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Module No: IModule T1t]e , . N . ;
. . . . f . Y
. o " Intenmed1ate Rotat1ng B1o1og1ca} Surface 0perat1on .-
1430wW, . - 4 |Submodule Tit]e S
E= - —- { . . . . - . i
Approx. Time: ‘. ‘ ’ e S B
: . . |Topte: . / " AV
N ‘\ L M .\ . . ) 4 - Pl “ . ' et
17.0 Hours Summary #éi S .

ObJectwes :Upon comp]et1on of this m du]e the part1¢1pant will be.able <to
K

~

1. D1scuss the role and fuptt1ons of an RBS ‘p1t in wastewater treatment
in detail. |

. 2. Discuss the factors affect1ng RBS unit performance and be ab]e .to suggest !

" solutions to adverse situations.

7

3« --Briefly_comment on the design approaches for RBS systems. . L.
4, DTscuss\tﬁe ‘matntenance requirements for an RBS system. °
5. Outline the réport requ1rements for RBS performance and cbnduct appropr1ate
calculations. . e
. . _ + A 2 LI
Instructional Aids: . o ., PR
- C e . RLSU
-Slides ! ° . o Lot : oL
Transparencies ) 2 : .
Handouts . : . N a . .
q. - . . ’ . .
¢ \" pre -
S - . -
Instructional Approach: .
. . A * » é . -
‘. . P - ~ B
Discussion . : SR . . .
1 . L ) ’ = ' ~ (.
References; o T - d .

1. Water Pollution Control Federation, Operat1on of Wastewater Treatment .
Pants, Manual of Practice No. 11, 1976 g
2. "Autotro] Corpofation, Bio=surf Design Manual, 1972 ° .

3.. Autotrol Corporation, Operating & Maintenance. Manual for the B1o surr
. . MWaste Treatment Process

s . . Lo
s - .

F . ' ',—ﬁ‘
Class Assignments: “ - L
Read1ng of assigned referentes -~ - . ' R
Study of handout materials - - o )
Working sample problems. . - o , .

1
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Module Title: - . . ° « & oo« o
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Intermed1ate Rotat1ng B1o]og1ca] Surface 0perat1on

.Suﬂmodule ﬁt]e v . ) o

[ Approx. Time:

€ ¢

3.6 Hours

 Topic: - /

- ', "N -

.
. e N N
. * A}
., . T
v

Review of Wastewater Treatment Systems and Process
Performance -Parameters . . ’

kY

siudge processes.

ObJect1ves Upon comp]et1on of ‘this topic, the participant will be able to-

.1. 5escrfbe the unit operations and processes of wastewater treatment in-¢
cluding typical performance and factors affecting the unit's perfonnance

of wastes, 1oad1ngs .

e.g..flow, ty <
2. Relate ‘the placg of thezRBS system’to trickling filters and act1vated -

quality parameters and cite their s1gn1f1tance

3. Define the various wate
- in biological treatment performance.. Parameters included as pH, toxics,

~ _

temperature, so]1ds'spectrum COD BbD NH3, P and others.

Handouts

InstrdEt?BﬁE]“AﬁHsti‘w»~es_

* Siides andiggafsparenc1es

S

——

——

Solids spectrum.

Typical plant processes Unit performance
Oxygen demand: tests.

p——

P2

- ) / )
-1 . . .- ) % - T
. ‘; ) - . L . : - . _ » - . : .
: o Instruct1onaﬂ—Approach C s ) A .
.- . D1scuss10n- L " - ’
. ) . a o 3 )
S .. N N
& . ‘ . 2. <
"|References: . ;‘ SoX S .
/- 1. Water: Po]]utaon Contro] Federatlon, Operation of~WasteWater T”eatment
: " Plants, Manual of Pract1ce No.-1), 1976 . * ° °1
, . 2. Autotrol Corporations Bio-surf Design Manual, 1972 ' \
' ‘ 3 3. Autotrol, Corporation, Operating & Ma?ntenance Manua] for the B]O surf
: Waste Treatment—Procéss . .t d :
«* i g . © - ) \‘ N . - ' o ) . -
- A IS - - ‘;’ ’ . * ‘\ - -
-7 . |Class Assignments: - ‘ . \;‘ S B
y . . . > o & o, ) . .~ - 3
N Reading assigned mater1a1 P - IR o
R . . .. Supp]ementa] read1ng--handouts, background operator texts '; .~?‘ > ’?5
. \). ‘."i . . I ‘ , '- ‘ . . /7 ' x“‘ . .~ " ‘ Lo .‘:: e | ¢ ;
‘- . - - ) « » . .“ . . . :p
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Module No: -

Topic:

K R 1‘_ e . . \.

Rev1ew of wastewater Treatment Systems and

B .
Pnotess Performaqpe Parametérs .

Instrictor Notes:

a.s

P

Instructor Ottline: *ﬁ Ce s

-

.

TRANS 1D-4
TRANS ID-5
TRANS 1D-6

Ve

'\o -

1rrRANS- 1D-3.. - :
wvwater*Qua]1ty Parameters

Solids Spectrum

»
Al

B1o¢hem1ca1 Oxygen Demand

ng 1D-1 :

Wast water—Treatment Systems

.J TRANS ID-2
Ro]e\qf RBS Units

¢ -

Lkt

Note: MOP‘ll is qu1te thorough

. in this-area.™
personal slides or WPCF

Fation Tralnlgg Gourse

No. 2 s]1des

Could use"

AN

13
“

-

Organic Content of Nastewater‘

>

T v
.} 1. Discuss unit operatqons “and processes

-«

= .0f wastewater treatment

" -a. Note typical performance of unité.’
especially pre11m1nary and pr1mary
) units.

* .b.. Comparé thé role arfd bio- act1v1ty .

. of \RBS units to those .of trickling
.. filters and*activated sludge units.
.C4 Comment on-the impact of flew changes ,
: BOD 10ad1ngs and jindustrial wastes e.g

h1gh organ1c "and“Mtoxic wastes

2. Define- and c1te the* sugn1f1cance ‘of water

- quality parametens_assoc1ated with a =

y ", wastewater- treatment plant-e.g;,

“,_a. Acceptable, MH ranges “¥n aerob1c

processes. “Efflu t 11m1ts .

v b. Toxics - e:q- metal Snhibition of '

4 enzymes.' °. .

c. Temperature L affect on rate of

activity and growth rate. .
d. Solids accumulation and separat1on

. N e. DUOrganics = nutriant requ1rements

el ,\use‘gf NH3 & P in ce]] growth
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{Module: No: Module Title: )
: . PR — . LB
‘ . Intermediate Rofating B%o]ogica] Surface ‘Operation .-
11390 " [Submodule Tifle: ° ,
— . 4
Approx. Tife: - : )
o Topic: o .
3.0 Hours _:\\ Basic Bioiogy and Biplogical Systems .

0b3ect1ves Upon comp]et1oh of \this t0p1c, the part1c1pant will be ab]e b0
b

L

D1scuss bacterial growth and factors affect1ng rates and- synthes1s

aspecis.

etc.

‘
>,

“filamentous o

‘2. Discuss ‘the i terre]at1onsh1ps of organism eco]ogy, e.g.: presence of
ganlems, n1tr1fy1ng bacter1a,°protozoans, rotifers, *
as they rela .

to RBS systems~

¥

.-

4

Instructional Aids:

#

o
- .
.
\

o
3
i

S . : . -
I Transparencies: Growth curves. Pqpulation'dynamics; Nitrogen cycle.
.Handout? _
. ¢ , “ . ~ - -t ..
Instructional Approach: =~ - . . .
R S I, .
Discussion '
¥. -

References:

‘1, Mater Po]]ut1on Contro] Federat1

hl

, Operation of Wastewater Treatment

Plants; Manual of Practice o. 11,. 1976

Read assigned read1ngs
Study handout materials.

-

' LT
: LN g

2..-Autotrol Corporation, Bio-sur esign Manual, 1972 i ¥
3. Autotrol Corporation, Operating & Maintenance~Manua] for the Bio~-surf
: Waste Trea jcess. e
’ . . ' ( )" -
- C]ass Assianments: -~ \ "‘. T P




J|TRANS ID-10
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- , Page o of____ S
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Module No: Topic: ) : .
VT o Basic*Biolody and Bio]d&ica] Systems - -
T13JWN ’ I . ) . s

In‘Frucfor Notes’:

‘ "
0

.Ihstructor Outline:

N ‘.

TRANS 1D-7

Biological Term1no1o
TRANS 1D-8 .
Nitrogen Cycte )
TRANS 1D-9

Nitrification

Biological Activiiy

-fNote: MOP #11 cites examples

of bio—popu]atiPns

-

1. ~D1scuss bacter1a] growth . ' o

_a. Food/Microorganism ratio “impact 3

b. ‘Aerobic and anaerobic aspects e.g.:

) DO .requireménts to ma1nta1n aerob1c
. activity. .
c. Wastewater contains a very d1verse :

’ popu at1on -wcompetition ‘based on’ ’?.*r
food availability #@nd environment eg.,
as BOD decreases adequately nitrifica-

. tion can ocqur. :

‘d. Noté that bio- decompos1t1on of protein .

/f can y1e1d ammon1a . N -

AY

<

2. D1scus5 d1vers1ty of organism. popu]at1on '

in fixed-film systems. -

a. Bacteria

. b. .Filamentous-favored by type of food
availability, low DO conditions

c+ Note,conditions necessary for slow .

growing nitrifiers to deve]op .

".-d: Protozoans are presént in actlve

- bio=systems )

e. . Rotifers are indicators of stab1e

systems with 10w,grg§23c levels

%»

,.
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RBS System:; Purpose;,fuqctions; components' s~ -

/ -

" " system.

-
A s

. QPJect]ves: Upon completion of this'topic, the particfpaptiwill-be'able to, o

1

1. Fﬁ]iy describe a typical RBS system amd cite its process ﬁerforﬁance"
. . characteristics.in organic, removal and nitrification applications.
2. Discuss the nature.gf

~

the bio-mass and the component parts of the.

.

| Instructional Aids: )
Slides & Transparencies:

- A

RBS, System. RBS Coponehts. Existing plants.

.6 | Handouts o
i ‘ L - /’
1 L. 5 s ) ~. N N

“ g ) ' N [ »
~  |lostructional Approach: . | . ‘ .

- ) - . \\ .
Discussion A . ’ .
S . . . .. - \ -

Refgrénces:fl
1. Water Pollution

e - -
Y

Control Féderation, Operation of Wastewater Treatment

*  Plants, Manual of Practice No. 11, 1976 . ..

2. Autotrol Corporation, Bio-surf Design.Manual, 1972 .- o
3." Autotrol Corpgration, Operating & Maintenance Manual for the Bio-surf
Waste Tredtment. Process B L
o b - \.
1Class Assignments: = . -
Read assigned materials in‘references. . Co : :
| Study handout -materials:, ) . v h -
- 11 S )
L . - )_f‘:;
c . - - o,
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) Rotatmg B1o1og1ca1 Sur*face ., process performan@e re- BOD r‘educt1on
.} Reactor . Y < . and mtmﬁcatmn, .-
TRANS ID 12. , v N ) e
Typ1ca1»RBS Conf1gurat1on 2. Note the vaerS components e. g .
TRANS ID- .. . a. Naturé of disk material and area’
Rrocess “t\Q;nponents .Rotational mechanism and functwn
TRANS 1D-14 . - c. ‘Nature. of bio-mass-growth, appearance
Process Description * . : : sheamng ‘with rotation Ry -
. . . . R ) M . - l&
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-petformance.

Upon comp]et1on of th1s top1c, the part1c1pant will be able to
1; Discuss the s1gn1$1cance 'of . proper pre- -treatment to ma1nta1n RBS unit |

The effect of carry over soiids, s]ug ,Joads, flow

variation, toxic substances would be in

P

ed.

2: Discuss: the effect of pH, temperature, a]ka]1n1ty on the process

e P ’

~ , \‘v ) _ . ’7:;
. ﬁ’, .
T ‘ hd . :4';’!5}:: x
/\/ > ¢ t \ ‘ v
o °Page & of . .,
L] ~ [} l 4L“4.L
. o ; k y h L l .
[Module to: ¢ - T Imodute TMTe: S ‘
. ‘ Intermediate Rotat1ng B1o]og1ca] Surface Operat1on
T113JWW Submodule Title:. - ) B T
: . N [ ‘i ~ *
Abprox: Time: 5‘ i o . L
“ e - "“' TOp‘iC:' , ”n‘ i, l..
3.0 Hours ’ RBS System:. Factors Atfectiﬁg’ﬁerformance
ObJect1ves

J Handouts

Instruct1opaT A1ds L .
Transparenc1es Cause and Remedy Situations _ - .

h : -i.-‘f*'

.
. .
‘ ;

Instract10na1 Approach

Discussion - : _ U

§ ) ¥ . b

”» - -

s

References: . . : ~ .

13 Hater Pollution Control Federat1on, Operat1on of Wastewater Treatment

; ‘Plants, Manual of Practice N4,_11, 1976
2. Autotrol Corporation, Bio-surf'Design Manual, 1972
3. Aq}otro] Corporation, Operatihg ‘& Maintenance Manual for the Bio- surf

Naste Treatment Procegs T ' e o

e . . _ v

P
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] C1a§s”Assiqnments:

Read aSSigned rgferences. : .
StUdY haNGﬂﬂf*mater1aﬂs. A -

; .
, :
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Var1a\\ons in"Flow and Strengtb

Noie:

"a. Potential for 'grit or other solids’

HOP #11 is thorough in th1s .

area.
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- ; o7 . e ¥ MY
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c - AN 10
/ Pager __. of _ -
. [ HoduTe No; Topic: e e, R

. ¢%13wa _RBS %zstem; Factors %ffectipg Performance
%;@ Instructor Notes ‘ ‘ 'ImstructoF"Uut1ineij". ‘ .

far - : ?‘: Lo . ! ‘. . . . ’ .
. . -~ ‘\ 4 - i I - . . :
- |TRANS' ID 5, - ¢ 1. Discuss the importance of pre- treatment

to settle fn RBS channels or units

.
v -~

if not removedvearlier,

-

Cite the.impact of increases in

BOD loads- to the system e-g., fram
industrial wastes. .Bio-mass response ,
and oxygen availability.. Also consi-
der items like grease.

i c. Note flow increasé affetts on RBS

2.

units (contact time and performance)
and on the ‘final clarifier perfor-
mance.
d. Toxic interference with:-bio-activity
e.g.,.metal inhibition of enzymes.
Comment on effect of vary1ng parameters
in” the’ system .

d.

“Note sensitivity of nitrifiers to

pH -

gnot as cr1t1ca4 for organic

removal).

Note, decrease 1n performance with'

temperature drops

Imp. of covers

or heated air in buildings.

&

r -

Note alkalinity buffering aspect.

d.” Sunlight impact could affect a1ga1
- growth if disks are:exposed..

e., Changes in DO with stdges.

3 . ,, 3
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" ." {Module Not Modiile' Title: ‘ . e
. _ , ; . ) “' . ‘i kel . ‘ ) . .. . ~ .
. AR Intermediate 'Rotating Biological Surfice Operation
. TI3JWH . |Submodule Title:. _ ' L
4 - . .« - ) o AR . - .
. /Approxu Time: + ¥ - .. L -
R . |Topic: e '
e L , 1.0 Hours g RBS System: Typical.des{gh EPTteria. :
. iObjectivesZUpon completion of -this,topic,.the participant will be able to
. . ' N ’ . - - - . w \. » .
. ‘ "] 1. List and hriefly discuss the typical design criteria for an RBS unit
' L e including hydraulic loading, rotational speed, BOD considerations,
r .-temperqture effects, NH3.considerations, etc. - .
, . . ) .. i -g
H
' \
~ < llnstructional Aids: : - o T
< o - -
3 Transparency: Typical design criteria v ) L ..
; _| Handout
. 3 - - - " “ - h
) « { Instructional -Approach: ) . e - ) ) 7
.. e Discuss1oﬁ .. . - o - .o \\\
\ ~ . : - 2 - ¥ L4
Referenqes: . -
oot 1. Water Pollution Control Federation, Operation of Wastewater Treatmerit
Plants, Manual of Practice No. 11, 1976 S Tl

.2« Autotrol Corporation, Bio-surf Design Manual, 1972 . .
3. Autotrol Corporation, Operating & Maintenance Manual for the Bio-surf

- e Waste Treatment Process )
’ ~ " . - . . . > Y

s - . N s

- ~ . . . a ~
. |Class Assignments: - S N

. 4 “ . ) ' . . LS

- o . - N . ) s
Y IStudy handout material.. = - . ° ' - A e

Y ond N . . . . '

' - [
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Module No:

‘ .Topi\:

\
RB&&System:

bkl
-

Typical design criteria &

I730WM |
InstTuYtor Notes: nstr:ctor'Out]ine: ‘ T .
. .t B L. R
- i : _
TRANS ID-t6 through. 19 _\ D1scuss typ1ca1 des1gn qéctors for RBS
Typ1ca1 Design Er1ter1a Units - -
. ‘ "a. Hydraulic ]oad1ng vs. removal .
' - b. Effect of-increasiwg the number of
. o stages : L 1
) t c. Rotational speed . . e
~d. Tank volume’, ) -
\ Dy . } e, Temperature#note that if you can
. A lower theé hydrdulfic loadlng you
g can compensate for lower temperature
< . conditions.
et - . f. Note that nitrificatjon occurs with
. low BOD/NH3 ratios.
: . R [ g. Notg effect of n1tr1f1cat1on on "BOD
) N analysis.
v _ ¢ < - _" . - °
A M ) .7 T ’ .
d 2 » 2 T -
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Module No: < [Module Titﬂe:
' L~. o 5‘“ Int nned1a%E1Rotat1ng Biological Surche 0perat1on
RRESURE Subnbdule Title: ﬁ
1 Approx. ﬂT1me“ . L \e
i o Tee le Topic: B e T
1. 0 Hour. Fina] sattling tank and sTudge d1$posa]

0bJect1ves Upon comp]et1on of £ﬁ?§ tdpic, the participant w1]T be able to

1. D]SGUSS the settling propert1es of "RBS un1t sob1ds and the typ1ca1
perférmance. of a final clarifjer. « »
2. Discuss the quantity and ‘nature of final sett11ng tank s]udge and 1ts

. d1sposa]‘a]ternat1ves : ‘ , o
7, - |
s bl "l . ./ ’ ‘ . ) J' ~~'§ f .
Insfructional Aids: . - L. .
Trgﬁsparenty: Typical fi%al clarifier and its prezess control factors
- Typ1ca] sludge treatment -and disposal alternatives
R ] -\ .0 - . s
Handouts - . -~ . ' - ¢
S X,
[N . : e -
Instruct1ona] Approach - . - o ’?.
) : ’ -
*Discussion ' : l i .
. N ’ N . o . . N - - . N . B
References. . - A

1. Water Pollution Contro] Federat1on, 0perat1on of WasteWater Treatmen
-Plants, Manual of Practice No.*11, 1976 .

2. Autotrol Corporation, Bio-surf Design Manual, 1972

3. Autotrol.Corporation, Operating & Ma1ntenanceeManua1 for-the, 810 -sur
Waste Treatment PPocess :

) , ,
.‘3 . -
Class Ass1enments. : .
Study handout mater1a]s " S “
‘ . t ’ ) . . ’ LY :"‘\“‘&-\
"’i‘ X h & ) 17 . -‘.’,° v : . . . :
- - . - " {-”?
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"Module No: Topic: - - Lo .
* 1130Wy Final settling. tank and sluggg dispgsal ! L
Instructo; Notéé: Ton Instructor Odtline: f“ o *
- : rd y - -'M ) .‘1 ) J ” A". ] .
TRANS 1D-20 4 - | 1. Note the settling properties of RBS,, *
Sludge Treatmerit & Disposal bio-solids. Review settling tank
. y perfoffmance criteria e. g. .
A - » ..a. “Overflow rate . T .
. .b. Detention time E s
v .£. Discuss’sludge remova] treatment.
.| . and disposal. -
. . . a. Typical quant1t1es and qua11ty
- . of sludde.
’ b. Combining with prlmary s]udge .
, e c.- Note alternative processes.
* .d. Comment'on rising s]udge possibilities
, . . .vs. pumping rates. Den1tr1f1cqt1on
o _vs. thick sludges.
- . e, Comment on storage of s]udge i
: : ~ / v i * ) ¢
} - e ' ; < -
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Page_ 15 of

Module Ao: Module Title: o ) | )
- I Intermediate Rotating B1o]og1ca1 Surface Operation
II30WH © | jSubmodu]e TitTe:
—| Approx. Time: . }
¢ ,Topio: T s )
1.0 Hour ' Ma1ntenance L S - :

DbJeCt1veS Upon comp]etlon of th;s top1c the part1c1pant w111 be able "0 -

1. Discuss the ma1ntenance requ1rements of an RBS un1t and the re]ated

process un1ts . N i\ )
, ~ /k L\H
\‘ . . . , -.-:// . . . -
= ;. "f‘ e T

R L2
. [ . . - 6( o

Instructional Aids: ) —
Transparencies: Maintenance Schedule

3 Typ1ca] Maintenéance Mandgl Instruct1ons N

‘
» . e -
s N -

. - ) .
. A . ) . L‘
. ¢
- . , » . % L

. s

§y47 . — -
Inst?uct1ona1 Appro@ch L Y\ \ - "

D1scuss1on . "
. 15 - . LV ’ L ) ’ . .

W : - LR, '
References. ' - — ‘ . SEETERRN
]. Water Pollution Contro] Federatlon, 0perat1on of Wastewater Treatment
v Plants, Manual of Practice No.?11, 1976

2. Autotrol Corporat1on Bio-surf Design Manua], 1@72

3. Autptro] Corporat1on, 0perat1ng & Maintenance Manua] for the B1o surf,
. Naste Treatment Process

.
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Class Assignments: . -
Study handeuts. S : ‘ .
Read assIgned read1ngs. . - . -
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o Module.No: | Topic: . ) o .
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.~ TI3JWW } . Maintenance .. ‘
v i - 4 L ] . ., ®
4 . @ | - *
. - | Instructor Notes: Instructor Outline: [ .
¢ " ; . J\
@ * ‘( - . . . . R "} \0
® - ) - | . . . s T
: ' | TRANS ID-21 : ’ 1. Discuss maintenance requirements and .
Bio-module Units : ) ~ operation of mechanical ynits. ., -~ .
s . 2.. Have student participants .share their
TRA‘NS ID“22 - ) . -, - . - . ‘f
. = . - ass.
A Preventive Maintenance. o pract1‘ce‘$ with RBS umts_ with the_ class
‘ TRANS ID-23 * - o . - j . .
‘ Lubrication & Maintenance " . ~ . o
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Module No: ~ .- [Module Title:® ¢ ¢ -

N : Intermed1ate Rotating - B1o]og1ca1 Surface Operataon
‘1'13>wa : 'Submoduae T'lt'le' S ﬁ ‘
APPFPX. Time:~ b : S . -t L e

, ' ' IOpic: - NS
~ .0 N _ % ,
3:0 Hours, =~ CReports and ca]quat1ons

Objectifas: Upon comp]etlon of this top1c th part1c1 ant_wilt be able 'to.
1. Complete appropridte IDEQ ‘reports regardin proces performance of an
, RBS wastewater tréatment plant.
2. ‘Complete appropridate calculatidns including detent1on time, hydrau11c
loading, per cent removal, 1bs/day te' concentration convers1ons for f10W
. rates, chemical féed" rehu1rements
3. Understand and describe term§, units, loading

convers1ons, etc.

' Study handotts. . e, e .@;3.’ ' - "'_.

| : , .
. ’ ' - S,
N - _ ‘. . ‘
Instruct1opa1 Aids: .
Transparenc1es. IDEQ Report Forms ) oo ..
Iyp1@a1 Ca]cu]at1ons : oL . .
- ¢ 3 3 )y ' e ~ | --
.Handouts 4t "\. C
Problem Assignments .,- L T ' . ) '
.. . *' . . . |‘ AN . 4
Instructional Approach ‘ : g , e
Discussion o , . <
. fo - ) I . "L
I \ - , - g g .
. / - L4 :‘ .
7 7 :n . ¢ ’ .
' Refenence; . o0
1. Water Pollution Control - Federat1on, 0perat1on of wastewater Treatment
- Plants, Manual of Practice No. 11, 1976  -.s. T —(/_
2. Autotrol Corporation, Bio-surf Design Manua] 1972 s
3. ‘Autotrol Corporation, Operating & Maintenance Manua] fon\Ehe 810 surf
" Waste Treatment Process . . . .
. R R R ~ * . X o, . L e
" .~ L . N ' /.: N T e .. - / v 7 ) -
Class, Assignments: : . : e , i

Complete samp]e prob]em ca]cu&at1ons. | R :
C / ) :




Modu]e No: Q | Topict o
113wa I Reports and calculations’.

= T % ] 5 7 - .
Instructor Notes: Instryctor Oytline:
.- r -
. . ‘ 1 e

TRANS~1D-24

IDEQ Monthly Report ‘
™ o other if fam111ar with them.

TRANS 1D-25 ~ - ‘
N ‘ 2.+, Ask far class.discu$sion on reporti

IDEQ Eff]uent Mon1tor1ng' . " and monitoring experienees.
TRANS 1ID-26 | 3. Di%cuss tyﬁ)cal ‘calqulations using s
Typ1caT Calculations-I 1 . prob]em xpand as des1red
. 4
TRANS. ID-27 T

. assoc1ated with reports and performan e
Typical.Cal¢Ulations - 11 . . ca]tu]at1ons ~

Oe
+
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Mbdule No IT2FWH, Topic:’ Re?erences Ut]]1zed in Deve10p1ng Training ‘
f1agw, T140m ‘.. Module Material o T2e -

T‘ 3 K3 -
Instnyctor ﬂotes ‘Instructor Outline: . -
.‘ . .°' < -

P

‘ ;;H

N aWater and wastes

’

N.S.E.P.A.,

~ Clark, J.W.

\Mather Stanley E. J

. v s = i

Water Pollution Control Federation, Operation
fﬂgsteWater Treatment Plants, MOP No.1l1, 1976

Autotrol Corporat1on,/B1o surf Des1gn Manual,
1972

¢

Autotro] Corpor/jnon ‘Qp_rat1ng and Mainte-
nance Manuai for the Bio- surf Waste Treat-
ment Process- -

Autotrol Corp., "Bio- surf Frocess Rackage
Plants for Secondary wastewater Treatment"
~975-1.1. 2, 1975 .
Autotro] Corp
(6-3- 876)

* e w

"The Bio- surf Process",
1976 . -

"Process Design Manual fer—
N1trogen Contro]", October 1945
.astewater Eng1neenjng,
‘1972 N

» Viessman, w “Jr and Hammgr,’M
Water Supp]y and Po]Tut1on Contro] IEP,
1977 ’ .

Metcalf & Eddy, Inc
McGraw-Hid1,

Sauxe r.*C. N & McCarty,‘P L., Chem1strx,for
San1tary §491neer§“ McGraw2HiTl 1967}

" APHA, Standard Met%ods for the Exam1nat1on gf
Water and Waste ter,.14th Edit. 1975’

WPCF,\Slmp11f1ed Laboratory Procedures for

wastewater Exam1nat10n, MOP No. 18, 1970
m
U.S.E.P.A. Methods for Chem1ca1 Aga]ys1s of 2

1974 ...

-

"Plant Upgraded With Ro-
tating Biological Surface System", - Public
WOrks, Jan. ]977 -

Congram G. E s "B1od1sk ImprOVes Eff]uent—
. Water-Treat1ng Operation", 0i1'& Gas X
- Journal, Feb 1976 . 2
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. MpQuﬁé No: IIZFHN, TOPiC References Utilized " in Developing Training

4 Instructor Notes:

.
:

P

Instruc or OuEJ)ne

,_

i

. s

3

Vexler, H.M.,
The Costs Are Right",

/

"Value Eng1neér1ng Make Sure.

Water & Wastes

Engr, June 1976

\

Anton1e, RIL
with the Rotating Biological Comtactor,"

Ma/ hotra, S.K., Wilkiams, T.C. & Mor]ey, W.
o erformance of a Bio- d1sk Plant in a

,No\thern Michigan Community", WPCF Conf.,
,]97 .

"BOD Removal and Nitrification

Great Plains Design Conference, March 1977
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TRANS ID - 2 . . 22°
Je - ‘ . s
¥ ! . . ) ' -
’ e .~ ROLE of RBS UNITS ‘
- SECONDARY TREATMENT e g ’
) N Reduction of BOD by aeY‘&Tc bTolocha] treatment '
Uséd in place of a rock trTck]Tng filter or an
¢ [ .
: N activated s'ludge process Ty
§ . Applied to municipal aitd to TndustrTa] wastewatei' )
5 ' N Oxidize some organics in industrial wastes .
[ A . - J - - . » -
X b TERTIARY <TREATMENT “
’ + Decrease ammonia nitr&gen (NH3-N) concentration by
' bTo'locha] oxadatTon
Used alone or in combination wth other bTo]ochal )
. . processes . . . .
. ) 3
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PH=1Tlog 1 . °pH + pOH/= 14

') . . - ) 3 . . ‘Y
- o) 0 « N -
c’TEMPERﬁTURE - F=29/5"C + 32 ..

‘_/, °

. ALKALINITY "~ Due to présenCe~8§§£;froxides’ carbonates and L -

—' =" ... bicarbonates of ‘ca¥cjum, magnesium, sodiu,
- o YT potassium and amm
*  NITROGEN - Typical in domestic wastewater: : S ’
w7 Total Nitrogen -20-to 85 mg/1
‘ E“&e g ‘
- Organic Nitrdgen 8 to 35 .
Ammonia’Nitroéen,'NH3 12 to 50
o : Nit?¥§$ & Nitrate . Generally zero
i - oo (N0 (Nog) L .
\PHOSPHORUS .- "Essential nutrient in biological treatment E
' GREASE - - “Cause clogging; interfere with biclogical life
IOXICS v é.g. Heavy metals, cyanide. Interferg with. '
co S bio-activity* ! '
DISSOLVED OXYGEN - Oxygen in solutipn. Winkler titration.
" .- DO Probes. .Needed for aerbbic bio-activity.
‘ﬁ“ 4\“ ’ . J . ' ‘ AN , tv )
T oA /}\ . -
' . s
) R N
28 ' /

% Rn s i et o

o
L Y

C . TRANS ID - 3 Cel . *23 - .
- . ‘.' i « ,i
) WATER QUALITY PARAMETERS )
. pH., - A measure 6f_the hydrogen ion coﬁcentratioﬁ ‘
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* ) L ] % R . t ’ - ! ) l
_"v} SOLIDS SRECTRUM o ee .
. . . TOTAL SOLIDS — : .
. N ’ (700) L— Inorganic - :
‘Organic , J : - L } Organic K :
SUSPENDED DISSOLVED —[_ : N .
" Inorganic (200) (Fizrtera)\bl'e) "Inorgﬂic : .
. | 1500 o
- 45 4 . - ’ . ) . R
- + SETTLEABLE ©NON; \ o
(100) - SETTLEABLE o e
', . . ‘(]09) ’ . T oA s
. ® .‘ — D)
r ' R .: ; aw " -‘ , .
- ' CVOLATILE \ —  Essentially organic fraction - 600°C_
’ FIXED _— lEssentially inroganic fraction ! .
’ . . N X .
. SETTLEABLE —  One hour .- Imhoff cone . :
- r A - ‘ ° . * ..:a
N GRIT ~—— \Inorganics. Higher settling rate )
CARRI’AG% WATER - -, ‘
SOL?DS — Dissolved solids in'wa_ter_suppb'
’ PARTICLE' SIZE —- Settleable - greater than:10 microns
: . N Colloidal - 1073 to 1 micron S
. ¢ - # .
- P . , » 1 micron approx. equals 1/25000 - &
3 + Bacterial Dfameter ~ 1 micron. =~ . &
. . ‘ . I;
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ORGANIC CONTENT of WASTE WATER
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- a platinum-catalyzed combustion chamber
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‘cataq}st. (Total 0rgénic Carbon)

Typi;ai Domestic- Was

BODu BOD

Tog

If chemical formula.of organics is known
ThOD.may be computed. (Theoretical Oxygen
Demaﬁd) . "

d -~
L

Convert oréanics to stable end products in -
(Total Oxygen Demand)

Oxidize organics chemically in an acidic
(Chemical Oxygen Demand) - o
N~ ' ‘ '
The organics are oxidized biologically in the
preéeﬁoe of oxygen and adequate nutrients at.
20°C. (The Ultimate (20 day)Biochemical Oxy- ,
N . . |

medium,

y

- R -
4 s

chemica] 0xygen Demand -

<&

The, 5. day Bio
Organjc éarbon is oxidized to carbon dioxide in
a*high temperature furnace in the presence of a
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tewater: BOD/COD ‘0.4 to 0.8
+, BOD/TOC 0.8 to 1.0
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BIOCHEMICAL OXYGEN DEMAND
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Curve B illustrates noymal progression of nitrification

-
A
.
i

Note:

(At 20%, it takes from 6 0’10 days.to develop- / ,
- s - a'nitrifying popu]aiion)‘° /

Curve A 1]1ustrates n1tr1f1catJon 1n1t1a1]y*due to an adequatet

I

S
~

P

populat1on of n1tr1f1ers in the samp]e -e. g RBC Fff]uent

° . 'y \ ay;
. Nitrification effects can be separated out by pretJéat1ng

/ T BoDy
/ - ] Q" ~e \
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° - 5 10 s 2o
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Curve C represents the carbonaceous oxygen demand :
3 Yo =L (1-107%) ¥ - BOD at 5 days ;
- . ,:L - BODL ; . _
‘ k - Deoxygenation rate .
[y ) N : ‘ ’
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the sample e.g: pasteur1zat1on or by the .use of chém1ca]\ ‘

1nh1b1tory agents e. g. thiourea® ¥
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BIOLOGICAL TERMINOLOGY

)

' ~ L____SQP% IS or GROWTH

LTl _ a NEW CELRS, M (Volatile So]1ds)
FOOp or SUBSTRATE, F . LY %;
~ (BoD, coD, TOC) ~— - "’-

F/M - Food to M1croorgan1sm ! - ENERGY & END PRODYCTS*
- Ratio , : -

* thANIC - HETEROTROPHS

* - AEROBIC (Presence of D.0.) -- CO, + H,0°

-

v o :
ANAEROBIC (Absence of D.0.) -- CHy + CO

* . s

.

2

FACULTATIVE -- Can adjust to presence or absence of D.O.

[y

* INORGANIC - AUTOTROPHS
. 8

NITRIFICATION -- NH3 = NO, — NOg .

. " (Rerobicj - 7('Usés‘CQ2 as carbon source)

_ e
¥

,
N ’ .*'

PHOTOSYNTHESIS C-- Uses €0, as carbon 50urce

» @

1

Yields oxygen in presence of* 11ght
e.g. algae I Lo

N
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NITRIFICATION

’

\\/THE BIOLOGICAL OXIDATION OF AMMONIUM FIRST TO
NITRITE THEN TO THE NITRATE FORM

Sl ey bacteria . +
2NH,/+30; ———— 2‘N0 T4 4 H O+ 2H,0
4 TV 2, .2
. Nitrosomonas .

€

y bacteria B

2 N0, +0, '—— N0, + 2N".+ B0
2 . 3\ 2",
N1trobacter N
\\A

OVERALL REACTION:

v

N 20

4 =
4.6 mg/1 of oxygen 1s required to oxidize
1 mg/1 of ammonia -nitrogen when syn-
thesis of nitrifiers is neglected.
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; _ROTATING\ BIOLOGICAL SURFACE REACTOR Z " )
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5 . FIGURE 10-5. Rotating biological reactors should pe preceded by pretregtment and f/OIIOWEd by
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PROCESS UNIT COMPONENTS

.

Motor - . .

Belt Drive .
Pre~ossembled ™

Speed Reducer re‘ e )

Drive Sprocket

Roller Choin

.
.

LOOSE PARTS
(SHIPPED SEPARATELY)
T 4

A. Bose Bars Vi . .
*  Drive Sole Plote : \ﬂ//:
Bearing Boses, note (1) SHAFT ASSEMBLY .

B. Chain Cosing, comptete — ,’ o BIO-SURF Media ceo
with seals, dipstick, ond : Shoft with Mochihed Stub Entis:
mounting hardware, - . : . ", Seli-Aligning Bearings, note 2)..

h brock
€. Guord, for Belt Drive - Shoft Sprocket .

: (1) Bearing bose for drive end differs {f’ori‘l‘ base for idle end, :

-

(2) Drive side b;oring'is non-exponsion type, Idle end bearing, is expansion.

\ consists of alternating flat and corrugated sheets of poJvethy
which are thermally bonded for strength and long service life.
The corrugated sheets are vacuun-férmed with integral radial
passages. The radial passages allow a free flow of wastewater.
air_and stripped biomass in and out of the media as it rotates,
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e e _»  PROCESS DESCRIPTION : o i ‘

1? _ 1The BIO-SURF process 1s ‘a secondary biological treatment system 1t con-

é SR sists of‘from 2 meter to Y2-foot d1ameter corrugated po]yethy]ene media, -n .

] ' which is mounted on a hor1zonta] shaft up to 20 feet Tong and p]aced in oo )

S? - * a-steel or congrete tank. The media is rotated at 1.5-3 rpm while about B B
N & 40% of the 5urface'area is immersed in was tewater. L X ~ ﬁ“

' ‘ ® - - N %

- ’

‘ - Short]y after start- -up, m1croorgan1sms begin to grow on the surface of - .
» " the media. - One’ to, two weeks 1ater, the entire surface area i$ covered

Yot . with a 2 -4 mm th1ckness of b1omass. ’ .

] - “
‘s "Rotation of the media alternately contacts &he biomass with the wasteWaterl
. ' for remgval of organic materials and exposes it to the air for absorption'
] of oxygen. The amohnt.of attached biomass ‘is relatively large compared to
= -the amount of wastewater under treatment -- the equivalent of 10,000 to
A Y 20,000 mg/1 of mixed liquor volatile solids. This allows high degrees of ’
lfzgatment to be achieved fovdreqat1Ve1y short retention t1mes -~ usually
about one hour for most treatment requires -
. - . .. t

L — -
~

~a

.
‘L Rotation of the, media at a pertphera] ve]ocqty of 1.0 foot per second
exerts shear1ng forces on the b1omass wh1ch strips excess b1o]og1ca1 o :-\

A ‘ growth and prevents c]ogg1ng ‘The m1x1ng action of the media keeps strip-

>\ ! e, ped bro]og1c§g solids in’ suSpens1on until the flow of, treated wasteWater
\\~ <3 - oarr1es them to a c]ar1f1er for separation and d1sposa1 ) PR & -

9 \“" LN ‘.t ' .A . . ’ (
N ‘ Exce_gts from. AutotFoJ Pubﬁ1cat1ons T , S
» : ' .

; \\ -7 Power Requ1rements - D 3 hp- hr per pound BOD removed -

) ﬁ'\ k . Eff]uent Qua]1ty - Some app11catsons can achieve eff]uents of )
S A , 4 less than 10'mg/1 BOp and suspended solid®. .
\ ~ .. and léss than 1 mg/] of ammonia.nitrogen -, . .-

. Settling ~  * * Solids sett11ng nate 10 to 15 ft/hour. e
- . . .+~ "Low solids loafings. Can achieve.3 to 4%

N . s'ludge solids , sﬁ[' . “ . .
. “ ’ i ’ " ‘ ’

* Modules_ ~ - ~Can be of modu]ar construct1on to aLd ex- ‘ "

“ . . ) C s Rt L P
A\ /// , ', Ppansion ] . ol L
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BIO-SURF Process Design Criteria ™
HYBRAuuc LOADING

-~

BIO-SURF process design criteria have been estab-

hshed through extensive pilot plant’ testmg in the_

Umted States since 21965, and from more_than ten
years of operatmg experience in Europe

A iist of technical publications from the U.S. and
Europe which'. form the .basis for conclusions
reached regarding *design criteria, is containgd in

it is self-regulating because the attached biomass in
each stage will develop to a thickness in proportion
to the concentration of organigc matter Present.
Therefor\e, food to microorganism ratio 1s not used
as acnterion of process design.

4 »

Hydraulic Loading

]

the Appendix of this manual, Chapter H. - % oo .
The BIO-SURF process has been found to demon-  Removal
strate first order kinetics for the removal of carbor- e

aceous BOD, oxidation of ammonia nitrogen, and
removal of ultimate oxygen demand. This means
-.that at a specific hydraulic loadmg é specific per-
entage removal of BOD, will occur regardless of
BOQ concentration. Thisvhas been demonstrated.pon
domestic wastewater over a BOD concentration
range of 80 to 600 mg/1. Because of this, the pri-
mary design criterion is hydraylic loading. To
simplify design calculations, hydraulic Joading is ex-
pressed as flow per unit time, per unit of surface
a&Qa covered by biological growth, or gallons per
day/square foot (GPD/F12). It would seem that re-
tention time would be'the means of determining hy-
" draulic loading. However since actual reientign
fime can be calculated only by esimating the void
volume’ of biomass covered media, and cannot be
drrectly translated nto a requirement for a specific
amount of rotatlng equipment, hydraulic loading on
, the biomass covered surfaceis used for determining

- equipment requtrements (See Figure B-3a). There-

fore, the main effort associated with design and
selection of BIO-SURF.equipment for any waste-
water treatment applrcatcon 1s 1o determme the
requirement for growth covered surface area.
Chapters C and D contarn a detailed discussion of de-
sign procedures for domestic and industrial waste-

- waters.

GPD/FT?—p
FigureB-3a |, <

g

STAGING AND PLANY ARRANGEMENT '

The arrangement of media’in a series_ of stages has
been shown to signfiicantly increase treatment
effictency (Figure B-3b), This occurs {or two reasons.
First,.the development of specific microbial cuitures
in the successive stages of media which are adapted
to the wastewater characteristics in each stage.
With domestic wastewater, the latter stages of
media develop nitrifying organisms which o.)sidize

ammonia nitrogen. Secondly, because. the BI®- .

SURF process exhibits first order kinetics, the
improved residence time distnbution (1.e.,, more
closely approaching “plug flow )obtarned with stag-
ing ‘increases the BOD removal rate In “plug flow"

operaton, organrsms in the flrst-stage of media are
exposed to a high BOD concentration and respond
by removing 80D at a high rate. As the BOD con-

- R s . . -~
TRANS ID - 16 - ., 88
‘ ) .: K &g‘{"»\; f e —
. - - TYPICAL, DESIGN CRITERIA - I ) 2 b

centration decreases from ‘stag€’to stage, the rate at
which the organisms remove-BOD, also decreases.

: g The sverage BOD removal rate 1s greater than if all
ot a food to_microorganism ratio as b BOD/day/Ib ’

) the media were in a single_completely mixed. stage
) MLVSS as the prigary design criterion. Because of where.all organisms are exposed to a relatively low

first order behavior, hydraulic r, gther than organic  BOD concentration, - . "
loading is the pnmary factor 1n"BIO-SURF process . : ’
perlormance Although ‘the food to microorganjsm "‘Thus. it has been found necessary to construct
ratio is an important factor in the BIO-SURF procéss,

. . [N . ’ . .
Copdk . Other processes for biological .wastewater treat-

ment uge organic loading as Ib BOD/day/1000 F,

v

,'BIO-SURF plants in at least four stages to

o o
: g
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‘Effluent from.a BIO-SURF unit prowviding nitrification
. contamns. mtnfymg orgamsms Because of this,

h L Y
Y3
%_BOD ..\1-\
Removal .
- . .
™
. . . Figure B-3b
most  effectvely utilize the surface area.

For treatment plants requiring many shafts of media,
convenient plant layout"often calls for more
than four stages in series. ThlS can be done-;

withouy fear of overloading the first stage
on dofhestic wastewater and will result in a sllgm
mcreasemtreatmentefflmency C,

4
3

Treatment plants, requmng four_or more BIO- SURF
process shafts are arranged so that each shaftis an -
individual stage of treatment. The- shafts are ar-
ranged in series and the wastewater flow is per-
pendicular to the shafts. For plants where fewer
than four shafts are required, they can be arrang-
ed in paraliel. Each tank contammg a shaft
divided into stages with crosStank bulkheads along
its length, and wastewater flow is parallel to
the.shaft. Each bulkhead has a submerged orifice,
and each section of media between bulfheads acts -
as separate stage of treatment. Tests have
showin that each stage i§ complétely mixed, and that

.thergi4s no difference 'irwreatmem capacity using

either shaft arrangement. Plant layout options

'ar,eshqwnin ChapterE..

4 . *

EFFLUENT BOD CHARACTERISTICS .

S|gmf:cam nitrification occurs dunng a 5-day BOD
test on the effivent. In BOD tests'where allylthiourea
was added to dilution water to suppress nitrification,

Jthas been shown that a BIO-SURF process effluent

- P

) Lo TRANS ID'~ 17 n 37 .
... TYPICAL DESIGN CRITERIA - II : - o
CT e T | R -

of 30-40 mg/l total BODs or less is Aapproximately
50% carbonaceous and 50% nitrogenous BOD. This
refationship 1s vald for effiuents as low as 8-10 . .

mg/I total BODs Below this BOD level, mitrification , + .~

is essentially complete and the proportion of carbon-
aceou&BOD increases. This 1s shown graphically in

Figure B-3c. Total BOD s removals of 85% apd 90% ¢

. then correspond to carbonaceous BODg removals of -
apProximately 90% and 95% respectively,

Effiuent BOD -
4 o
. P=) ., -
g R
(-]
. v
2 .
o
[ Y ~
®
B
N [e]
o -
- o
©
. (%4
f -
- L
. - <.
3 ’ Total’ BOD—d .
L4 . N . S
o ¢ Figure B-3c,
. ' . . . .
o - @
MEDIA ROTATION

Rotational velocity of the media is also an important
design crftei_'ion. Testing of varipus diameter media .
in‘dicates ithat peripheral velocity can be used to .
select the required rotational \celocny for any dia- ,

. meter. . - .8 - ‘

Rotational velocity affects wastewater treatment 1n
sevaraL‘wa'ys: it ‘p,rovides cortact between the bio‘-
mass and the wastewster, it aerates the waste-
water, and 1t provides energy to thordu@hly mix the_
wastewater in each~stage. Increasesﬂln rotatlonal .
velocnymcrease the effect of each of these factqrs -
However, thefe is an opnmum rotational velocny '
‘above which further mcteases m these factors no
longer increase treatment ‘fevels Thns optimum  °
velpcity will vary with wastewater BOD concentra- .
.tiory i.e., the opimum  velocity 1s higher for
concentrated industrial wastes and lower for domes-
tic waste, (See Figure B-4a). Alsg, the'opnmum .
rotational velocity will decrease from stage ‘to stage

n a BIO-SURF treatment plant as the BOD
. _ . -
0, — .
. Lo .
. ? - [

B
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TYPICAL DESIEN CRITERIA - III

concentratfon decreases Jrop stage fo stage. It has
been found that when all stages of discs in the plant
rotate at the same \velocny the optimum penpheral
velocny for domestic wastewater 1s 60 ft/ min. This
“is trye for BOD removal and nitrification. .

-

Since power requiremments increase exponentiaily

with increases in media velocxty, theré is a practical ~

upper hmit of rotatidnai® eloc:ty usect for industrial
waste treatment. The ability to maintain a large
« attached culture is not a factor in selecting rotat:onal
" . velocity. Pilot plant testing at velocmes well above

practical limits on the basis of power consumpt:on‘

(400 to 500 ft/min.) have shown no loss in the

amount of biomass. . :

The'direction of media rotanoxhas- no effect on
treatment elficiency and is not a Yacter in selecting
rotationgl velocity. In a multi-shaft installation, the

- &
immersed portion of the media 1s rotated in the '

same direction as the wastewater flow to minimize

the hydraulic head loss through the plant and

minimize backmixing between adjaceny stages.
«
(Y

> -

9
L]

Rotational Speed

% soo ‘
Reémoval

BOD Concentrativg, mg/t.%-.—»
. Figure B-4a '

TANK VOLUME .

. N ‘

An important fagtor affecting performance of the

BIO-SURF process is the retentiontime of the waste-
water within the tanks containing the discs. ‘At a
Jgiven hydraulic- loading, as GPD/Ft?- the waste-
water will have a given retention time dependmg
upon the void.fraction of the" medla and the, size of
the tank comalpmg the medla increasing void frac-
tion of the media or’incredsing thé tank“size will all
increase th; amount of wastewater he‘fd within zhe
tank. &

Aruitext provided by enic [

Tank Volume

s

b

% BOD -

Removal

Figure B-4b

draulic loading and will,
ﬁérmance. Extensive

therefore,
testin i

that there is an opti
maximizes the treatment
covered surface, (See Figure B-4b). For purposes of
plant design, .this tank volume is measured as
wastewater volume held within a 1ank contalmng a
shaft of media per unit of growih covered surface on
the shaft, or gallons per square foot {Gal/F12). The
optimum tank \./olume determined for domestic
wastewater - treatment is 0.12 Gal/Ft taking into *
agcoum displacement’by the growth covered media.
Therefore, all large scale BIQ-SURF process layouts
. described.in subsequent sections of this manual use
this tank volume The use of tank vdlumes in excess
of 0.12 Gal/F12 does not yield correspondmg
iftreases in treatment capacity when treating
domestic wastewater Where low wastewater
® temperatures are .encountered, * nmproved *waste-

© . water treatment will be achieved by providing tank

- volumes in excess of 0.12 Gal/Ft2. Detalls o this

techniqué w:ll‘be discussed in more detail in the

design Chapters CandD of thisnanual. ~ -

«

WASTEWATER TEMPERATURE - i

" Wastewater temperature affects BIO-SURF process
performance just as it does all biological wastewater
treatmgnt processes. Wastewater temperatures be-
tween 55 and 85° F have no affect op BIO-SURF
process performance. When wastewater- tempera- .
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tures decrease below 55°F, the treatment efflcuer;ﬁ

will also decrease. (See Figure B-4c).

" wasté!water flows are suffucuemly'lower during
penods of low wastewater temperatures, then treat-
_me -efhc:ency will be aintained. In cases where
loyy stewater Jtemperature 1s due to sewer mf:ltra-
tion or run-off frém rainfall, the conditions of lower
temperature wilt not gomcude with lower flbws
Then, treatment effncuency will not be maintained.
(lnﬁltranon however, will generally dilute the raw
wastewater so that while ercentage removal .may
decrease, the effluent r,gp

materially affected. Algo, discharge standards for.a’
recéiving body may'not be as sfrmgent under cold

weather condmons) If it is requ:red that a given-

percentage treatment or maximum effluent quality
- be maintained under all conditions, then 1t will be
necessary to design the BIO-SURF plant to offset
the effect of the' I?w wastewater temperature.

.

Wastewatér Temperaiure
N

% BOD
Removal

otV ¢

1;\“‘*

GPD/FT’___."-
Figure B-4¢

ENCLOSURES

. “Year found operation in northern climatés requires

that BIO-SURF plants be covered 10 prdtect the bio-
logical growth from freezing temperatures. .Sonve
industrial wastes, have inherent odor problems.
The enclosure for the BIQ-SURF process plant
will facilitate odor control measures.

.
-

lnstallétions in southern climates, or- installations in
northern climates which operate during the warm-
er- seasons ,only {such as recreational areas), need
not be covered except for aesthetic reasons.

. -

ncentration may-not b% humidity within

¢corrosion within the enciosure
3

® " P .
Wind cannot damage 1‘1 edia and precipitation
cannot remove the biomass from the corrugatedj
media. .

Enclosures. can be constructed of any suitable cér-
rosion resistant material. Heating or forced ventila-
tionare not necessary. Windows or stmple-louvered
mechamsms which are opened 1in the summer and
closed durmg the winter, prov:de adequate ventila-
tion. Air within the enclosure is at a temperature
approximately equal to that of the wastewater. At
very low ambient air temperatures, the high
the enclosure will result in
condensation on the walls and ceiling. To minimize
_and increase
operator co rt, the condensation can be eliminat-
ed by insulating the enclosure or heating the arir
within the encldsure. Because condensation will
occur only during cold weather, heatmg will general-
Iy be more eéonomicab.

To reduce the cost of enclesing a BIO-SURF plant,
Autotro! has developed a molded plastic cover with

.thermal insulation . which can be supplied as an

integral part of a BIO-SURF shaft assembly: This ™
enclosure minimizes the area to be covered and
eliminatgs the need for the operator to enter the en-
closure. This also eliminates the need for heating.
Ventilation is provided by louvered openings in the -
ends. More détails' on the design of this. cover are

presented in Chapters E and F.
<
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SLUDGE TREATMENT & DISPOSAL

SLUDGE-
B . ) 3 .
THICKENING _CONDITIONING

(¢

Gravity v e cgemical )
: Centrifuge \“1\ ~.. BiQlogical

Flotation - ;. Thermal

-l

v ' - o :
DIGESTION .. VACUUM or PRESSURE CENTRIFUGATION
X ) ’ FILTRATION )

Aerobic” -
Anaerobic

&
LAGOONS

v

K
LANDFILL . - " INCINERATION. .

APPLICATION
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Large Scale
Individpals °.
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\ BIO-MODULE UNITS Co :
" ! » . é [
~ R 4 A
.. z *
: e . ’ '
Description - ¢ / . Operation x| -
. ABIO-MODULE unit is a packaged wastewater treatment After pretreatment. wastewater enters the BIO-MODULE wet
. plant designed to treat domestic or industrial sewage through a well where it is picked up by the rotating buckets. The
process where fixed aerobic cultures of micrSorganisms remove . buckets are attached to the main shaft bu hollow anns. As the
both dissolved and suspended organic matter from the waste- bucket is raised to the same elevation as the shaft. the waste-
water. A BIO-MODULE unit consists of a wet well. . water flows doun the hollow arm and is discharged parallel to
rotating bucket feed mechanism, and multi-stage BIO-SURF the shaft over a bulkhead into the first stage of the BIO-SURF
media incorporated into a semi-circular steel tank. The BIO- ©  process treatment. p -
MODULE unit is intended to operate in cénjunction with pri- . After entering the first stage of the BIO-SURF process. waste-
_ miary treatment.secondary Cla"ﬁef and sludge disposal facilities. . water passes through a submerged orifice in the center of each
W . bulkhead separating individdal stages of treatment. Mxxed
o . . hiquor from the last stage of media passes oler a weir and
- i . . ﬂows to a secondary clarifier.
. . 4 = ,
& . - .
‘- > ¢
- o
N -
~ " : - - i . * . &
" O EARANCE BIO-SURF MEDIA mtq%goms BArFer
¢ ~ 7 A =
[ I- D B 4 X = — .
BIO-MODULE 3.2m ! T : . - -
of - 4.9 }518‘.1 - R X
MODEL NO. 621-104 | 621-154 | 621.204 ! T k i ° ,
Etfective media area (117}] 23000 | 39500 | 56000 L . A , 12
Operaing wi {Ib) 53000 | 73000 { 94000 R MR B2 . .
Shippingwt (Ib) . | 16000 | 20000 | 24000 i | | . . 1
Motor horsepower® 1% 2 3 e T ;| T HU - I R
A 150947 | 20w | 2stays [ a7y I 'H =r- . ' 28"
8 1665 | 2164 | 26-6%° — ’ . i B
Bucket pump Capacies - L . - ! C - L
with 1,2, 3 or 22.500 45000 67 500 90.000 - - -
4 buckels (GPD) y N AN
c - ‘m&:}‘ﬁ:&‘; mnotwooﬂﬁclolwo .= : U s . :‘ '%& M
a A
. : . . < —%
’ * * g #Be. . B ‘ .
BUCKET GUARD , I ) ) B
- ‘— r—GEAR REDUCER . * » -
~ NAME PLATE
2 ‘ :
% SHAFT BEARING
) d P e . S e DT 1/ ADJUSTABLE
s : o
_ : : == , .
. I . ENT
oL : | S,
oty ‘\“ K 3
- S ‘ ‘ ) ""-l '
N ) ) ‘ - - 2°37
= - i : § 1
1- B PN J L” e * f - .
. 2%° . oy 3 S 1. PRI 1%* DRAY
. cor‘c’ﬁsm qo%:c"ﬁgz LAt STEEL TANK i " EEnNECTION
Lt ’ ' . " - - . R \; -
- Ad -
L . . . 4 7 N )
. Q b4
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-~ TABLE 10-1. Preventive Maintenance Guide - ’ ) T

\ = " 0 ~ g
. . * Interval - -

Weeklfy‘ Monthly ; Quarterly | Semiannually Ann‘uall‘;) \
— ¢

Procedure

Check contactor shaft bearings. Eegl to
see if they are running hot. Listen for un- -
usual noises. This includes.any pillow ~
. *  block on output of speed reducer. . X

-

Feel motors to see if they are running L . : - :
hotter than design temperature. Check .. B S - .
-grea around the drive train and shaft | N :
. bearings for oil spills. X

-Check'oitlevels-in-speedreducerand ‘ - . . . . .
- chain drive system. »~— “ oo .

? Lubricate contactor shaft bearings. ) N
- Consult manufacturer's instructions. X *

Check chain drives for alignment and - < . I é
tightness. - .

* Check belt drives (if any) for alignment
and tightness. .

Coat machined ends of contactor shaft
with grease jn case these ends do not
. ‘ have permanent coating. 3 ) X

Adjust contactor shaft bearings. This
includes any pillow block on the reducer .
output, : : X w» . .
* Change lubricant for chain drive system. . . M X
. Change oil in speed reducer. Cléan g .
.- Tmagnetic drain plug, if any. >~ . X

Replace the grease in the seals {if any) in .
- T the speed reducer. Consuft manufacturer's R . .
instructions. - . . X

l"" .

" Grease bearing$ in the electric motor (if
applicable). Consult manufacturer's °
.. _instrictions. '

> -

te T

1 ~ . A.;)z‘
v . LA
_ERIC ..
.
1

e . T A - P -~
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LUBRICATION AND PREVENTATIVE MAINTENANCE.CHART,

oTROL "

A -

L J
T . PR,OCEDURE !

INTERVAL

e

Daily

Weekly®

4 wk.

3rmo.

“ 6-mo.

1. €heck for hot mainshaft and drive package
output bearing (3 HP-drive only). U too jiot

.+ for hand, use pyrometer. Replace bearings

' if temperature exceeds 200°F.

2. Check for unusual noises in mainshaft and
reducer output bearings. '

. Grease the mainshaft bearings and drive
package output bearing (3 HP, drive only).
See Table 3, Recommended Lubricants, for
proper lubrxcants. Add grease slowly wmle
shaft rotates. When g eﬁse begins to come-

out of seals the bearings contain the correct’

amount of grease, Add six full strokes
where bearings cannot be seen. -

o
N

- Inspect all chain drives, see MAINTENANCE’
INSTRUCTIONS.

5. Inspect mainshaft bearings and drive pack-
age output bearing (3 HP drive only). See
MAINTENANCE INSTRUCTIONS.

6. A;ply a generous coating of general purpose
*  grease to mainshaft stub ends, mainshaft
bearings and end collars N

7. Change oil in cham cafing. See-Table 3,
- Reeommended Lubricants. Be sure oil level
is at or above the mark on the dipstick.
. Inspect belt drive (drive package), see
MAINTENANCE INSTRUCTIONS.
p-3
9. Change oil in speed reducer. See, Table 3,
Recommended Lubricants for correct oil.

~

10. Clean magnetic drain(\plug in speed reducer.~

11. Purge_the grease in the double-sealed shaft

) eals of the speed reducer by removing the
1ug located 180 degrees from the grease

fitting on both the input and -output seal

cages, pump grease into the seal cages and
replace plug. -See Table 3v2ecommended.

Lubricants for proper? grease,

“12. Grease motor bea*‘m"s, see Table 3; Rec-
ommended Lubricants, and OPERATI\G IN-
STRUCTIONS, U.S. ELECTRICAL \IOTORS
(in appendix). To grease motor bearings,
stop motor and remove drain plugs. , Inject

. new grease with pressure gun until all old
grease has been forced out of the bearing
through the grease drain. .Run motor for ap-
proximately five minutes to relieve bearing
of excess grease. Replace drain plugs.

X

A4
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. 3. ‘. hFFLUE\!T LIMITATIONS AND ‘lO‘lITORING HQUIREM’ENTS ; ' - .7 o .
. A ‘“r . _ . —_—
(a) During the perioé bcginning on the date of issuahce and lasting*through Ju&e 30 ]981 the permittee is
authorized to disch'u:ge from outfall serial number 001, . / ..
\ . ; /- w-\ . B ——
\ Such discharge shall be limited and mon1t:ore\zll by the permxttee as s/cifi(_d S
\\ * ) ' Effllent leltatlons Honitorinp Requirgmcnts
7 “kg/day” (lbg/day) Other Umt:s(%peufy) "Me Sample Sample
Wastewatetr Parameter ’ Daily Avg Max Daily Avg = Max ° Type - Location~
v A - . . .
Flow\m3/day (NGD) ‘ ~ - - zoszgp 55) ,3123(.82%)\ *° Daily - 1 or
BOD (S-day)** . 21(46) > 31(69) 10 "mg/1 15 mg/l\_ -+« 1/month \ .24-hr. Composite . 1,2
~ Suspended Solids**- ) 42(92) '62(138) 0 mg/1 . 30 mg/] 1/month  \ » 24-hr. Composite 1,2
Ammonia Nitrogen (as N)*% S 4(9) 10(23) - 12 mg/1 - S mg/l- l/mon\; 24-hr. Composite 1,2
N. Fecal CoYiform*# - - - . o= 1Y 3 mdnths . Grab "2
BOD (J'-dd)') - - . - . < 2/wcc}\ “6-hr. Composite 1,2,3.
Ammonia Nltrogeu (as N) ) : : - - - 2/week 6-hr. Composite 1,2,3
Scttlcable §,011ds i - - ” - . 3/week: \ + Grab . 1,2,3-
pH \ _ S From 6.5 to 9.0 * - - 3/veck . Grab 1,2
- Dissolved Ox gen . - : - - S e * 3/weck - \,. Grab .- 2 .
Teaperature - ) - - . - : 3/week. v . “Grab 1.3 -
© _Residual Chlon\ine 2 - | - - - o 3fweek -, -  Grab-. A
© EQAP* ** \ . L. - “ = \ - Monthly ¢ Grab a2y
‘- * o ‘ . i - —
) i . ‘ . U
. ~ . i
. . ‘ / * . ‘a . s N 4 8
@Disinfecti shnll be practlccd from April 1 through October 31 and thc momtormg por formcd as, spcc1f\§
) . / . 3 B Ka "
PR . < , - .. . * . = B . : 3
7 "’ ‘\ wo | o )"'_ o T
' There shall be no dischar;,n of floating or settlenble substances in other- than trace —;no\tmts o
*Sanmples col ,u‘\ry:l\iﬁpeufiu in the monitoring gcquirements shall te taken at the ,.,-lm.\in 10\,ar.mn(s) ¢
' ¥ 1 - raiy wastewater influent to the treatment ¥ acility ‘ D N . - " '
2 - final effluent from the treatment facxllt)' . ‘ ) - = =
3- cffluent from flnal clarifier a : v - : : o
**Thcsc ana])tnc.zl values shall be recorded in the ':pcual qpaccs B‘fovuled on the Recoros of Operation report - form. |
***Sapple subnitted for the EEfPuent Quallty Anal)sm Program (EQAP) conducted in.accordance Jith Ghapter 18 of the |
Rules of - thc Towa Department. c.- fnviromacntal Quality (1975 .Ioua Administrative Code). % .
. W . ’ . R ) | A
' 59 . e T AN\ - EN o
. . ~ . N E . . . - ‘ . LN - e o
] .:‘; . . . ‘~ ) i . " g * o \' - . -
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TYPICAL-CALCULATIONS - T

' .

.
-

. \' . .
Flpw: 2.0 mgd . R
’ Suspended Solids: .Inf:°- 240 mg/1

| . Pri. Eff. - 100

) Einal - -20
P

* BQD: Final Effluent - 20 mg/l

Final Clarifier - 65 ft. in‘diameter
8 ft.. depth

kel . - & -—

L .

-
.

I. DETERMINE THE PER CENT REMOVAL QF SUSPENDED SOLIDS
- . . .

A. Primary Settling:

{ 1 .
% Rem. =240 ~ 100 (100). =,58% .
S 240 -

- -

~
”~

Total Plant: . i -
§

% Rem. = 240 - 20 (100)

. } . 2409“&

R

-




*  TRANS ID - 27
TYPICAL CALCULATIONS - II

o

IF THE HYDRAULIC LOADING IS.2.0 gpd/ft?, WHAT MEDIA

. 4

IS REQUIRED? >

" Area = (2,000,000) = 1,000,000 ft.2
RO 2

-

¢ ¥

WHAT IS THE OVERFLOW RATE ON THE FINAL CLARIFIER?
Area = 3.14 (65) - (65) = 3317 ft.2
2 " 2

- Overflow Rate = 220602000 = 60§‘g§d/ft.2 ~
3 . 331% .

/

V. 'WHAT IS_THE DETENTION~TIME IN TH? CLARIFIER?

A s

Timé = volume V= (3317) (8) (7.48)
flow rate V = 198,490 gallond
. ' $ *

, 1 ‘.
T = 198,490 = 2.4 hours .
. 2,000,000/2& F '
;4 ) o

V. -HOW MANY POUNDS PER DAY OF BOD ARE DISCHARGED?

. 1bs.. = (flow (comc) {8.34) = (2.0) (20) (8.34) = 334 1bs/day

feodate) .t ' ‘

mgd  ppm " | ] aE
i . -

1
S
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?l ¥ 1I3JWW INTERMEDIATE ROTATING BIOLOGICAL SURFACE OPERATION

*

N . STUDENT OUTLINE

Note: Participants will receive a copy of each transpare)cy used in’
the presentations. Participants should own or receive WPCF
Manual of Practice No. 11 Qperat1on ‘of Wastewater Treatment
Plants. Appropriate chapters in the, Manual- shou]d be studied
for each top1c L N ‘“

. Autdtro] and other manufacturers will be contacted’to obtain
technical brochures and process description supp]ements for
. the part1c1pantsfk — .

o

T I. Rev1ew of Wastewater Treatmenf Systems and- Process Performance
Parameters :

A. Review typical wasteWater treatment systems (Trans 1D- 1)

§.. Note the purpose of 1nd1v1dua] treatment processes and their
performance-water quality change.

»

-

1. - Especially review the performance of pre treatment. processes

;hat are utilized ahead of fixed-film b1o]og1ca] processes.

/// ; 2. .0Observe the performance and factors that affaect sed1mentas
: tlon processes e.g., f1na1 sett]1ng tanks.

C. Compare the role of RBS Units to. thdt of tr1ck]1ng filters and
act1vated sTudge units (Trans ID-%, ID- 2)
[
D. Review the. comnon water parameters in wastewater treatment.
(Trans ID-3,- -ID-4, ID-5, ID-6) - » .
- 5 *
a0, Note the meaning and s1gn1f1cdnce of tge parameter

>
o

i
2. Rev1ew appropr1ate ana]yt1ca]§techn1quesl
, 4
3. Especially note the n1tr1f1cat1on effects in BOD analysis.
fI. Ba91c B1o]ogy and B1o]og1ca1 Systems GTrans fﬂ§7 ID-8, ID-9, ID=1

A. Study tne var1ous types of bacter1§] act1w1ty=and growth ‘rates ~
3 v

B, Note. the s1gn1f1cance of foods to ?1croorgam1sm ratios and the

- source of carbon -for the bio-acti

C. Note n1tr1f1catlon (aergbic) and den1tr1f1cat1on (anaerobic).
Also note the biological release of NH3 frpm protein and -the
use of h1trogen 1n cell synthes1s |

D. Relate cell- synthesis to s]ough1né of Tods’ of -bio-solids.

. : . r o 1 .
‘. . " -
’ .o j i o .

0),

ity in a’RBS system, ’ Lo
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\’/

?u

. T e T
E. Review and study the d1fferent _types of organ1sms and what i “ ﬁ‘
they 1nd1£ate about the system e.g. ) /:
1. Qond1t1ons favoring f1]amentous organisms. : ) -
2. Conditions faVoring rotifers. e " ~
o y
III. RBS System: Purpose, functions;- components (Trans 1D- 11 1D-12, /
1p-13, 1D-14) ., - L . 8
A. Study the RBS system ]ayout, conf1gurat1on and component parts. //
o B. Notes how the progess functions and the typical performance of i
the system regarding’ BOD Suspended Solids and Ammonia reduct1on.
. C.- Study the nature of the b1o -mass 3 its format1on appearance “and
remova] from the disk. T . .
. - i\
D, Observe typ1ca] systems (S]1d%s DS- 1 thru Ds- 17). )
1V. RBS.System: Factors Affecting Perfonnance (Trans ID= ]5) -
—
A. Study the pre -treatment factons that affect performance '
' 1: So]1ds carryover from pr1?ary - flow interference and .
odor product1on . .
+ 2. Increased organic loads -3b1o -growth and'eff]uent qua}1tyﬁ
3. Flow variation - affect on hydrau]1c ]oad1ng of d1sks and 2
5 . sett]ing tanks. . ‘
’ . - N
v 4. Tox1cs - 1nterference w1t b1o]og1ca] act1v1ty
B. Note the effeots of certa1n w?ter qua]1ty parameter; ; o hd
}
' i 1. BOD reduct1on is not as séns1t1ve to pH as is n%tr1f1cat1on1
i (pH in the 8 0 to 8.6 range desired). A ; N
; ro
-7 2. Lowttemperatures decrease%rate of -BOD reductzon%and nﬂtr1f1ca—
-} tior - housing units and ZOWer hygrau]1c lToadings.
§ 3. —Alka]inity is reduced dueitq,COg ut1]1zat1on 1n?n1tr1f1cat1on
1, § a »

4. Note DO and nitrogen form;changes in the §tagesq

SBS'System: Typica] Design’ Cr1ter1a (Trans ID:16, IDflj, ID-18, dD;]Q) o

A. Note]phe var1ous criteria that affect the design oflRBS units ¢ .
‘ 'and what they are. t , 3 ) -
TR

B. Note how chariges, in the various des1gn factors affect BOD reduc-
f§ - t1on dnd nitrification. ) X . ; .

b I TR PN
4 ’ - - * ) -'/ \: i ‘::.‘;J'
) T 98y oo
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-C. _Especially note the significance of the hydrau11c 1oad1ng -

VI.

[N |

VII.

VIII.

A. Note the settling properties of RBS solids. L -
k B. Review the primary factors that affect c]arifier'pe;ﬁormance e.qg..

1. Overflow rate o - * .

. 2. Detention time - . ~ .
C. Note-the quantities and quality of final settling tank s]udge
.and its d1$posa1-a1ternat1ves S .
e1. S]udge pumping vs. thickness. ) ' : *
- 2. Rising sludge and denitrification - . '

33, Sludge storage and/or recycle’to primary tanks ’
Maintenance (Trans ID-21 ID 22, jtiﬁ%%}/‘* . ;
A. Review thé components of the system. — m’
-B. Review typical maintenance guides.

C. Note appropriate mafufacturer's operational ‘and ma1ntenance
) ‘1nstruct1ons z -
. ~l r
Reports and Ca]cu]ations )
A. 9Rev1ew typical IDEQ report form and eff]uent mon1tor1ng require-
ments (Trans ID-24, ID-25). !
‘jk. Note type of sampling. ' - ;.
‘2. Noﬁe parameters, units, term1no1ogy, etc. ‘
B. %Study typical ca]cﬁ]at1ons 1nc1udzng detention time, hydraulic.
"~ "Toading, per: cent removal, 1bs/day- copcentratwon conversions

)(Jrans 1D-267 ID 27) . o _ .

3 ) ‘. ; ) ) -*
' . F I N - - . Y . '

I } v 4 \

:}g:' 3 - A

)j ' i ) o H -

| C %

g - ;- .
"'fgi B J . 5/!1 s ¥ q -
\ ] |“ . ¢ ?

"and how-it could be adjusted to compensate for changes in
wastewater guality parameters e.g., temperature and BOD.

Final sett11ng tank and sludde disposal (Trans ID-14, ID-20)

»

L
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V. EXAMINATION, QUESTIONS ‘ﬂ
_— - II3JWH Intermediate T - '
: e * . +II4OWW Advanced N a
I * . ~ B ‘
; . . A
d Note: 1l.. The questlons for the Basic Level Module should be used as B
' desiredsby the instructor and evaluat:mg group-. - o
TTTTETT ot 2. The topical coverage for the :mtermedla‘te and advanced modules ’
is generally ‘quite s:mu,lar. The following Questions are N
T provided for use in either module. The instructor and ’

evaluating grup can make the appropriate ,?ielections.

‘ - ! s b

- -

E ’ . Ty i
: : §
¥ - ‘ 3 — 1
1. RBS unit performance decreases with ver'y low wastewater temperatures, 3
, ‘ in the 40's and low 50's (°F). This can be correéted by housing the
. units in a building (Emmetsburg) and heatlng the g;lr or by providing i
1 .3 : . ‘ * R
o9
' ) , initially in C g
‘ — : T — »— F3 . ]
\ .+ ' the constrUCtion of the units. : ‘ ) ,
' ’ ¢ P = -~ A 2
- 2. “One of the primary advantages cited for the RBS pr;mess is its ' "
. PO ] J ~ ] E— ;
B v . L, ar” . ? \ & .o, .
T .
/. - . 3. What are two pre trea‘tment requirements for Rﬁn:}m.lts" . ’ )
_’: ~l\'t,;ﬂ__-«"' K e . v Lt '7\ . ‘;
(a) , . B a , .
. . ? N 2‘,# . B 3
e ; (® i - o
e L . . 3 - ) K . :
-1 ~ ) . — 3
TNF- 4, Tor a given RBS systé flxed media area-, you coul5d increase the %.BOD X
s - removal by decreasing the hydraullc loading that ik’ lowermg "the flow < '
- rate ‘to the dlsksa‘,.? S . .
« {l . 5 e 2
. 5., A procedur%that could be. utlllzed to increase BODQ removal :m the RBS _ ’
. ~ system is | ] )3 . : \43 o R j
A “a. Increase the hydraullc load:mg on the dlSkS S ) K
‘ . * b. Hold the pH betwqen 6.5 to %.8 ’ ; , “
” ¢. Increase the.number®of stages ’ . o R
d. Increase the hydraullc loadmg on the final cJ:arJ,fler . . - :
.T F - 6. Wastewater temperat;ur'es between 55 and 85°P havey Hittle .or no effect on 4
. BIO-SURF “RBS) p‘*ocess ;gerformance. ‘\ ) - P i
‘ “ ST s . | iy s
, s N J 4 oA s o vk
SR ’ ) ‘ oo <
¢ 60 Joi R
' : . 15 R SR
v A Looony J : Ao Lt RoSs 4
- 3 F e S . B - o ! e




l2.

13.

1y,

15,

»16.

. »

Ta

17.

18.

19.

-]
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The alkalinity of the wastewater can be reduced in RBS systems. practicing

nitrification. . o
-~ . A

.

. ~
The optimum pH'range for nitrification appears to'be in .the 8.0 to 9.0

range.
The rate of nitrifigation decreases with

a. decreasing DO concentration pelow 3.0
b.
c. decreases in the waste&ateg”
do77AT1 6F the above

L]

increasing BOD/NH, ratio in the wastewater
temperature

For a given influent BOD,goncentqatiQn, as you increase the hydrdulic
loading you decrease the percent ammonia removal.

A white filamentous growth on the contactor midea is indicative of

-
’

a.

3 -

High FaCO3 levels

».

b.

C.

Septic waStewater an

High rotation speed and lime“addition

4 high H.S o

A

. _ < . ) ‘
pH control is not as critical when BOD removal is the goal. A range of

6.5 to 8.5 will not affect process efficiency.

-

What operating equipmen
. ~requirements? < .

o

e

g

PIRTEN Y

j —

t is checked ﬁore

frequently for maintenance .

-
-
v
K3

]

| v

_.Answer the questions follo

Défé:

t

/ . «

Flow 3.0 mgd -
BODs: Influent 220
*  Primary Effluent 155
Final Effluent 20

wing the plant data.

Maximum Flow 4.8 mgd

P

ar s,

70 ft. in diameter

P
-

a

}

- A{//;ina; Clarifier:

-

8 ft. dépth

b

« - e .

plant.

Y . & :
How, many pounds per day of BOD is discharged
: ) My A .
Assume the total bio-disk area is 1,800,000

-
-

. .
What would happen to plant performance if tbg maximum flow, lasted for

several days?
4

Determine the overflow rate and detention ti

VTS
'4

1

1

" Determine the per cent removal of BOD in the primary un

ato the stredm?

it and the* whole’ ’

¥

gquare feet, calculate the
hydraulic loading for‘average flow and maximym flow cofiditions?

2

{

tas

H

.

me for the Ffinal clarifiep.is

M

o
Y

P

If the maximum flow rate was oF short “duration and ogeurred frequeﬁtly,

what could be done to modify plant operation jwithout increasing the disk &rea? -

o

.
4
1

-
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