µm

Variable

Probabi l i t y  Plot  of  I nf luent  3~ 12 µm, R-SMZ-G-P 3~ 12 µm
Normal - 95% CI

 
 

 
 
 
 
 
 
 
 
 

3~12 μm Particulate Solids Concentration Plot for R-SMZ-G-P 
and Influent

y = 4.06 (0.86)
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3~12 μm Particulate Solids Concentration Plot for R-SMZ-G-P 
and Influent 
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12~30 μm Particulate Solids Concentration Plot for R-SMZ-G-
P and Influent 
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Influent 12~30 µm
R-SMZ-G-P 12~30 µm

Variable

Probabi l i t y  Plot  of  I nf luent  12~ 30 µm, R-SMZ-G-P 12~ 30 µm
Normal - 95% CI

 

 
 
 
 
 
 
 
 
 
 

12~30 μm Particulate Solids Concentration Plot for R-SMZ-G-
P and Influent

y = 0.482 (0.57)
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12~30 μm Particulate Solids Concentration Plot for R-SMZ-G-
P and Influent 
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30~60 μm Particulate Solids Concentration Plot for R-SMZ-G-
P and Influent 
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Influent 30~60 µm
R-SMZ-G-P 30~60 µm

Variable

Probabi l i t y  Plot  of  I nf luent  30~ 60 µm, R-SMZ-G-P 30~ 60 µm
Normal - 95% CI

 

 
 
 
 
 
 
 
 
 
 

30~60 μm Particulate Solids Concentration Plot for R-SMZ-G-
P and Influent

y = 1.25 (0.79)
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30~60 μm Particulate Solids Concentration Plot for R-SMZ-G-
P and Influent 
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60-120 um 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

60~120 μm Particulate Solids Concentration Plot for R-SMZ-G-
P and Influent 
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Influent 60~120 µm
R-SMZ-G-P 60~120 µm

Variable

Probabi l i t y  Plot  of  I nf luent  60~ 120 µm, R-SMZ-G-P 60~ 120 µm
Normal - 95% CI

 

 
 
 
 
 
 
 
 
 
 

60~120 μm Particulate Solids Concentration Plot for R-SMZ-G-
P and Influent

y = 1.02 (0.71)
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60~120 μm Particulate Solids Concentration Plot for R-SMZ-G-
P and Influent
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120~250 μm Particulate Solids Concentration Plot for R-SMZ-
G-P and Influent 
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Influent 120~250 µm
R-SMZ-G-P 120~250 µm

Variable

Probabi l i t y  Plot  of  I nf luent  120~ 250 µm, R-SMZ-G-P 120~ 250 µm
Normal - 95% CI

 
 

 
 
 
 
 
 
 
 
 

120~250 μm Particulate Solids Concentration Plot for R-SMZ-
G-P and Influent

y = 0.152 (0.88)
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120~250 μm Particulate Solids Concentration Plot for R-
SMZ-G-P and Influent
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250-1180 um 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

250~1180 μm Particulate Solids Concentration Plot for R-SMZ-
G-P and Influent 
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Influent 250~1180 µm
R-SMZ-G-P 250~1180 µm

Variable

Probabi l i t y  Plot  of  I nf luent  250~ 1180 µm, R-SMZ-G-P 250~ 1180 µm
Normal - 95% CI

 
 

 
 
 
 
 
 
 
 
 

250~1180 μm Particulate Solids Concentration Plot for R-SMZ-
G-P and Influent

y = 2.36 (0.33)
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250~1180 μm Particulate Solids Concentration Plot for R-
SMZ-G-P and Influent 
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>1180 µm (no particles observed in this size range) 
 
SSC (>0.45 µm) 

 
 

 
 
 
 
 
 
 
 
 
 
 

Total Particulate Solids Concentration Plot for R-SMZ-G-P 
and Influent
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Variable

Probabi l i t y  Plot  of  I nf luent  Total , R-SMZ-G-P Total
Normal - 95% CI

 

 
 
 
 
 
 
 
 
 

Total Particulate Solids Concentration Plot for R-SMZ-G-P 
and Influent

y = 9.22 (0.48)
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Total Particulate Solids Concentration Plot for R-SMZ-G-P 
and Influent 

0

10

20

30

40

50

60

0 100 200 300 400 500

Influent Solids Concentration (mg/L)

R
-S

M
Z

-G
-P

 S
o

lid
s 

C
o

n
ce

n
tr

at
io

n
 (

m
g

/L
)

Series1

Series2

Series3

Series4

Series5

Series6

Series7

Series8

Linear (Series3)



A6-257 
 

 
TSS (0.45 to 75 µm) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

TSS (0.45~75 μm) Concentration Plot for R-SMZ-G-P and 
Influent
p=0.009
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Probabi l i t y Plot  of  I nf luent  TSS, R-SMZ-G-P TSS
Normal - 95% CI

 

 
 
 
 
 
 
 
 
 
 

TSS (0.45~75 μm) Concentration Plot for R-SMZ-G-P and 
Influent 

y = 14.5 (0.82)
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TSS (0.45~75 μm) Concentration Plot for R-SMZ-G-P and 
Influent 
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Rhyolite Sand – Surface Modified Zeolite (R – SMZ) Media 
Particulate Removal Data from Column Tests 
  
Effluent Particle Size Distributions 
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TDS 

 
 

 R-SMZ TSS (0.45~75 μm) Particle Distribution
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Dissolved Solid Concentration Plot for R-SMZ and Influent
p=0.306
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Probabi l i t y Plot  of  I nf luent  <  0.45 µm, R-SMZ <  0.45 µm
Normal - 95% CI

 

 
 
 
 
 
 
 
 
 
 
 

Total Dissolved Solids Concentration Plot for R-SMZ and 
Influent 
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Dissolved Solids Concentration Plot for R-SMZ and 
Influent 
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0.45-3 um 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

0.45~3 μm Particulate Solids Concentration Plot for R-SMZ 
and Incfluent 

p=0.368

0

5

10

15

20

25

30

Influent R-SMZ

0.
45

~3
 μ

m
 S

o
lid

s 
(m

g
/L

)

Series1

Series2

Series3

Series4

Series5

Series6

Series7



A6-266 
 

50403020100-10-20

99

95

90

80

70
60
50
40
30

20

10

5

1

Dat a

Pe
rc

en
t

9.850 7.242 7 0.484 0.150
12.20 8.330 7 0.169 0.892

Mean StDev N AD P

Influent 0.45~3 µm
R-SMZ 0.45~3 µm

Variable

Probabi l i t y Plot  of  I nf luent  0 .45~ 3 µm, R-SMZ 0.45~ 3 µm
Normal - 95% CI

 

 
 
 
 
 
 
 
 
 
 
 

0.45~3 μm Particulate Solids Concentration Plot for R-SMZ 
and Influent
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0.45~3 μm Particulate Solids Concentration Plot for R-SMZ 
and Influent
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3-12 um 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

3~12 μm Particulate Solids Concentration Plot for R-SMZ and 
Influent 
p=0.009
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R-SMZ 3~12 µm

Variable

Probabi l i t y  Plot  of  I nf luent  3~ 12 µm, R-SMZ 3~ 12 µm
Normal - 95% CI

 

 
 
 
 
 
 
 
 
 
 

3~12 μm Particulate Solids Concentration Plot for R-SMZ and 
Influent

y = 9.49 (0.78)
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3~12 μm Particulate Solids Concentration Plot for R-SMZ and 
Influent 
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12-30 um 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

12~30 μm Particulate Solids Concentration Plot for R-SMZ 
and Influent 
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Influent 12~30 µm
R-SMZ 12~30 µm

Variable

Probabi l i t y  Plot  of  I nf luent  12~ 30 µm, R-SMZ 12~ 30 µm
Normal - 95% CI

 
 

 
 
 
 
 
 
 
 
 

12~30 μm Particulate Solids Concentration Plot for R-SMZ 
and Influent

y = 1.17 (0.57)
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12~30 μm Particulate Solids Concentration Plot for R-SMZ 
and Influent 
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30~60 μm Particulate Solids Concentration Plot for R-SMZ 
and Influent 
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Probabi l i t y  Plot  of  I nf luent  30~ 60 µm, R-SMZ 30~ 60 µm
Normal - 95% CI

 
 

 
 
 
 
 
 
 
 
 

30~60 μm Particulate Solids Concentration Plot for R-SMZ 
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30~60 μm Particulate Solids Concentration Plot for R-SMZ 
and Influent 
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60~120 μm Particulate Solids Concentration Plot for R-SMZ 
and Influent 
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Probabi l i t y  Plot  of  I nf luent  60~ 120 µm, R-SMZ 60~ 120 µm
Normal - 95% CI

 

 
 
 
 
 
 
 
 
 
 

60~120 μm Particulate Solids Concentration Plot for R-SMZ 
and Influent

y = 1.68 (0.75)
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60~120 μm Particulate Solids Concentration Plot for R-SMZ 
and Influent
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120~250 μm Particulate Solids Concentration Plot for R-SMZ 
and Influent 

p=0.009

0

2

4

6

8

10

12

14

16

18

Influent R-SMZ

12
0~

25
0 
μ

m
 S

o
lid

s 
(m

g
/L

)

Series1

Series2

Series3

Series4

Series5

Series6

Series7



A6-281 
 

3020100-10-20

99

95

90

80

70
60
50
40
30

20

10

5

1

Dat a

Pe
rc

en
t

5.097 5.776 7 0.641 0.054
0.1865 0.1342 7 0.289 0.510

Mean StDev N AD P

Influent 120~250 µm
R-SMZ 120~250 µm

Variable
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Normal - 95% CI

 
 

 
 
 
 
 
 
 
 
 

120~250 μm Particulate Solids Concentration Plot for R-SMZ 
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y = 0.229 (0.72)
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120~250 μm Particulate Solids Concentration Plot for R-
SMZ and Influent
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250-1180 um 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

250~1180 μm Particulate Solids Concentration Plot for R-SMZ 
and Influent 
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Probabi l i t y  Plot  of  I nf luent  250~ 1180 µm, R-SMZ 250~ 1180 µm
Normal - 95% CI

 
 

 
 
 
 
 
 
 
 
 

250~1180 μm Particulate Solids Concentration Plot for R-SMZ 
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250~1180 μm Particulate Solids Concentration Plot for R-
SMZ and Influent 
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>1180 um (no particles detected in this size range) 
 
SSC (>0.45 µm) 

 
 

 
 
 
 
 
 
 
 
 
 
 

Total Particulate Solids Concentration Plot for R-SMZ and 
Influent
p=0.009
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Total Particulate Solids Concentration Plot for R-SMZ and 
Influent

y = 34.7 (0.61)
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Total Particulate Solids Concentration Plot for R-SMZ and 
Influent 
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TSS (0.45~75 μm) Concentration Plot for R-SMZ and Influent
p=0.009
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TSS (0.45~75 μm) Concentration Plot for R-SMZ and Influent 

y = 25.6 (0.62)
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TSS (0.45~75 μm) Concentration Plot for R-SMZ and 
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Site Sand (S) Media Particulate Removal Data from Column Tests 
  
Effluent Particle Size Distributions 
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Dissolved Solid Concentration Plot for S and Influent
p=0.250

0

50

100

150

200

250

300

Influent S

D
is

so
lv

ed
 S

o
lid

s 
(m

g
/L

)

Series1

Series2

Series3

Series4

Series5



A6-295 
 

5004003002001000

99

95

90

80

70
60
50
40
30

20

10

5

1

Dat a

Pe
rc

en
t

193.0 61.63 5 0.592 0.056
201.6 58.84 5 0.361 0.280

Mean StDev N AD P

Influent <  0.45 µm
S < 0.45 µm

Variable

Probabi l i t y Plot  of  I nf luent  <  0.45 µm, S <  0.45 µm
Normal - 95% CI

 
 

 
 
 
 
 
 
 
 
 
 

Total Dissolved Solids Concentration Plot for R-SMZ and 
Influent 
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Dissolved Solids Concentration Plot for S and Influent 
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0.45-3 um 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

0.45~3 μm Particulate Solids Concentration Plot for S and 
Incfluent 
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Probabi l i t y Plot  of  I nf luent  0 .45~ 3 µm, S 0.45~ 3 µm
Normal - 95% CI

 
 

 
 
 
 
 
 
 
 
 
 

0.45~3 μm Particulate Solids Concentration Plot for R-SMZ 
and Influent

y = 3.22 (1.0)
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0.45~3 μm Particulate Solids Concentration Plot for S and 
Influent
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3~12 μm Particulate Solids Concentration Plot for S and 
Influent 
p=0.022
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Probabi l i t y  Plot  of  I nf luent  3~ 12 µm, S 3~ 12 µm
Normal - 95% CI

 

 
 
 
 
 
 
 
 
 
 

3~12 μm Particulate Solids Concentration Plot for R-SMZ and 
Influent

y = 1.65 (0.26)
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3~12 μm Particulate Solids Concentration Plot for S and 
Influent 
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12~30 μm Particulate Solids Concentration Plot for S and 
Influent 
p=0.022
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Normal - 95% CI

 

 
 
 
 
 
 
 
 
 
 

12~30 μm Particulate Solids Concentration Plot for R-SMZ 
and Influent

y = 1.62 (1.2)
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12~30 μm Particulate Solids Concentration Plot for S and 
Influent 
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30~60 μm Particulate Solids Concentration Plot for S and 
Influent 
p=0.022
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Probabi l i t y  Plot  of  I nf luent  30~ 60 µm, S 30~ 60 µm
Normal - 95% CI

 

 
 
 
 
 
 
 
 
 
 

30~60 μm Particulate Solids Concentration Plot for R-SMZ 
and Influent

y = 1.80 (1.1)
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30~60 μm Particulate Solids Concentration Plot for S and 
Influent 
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60~120 μm Particulate Solids Concentration Plot for S and 
Influent 
p=0.022
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Variable

Probabi l i t y  Plot  of  I nf luent  60~ 120 µm, S 60~ 120 µm
Normal - 95% CI

 

 
 
 
 
 
 
 
 
 
 

60~120 μm Particulate Solids Concentration Plot for R-SMZ 
and Influent
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60~120 μm Particulate Solids Concentration Plot for S and 
Influent
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120~250 μm Particulate Solids Concentration Plot for S and 
Influent 
p=0.022
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120~250 μm Particulate Solids Concentration Plot for S 
and Influent
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250- 1180 um 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

250~1180 μm Particulate Solids Concentration Plot for S and 
Influent 
p=0.112
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250~1180 μm Particulate Solids Concentration Plot for R-SMZ 
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250~1180 μm Particulate Solids Concentration Plot for S 
and Influent 
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>1180 µm (no particles observed in this size range) 
 
SSC (>0.45 µm) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

Total Particulate Solids Concentration Plot for S and 
Influent
p=0.022
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Total Particulate Solids Concentration Plot for R-SMZ and 
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Total Particulate Solids Concentration Plot for S and 
Influent 
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TSS (0.45 to 75 µm) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

TSS (0.45~75 μm) Concentration Plot for S and Influent
p=0.022
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TSS (0.45~75 μm) Concentration Plot for R-SMZ and Influent 

y = 9.54 (0.60)
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TSS (0.45~75 μm) Concentration Plot for S and Influent 
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