
D
ale E

. K
ocarek P

E
, B

C
E

E
July 31, 2019

USEPA
 Peak Stress 

Testing Fram
ew

ork 
Protocol



Regulatory C
om

p
liance

H
um

an H
ealth

•D
isinfect all 

flow
 to kill 

pathogens

Full Treatm
ent

•A
ll flow

 passes 
through each 
process

N
PD

ES Perm
it

•C
oncentration 

and loading 
lim

its and P
art 

IC
 requirem

ents

B
iological 

Treatm
ent

•Title 40, P
art 

122.41 (m
), 

(bypassing 
secondary 
treatm

ent)

Future Lim
its

•A
ntidegradation

R
ule

•Future nutrient 
criteria

C
om

pliance 
Strategy



Ten States Sta
nd

ard
s

•
M

any w
astew

ater treatm
ent plants of the m

odern era are 
designed according to Ten S

tates S
tandards:

−
R

epresents a conservative approach
−

Facilitates the P
TI approval process

•
M

ost plant system
s are not run to full capacity 

•
S

om
e process units have m

ore capacity than others
•

The key is to understand a plant’s strengths and w
eaknesses 



W
et W

ea
ther C

om
pliance

•
W

et w
eather operations is an im

portant focus of environm
ental 

com
pliance in O

hio
•

O
verflow

s and bypasses
−

N
o S

SO
s

−
< 4 C

S
O

s/Typical year
•

Internal W
W

TP B
ypasses

−
N

P
D

E
S

 concentration and m
ass loadings

−
Full treatm

ent rule (m
ust run through flow

 all units)
−

85%
 treatm

ent rule



W
et W

ea
ther Stress Testing 

•
O

riginated from
 U

SEPA’s N
ine M

inim
um

 C
ontrols

•
N

o treatm
ent occurs from

 overflow
s in the collection system

•
The only treatm

ent occurs at the W
W

TP
•

G
et the flow

 to the W
W

TP w
here potential for treatm

ent exists



W
et W

ea
ther Stress Testing -continued 

•
S

tress Testing defines true capacity a w
astew

ater treatm
ent plant

•
Tested to the brink of failure

•
H

ydraulic failure of loss of treatm
ent failure

•
O

hio E
PA w

ants to define peaks for prim
ary and secondary 

treatm
ent 

•
D

efine w
eak links and identify corrective action strategies

•
M

any w
ays to fix at reasonable cost and achieve a high value per 

dollar spent 



W
et W

ea
ther Stress Testing -continued

•
D

eterm
ine the true w

et w
eather capacity

•
O

ften design is based on docum
ents such as Ten S

tates 
S

tandards
•

C
om

pute true w
et w

eather capacity as real situations differ
•

H
ydraulics, design features, percent capacity utilities, and 

m
icrobiology play a role in determ

ining plant capacity 
•

D
uration of test



N
PD

ES Perm
it Language 

I.
Study Plan -W

ithin eighteen m
onths of the effective date of this perm

it, 
perm

ittee shall subm
it a study plan w

ith an objective of identifying 
operational m

odes for optim
izing hydraulic capacity during high flow

 
events. The study plan should consider, at a m

inim
um

, using stress test(s) 
to evaluate aeration basins adjustm

ents for step feed and contact 
stabilization, and solids handling during high flow

 events. The study shall 
be subm

itted to the D
istrict O

ffice for review
 and acceptance. 

II.
O

ptim
ization R

eport -W
ithin thirty m

onths of the effective date of this 
perm

it, the perm
ittee shall have com

pleted the study according to the P
lan 

accepted by O
E

PA in item
 C

.1. The perm
ittee shall subm

it a report 
detailing the results of the study and the recom

m
ended im

plem
entation 

actions.

III.
Im

plem
entation -B

efore the expiration date of this perm
it, the perm

ittee 
shall have im

plem
ented the recom

m
ended actions detailed in the report in 

item
 C

.2 and accepted by the O
E

PA
.



Peak Flow
 M

a
nagem

ent O
p

tions
•

S
ide line flow

 storage
•

S
tep feed

•
H

igh rate treatm
ent

•
I/I R

eduction including satellite com
m

unities



A
p

proaches to Stress Testing
•

M
odeling

•
A

ctual conditions
•

S
hut dow

n part of process to sim
ulate stressed conditions

•
C

om
bination approach



Peak Flow
 M

a
nagem

ent O
p

tions



Peak Flow
 M

a
nagem

ent O
p

tions



Peak Flow
 M

a
nagem

ent O
p

tions



W
hat is an N

FA
?

•
N

FA m
eans “N

o Feasible Alternative” 
•

The N
FA seeks to reconcile EPA’s position that “no SSO

s are 
allow

ed” against past practice and reality
•

Flow
 blending and the requirem

ent to provide biological treatm
ent 

i.e., “Full Treatm
ent” are in conflict

•
It is an operational plan for w

et w
eather that dem

onstrates a 
P

O
TW

 is doing the best it can based on engineering and 
m

anagem
ent considerations and affordability



N
FA

 A
nalysis

•
M

ust be a dialogue 
w

ith O
EPA

•
P

art of long term
 

strategy 
•

Takes into 
consideration w

hat is 
econom

ical versus 
w

hat is not. 



Flow
 Blend

ing 

•
B

ypass a portion of flow
 during peak w

et w
eather around 

biological process to disinfection
•

D
iffers from

 step feed or contact stabilization
•

S
m

art operators have used for decades to avoid w
ash out.

•
G

enerally understood that w
et w

eather process peaking factor 
around m

ost biological system
s is approxim

ately  2.5-3 x R
ated 

C
apacity



Flow
 Blend

ing 



M
echanics of Stress Testing

•
E

ach plant is unique and testing can be done in different w
ays to 

the brink of failure
•

C
om

puter program
s such as B

iow
in

and G
P

S-X
 can be used to 

supplem
ent field efforts 

•
For sm

aller plants, analysis can be desk top 
•

A
ll require data gathering, analysis, laboratory sam

pling, and 
great know

ledge of the W
W

TP



Und
erstand

 Your Service A
rea

•
Industrial base and flow

s
•

C
om

bined versus separate flow
•

P
otential bottlenecks in the collection system

•
G

row
th corridors

•
N

P
D

E
S

 perm
it concentration and loading lim

its for 7 and 30 day 
periods



Und
erstand

 Flow
 A

veraging

Flow
Exam

ple
Instantaneous peak flow

15 M
G

D

P
eak hourly flow

12 M
G

D

Average daily flow
2.5 M

G
D

D
esign flow

 (rated capacity)
4.0 M

G
D

7-day average

30-day average



Use of C
om

p
uter M

od
els

•
C

om
puter m

odels rely on m
easurem

ent of m
any param

eters: 
otherw

ise default values are used 
•

C
om

puter m
odels provide a dynam

ic view
 of the behavior of the 

plant
•

G
IG

O
!

•
Lab analysis is a significant part of the evaluation



How
 Fa

ilure is D
eterm

ined
?

•
Loss of the ability of the plant to m

eet conditions of its N
P

D
E

S 
perm

it for 30-day and 7-day lim
its

•
P

roblem
s are often first seen at final clarifiers w

ith loss of TS
S 

over w
eirs 

−
D

irect violation of TS
S lim

it
−

Indicative of loss of solids inventory w
hich can cause 

violations of other param
eters

P
repare a P

lan of Study 
•

D
iscussion w

ith the O
hio E

PA



C
ap

acity Issues Encountered

•
H

ydraulic C
apacity

•
O

rganic
−

D
irect Loading

−
R

ecycle Flow
s

•
C

hanges in biology of m
ixed liquor

•
S

olids Flux Loading on Final C
larifiers

•
S

ludge w
asting, handling and stabilization

•
R

eliability and redundancy considerations

These capacity lim
iting factors m

ay need to be considered in any 
testing program

:



Project Scop
e, Purpose, &

 O
bjectives

•
P

repare P
lan of S

tudy (to review
 w

ith O
E

PA
)

•
R

eview
 operational data

•
E

nhanced com
posite and grab sam

pling 
•

A
m

m
onia profiling bioreactor through discrete sam

pling and 
testing 

•
C

ontinuous pH
 and D

O
 sam

pling at bioreactor
•

M
icroscopic and S

VI analysis at regular intervals
•

R
eport preparation

P
ast study in central O

hio com
m

unity w
as done in 2004 for 

$28,500:



Project Scop
e, Purpose, &

 O
bjectives -

continued
•

C
hief focus w

as the bioreactor 
system

 and solids flux on final 
clarifiers 

•
A

m
m

onia-nitrogen profiling w
as 

used to define process failure in 
bioreactor

•
O

ther system
s exam

ined for 
hydraulic capacity, w

et w
eather 

peaking factor, and Ten States 
S

tandards requirem
ents



Testing Proced
ures for A

m
m

onia
-N

itrogen: 
Introd

uction

•
Full-scale operational dem

onstration using influent and effluent 
sam

pling over a period of about four w
eeks 

•
O

ne half of the bioreactor system
 and final clarifiers w

ere taken 
off to duplicate a condition of greater loading



Tank System
 and

 Sam
p

ling M
ethod

•
The bioreactor is baffled into six com

partm
ents

•
S

am
ple locations w

ere chosen to coincide w
ith the end of a 

baffled tank
•

S
am

ples w
ere taken using a core sam

pler, centrifuged, and 
sam

pled for am
m

onia-nitrogen w
ith a H

ach colorim
eter (low

 tech) 
•

The process of collection, centrifuging and analyzing took about 
one hour  

•
Form

al am
m

onia profiles w
ere run to characterize the rate of 

am
m

onia-nitrogen rem
oval across the bioreactor 



W
est Bioreactor Tank

1
2

34
5

Final clarifier
Flow

 splitter



Find
ings

•
C

B
O

D
5 conversion w

as assim
ilated into M

LS
S w

ithin 
approxim

ately 60 m
inutes (rapid assim

ilation)
•

A
m

m
onia-nitrogen rem

oval adhered to the exponential m
odel  

•
N

o significant changes in M
LSS

 biom
ass or S

VI w
ere noted

•
S

om
e increase in foam

 w
as observed (foam

 trap)
•

R
A

S
 rates w

ere 100%
 of forw

ard flow
 and w

ere reduced 



C
om

posite Sa
m

pling D
ata for Influent W

astew
a

ter

Para
m

eter
10/30/2004 D

a
ta

10/31/2004 D
a

ta
N

otes

A
m

m
onia-

nitrogen
18 m

g/l
19 m

g/l
These values are typical of those reported by operations personnel on a consistent 
basis

TK
N

32 m
g/l

35 m
g/l

TK
N

 defines the am
ount of am

m
onia-nitrogen to be rem

oved at the plant

A
lkalinity as 

C
aC

O
3

440 m
g/l 

400 m
g/l

M
axim

um
 alkalinity consum

ed w
ill be approxim

ately 248 m
g/l as C

aC
O

3 .

B
O

D
5

180 m
g/l

130 m
g/l

B
O

D
5 is the param

eter defined in m
ost historic design m

anuals

C
B

O
D

5
260 m

g/l
140 m

g/l
C

B
O

D
5

is typically m
onitored at the plant

C
B

O
D

20
150 m

g/l
98 m

g/l
C

B
O

D
20

is a close approxim
ation of ultim

ate C
B

O
D

C
O

D
329 m

g/l
244 m

g/l
C

O
D

 is a m
easure a both bio-gradable and non-biodegradable constituents

TS
S

220 m
g/l

65 m
g/l

Typical values approxim
ate B

O
D

5 . 

TK
N

/N
H

3 -N
1.78

1.84
A

pproxim
ately 56%

 of the reported nitrogen is delivered to the plant as soluble 
A

m
m

onia-nitrogen

B
O

D
5 /C

B
O

D
5

1.20
1.33

Typical ratio reported by the O
hio E

P
A

 is 1.2

C
O

D
/B

O
D

5
1.83

1.87
V

alues < 2.0 indicate the presence of no toxicity in w
aste stream

 flow
s

U
ltim

ate C
B

O
D

272 m
g/l 

141
This param

eter is a com
ponent of the calculation of decay rate "k."

D
ecay R

ate "k"
-0.16

-0.24
V

alues are in term
s of "inverse days."  V

alues greater than -0.1 suggest higher than 
norm

al conversion rates."

Supplem
ental Am

m
onia-N

itrogen D
ata

D
ate

C
oncentration

3-D
ec-04

13.7 m
g/l

6-D
ec-04

18.6 m
g/l 

7-D
ec-04

15.0 m
g/l

8-D
ec-04

12.3 m
g/l



Process C
ap

acity Sum
m

ary
Unit

Process

M
axim

um
 C

apacity
Basis of D

eterm
ination

Pum
ping

4.4 M
GD/ PF of 2.75 = 1.6 M

GD
Actual perform

ance and original basis of design

Prelim
inary

Treatm
ent

5.0 M
GD/ PF of 2.75 = 1.8 M

GD 
M

anufacturers’ determ
ination and engineering evaluation

Bioreactor
1.6 M

GD
Stress test evaluation

FinalClarifiers
1.6 M

GD
Stress test evaluation and Ten States Standards

TertiaryFiltration
5.0 M

GD/ PF of 2.75 = 1.8 M
GD

Ten States Standards and original basis of design 

Effluent Treatm
ent 

5.0 M
GD/PF of 2.75 = 1.8 M

GD
Ten States Standards and original basis of design

Sludge Treatm
ent

1.8 M
GD

Original basis of design and engineering evaluation

B
ioreactor and Final C

larifiers w
ere rated at 1.6 M

G
D



Possible Results of Running Bioreactor Ha
rd

er:

•
A reduction in the size of “anoxic” selector zones rem

oves an 
im

portant m
eans to control S

ludge Volum
e Index (S

V
I) 

•
D

edicated aerated zones m
ay not be able to provide need D

O
 

•
If Total N

itrogen rem
oval is necessary, reactor volum

e 
requirem

ents w
ill increase by approxim

ately 25%
•

P
rocess redundancy w

ill be reduced
−

N
-1 redundancy

−
Tanks out of service 

−
M

onthly m
axim

um
 loads



M
a

naging Slud
ge V

olum
e Ind

ex (SV
I) 

•
S

VI is the am
ount of space that settled m

ixed liquor occupies per 
unit  m

ass: the less space the better!
•

S
VI drifts m

ay occur and be subtle
•

A
dverse changes in sludge settling as m

easured by S
VI and 

m
icroscopic analysis of m

ixed liquor w
ill decrease capacity 

•
M

ost plants are subject to filam
ents; the key is controlling them

•
W

hile it m
ay be possible to push additional loading through the 

bioreactor if you cannot  achieve effective liquid-solids separation, 
you have achieved nothing!



Total System
 Und

erstand
ing

•
A reduction in the size of “anoxic” selector zones rem

oves an 
im

portant m
eans to control S

ludge Volum
e Index (S

V
I) 

•
D

edicated aerated zones m
ay not be able to provide need D

O
 

•
If Total N

itrogen rem
oval is necessary, reactor volum

e 
requirem

ents w
ill increase by approxim

ately 25%
•

P
rocess redundancy w

ill be reduced
−

N
-1 redundancy

−
Tanks out of service 

−
M

onthly m
axim

um
 loads



Total System
 Und

erstand
ing

1.
H

ydraulic carrying capacity of all elem
ents

2.
The bioreactor’s ability to rem

ove am
m

onia-nitrogen
3.

Final clarifier solids flux loading (S
tate P

oint A
nalysis) 

4.
S

ludge treatm
ent processes (in particular for w

asting sludge)
5.

M
aintenance considerations

The “w
eak link” governs capacity



Q
uestions &

 A
nsw

ers

D
a

le E. Koca
rek PE, BC

EE
Sta

ntec C
onsulting Inc

D
ale.Kocarek@

Stantec.com


