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Wastewater Treatment

of 1,742 m3/d a y , th e  u p g ra d e d  s y s te m h a s

n e a rly  tw ic e  th e  ma x imu m h y d ra u lic  c a -

p a c ity  of th e  p re v iou s  d e s ig n . 

Th is  in c r e a s e  w ill me e t fu tu r e  d e -

ma n d s  b a s e d  on  a  30 -y e a r d e s ig n  life . Th e

a d d e d  p la n t c a p a c ity  a ls o me a n s  th a t s u r-

rou n d in g  c ommu n itie s , in c lu d in g  th e

h a mle ts  of A p p in  a n d  M e lb ou r n e , c a n  tie

in to th e  s y s te m.

In  ord e r to a tta in  th is  in c re a s e d  c a p a c -

ity  w ith ou t c on s tr u c tin g  a d d ition a l la -

g oon s , th e  p roc e s s  w a s  c on v e r te d  from

s e a s on a l to c on tin u ou s  d is c h a rg e , w h ic h

r e q u ir e d  th a t th e  e fflu e n t q u a lity  me e t

p e rmit r e q u ir e me n ts  on  a  y e a r- rou n d

b a s is .

To p rote c t th e  r e c e iv in g  s tr e a m, th e

M u n ic ip a lity  of S ou th w e s t M id d le s e x

w a n te d  to d o more  th a n  me re ly  me e t th e

d is c h a rg e  e fflu e n t q u a lity  limits  s e t b y

T
h e  S ou th w e s t M id d le s e x  w a s te -

w a te r tre a tme n t fa c ility  in  G le n -

c oe , O n ta rio, w a s  c on s tr u c te d  in

19 74-19 75 , w ith  a  ra te d  c a p a c -

ity  of 9 46  m3/d a y . Th is  s y s te m c omp ris e d

tw o fa c u lta tiv e  la g oon s  op e ra tin g  in  p a r-

a lle l, w ith  d is c h a rg e  in to th e  n e a rb y  N e w -

b ig g e n  C re e k  in  e a rly  s p rin g  a n d  la te  fa ll.

A s  of 20 0 5 , d a ta  s h ow e d  th a t th e  fa c ility

w a s  op e ra tin g  a t ma x imu m h y d ra u lic  c a -

p a c ity . 

In  M a rc h  20 11, N e ls on  E n v iron me n -

ta l’s  O P TA E R ™  w a s te w a te r tre a tme n t

s y s te m, w ith  a  S A G R ® (S u b me rg e d  A t-

ta c h e d  G row th  R e a c tor) for n itrific a tion ,

w a s  c ommis s ion e d . O v e ra ll s y s te m p roc e s s

d e s ig n  w a s  a  c olla b ora tiv e  e ffort b e tw e e n

N e ls on  E n v iron me n ta l In c . (N E I) a n d

G e n iv a r, S ou th w e s t M id d le s e x ’s  c on s u lt-

in g  e n g in e e rin g  firm. W ith  a  d e s ig n  flow

O n ta r io’s  M in is tr y  of th e  E n v iron me n t

(M O E ). Th e  M O E  re q u ire d  a  y e a r-rou n d

e fflu e n t tota l a mmon ia  limit of 3 mg /L ,

13.7 mg /L  B O D /TS S , a n d  0 .5 5  mg /L

tota l p h os p h or u s . E fflu e n t ob je c tiv e s  s e -

le c te d  for th e  p roje c t w e r e  1 mg /L  tota l

a mmon ia , 7 mg /L  B O D /TS S , a n d  0 .3

mg /L  tota l p h os p h or u s . N e ith e r th e  lim-

its , n or th e  e fflu e n t ob je c tiv e s , w ou ld  b e

a tta in a b le  w ith  c on v e n tion a l la g oon -

b a s e d  tre a tme n t.

B O D , TS S  a n d  tota l p h os p h or u s  a r e

c ommon ly  re g u la te d  e fflu e n t p a ra me te rs .

Tota l a mmon ia  (a s  n itrog e n ), or TA N , is

a  me a s u re  of th e  s u m of fre e  (N H 3) a n d

ion iz e d  (N H 4
+) a mmon ia  c on c e n tra tion s

in  tre a te d  a n d  u n tre a te d  w a s te w a te r. Th e

re la tiv e  p rop or tion s  of e a c h  a re  p H - a n d

te mp e ra tu re -d e p e n d e n t. A t h ig h  p H , th e

ion iz e d  form (fr e e  a mmon ia )  p r e d omi-

L ag o o n b ased  wastewater treatment p ro c ess 
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Wastewater Treatment

nates, while at low pH the un-ionized is

fav oured. T he ionized for m  of total am -

m onia predom inates in m unic ipal waste-

water, whic h is ty pic ally  in the neutral pH

rang e.

F ree am m onia in aq uatic  ec osy stem s

is tox ic  to f ish in low c onc entrations. T o

protec t rec eiv ing  waters from  am m onia’s

tox ic  effec ts, wastewater treatm ent plants

ty pic ally  utilize nitrify ing  b ac teria to re-

duc e total am m onia throug h the b iolog i-

c al nitrif ic ation proc ess. 

S e c o n d a r y  tr e a tm e n t 

–  a e r a te d  la g o o n s

In order to m eet the effluent q uality

ob jec tiv es, G lenc oe’s ex isting  eastern

fac ultativ e c ell was tak en offline, leav ing

it for use as a storag e fac ility  when

needed (e.g ., for m aintenanc e or b y pass

of the western treatm ent c ell). T he west-

ern c ell was div ided into three c ells, using

g eom em b rane floating  b affle c ur tains to

div er t flow and effec tiv ely  m ax im ize the

hy draulic  retention tim e b y  prev enting

shor t-c ir c uiting . N E I ’s f ine b ub b le dif-

fused aeration sy stem  was im plem ented

in the par titioned c ells to ac hiev e im -

prov ed y ear-round B O D  and T S S  re-

m ov al, throug h b ac terial deg radation and

solids settling . 

T he lag oon aeration diffusers are sus-

pended near the b ottom  of the c ells. T hey

prov ide ox y g en and m ix ing  throug h the

rising  ac tion of sm all air b ub b les released

in the water. T he aeration sy stem  also

elim inates odour, c aused b y  spring  turn-

ov er, b y  m aintaining  aerob ic  c onditions

and m ix ing  throug hout the winter. 

T e r tia r y  tr e a tm e n t –  n itr if ic a tio n

L ag oon-b ased treatm ent sy stem s pro-

v ide som e am m onia rem ov al (nitrif ic a-

tion) c apac ity  during  the sum m er m onths,

b ut are g enerally  inc apab le of m eeting

low am m onia lim its during  prolong ed pe-

riods of low water tem peratures. T he

S A G R  ter tiar y  treatm ent sy stem  with

F B A ® L IN E A R  A eration was dev eloped

to address this issue without ab andoning

c ur rent lag oon treatm ent infrastruc ture. It

c an b e c onstruc ted within ex isting  lag oon

b asins, or as an additional treatm ent m od-

ule following  a lag oon.

T he G lenc oe sy stem , c onsisting  of

two S A G R  b eds, was c onstruc ted follow-

ing  the three-c ell sec ondar y  aerated

lag oons to fac ilitate y ear-round nitrif ic a-

tion. P erfor m anc e param eters and sizing

for the proc ess were b ased on ex tensiv e

testing  perform ed on post-lag oon dem on-

stration sy stem s loc ated in L loy dm inster,

S ask atc hewan, and S teinb ac h, M anitob a.

T hese sites g enerated an eq uiv alent total

of nine y ears of effluent data, showing  the

c apab ility  of the proc ess to c onsistently

m eet am m onia effluent lev els of < 1 .0

m g /L  in sum m er, and < 2 .0  m g /L  in win-

ter with influent water tem peratures as

low as 0 .5 oC  (see F ig ure 1 ). 

In addition to an inc reased c apac ity

and im prov ed effluent q uality , the ov erall

footprint of the G lenc oe proc ess was re-

duc ed, leav ing  5 0 %  of the ex isting  lag oon

c apac ity  for future ex pansion.

T r e a tm e n t p r o c e s s  

T he S A G R  proc ess c an b e used for ni-

trif ic ation, following  any  sec ondary  treat-

m ent inc luding  aerated or fac ultativ e

lag oons. It is a c lean g rav el b ed with a

horizontal flow distrib ution c ham b er at

the f ront end to distrib ute the influent

wastewater ac ross the width of the entire

c ell. T he g rav el prov ides the nec essar y

surfac e area for g rowth and attac hm ent

of a nitrify ing  b iom ass within the b ed. It

is sized to optim ize b ac terial g rowth and

hy draulic  flow. 

A  horizontal effluent c ollec tion c ham -

Glencoe wastewater treatment plant process diagram.

F igu re 1 : S teinb ach  S A GR  influ ent and efflu ent cB O D 5 and T A N  concentrations

(mg/L ) and water temperatu re. T h e detection limit of th e cB O D 5 analy sis is < 2

mg/L . T h erefore all resu lts reported as < 2  are recorded as 1 .9  mg/L  in th is data

set. T h e detection limit of th e T A N  analy sis is < 0 .0 5 mg/L . T h erefore all resu lts

reported as < 0 .0 5 mg/L  are recorded as 0 .0 4  mg/L .

c o n tin u ed  o v er leaf...
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ber at the back end collects all the treated

effluent and channels it to the discharge

structure. Sizing of the bed is based on in-

fluent loading rates and temperature, as

well as the required rate of nitrification.

For optimal performance, it is preferable

(though not limiting) for the influent

cBOD5 to be less than 40 mg/L. 

To ensure robustness in SAGR system

operation, stress-testing was performed

on the demonstration system in Steinbach,

to simulate possible operational chal-

lenges:

1. Flow through the SAGR was

stopped for 11 weeks in summer (during

the third year of operation) to simulate a

fully nitrifying lagoon preceding the

process. The objective was to determine

biomass resiliency within the reactor bed.

Reactor aeration was kept on during the

entire period. When 100% design flow

was resumed, effluent ammonia levels re-

covered to below detection by the first

weekly sample. This indicates that nitri-

fiers within the bed remain viable during

extended periods with no loading. This is

typical of lagoon systems that have suffi-

cient retention time to nitrify during the

warm summer months. 

2. The upper bounds of hydraulic and

mass loading were tested by 200% of de-

sign flow throughput. The system was fed

at twice the design flow rate for approxi-

mately 10 months (beginning June 2009).

The observed effluent ammonia was still

below detection at twice the design flow

rate for much of the year, and excellent ni-

trification was observed throughout the

winter. This indicates that the SAGR is ca-

pable of handling surges in flow and mass

loading.

3 . A simulated power failure provided

information on system recovery in the

event of a blackout. Blowers providing air

to the SAGR process were shut off for 24

hours during the winter, when water tem-

peratures were below 0.5oC . E ffluent am-

monia during the simulated power outage

approximately matched the influent am-

monia concentration, as expected, con-

firming that, at extremely low or no

dissolved oxygen, the nitrification process

completely stops. When the aeration sys-

tem was restarted, effluent ammonia levels

dropped to below detection by the first

weekly effluent sample.

The components and design approach

for the Glencoe wastewater treatment

process demonstrate the ability to increase

hydraulic capacity and provide nutrient

removal, while maximizing the use of ex-

isting lagoon infrastructure. The system

also maintains simplicity of operation,

with low O& M  costs.

K en Mu s y ok a, Merle K roek er and  B y ron

H ep p ner are w ith  N els on 

Environmental Inc. E-mail:

k mu s y ok a@ nels onenvironmental.com
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