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L * .  SUMMARY ' !
. , ) . . ‘ , .
rd . N . - R ] a R .‘] v
-M@dule Number - MQdule Title | ‘ .
113822 : Intermediate Trickling Filters
. ¢ | { - —
Apx. Time Submodule Titles: .
20 Hours T 1. Types-of Trickling Filters and Their
’ Applicatiop., ) . .
. 2. .Hydraulic Loadings for Filters. - -
/ 3. Organic Loadings .for Filters. -
) 4. Recirculation Ratios - Calculation.
AN 5. Measuring Trickling Filter Performance
: . . Including Records & Sludge Volumes: -
. ‘ 6. Materials. and Design  of Filters.- 7
» . 7. Abnormal Trickling Filter Performance.
_ ' 8. Field Work and Visit to Two Trickling
. . + Filter Systems.. )
* ’ “y
' Overall Objectives: The trainee will be able to calculate organic,
loadings, recirculation ratiés and .% removal for trickling filter
" operations. The trainee will also identify types of filters, normal
and abnormal performance by correctly compléting’70% or .more of the
corresponding éxamination;section. . .. .
.\ . " . : - ' 7
Instructionals Aids: Overhead Transparencies 3
’ . ' - Handouts and Workbooks Pey
- ‘ Diagrams, ‘ ‘ .
- : ° Check Lists T .
. ) .Instructor Key Points
- O( "“
P . ‘ . . oy .
. InstructorgApproach: Submodules -1-7 § °
i i . 4 Lecture and Discussion \
3 Sybmodule 8 . - T - .
) Demonstration, Discussion and Short Lecture !
"+ Reférences: . N .
x - . B . - ° . . -
.o ¢ . o -
. 1) WPCF'- MOP"11, 1977. Toperatiod of Wastewater Treatment Plants".
-~ 2) Fair, Geyer, and Okun. "Water and Wastewater Engineering".
~ 3),EPA-Technology Transfer Séries - "Land Disppsal of Sludge, -
‘ Estgmating Laboratory Needs for Wastewater Treatment Plants",
4)’R‘\Layton; Persénal Notes and jeaching Outlines, 1%70-1877.
"5) 6. Fair, J. Geyér,, and D. Okuan, 1971. "Eleéments of Water Supply
’ . - ™" _.and Wastewater Disposal™. ) ’ ‘ [T ) ‘
- ;6),Pub1}c'Works Johrnal;‘%ﬁlp. "Handbook of Trickling Filter Design".
-, ; Y . . e .
o . ' -
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»i) R.. Antonie, 1976. "Fixed Biological Surfaces-Wastewater Treatment"
8) Metcalf & Eddy, 1972. "Wastewater Englneerlng, Collection )
* Treatment Disposal®. o'
9) EPA-1973%\ Environmental Protectaon*Technology Serles. "Application
. of Plasticq\ Media Trlckllng Filters for Biolbgical Nitrificdtion
Systems".. B . ]
.. 10) EPA-1971. 'Trlckllng Fllter Treatmeht of Fruit Processing Waste ~
) ' Waters". Water Pollution Control Research Series.. ~
-ll) NAVFAC 1969. "NTTC Course- 216, Intermediate Sewage” -
- R ° 7/ \)
A . o .
) N ' ’
ADDITIONAL' COMMENT L
N

K4 3 ) %

1) Instructor w111 follow detalled audio visual presentatlons and
ST checkllsts - dlstrlbutlng materlal to t:iinee as ‘indicated.

2) . Instructor will evaluate *rainee objectives accompllshment by

* (a) field trip assignment, and (b) 50 question examination (written)
at end of the basic trickling filter module.* All six of the 'sub-
"modules use the same type of instructional ‘aids and 1nstruct10nal %
approach and references._ < o .
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. Module No. Module Title ;
113E22 .- ~Intermed1ate Trlckllng Fllters
2 Hours Submodule'Title: N - *

¢ (1l&:2 of 2))

Types of Trlckllng Fllters and Thelr

4 Applicati R
L | :
v ) @ =
. . f - A . ’ f v P
Objeqtlves: « The traJQ?e will: y .
-, !
L 1) 'Describe the four types of trickling filters.
2)~‘Ident1fy normal charactetristics of each of
_ - ~ the four types of' trickling filters.
)
o1 < 3) List examples of uses of the four types of
N trickling filters in wastewater treatment.
. 4) Tist expected performance levels for the
‘ four types of trlckllng filters 'and diff-
) / erences expected among the four.

: - ' 5) List area communities or industries using
e each of the four types of trickling fllters.
. , _6) Describe the terms, hydraulic loading, ,

‘ ’ orxganic loading, and ‘'wetting rate.. '

. . 7) Describe energy uses for support 'systems
.. used for the-four trickling filter types.
¢ ) v - " _ " ’ e

/, - N
o - END.
L) 4 - -
» LY » L) '

L2l 4."2‘:_:‘




el - ASIC TRICKLZNG FILTER - 113H22 MODULE ™" »
T . Instructor Lession Guide - :

SR "~ . Hours 1 & 2 of 20 . . . ' \\ .
_Ovérhead S o ! : T Insﬁruqtor ..
Slide # ' 8lide Description ‘. * '. Key Points .
. v . - v, . . , ° N : . - y
) ~ . . ° » e . “ A .
1 - Trickling Filter Doés (Not "Filter | 1} Stress Aerobic, Bio-
“ 5 ' : ‘| logical .Action From )
N : 1/ Previous Module-Review ’
- > o ' . i /s -
2 Food (Sewage) S 1) Reémphésize aerobic
. S - : Nature Process
Oxygen (air) {—' * .| Punction of Convertlng
! . L . . on-settleable So6lids
Buygs (growth on media) -+ ' . .| To Settleable Solids
. ¢ . . ! + (Humus) -Review ™
T e - . . . . G
- v & l\ - . - - ) v * . L
. n a - — 3" } )
: 3 BOD/N/P - ‘ | 1) Reemphasize this
~L 100/2/1 - . 41 Conéept =~ Review
v e ’ ’ t. ' ' (
. 4 " Trickling Qllter Optlmum  ° 4.1) Ne Toxics, Sewer Use
¢ y “ Conditions -~ . ‘Ordinance Enforced and
. ' . ' . ~ | Corrett Conditions Ess- ,
. . 4 ent1a1 for Optimum Fllter
* ‘ ) "« r + | Action (Rev1ew) s
-~ ¢ ] . . . .‘: ) . LA L . R AV > . -
5 Trickling llter Types by . lf-Read SlidewRefer To
Applicatio Rates A WPCF MOP 11, (reference),
/ . - L ]
1). “Reughlng " Fllter . . 1'2) Discussion of Each.
(%2) Low Rate Type Will Follow
- . 3) ‘High Rate - 2 :
o - 4) "SUper" ngh Rate o .
- >
. - — ) ',«g
6 Roughlng Fllter. : 1) Word Sllge~DefIne Term-
. . Rock or PlaFtlc’Medla e Give Spec1f1es of Unit -
T - | * Up.to 20 Ft. Deep " ,
; - bsed to Prétreat Righ ‘BOD : 2) Explain "mgd" nulllon
o . . Wastes. . S gallons/day ' a
N \Hydraulic Loading . : , '
‘ o ' 60-180 mgd/acre OR ™ _-.. . , 1 3) Explaln gpd and £t.2
- .~ |-.. 1400 to 4200 gpd/ft.2 AR : -\
e - Organlc Loading- ’ “| 4) Explain the terms -~ . -
, ' . ., >100§1bABOD/day/1000 cu. ft hydraulic (flow) and. .
// ’ N , organic. (solids) loadings' .
\) M . ' . COntaned. s e s . ’
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May or May Not Have
Recirculation - .

.
AN

.{Q_._

"t

N Fe

5) Stress Re61rculatlon
Idea as hey to Optlmum
Trickling Filter BOD i
- Removal

e ,-\ v e . N

o

B
— T

1) ‘Stress iigh BOD of

-

17 Examples of Roughangf Fllte)
Uses: . , These Industries. Exagmples |,
, 1) Breweries of up to .100,00¢’ ppm BOD. - -
2). Food Processing Wastes / )
3) "Poultry, Eviceration, - 2) Descrlbe.Use of Trlck-
Slaughtering Wastes ling Filter for. Treatment:
. 4) MiTk, Cheese & Whey , of Phenolic Wastes. Small
~ .Processes . - Levels of Phendl Gradually
4 5) Toxic Waste Handllng Increased to ngher Levels.
(Phenois) .
— ) . N
- -< T 4 o - - o
8 No¥mal "Roughing %ilter 1) Ask question (Word
Performance" - ‘ Slide)’ : .
What is Expected? g - -
. " /1
9 Expected Pefforménce: , . — \ 'S\’
1) Low % Removal of BOD, 1) Show. gﬁ\\ BOD to Filter
(40 to 65) bhut Very High T of 1000 mg/1 with 500 mg/1
‘Total Remowdl . i Effluent is only 50%
. ’ ‘ Removal, But Rkpresents
Many ..Pounds -{4170) /Day
. . of -BOD Removed.
2) Low Nitratg Level$ Some 2),Review Nitrification
Nitrite and Ammonia or, sProcess NH}——»NO‘@FbNO‘ =
Ammonium Ion Present “Only Partially Complete . -
3) Some Odors. (Difficult to | 3) Stress4BOD and Oxygen
Keep'Aerobic) Few Flies 'Relatlonshlp - 5y
4) Sloughlng - Ustally - 4) Deflne “Sloughlng"' nd
s . Contlnuous “\ , Why conylnuous.sRedeflne
||Humugu . i . .
Where have You Seen Roughlng

.

.Enlters Used?

v

£

»

1) St1mu%i£;[Class Partici-’
« pation ifi<Where E ghlng\7
~.Filters are Used and- Wha

Problens ' are Observed. .

o 2) Instruciis Should be

" Familiar With Specific .
Roughlng Fitter Installa-
tlons and Those Close to
Area, lf Posslble. -

$

Ly
. U 7




Low Rate Filters:

. (Same as'"Standard" Rate)
*Usually Rock Medla.
6 to 8 Feet Deep. )
" Used ip Domestic Sewage - .
Treatment
Hydraulic Loading:
1l to- 4 mgd/acre OR °
25 to 90 gpd/sq.ft.

' - Qr an1c Loadin
N\ g g:

200 to 1000 lb.‘BOD/day/

acre ft. OR

5 to 25 1b. BOD/day/1000
* ft. ..

“"Usually Does ¥ot Have
Recirculation.
Usually Has D051ng Tanks,

.~ or Slphon. .

[

Standard Rate

,i) Discuss Problems with

Rock-Breaking, Clogs, ect;\

3) Define "Domestic" as 204
ppm_.BOD, 0.17 pounds/ ¢

Vcaplta/day .

P
L

3? Answer {Juestions About
Hydraulic and ‘Organic Loads
(Termlnology Only)

" 4) Dosing Siphon Means

’

Normal Low Rate Filter-
.Performance.
What is, Expectged?

l) A§k Questlon (Word
S}lde) §

_1) High BOD Rempval 85-90%:

Expected- Performance: , .

2) .Seasonal Variation in .
Performance.
3) ngh Nitrate (NO3) Levels-

Low Nitrite and Ammonla

y

4) Some Odors Some Fllteﬂ Flies

5) Sloughlng- Intermediate
and S€asomal in Nature.

S

’ \

l) Stress Seasonal and- °
Uncontrollable Operation.
2) Re+emphasize Nitrifi-
cation.”

3) Odor  Control - Good
Housekeeplng-Aerdblg
Conditions Maintained.
4).Fly Control Discussed
Later.

5) Humus and “Slugé”‘
Cbtained-(Not a particu
problem unless snails- }&F\\
discussed later).

Where are Standard or, Low :Rate

. Trickling Fllter\Plants Located.

"“Near I1ere'> -

1) Stinulate Class Part-
. icipation in TLocations, .,

Problems, Solutions, eto.
2) Instructor Should Be
Familiar With- the.Plants
In.the Area.

\
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"High Rate Trickling Filters"

. Usually Rock Media. . o
3 to 8 feet Deep. ' .
Used in Dopestic and

. Industrzal Waste Treatment.

. Hydraulic Loading: . N
5 to 40 mgd/acre 2 j e ¢
100, to 900.gpd/ft.c ™~ -
Organic Loading:
. 1000 to 1300 1b./BOD/
" day/acre ft. 0O
25 to 300 1b.
1000 £t.3 .
Almost alw Has Rec1rcu1atlon.
. No Dosing Tanks. S
‘ Reqﬁfiés Pumping and
Electrical Costs. T o=

gon)d

- s
- Yo

1) Stress Differenge
Between Low and High Rate.
Filters

2) Answer Questions on h
ConceEt of Hydraulic¢ and
Organic Loadln !

3) Discuss Ene gy Consid-
erations for High vs bow
Rate/Fllters, Pumplng &
Kj&eetr1c1ty Costs

s
.

.,
~

(.

Normal “High.Rate“'Filtgr N
. Performpance. "What is Expected?

¢+

.

.1) ‘Ask Quedtion (Word o
Stide)

4) Few Odors and rlies,!
- - But Depends Up Operational
. Coﬂtrol. . -

¢ R
Expected Performance: - - '
1) Goéd BOD Reduction -. e
. 2) Seasonal Variatlons Not

as. Great as Low Rate but .
Still Exist.. ’ T

3) Good-Nitification,

However, Some Nitrite and - .
Ammonia Present.

5) Sl}oughing-Centinuous-
Seasonal Variation

2 - - .

1) Use Word Slides and
Stress Key Points.

v * PR
.
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Where Are "ngh

I) Word Slide-ask .,

.19

Zate" Tr1ck11ng
Filter Plants Locate ' Question — o

2) As Before- Locatlons,
. / Problems, Solutions

N .| 3) Instructor Familiar.
"/' W¥th Area Plants. ‘
‘. 0 _ . ‘ ‘
"Super ngh Rate" rr‘r:v.ckl:v.ng

Filters: =~ .
Usually Plastic Medla ; ‘
Up to 40 feet .
Used in Many Domestic and

. Industrial Applications.
Hydraulic Loading:
"15 to’'90 mgd/acre.

350 to 1000 gpd/ft,
Organic Loading:

"+ 300 1b.BOD/day/1000 ft. 3
Usually Has Recirculation.

'No Dosing,Tanks.,

Requires gﬁmplng and. Elec-
trical.costs.

Forced Ventilation Often
Used. ’
"Wetting Rate" of 0 6 gal/mln/ft

Impprtant in Many. Plants

2

1) Stress These as Th
Trickling Filters Bei§§
Installed at Most New
Trickling Filter Plants.
2) Plastic Forms Ggod
Surface’ for Growth.

3). Emphasize Hydraulic
and Orgahi¢ Loads .
4) Stress “Wettlng Rate"
Coneept.

5) Stress Energy Concept
of Electrical and Pumping
‘Costs and Forced Ventila-
tion Cbsts (where used)

—
-

.
¢

20 Normal Performance of . '1) Ask Question, Word
WSuper High Rate Fllters“ . ] 8lide, ~ ’
What 1s Expected? . : A
: < rd 1"
21 Expected Performance for 2 > | 1)-.Stress Loadings Vs

"Super High Rate Filters".

What is Expected? oo
1) Good.BOD Refoval-” 65~

90% -— Depends Upon Loadlng

2) -some Seasonal Variation
3)+.Intermediate to Excellent
Nltrlflcatlon—Depends on Loadlng
4) Few Odore, Few Flies

5) Sloughing Contipuous (Seasonal)’
6) Media Breaking and Clogging
Less common than Rock Media

7) Towers (40 £ :) Often Used-
Filter Ventilatlon Can Be A A

*

Problem, -* I Septic-Problem!

' Performance for Each Ttem

v cp S
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N [ ‘ ’//' .
\ 22 Where ar;6VSuper'High Rate"
' Filters Located? -
t ;l* b
. ! - & s ) . * R //. v // » - . -
© 23 What,aré the Four Basic Types l)/Ask'Qu stion
s of ‘Trickling Filters? p Yo .
A - - % e
/ . N — : .: - Vs
24 .Right! \ LT ord Slide - '
N : 1) "Roughing Filter" L
¢ 2). Low Rate or Standard Filter . R
o 3) High Rate Filter . g
e 4) "Super High Rate" Filter - - g AW
- .“ i .’ . . “ ) ) K kY
» " . = . . f Y
25 . How-do We Classify Filters? " 1) ‘Word Slide
\ " - Y N - . A ; /
\ f: < :
26 Right! : - ;
e 1) Rock or Plastic 1) ¢Review I
) . 2) Depth - .
3). Uses -
4) Hydraulic Ldading '
5) Orgigég,zbading . S -
‘ 6) Recirculation '
7) .Support Systems - Pumps, .
Forced Ventilation, etc. ' )
"8) Expected Performance o
. 27 Qdéstfé%s? B : l)JInstrﬁctor”Use .
/ | Remaining Time with
. o Questions and/or Discuss-
, ion.., - )
. . -
.o . - END -
-t
A ", ’ | -
. , ' L -~
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Instructor Approach:

Instructor, seated, will write and work examples
. on overhead projector ‘acetaté film, Have trainea
work examples' in workbook. - :

4 & ° r 3 . ’ "‘\ L .
’ - - + ‘c
- LY f ¢
. . ®
, TN . . ‘? \
. 1 L I . . - . *
oL SUMMARY, . , _—
L 4 s : ) .‘ 3
o - 4 . ’
; . . ) o > a ] oQ K s : .*'.
Module Ntmber Module Title ., . - et -
113H22 - ‘Intermediate Trickling Filters) o :
9. . * ) N - <t toe v
Apx. Tme . ~ ' Submodule Title . . _
Hours 3 & 4 . . : - v . . -
- 2 Hours'™ . -. “-.+ Hydraulic Loadings for Filters - . .
¢ Y ) ’ , ‘ ‘\g‘\' ° .. .
v . < ."~ . . .
TN : ; N ¥ ..
.. . v. ¢ 3 ., . . . . ~N- \ .
Obsgectives: | TRe Trainee Will: - g
. x*%\ /1) Talculate éreas,of a cirecle and rectangle. -~
2) Calculate trickling filter acres when given
e . rectangular and circular'méasurementlpf length
o S 3) Identifyunits of flew commenly used i
) ' * trickling filter application -~ - _, |
) ‘4) Calculate hydraulic loadings using an éxample
) . trickling filter problem ) oo
] M . - ‘ . {\ =
Instructor Zids: Ovethead Projector with Acetate Roll.and Felt
‘ ' . . " Tip, Marker (Alternate-use chalk, board). 5 ) 3
.. . : - v
' ' Handout and‘*Workbook g A
e . 4 * - e ]
’ ° - . . . - .
0n9,0verhééd,TranSparency ] ®
L ' a = -
0 . Fa .. - T~

. . - .
\ -
. . ¢ . - ~ .~ -
kY ‘ Y3
« ‘e L e
L S * >
= . * N i 4 i
[ - hY -
- ~ - M ~ \
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*
-
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i - |LESSON OUTLINE oen . — /
- L ' Hburs 3 & .4 of 20 . ¢ g

Hydrau%ic Loadlngs\for Filters ./

.

|

Insn ucﬁor will be seated at overheag progector and lead discussign

- . and trainee work as fqllows ' ) , 7
Yol . ¢ IP ‘e - :‘;\ b N~ . " .
= v - . ) . 2 },“@ 4 . . . " - .
. . Y ' < Z N i
. iy Item | Ingtructor W s the " Instructor Key Points of
; . A{ ¥ Following:’ €Y Ji Tk Emphasis,
: 1 i? Hydraullc Ibading - Explaln concept of hydraullc
= ) : ‘uolume/tlme/area - load- optimum removal with
eli e . correct load
o " ’Example - ‘ .
, gal/minute/ft .2 Explain area is square units
h or ' - y
million gal/day/acre . Explain foot x foot éives
. mgd/acre ‘ C-ft.2 or sq. ft. ;o g
. P l . _same as feet X feet = sq. ft.
¢ i e, “, L or [
. gallons/day/Sq. ft. ‘ Explain: gpm, mgd, cfs,_"">
’ : . as'terms of floWw - -~
o -MQ_.&St.:lOnbs? R ’zi* Lo AR
\ e
r o - - : .
v g )
v - - ” < -
‘t T ¢ $. v _
: - . L
. }
,3::— ) ‘ ’ ) .'9’ . ) {
: o . 13 T /]
¢ ’ ' L :‘: e P
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Instructor ertes the
Tollow1ng

i

" Instructor Key Pélnts of.

Bmpha51s ) .

L2

.1 acre = 43,560 ft.2

R}

. 43,560 ft. 17acre‘

or

-

AN

208.7 ft.

.208.7 ft.

.4 acte‘

A Y
Step 1 . . '
Now -"calculate how many
acres are in strface with.a

length. of 500 ft. and a. W1dth

of 500 ft,

1 500 ft.

>

length x width
500°ft. » 500 ftc«
250 000 ft

A

[N

Step 2 .
1 acré‘ZEZ§,56q ft.2 v ¢

. . 80

[

s P 5 {
500,000 ft.

.11.5 acres

Questlons'>

1208.7 x 208.7 = 43,560 ft.2

Length x W1dth glves surLace

- area

or [ L e

.

\

-
¢~

Allow apx. 3 or 4 minutes .

to have trainee get answer.’
b

s8lide rule,

calculator,

hand math

o

Empha51ze;lmportance of unlts‘
ahd faétor cancellation’ -
concept. e.g. ¢+ .7 . Loe T

.2 -
ft . = acres ST e
2/acre




o

Aruitoxt provided by Eic:

- o

L - * " )y R 2
- M. - \(\ e A ! . B
- ‘ i . ) ‘ )
4 . . . , ‘
2. o '
Item | “>~Instructor Writes: the . 'Iné;rpctoxfggi Points of
# . Following: ’ ‘Emphasis: oL
3 To calculate surface area-of. Define rectangle - -
: a rectangle: . ' S
Area ;vlength x widgi ft. . x ft. = f;.z
ul I : ‘- . . or e
.- Area = sqg. units ,' : sq. ft. A
_ "sq. ft. . ’ - -
T : acres, . N
’ . ——meters? - . .. d
in.CheSZ » ! 1N
. . R ’ AN - .
’/ b " \/
o Another Example:
s . 2 )
A trickling filter 25 ft. ‘e
long and 20 ft.' wide, ha’s. i & .
what - surface area? ) <
. - ‘ \ ' ; - H
Solution: : . ¢ .
,/‘:A.V= l X W" :},’\i“; a N * . . - . ’ ! ’
- A = 25 ft. X 20. ft. . S g \
.-+ |+ A =500 ft. S _ :
< ,0r : , . .
» 500 sq. ft. B i :
¢, & [; } ~ . -
' Questions? ) : . ,
o — p N
t T : g ’
H 2
‘l

agn

Azt
7




- Kl s " . . .
’} * ! ) . § L ) R
- b ] ~
. e
L
) Item Instructor Writes the ’ _ Instructor Key Points:of |
. & Follo 1ng i . - . Emphasis  -. e X
N * _’ . '}1!;! - . o * ' P )
.o . . . - ~ e “ .
4 *| Ask students to find.drea of a . lait 5 md rute's after giving
trickiling filter 200 ft. long .. problem ~Tgive individual .
% |- and 400 £t. wide. . help - then work withe - :
., Also, how fmany acres? _ - : Pverhead ) oY
” /‘;":) ‘ i e - \ : . * . «
~  Solution .
L P A s ; X W .2 | -
: A 5200 ft..x 400 ft. '8000.0ft. I ‘ )
! . 1 and o ) . S
. : 2_ ] S ’.0 LY ., » .
‘ | 80,000 ft.< = 1.8 acres _JLook for. "lost look".on faces
: . 43,560_ft.</acré R - for those not ‘working.problem.
- — . "_g w
o Questions? - ) ' - ITwo’ concepts (a) surface area
) . . of rectangle and (b) calcu-
.. ' ' lation. of acrts - the point:
R 2N * s : < '
~. : , , s o
Y . 1 0 & * ﬂ'/‘ . " ;’ ‘b
Vo — X
- } ‘ re © ‘
4}«‘ ! . * éf}
N < ~ Y ’ .
e N . ' R \ . %%
;”) M ',> ~
oﬁ ‘. 0! . . / . \
, . . . \ )
" -—
y / . " . A
. ) . ? o /\.. -
) - . M - ’ 't
> ¢ I ’
. Lo16 - I
. M A ' . ’ »
. \ [




v )

; PR - ’ : B ] N PR }
o - . ‘ Y, |
: . o2 A . B
L3 Qo '3 . 1
’ . N “ [+ .
“Item - Instfuctor erteé the E Instructor Key P01nts of
R e g Fol : . ¢ Em ha51s.
e, T E| Following: ‘ " PR
- . . ' ’ - :
. ) . ‘. . > . . . v\. v = A ]
5 Draw a»ci%cle : R = radius-= %.4 ;
: ) : L ° d = diameter = 2 x R
’ ’ SR S ‘ .P-%
- F) ) ' ) } .L L
. Can determine in a plant by .
. \ (a) estlmatlng walking, etc.
A (b) tape measure and (c)
~. ¢ blueprints: (scale) - — -~ —- -
o " and . - . ; ¢. s L .
Show radius and diameter -,
‘. Area = 7r R2 ) "Pie are reuhd, cornbread is ‘
f= 3,14 (no nits) square?. Corny, by it works!
, R = radius . ' -

) - R x R = square units . %
‘ SR IR % -
’ A = 3'0 14 X.; R' X R' 4 o v . N - 4',-1\ -

s . . R M . AR
- L K or . . . > J N ‘
f-1 & = 3.14 % ft.2 ) L -
: or* . '
. Other area units »
- f \ i L :‘ ‘”? . g;.'g - ?
v Example: A d=2xR ‘
. ° X . \ SO r '
: 607 /2 = . ?
} \ - / ft
N N - v .‘:i .
) Trickling filter diameter- . , : \
: - N = 60. ft. Find the area in i ‘ .
- square- feet:and the acres. . oot ?_‘”
.. Step 1 . )
« . . ' 5 . *
~d = 2R ’
60'/2 = 30 ft. = radius - - K
- radlu;-:.2 30 ft. ' 7 . , -
¥ - A qu .« 2 1 3 g
so . ’
] _A = 3.14 x 30' x 30" Gﬁeck §§ see if decimais can
. Work Out ‘(;? o ed.
. : ¢ A =
“ , -
7:: ) . R ' CT " K
" . ' 3 oo :éi‘




[ —
&=

continued™

3,14 |
x 30° '

104.20 ft. .

and J. “
104.2 ft.

x 30 ft.’
3126.0 sq. ft.

.Answer = 31260 ft.2

Questions? :

Cchulatg Aréas?
° \‘\ ', ~

3126 ft.2 :

43560 ft.2/avre = 0.72 acres

Questions?

. ~

. One More Exam H

‘Trickling Filter.with 200 ft.
. diameter, is how many surface
acres? X .

A ='er2 . .
A= 3.14 % 100" x_100"
- Area = 31,400 ft.2 .

Acres= 31,400 f¢.2

[N

Questions? -

¥'.72 acres
y 43,560 ft,?7acre"‘ N

o

<

~

¢

4
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{n

W A
Instructor Writes the
‘Followihg:

i

<Instructor Key Points of
Emphasis:

_ Hydraulic Loading:

. -

‘ volume = 2 gal

Area

volume/time/area °
IE: P |

2 gal. flowed.to a filter each
minute that was 1 ft. long
x 1 foot! w1de, what is the
hydraullc loadlng° y

k'
s

time = 1 mimdte . '
area = 1 ft. x 1 ft. = 1 ft.2

. S0 ~ ‘
hydraul}c load = 2 gpm/ft 2

or -
1 million gallons flowed ¢o
a-filter 208.7 ft. long an§
208.7 ft. wide. What hydrauTic
loading in. mgd/acre and gpd/ft.2
went to the filter?- .

o

1 mgd = 1 000 000 gpd

R ” ¢
L R .

R

hydraulic loadevoIume/time/area -

-

{ or.

7 -1,000,000 gaf./day

Area = 208. ft ‘x 208.7 ft.
= 43,560 ft.

so
=1
Loading-= 1,000,000 gal/day
43,560 ft.<

-

Loa}inq 22.9 gpd/ft.

43 ’O.ft.gz- ? Acres. ‘
.43,560 f£.2 - \
43,560 ft. 2/acre =1 acre

Sp loadlng is

.

1 mgd/acre (low rate),

L -

: Quest;ons?

Compare to mininum "wetting
rate” for plastic media
filters. *,

Fixed nozzles-

Review this cdnversion

RIS

H




-

Instructor Writes the
Following:

Instructor hey Points of
Emphasis: o0

_Calculate the hydraulic
loading to .,a trickling filter
as mgd/acre and gpd/ft.2
If-the filter is 100 ft..long
and 100 ft. wide and receives
2,500,900 gal of sewage each
day° .
C Solution: .
Step 1
2,500,000 gal/day is 2.5 MGD
Step 2

Area = 100' x 100' =10,000 ft2
Acre =-10,000'ft.2 = .23 Acres
43,560 ft.Z2/acre

2.5 MGD/.23 Acre:

or »
2.5 MGD = 11 MGD/acre ™
.23 acre .

ind" gpd/ft.2

500,000 gpd

ea.= 10,000 ft.2
so - i

2,500,000 gpd —-250 gpd/ft 2
10 000 ft.2

- . Low Rate or High Rate?

N

’
Questions?

’7 —

Writée the Problem. ’. -

Wait 5 minﬁtes

Assmst non-workers or
confused: trainees.

]
N
.

High Ri}e (See- Table)

- \k
T




’

Ingtructor Writes the
Following: - v

~

Instructor Key P01nts of
Empha51s'

N
®

—

Given\é circular filter

diameter of 200 ft. and

flow = 5,000, ooo gpd ° -
Find:

‘Hydraulic loadlng in gpd/ft.2
and mgd/acre

Also, what type of filter is

it? Low? " High? Super High? .

-

I

Solgtion:f

Hydraulic Loading:

5,000,000 gpd = 5 MGD

diameter 200 ft. ‘

radius = 200 ft. = 100 ft.
T

Area ~'ﬂR2 o o
= 3.14 x 100" x 100'=31,400ft2

»

sé
Loading in gpd/ft.2 is: i

'5,000,000 gpd -
31,400 f£.4

.

159" gpd/ft.2

-

Loading in MGD/acre <
'MGD = 5.0

~Acre ?

 Area

31,400 ft.2

Acres = 31,400 ft.2 =
43,560 ft 7/acte

Loadlng = 5 00 MGD .

0.72 acres.

72 Acres

=

! Loading = 6.5 MGD/aére‘

, Low or High Rate? (High)

¢

_Questions® -

.

'S -
gk .

-
G1ve Problem. -

Walt 5 10 mlnutes
Help Problem Trainees;

r
Work Together U51ng
Progector

R N ;
L ~
r

Review. this step-

A

< I8
£

’

Ve |

SHOW. OVERHEAD #1




-

CA M

N —4 :
Problem #°} - ) . Details .\
.* R (-l v B .
o L °
1 "Flow = 3 MGD- CT T he
DRametef of .T.F F, = 235 ft., )
Find MGD/acre ' ’ ‘ L. 3.0
What type of filter? " Low .s
. ’ . - 3 - .
2 Flow'= 3 MeD ~ =~ ' - LY AT )
-Diameter = 100 ft, ~ ’
; ‘Find MGD/acre ) - 16.7
I?haE—;ype of fll??r. Jo hlgq\
3 Flow = 10,000,000 gpd .. ~ .
Diamete? = 160 -ft. —_— , ’ >
Find gpd/ft.2 o 497 gpd/ft.2 .
What type of filter '{,; ' > Super High
{ . . . ‘
N ¢ — :
4 How large should 2 tthkllng«u ) 19 m d =5 §GD
‘I filters be to handle. 10 MGD - 2' ..~ each ’
= + .| of sewage if they are designed’ . LR
. as low rate filters? - ~ ‘So, no smaller
(acres & diameters) ° ' -, . i+ than 1. acres *
PR o >each or 132 ft.

diameter
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. e S A : ' . ’
§ ; ; SUMMARY ,
r 4 B . O ] . /x’j .
Module No. * Module Title , ) : . !
— 213H22. . .Intermediate Trickling Filters ’ )

\Apx Time 'Submoduie Title - '

2 Bours - .Organic Loadings for ‘Filters

'Hours‘s &..6 - ' : ’

- ¢ -
. % .

Objectives: - “The trainee will: . -

-

)

Calculate volumes of rectangles and cylinders.
2) Calcqlate Trickling Filter volumes when .
given filter measurements. )
3)% Calculate -organic loadings as commonly *found?®
% in trickling filters.
Identlfy and calculate "acre feet"
.Cénvert mg/1 to pounds/day, given flow.

]

1)°

4)

.
.
\

N d

Instructor Aids:

Overhead projector with acetate roIl and felt
tlp markers (alternate:" use chalkboard. :

v

- Handout and\ workbook.

One overhead transparency..

-
-

—_—

»

Instructor Abproach:

Instructor seated, will write and work examples
.on overhead projector acetate film. Have tralnéf

work examples. ~

-
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) o ‘I . v s
- . . - , . . : -
. ; .‘ J‘_ — —
. Item Instructor Writes the Following: Instructor Rey Points of
el # . 7 . PR Emphasis . e
. " H ! Q ‘e . - * ; ‘ ' )

- 1 Organic Loading (Food) ‘ . {1)Food to media ‘volume assures
. . pounds bf BOD/day/volume ' ogtimum operation'’ .

; > ' pxamples: = | ‘ 12) Too much is poor

” nﬁ: -~ ‘( . ¢ ‘ . - « - .

) L 1bs.BOD/day/adcre - foot ‘ "13) Too little is poor .-
Y] and, : oo ‘ o .
lbs.BOD/day/1000 cu.ft. 4) Septic or poor growth- ,

-~ Questions? : \ TNl
* » * . . f , -
* »
- \ B ‘;’x Y ,
- M .\' g '
w Ed v
2 ¥‘ > _ - P - L4 .
5 > . . v
& B ' hd v.s -
» - .
9 = “ - b B
< ' i
- E ol
vy . . + - ’
. —
. \\ ° <
w . 1 )
-~ s v e . o ‘ I
A\ (3 -
\ ? ) M
] . -~
. -
i,
« . N ’
f . N < -
. . 7\ N ‘
‘ . . i ‘\\ - R .
’ - i a\ - ' ‘_ v . M

. ( \\ -

- o "\ s - .

\ \

‘ . ’ % . . ' »
- ll )
\ . . , .
A -
° A\
- " ¢
- . ra .
- L .
* \ . . v
/ - ' \ .
o it -
) . g 24 M ) ~
Ic S o
e e e e — - - . -

. -
- - . . -
. . a




N

Instructor Writes the‘follqwing:
’ & §° .

o

P
v L

Instructor Key Points bf
Empha51s. .

§

Acre = 43,560 ft2 2
1 acre foot = 43 560\ft

: \
K
’

20./8.7' ! - \\ N N .-

\

208,77

, - ’
1 deep

,/

" Contents of box = 1 ‘acre/foot
(1 acre foot=43,560 cu. ft.)

.

\\Y ' *
Irickling Filter is 236 ff. in
diameteér (118 ft. radius) ‘and

7 feet deep. How many acre feet
does it contaln.‘Z - L

y . ¢

Solution:s . “ »

. Example:

Area =mrZ : ‘
XA = 3.14 x 118' x 118' .
A = 43,721 sq.’ ft o AN

, o
Acres.= 43,721'f1:’.2 = 1.Q.acre
-, '43,560 ft.Z/acre gﬁagf>7

£

s . v . X . ~~
Acres x feet = acre feet.
1.0 ¥ 7.0 = 7.0 acre feet,

- Example 2: f‘
A, square filter 100 ft. long.
and 10 ft. deep contalns how

. many acre .feet? »
Solgﬁlon: -
Area = 1xw N
Area = 100' x 100°
, Area = 10,000 sg. ft.
. . [ ¥
Acres = 1ofboo ft.2
. "43,560 ftZ/acre
Acres = 0,23

Acre feet = acres x ft. deep
acre feet =0.23 x10=2.30 ac.

‘1) _Review

ft.

. -
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P . . A}
Item Instructor Writeg .the Following: | Instructor Key P01nts-of
T ; . Y T e o Emphagis: - .
'R * < @ ) . . N ] . . . ‘g * « N
L3 Organic Loading requires -.1) This may, be a review for.
. ® o - le pounds of BOD5/day Given \| some trainees and new mater-
‘. . ‘ . mg/r ial %pr others.’
. 1bs.B D5 =8:34 x mgd X mg/l ' | o . . ;-“-
' /aay o ' . - T Ll M
- - . ... Example: '. - . . N ‘o
‘ ! . Yo~ . . h * s . ’ ¢ -
g -~ | Influent .to filter is 135 <t )
ppm BODs. The flow is 1 MGD. ’ v
. i The poupds/day Os BOD is . - )
S ’ found- " - : )
‘; oo 1bs. ‘=8 34% 135 mg/l x.1 MGD ) ) ‘ .
A day . _ , . . s
- . or ' . ® ( . .
“. - ~ . , L
S " -1bs/day BODg = 1126 1lbs/ddy —
s e | - ‘, Example 2; ) ) " 2) Just ‘to. be sure
fnfluent'tc'filter is "* 3) Allow S minutes to work;
180.mg/1.ﬁtht is 1lbs.BOD/ = then work "together. ‘
day £éo*a”3 MGD flow? .. - |~ C . -
) : Solution:. n ;- .
¢ , : b
. lbs. BOD5 =8. 34 X 3 MGD X 180mg/1 S . . -
gL Taay y o o .ot
T B D
. ‘Questions? o
.




o ¢ . ' ) N ) ~
- = — . -
Item Instructor Writesg the Followlng-/f’Instructor Key Points of
# . N Empha51s. . ,
. 4 Organic Loading is-1bs. BOD5/ T 1) Review e e
Ve N day per acre foot ) 7 e ‘ L
d . » ‘ i . . . * - N * '_’_i__:_'_.,———
- . - or: : . . - . -
per 1000 cu. ft. of filtgr e N .
A e / . © »
: |-+ Example 1: T L :
1126 lbs. of BODg/day is 1. ' R
loade (applled) to our 236 ]m ) T
SR 7' deep (7 acre ft.). E N T
*What is e loading? \ . . — -
s ,lbs.BOD5/déy per acre ft. —
.\‘ . ‘ \/__.\,
T ’ or ' ’ : ’

"| 1126 1bs.BOD/day =161 1bs BODs
-7 acre fee‘t -acre feet K‘J‘

_ .- (low rate fllter and low \ - .
v loadmng) i} .

Examplé 2: ' 2} Allow 5 minutes to work,
- If 4,504 1lbs. BODs is applied then work‘thsther;— o
, ) to the square filter 100" ‘each R - e

" |. side, what is tHKe organic’ b -
_ loading in 1bs. BOp5/day/acxe ft«? — — X
Lt And what type filter is this?.. : ~ ~ . .-

. — —~ . = Solution: . ‘ ‘ ) g e
T : _ | 4,504 lbs/day = 1958 lbs/day - | - . T . -
. ) 2.3 acre ft. acre ft. ‘

4

.. ) (Super High ReteﬂriltefW, . /
o o ' or ‘ L. . v ¢ e A -
B “.| 3 .MGD-flow for 0.23 acres 2 .
. ““%c{’ : . s -
3 MGD =390 mgd/acre' ft. - , ) - \
, 0.23 acres ; ) Do 3) Discuss which type of.
N - ‘industry mlght give thlS
Hydradlic, load.means a hlgh rate overload -
¢+ ¢« | with abnormal load (1hdustry7) ‘ Vi
.of BOD to the filter. ; - o

Questéona?' . F* . - °




Item Instructor Writes the Following:.] Instructor Key Points of
# . o . Empha51s. :
% ~ ~ :
5> Another way of expreSSLng organlc ~

-

loading is: .-
1bs.BODS5 /day
1000 cu.ft. of fllter

SO e
To find volume of filter (cu.
ft.) just find area (as before)
and multiply by depth '

‘or
V in .ft.3 = Area,ft? x ft. deep
Example 1:

Filter with diameter of 236 ft.
(area of 43,721 ft2) that is-7
ft. deep has a volume of?
V = area x depth
T or
v=43,721 £ft2 x 7 ft.
& in £t3 = 306,047 ££3

- or . s
306,047 ft3 = 306 units of
1000 ft3/unit 1000 ft-3

To find organic ldading in -

1bs.BODe /8ay

4

. 1000 cu.

ft.

<_‘*-

Slmply Divige: °

R ;

to

-

[ e 4

-

"|. Questions? . =

1128 1bs. Bonq/day*
306 unlts pE 1000 ft3

1126 = GB 1bs BOD5/day per

000 ft3

4

so
(Low rate filter with low BOD
loading) .

!
i

Continuedt......v..

.
o




. T 3

., . .l

units of 1000 -cu.ft. .

.Organic loading =

4,504 lbs.B0D5/day

100 units of.1000 cu.ft. ‘
Organic Loading = -

45 1lbs. BODg/day a .

1000 cu.ft. - ..

.. -

Filter is high Yate or super . ¢
high. rate (loaded very low)

Questlons: 2

T -
Item Instructor Writes the Following: |[Instructor Key- Points .
¥ - ' of Emphasis: . . .
» ] d ) . ‘ L]
5 N >
cont'd Y T ) ' .
Another example, to be sure. Allow 5 minutes to work,
. . ' then work together
4,504 lbs.BoDs/day = . ] o
(example above).’ . : .
applied, to the square fllter .
\ ~ 100 ft. each side, that is 10 . -~ :
ft,\ﬁeep. - A .
: . P
F1nd (1) the organic load in . 7
" pounds of BODs/day . -
~ 1000 cubic feet oy
(2) the type of fllter (high,
low, super high) .
(3) is it correctly loaded? ,
Yes? ‘ .
“l "No? . .
whyz - x )
Solution: . f ! }
. ' Step 1 ’ I L
££3 v = Arég(ft2) x depth in ft. ] W
v £ft3 = 10,000 £t2 x 10'=100,000£tP \ - .o )
To find units of 1000 cu ft.
100,000 ££3=100 units of 1000 cu.fk. . "
Step 2 . i
Organi¢ loading = A :' y o
1bs.BODs /day. A , .

' Show 0verhead;Sllde £1

- e® «
“
B Qo

~

L T2g




3 - T * /\‘;
. .
g 2
) 'OVERHEAD § 1% L o :
Type of Filter : Organic Doading-units
- v‘, -

o

)

Lbs;BOb/day/acre ft."L

]

pounds BOD/day/1000cu.ft..

b
‘

. -
- . »

(4

”
= / T

- pe « » ¥
Low Rate 200<1000 5-25
. High Rate 1000+1300, > . 25-300 :
supeT High Rate <" * up to 300
>0 . -
. -1
* MOP 11-WPCF Guidelipes (1977) , 2

\
¢
* &
L} -
o~
L}
hY .
°
I .
< W
r
4
- .




If time permits, have trainee work the folléwipg examples:

’

¢ / ‘. K

! Ve

3

,,,,,,,

. / -
Problem # ’ Details™. .- NNT, i Answer
1 ! Flow = 3 MGD . . ({ 250 lbs.BQDs/dax/acre ft.
.  Diameter = 236 ft . L L B
Depth = 10 ft, Lt
BOD = 100 mg/1 to filter .
v Find lbs.BOD/day/agre foot ﬂw .
What type of filter? .| Low Rate .
v | L |
e Flow = 100 MGD : - | 2,168,000 £t3 for each of .the
- 5 Filters loaded equally '~ . [. 5 fllters; each 232 ft.- “square
“BOD = 130 mg/1 to filters and 40 ft. deep.
Find the area of each filters Super;Blg'
.to give a loading of'10 1lbs. . : T
.of BOD/day/1000 ft3 of media
3 Flow = 2 MGD . ’ Super High Rate (Plastic)
BOD = 400 ppm t ilter .
. Filter = 40 ft< sg. and Organic Load is:
-{ 20 ft. deep. . B . .
What type of filter . | 6872 1bs/day =209 1bs/BODg
is this and is.it over- ~ | 3Z units of 1000
loaded? Why? . Ce T /[~Organic load OK'- '
_ hydraullc load:
s b 2,000,000 gpd = 1250 ggd,
" - 1@90 ftl per ft .
) v
. hydraullc loadlng overloaded
3 ] . ) (Slightly) -
: t »
¥ [y N . .
END . - ‘.
) . »‘m‘-\uﬁ_m ) ”
s ' * y
- - ° . . \
A . .
‘ A}
. f& . - o [ i :
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SUMMARY
.
.- . ‘ . ¢ N _ 0 . . 0 B & ~
‘Module Number Module Title : : . e s
113H22 Intermedlate Trickling Fllters
“ N R ' N -, .
, . ) :
Apx. Time Submodule Title a. b
- 2 Hours Recirculation Ratios - Cadculation & ‘
- .  Hours 7&8 e ’
Objectives The Trainee Will: 7/

1) Recognlze and list the reasons for using recircu-:
lation in a tr1ck11ng filter operation, .

- o . 2) List common BOD concentrations to a tr1ck11ng
filter ‘and corresponding recirculation ratios. =~

‘ 3) Define recirculation rate and ‘calculate

ot . correspondlng numerical values.
{ 4) ‘'Demonstrate a working knowledge of operat10na1
7 . . control for a trickling filter by completion of an
. example problem.. B .
) : . . . x Lt
‘ Instructor Aids:* :

Overhead progector with acetate roll and felt tip .

o marker (alternate-use chalkboard) -

. ) /”Handout and workbook

I ’\'b §bVerhead transparenc1es i
| L ‘ ’
. ) -~ // .ot e \,V . . . s A ,
T ‘ ) IrS «
‘s‘ w,“:” A -2

,L..,uw""

, Instrugtor Approach. Instructor wxll present overhe;d slides and work
examples. Have trainee work examples in workbook.

*




LESSON OUTLINE
Hours 7 & 8 of 20 .

Redirculation Ratios - Calculations °

ot

Overhead or Write

Key Instructor Points

1 Recirculation - Why? ! “Ask éuestlon&,lead ‘
¢ \ dlscu5510n
. i ..
2 Recirculation; * _ Ce Review Filter types

1) -Used for high or super high
filters
2) Improves hydraulic and organlc

" loadings (if needed)

3) Improves efficiency

\

Review wetting rate,
BOD, and hydraullc
loading.

Will cover in next
lesson, -exact amount

Typical BOD Removal

Recirculation rate for max1mﬁm
BOD of settled wastewater . ..

- ! ¢

' l/Rec1rculatlon ‘ &
;BOD mé>1 Ratio ® . A
130 l:l " ) a
170 + " .. 2:1 .
220 3:1 * .
260 4:1 ,

3, ' Revxew these concepts.
Primary 35% —Recagculate if req'd
- Influent 204 mg/1l BOD .t
(.17, 1bs/capita/day and ounds = 8.34 x mgd x .
100 gpdc) ! - mg/l C e
. What is hormal QQP to filter? HaX¥e trainees answer.,
- -
4 Rightl 130-135 m g/l \ T Review, word slide
, 65% of 204 = 132 IR . R
5 Higher:the BOD;.. Word slide _
Greater the recirculation! { ' -
, . + . . /,‘ o n -~
) F - —
6 EPA Table




T Recirculation ratioc defined as
total number ofs times wastewater

returned plus 1. ’ oo
N . ;’ ‘. P “ e
’é " Example: . . )
\ mgd. Total - ) .
mgd-" Recirculation Hydrauliec Load g :
‘jR Flow Rdatio to Pilter - o *
: . . ,/ "/ .
L/ .
5 1:1 1+1) %5210 N
y 2: (1+2) x5=15 B L
3:1 (1+3) x5=20 / L -
5 4:1 ©I+4) x5= N ey
) 5 .5:1 .§$I+5)x5=30 ‘,j:;. R
’ Ve
X / /* ' ' /t,///' )
. “’ - N ',.//’J ":‘r :
8 Questiens? - Word Slid IR
What/hydraulfc loadifyg would "a - Allow 2 3 minutes |
3 mg #1dw with a 4 to 1 to solve N
recirculation\ ratlo be"
1 b ~ : » . ~
. //’7 ; ¢
~7 T
9 745 mgd - Right! ’ Explain
OR ) - .
Flow = 3mgd x (l+4) RN .
Flow = 3mgd x 5 = 15 mgd Y

_—

v

What BOD range would you expect.
the trlckllno filter influent to
be?

P '-5

Wora'slide,

- you expect to treat?

. If a wgstewater flow of 8 mgd ]

contains 20,100 pounds of BODsg,°
what total flow in mgd would
Why?

to work, then work '

together

P -+ Ask guestion
11 Right! apx. 260 mg/1 *’Review slide 6
) - if required
12 (erte on overhead) . Allow 5 to 8 minutes




adf

- 66.7 . Lo . ‘s

=T ‘ ,
seated) ‘ “.

(Work on overhead

1bs .BOD /day =8, 34 X mgd
SO -

5Q .

L4

20,100 lbs/day = mg/l BODs
8. 34 x 8 mgd N

-

and. ”

20,100 =304 mg/1 ‘BOD .

op- ) .. a
- Questions? ™ N

g mg/l BQDS
i
20,100 lbs/day—8 34x8mgd x mg/l BOD5/

|

I

P I

N Ao
-Continue~

A
®

e ’ v

304 mg/1 BOP to filter

optimum rec1rcu1atlon is
o)

total flow expected'

»
T

meymeto
‘and, review

&

. e

-

-

.Total flow=influent flow X

Flow = B mgd x (> 4 4 1) .
Flow = > 40 mgd
Questions? ,
Remember )
higher BOD-hlgher recirculation
hlgh rate filters of super hlgh
improve loading . .
improve effitiency C
ounds = 8.34 x mgd x mg/l ' .
day .

4

recirculation ratio + 1

<

. - » ¢
% Removal .= in-put - x 100 ,
LtH7OUT .
in . i
Questions? - o ol

:“._»4 ) B . .
ﬁi . . .. E

-
»

.
X

b

L
vV le




"% Remoyal in primary plant = 38% - o .

STUDENT WORK EXERCISE' -
1 Hour: (Hour 8)*

Recirculation Ratlos Includes Hydraullc & Oéﬁanlc Loadlngs
Problem 1: . N “' L u" : _ 7 .
Given flow tb plafit = 12 mgd = . w7 .

Plant influent total 1bs. BOD5/day = 48, ooo

Plant has four high rate filteys with 300 ft. ‘diameters
Retirculation is practiced. Plant is mechanrcally

order.
'Questlon: What rec1rcuigtlon ratiq would you recommend for best .
. . . plant performance? Why? - - i T
' Also ’ . .2 r oo .
1) Wwhat is the number of pounds.of BODg/day to.each
of the filters? - ' - .
-
2) What 1s the mg/l BOD to,each filter? ',
3) What is the total flow 1nto all four f11ters in mgd?
4) What is the hydraulic loadlng (after rec1rcu1atlon)
K for each f11ter'> . - . » )
¢ 5) What is the organlc loading (after recirculatlon) for
. each f11ter° - T
(You have tip to 1 hour to f1nlsh) Lo 5 .

If you finish early, see the 1nstructor to chéck your answer

Problem 2: (For Fast Finishexs of'Problem 1) ,3 e e

“ . ‘ N

Given the folldwAng: C , ' N
BOD nto plant = 1000 mg/l [P .

hary removal’= 528 ¢
1 mgd - Y ‘ '
Filters Cthere are  2) plastlc media
+ Towers 40 ft, wide and 20, ft. long and 20 ft deep

>

1) &ould youw operate the filters in parallelcn*eeriés?

. Why’ . BT
) . . . .
.2) What rec1rculatLon rates would you -use in your - 4
» ) _Operatlon9 Why’ . ‘
1 . o ) ,,” r
¥ : *
N - o . ,b . L] Y <, »
% - ‘ »
< / . - »
) : = ."‘i ® .
- o ' * .
- -

ln/good working
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‘a 7 P 3 'f’ ;F: .
A
f' »
_SUMMARY
— = — —
Module Number Modyle Title . . o
113H22 Iptermediate Trickling Filter . ! ‘
- . . - ! “" .
oooo'r-: . L Y B . ) - . . il -
Apx. Time Submodule Title . C . S ~
2" Hours - MeaSuring Trickling Filter Performance - .

Hours 9 & 10

) -~

4 : ___jtzj::
- .
B ‘ .

b
¥

i}
Objectives

P

- -The Trainee wilkls

9

- . s .

N 1) Recggnize and liét the peérformance of.a trickling
filter using the parameters of settleable solids,

*

suspended solids, dissolved oxygen, BOD/COD, nitrogen

v

- ., species, and pH.

“2)~Calculé£e a mat

.

erials balance for an example
trickling filter plTant. . -

3) Calculate the"estimated.efficiéncy of a trickling
. filter performance using yarious recirculaféggy

Kl

.ratios.

— 4) Work a typical

culation to achieve desired tricklin

s performance.

v

~

problem t6 find optirim’' recir-

4

g filte;\.

-

. ; ’ ) ‘
Instructor Approach: Overhead transparencies and work at overhead

-

—
'

€

projector . -

a0
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* LESSON OUTLINE

Hours 9 & 10 of 20

ing Trickling Filter Performance

o ——

»

" thetFollowing:

Instructor ertes or Uses

‘Instructor Rey P01nts of
Emghasxs. AN

-non-settleable to settle-, .
'able solids.

Trickling filter comverts

Empha51ze secondary settglng
function 7

-

| 4

Aerobic Treatment

Needs

Food (Sewage)
Oxygen (air)
Bugs (Bacteria + Others)

\Review from Module 1

}ﬁ

- 4) "Nitrogen oxidized

Trlckllng Filter Performance
measured by :

1) SOlldS suspended(g settle-
able.

2) "BOD/COD reductlon

3) Solids produced (humus)

5) Recirculation ratio-
hydraullc & orgdkge loads.
6) Oxygen-mear saturition
7) No abnormal problems',
{odors, snails, pondlngxetc )
. “

i Lo - .

—

Word slide, review as written

.

Answer questions

.-

[}

[y ’

treatment plant.

4

L
Typical trickling filter

- * e
Rev1ew flows and regerence
to the follow1ngnexamp1e ‘

fSusbended Settleable,

. * : .
OR h"“‘- » \

Solids to Filter

*

. Solids- Solids

35-45% of Trace

plant .. (Imhoff cone)
influent ‘ .

¥
A L)

Typ1ca1 Plant-suSpended
solids 40% of ,300 mg/l =
120 mg/1 (Non-gettleable,
c01101da1) »

A continued..... -

‘kﬁk . & '638 ”’-

Review settleable solids
removed.in primary -

g 4
Suspended solids lbs/day
is 1mportant

- . \




N

- -

g . e Cet S
For 1 mgd flow: ' '
lbs.ss/day 8.34.x 1 mga x 120 mg/l
1bs. ss/day = 1000 ibs. /day
(converted to humus)

Normal Performance:

Low settleable solids and low
suspended solids in effluent.

-~

}

BOD/COD . e
Primagy removal' 35-40%
Trickling filter influeAt 65%
of 204 mg/1 = 132 mg/1 ’

-

8.34°x 1 mgd x 132

mg/1
= 1100 1bs./day

ﬁgr 1 mgd flow:
lbs .BODg/day =

1bs. B0D5/day ,
Total BOD removed apx. 80-90% of
_plant influent,

If influent is 204 ppm, 85%
removal leaves 15%.

15% of 204.mg/1 =-30 mg/l |
Normal BOD expected 25-50 mg/1
.AND

H.ODult.

BODult.

~

5

]

1.6 BODsg
A COD

Review what #BOD ﬁeans.

BOD

and BOD
sollds re

o

YN

Eatlonshlp

4

« ¥

vy,

-

~Rev1ew calcq}atlon of

&

-—

Review BQD/COD, aind BODs

Al

14

. Suspended solids:

{

—
Solids produced (humus) from
oxidation of dissolved~and -non-
settleable suspended solids.
Simple calculat10n°

B ¢
Part 1

Plant influent 300 mg/1
—?rlmary effluent 105 mg/1
(to filter) ‘. *
Prlmary effluent 30.-r1mg/1
(from flIter)(QO% removal)

Fllter‘removalz

105 mg/1 -~ 30 75 mg/1

lbs.ss/day =75/mg/1 x 8.34 x 1 mgd
1bs.ss/day =626 1bs/day (sludge)

——

J/




P

BOD oxidation:
BOD into plant 204 mg/l
Primary effluent 132 mg/F
(to filter) )
Leaving Plant 30 mg/1 »
BOD removed on filter:
132 - 30 = 102 mg/1

1 lb.‘of BOD produces

0.77 1lbse =~
of sludge. -

[y
>

1bs.BOD/day removed # 8.34%x 1 mgd x
s -102 thg/1

lbs. BODg/day = 851 lbs./day -

v

1.1b. BOD gives 0.77 lbs. sludge
80

851 x .77 = 655 1lbs.sludge/day

i . o

D - -

Part_:" 2 . .\' ’ P jk",:

o

Work with student éni‘l
prob*em, explain BOD-

oxi8atien. -

T »

‘Sludge from ss = 626 lbs/day .
Sludge from BOD.= 655 lbs;égay

.

. R

Total, . 1281 1bs/day

.

Jﬁry,gludge based on 204 mg/1 BOD.
and 300 mg/l suspended solids)

—

-

Review calculations

Questions.

H

) *
Sludg%t Volume °

lbs {dry) x 100 - = lbs/wet

so , - % sludge

100 =

1261 1bs (ary) x
’ . 5

25620 lb/wet

25,620 lbs (wet) = 3071 gal. .
- 8.34 1Ibg/gal’ SN

L 4

So - expect to pump

Tgpx.“307l gal.sludge (95% water%
S - N . .

\ . ‘

(2




"

AN

el

Nltrogen OxXidized: ' '

1) Find nitrogen 1n\p;ant influent
- (say, 25 mg/l) : —_
1 mgd =
2) Estimate 99% conversion /
99% of 209 'lbs = 207 1lbs. .
Removed - 2 1lbs. left

OR .

.25 mg/1 left

" But
-1 1b.,NH3 gives 4 lbs of Nltrate—

" (NO3) -
Normal values 20—50vm%<f e

- ] ¥

209¢1bs/Qey T ’]

-~

s

e T

Rec1rculatlon Ratlo & Performance
. -

National Reseagsh Council Formula:

-,

.t 100
E = . !

v "1+ .0085 y W/NF

Where = - X . -,

% Removal BODs'

E
*W =.BOD load lbs/day._

SeemMetgalf & Eddy
Reference

Keép the trainees calm= .

" tell them not to panic-

that you will work out
step by step :

F Recirculation Factor .
V = volume of filter media
~ . (acre-feet) o -
: AND. . -
F = Recirculation Factor :
® .
i F=4 +r 5 -
(1 + .01 r)~
. . Lt ) ) » ’*
. ¥ = recirculation ratio . '
* . v - M‘ x / e
. . . n
-8
z, . , ‘ -
Pl . . — - - _
. 9 > —
N . .
1 2 . . .
i ¢ ] . - . " Y ; .
) h ) ’ T v
. hd “,‘" . . 4 1 ’ - . -
‘ ™ - e e ° .




13

Write

on
N Over-
.. head

Example lzi

Given: -
Flow = 250,000 gpd
Filter diameter = 96 feet

Depth = 6 feet (acre feet = 1)

BOD to filter = 175 mg/l1" " "
(lbs. BODg = 366/day)

100 - °.
E = 2
1 + .0085 YW/VF:
’ 100
E = -
.1+ .0085V366/T°x 1
100
E <=
1 + .0085 Y366 _
7 100 *
E = I
1+ .0085 x 19.1 ~ * .
100
E =V%‘ Y
E 3
1 +..165
[ ..
E = 100 = 61% ' .
T.165

Tow

61% of the BOD will be removed
or 100 - 61 = 39% left .° -

Eff;uént will be: ﬁ

39% of 175 mg/l = 68 mg/1

¢ PN

.-

Show how to do squaré
root.

.

A}

. . \
Show how to find
.0085 x 19.1 '

Questions - ~ .




A ¥

PO - ) ,
, o ‘
; . § ‘ i
14 | Example 2: e , -
Write N :
on Assume a 1l:1 Rec1rculatlon ratio:: . .
Over- (same data) o . .
head - - N
l+r . & - .
F = . K s N
] 5 - - . - -
i .(1 + 001 r) _'- =
v F.= Recirculatién factor . ,
SR = 1 401 ,
‘ T+ (0.IxD2 -, . e
F= ‘2

I+ (.02

Show how to'do this step..

F = 2 v . . a
1 + 1.21 o -
/ ) ‘ . "‘\ ’
F = 2 = .90 i Questions.
2.21 ’?o ‘ N 3 ¥
- “ - .. 7 M IS
E-5 100, g :
1+ .0085Y 366/ 1 x .90 -
E = 100- \ ’ )
1+ .0085y 407 | ) ’
o E= " Too. ° -
" 1 +.0085 x 20.2 - : <
Ll oe=_aee - . IR @
) 1+ .17 ¥ v ’
i ’ = 100 =-'85% ’ ; One extra pass reduced
1 17 - BOD from. 68 mg/l to 26 mg/
S0 - T ° ) - I ‘ ,
. 100 - 85 = 15% 1eft ) .
. 15% of 175 mg/l = 26 mg/l BOD ) - .
: ~ ™~ " - ~ ’
. - - \
T {- * -4.36 \ ’ l d
- @ L3




X SN
15 Example 3: . .
Jork Recirculation ratio of 2:1
_ On (same data), . - *
Over- o < B , .
" head’ F=1+2 . - -
T +0.1x2 -
F =3 o .
1+ .2 °
- * :'
F = 3 . )
' 1.2 ”
F = 2.5
s AND .
. . .
E = 100 N C o~ '
* I + .0085Y 366/1 x 2.5
: i oy
'E = Y00 ‘ ' '
+ T + .0085 147 /\ ,
i E =_100 5 " , ;‘
I+ .0085 x J2.1 .
.- E =160 ° & . ' -
B }: T+ .103 j :
. S ' -
. ‘-~‘ ’ .‘
E= 100 =91% . : ‘ Questions
I.103 - - . .. U
BOD%=%9% of 175 = 16 mgyl .
16 Contlusion:* oL Summarize and, ask
R .§ Recirculation. % - mg/1 BOD Questions
, - -] Ratio " Removal in. Effluent . S
. 0 61’ 68 °
. 1:1 85- 26 -
. 2:1 © 917 16
. . . . '
) ®17 Material Balance Slide , .+ | Explain slide
’ . " . . v N
; T o o P .
END .
2 - \“ ‘.
. « * . ) ) s
' - ) ES °
MY S




STUDENT HANDOUT

\ Problem to_beHWorked .

L3
£

Giveq the foliowing: a

Flow = 1,250,000 gpd-"

Filter dlameter = 320 feet

Depth-= 7 ft. . -

BOD to filter = 200 mg/1

suspended solids ‘= 280 mg/l
(to filter .

High rate filter °

.FIND: S
1) The sollds removed as sludgé&(assumlng
"a 5% sludge & 95% water in gallons/day)

2) The % removal for BOD5

a. no recirculation

b. recirculation ratio
c. recirculation ratio
da. recirculation ratio
e. recirculation ratio -

Ry
L 1) .0 LI )
W N

3) What values would you ekxpect for
.nitrate Jevels and dissolvegd -
oxygen levels? .

-

Asdign in class, have
turned in next period!

.Help. Traiﬁée with

problems on 1nd1v1dual_
basis

(answer)

Answers:

Nitrate: high depends
on plant influent

20-50 mg/1 .
DO: near saturation-
depends’ upon temperature
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S o
. SUMMARY . ‘ .
0. f \ . =
Module Number a Module Title-. o e
113822 Intermediate Trickling Filters
ad . >
Apx. Time Submodule Title
Hours 11, 12, Materlals and De51gn of Fllters . - p
13 of 20 . . . .
3 Hours 1 . ; ..
i
Objectives: = . JThe Trainee Will: S .
- l) List the trickling filter growth pattern and
" ' trend to high rate filters
‘22 List the five key items in a Tr1ck11n§ Filter \
* operation “ -
3) List a comparlson of high and low rate filters
' 4) List design gujdelines for high and low rate
. trickling fllt;r components -°
'; 5) Explain design differences between low and
i - high rate filters ' .
‘ 6) ° Using,a Trickling Filter des:.gn nomograph -
solve three typical ‘trickling filter design-
: . - size problems ’
: 7) Discuss and describe industrial appllcatlons
. ©of Trickling Filter treatment
’ . 8)

List common de51gn 1nformatlon recardlng .
biologital fllters :

-
v 20 -

Instéuctor Aids:

.
LI

Overhead Projector, Transparancies, "HandBook of
Trickling Filter Design" by Public Works“Publications °
. Wahdout (cost $1.60) from Public Works Publications,
200-'South Broad Street, Ridgewood, hew Jérsey 07451

s . -
-
-

" Instructor Approaqh§

-Hour 1 - Either at home (best) or inp class, read
' the handout cover-to-cover - .
Hour 2 - Follow outline, . hour 3. - Problers e

— — z.
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A v povided vy Enic
.

. T . A ¢ ) . .
’ . . LESSON OUTLINE _° . / . T
. = Hour 11 of 20 (1 Hour) ‘ '
i / ; Materiai7/and Désign of Filters - ‘
M w e . - ; - 7
. ' \ :
Item Instructor Will: oo »Instructor Key P01nts of
# ' o Emphasls
. d .
1 Assign and have trainees read - Encourage them to féad; ,
. “Handbook of Trickling Filter it and to re-read if
Design" by Public Works Publi- requ1red - . .
cations (26-page Handout) * )
Best if done at home before \ , B - "
c1ass . -
’ \\' .
- ——F — n
END (Hours 11) ' , >, . ’
) & o
/ . * @ )
‘ L4 ) . ) .. ) “
3 . ‘ oL °
’ °? . Y
- ’ -~ e - * . ' )
. J L '
AN . .
. ‘ - : )
. ' g ~ . ) -
1 -~ ~ ; »
< . N -
. / . . -
) . e e —ea—— -
W . K ' !
- » - - : R
. - ‘(& ) - A
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LESSON OUTLINE .° \
Materlals And Design of Filters

e . Hours 12 & 13 of 20 e .
Item Lecture - No_audiovisuals ’ _ - —
# Instructor Comment B )
. -
1 1. ‘Ask question - How Many of You Read ;!
Publicatibns? ¢
E . (some will not have read)
2. Explain that you will now rev1ew . ' -
page by page. : - T '
. 3.~‘Begln by explaiﬁipg who wrote this
publication and where. To get more
copies (bottom of page on .foreword) .
’ - COSt - 81.60°" . o . L. °
- * ( :
2 Foreword #( - : .
. / ‘
1. Rapid Growth of Trickling Filter Use in U.S.
2. 1Indicate ,What the Trickling Filter Floor °
Instltute is all about. - *
1 . - A ‘&m
3. Indicafe most filter design tbday‘ls going
" . to plastic media r ther than rock.
% ’ z " - N

Wastewater treatment with trickling fllters
Page 2. )

1. Covers aerobic treatment (foogd, bugs, air (Oxygen)-
questions

2. Filter needs:’ . .
(1) Pre-treatment of harsh wastes
(2) Good distribution of wastewater .
(3) .Good filter media.
(4)  Good underdrain - Co-
(5) Good ventilation ™ :
(Most problems 1n .these areas)

e

> 2

3. Types of Filters - High, L0w, CSuper High"

4, Loadlngs Reviewed, as well as depth (covered before)
Organlc vs Hydrau11,Q

-y -

L '

5. ’Ask 1f'abbrey1atlons understood <

6 Explaln WPCF MOP 11 reference as cited _
- Who WPCF is and types of manuals available

48 | IR :

hY

L




&

7. Review 30% removal‘by‘B:O.b.~ o

. . . * Q.‘"
8. Ask if terms (page 3y "Slngle stage filter",
’ re01rculatlon, prlmary clarifier, secendary
clar1f1er are understood.
L Q
¢ Key Point! - Must evaluate trickling - filter
\ and secondary clarifier together.‘4 <,
- . .
10.\\Other units of‘Expre551on - Questlons°

11. ;émparlson of Fllter Types - -
Key\ Point .~ Same de51gn for conq¢ructlon of
low and high rate filters -~ Plastic' different

‘constxuction - Review of:.effluent. quality - Quesi;:l.ons‘> .

Key idea design made to fit obgect;ves of treatment '

12. Pre-treatment:- Summary (pager3) ' N
Primary clarifier design:
- 2-hour detention time (explain dt if needed)
(variation in-different states) '
Surface overflow rates and depth (vary with state)
Help balance "shock":hydraulic, organic and .
toxic loads to filter < - ,o
Empha51ze sewer ué%‘ordlnance as key to pre-treatment

®. Intermediate and Post-treatment~ T
- Review - that they have limited use

14. Effect of Temperature . -
Trickling filters work best in_ warm climates
» May be covered L
Cold weather - lose.B.0.D. Removal and ice
Key Point - Pravide bleed valves as listed -
B.O0.D. of effluent often is 20% greater in winter
Design solution make filter-"43s" larger T
Northern U.S. design 25% blgger than Southern u. S
design *
Often 3 weeks requlred to get good film on Trlckllng
Filters - If cold 1en§ér-—~———~——“-
. -~ R
15. ‘Appllcablllty (page 4) ce -
# ~ Trickling Filters workX on- Weak or stong domestlc
or industrial wastes.

a

N

o

-
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»

1. Flve
(1),
E
2.

SN (4)

1

A

Media, Drainage and Ventllatlon (page 5)

s
Essentials’ of Filter
Basic filter support-
Underdrain blocks *
Retaining ‘walls .
Media LY

e . /' (5) Distribution system" <
2. Fllter Floor and Center Channels :
Firm and uniform Base - Concrete on well‘compacted
earth - 4 to 6" thick light re-enforcement
oor slope, important - Use normal flbw charts for
\ design (paraphrased) : °,
.*!' ; . TN~
- . 3.° .Center channels - 8-inch pipe for standard rate
filter, high-rate:16 or 18-inch pipe, '
Configuration of genter chafnels
Extend center channel throygh filter yall into
‘cleanqut box - Qpestlons

‘ | LL
. v . o .

. : N
5 ] ! Underdrain Blocks (page 6} . '

13

R : v ’l

y J. Stress 1mportance of good ventllatlon. .
¥ . -

-

i %&v1ew types of bIocks and who makes them, demenlons,

Q:“ 7‘ @ * & ‘ <~
- J,[, 41 Review ASTN Specs L£159 : / o2
U S N (Who AS?M is’ and Specs, ete.) ‘ -
ql’ “\ v ’a .
. & 41 ReV1ew contract§§ "Specs" - laid in dry mortar bed

gén,filter floor before stone is placed,
' :id§ mbtor,,angres, e‘"‘tc.L - Questions?

<

3 .
P e > ,, L . . \
. . ‘ v .. i e ® o - s o ~

* ! N 5 &L ol P hd
T T P

composition

etc.

¢ ° [P
L , ?E -
Fllter Desi IR e .

1. Depth 3 fo0°10 feet (prastlc to 40 ﬁeet)

No wa¥ls is. a poor &dea' .
? Mediar -
- . Review Specs as 115féd Rt . -
’ Clean;washed + 2% inch commonly used S, :"
. . Uniform size - Expdain Table 1 - L.

)

Plastic discussed - nght - High loading posslble

. Good_ventilation, ,

“ Media placed on filter - technique very important ..
.. belt conveyor - Questions? R -

. WallsiFelnforced coﬁerete - 8 to 12 lnchesxthlck . \\}»




v

‘Distributors

3

ey
Questions?

(Pages 9 '& 10) . : -

- - EE
r\ . . v ' A N .
. v B -
—

LS Y

. . . % . . ;\)' . -
Review manufacturer's list - : -
-’ Standard Specifications - Example - Questions? - .

*

«

1

WO O Grd W

<

10'

11.

12,

13.

A Y

Standard Rate Filters (Page 11) -

Review loadings - B.0.D. < 600

Trend toward high rate

Average depth 6 feet ,

Loading not depth key to nitrification ' ,

Hydraulic loadings - Average 1.8 mgd, but no . .
"fixed standard™ . .

Ask Question = Page 11 - Can you work (3.5 acrbs of
filter required)? : .o ' .

Organic load often governs hydraulic loading

Media, underdrains, distributors discussed before

Rotary distributor (page 12) will operate with
minimum discharge 40% of maximum, will handle

pounds/facr¥e foot -

flows 2% times minimum - requires 2% tp 4 feet of

head

Desing tanks ‘(page 12) - dt - 2 minutes at 2 tiTes -

the average rate-of:.-flow. ' -

-Drawdown 10 inches but <12.inches.

!

Pre-treatment as discussed before . \
Filter performance as before TN
Design efficiency (NRC Formula) - As worked before
Questions?- . ‘

-

b .

A Nomographic Solution For Design (Page 13) ;

03

L s " . L] ’ » - - [ »
Purpose to reduceptime i finding- size of q§1ck11ng
Filter units (gives fasfgrough answers) - ’

Also uéed for estimating B;QiD. removal _

To use you must know: ' ) P
(1) % B.O.D. removal,desired: . 4
(2) Pounds of ‘B.0.D./day applied , L .

(3)

Step 1 -~ Step 2 - Step

Step 6 - Step 7

Hydraulic load - mgd
' .

.

- Step 4

- Step 57 Co-

. .

Read sections and- do, usjing nomograph
» Taken from book and pladed on blackboard
Do it stepwise with an example - Questions?

2

.

,t
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-

-

_)e.__’_'___.

Have students use nomograph to- solve\;he three following
problems: ' . @
Problem & . o

.1 MGD flow, 192 mg/1 B.0.D._ - want 55% removal

Effluent' = 82 mg/1 . . . -

-~ P ¢ , A
Problem 2 ° . . . . i .
70%-.removal desired - FTow = 5 MGD e \\
B.0.D.g” to filter 135 mg/l ‘ ‘ ' )
Find lt ge diameter and ,depth of- standard rate filter
Answer = 200' - 3%°' deep-

Problem 3 R ‘

'Find the optimum removal (¢ B.0.D.) expected from - s
arfilter 167 feet in diameter, 7 .feet deep, recircu-
lation ratio of 2:1 with 2 MGD flow and B. 0 D. téb
filter of 102 mg/1
Answer .

i 3 ' 4
. . ’
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& . ' Solution - Problem 1

“ (Red Lines) . '

. " 55% Removal desired ’ - s .
1600 1bs. B.0.D./day applied

a mgd, B.0.D.g = 192 mg/1 .

o

. Step 1 ~-"Select correptflat. (40° & 45°) through .
° RT - intersects at 5,200 pounds applied/acre-foot

c - Step 2 - Connected 5,200 1bs./acre foot to 1600 1bs.
B.0.D./day (Red line) - Noted intersection at
. . point D ) " . ..o
. ‘. . -
§ :\gtep 3 - follawed parallel line point D to point $#
‘ Gave solution diameter = 50 feet, approximately
8 - 4 feet deep. AN - o
- * ' r . .
~ * ¢ _ c.
. = B .
- - f
R - ~ ’ N ’
. ) - L. s ! ¢ ! ('\“
g - . - . ~ »))
+,. £ -
‘ . : -
. h ' '
N .
“.;. L d L4 -\ &
." r » ’
. = g &
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‘ 3 ! SE} . i -
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. > Solﬁ%ipqﬁ- Prgblem 2 )
K 1. éél§é¥.06§ ect (Lats. 400 g 45° N) - o
o . ~ . - ) T - ¥ -
. 2. 70%.reﬁova; gives 2,000 pounds of B.O.D. applied per
' acre foot ) o . . T
Flow = 5 mgd, mg/l B.O.D.\td filter = 135 pounds -
B.0.D.g/day = 5630 , i ’ ‘
: 3. Connected 2,000 on top to 5630 (estimated on scalé) )
On bottom (just left of point C)
.4. "Found point on Line RR
. Approximately. 2 inches below RR-TT -intersection
5. Followed parallel line to TT (approximately 1.3/4" up
from RR-TT intersection) //ﬂ - o Tt -
“ .\ L]
‘BANSWER: Solutions - '
o . . - . ¢
L v Low Rate Filter Diameter - 200 ft. v
. . Depth - 3% ft. )
~, . ¢ L] -
! < R . _\
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* - * ¢ 4 - .
- b - L] ' .
‘ Rt - . ) —_
- T, * Solution ~ Problem- 3
Ly . . - . L g

- « !
Given: Filter diametef 167 feet, depth 7 feet
' Recirculation ratio = 2:1-
. - " Pounds applied to filter = 1700
K Pounds B:O.D.s/day ’ .. )
: - - .Flow = 2 MGD,”B.0.D. to filter = 102 mg/1

Py

‘ ‘ ) ) - , ”, [ :
.o To find the % B.0.D. removal (optimum) -
) o RO I
N ’ l- 3 : [ -
, : Follow green' lines to Point:'A - Gives 85% ‘removal
'y & - . ‘
- . 2 3 . . , "
. ‘m . Iy Y M
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10 Design of High Rate Filters (Page 16) .
1. High Rate means.recirculation practiced. . - i
- .
2. Review organic and hydraulic loadings. . i
\ <
't 3. Review types of hlqh rate filters dlscussed w1th
various recﬂrculatldn (Page 17)
, “ 4, Deflne "single stage" vs "two' stage" filters
P single stage = parallel operation -
, two stage ‘= series | . , 3
- 5. Rec1rculat1@n and performance ' .
(PreV1ous lesson) Brief review - Questions?. ‘
- Cover B 0 D. removal curve 010 state’ standards) .,
< % 4 01‘
6. Clte references as 11sted (Pages 18 & 19) §
. . {
7. ,Clarlflers: Detention time - 2 hours Ut
) Overflow;rates - 650 to 800 gpd/fb i
EPA now requires scum’removal!" , §
: 4
8. rr‘reai:ment results - Cdvered before, but reyiew these i&i §
. seven 1tems - they are 1mportant' : . S ;
~ o 7 . ’
. - ) 1 "~ 3
T11 Industr1a1 Waste Appilcat%ons Review Examples-; (Pages 20 & 21) 1
. . - > i . “?
) | 1., Cannery wastes A N ‘?
2. Dairy wastes . .
3. Fermentation wastes . \ , -
o4, Dlstllﬁery wastes R - .
; 5. Yeast Factbry wastes’ 3 '
V6. Slaughterhouse and medt packlng . g
7. . Textile wastes % y - . ]
1, 8. Pharmaceutical wastes; ) . j
{% 9.. Phenolic wastes ) S, <« 3
g 10. 7" Pulp ahd paper ‘ i T .f
§ 113‘ Metal ﬁlnlshlng < - A \ ' K %
oo « N ©
) Ask trainees where: 1ndustnma1 appllcatlons exist in the }
‘ area near:- Ehe coErse locatlon. . o . ’ i
. i
Stimulate discussion (5 oﬁ~10 minutes) E
| ° b . . . 1’
4 . - § = - .g
{ . ™ 24 i
of ;“'% M a }“ '.';‘ 1 ) £y 3 3
5 ) o, CO ' . z
; ’ g : . ;fi I LT T - {
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> 12 ot - "De51gn Con51deratlons For Biological Filters"
-, (Optlonal tlme may be short)
‘ - -
1. LReview NRC formulae for single vs second stage filters®
- - 2. 'Review 6 items on page 22 - and 3 rec1rculatldn advantages,.
. . y on page: 23, . . .
3. ‘Review charts (Pages 24 & 25) if, time .permits S
4, Rev1ew conclu51ons on page, 26’ - very important! )
. - - 8 key 1deas! i« .
. ! ) . .
o g . i
S : !
13, " . Questions? ‘L !
: , = : N % )
i )
s P
e T
‘END . ;
(Hour 13 of 20) . , “é
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_ '~ SUMMARY La
$ S
=
Module No. Moduie Title - ’ T
113822 Intermedlate Trickllng F:thers '
- . _ s /
e* - *® . . i LY
« Apx. Time Submodule Title ° -
1 hour Abnormal”Trickling Filter Performance
Hour 14 of 20 . : :
. . ’
'Objectives: The Trainee will: ’
. }1) Recognlze and list abnormal trlckllng .
. filter performance
’ ‘ : " ke
I
. - 3
Instructor Aids: Overhead projector
: . ‘Overhead transparancies . e
‘\d , 1) N
" . - ( : )'
' Instructor Approach: 3Inst:f:uctor will present overhead slldes
; . jand Jlead dlSCUSSlOn. . .
13 ! a s . . #
? H { . 1 i : H
) i T . ,
.. " END .
b j i e ? .
| * '
i ¢ e i |
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. LESSON
‘Hour 1

Abnormal Trickling Filter Performance

1]
S

~

QUTLINE
4 of 20 )

. well-malntalned

N N

Item Overhead or Write Key Igstructor Point °
’ - :
# N
1 Abnormal Performance in:' 1) Word slide - Read_
";) Personnel .
.2) Grpunds, Maintenance & Records > .
" 3) * Filter operations.
2 Personnel? 1). Stimulate discussion
; L , of what. to look for
| co , in personnel area.
] ) i (5 minutes)
: (
3 - Personnel observations .
I 1) Personal Eppearanée - 1) Beards, clean, etc.
! - . i - . !
?  2). Attitude and motivation 2) Do they .want to do a
! . . : _good job‘5 ’
| 3) fTechnical skill i . 3) ' Trained ¥ quallfled
’ J 4) Certified? fé 4) Legal‘aspects and
] : Y . personal value of?.
i ! *  Discuss :
i 5) Walklng tour‘hlth)operator 5&, Listen and learn
i ‘ talklng o t
! b i i
i ! - : i 2
3 ‘;’ ] ," N L3 g ] l'. =
A Grounds: & Maintenancei: 1) Ask questions
§}, © Look For What ; Lead .discussion
} ) . . i 3 -_"' .
3 v 1 ®o .
i > . ? ,;,'5
5 § Grounds, Maintenance énd Records Lot
] ‘5 ! . b 2 —
f j 1. " Grounds #hll kepté ) - 1) Good motivation
’ Flowers, grass, trees Good housekeeping
: § 5 ! .
’ 2. Medla condition - Green or 2) Industrial loads '
) Ty other . Non-compliance with
: { ’ ¢ sewer use ordinance
ﬁ 3. Bu1ld;ngs palnted well-}lt, 3) Pride iq’pperaﬁion'




7«2

i

o3 O

kY

i
‘B.

, ﬁydraullc loadlng -and/or organlc

H3 -9 NO - A0S
ow %n .Supplied
0.D. / /P ratio off .

loadlgg incorrect

. " "

4. Records - both-operation‘and . 4) . Emphasize type ©
(\\ reporting are proper’ _ records needed an
- . - L. not-.being a "penc11 _
\ . - ) -chemist" -
. ¢ LA - R
g§, Laboratory procedures correct? . 5) Stress difference
’ Using standardized procedures in types and need
. for permit data and reproducible for "Standard Methods"
S O&M tgsting procedures 6) Discuss tr&inee
: ' experience in these
S : s — — areas
3 s
Filter Operations Common Deficiencies - ;
[ - N v. .
» 1. Media problems - Anaerobjic, . , 1) Discuss
! Grease, Broken, etc. :
2. Leaks around seals ’ 1) Review how to correct
4. )
, ‘3. Improper dlstrlbutlon of sewage, 1) Discuss importance
flow not evenly split, clogged °[ of proper distribution
R nozzles, splash plates incorrect ) .
iA. Poor B O0.D. removal . ¢1), Question word slide -~
;¢ Poor Nitrogen (NO3) Productlon ‘., 2) Lead discussion of
. i Poor Solids Removal e one at a time
-+ » Poor D.O. .Level in Effluent,“\ghy? - . .
3 S “
)l' ] ’& ) .
*Filter Septic - Poor D.O. 1) Discuss each
3Clogged Vents . ' .
‘Tox1c Wastes ; .
;Klll of Blologlcal Forms ’ ’ .
}, rl
2k _ g ‘
-l ERE N R 7 .
?por Solids Removal , ) 1) Discuss - HKave .
Seasonal Variation , . they seen examples
Grease ‘Broblens ° of each? . ,
‘.ffor Se?ondary Settling /7 , -
B N % .
‘ﬁ{ - }
%oor Nltrogen *Oxidatioh - 1) Word slidd - ’

N I Y

s

1 s A\?"‘?‘k 4 )

60

Ay

-




[

~

Poor B.0.D. Removal
All of the above !
-Low Oxygen
Industrial Loads
B.0.D./N/P off
Media problems
Distribution problems
Final B.0.D. 25 to 50 yg/l

v

V/,)

l)" Word Slide

—

Common Problems
Ponding 3
Odors )
E&lyer Flies
Snails -
Uneven Distribution
Industrial Shock Loads
Heavy Sloughiflg of Growth

1) Discuss each more
, detail in next
. module on "Trouble—
; shooting" o
! Reference - EPA
; Course 179.2

-

Frap.

{ .

Process Contrpl Testing

3

12 1) ' Reference: "Evaluat~]
B.O.D. daily 1ing O&M Problems at
© Suspended Solids: dally { Wastewater Treatment
o ..Dissolved Oxygen daily ,Plants" -
, ‘option: (€.0.D. , i .
Nltrates/Nltrltes/NH3 dally ; .
{ Al
2 ]
13 Other Useful Tests' 1) jDiscuss
Temperature 2) | Questionk? ‘
N FlOW 5 ." ) ~
Odors (Sulfides), . .
), ! Media Inspectioni 3
" Snails and other-growth : . ’
‘ O;ganic/Hydrauii? Loads . e - - 3
3 - v -
: . H - s
' } . I
‘14 . What Have You Seen 1) ILead+-distussion of
s Problems9 i . labnormal Trickling 5 °
’ it } . ilter Problems - , *¢
. 7110 mlnutes) h v
.ot i " i L ‘ L.
< o R [\
7 ~ , A
15 ‘Questions? t 1) | Word Slide - 0
,’ s ! N
§ {
- 1
END J ’ Y
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SUMMARY :

) SRR
N %
.

Module No.

B t
. . i
. . )

Module- Title

' 113H22 Intermediate ‘Prickling Filters .- pY
~ . %
- - °/\ L
b ApX. Time ° Submodule Title- ’
6 Hours - = Field Work and Visit to a Trlckl;ng Filter
(15, 16, 17, N System

“““444I34ff*47@"6Y_207

' Objectives:

<

‘e ”

-
.

4
£

Pt e earags

+

—

The Trainee wills . , / -

1)

2).

3)

‘Demonstrate thé ability to organize a field -

. visit to a Prickling Filter Plant when glven-
(1) the ant plans (as built)
(2) O & ¥ Manual
(3) opies of the NPDES monthly report o
(Q// copies of the 0O &M monthly log — -

Calculate the organlc loading, hydraulic
Toading, the xecirculation xatio, .the efflclegpy
obtalned and the theoretical efficj ncy of th

3 plant )

Recognize and list normal .and abnormal

behavior in the Trickling Filter Plapt visited

oy N -

e 3

i

v‘-
A R B Stk Ay s <

4
ey
MR
.

-
N
e

EC ]

. .
.
@

!

Insgructor Aids:

1)

* An intimate knowledge of the high-rate _ :
§ Trickling Filter Plant to be visited S {
Copies (2 at least) of the plant plans . i
(as bullt draw1ngs)rto be v151ted

LS <A

2 copies of the plant 0 & M Manual

Y

Ohe copy fer each traihee of the 0 & M i
i daily, log” for the preceeding month and thé?
last NPDES monltorlng report E ) o

EVEN

A -

L
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.




X

;otal 6 hours

/

Instructor Approach: 1) Ins%ructor should visit the plant .
. . (a high rate TrickIing Filter Plant wit
recirculation and éither parallel or ser es
. P filter operation long before classwork
) Should know plant, personnel, financial .
constraints, performance, equipment.
o . . Copie's of the trainee materials tested )
. . above mist be obtained long before class use
L-d N
4 T 7.-""7 2) Make arrangements for v151t, transportatlon
. tour#\gnd trainee-assignment before v151t
1 = ¢ ¢ . . Y '
-, # 3) Lecture/dlscu551og before ahd after tour
Ao : : ’ (4 hours) -of 1l hour each -
(could be longer) «;h
N ’
.o ’ . 8
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- , ‘ , 3 ) £ - T
- 3 hd - h v . N
. . ' * LESSON" OUTLINE . . - .
End 20 of 20 (6 Hours):. . - '
‘ Field Visit To A-Trickling Filter Rlant' - |
3 ‘ . ' 4
7. o )
- ] . - ' ’ . »;4%' , . 1
: = . —~4 . = N
.Item Instructor Behavijor: . - . . o
* . #k ° . on . . >\ LT ;
" N ' - U ,_<, _ . . Ve —
- 1 Before arting this sectlon the trainees shbuld have ) o
- several days to review the materials for the plant to C e ]
be v151ted .- . . '
& . * ¥
v - . .
s . 2 ) X . . 3 —————t &

Hour 1 - Day of Field Trrp ¢ : s -

\ , Review objectives of the 6 hours
Review plant data - Answer questlons : Iy
. ‘Review expected form to he turned in t¢ instructor

e

. i Rev1eW‘deta11es of days traVeled when, whgre, . @
§ g béhavior expected, etcs. ~ e T
; ’ Waiver of liability for each trdinee (if required) :
3 . Board Transportation (large.group - bus preferred) . 53'
P - . P "' . R ) . 7
§ . - . X
~ ‘} T ‘° . i ‘.' '°
T N . 4
3} ‘ Dutside plant gate - op bus \detail topography, ) %
‘ i. general plant apptarance, etc.'- short discussion ,
! . 'Park -bus out of tHhe way . _, U
2 I T Keep group togeth 3 ig )
K d o *Introduce to tour person or ‘operator -
v, 3. -Tour plant (encourage questions) .
. ] Emphasize organic loadlng ) o : . A N
) 3 i $ removal . ; ) , , ! }
T Hydrauli¢ loading . ) . -
‘ Size-of filters. S SRS E o
i . Size, condition of secondery clariflers R " ' <
i 4 ' r . )
) ’ L . - L . ‘ ] ‘ . . “ o, ‘ . , 3 N
- 4} . Assemble group‘ln quiet plade with plant superlntendent '
o i or operator +(allow time for Questions) ’
i - " Let students."look around" for approximately 30 minutes ¢
! . to help get_ information for form 'to be completed . .
- . Thank Superintendent and opeérators forﬁylslt — encourage '
§ trainees to thank them also . :

a

Re-board ‘bus - Do head count (time apx. noon)




e
. . ,
Iy . . o < »
~ . -
oo 5 Take 'group to restaurant (or .back to classroom)
with a meeting room (pre-arranged)
Over lunch, de-brief students about plant . R
— A good technique is-to sketch out on acetate film
. ! on overhead or use blackboard or carry your. own
' flip-chart and felt tip marker 3
; . .
- -
6 Go through student form - item by item - E
Stimulate student observations and fomment
Check calculations required "
o, Summarize Module T "
) Questions? | ’
{
_‘,—’\ ¢ T, R . _—
] A\ END . ¢ ~
» .
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. . . . .
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INTERMEDIATE TRICKLING FILTER FIELD TRIP

Students Complete

. Class

- Diameter x
"Mode of operation

}Re01rculatlon ratio

Depth

)} Tyhe:
.Number of ‘units- ’

3

Recirculatiion volume pu

.Volume of filter
Hydraullcsloadlng
Organic loadlpg

Filter #£1;.

.B.0.D. into: T L
, Filter -$#2}, S
B.0.D. out\. Filter #1 -
; Filter $#2} ;
% Removal |(B.0.D.)  #1}: -, A
4 #24 /’

"ﬁn_..a.

. - Q Name Date
9 —_ ‘
< 9
' 1. Plant Background Information N ‘ °
o Name of Town _State -
) Population @ - Date plant constructed
b ° Major industries
. '! Design Flow . Actual Flow -
h Type of Collection System ) o o
- Inflltratlon/IanOW' — 4
-, v ; Unusual flow 6€/tnx§cs X shock loads
. " Collection system pRoblems
‘ NN Plant gounds and )
. R Buildings and, - . .
-~ Personnel } #
. ) '
. ’
2. Describe pre-treatment used:. N
LI - Py ‘&__ 7—K J"
3. Describe primary treatant units: K
« 3 N —* . R
g 4. .Problems observed beforge pre-treatment: . .7 //f-’—\\\\\\ *
4 LI = s _ : ‘
1
D+ i -
T, -~ i N
. 5. Type of Tirckling Filtex




o % - ) /
. Intermediate Traickling Filter Field Trip ~ - ,
Students Complete N - .
Page 2 - R - -
i 8 \
.+ — Actual voldhe of sludge pumped gpd % 5011ds \ .
(- . Calculated volume ofosiudge gpd
* . : ’1\-
Theoretical nomograph $ removal expected
. . ° % Why différent? :
\.\/ ©° \ ' - +
‘ > . L — - .
- - . . . Y : 3 - B ~ S S - M
6. Trlckllng Filter effluent quality: 4
3T » ) . .
" B.0.D. - i ..
. &géigended Solids . i
. - ) ;
D.O.. . . ,
NH; NOZ NO3 % \
Grease Level » © o, ,
* 7. Pient“pfobleme and abnormal performance obéerved.
- . i M - 4
" Item Obsérved: . Reason Eor Problem: " I would solve the .
. ] ) \ Problem by:
4 T‘k 0 :
L] bl N Y
, ° . i .
3 i .
4 - {
.c 4 . g »
. L ! . i
o - { . oL
. -~ . . . : .
v ,; < - » *Q N ‘
‘-ﬁ * % [ - ‘\'
Bl : S : B
' . OO i . :
:1 ‘._1‘ ( : 1 ‘ . ‘;g '
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. S e b Newee
l} . _ . ° 2 5 I ’ -
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] s ° ° 7 .‘?; S - A “
£ ¢ ' N ° P "’ qi, :J .
t { lall B P) . 'qu ‘ .
tos ) o ) ’
. . . 3 3. -
f . ° - - ¢ v 4&’* v F »
N "3‘ . * -
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Name
.- 1. Tﬁree classes of tricklihg filters are:
e : - ST
* - l. .o -
2. L .
3. - / i" ° oy
¢ { 3£
2, -\ ~ AN
loading are’ terms used to classify'trickliné filters.
3. Three industrial_ uses of trickling filter applicatTQns;er‘
- . - . N
| 1' '
2. ,
3.\ '
4. Normal depth for a rggk,trickling filter would be
-~ and would depend upon the filter .
) 5.
, trlckllng fllter would be 'Af
C. 6'
. v J
U ;the winter o2 in ‘the’ summer? R
P . ‘ . \_’\
L Nl -i
T 3;gr6Jw ,1n a tr:.ckl:.ng; fllte\r\__J.
Fos” 3f s
= 8. "We-ting Rat rls an; ﬁmportant con51derat10n in
fitrlcklxng flltLrs. . o
3 ¥
9.. " A "shock"* load{on a trlckllng
1 z . 4
‘ S U
R ) 7. . : - - .
10..: gal/min ft.2 a?d'million/gal/day asfe are units of.
. . ldedéng'onla.@rickliﬂgikilter. o
e :‘;\ 2 . N . ?: 2 . ‘-‘;o.mu
» ‘9“ ,A" - !
Q. ' P 68 -
ERIC ] o’

Examination

Questions .
Intermediate Triekling Filters
Module 113H22 120%Hours) .kr: >

loading and )

Date”

X

& i K

¢ ! Al
. . . a .
. . .
. 4

[N

(G

r -

N
<
‘\

Il

A normal 3 BOD5 removal expected for a well-des1gned and operatlng

%0'

. A trickllng fllter w:LIl normally glve better removals of, .BO”ES G?J.n

=

.

fllter-ls a
/

A

e

is a term related to loss of fllter

A

§
;
g
|

L
|
o

o
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Page 2 ‘ ' : ‘ . /'.

: S, .
) J11. Calcuﬁate t%e number of acres on a surface 500 ft. long and 500
o ft \w1de.‘ (show ‘work). : ) S, ,
. ! . IR = . ) » “ * -
T acres , - - N K
‘ ! . h -A ’ i '. > -
[ ./ . .
’ ! ) \ ) X s ’ ~ T
“ 12,

One million” gallons of wastewater flowed €o a filter 209 ft; long T

:and 209 ft. wide'inm one day. What/ is the loading in gpd/ft<4?
(show work)

> .
Iy

» . » . . >
- ’ LN - [
. ; . . . . .
- \ . C e . .

'.': ’/ > \, ] ‘/
13. Find the loading in mgd/acre for 8, trickling filter that receivks

: 5,000,000 gal each 24 hours and has 200 ft. diameter. (show work).”

. ™~ ~ mgd/acre - : ‘

. . St

14, 1bs. —B@Dfday/aere-ﬁeet ~and lbs. Edb/day/lOOO cu. ft. of media

- are - examples of _ S ;oadlngs. -

15., Find the oading on a filter that recélves 4,504 pounds of BODg/day
' Tnd is lnﬁ“ft. square and 10 ft. deep. - R .

. Y -

. y ;
\.
. i -
< ‘: ’., » ‘- 3
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. . ) . ]

» " . - s } R .~

16. If the influent to, a filter is 180 mg/l and a flow of 3 MGD,

- how many pounds of BODg are recelved each day on the fllter° ) -
% A Pounse of B cav o |
a S . 2 ' - ) . ' Lo
5 . .7 A . R S ’ -/ ’ o f - ¢ 5 i
£ LN ; ‘ 4 ' " X
. ’ . . Lo . "‘ “ ‘:

17, l§, 19, If the flow to a trlckllng filter is 3°MGD w1th a diameter

. ’ : of 236 feet and 10 ft. deep, £ind the pounds of BODs/day/acre ft. v
. : L

’ e . . “ —

' :.; \ ‘ 3 -
.- o . ¢ 3L/

What type of filter is it? . <L et
Why? . . \.
- A \"
. - - ’ +
20. The greater the ¢ X to a filter the
‘ greater the recirculation. ° R - o s
21. © rﬁte filters use recirculatioﬁ. ’
] ,22. If an 1nfluent wastewater flow is 10 MGD and the rec1rculatlon
R ratio is 2 to lp what is the totaI wastewater flow to/the fllter?
— (show work) N . . . E '
N ’ v - .
-~ M . A S \\ %
‘ Y n . ;“ Al -
- bt ' * " -~ ] ‘
’ L . : /\\// N s
. . . ER A Y

.23, If you treated 7 MGD of wastewat r containing 19,500 1bs. BOD;%éach,

. s day, what would be the B0D5 conc ntration in mg/l° (show work
-t : ‘, L s L r_ng/l BODg .
'c : ‘ . R o . ‘ v:
_ S o ‘/ S e e
. w \ ) J:' , ; -t . ! B
Al ' 24. Normal removal of BODg>in a. primasy plant before reaching the e
' N . trickling filter woulg : “\% and apX.+ - - % <
- ‘for the suspended solids, . NG ooy
3 . - . . "; . H ., . ’: R ‘ . "_\:a‘ - / . .. 7 ) ) R
‘el . . s . . A 4 . . o co *
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¥

,Pag\e" 4 | . ' - £ N

o W ) - 2‘ C. . i

25. Explain the relationship between Bqur BODultimater,anq COD in
25 words or less. . ) w . .

\
RIS S
-/ -t
\
.

D

. )

¥
3
}

- . 3
NN B R . .
. . .. A - .
LY - L N
FREENN i
¥ } %
o .
. S ey *
N L]
. z b —t
" . N

S5 z> L
i s .
st - - i ) i -~
. " . e T - i '
26. How many gallons of sludge (5% solids) would you expect, for Zp
1. . pounds of trickling filter-humus? 3° . = et
o7 e ? . . R . ' . <8
) . ~ . T o gal. 3 ! . , Y “
i
, g { 3
j =3
27." Oxidation of n;thgenAprocéedstrom ammonia to
: . ) " h 3 .
1:-0 ) . Yo, B ! . .
- ! "f‘\. .
28, 29, 30. Given the formula: o : .
| N ;; : ' " . - o ' ¢
E= . d 100
.1+ .0085Y W/ VF
Find the % removal for a flow of '250,000 gpd,
Trickling filter diameter is 96 ft.
Depth = 6 ft. (acre feet = 1)
. BOD to filter = 175 mg/l .
(Lbs. BODg = 366/day ' i , N
(Regirculation =.0) . : - ) R
i e v S ) ,
J R Co. . L.
I3 .\(

>
ol
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33.

.

35.

36.

«

]
i

37,

L 332,

e E; _

s
L4 .

Assuming a -recirculation ratio of 3:1,

-
>

in the above problem,

what would be the & removal of BOD?

. -
- . N . [

A trickling filter must be evaluated in conjunction with a

2

, since these units function

. A .
as a single unit.

1

" List two problems with O & M of. a trickling fllter in extremely
cold climates: .
- - ’ / ‘
lo 5 ’ ° ’ Hn
R 2. * ., -
- . < <
. v . o,
List the five component parts'of a trickling® filter., - - oY
‘. . L) .
l. T * é . : N .
2. e
3. _ o . !
. 4. ° : t’ ° °
, 5\, N - .
Where woulq you flnd”agglgn spec1f1catlons on materlals used in.
constructind .a. trlckilng fllter°’é' ~ Iy ’
o & . .,,. ’ i R . To.
c\ . ‘ r ¥ - o ) e
. X - . 4 )

8, 39°

51ze a trickling filger g}ant de51gn for. 1’ MGD, 192 mg/l BOD 55

wanting &4 55% remdbval.

S ~

2

L3

-

’,

°

*°, 8 \l ' :
Llst tbree examples of abnormal trlckllnc fllter performance.
"‘ .- v ' >

l.,..__n:t_ . Ta

K ea g N

e - ¥
2. N R L

- L] i, °

3. ) T ¢ y

Using the nomograph as publlshed by “Publlc Works Publlcatlons

N
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~

3 -«
[ . K
* . - v
. . ¥

4 . ’ 1] - -

r“ L]
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41. List items used to evaluate personnel utilized 1n a trickling °
. f11ter plant- .
>, 1. . LI 1 - . .- L :
; ’\—2"7 > L - : i n
3. ' . .
3 . . *
42, List three items to be evaluatdd with grounds, malntenance, and
records in a tr1ck11ng filter plant
Wl ® '
2. . N i 8 ¢
S T\_\ . ) - . 17 ’
e 3. ' ‘ ¢ \
. » . * . '
43. List three sources of odors in a tricKling filter plaht operation:
1. - : . -
2, ‘ — -
- 3. \ . . o . . ] .
% g
44. The use of masking agents is not a recommended procedure at a
trickling f11ter plant. True False .
gs. “List three 1mportant process control laboratory tests for tr1ck11ng
fllter operatrons° . . . , .
1. ‘¢ - P °
I\ - b 7 N » /
¢ N 2. s
- . f'
3. i .
46. The term ' as bu11t crawlng" means: ]
;T - . 7 . . ° / - ’ P
- ‘L - < .4_'.!'
- 47, Llst two pretreatment problems that interfere with good tr1ck11ng

filter performance.

1. , e ° ‘

. .
2 . ) ’ * !
. =
. ;
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age ]

to a treatment plant.

8, ) wo : ¢
would you look at? . Why? What wouldfyog\evaluat

“\

(Who would you gall? Why?

5

!

What records

o

\

e? ¥hy?) 50 words .

f

48, 49»l50. Discuss how you would organize a field iﬁspection‘visit b

“

ystem goes septic. (50

51, 52,‘53. .Write-a dbrd:relationship for aerobic sewage treatment,
_$&plaining what happens when, the s
words or less) e

»
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. . 5 ) - b
.t s , R » ; $°
b 57, 58, 59. Why is establishment and enforcement of a sewer use ;
. ordlnance important in good trickling filter, performance?
- (50 words or less) :
’ L ] - . ! ! Cod ’
— - + -
v ’ ’
a - .
7 \ A 4_ +
- > ? '
- S -3 )i iy a
» - - . :
3 ) ‘ ~ %
‘ /'"".\' — j
4 : & e
-t ) Vv . "
60. List two thz.x)gs \:hat a well maintained trlck'l‘Ing fllter plant, with
flowers, etc. would 1nd1cate to you.
lo ’ - N ’ v ’
2, .7 R ‘ .
. L s
T e A
. Does it mean 'the effluent is meeting NPDES requirements? -
. Yes No . . : e ’
4 A '- . "< H . . . .,
’ Wl‘ly - : “’."’; . s
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-

" OXYGEN (AIR)

V.

e

‘o’
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TRICKLING FILTER TYPES BY APPLICATION RATES:
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B .
1) “ROUGHING" FILTER -, ~
L ] - * "“
2) LOW RATE
i ‘ 3)  HIGH RATE ,
. - ke * . ‘ "4
) L) ““SUPER” HIGH RATE . ; .
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SLIDE 6

S ROUGHI4G FILTER:
" ROCK OR PLASTIC MEDIA -

 UP'T0.20 FEET- DEEP
USED TO PRETREAT HIGH'BOD WASTES _

HYDRAULIC LOADING:. . . _

60 To 180 mep/AcRe - OR
1400 7o 4200 6pp/FT.2

ORGANIC' LOADING:

© 100 Ls/BOD/DAY/1000 cu, ET.

[y ) -
MAY OR.MAY NOT-HAVE RECIRCULATION

\

RS
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2)- FOOD PROCESSING WASTES ~
Coe s 1 o » ‘
_ 3) :POULTRY, EVICERATION, SLAUGHTERING WASTES
- .‘ \ . ‘ ' g N . :h | ) . 1 .
4) , MICR>~CHEESE & WHEY. PROCESSES :
~5) TOXIC WASTE HANDLING (PHENOLS)
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 SOLIDS PRODUCED (HUMUS) FROM OXTDATION OF DISSOLVED AND NON_

SETTLEABLE SUSPENDED soums ' ,

SIMPLE CALCULATION: | |

SUSPENDED SoL1ps: . R . e
. PLANT INFLUENT 300 wol . . | |

'PRIMARY EFFLUENT 105-me/L (o FILTER) - * e

PRIMARY EFFLUENT igiﬁﬁ;§"(FROM FILTER) ( 907 REMOVAL) .
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) FILTER REMOVAL:

105 Me/L - 30 = 75 me/L s \
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BOD OXIDATIONT

- BOD INTO PLANT 204 Me/L
PRIMARY EFFLUENT 132 me/L (70 FILTER)
LEAVING PLANT 30 MG/L

. BOD REMOVED ON FILTER:
- 132 =30 = 102 me/L |

118, oF BOD proDUCES 0.77 LBS., OF SLUDGE.,

T . 1Bs.BOD/pAY-REMOVED = 8,34 x. 1 Mep x. 102 me/L

___LBs, BOD5/pAY = 851 LBS./DAY
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NITROGEN OXIDIZED:-~ -~ - . L
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1) FIND NITROGEN IN PLANT INFLUENT (sAY, 25 Me/L) -
Lwep=209 ws./owy ~+ © % o

2), EsTiMATE 997 CONVERSION ‘ . R
¥39% oF 209 Les. = 207 Lss. REMOYED

2 LBS, LEFT. oo /////r
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.25. M6/L LEFT

BUT
1 1B, NHz GIvES QKE%i) oF NiTRaTE (NO3)
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"NORMAL VALUES 20-50 me/L o o
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RECIRCULATION"RATIO AND PERFORMANCE

’

NATIONAL RESEARCH COUNCIL FORMULA:

- 100 T L
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1+ ,0085 YW/VF -
WHERE . : |

.\.

E = 7 REMOVAL BQD5,7 ‘
W= BOQ.FOAD LBS./DAY  “iux.
F = REC}RCULATION'FACWOR

V = VOLUME OF FLLTER MEDIA (ACRE FEET)
AND

F. = RecircuLAT.IQN FACTOR
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~ . “ HIGHER THE BOD, HIGHER THE RECIRCULATION,
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MATERTAL BALANCE

»
3

SLDE-297. /.
PICAL- . TRICKLING ° FILTER.
SEWAGE" TREATMENT PLANT

Total- N‘itrogen 30 mg/1 (NH3) :
BOD 204 mg/ ,
ss 300 mg/1 . . ‘ :
1 mgd_ ¥/ , RECIRULATION (NW‘ nA'rs)
PRETREATED RAW SEWAGE I = ; =
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BROKEN VENTS, ETC,
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“.CLOGGED VENTS® . . :

" TOXIC WASTES - L
KILL OF BIOLOGICAL FORMS

.

1

LV e
.
1 ] - .
; &
i . .
2N «
. V
. o . o . .
- = - ' v v ?
§ b . - 3
* % * ' -

"

N

-




. [ '~‘
' - . LN

o - SLIDES .

- POOR SOLIDS REMOVAL
SEASONAL VARIATION
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LOW OXYGEN SUPPLIED
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LOADING INCORRECT
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N  COMMON PROBLEMS
2" 'PONDING "
- ODORS -
" FILTER FLIES:
SNAILS |
- UNEVEN DISTRIBUTION
. - INDUSTRIAL SHOCK(LOADS
HEAVY SELOUGHING OF GROKTH &
. %
N %
3 ° 4
| -
, :_______.>_,/»——«;’f4
- ) -
W L
. - 144.

‘¥ / . .
Provided by ERIC ‘
. EE .




. | SLIDE 12 - \

- PROGESS. CONTROL TESTING =
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L " OTHER USEFUL TESTS
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