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A PLANT SCALE STUDY O N  CANNERY WASTES TREATMENT 

USING TWO-STAGE ACTIVATED SLUDGE PROCESS

CHAPTER I 

INTRODUCTION 

G eneral

The canning industry and in particu lar the potato  processing industry has 

grown very rapidly in the  past d ecad e . The 1967 and 1969 US DA (1) production 

figures indicated  a total po ta to  crop of 2 4 5 ,2 7 2 ,0 0 0  hundred weights in 1959 and 

294 ,1 9 2 ,0 0 0  hundred weights in 1968. The to tal quantity  of pota to  processed by 

all food industries increased from 4 7 ,8 2 4 ,0 0 0  hundred w eights in 1959 to 6 9 ,4 2 9 ,0 0 0  

in 1964. This corresponds to approxim ately 19% of the to tal crop in 1959 and 29% 

in 1964. M any of these processing plants are located  in rural areas or in small 

towns where sewage treatm ent fac ilitie s  are  not av a ilab le  or a t  least were not d e ­

signed to trea t a waste of high organic con ten t. In the processing of po tatoes, 20 

to 50% of the processed raw pota to  is discharged as w aste. Such waste can be com­

posted and sold os fe r tiliz e r , used as feed for livestock , or for by-products ex tra c ­

tion if it  is econom ically  feasib le . Waste flows range from 840 gallons to 5 ,0 0 0  

gallons per ton of row potatoes processed, depending on the desired product. The
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rapid growth of the potato  industry has resulted in a corresponding increased volume 

of waste with po ten tia lly  the same increase in w ater po llu tion .

The characteristics of the potato  waste a re  high organic strength, high starch 

con ten t, large volum e, low nutrients, and  pH values which vary with the method of 

peeling used. Research on potato wastes reported to  do te , with the exception of tha t 

reported for lagoons, has been done using bench scale  models. It is essential tha t 

these studies be re la ted  to full scale p lan t opera tion , so that high rate and modular 

processes can be designed and econom ically  ap p lied . A study supported by the Fed­

eral W ater Q u ality  Administration was undertaken for this purpose a t  the Stilwell 

Canning Company.

Stilw ell Canning Company, S tilw ell, O klahom a, cans and freezes a w ide 

variety  o f vegetables and  fruits which include sp inach , straw berries, green beans, 

yellow  squash, ok ra , peas, beans, w hite po ta toes, and  sweet potatoes with potatoes 

being the dom inant product. It is situated  in small community with a population of 

only 2 ,6 0 0  and  during the potato processing season, has a  mean population equ iva­

lent of 150,000. It is located  on a small receiving spring fed stream which has a 

summer flow roughly equ ivalen t to  the waste flow . Consequently, a high treatm ent 

e ffic iency  is required in order to m aintain accep tab le  stream standards.

Benefiting from the g ra n t- in -a id  program of the Federal W ater Q u ality  A d­

m inistration o f the U. S. Department o f Interior and a grant from the Economic 

Development Adm inistration O ffice , of the U. S. Department of Commerce, a 

w astew ater treatm ent p lan t was constructed and started  operation in M ay, 1969.

The design was based on studies by Reid and  Streebin (2) and  consists o f screens to
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remove the large suspended p artic le s , a minimal solids (high loading) aera tion  unit 

to remove a portion of the soluble organic m atter, an extended aera tion  unit for 

solids destruction and effluent polishing, and a final c la rif ie r. This system is the 

first one of this design known to trea t a cannery waste; therefore, an operational 

study of this system has been undertaken .

O b jec tiv e

The ob jective of the research is to show tha t a  high o rgan ic , large volum e, 

nu tritionally  unbalanced cannery wastes can be successfully and econom ically  

trea ted  to a high degree by a tw o-stage biological process. The results will be used 

to establish design criteria  for the trea tm ent of po ta to  and vegetable wastes.

The scope of this research includes:

1. C haracterization  of the various vegetab le  and potato wastes as they 

reach the waste treatm ent p lan t.

2 . D eterm ination of waste flows for each  product processed.

3 . Evaluation of the perform ance of each  modular process and the en tire  

system.



CHAPTER II

LITERATURE REVIEW 

A review  of techn ica l litera tu re  has been undertaken to  assemble the p e rti­

nent results of other investigators. The lite ra tu re  c ited  includes three subjects: 

nam ely (1) potato w aste , (2) nutrient supplem entation, and (3) other vegetables and 

fru it w astes. A b rief summary is given below .

Potato Waste 

W aste C haracteristics 

Cooley e t  ol (3) studied the characteristics of several potato processing 

w astes. They found th a t the  waste flow from the potato  flake factory was 2643 

gallons per ton of raw po ta to  processed with a suspended solids (SS) of 2 3 .7  lbs per 

ton or 1080 m g /l, and the pH of lye peeling  stream was 12 .6  and that of steam 

peeling was 7 .3 .

The average volume of waste per ton of raw pota to  from the potato flake 

industries as surveyed by Francis (4) was 5000 gallons with on average BOD of 59 

lbs or 1720 m g/l and a SS of 91 lbs or 2580 m g /l .

Porges and Towne (5) reported a waste flow  of 1990 gallons per 1000 lbs of 

potatoes processed into potato  chips with an average BOD of 25 lbs or 1380 m g/l and 

a SS of 33 lbs or 1710 m g / l .

4
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The Potato Chip Institute and the N ational Technical Task Committee (6) re ­

ported on overage BOD of 25 lbs per 1000 lbs of row po ta to  processed, and the B O D / 

Solids ra tio  of 0 .4 5 3 .

Vennes and O lm stead (7) quo ted , in the ir investigation on the potato flake 

w aste , an average flow of 5000 gallons with a  BOD of 1410 m g/l and a  55 of 2180 

m g/l based on one ton of raw pota to  processed.

Atkins and Sproul (8) studied a lye peeling  french fry processing p lan t in 

M aine and found th a t in -p lan t improvements reduced the  waste flow from 2520 

gallons per ton of raw pota to  to  2310 gallons per ton , the p lan t composite BOD of 

2460 m g/l to 1150 m g /l, the 55 from 1750 mg/l to  1310 m g/l; and the COD of this 

w aste was reduced from 3500 m g/l to 1790 m g /l . The BOD to COD ratios w ere, re ­

spec tiv e ly , 0 .7  and 0 .4  before and a fte r  the in -p lan t improvement with a  lye peeling  

pH of 1 1 .5  to 1 1 .1 .

Fergason e t  ol (9) pointed out tha t the BOD of the protein w ater from a 

potato  starch p lan t was about 3900 m g/l with a COD of 6000 to  7000 m g/l and an 

average BOD to COD ratio  of 0 .6 4 .

K uenem an's study (10) on the primary waste trea tm ent p lan t a t  the R. T. 

French Company p lan t in Shelly , Idaho, ind icated  a waste flow of 3650 to 4200 

gallons per ton of row po ta toes, a  COD of 2000 to 2500 m g /l, and a pH of 11 to  12 

using a  lye p ee ler and 6 to  6 .5  using a  steam p ee le r . Kueneman further stated tha t 

the waste flow could be reduced to  200 to 400 gallons per ton with considerable w ater 

re -u se .

Formo (11) analyzed  the process wastes from several potato  processing plants
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in Idaho and reported on average flow o f 2700 gallons per ton of po ta to  processed 

and a COD of 3300 m g /l.

Potato processing wastes contain  some nitrogen and phosphorous. Atkins and  

Sproul (8) presented inform ation ind icating  a  BOD/P ra tio  of 350 to  1.

Reid and Streebin (2) ind icated  a COD strength of 3190 m g /l, a  C O D /N  

ra tio  of 570/1  and a  N /P  ra tio  o f 2 .5 /1  for Irish po ta to  wastes and a  CO D  of 4500 

m g /l, a C O D /N  ra tio  o f 2600/1 and N /P  ra tio  o f 0 .5 5 /1  for sw eet po ta to  w astes.

A summary of the  potato  w aste characteristics  as found in th e  lite ra tu re  is 

shown in Table 1.

Screen ing , Primary S ettling  and Sludge Dewatering

Screening serves to  remove the coarse m aterial th a t might in terfere  with sub­

sequent operations in trea tm en t, and therefore is genera lly  used as the first step in 

food waste trea tm en t. Ballance (12) ind ica ted  th a t a ll types of v ibrating screens 

have a g rea t advan tage over o ther moving screens for producing a  solid fraction tha t 

is re la tiv e ly  low in moisture con ten t (80% ). He further s ta ted  th a t for po tato  w aste 

a  20 mesh screen could remove approxim ately 35% of the to ta l solids. Barnes (14) 

reported th a t a  SS removal of 35% could be obtained  by a  10 mesh screen with a 

corresponding BOD reduction of 27% .

The Potato Chip Institute and th e  N ational Technical Task Committee (6) 

reported approxim ately 50% of the  suspended and  90%  of th e  se ttleab le  m atter of 

a  com posite po ta to  w aste stream could be removed with a  15 to  30 mesh screen .

A ccording to  investigations by Hindin and others (13) the  screened solids had



TABLE 1

POTATO WASTE CHARACTERISTICS (FROM LITERATURE REVIEW)

POTATO
PROCESS
FOR

W aste
Flow

G al/T on
SS

Ibs/Ton m g/l
BOD 

Ibs/Ton m g/l
COD 

Ibs/Ton m g/l

BOD
COD

pH
Lye

Peeling
Steam
Peeling

Ref.

Potato Flake 
Potato Chip 
Potato Flour 
Potato Starch

2643
2007

880
838

2 3 .7
36
19
2 8 .9

1080
2090
2590
4140

33
14 .5
23
2 5 .8

1540
840

3140
3680

51
4 9 .4
3 7 .3
5 1 .4

2320
2860
5080
7380

0 .6 4
0 .2 9 3
0 .6 1 7
0 .5 0 2

12 .6 7 .3 (3)

Potato Chip 3980 33 1710 25 1380 (5)

Potato Flake 5000 91 2580 59 1720 (7)

French Fry 2310 1310 1150 1790 0 .4 11 .3 (8)

Potato Starch 3900 6500 0 .6 4 (9)

Various
Products 2700 3300 (11)

Various
Ptoducts

3650-
4200

2000-
2500

11-
12

6 .0 -
6 .5 (10)

Irish Potato Canning 3194
Sweet Potato Canning 4500 (2)
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a COD of 108 g / l ,  a total solids conten t of 10 to 15% and a v o la tile  solids conten t 

of 9 to 14%.

Sedim entation is the least expensive method of solid liquid separation used 

to remove finer suspended m atter from the waste w ater. The experim ents by Reid and 

Streebin (2) on settling  of potato  waste for one hour showed approxim ately 38% COD 

reduction with 5 .1 %  solids in settled  sludge for Irish po ta to  and a COD reduction of 

44%  with 5 .7 %  solids in  se ttled  sludge for sw eet po ta to .

The work of Sproul and others (14) showed a  SS and BOD removal of 80 and 

60% respectively  by primary settling  a t  overflow rates of 600 to  1000 g o l/d a y /sq . ft.

A ctivated  Sludge

Buzzell and others (15) investigated  th e  feasib ility  of treating the waste from 

a potato  starch p lan t using a  continuous flow , com plete mixing ac tiv a ted  sludge 

p ilo t un it. He found th a t this system gave e x ce lle n t BOD reductions even a t  ra th e r 

high organic loadings. When units w ere loaded a t  less than 80 lbs of BOD per 1000 

lbs of mixed liquor suspended solids (MLSS) per hour o f a e ra tio n , BOD removals were 

95% and above . A t a  MLSS concentration 3500 m g /l, this loading is equ iva len t 

to  420 lbs of BOD per 1000 cu . f t .  of aera tion  cap ac ity  per day . As the  BOD load­

ing was increased above 80 lbs, the BOD removal e ffic iency  dropped off rap id ly .

The sim ulated w aste studied had an average BOD of 3700 m g /l. He further pointed  

out tha t foaming was a  problem , and it  tended to  increase with decreased aera tion  

tim e. No nutrients w ere added in this study.

Atkins and Sproul (8) studied th e  feasib ility  of trea ting  a potato  w aste from
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a lye peeling french fry plant using o com plete mixing ac tiv a ted  sludge laboratory 

un it. The aera tion  time studied varied from 6 to 20 hours. A t a 6 hour aera tion  

tim e, the BOD loading ranged from 191 to 358 lbs per day per 1000 cu . f t .  of a e ra ­

tion volume; and the MLSS concentration  ranged from 3600 to 4500 m g /l. A t these 

loading rotes BOD removal of higher than 90% v/as m ain tained . The sludge could 

be settled  satisfactorily  a t all aera tion  times studied; hov/ever, the sludge density  in­

creased v/ith on increase in aera tion  tim es. No nutrients were added in this study. 

The influent pH was 11.8  and tha t of the trea ted  effluen t varied from 8 to 9 . The 

corresponding COD removal was 90% and the SS removal above 90% with a sludge 

volume index (SVI) of 100 to 190. It was concluded tha t w ithout pH adjustm ent, a t  

a MLSS level of 4000 m g /l, and an aera tion  period of 6 to 8 hours, a BOD reduction 

of 95% or above could be ob ta ined . Their study also showed tha t adjustm ent of pH 

did not significantly  improve the treatm ent e ffic ien cy . The authors briefly  studied 

the co n tac t stab iliza tion  process. Their results showed tha t a 78%  COD removal 

was possible with a con tact time of one hour and stab ilization  time of 6 to  8 hours.

In this study the pH of the wastes was adjusted  to 8 .0  before feeding the treatm ent 

unit; the MLSS concentration in the s tab iliza tion  unit was m aintained a t 4000 m g/l; 

and sludge returned was 33% of total volume in the con tact com partm ent. A t a con­

tac t time of 30 minutes with 2 hours of reae ra tio n , COD removal was 49% . it was 

concluded tha t further investigation into this type of treatm ent would be highly d e ­

sirab le . Sproul e t  al (14) found tha t the growth rate for a se ttled  steam peeling 

waste was about 0 .0005  m g /l/h o u r. A ccording to Sproul, this would ind icate  a 

BOD removal of 92% with an aera tion  time of 6 hours and a mixed liquor vo la tile
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suspended solids (MLVSS) of 3500 m g /l. Based on the laboratory work a t  the U niver­

sity of M aine, Sproul (16) presented a ten ta tiv e  design c rite ria  for com plete mixing 

ac tiv a ted  sludge treatm ent of lye peeling pota to  processing waste w ithout pH ad ju st­

m ent. The investigator recommended a BOD loading of 200 to 400 lbs per 1000 cu . 

f t. of aera tion  volume per day with a MLSS concentration  of 3000 to 4000 m g/l and 

an aera tion  time of 8 hours. Foaming problems in the aera tion  tanks will be m ini­

mized if the biological solids are kept a t  the higher lev e l. Reid and  S treeb in 's  

study (2) on trea ting  po ta to  processing waste using an ac tiv a ted  sludge system a t  the 

U niversity of O klahom a showed com parable results with o ther investigators. A m ini­

mal solds aera tion  unit of 3 hours deten tion  time y ielded  a  50% COD reduction .

The ex tended aera tion  studies showed a COD reduction of 96 .5%  in 17 hours of ae ro - 

tim e. The biosorption process was also stud ied , but it only y ie lded  a 25% COD re ­

duction . These studies further ind ica ted  tha t nutrients w ill be required to m aintain 

a BOD/N ra tio  o f approxim ately 100 to  1.

Trickling F ilter

The use of b iofilters to trea t potato  wastes has also been investigated .

Buzzell and others (15) found th a t a  90% or b e tte r BOD removal was obtained  on 

high rate filters with a loading of up to 3000 lbs BOD per ac re -fo o t per day .

Pail thorp and F ilbert (17) presented data  ind icating  tha t BOD could be reduced from 

1680 to 280 m g/l or 84% by trea ting  a primary settled  lye peeling potato waste 

through a super rate Dow Chem ical Com pany's Surfpac F ilter. The rec ircu la tion  

ratio  was 6 to 1; how ever, the loading rate was not g iven .
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A naerobic Digestion 

Hindin and Dunstan (18) made studies on the treatm ent of the se ttled  solids 

from the potato  chip waste by using anaerob ic  d igestion . Their experim ents showed 

tha t mixtures of potato waste solids and raw domestic sludge con be satisfactorily  

trea ted  by conventional anaerob ic  digestion os long os the feed does not contain  

more than 50% potato solids. The loading ra te  used in the ir laboratory investigation  

was 0 .0 7 5  lbs vo la tile  solids per day per cu . f t.  of digestion capacity  with a d e ten ­

tion time of 33 days. The v o la tile  acids did not exceed  1400 m g/l in the study. It 

is generally  acknow ledged th a t as long os the total vo la tile  acids a re  less than 2000 

m g/l as ac id ic  ac id , no inhibitory e ffe c t on the ac tiv ity  of the m ethane b ac te ria  will 

occu r. It was concluded tha t the d igester was under a stress when trea ting  a feed 

containing 75% pota to  solids. This was probably due to a growth facto r defic iency  

ra ther than the presence of Inhibitory substances.

Ling (19), in a  study of s ta rch -g lu ten  w aste, used o model of a conventional 

sedim entation tank to separate  the solids which were forwarded to a  continuously re ­

circu la ted  anaerob ic  digestion laboratory u n it. The digester was m aintained a t  a 

tem perature of about 95°F. This experim ent showed an 80%  removal of v o la tile  

solids a t  a loading of 0 .1  lbs v o la tile  solids per day per cu . f t.  of digester volum e. 

The author further pointed out tha t the  maximum allow able loading of the digestion 

process hod not been reached a t  this loading.

Both digester and anaerob ic  lagoons g ive off very offensive odors (20, 21) and 

are  unsatisfactory in Hie a rea  where odors cannot be to le ra ted .

A summary of the organic and hydraulic loadings used for the design of
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aerobic biological treatm ent processes as obtained from the lite ra tu re  c ited  is shown 

in Table 2 .

N u trien t Supplem entation 

Efficient and successful biological oxidation of organic wastes require nitrogen 

(N) and phosphorous (P) for the anabo lic  reactions, i . e .  the synthesis of new cell 

tissue. Many industrial w astes, such as potato processing w aste, do not contain 

adequate quan tities of nitrogen and phosphorous for these reactions; h en ce , they 

require the addition of nu trients.

Servizi and Bogan (22) dem onstrated tha t synthesis is proportional to the 

change in free energy of ox ida tion . Since the free energy for most organic com­

pounds is the sam e, -3160 to -3587 c a l /g  COD, it follows th a t synthesis w ill be 

proportional to  th e  COD reduction of the substrate or w aste.

Since in b io -ox idation  both the synthesis and respiration proceed sim ultane­

ously, nitrogen w ill be released  and assim ilated sim ultaneously. Some of the n itro ­

gen will be recovered and reused for synthesis. Therefore, the quantity  of nitrogen 

required depends on the aera tion  tim e. The general formula for biological cell mass 

has been expressed as C ^ ^ O ^ N  (23), in which 12.4%  is n itrogen . Sawyer and his 

associates (2 4 ,2 5 ,2 6 ) studied the nutritional requirements of ac tiv a ted  sludge with 

industrial wastes and expressed the assim ilation of nitrogen in terms of a  BOD to n itro ­

gen ra tio , BO D:N. They concluded maximum nutritional requirements need not be 

supplied in order to ach ieve  satisfactory  treatm ent. C ritical nu tritional requirements 

on the basis of BOD removal are estim ated to be 3 to  4 lbs of n itrogen, and 0 .6  lbs 

of phosphorous per 100 lbs of BOD^ removed respectively . This is approxim ately



TABLE 2

SUMMARY OF AEROBIC BIOLOGICAL TREATMENT RESULTS (FROM LITERATURE REVIEW)

TREATMENT Process O rganic A eration MLSS Percent N utrien t
PROCESS W ater Loading time

hr. m g/l
O rganic 

Remove 1
Supplemen­

tation
Ref.

Com plete M ixing 
A ctivated  Sludge

Potato
Starch

4200 lbs BOD 
1000 c f-d ay 15 3500 95% BOD None (15)

Com plete M ixing 
A ctiva ted  Sludge

Lye Peel 
French Fry

191-3581 lbs BOD 
1000 c f-d ay 6

3 6 0 0 -
4500

90% BOD None (8)

C on tact S tab ilization Lye Peel 3600 mg/1 COD 1 .5 4000 78% COD None (8)

A ctivated  Sludge French Fry

Com plete M ixing 
A ctivated  Sludge

Steam Peel 6
3500
MLVSS

92% BOD N one (14)

Minimal Solids Stilw ell 1400 m g/l COD 3 50%  COD None (2)

Extended A eration
Potato W aste 

d ilu ted 800 m g/l COD 17 96% COD

C ontact S tab iliza tion with w ater 0 .5 25%  COD None (2)

High Rate 
Trickling Filters

Potato
Starch

3000 lbs BOD 
acre  f t-d ay

158 gal 
sf-day 90%  BOD None (15)

Dow Chem ical Lye Peel 84%  BOD None (17)
Surfpac Filter

w
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equivalent- to  a BOD:NP:P ratio  of 150:5:1 a t  2 0 °C . A critica l nitrogen effic iency  

tends to decrease the rate of BOD rem oval, impair the settling  and dev/atering

characteristics of the sludge, and decreases the rate of sludge grow th. The critica l

nutrien t requirem ent was defined as the minimum amount of a nutrient which must be 

present to m aintain BOD removals a t  a high ra te . Any reduction of nutrient concen­

tration below the critica l amount would cause the BOD removal to fall off rap id ly .

The percentage nitrogen con ten t of dried ac tiv a ted  sludge based on vo la tile  m atter 

is a good index of nu trien t defic ien cy . A value of less than 7% for nitrogen and 1.2%  

for phosphorous is ind ica tive  of a critica l defic ien cy .

The maximum requirem ent is the maximum amount of nutrient which can be 

taken up by the sludge. Assuming the nutrient fully av a ilab le , the sludge will tend 

to remove up to the maximum nutrien t requirem ent from solution and fix it in the 

sludge. According to W einberger's work (27), only nitrogen present in the form of

N H g-N  is considered to be 100% av a ilab le  for the b ac te ria .

H eukelekian and others (28, 29), in the ir tests on a number of industrial 

w astes, established a BOD:N:P ratio  of 100:5:1 os being generally  desirable for 

maximum stab iliza tion  ro te . The observed BOD values included only carbonaceous 

oxygen dem and. Jones (30), in his studies on the  sludge bulk ing , showed th a t the c r it­

ical BOD/N ra tio  was 40 :1 , and below  this value the specific growth rote decreases.

He further ind icated  that the cell mass contained 6 .5 %  of N w t and 9 .0 %  of N O .- N
4 3

a t  the critica l or equilibrium  nitrogen concen tra tion . This was based on the assump­

tion that a ll the nitrogen had been taken up by the c e l l .  Oginsky and Umbreit (31) 

indicated  th a t a nitrogen content of 1 .7%  in the cell moss was adequate and the
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phosphorous, sulfur, e t c . ,  were not usually lim iting. This concen tration  is much lower 

than reported by o ther investigators, and low concentrations genera lly  result in sludge 

bulking. Sawyer (32) reported tha t the phosphorous requirem ent was about one fifth 

of the nitrogen requirem ent. Eckenfelder and Burns (33) showed a c ritica l requ ire­

ment of 4 .3  lbs N/lO O lbs BOD rem oved. This is based on th e ir  two year study of 

nutrient requirements a t  the West V irginia Pulp and Paper Company ac tiv a ted  sludge 

p lan t; below  this level organic removal effic iency  was low ered. N one of the c ited  

lite ra tu re , how ever, considered the in terchange of nutrients os the cell moss passed 

through growth and endogenous phases.

Since most industrial wastes a re  defic ien t in nutrients, the addition o f nitrogen 

and phosphorous in the b io logical trea tm ent system is usually requ ired . The cost of 

m aintaining a BOD:N;P ra tio  of 100:5:1 in the ac tiv a ted  sludge system, os used in 

general p rac tice , is trem endous. Furthermore, the n itra te  con ten t in the trea ted  

effluent encourages heavy a lg ae  growth in the receiv ing  w ater. Reid (34) pointed 

out tha t os the degree of trea tm ent for organic removals increases, the dilution requ ire­

ments for the m aintenance of dissolved oxygen levels for rece iv ing  w ater decreased , 

w hile the d ilu tion required for the control of nu tritional pollu tion  as measured by 

a lg ae  concentration  tended to  inc rease . H ence, for higher level trea tm ent, discharged 

nutrients may d ic ta te  the treatm ent processes. Komolrit, Krishnan and others (35, 36) 

found th a t with in itia l high b iological solids concentration  in the aera tion  vessel, 

carbon could be incorporated into non-nitrogen ce ll constituents in the absence of an 

exogenous source of nitrogen by first storage and la te r synthesis; and for a short period 

of time the removal e ffic ien cy  would not be im paired. A fter substrate rem oval, the
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protein was then synthesized from the carbohydrate stored in the cells by aera tion  In 

the presence of n itrogen . Using this id ea . G audy and his associates (37, 38) studied 

the feasib ility  of reducing the nitrogen supply by con tro lled  addition of nitrogen to 

the returned sludge rather than continual addition to  the incoming w aste. In their 

laboratory experim ent, the nitrogen d efic ien t waste was fed continuously to a  feed­

ing aera to r w ithout addition o f nitrogen; the mixed liquid was then passed to a c la r i­

fier for solids separation , from which a portion o f the sludge was forwarded to an 

endogenous aera to r w here the exogenous nitrogen was added; then the sludge was 

recycled to  the feeding ae ra to r. It was found th a t a t  a C O D /N  ratio  of 70/1  with 

a solids concentration of 700 m g/l and a hydraulic deten tion  time of 4 hours in the 

feeding aera to r, the overall removal e ffic ien cy  a fte r  settling  was 96% . The substrate 

used was a ce ta te ; therefore the  corresponding BO D /N  ra tio  was 4 7 /1 .

O th er V egetab le  and Fruit Wastes 

In the U nited S ta tes, nearly  h a lf of a ll vegetables and fruit produced ore 

canned or frozen. A bout 90% of the peaches and p ineapp les, 80% of a ll tom atoes,

65% of the peas production and more than 50% of a ll sw eet corn harvested in this 

country are  canned . M any o ther products such as beans, okra, spinach, col lard greens, 

mustard greens, oranges, ap p les, straw berries, pum pkin, squash and mushrooms are also 

canned or frozen.

Since these agricu ltu ra l products a re  highly seasonal, almost every  cannery 

processes a  wide varie ty  of foods in its operation . Because such a  wide varie ty  of 

products are  processed in individual canneries, various waste flows and concentrations 

can be found.
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The characterisH cs for various products os presented by M ercer (39) ore re­

produced in Table 3 . Burbank and Kumagai (40) studied the feasib ility  of trea ting  

pineapple wastes by ac tiv a ted  sludge. The organic constituents os measured by COD 

ranged from 24.1 to 3 2 .8  lbs per tons of p ineapples processed with a  w eighted aver­

age of 2 6 .2  lbs per ton o f p ineapples processed. The waste con tained  a high carbo­

hydrate concentration  which accounted  for 80 to 90% of the soluble C O D . As d e­

monstrated from a com pletely mixed ac tiv a ted  sludge laboratory system, carbohydrate 

removal was feasib le; with a maximum loading rate of 1 7 .5  lbs sugor/lbs M LSS/day, 

98% carbohydrate removal was obta ined; how ever, sludge settling  was poor. They 

further dem onstrated th a t sludge growth was partly  due to cellu lose u tiliz a tio n , and 

tha t 80% of the COD removal was a ttribu ted  to synthesis. The nutrients in the waste 

were su fficien t for b io log ical trea tm ent.

The University o f Oklahom a has studied the characteristics of tomato waste 

from on O klahom a cannery  (41 ). It was found tha t one hour of settling  would reduce 

the COD o f the lye peeling  stream from 1830 to 1600 m g/l and 1550 to 1260 mg/l 

for the steam peeling  stream . The COD of the packing stream could be reduced 

from 1220 to 1020 m g/l for the some settling  period . The BOD of the se ttled  lye 

peeling stream was 940 m g /l, and  the BOD of the se ttled  steam peeling stream was 

860 m g /l. The feasib ility  o f treating  this waste has been studied in a batch unit 

using unacclim ated  sludge. A fter 24 hours of ae ra tio n , the COD was reduced from 

1230 to 160 m g/l w ith a  MLVSS increase from 1235 to 2405 m g /l. It was an tic ipa ted  

that b e tte r  organic removal could be expected  with w ell-acc lim ated  sludge.
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TABLE 3

VOLUME AND CHARACTERISTICS OF CANNERY WASTES

Product Waste Volume 
g a l/co se

BOD
mg/l

Suspended Solids

Apples 25-40 1680-5530 300-600
Apricots 57-80 200-1020 200-400
Asparagus 70 16-100 30-180
Beans/ baked 35 925-1440 225
Beans, green 26-44 160-600 60-150
Beans, kidney 18-20 1030-2500 140
Beans, lim a, dried 17-29 1740-2880 160-600
Beans, lim a, fresh 50-257 190-450 420
Beets 27-70 1580-7600 740-2220
Carrots 23 520-3030 1830
Cherries 12-40 700-2100 200-600
Corn, cream style 24-29 620-2900 300-675
Corn, w hole kernel 25-70 1120-6300 300-4000
Cranberries 10-20 500-2250 100-250
Mushrooms 6600 76-850 50-240
Peaches 45-60 1200-2800 450-750
Peas 14-75 380-4700 270-400
Potatoes, sw eet 82 1500-5600 400-2500
Potatoes, w hite — — 200-2900 990-1180
Pumpkin 20-50 1500-6880 785-1960
Sauerkraut 3-18 1400-6300 60-630
Spinach 160 280-730 90-580
Squash 20 4000-11000 3000
Tomatoes 3-100 180-4000 140-2000



19

G lide  (42) reported on Campbell Soup Company spray irrigation system a t 

Paris, Texas. Waste was applied  a t a  ra te  of 0 .2 5  in /d ay  afte r 10 mesh screening 

and pretreatm ent for grease recovery . Flow ranged from 1 .8  to 2 .8  M O D , and nor­

mal app lication  was limited to a maximum of 2 hours a t a tim e. Extremely tight 

clay soils allow ed very little  in filtra tion ; runoff was co llec ted  in terraces to be con­

ducted off the f ie ld . Soluble BOD was adsorbed on the litte r; wastes averaged 850 

m g/l; and effluen t as it ran off the property averaged less than 10 m g /l, with a cor­

responding COD of 51 m g /l. The vegeta tive  cover of the disposal field  produces a 

pro tected  hab ita t for soil microorganisms and presents a vast area  for the adsorption 

of organic im purities; the system functions as a  horizontal grass trickling filte r .

Also included in the report was a study of the N apoleon , O h io , p lan t. Its 

soup processing wastes are treated  by a  tw o-stage trickling filte r  with interm ediate 

aera tion  between the filte r and settling  stages. However, during the tomato season, 

tomato wastes were handled separately  on a spray irrigation system. During 1964 to 

1965 the average waste applied  reached a peak o f 1 .4  in /d ay  with some spray lines 

reaching peaks of 4  to 5 in /d a y . Tests results revealed  th a t, on a moss basis, the 

percent reduction for C O D , BOD nitrogen and phosphate were respectively  81 , 85, 

73 , and 65% .

Skrinde and Dunstan (43) found th a t trick ling  filters loaded from 1400 to 4000 

lbs BOD per 1000 cu . f t.  per day becam e decreosingly effic ien t because of excessive 

slime growths. A ctivated  sludge provided satisfactory treatm ent under proper loading, 

although Sphaerotilus growth caused bulking and loss of suspended solids. Jo in t tre a t­

m ent with m unicipal sewage on a roughing filte r provided reasonable BOD removal
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without excessive slime growth. All b iological processes for trea ting  pea wastes re ­

quire supplem ental nutrients.

Zinkfoose (44) described the trea tm ent for pea waste a fte r mixing with settled  

domestic sew age. Waste flows from three processing plants produced a  com bined flow 

of 5 MGD with a BOD of 850 m g /l. The waste contained  very li ttle  se ttleab le  

m aterial; therefore , no primary c la rifica tio n  was used. The se ttled  sewage and 

industrial wastes were mixed in a control structure and portions d iverted  to the d if­

ferent p lan ts . The portion of the mixed waste d iverted  to the industrial treatm ent plan 

plan t was applied  to parallel trickling filte rs . Identical c larifie rs followed each 

fil te r . Sludge was returned to the dom estic p lan t for d igestion.

Dickson (45) presented a paper on a large cannery using lagoon trea tm ent.

The Sleepy Eye, M innesota, p lan t processed peas and corn with waste flows am ount­

ing to 60 m illion gallons in one season. The BOD of the pea waste averaged 1000 

m g/l w hile the corn waste was usually tw ice as much. Total pond area  was 38 acres 

or about 6 .3  acres per pond. An interesting point was tha t the wastes from the last 

few days of the canning season were held during the w inter in order to m aintain a 

good a lg ae  and bac teria  population for operations the following spring.

W ebster (46) of Sea brook Farms Company, Bridgeton, N ew  Jersey , made pilo t 

p lan t studies on treatm ent of vegetab le  processing wastes using high ra te  and deep 

high cap ac ity  b io filters. Raw wastes were screened before being discharged to pri­

mary se ttling  tanks. The primary effluent was sp lit into two stream s, one portion go­

ing to the deep  f il te r , the other to  the high rate f ilte r . Both deep  and high rate 

filters were followed by secondary settling  tank . The N ew  Jersey  Department of
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Health required a p lan t effluen t BOD of no more than 60 m g/l a t  tha t tim e. The 

wastes a fte r screening had the following ch a ra c te ris tic s , shown in Table 4 .

TABLE 4

WASTE CHARACTERISTICS AFTER SCREENING 

Product Flow, MGD BOD, m g/l BOD, lbs

Processed Avg Max Min Avg Max Min Avg Max Min

Peas 5 .8 2 8 .3 3 .7 6 7 .8 131 2 4 .5 3290 8100 822
Beets & Corn 8 .1 8 11 .5 5 .5 222 .5 350 130 15150 28785 8300
Lima beans 7 .5 6 1 1 .7 3.61 142 264 48 8960 18920 3840
Potato 2 .7 6 4 .3 6 1 .3 5 227 450 120 5400 11050 1350
Spinach 7 .4 3 11.18 3 .5 137 300 48 8350 14750 3660

The deep  and high ra te  b iofilters were seeded w ith settled  domestic sewage 

and acc lim ated  for 16 days.

More than 4000 experim ental tests w ere made, and the treatm ent e ffic iencies  

a re  summarized in Table 5 below .

TABLE 5

TREATMENT EFFICIENCY OF FILTERS

FVoduct BOD, m g/l O verall Removal
fVimary Final Effluent % BOD Removed

Processed Raw Effluent Deep High Rate Deep High Rate

Peas 6 7 .8 4 9 .4 23.1 1 8 .8 66 7 2 .3
Beets and Corn 222 .5 195 59.1 3 1 .5 7 3 .4 8 5 .8
Lima Beans 142 124 .5 3 2 .4 31 77 7 8 .5
Potato 225 2 1 .8 9 0 .3
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The author concluded tha t the deep type f ilte r  would produce a  satisfactory 

effluen t with loadings less than 12 ,000  lbs BOD per acre  foot d ay . The high ra te  

b io filte r would be the most econom ical and would produce a  better effluen t quality  

w ith loads am ounting to 5000 lbs per acre  foot per day or less. The reten tion  times 

and overflow rates for the settling  tanks w ere 75 minutes and 1578 gallons per sq. f t. 

respectively .



CHAPTER III

DESIGN OF TREATMENT FACILITIES 

Background

Before 1969, the  Stilwell Canning Company wastes w ere divided into two 

streams. The strong w astes, wastes from Irish and sweet po ta toes, were pumped 

about three-fourths of a m ile over a 500 foot hill to a holding lagoon and then 

spread on a fru it o rchard . This system was not operated  properly and, as a  result, 

several problems ex isted , not the least of which w ere odors which a t times were 

no ticeab le  more than a mile downwind. To control odors, sodium n itra te  was 

added to the lagoon; how ever, some of the fru it trees were k illed . At this point 

the  orchard owner issued on order to stop irrigation .

The weak w astes, wastes from vegetab le  products, w ere discharged to the 

c ity  sewage treatm ent system, which was designed for 6 ,000  people and was treating 

the  waste from 2 ,6 0 0  people plus the cannery waste with a population equivalen t 

from 7 ,2 0 0  to 15 ,000; this com pletely overwhelmed the treatm ent p la n t. The 

effluent was discharged into Coney C reek , a spring fed stream . W hile the cannery 

was in operation , a  five m ile reach of the stream had no trace  o f dissolved oxygen. 

After flowing six teen miles. Coney Creek discharges into Lake Tenkiller, a major 

w ater recreation  a re a . For many miles downstream there w ere numerous com plaints

23
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o f odors and in general a  bad rapporf befween fhe cify  residents and the canning 

company even though the cannery employs 450 people in a  town of 2 ,6 0 0 .

The problem was to provide on in tegrated  treatm ent system for the canning 

company capab le of trea ting  the highest strength, most nu tritiona lly  unbalanced , 

and largest volume wastes to a degree com patible with the receiving stream . This 

was no small task because organic load per shift varies by more than 60 fo ld , from 

a volume of 0 .3 8 9  MGD and CO D  of 150 m g/l for spinach wastes to g reater than 

1.91 MGD and a strength of 5 ,5 0 0  mg/l w hile processing sweet pota toes.

Based on the inform ation gathered  and reported in the lite ra tu re  review , 

several treatm ent processes w ere considered including trickling filte rs , minimal 

solids, m oderate solids, extended solids aera tion  and biosorption systems. The 

incoming waste in question has a very high organic strength; therefore , trickling 

filters and biosorption systems w ere dele ted  from consideration because they are not 

capab le o f treating  high strength waste and still meet the required standard without 

polishing ponds or o the r te rtia ry  treatm ent systems. Minimal solids aeration  has a 

high loading ra te , a  short solids retention tim e, and a high growth ro te . With this 

process the removal rates are  extrem ely h igh, the removal e ffic ienc ies low, and 

the MLSS highly dispersed; therefore, the process though e ffic ien t in terms of dollars 

per pound of COD rem oval, must be follow ed with another process. For such a high 

strength waste m oderate solids aera tion  could produce effluent of good quality  pro­

vided a  high MLVSS concentration  and low loading intensity  ore m aintained. How­

ever, this would result in a size diseconom y. Extended aera tion  has a very low 

loading ra te , about 1 /100th the rate of tha t in minimal solids system, and a solids
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^e^enHon tim e perhaps 100 times os g re a t. This process is e ffic ien t in terms of per­

cen tage  removals for wastes of low strength; how ever, it  would also suffer from size  

diseconom ies for strong w aste. Therefore, a dual or tw o-stage aera tion  process was 

chosen .

The first stage aera tion  is high ra te  process w ith high loading c ap a c ity , 

followed by a more e ffic ien t po lished-effIuent-producing  process, th a t is minimal 

solids (high loading) follow ed by extended aera tion  (low load ing). The tw o-stage 

system combines the  desirable characteristics o f both (47). The high rotes of removal 

a re  provided by the  minimal solids u n it and effluen t polishing and aerobic sludge 

digestion by the extended aera tion  basin .

Recommended Process

The design cap ac ity  of a domestic sew age treatm ent system is genera lly  

based on on estim ation o f the population to  be served in th e  fu tu re. For exam ple 

the design period may be tw enty years. The design o f w aste treatm ent fac ilitie s  

for on industry, how ever, is usually based on the future production o f the industry 

and the strength and quantity  of the waste thus g en era ted . Possible techn ica l in ­

novations in the industrial processes and its e ffec t on the  charac teristics  and volume 

o f w aste must also be considered in the developm ent of a  plan for the u ltim ate 

fa c ilit ie s .

The im plem entation of such designed fac ilitie s  usually is not carried  out 

in one stage due to econom ic reasons. In p rac tice  the pertinen t structures will be 

bu ilt first to  m eet the im m ediate dem and, and the  fa c ilitie s  which can  be expanded 

easily  w ill be constructed la te r or added in stages.
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The Stilw ell industrial waste trea tm ent p lan t was designed for a flow of 1 .5  

MGD with an average  BOD of 1 ,500  m g/l which was considered adequate for the 

im m ediate fu ture. For the  ultim ate p la n , two a lte rn a tiv es  w ere conce ived . A lte r­

native one was to build  a p lan t for full aera tion  and hydraulic cap ac ity  and to be 

expanded to meet increased organic load with the add ition  of a  primary se ttling  tank 

and solids disposal fa c ilit ie s . A lte rna tive two was to approach the designed p lan t 

capac ity  in steps by increasing the volume o f aera tion  tanks but with a primary c la r ­

ifie r and vacuum f il te r  sized for full hydraulic cap ac ity  and installed  during the in ­

itia l phase of construction . Previous studies ind ica ted  th a t approxim ately 50%  of 

the influent COD  con be removed by primary se ttlin g , but there was insuffic ien t 

ev idence  to  suggest a design level method of degrading the  sludge econom ically . 

Primary se ttled  sludge w ill normally con ta in  95 to 98%  w ate r. A th ickener can 

reduce moisture con ten t to  90% , which is higher than 65%  considered os the max­

imum for com posting; and the  moisture con ten t is also too high for disposal d irec tly  

to a sanitary  la n d fill. Further dew atering by a process, such as vacuum filtra tio n , 

cen trifugation , a ir  drying, e t c . ,  w ill still be required leaving a solid w aste dis­

posal problem . Therefore, a lte rn a tiv e  one was se lec ted ; tha t is, full cap ac ity  a e r­

ation tanks w ere constructed  w ithout a  primary c la r if ie r  and vacuum f il te r .  The 

system was so designed tha t it would accom plish a  high degree o f treatm ent a t  the 

design cap ac ity  w ithout a  primary se ttling  tan k . W ith the  addition of a  primary 

c la rif ie r  and a  reac to r for sludge disposal the cap ac ity  of the system w ill be increased 

by a factor o f nearly  tw o.
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The tw o-stage aera tion  system designed and constructed , os shown in Figures 

1 and 2 , consists of N o . 10 screens to remove gross solids which are trucked to on 

existing lan d fill. A fter screening the waste flows to  a minimal solids (high loading) 

basin , which was designed to remove 50%  or more o f the soluble CO D, and then to 

two low loading ra te  extended aera tion  basins in p a ra lle l , designed as effluent po l­

ishing and aerobic sludge digestion un its. A eration is follow ed by final c la r if ic a ­

tion for solids separa tion . Provisions ore bu ilt in to  the system to return the sludge 

to e ith er minimal solids an d /o r ex tended aera tion  units w ith a  sludge recircu la tion  

ratio  o f approxim ately one to one. O ccasiona lly  it  is necessary to withdraw excess 

sludge from the system w hich is routed to on existing sludge re ten tion  pond for an­

aerobic  s tab iliz a tio n .

O perational f lex ib ility  of the treatm ent p lan t a t  present is such th a t the 

minimal solids (high loading) un it can  be  bypassed with w aste flow going to e ither 

one or both ex tended aera tion  un its. For v egetab le  wastes only the extended ae r­

ation  units are requ ired . Either one or both o f the  ex tended aera tion  units can  be 

used, depending on the strength of the  vegetab le  wastes to be trea ted . During the 

pota to  processing season, tw o-stage aera tion  is used . At present, flow from the 

minimal solids u n it cannot be  d iverted to the final c la rif ie r  w ithout passing through 

the  extended aera tio n  un it because o f the  in -p la n t piping configuration . If neces­

sary a  bypass can  be provided which would allow  any one o f the treatm ent units 

to be operated  ind iv idually  or in conjunction w ith o ther units so that the system 

can  be operated  as minimal solids, m oderate solids, or ex tended  aeration  process, 

or a  com bination o f any o f these processes. O ther param eters th a t can be controlled
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are the amount of sludge returned to the  aera tion  basins and the power input to the 

surface aerators.

The final design c rite ria  is given in Table 6 . All the aeration  basins are 

earth  structures w ith concre te  aprons to prevent w ave erosion from the operation of 

the  surface aerators. Final c la r if ie r, pumping house, chem ical and laboratory 

build ing , Porshali flume and o ther structures are made of co n cre te . The to tal con­

struction costs for the treatm ent fac ilitie s  was $ 2 8 7 ,4 3 5 .0 0 . Figure 3 is an aeria l 

photograph of the treatm ent p lan t.
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TABLE 6 

DESIGN CRITERIA

o<0

£
ut

I
0)

co
23
O)

4 .

5 .

Design Flow = 1 . 5  MGD 

BOD = 1500 mg/l 

Minimal Solids (High Loading) Unit 

Volume = 0 .3 0  MG 

Depth = 8 ft 

Top = 116 ft X 66 ft 

Bottom = 84 ft X 34 ft 

HRT = 0 .3 /1 .5  = 0 .2  day = 4 .8  

HP provided: 2 surface aerators @ 7 5  HP 

total 150 HP 

Extended A eration Unit 

Volume = 2 .2 5  MG 

2 basins in para lle l each with:

Depth = 8 ft 

Top = 232 ft X 102 ft 

Bottom = 200 ft X 70 ft 

HRT = 2 .2 5 /1 .5  = 1 .5  day = 36 hrs 

HP provided: each basin w ith 3 surface aera tors @ 40 HP 

total 240 HP

Final C larifier
2

O verflow  ro te  = 800 g p d /ft 

Depth = 8 ft 

Diam eter = 50 ft 

DT = 1 .89  hrs

W eir loading = 10000 g p f/day  

Return Sludge Pumps

2 sets of centrifugal pumps @ 500 gpm and TDH = 48 ft
s

I  Z3 
X
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TABLE 6 — Continued

6. Chemical Feeder

1 set dry feeder @ 1000 lbs/day



CHAPTER IV 

PLANT SCALE STUDY 

G eneral

As has been Ind ica ted , the Stilw ell Canning Company cans and freezes various 

kinds o f vegetab les. A typical production record and schedule a re  given in Table 7 .

The Stilwell Canning Company genera lly  operates on the basis of a 6 -d ay  week 

with two shifts per day , namely 8 ;0 0 a .m . to 6:00 p .m . and 6:00 p .m . to 4 :00  a .m . ,  

with a daily  c lean -u p  from 4:00 a .m . to 8:00 a .m . ,  plus interm ittent wash-down 

during the operation tim e. Their operation is highly clim ate dependent, and what 

they process depends on w hat is av a ilab le  from their contracted  farms w hich, in turn, 

depends on the previous days w eather. The processing flow sheets for their various 

products are shown in Figures 4 through 12.

Canning operations began April 22 , 1969, with spinach as the major product. 

A t this time the waste was being diverted  through the domestic trickling filte r  waste 

treatm ent p la n t. This p lan t, located  500 fee t upstream from the industrial waste p la n t, 

was overloaded and was producing on effluen t with a  high COD and a  no ticeab le  

green co lo r.

The p lan t scale study o f this tw o-stage ac tiv a ted  sludge system, orig inally  

scheduled to cover a period from September 1 , 1968 to January 1 , 1969, but

34
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TABLE 7

PRODUCTION RECORD

Production Peak Month
Processing Period Y ear

Cases

Peak Production 

Cases

April -  
April -  
April -  
April -  
April -

December 1965 1 ,494 ,266  O ctober 
December 1966 1 ,650 ,000 September 
December 1967 1 ,750 ,000 
December 1968 1 ,800,000 
December 1969 1 ,979 ,000  September

234,311
268,000

295,541

1969 PRODUCTION SCHEDULE

Month Products
Production

Cases

May Spinach, Mustard G reens, C ollard  G reens, Turnip 
G reens, S traw berries, Irish Potatoes

June Irish Potatoes, G reen Beans, Squash, Peas, 
Blackberries

235,923

July Irish Potatoes, G reen Beans, O k ra , Peas, Squash 253,565

August Irish Potatoes, Sweet Potatoes, O kra , Peas 263,925

Sept. Sweet Potatoes, Irish Potatoes, O kra , Peas, Butter 
Beans, G reen Beans, Squash

295,541

O c t. Sweet Potatoes, Irish Potatoes, O kra , Peas, Butter 
Beans, Lima Beans, Squash, Turnip G reens, 
Mustard G reens

271,198

N ov. Sweet Potatoes, Collard G reens, Turnip Greens 
Spinach

179,452

Dec. Spinach 17,606

Case = 24 303 cons
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IRISH POTATOES

Dry Screen

W et Screen - --------------- «-W aste Flow*

Scalding Bath-------------------- *  W aste Flow

W et Screen----------------------♦  W aste Flow*
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W et Screen

^eeling------
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W aste Flow* 

■ W aste Flow*

Polisher (Abrasive Peeling) ►Waste Flow

1
► W aste Flow*Spraying------------------

Sorting L  Rinse---------------------►Waste Flow*

FREEZING PROCESS C A N N IN G  PROCESS

Packing-
1
-Canning

Freezing & 

Storing

■•“W aste Flow

Cooking 

CooMng 

Dry Storage

M ajor Stream

Figure 4 Flow Sheet of Irish Potato Processing
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SWEET POTATOES
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1
W et S creen -----------------------► W aste Flow*

Scalding B a th    W aste Flow

W et S creen  •• W aste Flow*
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W et Screen & S p ray ing  *• W aste Flow*

Polisher (Abrasive P e e lin g )----------- ► W aste Flow

Spraying    W aste Flow*
1

Sorting & Rinse---------------------► W aste Flow*

Sugar and/or  O th er A dditives

FREEZING PROCESS C A N N IN G  PROCESS

Packing  -----►-r*-Canning

Freezing & 

Storing

W aste Flow

Cooking 

Cooling 

Dry Storage

* M ajor Stream

Figure 5 Flow Sheet of Sweet Potato
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GREEN VEGETABLES

Dry Screen 

. 1
Pick Belt

S p ray ing------------------------ - W aste Flow*

W ater B a th ---------------------- -W aste  Flow

1, .

C A N N IN G  PROCESS
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■ 1
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t
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Blanching -   ................ ►Waste Flow*

FREEZING PROCESS

T 7Cooling
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I Flow
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* Ma for Stream 

Figure 6 Flow Sheet o f G reen V egetables fVocessing
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GREEN BEANS

Dry Pick Belt

Dry Screen 

1
Vine Remover 

W ater Bath & Spraying------ ..Waste Flow*

t
Snipjjer

G rader

C utter

G rader

Spraying & Pick B elt------ ►Waste Flow

Hopper
1

Blanching---------------- ►Waste Flow*

C ann ing  ►Waste Flow

Coo king

Cooling 

Dry Storage

* M ajor Stream 

Figure 7 Flow Sheet o f G reen Bean Processing
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PEAS & BEANS

Husk Remover 

A ir C leaner

Flotation & Spray ing  "-Waste Flow*

Froth Flotation C lean er— » W aste Flow

Blanching---------------► W aste Flow*

Holding Tank ► Waste Flow*

B lanching---------------» W aste Flow

A ir C leaner

Packing  "W aste Flow

Freezing & Storing

* M ajor Stream

Figure 8 Flow Sheet of Peas & Beans Processing
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SQUASH

Pick^Belt

Lye W ash---------
1

-  -  -  W aste Flow*

Rinse

C utter
t

Spray ing -----------

B lanching---------

C oo ling -----------

De w ate rin g ---------

— ► W aste Flow*

- -  » W aste Flow*

— » W aste Flow

— ►Waste Flow
J

Packing -----------

Freezing & Storing

— ►Waste Flow
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Figure 9 Flow Sheet of Squash Processing
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OKRA

Stem Jernover-----------►Waste Flow

B lan ch in g ------------- ► Waste Flow*

W ater B ath------------- * Waste Flow*

P ack ing --------------- ► W aste Flow

Freezing & Storing

* M ajor Stream

Figure 10 Flow Sheet o f O kra Processing
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BLACKBERRIES

Spraying----------------►Waste Flow*

Pick W i t

C an n in g ----------------►Waste Flow

Cooking
1

Cooling 

Dry Storage

* M ajor Stream

Figure 11 Flow Sheet of Blackberry Processing
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STRAWBERRIES

V ibrator & Pressure W ash-------- ►Waste Flow*

Pick^Beit

Spraying-------------------- ► W aste Flow*

Slicing & Sugar A d d itio n --------► Waste Flow

P aclling    Waste Flow

Freezing & Storing

* Mo for Stream

Figure 12 Flow Sheet o f Strawberry Processing



45

postponed because of a delay  in construction work, ac tu a lly  began May 19 and ended 

December 5 ,  1969 when the cannery  closed their operation for the year.

Study Approach

The primary purpose of this p ro jec t was to study treatm ent perform ance and 

cannery waste characteristics; hen ce , the sampling program had to be developed to 

monitor the changes in waste flow and strength and to establish the effects of these 

changes on treatm ent e ffic iencies  accord ing ly .

In any sampling program, considerable thought must be given to the location 

of sampling points. Sampling points should conform to hydraulic su itab ility ; tha t is, 

points of high turbulence th a t assure good mixing should be se lec ted . The points 

must also be located so tha t individual process unit effic iencies  could be determ ined. 

Examination o f the p lan t layout indicated  tha t sampling from the Parsholl flum e, the 

minimal solids (high loading) un it, the extended aera tion  un it, a fte r the final c la r i­

fier, and the return sludge line would y ie ld  homogeneous samples that could be used 

to determ ine waste characteristics  and p lan t e ffic ien c ies .

Sampling and flow determ inations were also considered within the cannery 

but were not run a fte r June 13. This was due to the fac t th a t the cannery usually 

processes more than three kinds of products in a shift, and the various waste streams 

within a process were in tegrated  with streams from other sim ultaneously-operating 

processes before the total waste flow of one particu lar product can  be sam pled. Re­

ferring to the processing flow sheets in Figure 4 through 12, no tice th a t there is a 

minimum of four waste streams (excluding blackberry) per product process. There­

fore, a  com plete analysis and flow determ ination o f w aste streams from each  product



4 6

processed was not p rac tica l as it would have necessitated  the com plete analysis of a 

minimum of tw elve streams plus the analysis of the w aste trea tm ent system.

As a result o f this com plexity , the approach used was to classify the waste 

into three catego ries , on which the data presentation and evaluation  were based. 

The classifications ore listed below:

1. Sweet potatoes and one or more kinds of v egetab les.

2 . Irish potatoes and one or more kinds of vegetab les.

3 . V egetables on ly .

This c lassification  can be justified  if the following facts are  considered:

1. The cannery operates two major production lines, th a t is, a po tato  line 

and a vegetab le  lin e . The p lan t se t-up  is such th a t the sweet potatoes 

and Irish potatoes can n o t be processed sim ultaneously, although it is 

possible for two or more vegetab les.

2 . The strength o f the various kinds o f vegetables ranged from 148 to 688 

m g/l o f C O D , and th a t o f Irish potatoes and vegetab les and sw eet po ta­

toes and vegetab les ranged from 1080 to 4229 m g/l and 2400 to 5550 

m g/l of COD resp ec tiv e ly . The d ifference in strength depended on the 

type , am ount, and quality  of the raw product being processed.

3 . In comparison to th a t o f po ta toes, the strength o f the vegetab les can be 

considered a  weak w aste . On an organic loading basis (lbs C O D /d o y / 

1000 cu . f t . )  the pota to  w aste contributed approxim ately  90% of the 

to tal load w hile Irish potatoes were being processed and 95% w hile pro­

cessing sw eet po ta toes.
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In order to monitor the variation  of w aste strength due to the change in pro­

duction , several samples per shift w ere taken and ana lyzed  im m ediately. A flow pro­

portioned com posite was then ca lcu la ted ; the  shift com posite samples were used in 

the data  ev a lu a tio n . The grab samples served the dual purpose of providing im m ediate 

information on the waste characteristics  and p lan t e ffic ien cy  and also helped in e v a l­

uating the effects of shock loading on the treatm ent system . The effects on tre a t­

ment process due to changes in w aste strength could be read ily  observed in basins 

of short re ten tion  times; therefo re , the p lan t in fluen t and minimal solids (high load­

ing) un it w ere sampled three or more times during a  shift w hile the extended aera tion  

u n it and p lan t effluen t w ere sampled only once a day .

Plant S tart-U p

The construction work of the treatm ent p lan t was com pleted on May 1, 1969; 

how ever, the  p lan t did not start operation because o f the  construction d ifficu lties 

w ith the influent sew er. A temporary sewer was laid  on May 12 so th a t the cannery 

wastes could be discharged to the  waste treatm ent p la n t. O ne month la ter the con­

trac ted  sewer line was com pleted .

The treatm ent F acilities, being varia tions of th e  ac tiv a ted  sludge process, 

require seeding and acc lim ation  in order for the  substrate removal process to beg in . 

Since no ac tiv a ted  sludge plants w ere av a ilab le  in the  nearby a re a , primary effluen t 

from the domestic p lan t was pumped to the industrial p la n t. Pin po in t floe was 

noticed in the  minimal solids (high loading) basin w ithin a  few days. O ne week 

was required for a ll basins fo fill because of the low flow associated  with green
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vegetable wastes and the leakage beneath the impounding dikes of the aeration 

basins which occurred during the start-up  period . However, by June it decreased 

considerably .

During the s ta rt-up  period several other d ifficu lties  were also encountered .

In May and early  part of Ju n e , because of operational problems with the vibrating 

screen, it was bypassed, thus resulting in shooting flow through the Parsholl flum e. 

An accu ra te  determ ination of flow was impossible due to high energy turbulence in 

the flum e. The screen d ifficu lties  were corrected on May 27 , and energy dissipat­

ing baffles were insta lled  on June 9 in the incoming channel of the flum e. Flow 

m etering was then possible. In the minimal solids (high loading) unit high energy 

transfer from two 75 H. P. aerators and small surface area  (7650 sq. f t . )  of the basin 

combined to produce uneven flow over the co llec tin g  w eir. A splash board was in­

stalled  around the e ffluen t co llec ting  w eir, and this successfully solved the problem . 

O ne of the sludge pumps fa iled  to work on May 27 and was not repaired until June 

15. Aerators in the extended aeration  basins were ou t of order from time to tim e. 

The sludge rake in the final c la rifie r would not ro ta te  until being corrected  on May 

30. No scum removal dev ice  and sludge flow m eter o re provided in the p lan t.

G reen vegetab les w ere the major products processed during the start-up  

period . No frothing problem occurred a t  this tim e. All sludge was returned to the 

extended aera tion  basins.

A few grab samples of cannery processing streams w ere co llected  in the 

cannery and analyzed  during the start-up  of the treatm ent p lan t to aid  in control 

of the system during this period . The results o f the da ta  a re  shown in Table 8 . The
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TABLE 8

ANALYSIS OF RAW WASTE SAMPLED AT STILWELL C A N N IN G  COMPANY

Date fVoduct Processed* COD
pH Temp

mg/l °C

May 19 Irish Potato 7070 6 .8 5
Peeling Stream 75000 6 .3 5

afte r settling 10600 6 .3 5
Strawberry

Packing stream (sugar added) 13200 4 .3
Washing stream 5100 4 .5

Potato & Strawberry
Before screening 4550 6 .1 5
A fter screening 10 screen) 3450 6 .3 5

Col lard G reens, Potato & Strawberry
(Strawberry packing stream excluded) 650 5 .8

Col lard G reen Blanching stream 187 7 .3
Col lard & Mustard Green 298 7 .3

May 22 Strawberry Washing Stream 1050 4 .5
Strawberry Packing Stream 9100 4 .2

May 26 Strawberry & Turnip Green 910 5 .3
May 27 Strawberry Washing Stream 2350 4 .4 5 25
May 27 Turnip Green Blanching Stream 610 7 .0 5 30

Turnip G reen Packing Stream 298 7 25
May 28 Strawberry Washing Stream 

a fte r settling  
Turnip Green & Sliced Turnip

2040
1690

4 .6 5 23

Packing Stream 533 6 .8 22
Turnip G reen & Sliced Turnip

Blanching Stream 567 7 .2 30
May 29 Turnip G reen & Sliced Turnip

Packing Stream 274 7 22
Turnip & Mustard Packing Stream 410 7.1 26

June 5 Green Beans with Wash-Down W ater 32 7 .0 5 25
G reen Beans 100 7 .0 5 27

June 6 G reen Beans 152 6 .7 26
O kra Frozen 39 7 .4 5 21
O kra & G reen Beans 112 7 .0 5 26

June 9 Squash 440 6 .7 27
Squash & G reen Beans 204 6 .6 29

June 10 Squash 485 5 .9 29
""Only those products sampled are listed .
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TABLE 8 —  (Continued)

Date Product Processed* COD
m g/l

pH
Temp

° C

Potato (all streams up to peeling
and including peeling) 5340 5 .2 5 34

Potato afte r settling 1920
Potato soluble 1890

June 11 Potato & Squash Waste Stream 1450 6 .6 30.
Potato & Squash afte r settling 1390
Potato & Squash soluble 1300
Potato Waste Stream 4250 6 .9 8 30
Potato afte r settling 1240

June 12 Squash Waste Stream 475 7 .3 25
Squash a fte r settling 393
Squash soluble 383

June 13 Blackberry Canning Waste 490 6 .8 5 27

O nly those products sampled are  listed.
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data afte r June 1 were used in the evaluation  of the  tw o-stage ac tiv a ted  sludge tre a t­

ment p lan t.

O peration

The operation of the tw o-stage ac tiv a ted  sludge system started in M ay, 1969, 

with the processing of green vegetab les, such as mustard greens, col lard greens and 

turnip greens, as the m ajor products. The p lan t sca le  study began in June w hile the 

major products were green beans and  squash with tw elve shifts of Irish po ta toes, peas 

and squash among them . From Ju ly  1 to Ju ly  9 , the products were ok ra , green beans 

and squash; and for the rest o f the month, the major products were Irish po ta toes, okra, 

green beans and squash with e leven  n ight shifts of green beans interm ingled.

In this th ree month period , the sludge was returned to  the extended aera tion  

units, excep t during shifts when Irish potatoes were processed. As there was no 

sludge flow m eter, the flow was estim ated from the pump charac teristic  curve. This 

flow was 660 gpm or 0 .9 5  M GD which corresponded approxim ately to a 100% return 

flow. For the Irish pota to  processing shifts, sludge was p a rtia lly  returned to  the 

minimal solids (high loading) unit with a sludge flow th a t ranged from 0 .1  to 0 .4 6  

M G. In June when Irish pota to  wastes were being trea ted  and sludge was not re ­

turned to minimal solids (high loading) un it, there were foaming problems in both 

stages of ae ra tio n . As observed, it was especia lly  serious in the first un it. How­

ever, the situation was co rrec ted  when a ll sludge was recycled  to the minimal solids 

(high loading) u n it.

From August until N ovem ber, during the time potatoes were being processed, 

most of the time a ll sludge was recycled  to the minimal solids (high loading) unit so
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that the un it loading app lied  (lbs C O D /d ay /lb s  MLVSS) could be low ered. The ex­

cess sludge was wasted regularly  into a  sludge reten tion  pond for further s tab ilization  

an ae ro b ica lly .

In August, Irish po ta toes, okra and peas were the major products; and in Sep­

tember and O ctober, sw eet potatoes, beans, peas, and squash were the major pro­

ducts, with some n igh t shifts o f green vegetab le  processing interspersed. From N ov­

ember 1 to n ,  sw eet po ta toes, col lord greens, turnip greens, spinach, and Irish pota­

toes were processed. A fter November 11 through the end of the processing season, 

the only products processed were turnip greens and w inter spinach.

During vege tab le  processing no nutrients w ere required . Therefore, no n itro ­

gen was supplem ented until O ctober 14, when the sludge bulking occured . The n it­

rogen added was in the form of ammonia n itra te  w ith a nitrogen content o f 3 3 .5 % . 

Sludge bulking trouble was corrected  in about th ree w eeks, and the p lan t began to 

resume its high removal e ffic iency  on N ovem ber 7 . The nitrogen addition  ended on 

November 21 when only green vegetables were being processed. For the en tire  

study period , no phosphorous was added; and the pH of the incoming waste was not 

ad justed .

A naly tical Determ inations

In general the analysis of the tw o-stage ac tiv a te d  sludge treatm ent system 

included the fo llow ing.

1 . Plant Influent a f te r  Screening -  Total, Settled and Soluble COD; Sus­

pended and V ola tile  Suspended Solids (SS & VSS); Dissolved and Vola­

tile  Dissolved Solids (DS & VDS); Total Kjeldahl N itrogen (TKN),
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Ammonia N itrogen (N H ^-N ), N itra te  and N itrite  N itrogen (N O ^-N  & 

N O g -N ); Total Phosphate; pH; Temperature

2 . Minimal Solids (High Loading) U nit-M ixed Liquor COD (MLCOD), 

Settled  and Soluble COD; M ixed Liquor Suspended and Mixed Liquor 

V o latile  Suspended Solids (MLSS & MLVSS); Dissolved Oxygen (DO); 

TKN, N H g -N , and N O ^ -N ; pH; Temperature

3 . Extended A eration  Unit and Final C larifier -  Total and Soluble Effluent 

COD; MLCOD; MLSS & MLVSS; DO; TKN, N H ^ -N , and N O ^ -N ;

Total Phosphate; Effluent SS and VSS; pH; Temperature

4 .  Sludge -  SS and VSS; TKN

A few Biochemical Oxygen Demand (BOD) and MLSS settling  determ inations 

were also perform ed. All laboratory an aly tica l determ ination were mode in accord­

ance with Standard Methods (48) ex cep t for some procudure changes as discussed be­

low.

Chem ical O xygen Demand (COD)

The total COD sample was withdrawn from a well mixed 500 ml sample, and 

the settled  COD sample was taken from the supernatant of a  500 ml sample after set­

tling for 30 m inutes. Forty ml o f a w ell-m ixed sample was centrifuged for 10 minu­

tes a t  10 ,000  rpm in a  Sorval Superspeed Type SS-1 centrifuge; the centra te was 

used for the soluble COD determ ination . The procedure as outlined  in Standard 

Methods (48) was fo llow ed.
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Solids Determination 

The suspended solids concentration was determ ined by taking a  40 ml w ell- 

mixed sample from each un it, and from tbe p lan t influent and efflu en t. The sample 

was centrifuged for 10 minutes a t  10 ,000  rpm, and the cen tra  te was poured off for 

soluble COD and dissolved solids determ inations. The p e lle t was then washed into 

a to red porcelain  dish with d istilled  w ater and p laced  in a drying oven and evapor­

a ted  to dryness a t  1 0 3°C for 8 to 10 hours. The d ifference between the gross and 

tare weights times the appropriate d ilu tion factor gave the concentration of suspended 

solids in m g /l. The porcelain  dish containing the residue was p laced  in a muffle 

furnace a t  600°C for 15 to 20 m inutes, cooled in desiccator and w eighted. The 

difference betw een the two gross weights times the appropriate dilution factor gave 

the concentration of vo la tile  suspended solids in m g /l. The same procedure was used 

for determ ining the total dissolved and vo la tile  dissolved solids, excep t a 100 ml 

sample o f the centra te was evaporated  to dryness.

Total Kjeldahl N itrogen (TKN)

A Labconco Micro Kjeldahl digestor Mode I-A was used for d igestion, and a 

Lobconco Micro Still was used for d istilla tion  of the sam ple. The procedure os ou t­

lined in Q uan tita tiv e  Bacterial Physiology Laboratory Experiments (49) was followed 

in Total Kjeldahl N itrogen determ ination . A sample size of 2 ml was used. For 

ammonia nitrogen determ ination, a 20 ml sample size was used for d istilla tion  in 

the Labconco Micro S till. The d is tilla te  was co llec ted  in a  2% boric acid  solution, 

nesslerized; and then the percen t transm ittance was measured in a Bausch and Lomb 

Spectronic 20 colorim eter a t  a  wave length of 425 mu. Except for the sample size
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and disfilloMon equipm ent, the method os outlined  in Standard Methods (48) was 

follow ed.

Dissolved O xygen (DO)

Yellow Springs Instrument YSI 54 O xygen M eter was used for dissolved 

oxygen monitoring which was standardized against W inkler method.

pH

An Orion Model 404 Specific Ion M eter was used for oil pH measurements.

N itra te  and N itrite  N itrogen and Total Phosphate 

N itra te  and N itrite  N itrogen and Total Phosphate were analyzed  and the 

results w ere used as spot checks for nu trien t adequacy . Therefore, Hoch methods 

were used in their determ inations and standardized against appropriate methods os 

outlined  in Standard Methods (48).

Settling C harac teristics 

The settling  characteristics w ere determ ined visually by p lacing  one liter 

sample of the mixed liquor in o one lite r g raduated  cylinder and observing the vo l­

ume occupied by the sludge afte r 30 m inutes.

Results

The flow data  analyzed  was taken from a continuous flow recorder installed 

in the Parshall flume a t the entry to the waste treatm ent p lan t. The flow recorder 

charts were an alyzed  and flow volume determ ined in million gallons (MG) per unit 

o f time using IBM com puter fac ilitie s  a t  the University of O klahom a.
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The flow measured of the treatm ent p lan t was a  com bination not only of all 

waste streams bu t o f infiltration into approxim ately 1 .5  miles of sewer line betw een 

the cannery and the treatm ent p lan t, and domestic sewage from eigh teen  fam ilies.

The results of the flow analyses are given in Table 9 , and the daily  flow 

variation o f the six months study is shown in Figure 13.

TABLE 9 

FLOW DATA

Frequency Distribution 

Min Max Mean M edian (10 Equal Classes)

Daily Flow, MGD 0 .3 5  1 .912 1 .115  1 .1 8 9  15 9 3 15 25 41 24 12 6 3

Shift Flow, M G /10  hrs

Sweet Potatoes
& V egetables 0 .152  0 .888  0 .6 0 7  0 .5755  1 4 12 15 8 7 6 4 3 2

Irish Potatoes
& V egetables 0 .378  0 .783  0 .533  0 .5285  1 2 1 6 21 31 26 25 4 5

V egetables
only 0 .1 7  0 .8 7 4  0 .4 4 4  0 .4 5 6  15 6 14 10 19 12 10 4 3 1

Daily C lean -U p ,
M G /4  hrs 0.011 0 .2 3  0 .132  0 .133  1 4 10 9 20 27 24 18 8 3

The tw o-stage aera tion  system performed beyond expecta tions. The system 

was o rig ina lly  designed to trea t a waste of 1 ,5 0 0  m g/l BOD or 2 ,2 5 0  m g/l of COD 

at a flow of 1 .5  M GD. This was expected  to be an ad equa te  capacity  for the near 

future; how ever, due to unforeseen circum stances by the time the treatm ent p lan t was 

com pleted, it was operating  above design c ap a c ity . During the study period , the

flow reached a  daily  peak of 1 .91 MGD and a shift peak of 0 .888  M G /10 hrs which
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corresponded to 2 .1 3  MGD os Indicated in Table 9, and an instantaneous peak of 2 .4  

M GD . The waste strength w hile processing sw eet potatoes and vegetables peaked a t  

5 ,5 5 0  m g/l o f C O D . For potato  waste, even a t  such high strength the average  

e ffic iencies for the system exceeded  95% soluble COD rem oval, 94% SS and 96%

VSS rem oval. The removal e ffic iencies  based on total e fflu en t COD were also above 

95% . However, the removal e ffic iencies  for vegetab le wastes were 90% , 82% , 80% , 

and 74% with regard  to soluble effluen t C O D , total efflu en t C O D , effluen t SS and VSS.

It Is interesting to note th a t on August 14, the cannery  dumped corn syrup 

into their waste line; this suddenly increased the COD concentration to 12 ,000  mg/l 

for o short period of tim e. However, it d id  not upset the system. The doily  4-hour 

c lean -up  w ater did not a ffe c t the treatm ent o f the following day shift. Changing from 

a shift producing a strong waste to a shift o f weak waste lowered the p lan t removal 

effic iency  tem porarily , because the residual COD in the treatm ent system due to 

strong w aste was higher than th a t due to weak w aste. In g en era l, changing from o 

weak waste to strong waste showed an increase in p lan t e ffic iency  due to a dilution 

effect; how ever, the effluen t concentration increased .

The COD of the p lan t influent and settled  influent COD is shown in Figure 

20 . An overage COD removal of 47% for sw eet potatoes and vegetables and 50% 

for Irish Potatoes and vegetab les was a tta in ed  afte r 30 minutes of settling  in the 

laboratory.

During the three weeks o f sludge bulking in O ctober, the COD removal 

based on to tal efflu en t dropped to os low os 66% and once even to 3 .3% ; however, 

the soluble COD removals rem ained the same as during normal opera tion .
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The perform ance o f the treatm ent system with regard to COD, SS, VSS, and 

pH are shown in Figures 14 through 18. Temperature variations of both p lan t influent 

and effluent a re  shown in Figure 19. During the seven month operation period , the 

dissolved oxygen concentration in a ll aera tion  basins were m aintained above 1 m g/l 

excep t for two short periods in August; hence , aerobic conditions were m ain tained .

The laboratory analyses data which include MLSS, MLVSS, D O , COD load­

ing and removal ra te , SVI, HRT of both minimal solids (high loading) and extended 

aera tion  units, ore presented in Figures 19 through 33; and the sludge SS and VSS is 

shown in Figure 34 . The DO of the receiving stream . Coney C reek, a t  the p lan t 

outfall is given in Figure 35 . A t this poin t, the average DO was 5 .6 3  m g/l for the 

study period.

Tables 10 presents the in fluen t, modular un it, and effluent analyses and 

p lan t perform ance for sweet potatoes and vegetables; Table 11 shows tha t of Irish 

potatoes and vegetables; and Table 12 is for vegetables only .
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TABLE 10

PLANT PERFORMANCE DATA OF SWEET POTATOES AND VEGETABLES

Min M ax M ean M edian
Frequency Distribution 

(10 Equal Classes)

C O D , mg/l

Plant Influent Analyses

Total 2400 5550 3826 3880 2 0 3 4 5 4 3 0 0 2
Settled 1310 3452 2076 2050 2 3 4 5 7 0 0 0 0 2
Soluble 1220 3240 1841 1810 3 2 7 6 4 0 0 0 0 1

Solids, m g/l 
SS 
VSS 
DS 
VDS 
TS 
TVS

970 2540 1740 1743.5
836 2378 1482 1478.5

1294 3120 1849 1822
1095 2851 1600 1586.5
2295 5660 3589 3531 .5
1931 5229 3082 2938 .5

V SS/SS ,% 6 5 .6 9  9 6 .3 6  8 5 .5 7  87 .455
TVS/TS 7 6 .0 3  9 2 .3 9  8 5 .7 9  8 6 .2 4

3
4 
7 
6 
3 
6

1 1 1 
2 1 1

2
1
2
4
3
2

3
3 
5 
5
4 
4 
0 
1

2
5
4
3
4
5 
2 
1

4 
3 
0 
0 
3 
2 
2
5

2
2
0
0
2
0
4
1

1
0
0
0
0
0
3
5

2
1
1
1
1
1
2
2

pH
Temp, °C

N utrien ts, m g/l 
TKN 

Total 
Settled 

N H .-N  
N O 3-N  
Total PO i

5 .3 8 .9 6 .3 4 6 .3 2 6 5 8 0 0 0 1 0 1
21 33 2 8 .8 3 0 .2 5 1 1 0 2 2 3 2 4 6 3

21 119 5 4 .5 4 7 .5 1 1 1 2 0 0 0 0 0 1
14
13 .7

35
17 .5

2 3 .7
15.6

23 1 0 0 1 0 1 0 0 0 1

0 .5 7 .5 3 .8
7

3 .6 1 0 1 0 0 0 1 0 0 1

Total TKN 
Total COD% 
Total TKN 

TVS

1.0 8  5 1 .25  4 0 0 0 0 0 0

0 .8 4  6 .1 5  2 .5 5  1 .6 1 4 0 0 0 0 1

0 0 

0 0

COD Removal A fter 30 M inutes S ettling , %
Settled  39 59 4 7 .1 7  46 3 1 7 3 2 1 2 2 0 2
Soluble 41 63 51 .48  51 1 1 5 4 1 4 3 1 0 3



83

TABLE 10 —  C ontinued

Frequency Distribution 
Min Max Mean M edian (10 Equal Classes)

Performance  of M inim al Solids (High Loading) Unit

C O D , m g/l 
ML
Settled  
Soluble

Solids, m g/l 
MLSS 
MLVSS 
MLVSS

Temp, C 

N utrien ts, m g/l
ML TKN 18 457 180.06 175 6 2 5 11 3 0 1 2 1 2

NO3-N  0 .01 10 3 .6 3  2 .2 5  1 1 1 0 0 0 0 0 0 1

O rganic Loading Rate 
i^COD/Day
«'MLVSS L 0 9 9 .2 6  6 .1 4  5 .9 3  1 5 3 3  3 0  1 0 0  3

O rganic Load Removal Rate
Based on Settled  Effluent COD 
A ^CO D/D ay
#MLVSS 4 .0 4  7 .7 4  5 .4 4  5 .2 5  3 3 3 3 1 2 1 1 1  1
Based on Soluble Effluent COD
A#COD/Doy
T O V S S  4 .0 5  7 .7 5  5 .5 4  5 .3 7  2 4  2 2 3 2 1 0 2  1

COD Removal, %

2770 5240 4259 4480 1 0 1 3 2 2 2 2 5 1
41 910 362 278 5 3 2 0 2 3 0 2 1 1
31 488 303 204 8 1 1 0 5 0 0 2 1 1

2090 4420 3445 3346 1 1 1 3 1 3 2 0 6 1
1724 3835 2913 2884 1 1 2 4 0 2 2 0 6 1

7 7 .7  87 .6 5 84.31 85 .17 1 1 2 0 1 0 2 5 3 4

5 .9  7 .3 6 .9 5 7 1 0 0 1 1 1 2 5 2 7
19 29 2 4 .7 26 4 0 1 2 0 0 6 5 1 1

Settled 74 99 8 9 .8 4 93 2 1 1 1 1 2 1 1 4 5
Soluble 76 99 9 1 .5 8 95 2 1 0 2 1 1 1 1 2 8

HRT, hrs 3 .4 6 .4 5 .2 6 5 .3 1 0 1 2 1 3 2 4 3 2
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TABLE 10 —  C ontinued

Frequency Distribution 
Min Max Mean Median________(10 Equal Classes)

SVI, m l/g 113 261 197 200 2 1 0 1 2 2 2 1 1 3

DO, mg/l 0 .7 6 .9  4 .1 4  4 .1 5 3 1 4 5 6 7 3 2 6 5

Performance of Extended A eration Unit

MLCOD, m g/l 2125 5130 3788 3880 1 0 1 3 2 4 6 3 0 1

Solids, m g/l
MLSS 1800 4265 3354 3417 1 0 1 0 2 3 3 5 2 1
MLVSS 1506 3673 2788 2831 .5 1 0 1 2 0 4 3 4 2 1
MLVSS
MLSS % 7 1 .5 8  8 6 .1 2  8 2 .8 5  83 .42 1 0 0 0 2 0 1 4 5 6

pH 6 7 .5  6 .9 7  7 1 0 1 0 0 1 2 1 1 2
Tem p,°C 16 2 7 .5  23.1 24 2 1 0 2 0 1 5 2 4 2

N O 3- N ,  m g/l 1 .4  3 .2  2 .3 3  2 .4

Soluble O rgan ic  Loading Rate 
^C O D /D ay
i^MLVSS 0 .0 0 6 6  0.271 0 .0824  0 .0 5 5  8 1 3 2 0 0 2 0 0 2

Solids Loading Rate 
^VSS/Day
Cu. F t. Ô .114 0 .2 6  0 .1708  0.161 2 3 2 0 1 3 1 1 0 1

Soluble O rganic Removal Rate 
A^COD/Day
% LV SS 0.0011 0 .2 2 2  0 .0 7 2 7  0 .0 5 4  5 2 4 1 0 1 0 2 0 2

Soluble COD Removal, %
9 99 67.31 72 2 0 0 0 1 1 5 1 5 1

Solids Removal, %
75 99 90 .67  93 2 0 0 0 2 0 1 3 1 4
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TABLE 10 —  Confinued

Min Max Mean M edian
Frequency Distribution 

(10 Equal Classes)

HRT, days 1 .06  1 .96 1.58 1 .56 1 0 2 2 2 4 1 3 1 3
SVI, m l/g 159 320 248 250 1 1 0 3 2 3 3 1 2 2

D O, mg/l 1 7 .1 3 .7 6 3 .6 5 7 3 5 6 3 0 4 3 5

Solids Flow, MGD
1 .4  2 .7 7  2 .0 4  2 .0 7 2 1 0  1 

Returned Sludge

1 0 1

Flow, MGD 0 .4 5 4  0 .966 0 .697 0 .6 9 2 0 0 5 3 2 4 0 0 1
SS, m g/l 3295 10830 7103 7255 3 0 0 1 3 5 3 0 2 1
VSS 2760 9250 5927 6085 3 0 0 2 3 5 2 1 1 1
TKN 18 457 180 175 6 2 5 11 3 0 1 2 1 2
TKN 
VSS % 3.1 13.6 5 .7 8 4 .8 4 8 9 4 1 4 2 0 0 1 1

Plant Effluent Analyses and Plant Performance

C O D , mg/l 
Total

Soluble

Solids, mg/l 
SS

19

T

10

VSS, mg/l 7

344
3190*

268

176
2915*

164
2390*

120 128 

84 89

61

41

f  °c Temp, C
6 .1 5  7 .6 5  7 .1 7

15 2 7 .5  2 2 .9

47

33

7 .3
24

5 2 2 5 

3 5 1 5

5 3 4 4 

7 6 4 0

1 1 0  0 
1 2  0  1

3

5

0

1

1

0

1

0

2
0

1

0

3
1

N utrien ts, mg/l
Total TKN 3 .5  28
N H g-N  0 .4  1.1
N O 3-N  0 .01  17

15.75
0 .717  0 .6 5  
1 .72  0 .0 5

0 0 

0 0

0 0 

0 0

6 1 
6 4

2

1

4
1

14 1 0 0 1 0 0 1
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TABLE 10 —  Continued

Frequency Distribution 
_______________ Min Max Mean Median (10 Equal Classes)______________

Total PO ^ 0 .1 5  1 0 .348  0 .2 3 5  3 2 0 0 0 0 0 0 0 1

Plant COD Removal, %
Total 93 99 97 .08  97 1 0 0 2 0 2 2 0 1 5

3 .3*
Soluble 95 99 97 .63  98 1 0 3 0  0 2 0 5 0  5

Plant Solids Removal, %
SS 87 99 95.71 98 1 1 0 0 0 2 1 1 0 8

-45*
VSS 87 99 96 .86  98 1 0 0 0 0 1 0 1 3 8

-47

D O a tO u tfa ll ,  m g/l
1 .3  8 .3  4 .3 3  3 .5  4 6 9 4  3 1 3 4 4  3

Bulking sludge, solids unloaded
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TABLE n

PLANT PERFORMANCE DATA OF IRISH POTATOES A N D  VEGETABLES

Frequency Distribution
Min Max M ean M edian (10 Equal Classes)

Plant Influent- Analyses

C O D , m g/l
Total 1080 4229 2661 2713 .5  1 1 5
Settled 710 1810 1290 1320 1 3 3
Soluble 642 1660 1179 1183 1 2 2

9 6 10 7 6 0 1
7 8 4  10 7 3 1
7 9 6 6 8 2 1

Solids, m g/l
SS 400 2760 1285 1292.5 1 2 15 8 11 6 2 0 0 1
VSS 378 2690 1196 1176 1 5 14 7 13 5 1 0 0 1
DS 782 1728 1153 1160 6 6 4 7 7 8 3 2 0 2
VDS 574 1495 921 919 4 8 5 7 8 8 2 1 1 1
TS 1185 3911 2419 2441 1 3 7 8 6 10 6 2 1 1
TVS 982 3663 2113 2127 1 6 6 8 6 12 3 2 0 1
VSS/SS, %  84 .38 9 9 .9 9 3 .6 4 94 .22 4 0 2 0 7 8 8 10 4 4
TVS/TS 7 7 .7 8 95 .8 5 87.21 86 .82 1 2 1 4 14 12 3 4 3 1

pH 0 4 .6 7 5 .8 9 5 .9 2 1 2 8 8 10 7 10 0 3
Temp, C

N utrien ts,
TKN

22

m g/l

37 3 2 .5 33 1 1 1 1 1 2 13 23 5 3

Total 32 77 4 9 .8 9 4 5 .5 2 0 3 1 0 0 1 1 0 1
Settled

N H «-N
N O i- N

3 .9

0.21

53 

1.1

3 6 .9 8
3 .5
0 .7 2

4 5 .5

0 .8 5

1 0 0 0 0 0 0 1 0 2

Tota^ PO4 8
Total TKN

Total COD % 1 .43  3 .3 8  2.01 1 .95  2 2 2 0
Total TKN

TVS 1 .73  4 .1 2  2 .7 5  2 .7 3  1 2 1 0

COD Removal A fter 30 M inutes S e ttlin g ,%
Settled  33 70 5 0 .4 3  5 1 .5  3 1 5 3
Soluble 39 73 5 4 .6 5  55 3 1 5 4

0 0 0 0 1

1 2 1 0 0 1

11 15
12 12

4
6

3
2

0
0
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TABLE n  —  C ontinued

Frequency Distribution
Min Max Mean Median (10 Equal Classes)

Performance of Minimal Solids (High Loading) Unit
C O D , m g/l 

ML 383 5460 2765 2315 2 4 8 7 3 2 2 3 6 3
Settled 95 1420 520 554 14 2 0 7 6 5 1 1 0 2
Soluble 49 939 349 323 14 2 4 2 6 6 4 0 1 2

Solids, mg/l 
MLSS 367 4570 2152 1690 7 8 5 3 3 0 4 3 4 4

MLVSS 216 3917 1779 1460 5 10 4 5 2 2 3 2 5 3

MLVSS 
MLSS % 5 4 .3 7 9 6 .5 7 82.21 83 .5 2 1 1 0 0 2 6 12 13 3 3

pH ^ 5 .9  7 .7 6 .8 3 6 .9 1 2 2 3 5 15 9 1 2 1
Temp, C 20 32 2 8 .2 28 2 0 0 1 3 5 10 11 3 6

N utrien ts, m g/l 
ML TKN 21 224 83.1

0 .0 7  0 .7 5  0 .3 8  
0 .1 6  0 .2 5  0 .205

N H g-N
N O 3-N

5 2 .5
0 .3 2

O rganic Loading Rate 
C D /D ay

#MLVSS 2.41 4 4 .3 3  10.55

O rganic Load Removal Rate 
Based on Settled  Effluent COD 
Aii*COD/Dav 

# MLVSS 2 .2 2  3 4 .1 3  7 .9
Based on Soluble Effluent COD

5 0 1 1 0  1 0 0 1 1

7 .7 9  18 7  8 4 1 0 1 0  1 1

5 .5 9  19 9 5 2 0 0 1 0 0 2

'i^MLVSS 2 .3 4 3 5 .5 2 8 .7 8 6 .4 2 18 8 8 3 1 0 0 1 0 2

COD Removal, %
Settled 35 98 7 9 .9 8 1 .6 1 0 1 1 4 3 8 4 4 12
Soluble 64 99 86 .6 86 2 2 1 4 3 8 1 3 5 12

HRT, hrs 4 .7 8 .3 5 .9 2 5 .7 5 6 8 7 8 2 4 3 1 0 3
SVI, m l/g 43 256 119 123 5 6 3 3 6 3 3 1 1 1

D O, mg/l 0 .2 7 .6 3 .9 8 3 .5 2 3 3 7 4 1 4 9 2 2
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TABLE 11 —  C ontinued

Frequency Distribution

M in M ax M ean M edian (10 Equal Classes)

C O D , mg/l

Performance of Minimal Solids (High Loading) Unit 

With Returned Sludge

ML 1770 5460 3440 3538 5 5 1 2 1 1 3 5 3 1
Settled 95 1071 380 218 10 5 0 0 4 0 4 1 0 1
Soluble 49 870 241 118 14 1 2 3 1 5 0 0 0 1

Solids, m g/l
MLSS 1100 4570 2886 3040 2 5 3 2 0 2 3 3 3 4
MLVSS 860 3917 2378 2400 3 4 3 2 1 2 3 3 3 3
MLVSS 
MLSS % 71.71 8 7 .4 4 81 .8 7 82 .14 1 1 2 0 2 3 6 3 4 5

pH ^ 5 .9 7 .2 6 .8 6 .8 3 1 1 0 1 1 1 9 7 4 3
Temp, C 21 32 2 7 .8 28 1 0 1 2 1 5 7 7 2 2

Organic Loading Rate 
'S'COD/Day
% LV SS 2.41 11.61 5 .7 7 3 .9 9 5 9 0 2 3 2 1 1 1 3

O rganic Load Removal Rate 
Based on Settled  Effluent COD 
A ^C O D /D ay

'f'MLVSS 2 .2 2  9 .5 3  4 .5 4  3 .6 9  5 7 3  1 3  3 0 0  2 1
Based on Soluble Effluent COD 
A'CCOD/Day

Mlv ss 2 .3 4 9 .9 8 5 .1 3 3 .9 4 9 2 0 2 4 1 2 0 3

COD Removal, %
Settled 63 98 86 .2 91 2 1 0 3 1 3 0 3 7 5
Soluble 70 99 9 1 .3 95 1 0 1 0 3 3 2 2 4 11

HRT, hrs 4 .8 8 .3 5 .9 7 5 .8 3 4 8 4 3 I 2 1 0 1
SVI, m l/g 55 214 132 132.5 2 1 1 2 5 2 3 1 1 2

D O, m g/l 1 7 .6 4 .1 2 3 .5 1 1 4 7 1 0 5 3 1 1

Performance of Minimal Solids (High Loading) Unit
W ithout Returned Sludge

C O D , m g/l
ML 383 2157 1362 1420 1 1 0 1 1 5 0 3 0 1
Settled 203 1420 785 750 1 0 1 2 6 0 1 0 0 2
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TABLE 11 —  C ontinued

Frequency Distribution
Min M ax M ean M edian (10 Equal Classes)

Soluble 141 939 557 572 .5 1 0 0 2 2 6 1 0 1 1

Solids, mg/l
MLSS 367 937 739 78 8 .5 2 0 0 1 0 2 1 3 1 4
MLVSS 216 901 622 62 6 .5 1 1 0 2 0 3 1 2 2 2
MLVSS
MLSS% 54 .3 7 96 .57 8 2 .8 5 84 .9 4 1 1 0 0 0 2 1 3 3 3

pH 6 .1 7 .7 6 .9 2 6 .9 1 1 0 3 0 5 0 0 2 1
Temp, °C  20 32 2 8 .8 5 29 1 0 0 0 0 1 3 3 1 4

O rganic Loading Rate 
#CO D/Doy
^MLVSS 8 .5 4  44 .3 3 19.75 15.59 1 7 2 1 0 0  1 1 0 1

O rganic Load Removal Rate
Based on S ettled  Effluent COD 
A*^COD/Doy
% LV SS 3 .0 4  34 .1 3  14 .34  

Based on Soluble Effluent COD 
A^COD/Day
^MLVSS 575 35 .52  15.8

10.79 1 3 5 1 0 0 1 0 0

12.21 2 3 5 0 1 0 1 0 0

COD Removal, %
Settled 35 89 6 7 .8 72 1 0 0 1 1 2 2 4 1 1
Soluble 64 93 7 7 .5 7 8 .5  2 1 1 1 2 3 1 2 0 1

HRT, hrs 4 .7 8.1 5 .8 5 .5 5  4 2 2 1 1 1 1 0 1 1
SVI, m l/g 43 256 98 74 4 4 1 1 1 0 1 0 0 1

DO, m g/l 0 .2 7 3 .7 2 5 2 1 3 0 0 0 0 4 2 1

Performance of Extended A eration Unit 
M LCOD, m g/l 725 4875 3017 3185 3 5 1 0 4 4 5 1 7 3

Solids, mg/l
MLSS 685 5610 3184 3228 3 3 2 1 7 4 6 5 2 1
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TABLE 11 —  C ontinued

2291 4 4 1 2 3 3 6 1 6 4

6 0 .8 6 1 2 4 8 2 1 5 3 5 3

6 .9 3 5 12 6 3 2 1 1 0 1
27 1 0 0 2 2 10 4 4 5 5

177 2 1 1 0 0 0 1 0 1 2

Frequency Distribution 
_______________ Min Max M ean M edian (10 Equal Classes)

MLVSS 344 3580 2087 2291
MLVSS
MLSS % 3 7 .6 5  6 3 .5 2  8 5 .8  6 0 .8 6

ph 6 .5  8 6 .9
Temp, °C  20 31 2 7 .2

N utrien ts, m g /l
M LTKN 37 210 1 2 2 .7f
N O 3-N  0 .0 7  8 .1  4 .6 2  5 .7
Total PO^ 9 .5

Soluble O rganic Loading Rate 
i^COD/ Day
#MLVSS 0 .0 0 9  0 .7 8  0 .1462  0 .0 8 4  23 10 6 2 0 1 1 1 1 1

Solids Loading Rate 
#VSS/Day
C u .F t. 0 .0 4 7  0 .2 3 7  0 .1286  0 .1 3 5  5 3 1 5  6 7 2 2 2  1

Soluble O rganic Load Removal Rate 
A'S'COD/Day
^MLVSS 0 .0 0 5 5 0 .7 7  0 .1 3 8 2 0 .0 9  21 12 5 2 0 1 1 2 0 1

Soluble COD Removal, %
35 98 81 89 3 0 2 0 2 2 3 2 8 13

Solids Removal, % 
74 99 92 .09 97 3 2 1 3 0 2 2 1 2 19

HRT, days 1.48 3 .3 8 1.916 1 .815 14 13 a 4 3 2 0 0 0 2
SVI, m l/g 58 380 147 132 7 9 2 6 6 2 0 0 0 1

DO, m g /l 0 .5 7 2 .0 5 1 .5 11 10 5 0 4 2 1 1 0 1

Solids Flow, MOD
1.371 2.281 1.936 2.012 1 1 1 4 4 5 1 10 5 3
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TABLE 11 —  Continuée!

Min M ax M ean M edian
Frequency Distribution 

(10 Equal Classes)

Returned Sludge (to Minimal Solids)

Flow, MGD 0.168  0 .8 0 6 0.481 0 .4 6 2 1 0 5 1 1 0 4 0 1 2
SS, m g/l 1180 12630 7025 7885 2 6 1 3 3 4 8 6 2 1
VSS 510 10220 4834 4835 3 5 3 4 5 3 7 4 1 1
TKN 84 623 35 8 .6  4 0 7 .5 2 0 1 1 0 1 2 1 1 1
TKN
VSS % 6.68 13 8 .4 7 .9 5 2 2 3 1 0 0 0 0 0 1

Plant Effluent Analyses and  Plant Performance

C O D , m g /l
Total 22 440 101 62 18 5 7 1 2 0 0 0 0 2
Soluble 10 133 44 34 8 10 8 2 1 1 1 1 2 1

Solids, m g /l
SS 8 310 71 50 13 10 6 1 1 2 1 0 0 1
VSS T 295 47 30 17 10 4 2 0 0 0 1 0 1

pH o 6 .4 8 7 .2 6 7 .2 5 1 0 1 5 10 6 8 1 2 1
Temp, C 21 31 2 7 .2 8  2 7 .2 5 1 1 1 2 8 4 5 4 7 1

N utrien ts, m g/l
Total TKN T 14 7 .0 7 7 1 0 1 0 0 3 0 1 0 1
NH3-N 0 .0 7 0 .9 6 0 .5 1 5
N O 3-N 0 .0 8 9 3 .6 5 2 .7 6 2 0 0 0 0 1 0 0 0 1
Total PO

4 8

Plant COD Removal ,  %
Total 86 99 9 6 .6 9 98 2 0 0 0 0 0 4 3 5 18
Soluble 96 99 9 8 .4 5 99 3 0 0 1 0 0 6 0 0 21

Plant Solids Removal / %
SS 79 99 9 4 .5 9 9 6 .5 1 0 1 0 1 2 5 5 8 9
VSS 79 99 96 .1 6 9 7 .5 1 0 1 0 0 0 2 5 7 16

DO a t O utfall / m g/l
1.8 7 .3 5 .1 8 5 .4 5 1 0 2 4 4 2 5 5 7 2
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TABLE 12

PLANT PERFORMANCE DATA OF VEGETABLES ONLY

Min

Frequency Distribution 

Max Mean M edian (10 Equal Classes)

Plant Influent Analyses

C O D / mg/l
Total 148 688 388 375 1 1 2 4 3 3 2 0 1 1
Settled 129 543 323 323 1 1 4 1 4 1 3 2 0 1
Soluble 96 466 274 292 2 0 1 4 1 5 1 1 1 1

Solids, m g/l
SS 18 1643 331 175 9 4 1 1 0 1 0 0 0 1
VSS 15 212 93 82 1 2 4 3 3 1 1 0 1 1
DS 221 678 484 4 9 1 .5 1 1 1 1 4 0 0 4 1 3
VDS 116 415 283 2 7 5 .5 1 1 1 1 0 5 2 1 1 3
TS 365 2321 830 676 4 6 3 1 0 1 0 0 0 1
TVS 165 568 377 3 7 2 .5 2 1 0 2 3 1 1 1 4 1
VSS/SS% 9 .6 8 9 2 .8 6 50.11 4 8 .5 7 4 0 0 2 3 1 2 3 1 1
TVS/TS 22.1 7 2 .3 51 .85 63 .3 5 3 2 0 0 1 0 0 1 7 2

pH 6.1 10 .3 7 .7 7 .3 6 1 4 5 3 2 1 1 1 0 2
Temp, C 16 .9 30.1 2 6 .4 2 8 .5 1 2 0 1 1 1 1 1 4 9

N utrien ts, m g/l
Total TKN T 35 15.36 14 2 0 1 4 0 2 0 1 0 1
NH3-N T 0 .8 7 0 .3 8 4 0 .4 5 2 0 0 0 0 1 1 0 0 1
N O 3-N 1 .9 5 9.1 5 .9 3 6 .7 5
Total PO4 8 .0

Total TKN
Total COD %  1.31 9 .4 6 4 .8 6 4 .4 2 1 0 2 3 0 2 0 1 0 1
Total TKN

TVS 1.2 8 .9 7 4 .7 2 4 .5 3 1 0 3 1 1 1 1 1 0 1

COD Removal A fter 30 M inutes S ettlin g , %
Settled 4 35 14.53 12 4 3 3 0 2 3 1 0 0 1
Soluble 7 49 29 31 1 0 2 3 1 2 4 1 1 1
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94

- C ontinued

Min Max

Frequency Distribution 

Mean M edian (10 Equal Classes)

Plant Influent Analyses 
W inter Data Excluded

C O D , m g/l
Total 214 688 409 39 2 .5 1 1 3 2 3 2 0 0 1 1
Settled 174 543 340 331 1 1 2 2 3 1 1 2 0 1
Soluble 109 466 295 295 1 0 3 0 1 4 1 1 1 1

Solids, m g/l
SS 18 318 156 163 1 2 2 1 2 2 1 0 0 2
VSS 15 212 89 75 1 2 3 2 2 1 1 0 0 1
D 295 664 495 4 9 1 .5 1 1 0 4 0 0 2 2 0 2
VDS 150 415 299 2 8 9 .5 1 1 0 0 4 1 1 1 1 2
TS 365 894 656 66 3 .5 1 0 3 0 1 3 0 1 1 2
TVS 165 568 390 3 9 9 .5 1 1 0 1 2 1 1 1 3 1
VSS/SS% 39 .8 8 9 2 .8 6 61.61 6 5 .7 5 3 2 0 1 1 3 1 0 1 1
TVS/TS 2 4 .3 7 7 .2 3 60.31 64 .565 1 0 0 0 1 0 0 1 7 2

COD Removal A fter 30 Minutes S ettling , %
Settled 4 35 14.08 10 4 3 1 0 0 3 1 0 0 1
Soluble 7 49 2 8 .1 7 2 8 .5 1 0 2 2 1 2 2 0 1 1

Performance of Minimal Solids(High Loading) Unit

C O D , m g/l
ML 132 3772 660 2 3 5 .5 12 1 0 0 2 0 0 0 0 1
Settled 49 468 159 138 4 3 4 2 0 0 0 1 0 1
Soluble 5 148 58 5 5 .5 3 3 1 4 0 3 0 0 1 1

Solids, m g/l
MLSS 123 3289 711 2 5 4 .5 12 1 0 0 0 0 1 1 0 1
MLVSS 63 2657 447 136 .5 12 1 0 0 1 1 0 0 0 1
MLVSS

MLSS % 4 0 .8 2 86 .0 3 58 .67 5 6 .8 2 1 4 1 4 1 1 0 1 1

pH o 6 .8 7 .9 7 .3 2 7 .3 5 2 3 2 0 2 3 2 1 1 2
Temp, C 10 30 2 4 .5 25 .7 5 1 0 1 0 0 1 3 5 6 1
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TABLE 12 —  C ontinued

Frequency Distribution 
_______________ Min M ax Mean M edian (10 Equal Classes)_______________

N utrien ts, m g/i
Total TKN 3 .5  14 9 .9  11 1 0 0 1 0 0 0 1 0 2
NH3-N  0 .01 1 .82  0 .915

O rganic Loading Rate 
#CO D /D oy
*MLVSS 0 .3 4  14 .16  5.21 4 .1 5  4 2 3 3  0 0 0  2 1  1

O rgan ic Load Removal Rate 
Based on Settled  Effluent COD 
A*^COD/Day
^MLVSS 0 .1 6 1 2 .2 4  4 .2 9  3 .6 4  4 1 2 1 1 1 2 0 0 1
Based on Soluble Effluent COD
A ^CO D/D ay
»MLVSS 0 .2 9 3 .8 5 4 .7 7 3 .2 5 4 3 2 1 0 1 3 0 0 1

COD Removal, %
Settled  33 89 65 68 1 0 2 0 1 2 4 1 0 2
Soluble 66 98 83.67 83 2 0 2 0 2 2 1 2 2 2

HRT, hre 5 .1 17 .6 10.64 10.35 3 2 3 0 0 2 2 1 2 1
SVI, m l/g  58 261 124 96 2 6 1 1 1 0 0 1 1 1

D O ,m g /l 2 .5 8.1 5.31 5 .5 3 1 1 2 4 5 5 2 1 1

CO D , m g/l

Performance of Minimal Solids (High Loading) Unit 
W ithout Returned Sludge

ML 132 593 235 204 3 5 3 1 0 0 0 0 0 1
Settled 55 468 180 141.5 2 2 4 2 0 0 0 1 0 1
Soluble 5 148 66 57 2 1 1 4 0 3 0 0 1 1

Solids, m g /l
MLSS 123 458 246 235 1 1 4 3 2 0 1 0 0 1
MLVSS 63 394 146 125 2 5 4 1 0 0 0 0 0 1
MLSS 
MLSS % 40 .82 8 6 .0 3 57 .78 58.91 2 1 3 0 4 1 1 0 0 1
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TABLE 12 —  C ontinued

Frequency Distribution 
_______________ Min M ax Meon M edian___________(10 Equal Classes)__________

pH 6 .8  7 .9  7 .3 6  7 .4  1 2 2 0 1 3 2 0 1 2
Temp, °C  22 30 26 26 .7 5  1 3 0 2 0 1 2 4 0 1

O rganic Loading Rate 
#C O D /D ay
#MLVSS 1 .62  14.61 6 .2 5  5 .2  3 2 3 1 0 0 1 1 1  1

O rganic Load Removal Rate
Based on Settled  Effluent COD 
A*^COD/Day
#MLVSS 1 .05  12 .24  5 .4 2  5 .075  2 1 2 0 1 2 1 0 0 1
Based on Soluble Effluent COD
A#COD/Day 
<^LV §§ 1 .37  13 .85 5 .8 4 .5 5 3 2 2 0 1 1 2 0 0 1

COD Removal 
Settled

,  %
33 86 6 3 .7 67 1 0 1 0 1 0 5 0 1 1

Soluble 66 98 8 1 .8 8 1 .5 2 0 2 0 2 2 0 2 0 2

HRT, hrs 5 .7  17.6 11.45 12.6 3 2 0 0 0 2 2 1 2 1
SVI, m l/g 58 221 109 91 2 3 3 1 0 0 0 0 1 1

DO, mg/l 2 .5  6 .6 5 .0 6 5 .4 1 1 1 1 0 2 2 4 2 3

Performance of Extended A eration  Unit 

MLCOD, mg/l 499 3440 1285 1097 3 4  5 1 2 0 0 0 0 1

Solids, m g/l 
MLSS 800 1925 1479 1490 1 0 1 1 0 3 2 0 2 2
MLVSS 334 940 732 7 7 5 .5 1 0 0 1 1 0 1 5 1 2
MLVSS 
MLSS % 3 4 .1 7 7 9 .4 4  5 2 .9 3 52 .04 1 2 1 4 2 4 0 0 0 1

pH 6 .7 7 .7  7 .2 2 7 .2 8 1 0 1 3 0 3 5 2 0 1
Temp, °C 7 29 23 .47 25 1 0 1 0 0 1 1 3 3 6
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TABLE 12 —  C ontinued

Frequency Distribution 
_______________ Min M ax M ean M edian (10 Equal Classes)_____________

TKN, m g/l 5 .2  7 .7  4 5 .7 3  55 2 0 0 0 0 0  1 1 0  2

Soluble O rgan ic  Loading Rote 
#CO D /D oy
«'MLVSS 0 .0 0 4 6 0 .2 1  0 .0351 0 .0 2  1 1 2 3 0  0 0 0 0 0  1

Solids Loading Rate 
#VSS
C u .F t .  0 .0 2 7  0.121 0 .0 5 9 8  0 .0 5 7  4  2 1 3 3 1 1 1 0 1

Soluble O rgan ic  Removal Rate 
/i#C O D /D ay
»MLVSS 0 .0 0 0 5 0 .2 1  0 .0 3 2 7  0 .0 1 5  10 1 3 0 0 0 0 0 0 1

Soluble COD Removal, %
9

Solids Removal, %

99 7 3 .4 4  82 3 0 0 0 0 0 1 4 2 6

95 99 98.31 99 1 0 0 0 0 2 0 3 0 10
HRT, days 1 .59 5.51 3 .3 1 6  3 .1 6 3 2 3 0 1 2 2 1 2 1
SVI, m l/g 50 279 126 110 4 2 4 2 0 0 2 0 0 2

DO, m g/l 2 .6 9 .8 4 .6 4  3 .6 5 8 7 4 0 1 2 1 0 1 2

Solids Flow, MGD
1.211 2 .6 7 8  1 .8 4 4  1 .886 1 1 4 1 3 3 2 0 0 1

Returned Sludge

SS, m g/l 1560 6700 4176 4475 3 0 1 2 2 1 4 1 0 3
VSS 720 5100 2294 2450 3 1 3 3 4 1 1 0 0 1
TKN 21 350 201 224 1 1 1 0 1 2 4 1 0 2
TKN 
VSS % 3 .5 6  15 .6 8 .4 8 .1 6 1 0 2 4 4 0 0 0 0 1
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TABLE 12 —  C ontinued

5 230 55 23 9 2 2 1 0 1 0 1 0 1
T 146 33 15 8 5 1 0 0 0 0 1 0 2

3 202 43 25 6 3 6 1 0 0 0 0 0 1
T 102 30 20 4 5 2 1 3 0 1 0 0 1

6 .3 5 8 7 .3 8 7 .4 7 5 1 0 1 1 1 1 7 4 0 2
7 29 23.1 25 1 0 1 0 1 1 1 3 5 5

Frequency D istribution 

Min M ax M ean M edian_________ (10 Equal Classes)

Plant EfFluent A nalyses and  Plant Performance

CO D , mg/l

Total 
Soluble

Solids, mg/l 
SS 
VSS

Temp, C 

N utrients, mg/l
Total TKN T 28 9 7 2 0 3 0 0 1 0 0 0 1
N O „ -N  0 .1 3  0 .5 4  0 .3 4
N O ^ -N  7 .4 5  1 8 .8  1 3 .75  15
Total P O , 0 .1  0 .1 8  0 .1 4

4

Plant COD Removal, %
Total 37 98 82 .11  93 1 0 2 1 1 0 0 1 2 10
Soluble 65 99 9 0 .8 3  9 7 .5  1 2 0 0 1 0 1 1 2 10

Plant Solids Removal, %
SS 47 99 8 0 .0 6  86 1 0 0 1 4 1 1 4 3 2
VSS 29 99 7 3 .5  7 6 .5  1 1 0 1 1 1  6 0 2 3

DO at O u tfa ll , mg/l
3 .5  11 7 .8 8  8 .3  1 1 0 4 4 4 3 11 1 1



CHAPTER V 

DISCUSSION 

G eneral

The basic objecH ve of research work in the  fie ld  o f waste treatm ent, regard­

less o f w hether it is a laboratory model or a  p ilo t p lan t study, is to co llec t and analyze  

da ta  that could  be geared  toward the establishm ent of response function under con­

tro lled  cond itions.

For p lan t scale  study, it is obvious tha t many factors cannot be con tro lled .

As ind icated  in  C hapter IV, the flow, w aste streng th , organic loading ra te , e t c . ,  

a ll fluctuated  w id e ly . Therefore, it is much more d ifficu lt and sometimes impossible 

to obtain such a  response function . This does not negate  the value of p lan t scale  

studies. It is s till possible to p lace constraints on the loading factors and determ ine 

the ir re liab ility  using sta tis tica l techniques, and i t  is possible to check or co rre la te  

conventional design approaches with fu ll-sca le  fie ld  studies.

In this chap te r, numerous correlations betw een the im portant param eters for 

a ll th ree  w aste categories hove been developed . To develop these correlations the 

least square-cu rve fitting  technique was app lied  using the IBM 360 com puter. The 

results w ere in terpreted  and are  reported below .

99
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W aste Flow

The waste flow for the 1969 processing season is shown in Figure 13 and flow 

data were summarized In Table 9,  C hapter IV. A cyclica l varia tion  of a w eekly 

nature is exhibited  and indicates w eekend shutdown. It is also evident th a t flow 

showed a trend of gradual increase with a  peak in O ctober, and then declined  to ­

ward the end of the  processing season. This generally  reflects a rise in production; 

however flow is also dependent upon the type and quality  of products being processed 

os well os seasonal varia tion .

In the Stilw ell area the w et season genera lly  extends from la te  fall to early  

spring; consequently , the vegetables arrive a t the cannery soiled more than usual. 

This necessitates more w ash-w ater in the canning operation . Potatoes, supplied from 

Idaho, Louisiana and Arkansas, are  bruised during transportation. In the canning 

operation , it is the p ractice  to recycle  those potatoes through the processing line 

for more washing and abrasive polishing so tha t a consistent quality  could be main­

ta in ed . Thus, more w ater for less product results.

W aste Flow Prediction Model

Estimates o f flow volume in cannery  operation ore needed for planning and 

design purposes. Data taken in the study of the Stilwell Cannery were used to de­

velop and verify a prediction scheme w hich then might be used to predic t flows a t 

the Stilw ell site or used in predicting flows for design purposes a t other locations.

The best means was believed to estim ate the  flow per case for each  vegetab le  type 

included in the several types of vegetables during a shift. N ot enough periods of 

processing of single vegetab le types could be obtained during the six months of study
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t-o exam ine even the most commonly occurring vegetab le  types separa te ly . Therefore, 

the ind icated  approach was decom position of the flow into portions associated with 

each  of the vegetab les. The approach chosen was the linear model listed below with 

m ultiple regression estim ates of the param eter.

F = a + bl + b^ + bgPg + .............................................................................+ b.P.

F is flow volume in gallons during the  period for which production is reported; 

a  is a  constant flow associated w ith the cannery  being in operation for the period and 

represents internal w aste w ater, cooling w a te r, c lean -u p , e t c . ,  w hich cannot be 

associated  with individual processes; b is a  coeffic ien t; I is the in filtra tion  and domes­

tic  sew age input below the cannery; P. is the  production in coses for the i th vegetab le  

type , and b. is the flow per cose (fpc) for the i th vegetab le  type . I was estim ated 

by base flow during nonproduction periods.

Initial analysis was done in the basis of separate  shifts. The shift values were 

genera lly  reasonable, although the  estim ated fpc for squash was negative for both 

shifts and for okra in the night sh ift. The break betw een shifts was based on payroll 

information provided by the cannery .

O bserving the processes ind icated  th a t the time of division betw een shifts 

was not alw ays re liab le , as the ac tu a l processing might precede or follow the nominal 

shift by several hours and cause sign ifican t error in the flow breakdown between shifts. 

To ovoid this source of error, the two processing shifts w ere combined and run as an 

individual d a ta  value . The estim ates of fpc w ere a ll positive; the estim ate of the 

constan t, a ,  was smaller for the work day than for e ither shift; and the m ultiple cor­

relation  coeffic ien t was higher than tha t for e ith e r of the  individual shifts. The re­

sults of this run ore shown in Table 13.
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TABLE 13

ESTIMATES OF PARAMETERS

Constants Value t V alue*

Constant a 151 ,700  gals

Infiltration coeffic ien t b 1 .30 4.71

V egetable Type Flow Per Cose (gals) t V alue

Sweet Potato 147 13 .1 5

Irish Potato 153 12 .1 7

O kra 6 51 .0 0

Peas 26 2.81

Beans 72 3 .0 6

Squash 5 0 .3 9

G reen Beans 41 8 .1 7

Mustard G reen 109 5 .9 7

Turnip G reen 69 7 .5 4

Col lard G reen 35 1.71

Spinach 61 7 .9 8

*t = 1 . 29 @ 10% , t = 1 .66  @ 5% , t = 2 .3 6  @ 1 %
levels of s ig n ifican ce .
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The coeffic ien t b would normally be 1 .0  but was allow ed to be f itte d , be­

cause it was desired to see if the estim ates of in filtra tion  by using periods of no pro­

duction were re lia b le . V alues for the coeffic ien t much less than or g reater than 1 .0  

would ind ica te  u n re liab ility . In the study, the co effic ien t ranged from 1 .0  t o !  . 6 , 

ind icating  a  fair estim ate; to  obtain a b e tte r estim ate more data  must be co llec ted .

The error analysis for this run is shown in Table 14. The sources of error in 

estim ating this relationship  are:

1. Error in flow measurement

2 . Error in reporting production

3 . V ariab ility  in flow per case

4 . V ariab ility  in non-process w ater.

The first source of error in norm ally about 5% to 10% based on the listed 

perform ance for the flow measurement d ev ice . However, several days during the 

study p erio d , the capacity  of the flow m eter was exceeded  and the flow measured 

m anually . The error induced by measuring the flow m anually is unknown.

The second source is uncertain  in q u an tity . The production figures should 

be ex ac t; how ever, it was possible some processing was partly  com pleted and the 

vegetab les stored and finished and reported the nex t day .

Errors from the third and fourth sources are  due to estim ating averages for 

values which ac tu a lly  show a d istribu tion . There is certa in  to be some variation in 

fpc because of the differences in raw product qua lity  for a  vegetab le  type, such as 

seasonal v a ria tio n , varia tion  due to operating  personnel and th a t due to a change 

in quan tity  of product processed per u n it of tim e. The am ount of w ater, flowing 

during a sh ift, which is not process w ater will vary a lso .
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TABLE 14

ERROR ANALYSIS

M ultiple C orrelation C oeffic ien t 0 .9 0 6

Standard Error of Estimate 148,600 gals

A verage Flow per Work Day 969 ,900  gals

Prediction Error for 147 Days

(Error in resi duo I/observed value)

Percent less than 10% 5 5 .1 %

Percent less than 20% 8 4 .4 %

Percent less than 50% 9 5 .2 %

A verage percen t error 14 .8%

The esfimat’es o f fpc for the eleven vegetab le  types ore reasonable in magni­

tude and are  in general agreem ent w ith published figures. Since the flow per cose 

accounts for approxim ately 90 percen t of the to tal average flow , it is tempting to 

use the values of fpc os estim ates of the overage amount o f w ater associated with 

each case o f a p a rticu la r veg e tab le  processed in this cannery . This should be cau ­

tioned against especia lly  for products with low flow such os okra and squash.

The model con be used to p red ic t flows a t this site  or used a t another site 

by estim ating the number o f cases processed. The constant term can be estim ated 

as a percentage of the  overage pred ic ted  flow based on assumed production and 

estim ated fpc . In general there are  in filtra tion  sources which must also be estim ated.
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W aste Load

The w aste flow was screened tw ice , once a t the cannery and again  upon 

entering the treatm ent p la n t, with solids being disposed o f by burying near the  cannery . 

As most of the p a rticu la te  m atter is removed a t the cannery the difference in w aste 

load before and a fte r  screening a t the p lan t site  is neg leg ib le . Therefore, samples 

of incoming waste w ere token after screening during the course of the study.

Throughout the  study period, COD tests w ere used os a measure of w aste 

strength . A few BOD tests on the waste strength w ere also performed a t the tim e of 

COD analyses; and the BOD/COD ratio of the influent potato waste was around 0 .7 ,  

w hich is com parable w ith that of the o ther investigators (14).

The characteristics of the w astes, as c lassified  in three categories, o re sum­

marized in Tables 10, 11, and 12 in previous ch ap te r. N otice tha t approxim ately 50% 

of the total COD can be a ttribu ted  to solids for both Irish potato and sweet po tato  

w astes, as it con be removed afte r 30 minutes of se ttlin g . However, for vegetab le  

w astes, only 15%  of the total COD was se ttle a b le . It is worthy to point out tha t 

the average TK N /C O D  ratio  for vegetab le  wastes is 4 .8 %  and that of Irish pota to  

and sweet po ta to  is around 2% . Therefore, nitrogen supplem entation is only n ec ­

essary for po ta to  w astes.

The results of the statistical analyses of the p lan t influent data  are listed  in 

Table 15 and are  p lo tted  in Figures 36 through 55.

The v ariab ility  in non -vo la tile  solids for vegetab le  wastes alone is largely 

due to uncontro llab le  factors such os the quality  of raw m ateria l, w eather conditions, 

and w ater quantity  used in processing. The VSS/SS ra tio , os ind icated  in Table 12
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TABLE 15

PLANT INFLUENT STUDY

C orrelation Number of
Line of Besf Pif C oeffic ien t Observations

r n

Sweef Potatoes and V egetables

VSS = 0 .7 8 5  SS + 117 0 .9 2 2 22
VDS = 0.951 DS -  158 0 .9 8 2 22
TVS = 0 .8 9  TS -  112 0 .9 6 4 22
Total COD = 0 .9 7 4  TVS + 8 1 5 0 .8 7 3 22
Soluble COD = 1 .12  VDS + 48 0 .9 7 9 22

Irish Potatoes and V egetables

VSS = 0 .9 6 4  SS -  32 0 .9 9 4 45
VDS = 0 .8 7 2  DS -  84 0 .9 7 9 45
TVS = 0 .9 4 8  TS -  183 0 .9 9 2 45
Total CO D  = 0 .8 3 9  TVS + 886 0 .7 2 3 45
Soluble COD = 0 .8 7 6  VDS + 367 0 .8 2 4 45

V egetables

VSS = 0 .6 1 9  SS + 73 0 .5 1 4 17
VDS = 0 .3 6 6  DS + 106 0 .5 7 2 16
TVS = 0 .0946  T S + 299 0 .3 6 9 16
Total COD = 0 .6 8 3  TVS + 1 1 9 0 .7 3 8 16
Soluble COD = 0 .9 3 5  VDS + 3 .8 0.871 14

V egetables W inter Data Excluded

VSS = 0 .5 0 2  SS + 11 0 .8 7 9 13
VDS = 0 .258  DS + 171 0 .3 6 7 12
TVS = 0 .4 5 5  TS + 92 0 .6 3 12
Total COD = 0 .5 1 7  TVS + 195 0 .6 1 5 12
Soluble COD = 0 .9 0 2  VDS + 19 0 .8 1 9 11
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Chapter IV, ranged from 9 .6 8  to 9 2 .8 6 % , which is approxim ately a ten -fo ld  d if­

fe ren ce . Much o f this variab ility  is due to fie ld  moisture conditions. W inter spinach 

because of w et w eather had much h igher inorganic solids present in the  SS. Excluding 

w inter d a ta , VSS versus SS correlation improved; and VSS/SS ratios changed from a 

ten -fo ld  to four-fold spread. The e ffec t o f n o n -v o la tile  solids on a mixture of po­

ta to  and vegetab le  wastes is depressed because o f  the high solids concen tration  in 

potato  w aste, and thus allows for ex ce lle n t co rre la tion  of all param eters stud ied . The 

COD versus VSS relation  o f the v egetab le  w astes, how ever, showed a lower co rre la ­

tion upon subdividing the d a ta , pointing ou t the fac t tha t variation in organic strength 

was much less than tha t of inorganic solids.

As shown in Figures 39 , 40 , 4 4 , 45 , and 52 through 55 , the lines o f best 

fit for to tal COD versus TVS and soluble COD versus VDS are  quite consisten t. For 

all th ree waste categories positive in tercep ts w hich represent the COD derived from 

n o n -v o la tile  solids w ere ob ta ined . The relationships between VSS and SS, VDS and 

DS, TVS, and TS for both sweet po ta to  and veg e tab le  wastes and Irish potato and 

vegetab le  wastes show very good correlations os ind icated  in Figures 36 , 37 , 38 , 41 , 

42 , and 43 .

However, the equations derived from solids relationships of vegetab le  w astes, 

as shown in Figures 46 through 51, do not co rre la te  as w ell. Because the vegetab les 

w ere processed in the la te  fall and early  w inter during the rainy season, the non­

vo la tile  solids concentration  varied w idely due to the  w eather changes. If i t  were 

possible to obta in  more data  on vegetab le  wastes from the following processing sea­

sons, the solids correlation  for vegetab le  wastes could certa in ly  be im proved.
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Substrgfe Removal and Biosolids Growth

The s^abiliza^ion of organic wasfes in fhe aerobic b io logical wasfes freafmenf 

process is brought about through the m etabolic ac tiv itie s  of mixed cu ltu re  h e tero tro - 

phic microorganisms. A portion of the organic w aste is converted  to end products 

such as carbon dioxide and w ater to obta in  energy for synthesis of the  rem aining por­

tion into new biosolids and sim ultaneously to sustain life . A fter most of the organic 

w aste is s ta b iliz e d , or only a  lim ited amount rem ains, the  microorganisms then obtain 

the energy needed  to  sustain themselves by consuming the ir own protoplasm; and such 

a process is commonly referred to as endogenous resp iration . Endogenous metabolism 

is a function of the  ac tiv e  biosolids and becom es sign ifican t under food-lim iting con­

d itions. Under such conditions, microorganisms are  forced to u tiliz ed  the ir own pro­

toplasm until a ll tha t remains is a  re la tiv e ly  s tab le  hum us-like organic residue which 

resists further degrada tion . This inert organ ic residue, an insoluble and non -b iode- 

grodoble fraction  of the microorganisms, accum ulates in the system a t  the ra te  of 

about 11 to 15%  of the u ltim ate BOD removed (50).

In the  b io log ical oxidation process, Eckenfelder (51) showed th a t a t high 

substrate levels th e  ra te  of substrate removal per un it o f biosolids w ill remain con­

stant to a lim iting substrate concen tration  below  w hich the ra te  w ill becom e concen­

tration dependent and decrease . It is gen era lly  accep ted  th a t the substrate removal 

kinetics can be described by a m odification o f the  M ichaelis-M enton equation  which 

is m athem atically  expressed as:

i  €  = K —  ( ')
S d t f  + F
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in w hich, 1  ^  = ra te  of change of subslrate (BOD or COD) per u n it of b io -
S di*

solids w ith respect to time 

F = substrate (BOD or COD) concen tration  present in the reactor

S = biosolids under aera tion

K = Maximum substrate removal ra te

f = M ichaelis C onstant, equal in m agnitude to the substrate concen­

tration a t  which (1/S) (dP/dt) = 1^2 

At high substrate concen tra tions, F is much g rea te r than f , then Equation (l ) 

becomes:

1  r'^i dF =r r i dF = K f dt

' i f  J ,e  o

I  ( F . - F  ) = Kt 
b 1 e

F i - F ,
St

= K (2)

in w hich , F. = influent substrate concen tration
I

F = effluent substrate concen tration  
e

t  = hydraulic re ten tion  time in aera tion  vessel

or COD. -  COD

ML VSS (t) "  ^

in w hich , COD. -  COD
MLVSS (t)-----  COD removal ra te  designated as ACOD

, .  ̂ r lbs CO D  removeci/Day 
expressed in terms of — |bs"MLVSS—  -----
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mg COD rem oved/D ay 
mg MLVSS

COD. = influent waste COD in mg/l

COD^ = soluble effluent COD in mg/l

t = hydraulic retention time in aeration tank in days.

From equation (3) it is obvious that for high substrate concentrations the COD

removal ra te  follows o zero order reac tion .

At low substrate concentration f is much g reater than F, then Equation (1)

can be expressed as:

i f  = f  F = K ,F (4)

In a com pletely mixed ac tiv a ted  sludge system, the effluent substrate con­

cen tration  is assumed to be equal to the concentration of substrate remaining in the

aeration  vessel. H ence, Equation (4) can be w ritten as:

f  =
And a m aterial ba lance  can be developed os below:

Q ( F . - F ^ )  =
dt

t dt 

F. -  F
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F; - F *

- W r  = " " / e

EquaMon (5), a general m athem atical expression for first o rder k ine tics , represents 

a response function for a com pletely soluble waste and does not include the rapid 

in itia l removal due to biosorption. If biosorption and settling  are included then 

equation (5) becomes:

F. -  F
' ® = K ,F + I (6)
S(t) *'1*6

or COD. -  COD
MLVSS = K , C 0 D ^ . I  (7)

Based on the relationships as expressed in Equations (3) and (7) if ACOD 

is p lo tted  against COD^ the organic removal function con be readily  visualized and 

studied. Due consideration of these basic concepts of b io -ox idation  is certain ly  

important in the in terpreta tion  of the results ob ta ined  from this study.

The increase of bio-solids in a biological system is expressed m athem atically

as:

AS = a BOD^i^ (or COD) -  bs

or A VSS _  _ACOD ,
MLVSS °  MLVSS "

in w hich, S = net growth of b io -so lid s  

o = growth rate constant 

b = endogenous respiration ra te  constant

MLVSS "Gt growth of biosolids per un it of time
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per MLVSS expressed in terms of lbs VSS increased /D ay
lbs MLVSS

mg VSS increased/D ay 
mg MLVSS

O xygen is required in aerobic b iological trea tm ent systems to  provide 

a term inal hydrogen accep to r for ca tabo lic  reac tions. The am ount of oxygen required 

con be expressed m athem atically  as:

in w hich, O ^ /D a y
MLVÉS"  to tal oxygen required per day per u n it of MLVSS expressed

în terms of
lbs MLVSS

o ' = oxygen u tiliz a tio n  ra te  constant for synthesis

b ' = oxygen u tiliza tio n  ra te  constant for endogenous respiration

M odular Units And System Evaluation 

Considerable data  w ere co llec ted  on COD removal rates and remaining COD 

concentrations as well as MLSS and MLVSS concentrations during the course of this 

study. The results of the modular units study are summarized in Tables 16, 17 and 18 

and plotted  in Figures 56 through 75.

Minimal Solids (High Loading) Unit Evaluation 

Figures 56 , 57 and 58 show the COD removal k ine tics in the  minimal solids 

(high loading) unit for the th ree  waste categories. As shown in Figure 56 the COD
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TABLE 16

MODULAR UNIT STUDY O F SWEET POTATOES A N D  VEGETABLES

Correlation N um ber of
Line of Best Fit C oeffic ien t O bservations

r n

Minimal Solids (High Loading)Unit

Based on Total Influent COD:

^  = + 0 .00152 COD MLVSS e
0 .387 19

Based on Soluble Influent COD:

~ 2 g ^ = 2 . 5 5  -  0 .000359  COD 
MLVSS e

0 .209 19

ML Solids CO D = 1 .196  MLVSS+ 470 0.961 19

MLVSS = 0 .9 1 7  MLSS-2 4 7 0 .992 19

Extended A eration U nit

0 .00118  COD - 0 .0 2 3  
MLVSS e

0 .694 16

ML Solids COD = 1 .3 1 2  MLVSS+ 58 0 .963 17

MLVSS= 0 .8 9 4  M LSS-2 0 9 0 .986 18
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TABLE 17

MODULAR UNIT STUDY O F  IRISH POTATOES A N D  VEGETABLES

Line of Best Fit
C orrelation
C oefficien t

r

Number of 
O bservations 

n

Minimal Solids (High Loading) U nit

Based on Total Influent COD

- 5 .2 6  + 0 .00963 COD 
MLVSS e 0 .3 2 5 40

Based on Soluble Influent COD

= 2 .5 6  + 0 .00134  COD 
MLVSS e

0 .106 39

ML Sol ids COD = 1 .3 6 9  MLVSS -  59 0 .989 71

MLVSS = 0 .8 3 9  MLSS-2 8 0 .996 71

Extended A eration Unit

0 .1 9 2  -  0 .000802 CO D 
MLVSS e

0 .129 34

ML Sol ids COD= 1 .339  MLVSS + 1 1 0 0 .9 9 4 33

MLVSS= 0 .7 2 5  MLSS-2 2 2 0 .916 34
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TABLE 18

MODULAR UNIT STUDY OF VEGETABLES

C orrelation Number of 
Line of Best Fit C oeffic ien t O bservations

Minimal Solids (High Loading) U nit 

Based on Total Influent COD:

= 7 .9 8  -  0 .0387  COD 0 .4 1 4  13
MLVSS

Based on Soluble Influent COD:

= 5 .1 6  -  0 .0266  COD 0 .4 4 6  13
MLVSS e

ML Solids COD = 1 .075 MLVSS + 12 0 .9 5 2  13

MLVSS = 0 .8 4 7  MLSS -  62 0 .877  13

Extended A eration

= 0.0391 -  0 .00038 COD 0 .2 4 4MLVSS e 13

ML Solids COD = 1.376 MLVSS -  3 .3 2  0 .9 5 7  15

MLVSS = 0 .7 9 6  MLSS -  425 0 .9 1 7  15



12

$

o

§
Ou

<  
£

1
(g
û
O
U

10

8

0

T----------------1--------------- r
Minimal Solids (High Loading) Unit-
Products Processed: Sweet Potatoes and V egetables

•  Based on Total Infl COD

A C Q D /D a y ^  5 .0 8  + 0 .00152  CODe 
MLVSS ®

r = 0 .3 8 7  
n =  19
T =  19 -  29°C 
T mean = 24 .7 °C

6

f .
AI

■

L
0

# #

A  Based on Soluble Infl COD

= 2 .5 5  -  0 .000359  C O D .
MLVSS 

r = 0 .2 0 9  
n = 19

COO'

_L ±

3 4 5 6

Soluble Effluent COD in 100 mg/l

Figure 5 6  C O D  Removal Rate vs S o lu b le  Effluent C O D



20 -

I
O
u

in

£oO'
~5
>

a
O
u

10 -

5 -

T----------------1--------------- 1----------------r
Minimal Solids (High Loading) Unit
Products Processed: Irish Potatoes and V egetables

#  Based on to tal Infl COD

^  ^^A?LVSS°^ = 5 .2 6  + 0 .00963  CO De
r = 0 .3 2 5  
n = 40
T =  20 -  32°C
Tmean = 28 ,15°C  #

A  Based on Soluble Infl COD 

A C O D /D ay _
MLVSS 

r = 0 .1 0 6  
n = 39

2 .5 6  + 0 .00134  CO D e

3 4 5 6
Soluble Effluent CO D  in 100 mg/l

Figure 5 7  C O D  Removal Rate vs S o lu b le  Effluent C O D



12 T T

>s
û

o
U

un

Sioca

1
E«ai

a
Ou

Minimal Solids (High Loading) U n^ 
Producfs Processed: Vege^ables

10

8 -

•  •

4 -
A

A

2 -
A

A

:  *

A

±

#  Based on Total Infl COD

= 7 .9 8  -  0 .0387  COCfe
MLVSS

r = 0 .4 1 4  
n = 13

A  Based on Soluble Infl COD

= 5 .1 6 - 0 .0 2 6 6  CO De
MLVSS

r = 0 .4 4 6  
n = 13 
T =  22-30°C  
Tmean = 2 4 .5°C

_L

co
00

A

_L

20 40 60 80 100 120 

Soluble Effluent COD in mg/l

140 160 180

Figure 5 8  C O D  Removal Rate vs S o lub le  Effluent C O D



c
CO
>

Minimal Solids (High Loading) Uni^
Products Processed: Sweet Potatoes and V egetables

4

3

2

MLVSS = 0 .9 1 7  MISS -  247

0
0 2 3 4

%

MLSS in 1000 m g/l

Figures? MLVSS vs MLSS



?

I
ûo
u
■S

3

6
Minimal Solids (High Loading) Unit
Products Processed: Sweet Potatoes and V egetables

5

4

3

o2

ML Solids COD = 1 .196  MLVSS + 470 _

0
42 30

MLVSS in 1000 mg/l

Figure 6 0  ML Solid s C O D  vs MLVSS



?

§

to
to
>

Minimal Solids (High Loading) Unit
Producfs Processed: Irish Potatoes and V egetables

5

4

3

2

MLVSS = 0 .8 3 9  MLSS -  28

0
0 2 3 4

MLSS in 1000 m g/l

Figure 61 MLVSS vs MLSS



g

oou
oto

6

Minimal Solids (High Loading) Unifr
Products Processed: Irish Potatoes and V egetables

5

4

3

ML Solids COD = 1 .369  MLVSS -  59

2

0
0 2 3 4

N>

MLVSS in 1000  m g/l

Figure 6 2  ML Solids C O D  vs MLVSS



CO

Minimal Solids (High Loading) Unit 
Products Processed: V egetables

4

3

2

MLVSS = 0 .8 4 7  MLSS -  62

0
2 3 40

w

MLSS in 100 m g/l

Figure 6 3  MLVSS vs MLSS



oou
"ôco

Minimal Solids (High Loading) Unit 
Products Processed: V egetables

4

3

2

ML Solids COD  = 1 .0 7 5  MLVSS + 12 -

0
430 2

MLVSS in 100 m g/l

Figure 6 4  ML S olids C O D  vs MLVSS



0 . 3
Ext-ended AeroMon Unit
Producfs Processed: Sweeh Potatoes and V egetables

A C O D /D ay
MLVSSI

O
u

<]

= 0 .00118  CO D  - 0 .0 2 3

0.2_o T = 1 6 - 2 7 .5 " C  
T mean = 2 3 .1 °C

£

5
E
cS
a
O
u

_o3

40 100 1400 20 80 120 16060 180

Soluble Effluent COD in mg/l

Figure 65  S o lu b le  C O D  Removal Rote vs S o lu b le  Effluent C O D



o
u

D

1
I
o
O
u

_Q3

0.6

0 .5

0 .4

0 .3

0.2

0.1

I ■■| ■— T -  1 —1...  1 ■■ -1 ..........T  - "T ■

—

••
Expended A erafion Unit 
Producfs Processed: Irish Pol-atoes

-

and V egetables

-

- • -

• •
T = 20 -  31 °C  
T mean = 2 7 .1 7 °C

-

•
- • —

•
•

•

•
• •

• •  #

•  .

•
•

•  •  1 # * f  # 1 •  1 # 1 1 1 1 1

) 20 40 

Figure 66

60 80 100 120 140 160 

Soluble Effluent COD in m g/l

Soluble COD Removal Rate vs Soluble Effluent COD

180

St



T---------------r
Exfended AeraHon Unît- 
Product's Processed: V egetables

Io
U

<
L n

4 0

(S

1
i

cS
o
Ou
-Q_D
O

l/l

.0 5

T =  20 -  30 C 
T mean = 2 6°C

•  #

10 15 20

Soluble Effluent COD in m g/l

25 30 35

Figure 6 7  S o lu b le  C O D  Removal Rate vs S o lu b le  E ffluent C O D



i

CO

Extended A eration Unit
Products Processed: Sweet Potatoes and V egetables4

3

2

MLVSS = 0 .8 9 4  MLSS -  209

0
0 3 42

MLSS in 1 000  m g /l

Figure 68  MLVSS vs MLSS



a  
O
V
JO
"5i/y

6

Extended A eration Unit
Products Processed: Sweet Potatoes and V egetables5

4

3

2 ML Solids CO D  = 1 .312  MLVSS + 58 
r = 0 .9 6 3

0
31 20

MLVSS in 1000 m g/l

F ig u re6 9  ML S olid s C O D  vs MLVSS



c
to

Exfended A eration Unit
Products Processed: Irish Potatoes and V egetables

4

3

2

MLVSS = 0 .7 2 5  MLSS -  2221

0
0 2 3 4

MLSS in m g/l

Figure 7 0  MLVSS vs MLSS

Oio



Ex^ended A erafion Unîfs
Products Processed: Irish Potatoes and V egetables

4

3
c
O
O
u

I2
Si

ML Solids CO D  = 1 .339  MLVSS + 110

0
320

Ul

MLVSS in 1000 m g /l

Figure 71 ML Solids C O D  vs MLSS



CO

Extended A eration Unit 
Products Processed: V egetables

2

MLVSS = 0 .7 9 6  MLSS -  425

0
0 1 2 3

Cnto

MLSS in 1000 m g /l

Figure 72  MLVSS vs MLSS



>

oou
"5co

Exfended AeraHon Unit 
Products Processed: Vegetable:

4

3

2

ML Solids COD = 1 .3 7 6  MLVSS -  3 .3 21

0
0 2 3

Ü1w

MLVSS in 1000 mg/l 

F igure73 ML Solids C O D  vs MLVSS



200
Product's Processed: Sweet Potatoes and V egetables

150

c

% 100

I
t tLJJ

VSS = 0 .711 S 3 - 0 .7 4 1

0 4 020 60 80 100 120 140 160 180

E ffluent 35 in m g / l

Figure 74  Plant Effluent V33 vs S3



c
Û
0  u
c0>

1
so

Products Processed: Sweet Potatoes and V egetables

400

300

200

Total Effluent CO D = 1 .3 5 6  VSS + 6 4 .4 8  -100

0
100 15050

OlLn

E ffluent VSS in m g /l

Figure 7 5  P lant Total Effluent C O D  vs VSS



156

removal rote versus fhe soluble effluent COD in minimal solids (high loading) unit 

for sweet potato and vegetab le  wastes, there are two lines of best f it .  The upper 

line is based on the to tal influent C O D , and the  lower one is based on the soluble 

influent C O D . The best f it line for the soluble COD removal rate versus the soluble 

effluent is essen tia lly  a horizontal lin e , indicating th a t the  COD removal ra te  is 

independent of the  soluble effluent COD or the  soluble COD in the aera tion  basin; 

tha t is, the organic removal ra te  follows zero order k in e tics . Therefore, referring 

to Figure 56 , the overage soluble COD removal ra te  as developed in Equation (3) 

is 2 .5 5  lbs CO  D /day /lb s  MLVSS. Referring to  th e  COD removal ra te  based on to tal 

influent COD versus the soluble effluent C O D , the  line of best fit shows a slight 

upward slope; how ever, it is reasonable to  interpret it os zero  order rather than  first 

order reac tio n . The difference betw een th e  upper and lower lines of best fit is due 

to COD removal by b io -p rec ip ita tion  and se ttlin g . Referring to  Table 10, C hapter 

IV, it can be seen th a t from 41 to  63% , with an average of 51%, of the  to tal influent 

COD can be attribu ted  to  solids and collo ids. The upward slope of the line reflects 

the solids COD removed by se ttling . The d ifference betw een the in tercepts of the 

two lines of best f it is 2 .5 3 , or 50% of the to tal COD rem oved, which corresponds 

very closely with the  average solids COD of the in fluen t. Since the  hydraulic re­

ten tion  time in th e  aera tion  basin is short, ranging from 3 .4  to  6 .4  hours with on 

average of 5 .2 6  hours, the  biochem ical degradation of particu la te  m atter through 

hydrolysis and th e ir subsequent removal is small and can be  n eg lec ted .

For Irish potato  and vegetab le w astes, as shown in Figure 5 7 , com parable 

results with th a t of sweet potato and vegetab le  wastes w ere obtained; h en ce , the
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above reasoning can be applied  to  their in te rp re ta tio n . That is, soluble COD re­

moval follows zero order reac tion ; and the solids portion is removed by adsorption, 

floccu la tio n , and se ttlin g . The average soluble CO D removal ra te  is 2 .5 6  lb s /d a y / 

lbs MLVSS, which is essen tially  the same as th a t of sweet potato and vegetab le  

w astes.

Figure 58 shows the COD removal rate  versus the soluble effluen t COD based 

on both total and soluble influent for vegetab le  w astes. The data are so erra tic  tha t 

it is impossible to  develop a COD removal ra te  versus COD effluen t rela tionsh ip .

This is not unusual in a system in which there  is no sludge returned to  the  aera tion  

basin , in o ther words, in a system in which the  MLVSS concentration is very low 

(less than 500 m g /l).

The percentage of COD removals for various waste categories is summarized 

in Tables TO, 1 1 ,1 2  of C hapter IV. It can be observed tha t the average soluble COD 

removal for Irish potato  and vegetab le wastes in the  minimal solids (high loading) 

unit was 87% , with a  range from 64 to  99% . During sweet potato and vegetab le  

processing periods, all sludge was returned to  the  minimal solids (high loading) u n it, 

resulting in an average COD removal of 92% , with a range from 76 to  99% . The 

average COD removal for vegetab le  wastes in the minimal solids (high loading) unit 

was 8 2 % .

The COD removal effic iency  for vege tab le  wastes was lower than th a t of 

potato  and vegetab le  wastes; how ever, the average soluble COD rem aining in the 

minimal solids (high loading) un it for vege tab le  wastes was 66 m g /l, as compared 

to  349 m g/l for Irish potato  and vegetab le w astes. This indicates tha t a much lower
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effluent strength can be obtained while trea ting  weak w astes.

Figures 59 through 64 show the MLVSS versus MLSS and the  ML solids COD 

versus MLVSS relationships in the  minimal solids (high loading) u n it .  For all three 

w aste categories ex ce lle n t correlation  coeffic ien ts were ob ta in ed . The regression 

coefficien ts for MLVSS and MLSS are close to  the  average MLVSS/MLSS ratios as 

listed in Tables 10, 11, and 12 of Chapter IV. The lines of best f it for ML solids 

COD and MLVSS give positive intercepts which con be considered os the COD a t ­

tributed to  the n on -vo la tile  solids in the mixed liquor.

It is im portant to  point out tha t th e  evaluation  of minimal solids (high loading) 

unit was based on the  soluble effluen t os if the re  were a  c la rif ie r following this ae ra ­

tion  u n it. Knowing th a t the final c la rifie r is always an in tegral part of on ac tiva ted  

sludge system, the study represents the condition tha t the  minimal solids (high load­

ing) unit effluen t is d iverted  to  the final c la rifie r bypassing the extended aera tion  

un it in p lan t scale opera tion .

As there is no primary settling  tank in the trea tm ent system, and it is impos­

sible to d ifferen tia te  b io-so lids from organic solids as determ ined by solids analysis, 

the  en tire  MLVSS was used to  compute the  COD removal ra te . T herefore, both the 

COD load applied  and removed per day per un it of MLVSS ore h igher than  in d ica ted .

Extended A eration U nit Evaluation

As stated  ea rlie r  in this paper, the  extended aera tion  unit with final c la r i­

fier serves the  dual purpose of effluent polishing and solids d igestion .

The soluble effluen t COD of the minimal solids (high loading) unit is taken 

as the input COD load to  the extended aera tion  u n it. The effluen t flow and its
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MLVSS con cen tra tion  from the minimal solids (high loading) un it, are considered as 

the solids load .

The co rre la tion  of soluble COD removal ra tes versus the plant soluble effluen t 

COD in the ex tended  aera tion  unit for the th ree  waste categories is shown in Figures 

65 , 66 , and 6 7 . The line of best f it  for sweet po ta to  and vegetab le  wastes ind icates 

th a t soluble COD removal ra te  follows first order reac tio n  with a fair correlation  

co e ffic ien t, os shown in Figure 65 . The soluble COD removal rate  constant desig­

nated as in Equation (7) is 0 .00118 . As to  soluble COD removal rates for Irish 

potato  and vege tab le  wastes and tha t of v eg e tab le  wastes a lo n e , no correlation  could 

be found; how ever, the  p lant soluble effluen t C O D , ex cep t for one or two instances, 

was always less than 133 m g/l for the  Irish po ta to  and vege tab le  wastes and 30 m g/l 

for v egetab le  wastes a lo n e . The reason for th e  poorer correlation for the  Irish potato 

and vegetab le  wastes and vegetab le  wastes a lone  than for sweet potato  and vegetab le  

wastes was because of th e  more frequent changes in product processed and the  long 

re ten tion  time in the ex tended aera tion  basin , making it impossible to  develop  good 

corre la tions.

As ind ica ted  in Tables 10, 11, and 12 o f C hapter IV, the average detention  

tim e in the ex tended  aera tion  basin for sweet po ta to  and vegetab le  w astes, Irish 

potato  and vege tab le  w astes, and v egetab le  w astes a lone  were 1 .5 8 , 1 .96  and 

3 .3 2  days, resfjec tively . Because of the long re ten tion  tim e and frequent changes 

in waste ch arac te ris tic s , the  mixed liquor was alw ays a  mixture of many w astes.

From th e  canning operation log, the  processing ^ i f t s  of Irish potato  and veg­

e tab le  and th a t of v eg e tab le  alone were irregu larly  in term ingled , resulting in wide
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COD fluctuations in the aera tion  basin . Sweet po ta to  and vegetab le  processing was 

more continuous and of longer duration; and when raw  supplies were exhausted ,

Irish potatoes and vegetables were processed in th e ir  p la c e . Therefore, the COD 

fluctuations were less pronounced than in the previous case .

Figures 68 through 73 show the  rela tionship  betw een MLVSS and MLSS, and 

betw een ML solids COD and MLVSS for a ll th ree  wastes ca tego ries. A gain , ex ce llen t 

correlations w ere o b ta ined .

Throughout this study all loading rates are  expressed in terms of a  un it o r­

gan ic  load (lbs C O D /D ay /lb s  MLVSS); and no m ention is made of volum etric load­

ing , which is also often used in the field  of waste trea tm en t. Referring to  Tables 

10, 11, and 12 of C hapter IV, an  average volum etric loading ra te  for the three 

waste categories in both stages o f aera tion  can be c a lc u la te d . A pplied loads to  

the  minimal solids (high loading) unit based on to ta l influent COD for sweet potato 

and v eg e tab le , Irish potato and v eg e tab le , and v egetab le  wastes were 1160, 714, 

and 86 lbs C O D /D a y /l000 cu . f t . ,  resp ec tiv e ly . W hen compared to  conventional 

loading rates of 100 lbs BO D /D ay /1 000 c u . f t .  for high ro te  ac tiva ted  sludge systems, 

the minimal solids (high loading) unit a t  S tilw ell is extrem ely  e ff ic ien t, with e x ­

trem ely high loadings. Minimal solids soluble COD loads to  the extended aera tion  

un it for sweet po ta to  and v eg e tab le , Irish potato and veg e tab le  and vegetab le  wastes 

were 12 .3 , 1 2 .5 , and 1 .74  lbs COD/Day/lOOO c u . f t .  respec tive ly . Reported 

loading values of 20 lbs BO D /D a y /l 000 c u . f t .  for ex tended aeration  systems are  

common. In add ition  to  th e  soluble effluent COD loading from the minimal solids 

(high loading) u n it , a high solids loading was also app lied  to  extended aera tion
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units. An average solids loading in terms of lbs V SS /D oy/cu . ft.w as 0 .1 7 1 , 0 .1 2 9 , 

and 0 .0 3 3  when processing sweet potato and v eg e tab le , Irish potato and v eg e tab le , 

and vegetab le  w astes, respectively . Comparing the  general loading ra te  of 0 .1  lbs 

V S /D o y /c u .f t . app lied  to  high rate anaerobic digesters and the 0 .1  to  0 .2  lbs 

V S /d o y /c u . f t. app lied  to  laboratory aerobic digesters os reported by other inves­

tigators (50), the S tilw ell extended aera tion  unit was subjected to  fairly  high loadings. 

Solids removal in the  ex tended aeration  un it was com puted using the MLVSS of the 

minimal solids (high loading) effluent together w ith tha t of the returned sludge as 

the input minus the  sludge VSS wasted in ten tionally  and in the p lant e fflu en t. When 

processing sweet potato  and veg e tab le , Irish potato  and v eg e tab le , and vegetab le  

wastes, the  average VSS removed in extended aera tio n  was 91% , 92% , and 98% , 

respectively . M edian , range values, and the frequency distribution for the three 

waste categories ore summarized in Tables 10, 11, and 12 of Chapter IV.

System Evaluation

The correlation  of p lan t effluent param eters have also been studied. The 

results a re  listed in Table 19, and the plottings ore shown in Figures 74 through 82. 

Good correlations for e ffluen t VSS versus SS relationships for all th ree waste c a te ­

gories ore o b ta in ed . Effluent COD and VSS relationships ore fairly  good for both 

sweet potato and  v eg e tab le , and Irish potato  and vegetab le  w astes. However, the 

COD versus VSS correlations for vegetable wastes a lone are  rather poor; this is prob­

ably due to  residual effects  of strong wastes from previous shifts. Although the per­

centage of COD removal for strong waste was high , th e  residual effluent was of 

sufficient magnitude th a t when mixed with th e  low vegetab le  COD effluent of the
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TABLE 19

PLANT EFFLUENT STUDY

Correlation Number of
Line of Best Fit C oefficient O bservations

r n

Sweet Potatoes and V egetables

VSS= 0.711 S S -0 .7 4 1 0 .899 20

Total Effluent CO D= 1 .356  V SS + 64 .48 0 .673 20

Effluent Solids COD= 0 .811 VSS+2 0 .8 2 5 20

Irish Potatoes and V egetables

VSS= 0 .892  S S - 16.45 0 .9 3 35

Total Effluent C O D = 1.431 VSS + 34 .06 0 .902 35

Effluent Solids COD= 1 .097  VSS+ 5 .4 5 9 0.921 35

V egetables

VSS= 0 .538  S S + 6 .4 8 0 .926 17

Total Effluent CO D = 0 .6 9 2  VSS+ 34 .1 9 0 .288 17

Effluent Solids C O D = 0 .4 4 9  VSS+841 0 .5 2 9 17
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following shifts it resulted in o h igher p lan t effluen t concentration than  would exist 

if only vegetab les were processed, thus lowering the  observed plant e ff ic ien cy . 

C onsequently , the CO D  and VSS rela tionsh ip  of v egetab le  wastes was a ffe c te d .

The average plant soluble effluent COD for sweet potato and v eg e tab le ,

Irish potato and v eg e tab le , and vegetab le  wastes a lone were 84, 4 4 , and 33 mg/l 

respective ly . For pota to  wastes our study showed a  BO D /C O D  ra tio  of approxim ately

0 .2 ,  which is consistent with th a t of 0 .1 6  to  0 .2 9 6  os reported by Atkins and Sproul 

(14). Based on the BO D /CO D  ra tio  of 0 .2  th e  p lan t effluen t would have a  corre­

sponding soluble BOD of 17 m g/l for sw eet po ta to  and vegetab le  wastes, and 9 mg/l 

for Irish potato  and vegetab le  w astes.

The plan t performance data  as shown in Tables 10, 11, and 12 of the  pre­

vious chapter ind icated  an overall average CO D removal of 97 , 98 , and 91%  for 

sweet potato and v eg e tab le , Irish potato  and v eg e tab le , and vegetab le  wastes a lo n e , 

respective ly . O n a BOD basis, the  removals are much higher than these figures.

The residual COD in the  plant effluent can be a ttrib u ted  to  the non-b iodegradoble 

portion . The plant VSS removals were 97 , 9 8 , and 74% for sweet p o ta to , Irish po­

ta to , and vegetab le  w astes, respectively . The VSS in the effluent is mainly inert 

organ!cs from polysaccharides resulting from b io-so lids d ecay .

C orrelations for oxygen uptake studies were poor; the re fo re , these studies 

ore not reported . However, dissolved oxygen concentrations in the aera tion  basins 

were monitored frequen tly . Residual oxygen was d e tec ted  a t a ll times during the 

course of th e  study period . The average dissolved oxygen content in the minimal 

solids (high loading) un it was 4 .3 6  m g/l and  ranged from 0 .2  to  8 .1  mg/l with
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a median of 4 .6  m g /l. The frequency distribution based on 10 equal classes was 

3 , 5 , 10, 16, 12, 10, 20, 20, 5 , and 3 . In the extended aeration  basins, the 

average dissolved oxygen content was 3 .4  mg/l with a  median of 3 .1 5  mg/l and a 

range of 0 .5  to  9 .8  m g /l . The equal classes frequency distribution was 18, 22, 12, 

22, 8 , 5 , 11, 1, 0 , and 3 .

Laboratory Model Study

Referring to  the d a ta  as presented in Figures 13 through 34 of Chapter IV, 

it is obvious th a t because of the continuously fluctuating  flow and organic streng th , 

the system was never a t  steady s ta te . Therefore, biosolids growth rote could not be 

determ ined from plant scale data and laboratory bench scale batch studies were run.

Settled  pure sw eet potato wastes were used as substrate, and solids from re ­

turned sludge were used in the laboratory m odel. An input COD of 2000 mg/l was 

used in all batch  studies with various in itia l MLVSS concentrations. Using on in i­

tia l MLVSS concen tration  of 1400 and 1800 m g/l and 12 hours of ae ra tio n , the 

final COD was 100 m g/l; but with higher MLVSS concen trations, 2530 and 3220 

m g /l, and 8 hours of ae ra tio n , a final COD of 80 m g/l was ob ta ined . Figure 83 

shows the COD removal and biosolids growth versus the aera tion  tim e. It reveals 

th a t when COD concentrations ore h igh , zero order k inetics govern the COD re ­

moval ra te , it further indicated  tha t no corresponding gain in COD removal could 

be obtained from soluble sweet potato wastes when the aera tion  time is extended 

beyond 12 hours.

The laboratory study showed the biosolids growth ra te  while trea ting  sweet 

potato wastes to  hove the following relationship;
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=  0 .6 1 7  -  0 .0 6 5 3
MLVSS MLVSS

with a  correlation coeffic ien t of 0 .9 7 6 . This ind icates th a t the growth rote constant 

is 0 .6 1 7 , and the endogenous rote constant is 0 .0 6 5 3 . The tem perature in the  lab­

oratory was m aintained a t 20°C in the  course of study. Figure 84 shows the  line of 

best fit for solids growth rote of sweet potato wastes as developed in the laboratory 

study.

Solids Separation And Disposal 

The overall performance of on ac tiv a ted  sludge system depends on the  ab ility  

of the final c la rif ie r to  separate  and  retain the  solids from effluen t. It is impossible 

to  produce a good qu a lity  effluent unless most of the solids can be separated and 

returned to  the system or w asted. S ince the se ttle ab ility  o f the MLSS is genera lly  

measured by the  Sludge Volume Index (SVI), and the to ta l COD removal effic iency  

is re la ted  to the se ttle ab ility  of the  solids the  SVI is p lo tted  against the COD removal 

rates for minimal solids (high loading) and extended aera tion  units. N o apparent 

rela tion  betw een these two param eters can be observed (refer to Figures 85 and 86). 

N orm ally, one would expec t b e tte r  settling a t  lower loading rates (extended aera tion) 

than a t high loading ra te  (minimal solids); how ever, the  solids in the  minimal solids 

(high loading) un it seem to  settle  b e tte r than in the extended aeration  u n it. The 

reason for this apparen t anom aly is not well understood. However, the b e tte r-  

se ttiin g -th an -ex p ec ted  in the minimal solids (high loading) unit can be a ttribu ted  to  

stab iliza tion  of the solids in the extended aera tion  system . Solids are rec ircu la ted  

from the final c la rif ie r  to  the minimal solids (high loading) u n it. If the system was
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so designed tha t the  minimal solids (high loading) system could be operated separa te ly , 

solids separation from this unit would be  much more d iff ic u lt. As indicated  in Tables 

10, 11, and 12 of the  previous chap ter, the  average SVI for sweet potato and veg­

e ta b le , Irish potato  and veg e tab le , and vegetab le  wastes in minimal solids (high 

loading) were 197, 119, and 109, respectively  and in extended aeration were 250, 

147, and 126. Normal SVI varies from 55 to  150 in diffused air plants and from 

200 to  300 a t  m echanical aera tion  plants (52). As presented in Tables 10, 11, and 

12 of Chapter IV, the highest SVI occurred in both aera tio n  units when trea ting  sweet 

potato wastes which w ere nitrogen defic ien t and had the  highest waste flow . T here­

fo re , it is postulated th a t inadequate nutrien t feed to  the  system deteriorates the 

se ttleab ility  and separation characteristics o f the solids. In g en era l, the final settling  

tank of an extended aera tion  system with 24 hour aera tion  is designed with 4 hour 

detention time based on incoming waste flow . The final c la rifie r in this system has 

a detention tim e of only 1.89 hour based on 1 .5  M G D . This lower retention tim e 

accen tuates the  problem of inadequate solids separation; how ever, if the conditions, 

such as nutrient ad d itio n , are  m aintained a t  the optimum, solids separation can be 

adequate ly  accom plished. This has been verified  by following the treatm ent e ffi­

ciencies in the  1970 canning season. During this season nutrients have been main­

ta ined  a t  th e  optimum le v e l, the loading ra te  higher than  the 1969 season, and no 

separation problems existed until flows exceeded 2 .5  M GD .

In the  course of the  study, excess solids were wasted to  an anaerobic sludge 

pond. The volume of solids wasted ranged from 0 .0 0 6  to  0 .3432  MGD with on ov­

erage of 0 .1 3  MGD and a median of 0 .1 1 2  M G D . The 10 equal class frequency
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disfribuHon was 2 ,  7 ,  A, 5 ,  6 , 2 ,  0 , 2 , 1 ,  and 1 . This does not include the period 

of sludge bulking when solids were washed involuntarily  for 16 hours per day for two 

w eeks. The corresponding w eight of solids w asted ranged from 322 to 20,451 with 

a mean of 7 ,7 5 0  lbs SS/doy.

The ra te  o f sludge s tab iliza tion  in the anaerobic ponds is exterm ely slow. 

Solids were pumped to the pond for the  first time in August 1969 and solids loading 

stopped in December 1969. No sludge was added again  until la te  September 1970. 

It was an tic ip a ted  that w ith two lagoons operating a lte rn a te  years, allow ing one 

full year for d igestion , the sludge would be well s tab ilized  and would be removed 

from the lagoon and spread on fields os a  soil cond itioner. However, a fte r one full 

year the sludge in the bottom of the lagoon hod approxim ately the same consistency 

and color as when it was first pumped to the lagoon. The digested sludge had a 

rubber-1 ike consistency making questionable its va lue  as a  soil conditioner. From 

these observations it does not appear th a t anaerob ic  digestion of the sludge is eco ­

nom ically feasib le .

N u trien t Requirements 

Several nutrients and trace  elem ents a re  essential for the metabolism of o r­

ganic m atter by microorganisms. These nutrients a re  needed only for synthesis and 

are released from the endogenous phase and a re  again  av a ilab le  for reuse. All but 

nitrogen and phosphorous ore usually present in su ffic ien t quantity  in the  carrier 

w ater. As s ta ted  ea rlie r in this ch ap te r, the w aste genera ted  from sw eet potato and 

Irish potato w ere defic ien t only in n itrogen .
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In this study to ta l Kjeldohl nitrogen was used as a measure of nitrogen con­

te n t in the  VSS; am m onia, n itra te  n itrogen , and to tal phosphate in the  p lan t effluent 

were also m onitored. When nutrients in low concen tration  were de tec ted  in the e f ­

fluent it was assumed th a t the treatm ent system was not defic ien t nu tritionally ; how­

ev e r, when high concentrations were found in the  e fflu en t, nitrogen dosage was 

lowered so that nu tritional pollution could be p reven ted . A n itra te  nitrogen concen­

tration  of 1 mg/l in the  effluent was used as a  c r ite r ia .

The TKN/VSS ratios of the  returned sludge are  plotted  against the COD re ­

moval rates for both aera tion  units in Figures 87 and 88 . No rela tionship  exists 

between the  two param eters; how ever, the overage TKN/VSS ratios were found to  

be 6 .3 8  and 6 .9 3  in the minimal solids (high loading) u n it and extended aera tion  

tan k , resp ec tiv e ly . Referring to  plant e fflu en t da ta  as listed in Tables 10, 11, and 

12 of Chapter IV, th e  average ammonia n itrogen concentration  in the e ffluen t was

0 .3  m g /l, n itra te  nitrogen 1 .7 ,  and phosphate 0 .1 4 ,  which would ind ica te  th a t 

the  microorganisms had  sufficient nu trien ts, ex cep t during the  sludge bulking period , 

when the  nitrogen con ten t dropped to  a  low of 3 .1 % . The situation  was corrected  

a fte r two weeks o f nitrogen supplem entation from an exogenous source. When the  

nitrogen level reached  4 .5 6 ,  settling began to  im prove.

When SVI is p lo tted  against sludge TKN/VSS ratios os shown in Figure 89 , 

a trend exists which appears to  follow a  hyperbo lic  curve the h igher the  TKN/VSS 

ra tio  the lower the  SVI. A minimum TKN /V SS ra tio  o f 5% is required to  ovoid 

sludge bulking and a  ra tio , of between 5 and 10% could give a SVI below  200.
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pH

It-should be noted tha t pH is another environm ental factor of im portance in 

an ac tiva ted  sludge system; pH should be m aintained betw een 6 .5  to  9 .0  to  support 

a normal bac teria l cu ltu re . Below pH 6 .5  th e  fungi will com pete with the bac teria  

with predomination a t a pH of 4 .5  or below . Above pH 9 .0  retardation  of the 

m etabolic rote is observed. Thus, it is im portant th a t pH be m aintained a t the  pro­

per le v e l.

The varia tion  in pH of incoming w astes, plant e ffluen t, and each  stage of the 

treatm ent process is summarized in Tables 10, 11, and 12 of the previous chap ter.

The average incoming pH of the th ree  wastes categories ranged from 5 .9  to  7 .7 ,  

although the  pH reached  an extrem e high of 10 .3  when blanching w ater was d is­

charged and an extrem e low of 4 .6  during on Irish potato sh ift. During the  course 

of the study, pH never presented any operational problems. The natural buffer 

capacity  of the system was adequate  to  offset the  pH variations encountered in this 

w aste. The average pH in the minimal solids (high loading) unit while trea ting  

wastes from each category ranged from 6 .9  to  7 .3 ,  and th a t in extended aera tion  

ranged from 6 .9 7  to  7 .2 2 .  The plant effluent had an average pH of 7 .1 7  to  8 .

The pH varia tion  before and afte r treatm ent is shown in Figure 18.

Cost Analysis

Cost of treatm ent consists of the annual fixed charge for cost o f construction 

of treatm ent fac ilitie s  and the annual cost of operation  and m ain tenance. The total 

construction cost of the  plant was $287 ,435 . Based on an am ortization over 20 years
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w ith an in terest ra te  of 1% ,  the  breakdown o f th e  cost into on annual fixed charge 

is $27,131. The annual operation and m aintenance charge is $ 54 ,691 , w hich in ­

cluded $5 ,000  per year for major im provem ents. This mokes a to tal annual charge 

of $74 ,000  per y ea r.

From th e  post few y e a r 's  record of the  cannery  operation and the ir future 

production p lan s, it is postulated th a t the cannery  would opera te  th ree  hundred days 

per y ea r, two shifts per day and one hundred days for each  of the th ree  major pro­

duct ca teg o ries , nam ely sweet potatoes and v egetab les, Irish potatoes and v egetab les, 

and vegetab les a lo n e .

The wastes load in terms of to ta l pounds o f  C O D , SS, and VSS app lied  and 

removed for each  w aste category is the  product o f  the overage co ncen tra tion , shift 

flow , and to ta l number shifts per y ea r . The yearly  w aste load is the summation of 

the  th ree  w aste ca tegories .

The yearly  w aste load consists of approxim ately 6 ,5 2 7 ,0 0 0  lbs of C O D ,

3 .1 4 9 .0 0 0  lbs of SS, and 2 ,6 3 3 ,0 0 0  lbs o f VSS; and that of p lan t e ffluen t is

252 .000  lbs C O D , 157,000 lbs SS, and 106 ,000  lbs VSS, also based on overage 

effluen t concen tra tions. The cost o f trea tm ent is approxim ately 1 .1 3  cents p e r pound 

of COD app lied  or 1 .1 8  cents per pound o f CO D  removed; 2 .3 5  cents per pound of 

SS app lied  or 2 .4 8  cents per pound o f SS rem oved; and 2.81 cents per pound o f VSS 

applied  or 2 .9 3  cents per pound of VSS rem oved. Compared to the  reported primary 

treatm ent cost o f 2 cents to 6 .4  cents per pound of BOD removed for potato  w aste 

(53), the cost o f treatm ent Stilwell is extrem ely econom ical.

The cost analysis is summarized in Table 20.
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TABLE 20 

COST OF WASTE TREATMENT SYSTEM

Total Cost of Construction

A m ortization Factor: 20 years @ 7% in terest 0 .09439  

Annual Fixed C harge for Cost of Construction 

Annual Cost of O pera tion  and M aintenance 

2 O perators @ 1,000/m onth  

Power charge 10 months @ $ 2 ,300/m onth 

N utrien ts 6 months @ $750/month 

O ffice  supplies —

Laboratory supplies 

Equipment repair 

In -p lan t improvement 

Total Annual Charge

Annual Waste Load COD A pplied = 6 ,5 2 7 ,0 0 0  lbs

Annual W aste Load COD Removed = 6 ,2 7 5 ,0 0 0  lbs (based on total e f f l .)

Annual W aste Load COD Removed = 6 ,3 7 8 ,0 0 0  lbs (based on soluble e f f l . )

Annual W aste Load SS A pplied = 3 ,1 4 9 ,0 0 0  lbs

Annual W aste Load SS Removed = 2 ,9 9 3 ,0 0 0  lbs

Annual Waste Load VSS A pplied = 2 ,6 3 3 ,0 0 0  lbs

Annual W aste Load VSS Removed = 2 ,5 2 7 ,0 0 0  lbs

Annual Cost o f Treatm ent per U nit o f W aste Load:

Per Pound of COD A pplied = 1.13^

Per Pound of COD Removed = 1 . 18<: (based on total effluent)

Per Pound of COD Removed = 1.16$ (based on soluble effluent)

Per Pound of SS A pplied = 2 .35$

Per Pound of SS Removed = 2 .48$

Per Pound of VSS A pplied = 2 .81$

Per Pound of VSS Removed = 2 .93$

$287,435

27,131

$ 12,000 

2 3 ,000  

4 ,500  

■ 500

1,000 

869 

5 ,000  

$ 74 ,000



CHAPTER VI 

C O N CLU SIO N S AND RECOMMENDATIONS 

Conclusions

On the basis of the findings from this p lan t sca le  investiga tion , the following

conclusions are  drawn:

1. It has been dem onstrated conclusively th a t the S tilw ell canning  wastes can be 

trea ted  successfully by a tw o-stage ac tiv a ted  sludge process, w ithout pH adjust­

m ent of the incom ing w astes.

2 . The tw o-stage ae ra tio n  process is very stable and capab le  of accep ting  shock loads 

w ithout being adversely  a ffec ted  and provides high rates of removal with high 

trea tm ent e ffic ie n c ie s .

3 . The tw o-stage ae ra tion  process is a flex ib le  system allow ing adequate  capacity  

for varying w aste loads; th a t is, the units can be operated  ind iv idually  or in 

com bination to  m atch the flow and strength varia tions. This provides high trea t­

m ent e ffic ien c ie s  a t  the lowest operational cost required to  m aintain  a good 

receiv ing  stream q u a lity .

4 . Any one of the  un its , such as the minimal solids (high loading) u n it, can be 

s tarted  up read ily  by recycling  the mixed liquor from one of the operating  units.

186
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5 . The final c la rifie r is inadequate  a t the peak flows. During the peak processing 

season the retention time is os low as 1 .15  hours.

6 . Substrate removal rates in the minimal solids (high loading) unit follow zero  order 

k in e tics . An overage COD removal of 90%  was obtained for potato wastes and 

84% for vegetab le  w aste. About 50% of the COD removed can be a ttrib u ted  to 

b io -p rec ip ita tion  and se ttlin g .

7 . The extended aeration  unit was very successful in effluent polishing. The average 

p lan t soluble COD were 8 4 ,4 4 , and 33 m g/l for sw eet potato  and vegetab le  

wastes, Irish potato and vegetab le  w astes, and vegetable wastes a lo n e , respec­

tiv e ly . The corresponding BOD was about 20% of the COD values, which ind i­

ca ted  biodegradable organic removal for the system of g reater than 99% ,

8 . M athem atical models for organic removal k inetics have been established and can 

be used as a guide line for the future design.

9 . The biosolids growth ra te  of sweet potato  wastes was found to be 0 .617  lbs of VSS 

per lb of COD removed, based on laboratory bench scale  studies.

10. Foaming problems in aera tion  basins can be controlled  by m aintaining a MLVSS 

level of a t  least 2000 m g /l .

11. Loss of sludge from final c la rifie r during the processing of sw eet potatoes was a 

result of a nitrogen defic ien cy .

12. A TKN/VSS ratio  of 5% in the sludge is required in order to control sludge 

bulking.

13. Temperature e ffec t was not s ign ifican t during the course of study.

14. The receiving stream m aintained an average DO of 5 .6 3  m g/l for the en tire  stream
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reach for the en tire  canning season.

15. The rapid fluctuations in flow and waste strength resulting from the frequent 

changes in products processed negated the re liab ility  of a laboratory model in 

simulating a fu ll-sc a le  system and , therefore, they w ere not pursued.

16. Solids handling fa c ilitie s  in the system are not ad eq u a te .

17. The anaerobic d igested sludge has a rubber-1 ike consistency which may make 

it unsuitable as a good soil conditioner.

18 . The rate o f digestion is extrem ely slow; therefore, the use of anaerobic ponds 

for solids disposal from a cannery waste treatm ent p lan t is not econom ically 

feasib le .

Recommendations

Based on the results from this study the following changes an d /o r additions

are  recommended:

1 . A solids disposal fa c ility  o ther than anaerobic ponds should be added to this 

system. The recommended process is primary sedim entation followed by vacuum 

filtra tio n . The filte r  would be used to dew ater the return sludge as well as the 

sludge from the prim ary c la r if ie r . The f ilte r  cak e , until a  m arket can be  de­

veloped, will be disposed of in the existing sanitary  land f il l .

2 . A study should be in itia ted  to find econom ical uses o f solid waste product, 

w hich, w hile processing some products, amounts to more than 40 percen t of the 

row product purchased.

3 . A second final c la rif ie r should be added to the system. It should hove a c ap a ­

city  large enough to increase the combined re ten tion  time of both final c la r ifers
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to four hours.

4 . The inplont piping should be improved to allow  the operation  of each unit se­

p ara te ly  in para lle l or in series.

5 . A w ater savings and reuse study should be undertaken to decrease the w ater 

dem and. It is an tic ip a ted  the w ater demand could be decreased by a t  least 

30 p ercen t, and  probably 50 percen t or m ore.

6 .  A study o f this m agnitude should be spread over a  longer time period , a llow ­

ing for two processing seasons. This cannery processes a  varie ty  of vegetables 

and fru its, some over a  very short period o f tim e, w hich makes it d ifficu lt to 

obtain enough da ta  to reach sound conclusions.
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