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ABSTRACT
K VALUES FOR TRICKLING FILTERS
by
James E, Germain
This thesis contains an analysis of the value ) 445 T
the expression p = 1O‘KD/Q'2/3 as determined from operational
data on trickling filters, where

P = Fraction of BOD remaining
D = Filter depth in feet

Q = Hydraulic load in MGAD

K = Constant

Data from 19 Michigan rock trickling filter plants
Were analyzed and the K values determined, Several of
these plants were analyzed on a daily basis to show the
normal fluctuation of K at a single plant. K values were
also determined for rock trickling filter plants in other
regions of the country with different climatic conditions,
In addition pilot plant and full scale plant data were
analyzed which indicate that in a rock filter the K value
decreases with lncreasing depth. In contrast the analysis
of a considerable amount of data from trickling filter
Plants using open type plastic media demonstrated that in

these cases K was constant and independent of depth,
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Thus the validity of the eéxpression used to determine
K was proven correct for open type media, It ig believed
that the variations in K found for conventional filters
employing crushed stone or rock as filter media are due to
a lack of air supply and clogging and that this is especial-
ly true in the deeper parts of the filter., Based on the
results of this analysis an attempt was made to use the K
value as an indicator of the treatability of various

industrial and municipal wastes,
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LIST OF SYMBOLS
Symbols are defined as they are used throughodt this thesis,

but for convenience common symbols are listed here also.

BOD of settled filter effluent, mg/l

BOD of incoming plant waste, mg/l
BOD of mixed flow (incoming plus recirculation), mg/l

= A factor representing contact time on the filter

Filter reaction rate ( to the base 10)

Filter reaction rate (to the base e)

a constant

i

Depth of Filter in feet

DUQWNdé"._l:‘é"
n

Hydraulic load to filter in MGAD, including recycle

flow 0

n = An exponent
L
p = Fraction of incoming BOD remaining = EE
I

Py = Fraction of BOD remaining in filter effluent related
to BOD of mixed flow (incoming plus recirculation)
- LE
r = Recycle ratio = 95
Q
Flow to the plant in terms of MGAD

Qr

QR = Recirculated flow in terms of MGAD

vi
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CHAPTER I - INTRODUCTION
A trickling filter is a fixed bed through yhioh a
bilologically treatable waste is passed and is broken down
by the bilological growth within the filter., The basic
mechanism consists of some type of media (rock, slag, or
artificial material such as plastic) on which a biological
film grows as the waste is trickled over it, This can be

illustrated diagrammatically as below,

] biological film liquid waste Air
A P st S
/]
Filter ] Ho8 |
A
Media | 4 BOD
/] -
/]
NH 0
ROV Sepit tan e
2 | 00,
2 Anaerobic , Aerobic
1 |
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2
The filter medium serves to support the biological growth,
shown here as the anaerobic and aerobic layers, The
aerobic layer is the effective portion of the filter as it
oxidizes the waste which is captured out of the liquid
waste stream, The air passing through the filter performs
the very important function of supplying oxygen to the
aerobic bacteria, The anaerobic layer 1s black in color
and exists in the area devoid of oxygen. The organisms
comprising this layer receive their oxygen from the mate-
rial they reduce which in this case 1s the dead cells and
metabollic products of the aerobic layer, By-products of
the anaerobic layer such as Hp8, aclids and ammonia are
oxidized by the aerobic layer,

The efficiency of removal of wastes from the waste
stream is proportional to the time the waste is in contact
with the blological growth. This has been substantiated
by Howland (13), and Schulze (14), and can be expressed

mathematically by the following formula:

L

—E = ¢~kt (1)

L1

in which

Lg = Filter effluent BOD, mg/l

L1 = Incoming BOD applied to filter, mg/l (without
recirculation) '

t = Contact time

k = Reaction Rate
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3
The mean contact time t through the filter media has been

expressed by Schulze (1) and Howland (13) by the following
relationship:
t = cp/Q" (2)
Where

C = A constant

D Depth of filter in feet

Q = Hydraulic load, MGAD

n = an exponent, which has been shown to be 2/3

Hydraulic principles of trickling filters were
investigated extensively by Bloodgood et al (12). The
authors showed that the contact time on an inclined plane
and on a sphere was inversely proportional to the 2/3
power of the liquid application rate, Experiments on an
inclined plane with slime showed that the contact time
increased up to 50% when the plane was flat (2.87 degrees)
but at a 45 degree angle the contact time increased less
than 10%. In additional experiments using 3/4 inch to 3
inch balls the contact time increased 12% but this was

proven to be due to the increase in diameter of the balls

caused by the biological film,
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LEGEND
1Col. B : D = 4.1 feet
| (glass spheres,

3/4 " Diam.)

ol P *» p = 9.0 feet
(porcelain spheres,
3 " Diam.)
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FIGURE 1 - DETENTION TIME VERSUS D/Q®/3 AFTER SINKOFF
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N
Figure 1 as plotteg from data by Sinkoff et al (11)
indicates the linear relationship between detention time
and D/Q2/3.
It can be seen that column D has a shorter residence
time (tr) than column B. This absolute residence time can

be computed by the formula offered by Sinkoff et al,:

vi/2 g™
tI‘:ClHT;? T
g

Where

Cl & constant, 3.0 for borcelain spheres and 1.5 for
glass spheres
H = Height

Vv = Kinetic viscosity of fluid

€ = Acceleration due to gravity

= - media surface area
8 = Specific surface of media = volume 6ooupied
Q = Hydraulic loading rate
I = a constant,

0.83 for porcelain spheres

0.53 for glass spheres
The m in the above formula for porcelain and glass spheres
corresponds to the n determined by Schulze (1) and Howland

(13) for sewage on operating trickling filters,
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5
Schulze and Howlang determined that n = 2/3 and thus we

can say t = CD/qQ2/3. (3)

and substituting for t in €quation 1 we have

1 2
é? = e kCp/qQ /3. Combining the constants k and C ang

changing from base e to base 10 gives the basic equation:

o

e as originally proposed by Schulze (5),

And since p = %E we then have
I

p = 10-KD/Q2/3 (%)

Extensive work using radioactive tracers for measuring
detention time in trickling filters was done by G. E.

Eden and K. V. Melbourne (24). They found the losses by
adsorption of Na2X, Rb86, and K*2 to be great. More
satisfactory results were obtained with Brge, and o028 and
0060. However these authors did not vary the hydraulic load
on their experimental filter so that it was not possible

to obtain a series of K values from their data.

Temperature is another factor that has an effect on
the performance of trickling filters. In his paper on
this subject Howland (10) used the following approach:

Assume ki = ko c(T - 20)

Where

ki = BOD reaction coefficient at any temperature,

common logarithms

Koy = BOD reaction coefficient at 20° C; common

logarithms
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C = A number chosen to fit experimental data (1,047
1s used in BOD calculations)

T = Temperature in O¢

with the value kt appearing in:

L = L, 107Kt® (5)

Whe re

L = Ultimate first stage BOD at time t
Lag = Ultimate first stage BOD at time 0O
t = Time, in days

BOD remaining can be expressed by L/L, thus:

%a = 197%¢%
and substituting for kt we have
= = 107tkeo o7 - 20) (6)

where c¢ has been found by Howland to be very close
to 1.035 for the trickling filter treatment process,
However since all the required temperature data were not
available in the plant operating results used in this

thesis, effects of temperature on K were not included.
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CHAPTER II - PROCEDURE
The equation P = lO‘KD/QE‘/3 a8 presented in the
previous chapter isg suited for filters without recirculation.
Using some additional refinements the eéquation can be

adapted to recirculation conditions. This is shown as

follows:
Qr Q Q Qr
E— s
I
R
Where:

Q = Hydraulic load to the filter in MGAD

e
Qr = Recirculated flow in MGAD; and

Hydraulic flow to the treatment plant in MGAD

= QR
r = (recycle ratio) =

(recy )QY
From the flow diagram above it can be seen that

Q=Qr +# Qg = Qg 71 = Qr (1+#r)

Thus for a filter with recycle:

P = 10-KDT§I (1 f‘rﬂ £ (7)

It is often desirable to determine p (the overall
fraction of BOD remaining) from a computed value of Py
According to a development given by Schulze (5) P is

obtained as follows:
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and if we let Ay %3, OOO,LE will equal the rraetion

ireat
remaining €Xpressed as a decimal which we have previously

designated as P.

thus p; = (i e G

By rearranging the terms to solve for p we obtain the
equation for overall fraction of BOD remaining.

P =

1
Liny == (9)
P

By substituting Py for p in equation U4 ang solving
for K, the equation is determined that was used through-

out the thesis to compute K.
1 o2/3
log = Q
K = 1‘311T (10)
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CHAPTER III - EVALUATION OF x FOR MUNICIPAL WASTE

In order to obtain & range of values of K, the design
ceriteria of the 10 State Standards (19) were used for
sample treatment plant designs, The calculations and their
results are shown in Tables 1, 2, 3, and 4 and on Figures
2 and 3,

Figure 2 includes filters, with ang without recycle,
for 3 different hydraulic loads ang over a wide range of
efficiencies. It can be seen that within the design
eriteria of the 10 State Standards the K values must vary
from 0.00 to 0.95 to predict the expected degree of treat-
ment, Figure 3 also indicates that in order to agree with
the 10 State Standards K values would have to increase

with the dosage rate.



01 TAUJAVE - TIT
anst 8 siaddo of ,

' Doy
"sbnal8 o7e38 0L odd ‘U;'

€52 Joalg Inemdseond

ont S o7
byt tnexeTXLANE
.eslonelon

I 1o alvedl




G6°

69°6
o¢
Lly:
geee
®GT®
90T
0212
000 ‘02
9160°
Gl 2
Gl 1

8°0¢
002
80¢
aonT

66°

G9°6
(011
Lly:
115
®GT”
0°Gg
00L‘t
000 ‘02
9T60°
Gl2
Gl1

L q2
091
Lh2
aonT

G6°

G9-

Lly-
115
HAT"

¢

9T60"

6
(]9

€9

ola‘t
000 ‘02

Gl 2
Gl'T

he 4 o

02T
8T
aomT

66°

Th

Lly®
115
HOT”

¢

9160

GL:
T

¢ 2t

6
o¢

ch

9t
000 ‘0z

c
T

08
¢2T

aonT
TYAONZY SS0YDH INIDHAd 06 ‘VIMALIUD NDISHEQ SAUVANVIS FIVIS OT WOoH4

da £ 1

AE L) " W

£80/30 0001/4 ‘eSwsoq otueldago
Lep/# ‘aentrg 03 peBOT otuwsag

n0 = 1§ = yadsp p suntop

AVDH 0f ® e8wvaaoy

DN ‘ae3TTI 09 MOTJ

[
fig
o
OT1®H 8aT0foay

-

s ‘1/3w‘0og juentrrz TeUTH
°s ‘T/3u‘dqog juenTiim ‘wrag

T/8u‘aog jusnyJur

A.m><v jueTd 09 MOTH
SENTVA X - T TT9VL



QAAGHATE TTATE Of MOAT &JUJA
o — ( svA) Tamt

-

h/mﬂ N .,..,

~

s A08 FaauE

K

ke
{ i

,.....,. - 0 i ”.vamwc

9588 ol '
s

i R e . .
- i =




®9°

6976
115
con
£9”

G°26
0.9
0s2‘L

¢¢co-
00°T

e
%0L
02T
621
aoNT

ALVH FDVSOd AVON 0f ‘YIWFITHD

062°‘,

. 23° 490"
G S G
G9°6 G696 69°6
o1e” et ¢¢o-
IACK all: G26°
L19- alLl: G26°
G°26 §°26 G°26
0l9 09 0.9
052, 062 ‘.,
¢eco- ¢eco” ¢ecor
00°'T 00°T 00°T
0 0 0
hl 9°26 "X
%09 %04 %ot
02t 02T 02T
48T 621 421
aonT aHPNT apNT

a

Hnm HM
Am_\m.ov Mwwu :

¢/2®

Tg
X 8o
T E

Tg

d

£ep/dp 000T/# ‘eSesoq otuwlag
Lep/# ‘xeqTT4 03 prOT oTUBSIQ
A0 “‘w0-1G = ysdep ® ewnTop
dyom 0f ® a3wvaaoy

apn ‘as3TTd 03 MOT4
2. g
A% hg
cg
O0T1®Yd oToL08Yy
Mg ‘t/8w ‘qog juentiym TeUTH
TTBI8A0 ‘qusmywady, %
°g ‘1/8w ‘Qog juenTiim ‘wrag
T/3u ‘qog guentFur

(*3ay) quetd o3 MOTJ

NDISHEA SAUVANVIS FIVIS OT MOMJ SENTVA X - 2 FTdVL






G6°
G
$9°6
Lly*
115
9.0°
#°TE
26T

00£ ‘#f
oz
T°9
T°6

216
%56
02T
a81
aont

(QENNIINOD) FIvy JDV80d

06"

G9°'6
Loy
oHe*
20¢
G Gg
669
(0
A
2T°T

at’

LE
%08
02T
G8T
aONT

AQVON 0f ‘YIMIIIND NOISTEQ sau

G6."

696
ath”
98¢
98¢ *

626

0.9

0Gz°‘,
¢¢co"
00°'T

€9
%G1
02T
621
apnT

RrE
(¢/5®) T MMMH e
€/2d

Hm 3ot

Tg
d
£®p/4D 000T/# ‘e8®soq oTuesag

£ep/# ‘a09TTd 03 peOT OTUBSIO

d0 ‘w0 - ,§ = ysdep ® aUWNTOA
AVDN 0f ® a8wvaaoy

aON ‘ae3TTd 09 moOTg
ll"'mlm
¢ g

cg
O0T3®y aToL0ay
Mg ‘1/3w ‘qog quentirm TBUTd
TTBI8A0 ‘quamyBaay, %
°s ‘1/8w ‘gog juentrym ‘utag
1/8u ‘qog juentyur

(“3ay) querd ogq MOTJ

VANVIS HIVIS OT WOHJ SENTVA X - 2 =16V




N

LN

(.5vA) #n8

LILBTBY0




a
™ 92" 7T* ©0° - =
(¢/20) m Seny
g G g g 1903 ‘q
20°9 20°9 20°9 20°9 ¢/2b
1
114 012" 2TT" ¢¢o- m Sot
29" L19° all® Ge6 " Tg
29" 19" 2ll: Ga6 - d
69 69 69 69 £ep/4D 000T/# ‘eSesoq otuesag
000°T 000°‘T 000 ‘T 000°‘T fep/# as3114 07 pwoT oTuB3aQ
006 ‘4T 006 ‘4T 006 ‘4T 00S“HT  dD ‘40 - ,G = ysdep @ aunTop
9990° 9990° 9990° 9990° AVON GT @ s3wvaaoy
00°'T 00°T 00°T 00°T apn ‘ae3TTd 09 moTg
0 0 0 0 i i
=
g
0T3®Y sToLosy
GGG 0%l G 26 TITT e ‘1/3Bu‘qog jusnTIIE TBUTY
%0. %09 %06 %0t TeACUSY 9
02T 02T 02T 02T °g ‘T/Bw‘qog juentirm ‘mrag
62T Q2T G8T 2T 1/8w‘qog qusntyur
aonT aont apmTt apnT ("3AV) querd oq motg

JLVY FDYSOd avom 4T ‘VIHIITHD NDISEA SQUVANVIS FIVIE OT WOYJd SANTVA N

- ¢ a1avy



4 ..J(.;‘:r.u
E Ows ’ o3 _ “yp Q.\,_N Q:g u,';

T8 redie VT
GAIM &

4 AT
.rs.ll lmt ..V.N

¥

TS T e s = - ” . = “Sm—ers

-



8G°

80°9
Lly®
¢ee:
llo*
8°GT
H6s ‘T
00§ ‘29
Low:
T°9
TS

26
%56
02T
68T
aonT

85"

80°9
Lly®
geee
20¢ °
G°¢9
L€o‘T
00¢£ ‘9T

lwlo®

el’'T
e¢l’'o

0°L¢
%08
021
68T
aonT

(QEANIINOD) TIVH TOHVSOQ AVON ST ‘YIMTITIHD NPISTEQ SQUYANVIS FIVIS OT

£8p/30 000T/# ‘eSesoq otuwlag
Lep/# ‘ae11T4 o3 peoT oTuBSI
g0 ‘40 - G = ysdep @ smnyop
aQvON GT ® a3wvaaoy

O ‘T83TTJ 03 MOTJ

0T1®vYd aToLosy

s ‘1/8w‘qog quentszm TeuUTa
TeAOWSY 9

°s ‘1/8u‘qog juentiyy ‘wyag
1/3w‘qog juentyur
(“3ay) aquerd og MOTH
NoHd SINTYA ¥ - € FTaVI







61"

eg’e
115
a9’
ao%”
¢2
000 ‘T
006 “‘C4
00°2
0°'1

0°66
%0/
021
G21
aOnT

etr’

28’2
ote’
L19°
L19°
¢2
000 ‘T
006 ‘4
00°2
0°'T

04l
%09
021
68T
aONT

dIVd FDVS0d AVHW G ‘VIWIITHO

90"

28°2

2ty

all:

all:
¢2
000‘T
005 ‘CH

00°2

0°'t

626
%05
02T
481
aomT

co’

28°2
¢¢o"
Ge6”
G26°
¢2
000 ‘1
005 ‘¢4
00°2
0°'T

LLT
%0t
02t
G8T
dpnT

a
(¢/2®) Hm 3ot
3887 ‘@

¢/2®
3ot

Tg

=X

Tq

1

d

£ep/d30 000T/# ‘eBesoq otueSag
£ep/# ‘1997114 03 peoT oTuwSag
dD ‘w0 - G = yjdep @ sumtop
avon G ® a3wvaaoy

dpn ‘aeqTTJd 09 MOTJ

. g

cg
O0T38Y aToAoey
s ‘1/8u ‘qog quentiym TBeUT g
TeAOWSY 9
°s ‘T/3w ‘qog juentiym ‘wiag
/8w ‘Qog quentzur

("3ay) guetd og MOT4

NDISEA SAUVANVIS HIVIS OT NO¥d SENTVA X - + F1GVI




"y

h/m.ai .A... }

L

A

108 Fooult

& |

- ¥
Ineg TN
]
nkvqi ._




-

e
S
28°2
Lin®
gee:
Llo®
826
H65 ‘T
000 ‘92
@°2T
T°9
T°6

G2°6
%56
02T
481
apnT

l2- l2-
S S
282 28°2
Ly Llyg-
cee” ceee
®GT® 80¢
9°01 212
0l2‘1 lfo‘T
000 ‘02T 008 ‘84
05°G e 2
Gl 2 eT'T
Gl't 2T’
G 81 0°.¢
%06 %08
o2t 021
62T G2T
aopNT aoNT

(QENNIINOD ) FIVH FOVEOQ AQVON S ‘YINIITIYD NDISHA SAQUYANV.IS

£ep/30 000T/# ‘eBesoq otuelag
£ep/# ‘ae1TTd 03 pPrOT oTUBBIQ
0 ‘w0 - G = ysdep ® smnyoyp
VPN G ® o3eaaoy

DN ‘xe3TTd 09 MOTg

0T84y aToLosy

"8 ‘1/8m ‘aog uentsym TeuTs
TBAOWSY 9,

°s ‘1/Su ‘qog juenTiyw -wrag
T/3u ‘qog juentgur

(°3ay) quetd o1 MOTJ

HLVLIE OT WO¥Wd SHNTVA N - h 19V







LEGEND
250 Assume Primary Effluent
at 120 mg/1
Q = 30 MGAD
Flow to plant = 1. ¢ MGD
0.9 n—
0.8
0.7 Without Recirculation ith Recirculation
b H— Q = 15 MGAD
/
e T
0.4 ——
9.5 Q@ = 5 MGAD
e 1T
8.1 -

% BOD Removal Thru 2 Clarifiers and one Filter
FIGURE 2 - "K" VALUES FROM 10 STATE STANDARDS DESIGN CRITERIA .
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L i b
0 5 10 15 20 25 30

Dosage Rate Q, in MGAD

FIGURE - K VERSUS DOSAGE RATE AS EXPECTED FROM 10 STATE
STAN%ARDS FOR A 5.0 FEET DEEP ROCK TRICKLING FILTER
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10

Using data collected by the Michigan State Department
of Health (31, 32) from trickling filter plants operated in
Michigan a series of g values were computed as shown in
Table 5. The efficiencies of these plants were determined
after accounting for Primary settling by assuming 35% BOD
removal 1n the primary clarifiers for plants using recir-
culation. These data represent averages of 13 - 2l
composite samples taken at each plant over a time of
several months,

In addition daily averages from several of these
individual plants were analysed to illustrate the variation
of K as shown in Tables 6, 7A and 7B and on Figures 4 and 5,

Data obtained from the Green Bay, Wisconsin, plant
(30) are listed in Tables &A and 8B, and are plotted on
Figure 6. The data analysed were monthly averages taken

from records of the full scale plant.
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' Date, "Wumd Ju'l?, 1'3"'5'1 enun‘g' 58’ hour e
2 65 .35 1,73 60 22
‘g Efficiency p r 63 pl‘:. lo&%l
2R 59 L 2,58 .72 14
.22 73 .27 2.58 57 .2k
.22 76 .2k 2.58 .53 27
.23 66 L34 2,43 .64 .19
H .2k 75 N Ew% 5 .29
{ .2k 75 25 288 53 .28
g. 24 52 g 2.29 .76 .12
;’ .2k 69 31 F2.29 .60 .22
' .25 66 3 2.6 .62 -5 3
: SR I (N T R
.26 71 .29 2.04 .55 .25
i' .26 53 47 2.04 e 1k
.26 60 40 2.04 .67 % B
.26 58 2 2,16 .70 15
- .28 56 4 182 .68 %
.28 n 46 1,82 T .15
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Data obtained from the Michigan Department of Health
Q = 3.86 MGAD including variable recycle flow
D = 8.0 feet

Date, April thru August, 1958 using & hour composite samples.
Flow

DATA SET NO. 1 (31, 32)

MGD % Efficiency p

146
149
.159
.161
.165
.168
.169
R
175
.181
.206
.218
.238
.253
.271
. 328

74
79
&5
73
79
PF
68
79
86
78
76
71
74
g2
(3
77

.26
.21
.15
.27
.21
.23
.32
2
14
22
.2k
.29
.26
.18
&1
.23

1.06

95
.83
.81
.76
.78
.42
.70
.66
.60
41
s
.22
.13
.07

Py
42
.34
.24
.40
.32
.34
4o
.31
%y
.31
.31
.34
.30
.20
.28

2%

1

¥ -
og pl

.38
47
.62
.40
.49
47
.40
51
.68
51
.51
Y
.52
.70
.95
.64

TABLE 7A - TRICKLING FILTER,SPARTA, MICHIGAN

K

JUE
14

.19
e

19
.14
I8
.19
23
Y

.15
L1k

.16
23

X3
.20







i |

.17‘&
-175
" L Th
182
.182
.188

96
95
94
95
93
95
90
88

m m.tciency )
.04

.05
.06
.05
.07
.05
.10
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i nE mmk nm
B2 69 fst

Monthly averages from daily samples, m
November 1956,

N
}223#«; Efficlency p r P, log %1 g

12.7 68 .32 1.5 54 27 43

13.2 68 .32 1.6 .55 .26 e

13.9 64 36 1.2 .55 .26 42

14.1 52 48 0.8 .62 .21 .34

14 4 58 42 0.8 .56 .25 .40

15.7 59 4 o5 .51 .29 47

15.8 62 .38 0.7 .51 .29 A7 I
16.1 72 .28 0.7 4o ko 64 i
17.4 57 KT, T .62 .21 .3k ﬁ;
18.0 57 .43 0.6 .55 .26 42 fg
23.8 47 .53 1.0 .69 .16 .26 ‘
25. 4 47 .53 0.8 S AR | .26
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TABLE 8B - TRICKLING FILTER, GREEN BAY, WISCONSIN
DATA SET NO, 2 (30)
Data obtained from Green Bay Metropolitan Sewerage District
Q
D

30 MGAD including variable recycle flow

]

6.0 feet

Monthly averages from daily samples, April 1959 -
February 1960.

BOD
Load

10004 s

/day % Efficiency p r Py log By K
16.3 62 .38 0.4 .46 .33 .53
18.1 55 45 0.2 .50 .30 . ug
18.3 43 JT| 0.5 .66 .18 .29
18.8 52 48 0.2 .52 .28 U5
19.8 32 .68 0.3 T4 L3 .21
19.8 53 .47 0.5 .57 2l .38
20.2 58 42 0.6 54 B 43
20.9 52 .48 0.6 .60 .22 .35
22.0 53 47 0.5 %) .24 .39
23.4 50 .50 0.6 .64 .19 .30
25. 4 56 44 0.5 .54 27 43
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Figures 4, 5, ang ¢ demonstrate that the K value for
each filter fluctuated over a definite range, The median
values and standard deviations of K for these plants are
as follows:

Location of Plant K value Range

Sandusky, Michigan 0.20 7 .06

Sparta, Michigan

Dats Set #1 0.15 7 .03

Data Set #2 0.20 7 .05
Green Bay, Wisconsin

Data Set #1 0.37 7 .10

Data Set #2 0.36 7 .10

Each of these trickling filters had a constant dosage rate
throughout the 5 months test.

Table 9 consists of operating data obtained by Rankin
(22) and from Infilco Corporation (23) regarding high rate
filters with recirculation. The X values for all plants
discussed so far including those from Table 9 were plotted
vérsus depth and hydraulic load as shown in Figures 7 and &.

Figure 7 shows that regardless of hydraulic lcad the
shallow filters of 3 and 4 feet depth had the highest K,
with an average value of 0.81, whereas 6 and 7 feet deep
filters produced an average K of only 0.26.

Figure 8 is a plot of K versus filter depth for a

series of filters treating municipal wastes (22, 23, 31, 32),.



12
These data show a definite tendency for K to increase as
the depth decreases, This, the author believes, is due to
the fact that the deep filters have a zone of low activity
in the middle reglon caused by the lack of air. To further
1llustrate this, data from pilot plant studies by Abdul -
Rahim, Hindin, and Dunstan (9) were analysed for K. The
results are shown in Table 10 and plotted in Figure 9. The
experimental rock filter used by Abdul - Rahim et al. was
10 feet high and 5 feet in dlameter, The hydraullc dosage
rate was varied from 10 to 35 MGAD, and grab samples at
filter depths from 1 to 10 feet were taken semi-weekly.
The curves clearly illustrate how K decreases with increas-

ing depth on a rock filter,
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LEGEND (22, 23, 30, 31, 32)
+ 3' depth
& 4 gepth
© 5' depth
B 6! depth
O 7' depth
1.2
+
1.0
A + H-
++
A
Q.8 -+ 1_+
++
0.6
0]
s + +
EIEl fa)
ol & o
0.4 - 1 ?
(0]
d
o) (o]
0.2 0 . o
Qo . o o _
)
(0]
9 9 i
0.0 ‘
Y 5 10 15 20 25 30

Dosage Rate, Q in MGAD

FIGURE 7 - K VERSUS DOSAGE RATE FOR OPERATING ROCK FILTER
PLANTS TREATING MUNICIPAL WASTE, SHOWING INFLUENCE OF DEPTH



LEGEND
+ Michigan Filters (31, 32)
® After Rankine (22)
O Accelo Filters (23)
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Filter Depth, in Feet

FIGURE 8 - K VERSUS DEPTH FOR OPERATING ROCK FILTER PLANTS
TREATING MUNICIPAL WASTE



TABLE 10 - PILOT PLANT DATA (9)

Q % Efficiency p, log %1 D K
10 43 .57 243 1 1.13
10 55 45 . 346 2 0.80
10 62 .38 41g 3 .65
10 66 .34 .Les L .55
10 67 .33 RT3 5 45
10 68 .32 ol 6 .38
10 71 .29 537 I .35
10 73 .27 .568 8 .33
10 76 .2k .619 9 .32
10 78 .22 657 10 .30
20 23 77 .113 1 .83
20 47 .53 .27k 2 1.02
20 52 .48 . 313 3 77
20 55 45 . 346 b .64
20 58 b2 . 376 5 57
20 60 .40 397 6 49
20 63 .37 ba6 7 45
20 65 .35 45k 8 41
20 67 .33 kel I - o

20 70 .30 .522 10 -39



TABLE 10 - PILOT PLANT DATA (9)

Q % Efficiency p, log %1 D K
10 L3 .57 243 1 1.13
10 55 s .3U6 2 0.80
10 62 .38 .418 3 .65
10 66 .34 .Lesg L .55
10 67 .33 g 5 45
10 68 .32 Lok 6 .38
10 71 .29 537 I .35
10 73 .27 .568 8 .33
10 76 .24 .619 9 .32
10 78 .22 .657 10 .30
20 23 77 .113 1 -83
20 L7 .53 274 2 1.02
20 52 48 . 313 3 77
20 55 5 346 4 -6k
20 58 e .376 5 57
20 60 .40 .397 6 49
20 63 .37 RIT-T3 7 45
20 65 .35 45k 8 81
20 67 .33 481 9 1o
20 70 .30 .522 10 .39



TABLE 10 - PILOT PLANT DATA (CONTINUED)

Q % Efficiency P log %_1 D X
20 51 49 . 308 1 2.28
20 56 e .362 2 1,34
20 6U .36 ikl 3 1.09
20 69 31 .505 L .93
20 7L .29 .530 5 81
20 e .28 .55k 6 6l
20 72 .28 554 7 .59
20 T4 .26 .582 8 .54
- 20 75 .25 .606 9 .50
20 77 .23 .637 10 L7
35 25 .75 .121 1 1.30
35 35 .65 .188 2 1.01
35 L7 .53 .270 3 .96
35 52 48 L322 4 .86
35 57 43 . 365 5 78
35 59 Ll . 390 6 .69
35 62 .38 416 7 .63
35 6L .36 Chl2 3 .59
35 66 .34 Jh72 9 .56
35 70 .30 .525 10 .56
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LEGEND (9)

O, Q = 35 MGAD
1.8

B, Q= 20 MGAD

\ o, Q = 20 MGAD

1.6 A& | Q = 10 MGAD
1.4
1.2
1.0
.8
.6
U4
.2
.0

o) 2 l 6 8 10

Filter Depth, in Feet

FIGURE 9 - K VERSUS DEPTH FOR A 10 FEET DEEP ROCK TRICKLING
FILTER PILOT PLANT



CHAPTER IV - K AS A PARAMETER FOR TREATABILITY OF WASTES

It can be assumed that municipal wastes are more or
less similar over the country, whereas industrial wastes
certainly have very different characteristics. These
differences could be measured by K as the degree of treat-
ability; the higher the K value, the greater the treatabil-
ity of the particular waste as long as the apparatus is
the same. A comparison of K values obtained from pilot
plants using an identical type of plastic media and
distributor should therefore provide an index of treatabil-
ity. It should be noted that the K factor is much more
applicable to the open type of filter media since 1in this
case K does not vary appreciably with depth.

Table 11 shows a series of K values computed for
filters using stone as a medium and treating various
industrial wastes.

The first set of data shown in table 11 relates to a
full scale plant using rock media and treating a Fine
Chemical Waste (25). The plant was operated at a recycle
ratio of 9 with a depth of 4 feet. The average BOD removal
was 53 percent. The low K with an average value of .06 1s
an indication that this waste was difficult to treat.

The second set of data in table 11 relates to a .ool

MGD pilot plant treating Phenolic Waste (26). The K values

for this pilot plant ranged from .1l to .23,

13



14
This fluctuation in K values 18 to be expected from a waste
of this type since it is non-uniform in makeup and subject
to shock loads, The thirg group of data was obtained from
a plant (27) treating the same phenolic waste which was
handled by the pilot plant. The K value of 0.14 for this
case 1s 1n agreement with the K values listed for the rilot
plant,

Data from a trickling filter pilot plant which was
opérated at the municipal treatment plant in Battle Creek,
Michigan (20) are shown in table 12, and plotted on Figure
10. This filter used "Surfpac" which is the trademark of
The Dow Chemical Company for their plastic biological
oxidation media. This is one of several open type filter
media which is commercially available. The lines drawn
through the K values for each depth in Figure 10 indicate
the consistancy of these values in regard to depth. Thus
1t may be concluded that the K values in an open media

type filter such as Surfpac do not vary with depth.
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TABLE 12 - SURFPAC TOWER, BATTLE CREEK, MICHIGAN (20)*
Flow

MGD Q % Efficiency p r Py log %l D K
.04 20 33 67 - .67  .17% 10.5 .12
.0k 20 59 TS R 41 .390 21,0 .1k
.04 20 79 .21 - .21 .676 31.5 .16
.04 20 &8 12 - .12 .925 L2.o .16
.12 51 57 43 - 43 366 21 .2h
.12 51 79 .21 - .21 .68 4o .22
.23 102 22 .78 - .78 .108 10.5 .22
.23 102 4o .60 - .60 .222 21.0 .23
.23 102 39 .61 - 61,215 31.5 .15
.23 102 57 % S A3 367 2.0 .19
.47 206 Lo .60 1.0 .75 .12 21.0 .21
47 206 51 .49 1,0 .65 .19 k2,0 .16
49 213 10 .90 - .90 .oW6 10.5 .15
49 213 12 .88 - .88 .058 21.0 .10
.49 213 14 .86 - .86  .068 31.5 .08
49 213 23.5 .765 - .765 .116 42,0 .10

# This i1s a combination of municipal and industrial waste



LEGEND
< 213 MGAD
O 206 MueaD
© 102 MGAD
D 51 MGAD
4 20 MGAD

0.3
- \>ﬂ\
1
<> : (
0.1 ) T
0.0
o 10.5 21.0 31.5 k2.0

Depth in Feet

FIGURE 10 - K VERSUS DEPTH FOR SURFPAC PILOT PLANT AT

BATTLE CREEK, MICHIGAN
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The same data were replotted in Figure 11 to relate
the K values to the hydraulic dosage rate. The K values
range from 0.08 to 0.23 while the hydraulic dosage rate
varies from 20 to 213 MGAD. These data indicate that K

is independent of hydraulic dosage rate.
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FIGURE 11 - K VERSUS DOSAGE RATE FOR BATTLE CREEK MICHIGAN
SURFPAC PILOT PLANT ’
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Data from the Surfpac Technical Bulletin of Plastic
Biological Oxidation Media (21) and other sources (28, 29)
are analyzed in Tables 13, 14 and 15, and shown graphically
in Figures 12 through 18. These data include the results
of at least several months of testing at each location and
are taken from full scale plants or from pilot plant oper-
ations set up at the respective industrial waste treatment
plants. All results are from composite samples., The
individual K values computed for each type of waste were
then plotted versus hydraulic load as shown in Figures 12
through 18. A summary of these data is contained in Table
16 where the different types of wastes are listed accord-
ing to thelr decreasing degree of treatability as measured
by K as a parameter, From the table it can be seen that
the waste with the greatest treatability was Domestic
Sewage (29) with a K value of 0.75. This K value was obtained
for a 10.5 feet deep roughing filter which removed 50% of
the primary effluent BOD at a hydraulic load of 183 MGAD.
This 1s certainly an outstanding performance for a filter
and this 1s demonstrated by the high K value, The waste
that gave the next highest véiue of treatability was the
Hydrocarbon Waste (21) with a K value of 0.56. This plant
employed a recycle ratio of 4.5 and obtained 91 percent

BOD removal.
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A K value of 0.30 was measured for a municipal sewage when
the pllot plant was not operated as a roughing filter but
for 2% BOD removal. One filter pilot plant treated pulp
and paper wastes at the same locallty with varied operating
conditions and produced different K values (21). A K value
of 0.27 resulted when the waste was treated at a tempera-
ture of 48 - 54° C and a K value of 0.17 was obtalned at a
temperature of 39 - 41° C, At a Coke Plant the Ammonia
Still waste produced a K of 0.30, but when the same plant
was treating Final Cooler Mixture a K of 0.19 was produced.
The most dAifficult to treat waste was a Paper Mill Waste
(21) which was from a source other than the Pulp and Paper
waste above, and produced K values of 0.15 and 0.09 when
operated on separate fllters with depths of 31.5 feet and

k2 feet respectively.
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FIGURE 12 - K VERSUS DOSAGE RATE FOR INDUSTRIAL WASTES
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(1) Pulp & Paper Waste
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FIGURE 13 - K VERSUS DOSAGE RATE FOR INDUSTRIAL WASTES
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(1) Meat Packing Waste
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FIGURE 14 - K VERSUS DOSAGE RATE FOR INDUSTRIAL WASTES
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FIGURE 15 - K VERSUS DOSAGE RATE FOR INDUSTRIAL WASTES
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FIGURE 16 - K VERSUS DOSAGE RATE FOR INDUSTRIAL WASTES



AND DOMESTIC SEWAGE

Dosage Rate, Q in MGAD
FIGURE 17 - K VERSUS DOSAGE RATE FOR INDUSTRIAL WASTES
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LEGEND

(1) Domestic Sewage and
Food Processing
Wastes (21)
K = 0.18 f .o4g

(2) Domestic Sewage, Midland
(21) (High degree of
Treatment)

K= .37 .osk

™~
-
¥
N

(1)

B

0]

100

150 200 250

Dosage Rate, Q in MGAD

FIGURE 18 - K VERSUS DOSAGE RATE FOR INDUSTRIAL WASTES

AND DOMESTIC SEWAGE



TABLE 16 - K VALUES FOR VARIOUS INDUSTRIAL

Waste
Domestic Sewage; (Roughing Filter)
Hydrocarbon Waste
Ragmill Waste

Domestic Sewage; (high degree of
treatment)

Coke Plant Ammonia Still

Pulp and Paper; (Roughing Filter)
fs 2 5us"

Frozen Food Waste
Meat Packing Waste; (Roughing Filter)

Coke Plant Ammonia 8Still,
Final Cooler Mixture

Domestic Sewage and Food
Processing Waste

Pulp and Paper; (Roughing Filter)
39 - 41°C

Frozen Food Processing Wastes

Paper Mill Waste, 78 MGAD and above
Effluent from Sour Water Stripper
Paper Mill Waste, 78 MGAD and below

© O O O O

WASTES

15
.56
.38

.30
.30

.27
.25
.20

.19

.18

.17
17
.15
.13
.09

¥ 288

™

.047

.084
. 006

I S

.021
.061
.068

[ b N A N

N

.066

IS

.0l48

Ll N

L031
7 .04y

Z o021



CHAPTER V - DISCUSSION

The data for this thesis were obtained from the operat-
ing results of many different trickling filter plants,
treating many different types of wastes from municipal to
purely industrial waste., The filters used for comparison
not only varied in height from three to fourty feet but
also in the type of media and distributers used.

Prior to the development of the new filter equations
by Howland (13) and Schulze (14) there was no way of com-
paring trickling filter plants having such different physical
structure and treating wastes of such different chemical
nature. Up to date the design of conventional filters was
based exclusively on empirical criteria geared toward the
treatment of municipal waste. Experience has shown that
these empirical formulations could not be used successfully
as a design basis for the treatment of industrial wastes,

It is believed that the new equations as they are
applied here not only make possible the comparison of dif-
ferent types of filter plants but also of different types
of wastes. This means that the value of the trickling filter
constant K can be used as a parameter to indicate the degree
of treatability of the particular waste, 1f the same physical

type of plant is used to treat the different wastes.

18
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Once a series of K values has been established for a number
of specific wastes these would provide a baslis for a more
rational design of trickling filter plants than has been
avallable so far.

In addition to the dosage rate, depth of medla, and
type and size of media there are other factors which affect
the performance of a trickling filter.

Prominent among these are temperature, and type of
distributor. However with the data presently available 1t

18 not possible to properly evaluate these factors.



CHAPTER VI CONCLUSIONS

The data presented in this thesis demonstrate the value

XD /Q2/3
of the equation p = 10 for predicting the treatment
that domestic or industrial wastes will receive on a trickl-
ing filter. The depth and the hydraulic load are physical
factors which can be clearly established. For the conditions
analyzed K varied from 0.09 for the most difficult to treat
industrial waste to 0.75 for municipal waste, and within a
much narrower range for each filter or each specific waste,
The newly established equation gives a better correla-
tion between filters using open type plastic media than 1t
does between filters using rock media. The author believes
that this is due to the oxygen deficiency that occurs within
the rock filter. This conclusion is supported by the results

showing the effect of depth on the performance of filters

using conventional media.

20
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