
South Dakota State University South Dakota State University 

Open PRAIRIE: Open Public Research Access Institutional Open PRAIRIE: Open Public Research Access Institutional 

Repository and Information Exchange Repository and Information Exchange 

Electronic Theses and Dissertations 

1974 

Investigation of the Anaerobic-Aerobic Treatment System Treating Investigation of the Anaerobic-Aerobic Treatment System Treating 

Potato Processing Wastes, Midwest Foods Corporation, Clark, Potato Processing Wastes, Midwest Foods Corporation, Clark, 

South Dakota South Dakota 

William J. Trygstad 

Follow this and additional works at: https://openprairie.sdstate.edu/etd 

Recommended Citation Recommended Citation 
Trygstad, William J., "Investigation of the Anaerobic-Aerobic Treatment System Treating Potato 
Processing Wastes, Midwest Foods Corporation, Clark, South Dakota" (1974). Electronic Theses and 
Dissertations. 4772. 
https://openprairie.sdstate.edu/etd/4772 

This Thesis - Open Access is brought to you for free and open access by Open PRAIRIE: Open Public Research 
Access Institutional Repository and Information Exchange. It has been accepted for inclusion in Electronic Theses 
and Dissertations by an authorized administrator of Open PRAIRIE: Open Public Research Access Institutional 
Repository and Information Exchange. For more information, please contact michael.biondo@sdstate.edu. 

https://openprairie.sdstate.edu/
https://openprairie.sdstate.edu/
https://openprairie.sdstate.edu/etd
https://openprairie.sdstate.edu/etd?utm_source=openprairie.sdstate.edu%2Fetd%2F4772&utm_medium=PDF&utm_campaign=PDFCoverPages
https://openprairie.sdstate.edu/etd/4772?utm_source=openprairie.sdstate.edu%2Fetd%2F4772&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:michael.biondo@sdstate.edu


INVESTI GAT I ON OF THE ANAEROBI C-AEROBIC TREATMENr SYSTEM 

TREAT ING POTATO PROCESS I NG WASTES 

MIDWEST FOODS CORPORAT I ON 

CIARK , SOUTH DAKGTA 

SOUTH DAKOTA STATE UNIVERSITY LIBRARY 



INVESTIGAT ION OF THE ANAEROBIC-AEROB IC TREATMENT SYSTEM 

TREAT I NG POTATO PROCESS I NG WASTES 

MIDWEST FOODS GORPORATI ON 

CIARK , SOUTH DAKOTA 

by 

W ILL IAM J .  TRYGSTAD 

A t hesis subm i t ted 
i n  par t i a l  ful f i l lment o f  the requirements for t he 

degree o f  Master of · S c i ence , Major i n  
C iv i l  Eng i neer ing , South Dakota 

S tate Univers i t y  

1974 



INVESTIGAT I ON OF THE ANAEROBI C-AEROBI C  TREATMENT SYSTEM 

TREAT ING POTATO PROCE SS I NG WASTES 

MIDWEST FOODS CORPORATI ON 

CLARK , SOUTH DAKOTA 

Th i s  thes i s  i s  approved as a cred i tab l e  and i nde pendent in-

ves t i gat i on by a cand i date for t he degree , Mas ter o f  S c ience , and i s  

acceptabl e  as meet ing the thes i s  requirements  f o r  t h i s  d e gre e .  A c -

ceptance o f  t h i s  thes i s  d o e s  not imply t ha t  t he conc lus i ons reached 

b y  the cand i date are nec�s s ar i ly t he conc lus i ons of the major depart -

ment . 

(/ Major Adv i s er ' Date 

Head , Civi-;:- En�eer i  De partment Date 



ACKNOWLEDGMENTS 

The au thor expresses appr e c ia t ion to Pro fe s s o r  Dwayne A .  Ro l lag 

and Dr . Jame s N .  Dornbus h for t he i r  adv i ce and s ug ge s t i ons made dur i ng 

the cour s e  o f  t h i s  i nves t i gat i on . 

Appr e c i at ion i s  a l s o  extended to Wayne ( Bu s ter ) A l t f i l l i s c h  and 

Joe Roe of Midwe s t  Foods Cor porat ion for t he i r  cooperat ion and as s is -

tance dur i ng t he s tudy . A s pe c ia l  thanks i s  e x te nded t o  Peg gy Ph i pps 

for her as s i stance in  the sampling progr am a nd for obta i n ing t he flow 

meas ur eme n t s . A s pe c ia l  t hanks i s  also  extended to Char les T i l trum 

for per form i ng the n i t rate a nalyses . 

Thi s  s tudy was suppor t ed , i n  par t , by a n  Env i r onmental Prot e c t i on 

Agency-Wat er Qua l i ty Off i ce Tra i nee s h i p  Grant , No . 5T l -WP-2 72 . 

WJT 



TABLE OF CONTENTS 

INTRODUCT I ON 

L ITERATURE REV I EW 

page 

1 

5 

Potato Was te Character i s t i c s  . . . . . .  . . . . .  . . . . • .  • . . . • . . . . .  . . .  5 

Proc e s s  Changes to Reduce Wa ste Charac t e r i s t i cs . . . . • . . . . . .  8 

Pr imary Treatment Me thods 9 

Secondary Treatment Met hod� . . . . . .  : . . . . .  . . . • . .  . . . . . . • • . . . • .  11 

Anae r o b i c -Aerob i c  Lagoon Systems . . . . . . . . . . . . . . . . . . . . . . . . . . 14 

Theo ry o f  Anaerob i c -Aerob i c  Pond Treatment . . . . . . . . . . . . . . . . 16 

Anaer o b i c  lagoon 16 

Aerated lagoon . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . 1 8  

S t ab i l i zat ion Ponds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 

D�SCR I PT I ON OF THE PROCESS I NG PI.ANT AND TREATMENT FAC I L IT I ES. . . .  23 

Pro c es s i ng Plant . . . . . . . . . . . . . . . . . . . . . . . . . . . · . . . . . . . . . . . . . . .  23 

Proce s s i ng Al terat i ons S i nce Apr i l , 1 9 72 . �  � · · · · · · · · · · · · · · · 26 

De s c r ipt ion of  the Treatment Fa c i l i t i e s  . . .  . . . . . . . . . . . . • . . .  28 

Tr ea tme n t  Fa c i l i ty Improvement s  S i nc e  Apr i l , 1972 . . . . . . . . . 30 

MEI'HODOLCXiY . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . .  � . . . . . . . . . . . . . . . . . . . . 32 

Sampling Procedur es and Frequency . . . . . ... . . . . . ..... . .... . . 32 

Flow Measurements . . . . . . . . . . . . . . . . . . .  · . • . . . • . . . • . . . . . . . . . • . . 34 

Ana lyt i ca l  Determ i na t ions and Procedure s  . . . • • . . . . . . . • . . • . •  35 

RESU LTS AND D I S CUS S I ON . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  38 



Table o f  Contents  (Cont inued ) 

Page 

Cond i t i on o f  the Tr eatment Un i t s  Pr ior to the  1 973-74 

Campa ign 38 

Quant i ty o f  Raw Was t e  Stream s .  . . . . . . . . . . . . . . . • . . . • • . . . . . . . . 39 

Qua l i ty o f  the Raw Was t e  Streams . . . . . . . . . . • . . . . . . . . . . . . . . • 41 

Raw Wa s t ewater . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . • . . . . . . . . 4 1  

Flume S i l  t -\Va t e r  . • . . . . . . . . . . . . . . . . . . . . . . . .  · .  . • . . . . . . . . . 48 

Anaerob i c  Lagoon Per forman ce 5 0 

Aerated Lagoon Performance . .  . . . . . . . . .  . . . . . .  . . .  . . . • . . . . . . . .  5 6 

S tab i l i za t i  on Pond Per formance . . . . . . . . . . . . . . . . . . • . . . . . . . . . 6 3  

Adequa cy o f  the Exi s t i ng System . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 5 

SUMMARY AND CONC LU S I ONS 6 9  

RECOl\11\iENDAT I ONS . . . . . . . • . . . . . • . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 72 

LITERATURE C I TED • • • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 73 

APPEND IX I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  77 
Summary o f  Resul t s  Pr i or to the 1973-74 Campa i gn 

APPEND I X  I I • • • • • . • • . . . • . . • • • • • • • . . . • . • . • . . • . . • • • . . . • . . • . . . . • • • • 78 
Summary o f  Resul t s  From Each Po int o f  Samp l i n g  

Dur i ng Pr oces s i ng Season at Midwe s t · Foods Cor pora t i on 
C lark , South Dakota 

S ep tember 1 4 , 1 973-November 9 ,  1 973 

APPEND I X  I I I  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Raw Was t e  F l ow vs Probab i l i ty of  Occur r e n ce 

Midwes t Foods Corporation 
Clark , South Dakota 

Oc tober 1 8 , 1 973-November 1 4 , 1 97 3  

82 



Table o f  Contents  ( Con t i nued ) 

APPEND I X  I V  

APPEND I X  V 

APPENDI X  V I  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Flow Measurements 

Midwe s t  Foods Corporat ion 

Clar k , South Dakota 
1 973 

Summary of 1 973 Potato Produc t io n  

on Sampling Dates 
Midwe s t  Foods Corporat ion 

C lar k , South Dakota 

Leas t Square s  Analy s e s  o f  Relat ionship Be tween BOD5 and COD 
M i dwe s t  _Food s Corporat i on 

C lark , South Dakota 
1 973 

Page 

8 3  

8 4  

85 

APPEND I X  V I I . . . . . . . . . . . . . . . . . . . . . . . · . . . . . . . . . . . . . . • • • . . • • . • . . . . .  8 8  
Results  o f  Analy s e s  o f  Flume S ilt -Wa ter , 1 973 

APPEND I X  V I I I  . . . . . . . . . .. . . . . . . . . . . . .  . . . . . .  . . . . . . . . . . . . • . . . . • . . . •  8 9  

APPENDI X· IX 

Leas t  Squares Ana l y se s  o f  
Factors  A f fe c t i n g  the Per formance 

of t he Aerated Lagoon 

. . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Summary o f  Ave rage Loading Rates to the Tre at me n t  Uni t s  

Midwe s t  Foods Corporat i on 
Clark , South Dakota 

. 1973 

APPEND IX X 
Summar y  o f  Raw Was te BOD5 , COD and Suspended Soli d s  Load ings 

Midwe s t  Foods Corpora t i o n  

C l ark , South Dakota 
1 973 

9 1  

92 



LI ST OF TABLES 

Table Page 

1 Compo s i t i on of an Ord i nary Wh i te J>otato . . . .  . . . . . . . . . . . . . . . 6 

2 Ave ra ge Potato Pr o cess i ng Was te Char a c te r i s t i c s  . . . . . . . . . . . 7 

3 BOD5 Load i ngs , Hy draul i c  Load i ngs , De tent i on T imes , 

4 

5 

and P i lot P lant Ef f i c ienc ies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5  

Fr equency o f  Ana lyses 36 

Ana l y t i c a l  Procedures Used . . . . . . � . . . . . . . . . . . . . . . . . . . . . . . .  . 37 

6 Ave rage Ana ly t i ca l  Res u l t s  Pr ior to the 1 97 3 - 7 4  Campa i gn . .  39 

7 Was tewater F l ows , Midwes t Foods Cor por a t i o n  . . . . . . . . . . . . . . .  40 

8 A Compa r i s on o f  Was te Stream Character i s t i cs . . . . . . . . . . . . . .  44 

9 Average Resul ts o f  Analyses on F lume S i l t -Wat e r  . . . . . . . . . . . 49 

10 Anaer o b i c  Lagoon Per formance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 1  

1 1  Aerated La goon Per formance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 7  

1 2  S t ab i l i zati on Pond Per formance . . .' . . . . . . . . . . . . . . . . . . . . . . . . .  6 4  

1 3  Overal l  Treatme n t  Sy stem Eff i c i enc ies  . . . . . . . . . . . . . . . . . . . . .  6 6  



Figur e 

l ' 

2 

L I ST OF F IGURES 

P o t a to .Pro cess ing Plant F l ow Diagram a t  Midwe s t  

Food s Cor porat ion , Clark , South Dakot a  . . . . . · · · · · · · · · � · · · 

S chemat i c  F l ow Diagram of the Treatme n t  S y s t em At 

Midwe s t  Foods I l lus trat ing the Seven Samp l i ng Po i n t s  

3 Char ac t er i s t i cs o f  Raw P otato Wa ste , M i dwe s t  Foods 
Cor por a t ion , Clark , Sout h  Dakota , S ep t ember 1 4-

Page 

24 

29 

Novembe r  9 ,  1 9 7 3  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 4 3  

4 Average Removal s  O b t a i ned by the Var i ous Treatme n t  
Un i ts Based o n  Raw Wast e  Charac t er i s t i c s  . . . . . . . . . . . . . • . •  6 7  
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I NTRODUCT I ON 

The pot a t o  i s  one o f  t he few foods prov i d e d  by nature t hat i s  

capab l e  o f  nou r i s h i ng t he grea t popu l at ions o f  t he wor ld. The potato 

provides many nut r i ent s e ssen t ia l  to man , i n c lud i ng carbohy drate s ,  

fats , pro t e i ns , i ron , magnes ium , v i tam i n  C and t he B-v i tam ins o f  

n �ac in , t h i am i n , and r i bo f l avin  ( 1 -2 18 ) . A l though potatoes a r e  a 

nour i s h i ng food , per cap i ta consumpt ion in t he Un i te d  S ta t e s  has d e -

cli ned from a p e a k  o f  1 9 5 pounds per cap i t a  i n  1 9 10 t o  a l ow o f  100  

pounds pe r cap i ta i n  1 952 ( 2 ) .  S ince t ha t  t ime , consumpt ion has s hown 

a n  i ncrease and was 1 1 7  pounds per cap i t a  i n  1 9 6 7  ( 3 ) . An impor tant 

factor in the per cap i ta dec l i ne in potato consumpt i on was the de­

ve l opmen t  of  var i ous subs t i tute food produ c t s  r e su l t ing f rom advances 

in food-pr oce s s ing tec�no l ogy . The i ncrease in pe r cap i ta consumpt ion · 

cou l d  be a t t r i buted to t he deve lopment o f  spe c i a l t y  i tems su ch as 

frozen French f r i e s , hash browns , and dehydrated pot atoes ( 2 ) .  

The annua l produ ct ion o f  raw pot atoes i n  t h e  Un i ted S tates  has 

exhi b i te d  a marked i n crease s i nce 1 9 5 1 when 9.75 m i l l i on tons were 

produce d. By 1 9 6 6 , t he product ion had increas e d  t o  greater t han 1 5 

m i l l i on tons , or an i ncrease o f  approxima te l y  5 5  per ce nt i n  1 5 years 

( 4 ). Ut i liz ing a s tudy in the Pac i f i c  Nor t hwe s t , t he Depar tment o f  

I n te r i o r  has p re d i ct e d  t hat po tato product i o n  w i l l  i n crease by 8 3  per­

cent dur ing t he 20 -year period from 1 9 65 to 1 985 ( 5 ) .  
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The rap i d  · i n c rease in raw po tato produc t ion has bee n  a c compa n ie d 

by an even grea t e r  i ncrease in  t he amount o f  proce s s e d  pota toes. In 

1 946 , onJy 4.6 percent of  t he annua l potato produ c t ion was proc e s s e d 

i n t o  spe c ia l t y i tems . By 1 9 60 , 32 �er cent o f  the  t o t a l  po t a to c r op 

wa s be i ng pro c e s s e d  ( 6) .  Pred i c t ions for 1 9 70 wer e  t ha t  mo re t han 5 0 

per cent o f  the  raw po tatoe s would be process ed into  potato food pro-

duc t s  ( 2 ) .  

Approx ima te l y  36 pe rcent o f  the  po tatoe s  pro ce s s e d  in 1 9 64 con-

s i s ted of frozen potato produ c t s  ( 1 - 340 ) .  Pre d i ct i ons by DuPont i n -

d i cate t ha t  b y  1 9 76 , ove r 3926 m i l l ion pounds o f  f ro ze n  po tato produ c t s  

wi l l  b e  produced . Th i s  would repre sent an i n c rease o f  1 70 percent over 

the 1966 product ion o f  1460 m i l l i on pounds ( 4 ) . A c co r ding t o  the  De -

par tme n t  o f  I n t e r i or, frozen and dehydra t ed po t a t o  produ c t ion wi l l  

i ncrease by 25 0 per cent from 1965 t o  1 985 ( 5). 

F rom the s ources c i te d  above , i t  is appa r e n t  that t he po ta t o  in--

dus t r y  has und e r gone a major c hange dur i ng t he past 2 5 year s . To in-

crease produ c t  a c ceptance, many new i ndus t r ia l  pro c e s s e s  have be en 

deve l oped. A cons i derable amount o f  was t e s  has been generated from 

many o f  t hese rtew proce sse s . Gar examp l e, o n ly 30 t o  45 pounds o f  

f rozen French fr i es are obta ined from 1 00
. 

pounds o f  r aw po tatoe� 
( 1 -35 1) . �s a-re su l t , 5 5  to 70 pounds o f  so l i d was t e  are g enerate d  

pe r  1 00 pounds o f  raw potatoes proce ssed  in  addi t i on t o  seve ra l  waste­

wa ter s treams asso c iated w i t h  the var i ous s teps of product i o3. �tate 



and Federal l aws requ i r e  t hat the d i sposal o f  these  was tes be ac ­

compl i s he d  wi t hout harm i ng the na tura l env i r onment] 
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Var i ou s  me thods o f  t reat i n g  these po tato proc e s s i ng was tes have 

been u t i l i ze d  dur ing the pas t  2 5 years. �e o f  t h e s e  me t hods has been 

anaero b i c -ae rated l agoon s y s t ems However , ve ry l im i t e d  data i s  

ava i l a b l e  re gard ing the e f f e c t ivene ss o f  anaero b i c-aerated lagoons 

in  trea t i ng po tato was te s . Mi dwe s t  Foods Corpor a t i on ( forme r ly Fa ir­

f i eld Produ c t s , Incorporateg ) ,  Clark, Sou t h  Dakota , u t i l i zes such a 

sys tem to treat the wastewater generated from t h e  pr odu c t i on o f  frozen 

Fre n c h  f r i e s . A previous s tudy of th is s y s t em by Hag i n ( 7 )  in 19 71 

and 1 9 72 y i e lded very l i t t l e  i n fo rma t i on r egard i ng t he adequacy o f  

t he trea tme n t  sys tem be cau s e  t he treatme nt un i t s we re ove r loaded or­

gan i cal l y . There fore , Hag i n  r ecommended add i t i onal s tu d i e s  when t he 

u n i t s  had re covered from 't he over loaded cond i t ions . 

Evidence o f  recove ry was f ir s t  no ti ced i n  Mar ch ·, 19 7 3 , and aerob i c  

cond i t ions prevai led i n  t he s tabi l iza t i on pond � t  t h i s  t ime . The 1973-

74 was te·d i s charge perm i t  i s sued by the Sou t h  Dak o t a  Boar d  o f  Envi ron­

menta l Pro te c t i on requ i red Midwe s t  Foods Corpo ra t i o n  to mon i tor i t s  

wa ste d i s char ge s  and load ings t o  -t he var ious tre a tmen t  uni t s . Con­

s i de r i n g  the need for further s tud ies as recommende d by Hag i n  and 

other s  (4 ) , the mon i tor i ng program.represente d an oppor tun i t y to 

determ i ne t he va lue of a naerob i c  pond s and f l ow-through aera t i on 

bas ins for t h e  treatment o f  po tato pr ocess ing was t e s  a t  very l i t t le 



add itiona l  expens e. Based on these factors , the stud i e s  d e s c r i bed 

he r e i n  we re author ized . 

The obje cti ve s  o f  th i s  i nvest i gat ion o f  the anae r ob i c -aerated 

lagoon t r ea tment system empl oyed by Mi dwe st Foods Corporat ion we r e  

t o  determine t h e  fo l lowi n g : 

1. the cond iti on of the treatment un its pr i or to the 1 9 73 - 7 4  
proces s i ng season , 

2. the quant i ty and qua l ity of the r aw waste s e nte r i ng the 

treatment s ystem in te rms o f  the amount of potatoe s  pro ­
ce s s e d , 

3 .  the remova l e f f i c iencies  obta i ne d  by the treatme nt un its 

dur i ng the 19 7 3 - 74 campa i gn , and 

4. the ove ra l l  su itab i l ity of the anaerob i c  la goon-aerated 
lagoo n - stab i l i zation pond system for tr eating wastewate r 
f r om Mi dwest Food ' s froze n French f r y  pro ce s s i ng p lant. 

4 
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LITERATURE REV I EW 

The performance of  was tewater fac i l i t i e s  treat i n g  potato-

proce s s ing was te s  r epor ted i n  the  l i terature shou l d  be inc luded in  

evalua t i on o f  the adequacy of  the  was tewa te r  trea tment s y s t em at Mid­

we s t  Food s Cor pora t i on .  Al so fa ctors a f f e c t ing t he per formance o f  

t he s pe c i f i c  t re a tment un i t s  emp l oyed b y  Midwe s t  Foods Cor por at ion 

s hou ld be pre sented to a i d  in the d i s cu s s ion o f  the  re sult s obta i ned . 

The l i t e ra ture review that fo l l ows was conducted for t hese pur pos e s  

as  we l l  as to a l l ow a compar i son o f  the c harac t e r i s t i c s  o f  t he was t e -

water from M i dwe s t  Foods w i t h  t h o s e  o f  o t he r  po tato-proce s s i ng 

p l an t s . 

Potato Was t e  Charac ter i s t i cs 

[!'he ave ra ge compos i t ion o f  a wh i te potato i s  pres ented i n  Ta b le 

1 .  F r om t h i s  tab l e  i t  can be seen that 7 7 . 5  pe r ce n t  o f  the who l e  

potato ts wa te r a n d  o n l y  22 . 5 pe r cent s o l i d  ma t te r  <sj f1so , t he 

ave rage carbohy drate content i s  1 9. 4 per cent of  t he t o t a l  we i gh t , w i th 

an ave rage o f  2 . 0 per cent prot e i n . Be cause car bohydrates do not con­

ta in n i t r o gen , it i s  no t c lear l y  ev ident  from Tab l e  1 whe t he r t he 

prote i n  n i trogen i n  the potato i s  pre sent i n  quant i t i e s  s uf f i c ient  to 

prevent a nut r ient de f i c i ency i n  a was tewat er cont a i n in g  o n l y  potato 

s ol i d s] 



Tab 1 e 1 (1 ) (  8 )  

Compos i t i on o f  an Ord i nary Wh i t e  Potato 

I tem Range Aver age 

( pe r cent by we ight ) ( pe r cent by we i gh t ) 

Wa t e r  6 3 . 2 - 8 6 . 9  7 7 . 5 

To tal S o l i d s  '1 3 . 1- 36 . 8  2 2 . 5 

Pr ot e i n  0 . 7 -4 . 6  2 . 0  
Fa t 0 . 02 -0 . 96 0 . 1  

To tal Car bohydrate 1 3 . 3- 30 . 5 19 . 4  

Crude F i ber 0 . 1 7 - 3 . 48 0 . 6  

As h 0 . 4 4-1 . 9 1 . 0  

[:he was t e s  from proces s i ng potatoes cons i s t  mai n l y  o f  potato 

s o l i d s  and mater i a l s  adde d dur ing proces s i ng s u c h  a s  caus t i c pee l  

s o lu t i ons , o i l s and detergents (7)] A c cord i ng t o  Gu t t orms en and 

Car l s on ( 5 ) a nd S prou l , Ke shavan , Ha l l  and Bar ne s  ( 9 ) ,fn average o f  

approx ima t e l y  6 0  pounds o f  sus pended sol i d s  and 50 pounds o f  b i o -

chem i ca l  oxygen demand ( BOD5 ) are produced per t o n  o f  raw potatoes 

6 

pro c e s s ed] Dos ta l  repor ted the average s creened was te c haracter i s t i cs 

per ton o f  potatoes proces sed as  4200 ga l lons o f  water, 90  pounds o f  

BOD5 , 210 pounds of chem i ca l  oxygen demand ( COD ) , and 110 pounds o f  

suspended s o l i d s  ( 7 ) . I t  i s  ev i dent from a c ompar i s on o f  t hese va lues 

that the quan t i t i es o f  waste vary from p lant to p lant . 

Tab l e  2 i n c ludes a l i s t ing o f  the average was t e  cha racter i s t i cs 

for plants  u t i l iz i ng we t- caus t i c  and dry-cau s t i c  pee l ing pro ce s s e s . 
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The va lue s  a r e  typ i ca l  for the process wat e r  compose d o f  c aust i c  

po tato pee l , ba r re l -wa she r  d i scharges , a n d  c le anup wat e r  ( 1 1 ) . From 

t h i s  table , [i t i s  o bvious that t he waste cha r a c ter i st i c s are dependent 

upon the type of pee l i ng process ut ilize� By r emov i ng t he caust i c  

pee l i ng waste f rom t he wastewater stream and subst i tut i ng d r y - caust i c  

for we t -caust i c  peel i ng on l y  one -t h i r d  the f low a n d  t wo - t h ir d s  the 

BOD5, COD , and suspended sol i d s  pe r ton o f  raw pot atoe s processed are 

produced . A l so, t he t y pe 0£ potato produ c t  and ext e n t  to wh i ch in-

p l ant mod i f i ca t ions for wa ter  conserva t ion have been a dopted will also 

i n f luence the waste cha r a c te r i st i cs of a par t i cu la r  p la n t  ( 6 ) . 

Tab le 2 

Aver age Pota to Processing Waste Cha r a c te r i st i cs 

P a r ame t e r  

F l ow ( gai/ton raw 
BOD5 C mg/l ) 

Obs/ton ) 
COD 'Cmg/ l ) 

Obs/ton ) 
Suspended Sol i d s  

pH 

potatoe s )  

( mg/l ) 
( l bs/ton ) 

We t -Caust i c  Dr y-Caust i c  
Pee l i ng ( 7) Pee l i ng ( lO )  

45 00 1 6 6 6  
1 75 0 2 879 

65 . 7  40 
2 700 4 5 12 

1 0 1 . 3  62 . 7  
2 6.00 45 99 

9 7 . 6  63 . 9  
1 1 . 0  10. 8 

_ �lume si l t -wa t e r  i s  the second major waste st ream der ived from 

proce ssing raw pot atoe s .  The flume s i l t -water  was t e  o r i g i na tes from 
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�a s h i n g  the po ta toes and u s i ng water to transport  them i n  a f lume ( 1 1 ) .  

F l ume s i l t -water  i s  h i gh i n  suspended s o l i d s  but conta ins  on ly a sma l l  

amount o f  o r gan i c  mat ter ( 5 ) ( 8 ) . Grames and Kue neman ( 6 ) r e por ted that 

12 00 ga l lons of f lume and wa s h  water are d i s charged per t o n · o f  raw 

potatoes proces sed . The f lume s i l t -water had a n  average s u s pended 

s o l i ds concentrat i on o f  20 , 000 mg/l . The amount of s o l i d s  present in 

the s i l t -wa ter wi l l  vary wi t h  the type o f  s o i l i n  wh i ch t he po tato i s  

grown and t he mo i s ture cont�nt o f  the so i l  dur i ng harve s t  ( 6 ) . At  the 

R .  T .  French Company i n  She l ley , I daho , t h e  s i l t -wa ter average sus -

pended s o l i d s  concent rat i on was 13,2 40 mg/ l . A c l ar i f ie r - t h i ckene r 

was ut i l i ze d  to remove the suspended s o l i d s  and produced an average 

reduct i on o f  72 per cent . F o l l owing c l ar i f i ca t i on , t he dewat ered s i l t 

s o l i d s  were found to be very a c ceptable as  l and f i l l  mate r ia l  ( 11 ) . 

Pr o ce s s  Changes to Reduce Wa s t e Characte r i s t i cs 

One me t hod o f  redu c i ng the s t rength o f  potato -proce s s i ng was t es 

i s  t o  remove the caus t i c  pee l i ng was tes from t he was t ewate r s tr eam . 

It  has been e s t imated t hat 80 pe r cent o f  t he p lant BOD5 or i gi nates  

from t he pee l i ng proces s  ( 12 ) .  At a potato-proces s i ng plant i n  Nor t h  

Dako t a , remova l o f  the caus t i c  pee l  resu l ted i n  a n  a ctua l BOD5 re -

duct ion o f  about 5 0 pe r cent ( 1 3 ) . Fur t he rmore , the BOD5 l oa d i ng rate 

t o  the s tab i l i za t i on ponds was reduced to 90 pounds/acre/day . 
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Ave rage was te characte r i s t i c s  may a l s o  be reduced by ut i l i z i n g  the 

dry - caus t i c  peel i ng proce s s  in p l ace o f  t he conven t i onal we t -caus t i c  
\ 

pee l i ng proces s .  Cyr ( 1 0 )  reported tha t  pee l l o s s , amount o f  caus t i c , 

and BOD5 and sus pended s o l ids load i ngs were mar ke d l y  reduced by ut i l i -

za t ion o f  the dry - caus t i c  pee l i ng proce s s . Wat e r  usage was reduced to 

approx imate l y  one - four t h  o f  ·t hat used i n  the wet - caus t i c  pee l i ng pro-

cess . Fur thermore , the pounds of BOD5 d i s char ged per ton o f  raw . 

potatoes proce s s e d  was appr�x imately  four and one-ha l f  t ime s h i gher for 

t he we t -caus t i c  pee l i ng proce s s  ( 1 0 ) . 

Water conse rvat ion, wa ter rec i r cu l at i on and by-produ c t s  re covery 

accounted for a r edu ct i on o f  over 5 0 . per cent in p l an t  BOD5 , 3 0  per cent 

i n  suspended s o l i d s  and approx imate ly 1 0  per cent i n  wa ter  usage at a 

Ma i ne potato processing p lant ( 1 4). Removal o f  potato p i e ce s  from the 

was t e  s tr eam w i l l  prevent an i ncreas e i n  BOD5 due t o  l each i ng o f  o rgan-

ic mat ter f rom t he potato s o l i ds ( 5)( 9). I t  i s  e s t imated t ha t  one 

pound o f  d ry po tato s o l ids  wi l l  exert a BOD5 o f  0 . 45 pounds ( 1 ) . 

There fore , d r y  hand l ing o f  a l l  s o l i d  was t e s  w i l l  prevent lea c h i ng and 

r educe t he Boo5 l oad i ng to the treatment sys tem . 

Pr imary Treatment Me thods 

�Scree n i ng of the was tewater st ream i s  e s s en t i a l  t o  prevent 

pluggi ng of p i pes and damage to pumps by large p i e c e s  of potatoes] It 

has been reported t hat s creens f i ner t han 20 -me s h  tended to b l i nd 



1 0  

a l though s cr eens o f  2 0 -me s h  removed approxi mat ely 2 5 percent o f  t he 

suspended s o l i d s and 1 0  to 15 percent ·o f  the BOD5 i n  the  p l an t  e f -

f luent ( 6 ) . I n  another repor t , 35 per cent o f  the suspended s o l i d s  

and 2 7  percent o f  t he BOD5 wer e removed us i ng a 1 0 -mes h  s creen ( 9) .  

The i nves t igators d i d  not comment on the prob lem o f  s creen c lo g g i ng . 

. C-nue to the h i gh concentrat i on o f  s e t t l e a b l e  s u s pe nded s o l i d s  

present i n  potato was tes , sed imentat ion has proven to be an e f fe c t ive 

pr i mary t reatment met hod . Sed imentat ion un i ts var y from s imple 

s et t l i ng ponds to s oph i s t i cated mechan i ca l  c lar i f i e rijC5 ) .  Grames and 

Kue neman ( 6 )  have
l
_
:
_e por ted BOD5 remova l s  of approx imate l y  90 per cent 

in a se t t l i ng pond under qu ies cent cond i t ions . Howeve r , t he bui l d -up 

of s o l i d s  cou l d  neces s i tate . dredg i ng ope rat i on s  whi ch are u s ua l l y  ac-

compan i e d  by obnox i ous odors . 1 These fact o r s  make the mechan i ca l  

......... 

c lar i f i er more de s ir a b l e  ( 7) .  

�chan i ca l  c lar i f iers  have produced var i ed r e su l t s  und e r  var i ous 

ove r f l ow r a t e s. One me chan i ca l  c lar i f ier r e ce iv· i ng potato was t e s  at 

an ove r f l ow rate of 800 ga l l ons/day/square foot a c h i eved a 41 per cent 

remova l of BOD5 and a 73 per ce nt remova l of s u s pe nded s o l i d s  ( 5 ) .  An-

o t he r  mechan i ca l  c lar i f i e r  with  an over f low rate o f  7 3 0  ga l l ons/day/ 

s quare foot obta i ned a 62 percent COD remova l ,  9 3  pe r cent s u s pended 

s o l i ds r emova l and 95 pe r cent sett leab l e  so l i d s  remova l  ( 5 ) Th i s  

clar i f i e r  wa s p r e ceded by grease remova l fac i l i t ie s  and three ro tary 

s cr eens w i t h  f our7mes h  c l oth . Sproul , e t  a l . ( 9) be l i eve t ha t  BOD5 
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remova l s  be tween 5 0 and 70 percent �nd suspended so l i ds removals a s  

h i gh as 8 0  pe rcent may be obt a i ne d  b y  pr ima r y  s e d i mentat i on w i t h  ove r -

flow rates  i n  the range o f  600 t o  1000 gal l ons /da y/s quare foot . 

Gent r i fuga t ion has been proposed as a means o f  pr i mary t reatmen t  

b u t  i s  not a s  e conom i ca l  and dependable as convent i o na l  c l ar i f i ca t i on� 
I n  an a t t empt t o  i mprove pr imary c lar i f i ca t i on, chemi ca l  coagu lants 

have been added . S ignif i can t improvements i n  removal e f f i c i e n c i e s  have 

not been o b t a i ne d  ( 5 ) .  

0o lid s obta i ned dur i ng pr imar y clar i f i cat i on have proven to be 

nut r i t i ona l lYJequ ivalent to bar l ey ( 5 ) .  �r oper r a t i o n i ng o f  potato 

sol i d s  i n  cat t l e  feed has produced acce l erated we i ght  ga i ns i n  cat t l�� 

( 5 ) . I n  1 97 0 , these  potato s o l i ds wi th a 1 4- pe r ce n t  d r y  s o l i d s  content 

wer e  be i n g  s o l d  for approxima t e l y  $3 . 00 per ton ( 5 ) .  

Secondary Trea tment Methods 

The f i r s t  s tud ies o f  se cond ary t reatmen t  of pot a t o  proces s i ng 

was t es we re condu cted approx imate ly ten yea r s  ago i n  I daho ( 5 ) .  Fr om 

t he�e s tud i e s� �es i gn cr i ter i a  for a c t ivated s ludge , t r i ck l i n g  f i l te r , L-
and s tab i l i za t ion pond t reatme n t  me thods· wer e  dev e l op e� �d d i t i ona l 

inves t i ga t ions o f  anae rob i c  ponds and f low- throu g h  aerat ion bas i ns 

were recommended due to t he h i gh cos t s  as soc i a t e d  w i th a c t ivated s lu�ge 

I"' and tr i ck l i ng f i l t e r  ope ra t i ons. It was found t h a t  BOD5 r emovals i n  _J L_ 
exces s o f  9 0  per cent wer e  pos s i ble  for the comp l e t e l y -m ixe d a c t i va ted 
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s l ud ge proce s s  l oaded up to 15 0 pounds of BOD5/1000 cub i c  fee t/day .(5 0 , 

I n  a nother inve s t i gat i on ( 1 4 ) , i t  was found that at  a m ixed - l i quor 

suspended s ol i ds ( MLSS ) concentrat ion o f  4000 mg/l and detention time 

o f  s ix-to -e ight hour s t hat BOD5 reduct ions o f  9 5 per cent cou l d  be 

ach i eved by the comple t e l y -mixed act ivated s ludge s ystem at l oad i ngs 

above 300 pounds of BOD5/100.0 cub ic feet/day . In t h i s  s y s t em i t  was 

unne ce s sary to ad j u s t  the pH o f  the i n flue n t . Exce s s ive sludge pro-

du ction and nut r i e n t  add ition are problems a s s oc i a t e d  w i t h  a c t ivated 

s ludge tr eatment un i t s  ( 5 ) .  

�Performance data for ful l -s cale t r i ck l i ng f i l te r  s y s t ems t rea t i ng 

p-
potato was t e s  could not be found. However , �n a p i l o t - pl an t  study 

u t i l i z i ng t r i ck l i ng f ilters wi th art i f i c ia l  med ia , BOD5 r edu c t ions o f  

75 pe r ce nt we re o bta ined a t  a load in g  o f  4 0 0  pounds o f  BOD5 / l OOO cub i c  
...--

' 

feet/day ( 5 � Nut r i ent add ition was found advantageou s  but pH adj u s t -

rnents were no t r equ i r e d . Anae rob i c- f i l te r  p i l ot -s ca le s tud i e s  i n  

Idaho reve a l ed BOD5 removals o f  almo s t  7 0  pe rcent a t  a l oad i n g  o f  6 0  

I 

pounds o f  BOD5/1 000 cub i c  feet/day ( 5 ) I. _j 
In 1962, only three stabilizat i on ponds wer e  be i ng used to treat 

potato proce s s ing was tes  ( 5 ) .  (The med ian l oad i ng and d e t en t i on t imes L 

r'or the se ponds wer e  111 pounds o f  BOD5/ac r e /day and 105 days , r e -

spect ive ly� Treatment e f � i c ienc i es were not r e por ted . 
� 

,,.-. 
J.!owever , one 

pond was cons i d e r e d  e f fe ctive wh i le anothe r exh i b i te d  nu i s an ce odors . 

One stab i l i zation pond sys tem for treat ing dome s t i c  and po tato 
...._, 



13 

proce s s i�g was t e s was des igne d on the bas i s  o f  2 0  pounds o f  BOD5/ 

acre/day but i t  was be l i eved tha t  load ings o f  50 t o  6 0  pounds o f  BOD5/ 

acreiday cou l d  be hand led succe s s fully ( 13 ) . However ,  data wer e  not 

pre sented to subs tant iate t h i s  c la im. The usua l d e s i gn c r i ter ia f or 

s tabili zat i o n  pond s t reat ing dome s t i c  was tewa t e r  i s  2 0  pounds of BOD5/ 

acre/day w i t h  r e t ent ion t imes o f  2 0-12 0 day s ( 15 - 5 33 ) . 

Aera t e d  l a goon treatmen t  has a l s o  been s tud i e d . An expe r iment a l  

lagoon i n  No r t h  Dakota w i t h  � d e tent ion t ime o f  1 4  d a y s  obtained 8 5 

per cent BOD5 r e du c t i ons a t  tempe r atures  c l os e to o0c ( 5 ) .  I n  an 

aerated l agoon p i l o t  s tudy, BOD5 removal s  of 8 0  p e r c e n t  were obta i ne d  

a t  a de ten t i o n  t ime o f  7 . 8  days a n d  t emperature o f  7°C ( 5 ) . I nve s t i -

gat ions b y  t he R .  T .  French Company ind i cated t ha t  70 t o  8 0  per ce n t  ·o f 

the BOD5 may be r emoved by aerated lagoon t reatme n t  ( 11 ) . Fur ther 

s�ud ies u t i l iz i n g  pi lot lagoons at  the J .  R .  S i m p l o t  Company p lant in  

Idaho reve a l ed that pr�ma ry c lar if i cat ion fo l l owe d b y  aerob i c  lagoon 

t reatment r emoved 90 per cent or more of the BOD5 ( 4 ) . Chemi ca l  ad ­

d i t ions , pH con t r ol , and nut r ient  add i t ions we r e  not  r e qu i r e d  to o b­

ta in thes e  h ig h  r emova l e ff i c i e n c i es . A maximum load i ng rate o f  t e n  

pounds o f  Bon5;100 0  cub i c  fee t /day i s  re.commended for  an aerated ba s i n  

06 ) . 

fnae r ob i c  ponds have bee n  ut i l ized for pot a t o  proc e s s ing was t e s  

but l i t t l e  pub l i shed i n format i on i s avai lab l e  regard i ng t he e f f i c i ency 

o f  these un i ts . At leas t three ponds were i n  use  i n  19 62 and nu i s ance 

2 9 2 5 7 9 SOUTH DAKOTA STATE UNIVERSITY LIBRARY 
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odors were a s s o c iated w i t h  one o f  these ( 5 ) .  Hag i n  ( 7) r e por t e d  nega-

t i ve BOD5 , COD and sus pended sol i ds remova l s  f r om an anae rob i c  pond 

l oaded at 1 3 . 8  t o  2 9 . 2  pounds of  BOD5/1000 cub i c  f e e t/day w i t h  an 

average l oad i ng of 20 . 2  pounds of BOD5 /1000 cub i c  f e e t/day . A com­

p l et e l y -mixed anaerobi c pond loaded at e i gh t  pounds of BOD5/1000 cub i c  

f e et/day o b t a i n e d  an ave rage BOD5 removal o f  7 0  per cent ( 5 ) .  In  

p i lot -p lant s tud i e s  i nvo lv i ng pr imar y c lar i f i e rs i n  s e r i e s  w i t h  an 

anae r o b i c -aero b i c  l agoon sy s tem , BOD5 remova l s  g re a t e r  t han 90 pe r cent  

were  o b t a i ned w i t hout nutr ient add i t ion or pH a d j u s tmen t  ( 4) .  

Anaerob i c -Ae ro b i c  Lagoon Sys tems 

In 1 9 6 6, Dos tal ( 1 7 )  conducted a pilo t -plant s tudy a t  t h e  J .  R .  

S impl o t  Company was t e  treatment p lant i n  Burl e y , I daho . The t reatment 

s y s tem cons i s ted o f  s creen�ng foll owed by pr imar y c l ar i f i cat i on and 

anaer o b i c -aerob i c  lagoons i n  ser ies. The anae r ob i c  lagoon wa s covered 

wi t h  s ty r o foam to re tard heat  los s and con t r o l  odor s . Dur i ng th e 

pilo t -plant s tud i e s , the anae rob i c  and aerob i c  lagoons wer e  subj e c te d  

t o  var i ous BOD5 and hydrau l i c  load ings a s  summa r ize d i n  Ta b l e  3 .  

Do s t a l  conc luded t hat a BOD5 remova l o f  a t  l eas t 90 pe r cent  could 

be obta i ned by pr ima r y  c lar i f i ca t i on plus subs e quent t r eatment by the 

e conomi cal l y  feas i b le method of  anae rob i c -ae r a t e d  lagoons operated 

in s er i e s  w i t hou t pH con t r o l  or i norgan i c  nut r i e n t  add i t i on .  Als o , 

anae r o b i c  lagoons s hou l d  be cover e d  to contro l heat  l o s s  and odors . 



Ta ble 3 ( 17 )  

BOD5 Load ings , Hyd rau l i c  Load ing s , De tent i o n  T imes , 

and P i l ot -Plant Effi c i en c i e s  

1 5 

Hydraul i c  De tent i on BOD5 Load i n g  Reduc t i ons -% 
Load ing Time 

( gpm ) ( days ) ( l bs/1 000ft 3/day ) S . S .  COD� BOD5 

Anaerobi c Pond 4 . 0  8 . 8 1 1  82 33  2 5 

A e ro b i c  Pond 4 . 0  8.8 8 -2 30 49 88 
Ove r all 74 73  9 5 

Anaerobi c Pond 7 . 0  5 2 2  3 3  1 5 1 2  
Aerob i c  Pond 7 . 0 5 2 0  -75 5 8 87 

Over a l l 6 6  82 94 

Anae r ob i c  Pond 1 5 . 0  2 . 4  46 52 1 5 1 2  
Ae rob i c  Pond 1 5 . 0  2 . 4  40 -226  2 8  64  

Ove rall 5 1 6 8  8 1  

The r e por t r ecommende d  s e condary c lar ifi cat ion following t h e  ae rated 

lagoon for r emova l of suspended s o l i d s . Foaming cou l d  create ape r -

at i onal problems i n  a n  improper ly des igned aer at e d · lagoon accor d i ng t o  

the  r eport .  

I nve s t i ga t i ons by Hag i n  (7 ) i n  1971 -72 i nvolved t he n ewly con-

struc ted t reatment s y s tem empl oyed by Fa i r f i e l d  Produ c t s ,  I ncor porated, 

Clark, Sou t h  Dakota . The treatment s y s t em inc luded a 6 4-mes h  s creen , 

anaerob i c  lagoon , aerated lagoon and stab ili za t i on pond . A s  a r e sult 

of the s tudy , Hag i n  conc lud e d  that the ent ire lagoon s ys tem was be ing 

organ i ca l l y ove r l oade d and , a s  a resuli , was oper at i n g  u nd e r  a naerob i c  



cond i t i ons dur i ng t he ent ire s tudy . The anaero b i c  lagoon obtai ned 

nega t i v e  BOD5 , COD and sus pe nded sol i ds remova l s  due t o  overl oad ing , 

low t empera t u r e s  i n  the l agoon , and d i s c harge o f  s o i l to t h e  l agoon 

from t he mud p i t . A l s o , the anaerob i c  lagoon , hav ing been re cent ly 

cons tru c t e d, may not have conta ined the proper anaerob i c  m i cr o -

organ i sms t o  e f fe ct ive ly treat t h e  potato was te s . The aera t e d  bas i n  

1 6  

cou l d  not b e  ana lyzed as s u c h  due to i t s anaero b i c  cond i t i o n , b u t  was 

in a period of trans i t ion from a mixed Anaerob i c  bas i n  to an aerated 

bas i n  due t o  t he ins ta l lat i on of s ix 25 -hors e power sur face aerator s . 

Due to wa t e r  usage pra ct i ce s  in  the plant , the  s tab i l i za t i on pond r e­

ce ived an e x ce s s ive hyd rau l i c  loa d i ng. A l s o , due to t he poor r emo�a l  

e f f ic i en c i e s  obta i ned i n  the_ previous trea tment un i t s, t he s tabi l i ­

zat ion pond re ce ived an extreme ly high organ i c  l oad ing o f  2 5 0 pounds 

o. f BOD5 /acre/day . 

Theory o f  Anaerob i c -Aerob i c  Pond Treatment 

Anaerob i c  Lagoon 

Genera l ly , h i g h  tempe ratur e , h i gh s treng t h  was te s  are par t i cu l ar ly 

amen�b l e  to anae rob i c  trea tment ( 18). Stab i l i za t i on o f  o r gan i c  mat ter  

by anaero b i c  treatment i s  bas i ca l ly a two - s tage proces s  (19 ) .  In t he 

f irs t s tage , comp l e x  mater i a l s  are converte d  t o  s impl e r  organ i c  end 

produ ct s ,  suc h  as fat ty o rgan i c  ac ids . Fa cu l tat ive and anaerob i c  bac­

teri a  a ccomp l i s h  t h i s  convers i on and are common ly ca l le d  a c i d  f ormer s . 

( 
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Very l i t t le BOD5 and COD r educt i on occur s i n  t h i s  s tage . I n  t he 

second s ta ge ,  me thane - form ing , s tr i ctly anae rob i c  m i cr oorgani sms 

conver t the  organ i c ac i ds to gaseous end produ c t s ,  pr i mar i ly me thane 

and car bon d i o x i de .  I t  i s  through the r e lease o f  me t hane , wh i ch i s  

r e l a t ive l y  i n so lub l e  in  water, t hat the BOD5 and COD reduct ion s  are 

obta ined ( 1 9 ) . Detent ion t imes recommende d for t he t wo - s tage s tab i l i ­

zat i on are i n  t h e  r ange o f  t hree to 30 day s ( 2 0 ) . 

The ba lance bet ween the �reduct ion o f  o rgan i c  a c i ds and conver -

s i on o f  t h e s e  a c i d s  t o  me thane i s  a d e l i cate one . I n cr ea s e d  loading 

w i l l  r e s u l t  i n  the format ion o f  mo re or gan i c  a c i d s  t ha n  the  me thane 

ba cter ia can d i ge s t . As a result , the i ncreas e d  or gan i c  a c i d  concen-

trat i on wi l l  cau s e  a pH r edu ct ion . The average l oad i n g  cr i te r ia de -

ve loped by mos t  s ta t e s  i s  12 to 1 5 pound s o f  BOD5/ 1 000 cub i c  fee t/day 

( 2 0) . Anaero b i c  l agoons in  I owa opera t i ng i n  t h i s  range have re ce ived 

an 85 percent ave rage BOD5 remova l . However , one anae rob i c  la goon used  

for t rea t i ng pa c k i ng was t e s  removed 72 per ce nt o f  ·t he app l ie d  BOD5 at a 

l oad i ng rate o f  6 0  pound s  o f  BOD5/1000 cub i c  fee t/day w i t h  a 3 . 4  day 

detent i on t ime ( 2 0 )  . . 

The pH o f  an anaerob i c  lagoon s hould be mai nt a i n e d  between 6 . 6 and 

7.6 for opt imum opera t i on ( 19 ) .  Me t hane - forming bac t e r ia are very 

sens i t ive to pH changes and ope rate be s t  at  a pH of 7 . 0  t o  7 . 2 . When 

t he pH i n  the lagoon i s  outs ide t he opt imum range, me thane fermenta t i on 

wi l l be come r e tarded . As a resu l t , the organ i c  a c i d  concentra t i on i n  
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t he lagoon w i l l  i ncrease be caus e  the ac i doge n i c  ba c t e r ia are  l e s s  

sens i t ive to p H  extreme s . The n e t  result i s  a d e cr ease i n  BOD5 r e­

mova l ( 19 ) . An a l kal i n i ty o f  approx imate l y  2 000 mg/l wi l l  ma i nta i n  a 

proper pH i n  the  la goon ( 18) .  

Temperature s  i n  exc e s s  o f  60°F and prefe rab l y  i n  t he area o f  

9 0°F s hou l d  be ma i ntained in a n  anaero b i c  lagoon ( 18 ) . I f  t he lagoon 

tempe ra ture drops be low 5 5°F or 60°F ,  biolo g i ca l  ac t iv i t y  i s  s har p l y  

cur ta i l e d  and t he lagoon func t i ons pr imar i ly a s  a s e t t l i ng pond . I n­

su lat ive cover s ,  s hort  detent ion t imes and pond d e p t hs to 2 0  feet  wi l l  

redu c e  tempe rature los s e s  ( 2 0 ) . 

Tox i c  ma t e r i a l s  pre sent i n  the was t e  wi l l  a l s o a f fe c t  t he per­

formance o f  an anaero b i c  la goon. Met hane fermenta t i on may be i nh i b i te d  

by t ox i c  i ons . I ons found to exh i b i t  tox i c  e f fe c t s  i n c lude a l ka l i  and 

a l ka l i ne -ear t h  cat ions , heavy me tal i ons , ammon i a , s u l f i de and cer ta i n  

or gan i c  compound s ( 18) ( 1 9 ) .  

Anae rob i c  l agoons are capable of large or gan i c  mat t e r  r educ t i ons . 

The e f f lue n t  from t he s e  un i t s  i s  odorous and uns tab l e , t hu s  fur ther 

trea tme n t  mus t  be provided be fore the waste can be d i s charged to a 

re ce i v i ng body o f  water . Th i s  treatment i s  u s ua l ly prov id e d  b y  an 

aero b i c proce s s  ( 1 8) .  

Aerat e d  Lagoon 

Aer a t e d  lagoons have evo lved due to t he n e e d  to s pe e d  up natura l 

pur i f i ca t i on p roce s s e s  by art i f i c ia l ly i ndu c i n g  oxygen i nt o  aero b i c  
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s tab i l i za t i on ponds . Aerated lagoons have been c la s s i f i e d  into  three 

t ype s . One type is the complete l y -mixed aerat ed lagoon i n  wh i ch t he 

e s sent ial funct ion i s  was t e  convers ion and the  i ncom i ng s o l i ds and 

bio log i ca l  s o l ids d o  not s e t t l e  ou t ( 2 1 - 5 43 ) ( 2 2 ) . A s e cond t y pe i s  

the aera ted ox i d ation pond in  which aeration e qu i pme nt i s  added t o  an 

ove r loaded ox i dat ion pond ( 2 2 ) . The t h i rd is a facu l t a t ive ae rated 

lagoon in  wh i ch heav i e r  s o l i ds s e t t le i n  t he lagoon _wh i le sus pended 

and s o lub l e  orga n i c s  ar e b iologi ca l l y  treated i n  the aer o b i c  l iquid 

por t ion . Anaero b i c  de compos i t ion s tab i l i ze s  t he heav i e r  o r gan i c  sol ids 

that s e t t l e  i n  t he lagoon ( 2 2 ) ( 2 3) . 

De tention t i me , temperature and oxygen are a l l  impor tant factors 

a ffec t ing t he per formance o� an aerated lagoon . The r e comme nded m i n i ­

mum concen t ra t ion o f  dis so lve d oxygen to be ma i nta i ne d  i n  a n  aerated 

lagoon is 1 . 5 mg/l (16). The rate o f  biologi ca l  ox i da t i on i n  an aerated 

lagoon is depende nt on temperatur e .  Accor d ing to Thimsen ( 1 6 ) , an in­

crease o f  lo0c wi l l  dou b l e  the react ion rate . The d e tention t ime re-

qu i red for a cer t a i n  BOD5 remova l i s  inve r s e ly propor t iona l to the 

rea c t i on r a t e  coe f fic i ent . As a resu l t , w i n te r  tempe r a tur e cond i t i ons 

are used t o  de t erm ine the de tention t ime for the lagoon and summer con­

d i t i ons are us e d  to determine the oxygenat ion capa c i t y  of the aerat i on 

equi pmen t ( 1 6 ) . Ty p i cal detent ion time s for aerated lagoons t reat ing 

dome s t i c  was t e s  vary from three to s ix days ( 2 1 ) . To m i n imi ze heat 

l os s e s, Sawy e r  re9om.mends liqu i d depths of 1 5 to 17 fee t  ( 7 ) . 
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Mi x ing a l s o  exe r t s  a n  impor tartt inf luence on t he b i o l og i ca l  r e-

act io n  rate i n  comple te ly-m ixed or facu l ta t ive aerated lagoons ( 22 ) .  

I n  fact,  expe r imental ev idence has been pre s e n t e d  t ha t  m ix i n g  may be 

more cr i t i ca l  t han aerat i on cons i derat ions for t he proper ope r at ion o f  

a n  aerated lagoon ( 22 ) . Slow mov i ng impe l l er s  ar e more e f f i c ient  m ix­

ing devices t han e i t he r  t he fas t  mov ing, s ma l l  impe l l e r s  or  gas 

d i f fu s i on ( 22 ) .  

Stab i l iza t ion Ponds 

S tab i l iza t ion ponds are the mos t  common me t hod of organ i c  was t e  

t rea tment whe r e  s u f f i c ient l and i s  ava i lab le ( 2 3 ) . The s e  ponds a r e  

flat - bot tome d , ear t hen bas i ns usua l ly rang ing i n  l iqu i d  d e p t h  from two 

to f ive feet  ( 15 ) .  S tab i l izat ion ba s i ns may b e  e i ther impound i ng o r  

f low- through ponds with the bas i c  aer obic  type s be i ng c l as s i f i ed a s  

aerob i c  o r  facu l ta t ive ( 2 3 ) . 

Aer o b i c  s ta b i l izat i on ponds contain a var i e ty o f  bacter ia and al­

gae i n  sus pens ion wi t h  aerob i c  cond i t i ons t hroughout t he pond ( 2 1 ) . 

The a l gae and bac t e r i a  operate through a symb i o t i c  r e lat ions h i p  to 

stabi l ize ox i d iza b l e  or gani c matter . Tw o  type s of aero b i c  s tab i l i za t i on 

pqnds are common (21). One ut i l izes a depth of s ix t o  18  inches a nd at­

tempt s  to  max im ize the product ion of algae , whe reas , the s e cond ut i l izes 

a depth up t o  f i ve feet to max imize the amount  o f  oxygen produ ced . 

Purus hothaman ( 2 4 )  has found t hat d i s solved oxygen concen t ra t i ons i n  
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ponds f�om t hr ee t o  f ive fee t deep fo l l ow a d iu r na l  pat tern . The 

s tudy conc luded that an incr ease in di$so lved oxyge n res u l ted from an 

i ncrease in t he i nt en s i t y of s unl ight and ach i eved a maxi mum concen-

trat i on a t  abou t 2 p . m .  Maximum conce ntrat ions o f  3 1 . 8 mg/l and 2 4 . 0  

mg/l were observed i n  t he e ffluent from t hree and f ive foo t ponds , 

res pe c t i v e l y  ( 2 4 ) . I n  bot h types of aer ob i c  s ta b i l i za t i on pond s, both 

a l gae and sur face w i nd act i on add oxygen to t he pond . Des i g n  factor s 

for f low- through aerob i c  ponds· w i t h  a depth o f  s i x  t o  12 i nc hes i n ­

c lude a deten t i on t ime o f  two to s ix days and a BOD5 l oad i ng o f  100  t o  

2 00 pounds/acre/day (23 ) . Expected BOD5 removals at these l oa d i ng rates 

are 80 to 95 per cent . 

The s e cond type o f  aerobi c s ta b i l i za t i o n  ba s i n i s  t he facu l ta tive 

pond . Three zones ex i s t  i n  t h i s  type o f  a pond. They are ( 1 ) an 

aerob i c  sur face zone whe re bact er ia and a l gae ex i s t  s ymb i o t i ca l l y, 

( 2 ) an anaerob i c  bot tom i n  wh i ch set t led s o l ids  are decompos ed anaero-

b i ca l ly , and ( 3 )  an intermed i ate zone in wh i ch facu l t a t i ve ba c ter i a  

decompose t he organ i c  mat ter . Odors are m i n i m i zed by mai nta i n ing t he 

aerob i c  sur face  zone ( 21) ( 2 3 ) . These ponds are u s ua l ly two to f ive 

feet deep w i t h  a detent i on t i me of sev�n to 30 _days ( 2 3 ) . BOD5 re­

mova l s  of 75 t o  8 5 per cent can be obta i ned at load i n g s  in the r ange of 

20 to 5 0 pounds/acre/day ( 2 3 ) . 

C l imat i c  cond i t i ons a f fe ct t he per formance o f  aer ob i c  s ta b i l i -

za t ion pond s ( 15 ) .  Dur i ng wa rm , sunny weat her , decompos i t i on and 
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photosynthe t i c  pro ce s s e s  wi l l  f l our i s h  and r e su l t  in BOD5 reduct ions 

of greate r t ha n  95 per cent. Dur i ng cold wea t he r , unde r i ce cove r, 

b i o l og i ca l  a c t iv i t y  is reduced and BOD5 redu c t i ons a r e  genera l ly 

reduced to a bout 50 percent . 
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DESCR IPT I ON OF THE PROCESSING PIANT AND TREATMENT FAC IL I T I ES 

Proces sing Plant 

Raw potatoes for the Mi dwe st Food s Corporat i on a r e  der i v e d  from 

an area w ith i n  4 0  to 5 0 m iles o f  C lar k , South Dakota . The r aw po­

tatoe s are ha rve ste d  and hau led to an unheated war e h ou s e  at the p lant 

s ite and stored unt il proce s s i ng whi c h general l y  beg in s  i n  late August 

and usually ends the fo l lowi ng May . 

F i gure 1 i n c ludes  a f low-diagram o f  the proce s s i ng operat ions . 

The produ ction l ine ,  approx imate ly 600 feet i n  length , i s  bas i cally a 

" stra i ght throu g h" proce s s . I n itial ly , the r aw potatoe s  are trans -

ported to the mudpit by water i n  a f lume . Dirt i s  r emov e d  f rom the 

potatoes as they move along in the f lume . Th i s  mate r i a l  is compo sed 

o f  large amounts o f  s o i l  and sma l l  quant it i e s  o f  o r g an i c  matter ( 8 ) � 

The s o i l that s ett l e s  in  the mudpit forms one o f  the waste streams . 

Th i s  so i l  i s  pumped per iod i cally to the rece i v i ng p i t  and through a 

Par s hal 1 flume be fore flowi ng by grav ity to the anae ro b i c  l agoon . Most· 

o f  the water u s e d  dur ing the f luming operation i s  r e cy c l ed to f lume ad-

d it i ona l potatoe s  to the proce s s ing l i ne .  

The potatoe s  are then conveyed ove r a s ca l e  and i nto a preheat 

tank in wh i c h they are heate d. The heated potatoe s  a r e  then immer se d  

in a hot caust i c so lution wh i ch loosens and partia l l y d i s s o lves the 

s k i n . Fo l l ow i ng th i s  caust i c  treatment, the potatoe s  are pee l ed by 
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use  o f  a dry abras ive pee l er . The resul tant h i gh l y  a l ka l i ne organ i c  

was t e , wh i ch has the cons is tency o f  peanut but t e r , i s  pumpe d t o  a 

5 00 -ga l lon tank truck and transpor ted from the p l ant . The ' ' peanut 

but ter" is com b i ned wi th corn s i lage and used as cat t le feed . 

The potat oes con t i nue on to a t r i m  table whe r e  cu l l s  and eyes are 

removed and d i s carded to t he was t ewater s t ream . Next , t he potatoes 

enter a h o l d ing tank from wh i ch they are auge red to �he French- fry 

cut te rs . The French fr ies then pa ss over au toma t i c  s e par ators in 

wh i ch s l ivers and o t her sma l l  p i e ces unsu i ta b l e  for pa cka g ing are re­

moved to the was t ewa ter s t ream . Other de fe ct ive fr i es are t he n  re-

moved manua l ly and a l so depos i ted i n  the was te s tream . 

The fr ies are t hen trea ted by a blanch i ng process  to pre serve and 

prevent d i s colora t i on . The was t e  produ ced dur i ng t h i s  process i s  

bas i ca l l y exce ss wa ter contain ing disso lved or gani c  mat ter wh i ch is  

removed by  use  o f  a v ibrat ing · s creen and a l lowed t o  enter the was t e ­

wa t er f lume . After  t h i s  s tep , the fries  a r e  pre cooked i n  a deep- fat 

cooker . Exces s cook i ng o i l  is remov ed by ano t he r  v i brat i n g  s creen and 

pla ced i n  t he raw was t e  s t ream . 

Subsequent l y , the F rench fr ies enter a two - s tage deep fr ee ze and 

then are au toma t i ca l l y s i zed . Was tes from free z i ng and s i z i ng i n c lude 

coo l ing water from t he freezer and French f r i e s  o f  impr oper s i ze .  The 

cool ing water is d i s charged to the was tewater s t re am dur ing de frost ing 

o perat i ons . The rej ected French fr ies from t he s i z i ng operat i on are 



augered to a t ru c k  and used for ca t t le feed . Fo l l owing s i z i n g , the 

Fr ench fr ies are automa t i ca l l y  packaged in  p l as t i c  bags and t ran s ­

por ted to ano t he r  freezer and s tored for s h i pp i ng . 
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A c cor d i ng to the f low d iagram in F i gure 1 ,  the f lume s i l t -wa ter 

and raw wa s tewater s t reams evo lved dur i ng sort i ng , cu t t i n g , b l anch i ng , 

cooking and f r ee z i ng are a l L  f lume d to the s ludge r e ce i v i ng p i t .  These 

was te s  are pumped over a 2 0 -me sh v i brat ing s cr een whe re t he large r  

so l ids a r e  removed and s o l d  for cat t l e feed . The l iqu i d  pas s i ng 

through the s creen then f l ows by grav ity to the ana e r ob i c  l agoon . The 

caus t i c  pee l produced dur ing the pee l i ng proce ss and the s o l i d s  pro-

du ced dur i ng the automa t i c  s i z ing operat ion are both removed from t he 

plant by trucks . Thus , there are fi ve maj or was tes der ived from the 

product ion l i ne . Three o f  these are so l i d wa s te s  and are removed from 

the p lant by t rucks . The rema i n i ng two was tes a r e  e s sent ia l l y  water ­

borne and a re d i s cha rged to the l agoon t reatment  s y s tem . 

Pro ce s s i ng A l tera t i ons S i nce Apr i l , 1 9 72 

The i nv e s t i ga t i ons by Hag in we re per formed from Decembe r , 1 9 71 ,  

to Apr i l , 1 9 72 . S i nce then , certain a l terat i ons have been made i n  the 

proce s s i ng l i ne . From the s tandpoint of was tewa te r  r e duc t i o n , t he mos t  

s i gn i f i cant c hange that was made wa s the i ns ta l lat i on o f  a new dry ­

a bras ive pee l er for the 1 9 73-74 proces s i ng seaso n . The new pee l er i s  

a mode l 2 6  s ine -wave pee ler manufac tured by Vanmar k  o f  Cre s ton , I owa . 
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Ny lon bru s h e s  mounted on s i x rota t ing s i ne -wave r olle r s  per form the 

peeli ng . A f te r exposure to caus t i c , the po tatoes move ove r the r o lle r s  

to loosen t he s k ins . Spray nozzles d i s t r i bu t e  wa t e r  ove r  the po-

tatoe s  to r emove t he cau s t i c  " peanut bu t te r" wa s te . The new d r y ­

abras ive pee l e r  was added t o  redu ce peeling los s  and wat e r  usage 

a l t hough data concer n i ng the degree of redu c t i on wer e  not obta i ned . 

Ano t h e r  s igni f i cant proce s s  alte ra t i on was the �li m i nat i o n  o f  t he 

pee l  was t e  f rom d i s char g i ng t6 the la goon treatme n t  s y s t em .  A 5 00-

ga llon tank truck was pur chased to trans por t the h i gh l y  alkal i ne peel 

was t e  from t he plant . Th i s  i n -plant mod i f i cat ion has undou btedly r e­

su l ted i n  a ma rked reduct ion in  organ i c  load ing t o  t h e  la goons . 

Revamp i ng t he French fr y cut ters  wa s a t h i r d  c ha n ge made . SmalJe-r 

s pra y nozzle s we re placed on t he s pray was he r s  t o  reduce wa ter  usage 

and the automa t i c  s e para tors wer e ti ghtened to prevent the pre v i ou s ­

l y  exces s i ve los s  o f  F r e n c h  fr i e s � 

A i s o  su bsequent to t he invest iga t i ons conducted  by Hag i n  wa s the 

impleme ntat ion of an exce s s ive in-p lant water cons e rva t i on program to 

help r e du ce the volume o f · was tewater f l ow .  Cleanu p o f  t h e  ent i r e  

plant was l i mi ted t o  once a day rather than the continuous pra c t i ce 

employed prev i ous ly . Th i s  eliminated the · unneces sary and was t e ful use 

of water for c l ean i ng pur poses . Som� o f  t he water  u s e d  dur ing the 

peel i ng proce s s  was used to remove the caus t i c  pee l was t e  and no t 

al lowed t o  e n t e r  the raw was tewater s tr eam ; whereas,  the rema i n i ng 



was h  wa t e r  f r om t he new pee l er wa s co l le c t e d  and u s e d  t o  f lume . d e ­

fe ct ive po ta t oe s  from t h e  tr im table to the s lud ge r e ce iv ing p i t  . 

Another impor tant factor i n  achieving lowe r  wat e r  consumpt ion was 

the reuse of coo l i n g  water  for free z i ng . 

A ho l d i ng tank was i ns ta l led be tween the t r im table and French 
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f r y  cut ters  for use  a s  an add i t iona l r inse bas i n . Th is add i t ion wa s 

made to redu ce t he amount o f  water used i n  t he French f r y  cu t ter s . 

Water  from t he cutters was col l ec ted and d i s cha r ge d  to the f l ume to 

aid i n  transpo r t i ng de fe c t ive pota toes to t he s lud ge r e ce i v i ng p i t . 

S i l t -wa ter  was pumpe d from the mudpi t once -a-day rather t han con­

t i nuous ly . Redu c t ion i n  the amount o f  make -up wa t e r  requ i re d  for 

f luming and wa s h i ng o f  the raw potatoes resu l t e d . 

De s c r ipt ion of the Trea tmen t  Fac i l i t ies 

The was tewa t e r  t r eatmen t fa c i l i t i es emp loyed b� Midwe s t  Foods 

Corporat ion a re lo ca ted nor t heas t o f  the plant and cons i s t  of an an-

aerob i c  l agoon , an aera ted lagoon, and a s tab i l i za t i on pond in  ser i e s 

as s hown i n  F i gure 2 .  The was tewater i s  pumpe d ove r  a 2 0 -me s h  v i brat ­

i ng s creen wher e l ar ge potato sol i ds are r emoved . The s creene d  was t e ­

water the n  f l ows by grav i t y through a three - inch Par s ha l l  f lume to the 

anae robi c lagoon . 

The anae r o b i c  lagoon has a l iqu id vo lume o f  1 01 , 000 cu b i c  fee t . 

It i s  a pproximate l y  rectangu lar in  s hape hav i n g  a mean w i d t h  o f  1 00 
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feet  and a mean l eng t h  o f  1 70 fee t . Or i g i na l l y , t h e  la goon had a 

l i qu i d  depth o f  2 0  fee t but t h i s  has been r e duced due to t he bui l d -

u p  o f  s i l t s o l i d s  d i s cha r ge d t o  the lagoon . To pre s e rve heat and 
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re du ce odo r s , the anae ro b i c  l agoon was covered w i t h  a two - i nch t h i ck 

laye r o f  s t yro foam toppe d w i t h  a s t raw mat . 

F rom the ana e r ob i c  lagoon, the wa s t ewa t e r  flows by grav i t y  to 

the ae rated l agoon . Th i s  u n i t  ha s  an e s t imated volume of 404 , 000 

cub ic feet , a mean w i d th o f  5 0 fee t and a mean l eng t h  o f  470 fee t . 

Or i g i na l l y , t he aerated lagoon had a l i qu i d  depth o f  12 feet , but 

aga i n  t h i s  wa s r e duced due to the pr esence of anae ro b i c  cond i t ions 

in the lagoon prior to 1 9 7 3 caus ing i t  to act as an anae ro b i c  

s e t t l i n g  pond . S ix 25 -horsepower ae rators are l o ca t e d  i n  t he aerated 

lagoon a s  s hown i n  F i gu re 2 .  Was tewater f rom the ae rated lagoon flows 

by grav i ty to a 22 -a cre s ta b iliza t ion pond . D i s charge from the 

s tabi l i za t i on pond i s  not pra c t i ced or perm i t t ed . 

Treatmen t  Fac il i ty Improvement s S i nce Apr il .  1 9 72 

S i nce 1 9 7 1 - 72 , four ma j or improvements have b e e n  made t o  the 

was tewa te r  t re a tmen t s y s t em . The anaerob i c  lagoon was covered w i t h  

s ty ro foam ove r la in wi t h  s t raw to retard heat l o s s  and reduce odor s 

from t he lagoon . S e cond l y , t he 64-mes h  s creen was r e p laced by a 2 0 -

rnes h  v i bra t i ng s c r een . Also , a Par shall flume w i t h  a throa t  w i d t h  o f  

three i nche s was ins tal l e d  to fa c i l i tate the measurement o f  was tewa t e r  



f l ows from the  p lan t . F ina l l y ,  add i t iona l r ip -rap wa s added to t he 

d i ke s  o f  the aerated lagoon and s ta b i l i zat i on pond t o  r e tard d i ke 

e ros i on . A l l  improvement s  we re made dur ing 1 9 73 , j u s t  pr ior to the 

1 9 7 3 - 7 4  proce s s i ng season . 

3 1  



METHODOLOGY 

Sampl i ng Procedures and Frequency 
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The i nve s t i gat ions presented he r e i n  we re i n i t i a t e d  on Augu s t  1 ,  

1 9 7 3 , and were comp l e t ed on Novembe r 16 , 1 9 7 3 , a per i o d  o f  three and 

one - ha l f mont h s . Potatoes we re actua l ly · proce s s e d from Se ptembe r 6 

to  November 1 4 , 1 9 7 3 . There fore , the i nve s t i ga t ions be gan a bout one 

mont h  be fore proce s s ing was i n i t iated by co l l e c t i ng s eve r a l  s amp l e s  

f rom t h e  t r eatme n t  un i t s  dur ing Augus t .  Ana l y se s  o f  these  s amp l e s  were 

used t o  e s ta b l i s h  t he cond i t ions of the lagoon s y s tem be fore subj e c t i ng 

these u n i t s  to t he 1 9 73 - 7 4  was tewater d i s charg e . 

Sampl e s  were co l l e ct e d  on a weekly  bas i s  from t he s even lo cat ions 

s hown i n  F i gur e  2 .  Grab samples were taken from each  quad rant o f  t he 

s tab i l i za t i on pond to de termine i f  the qua l i t y  o f  the pond conte n t s  

var i e d  w i t h  locat ion i n  t h e  pond . Samples we re co l l e c ted  a t  approx i -

rnat e ly 1 2  noon each s amp l ing day . 

The r aw was t e , anaero b i c  lagoon and aerat e d  lagoon e f f luent 

samp l e s  we re grab samples taken ever y two hou r s  and compo s i te d  over an 

e ight - hour per i o d . The pe r i od of co l l ect ion was t he day s h i f t  from 

B · oo t 4 oo The raw was t e  was co l le c t e d  at t he Par s ha l l  . a . m .  o : p . m . 

flume an d  compos i te d  accord ing to the flow measureme n t s  obta i ne d  

dur i ng the co l le c t i on o f  each grab sample . F low from the  anaer o b i c  

and aerated  lagoons was as sumed to b e  cons tant dur i n g  the co l l e c t ion 

' '  



per iod . The r e for e , equa l port ions were taken from each grab sampl e  

t o  ma ke t h e  compo s i te samples  from bo th t he aerated lagoon e ff luent 

and anaerob i c  lagoon . Sampl es from t he anaerob i c  l agoon were co l -
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le cted wi t h i n  a few feet of the e f f luent p i pe . Sampl e s  f r om t h i s  

l o cat ion wer e  a ssumed to have t h e  same qua l i t y  a s  t h e  e f f l uent from 

the anaerob i c  l agoon . The aerated lagoon sampl e s  wer e  co l le c ted from 

the e f f luent o f  t he l agoon dur ing the pro cess i ng season and from two 

po i n t s  w i t h i n  t he lagoon pr ior to the pro ce s s ing season . A l l sampl e s  

were s tored at approximatel y 4°C i n  the plant laboratory dur i n g  t he 

samp l i ng per i o d . 

Flume s i l t -water samples were col l e cted throughout the per i od i n  

wh i ch t he s i l t  wa ter pumps were operat ing . A t  l e a s t  four g r ab sampl es 

wer e col l e cted wi th equa l por t ions o f  each sampl e  be ing added to the 

compo s i te . 

Fol lowing co l l e c t ion and compos i t ing , the sampl e s  wer e  t rans ­

por ted to t he San i tary Eng i neer i ng Laboratory i n  t he Ci v i l  Eng ineer ing 

Depar tment a t  Sou th Dako ta S tate Univers i ty for ana l ys i s . Dur ing 

tran s por t  t he samp les were ma i ntained at 4°C .  The t ime l aps e be tween 

the end o f  t he s amp l ing pe r i od and arr ival at the Un iver s i ty l aboratory 

was ·about one and one - ha l f  hour s . 
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F l ow Mea sureme n t s  

A Pa r s ha l l  f lume was i n s t al led downs t r eam f r om t he v i bra t ing 

s creen t o  measure t he was tewater f l ows d i s charged t o  t h e  anaerob i c  

lagoon . I n i t ia l l y , a S t evens Ty pe F recor der ( Mode l 6 1 ) was used to 

con t i nuous ly r ecor d t he wa ter l eve l i n  the Par s ha l l  f l ume . Howeve r , 

due t o  t he exce s s ive v i brat ion caused by t he v i bra t i ng s cr e e n , the i nk 

pen wore ho l e s  i n  t he c har t s  and frequent l y  be c ame p lugge d . Th i s  made 

i t  d i f f i cu l t  to obta i n  a c curate , cont inuous wat e r - l eve l r ead i ng s . On 

Oc tobe r  8 ,  1 9 7 3 , t he f low recorder was abandoned i n  favor o f  manual 

f low measureme nt s . Fur t her prob lems in f l ow mea suremen t  wer e  encounter-

ed , howeve r , be cause o f  t he da i l y accumulat i on o f  s o l i d s  i n  t he s t i l l ing 

we l l . To a l lev ia te t h i s  ac cumu la t ion , a dra i n  p lu g  was i n s t a l led in  

t h e  s t i l l i ng we l l  o n  Oc tobe r  1 7 ,  1 9 7 3 . Subsequen t l y , manua l f low 

measurement s were taken every hour dur i ng the day s h i f t when t he p l an t  

was proce s s i ng frozen French fr ies . F l ow measureme n t s  we re no t taken 

dur i ng t h e  o ther proce s s i ng s h i f t s . Because o f  t he d i f f i cu l t i e s , f low 

measuremen t s  o b t a i ned from October 18  to November 1 4 , 1 9 73 , were more 

accur ate  t ha n  t hose obt a i ned pr ior to t h i s  per iod . 

F lume s i l t -wa ter f low was obta i ned by ut i l i z i n g  t he peak f l ow 

measureme n t s  o b t a i ned dur i ng use o f  t he au toma t i c  S t evens f l ow record­

er . The average peak f low was de ter�ined ar i t hme t i ca l ly . To de termi ne 

the average f lume s i l t -wa ter  f low rate , the average r aw was t ewat er 

f low rate was subtra c te d  from the average peak f low r a t e . To de t e rm ine 
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the frequency and durat ion of  f lume s i l t -wa ter pump i n g , a calendar 

was p l aced near the f lume s i l t -water pump . Over a t hr ee-week per i od , 

employees r e corded t he t ime o f  pump operat ion. d ur i ng each pump ing 

per iod . The data r evea led that f lume s i l t -wat e r  was d i s char ged to 

the anaer ob i c  l agoon on an ave rage o f  once per day . A l s o , t he average 

length of pump operat i on was 1 1 . 8  minu te s . These ave rages , a l ong wi t h  

the average f lume s i l t -water f l ow rate , were u t i l i ze d  to ca l cu l ate 

the average d a i l y  vo lume of  f lume s i l t -wa ter d i s charged to the 

anaerob i c  lagoon . 

Ana lyt i ca l  Determ i na t i ons and Proce dur es 

F i fteen ana l y t i ca l  determina t i ons were per formed on t he was t e ­

wate r  samp l es . Temperature , pH , d i s so lved oxygen a n d  oxi dat i on­

redu c t i on poten t i a l  ( ORP ) determinat i ons wer e  per formed at  t he trea tmen t 

uni t s . Tes ts  pe r formed  in  the laboratory wer e  BOD5 , COD , sus pended 

s o l i ds ,  total  res i due , spe c i f i c  condu ctance , a l ka l i n i t y , phos phorus ,  

vo l at i le a c id s , n i trate-ni trogen ( N03 -N) , total  kj e l da h l  n i tr ogen 

( T . K . N . ) , and ammon i a - n i t rogen ( NH3 -N ) . The ana ly s e s  per forme d  and 

approx imate fr equency o f  each are l i sted 
.
i n  Tab l e  4 .  

I n  Ta b le 5 , t he ana ly t i cal procedure ut i l i zed for each ana l ys is is 

presented . As s hown in the tab le , mos t  of t he ana l yses were conducted 

in accordan ce w i t h  S tandard  Methods for t he Exam inat ion of Wa te r  and 

Was tewater , 1 3th e d i t ion ( 2 5 ) .  The par t i cu lar mod i f i ca t i ons and 

opt i onal procedur es for t he ana lyses are a l so not e d . Ana l y s e s  on t he 



Samp l e  

Raw Was t e  

Anaer ob i c Lagoon 

Aerated · La.goon 
and . 

Stab i l i za t i on Pond 

Tabl e  4 

Frequency o f  Ana l y s e s  

A�a l y s e s  S c he du l e  

BOD5 
COD 

Wee k l y  

Total Res idue 
Su s pende d Sol i ds 

S pe c i f i c  Conductance 

A l ka l i n i ty 
Temperature 
pH 

BOD5 
COD 

Total Re s i due 

Sus pende d So l id s  

S pe c i f i c  Conductance 

A l ka l i n i t y  
Tempe rature 

pH . 
Volat i le Ac id s  

BOD5 
COD 
Total Res idue 
Suspended So l i ds 

Spe c i f i c  Conductance 
A l ka l i n i t y  
Temperature 

pH 

Mont h l y  

T . K . N . 
NH3 -N 

N03 -N 
Phos phorus 

B i -wee k l y  

T . K . N . ORP 

NH3 -N 
N03-N 

Phosphorus 

T . K . N . 

NH3 -N 

N03 -N 
P ho s phorus 

D i s s o lved Oxygen 
ORP 

f lume s i l t -wate r samp l e s  wer e  l imi ted to total r e s i due , suspended 
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so l i d s  and s et t leabl e  s o l i d s . The s e  determ inat i o n s  a l s o  wer e  per formed 

accord ing to Standard Methods  for the Examinat i on of Wa ter  and 



Pa ramet er 

pH 

Tempe rature 

Di s so lved Oxygen 

ORP 

COD 

Tot a l  Re s i due 

Sus pended So l ids 

S pe c i f i c  Conductance 

A l ka l i n i ty 

Phos phorus 

T . K . N .  

Vo lat i le Ac i ds 
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Tab l e  5 

Ana l y t i ca l  Procedur es Used 

Ana l y t i ca l  Proce dure 

Be ckman por tab l e  pH me ter wi t h  g la s s  e le c trode 

Thermometer in °c .  

S tandard Me thods ( 2 5 ) - Az i d e  mod i f i ca t ion 

Be ckman por tab l e  pH me ter wi t h  p l a t i num 

e l ect rode 

S tandard Me thods ( 2 5 ) - Azi de mod i f i ca t i on 
w i t h  unseeded s amp l e s  

S tandard Me thods ( 2 5 ) - Potas s ium d i  chromate 
as  oxi dant 

S tandard Methods ( 2 5 ) - Dry ing a t  1 0 3°C 

Standard Me thods ( 2 5 ) - Whatman #40 g las s 

f i ber f i l ter , 5 . 5 cm . i n  d iamet er , d r y i ng a t  
1 0 3°C 

Wheats tone br i dge and Condu c t i v i t y  Ce l l  

S tandard Me thods ( 2 5 ) - Sul fu r i c  a c i d  t i t rant 

S tandard Me thods ( 2 5 ) - Persu l fa t e  d i ge s t ion 
w i th s tannous chlor i de c o l or i me t r i c  me t hod 

S t andard Me thods ( 2 5 ) - Bru c i ne me thod 

Standard Me thods ( 2 5 ) - Ma thes o n  Chem i ca l  
Company " ke l -pack" mod i f i ca t i o n  

S tandard Methods ( 2 5 ) - Ma t h e s on Chem i cal  
Company " ke l -pa ck" mod i f i c at i o n  

D i la l lo and Albert son ( 2 6 )  - D i r e c t  t i trat i on 

Wastewater ,  1 3 t h  ed i t i on ( 2 5 ) .  Analyses were per forme d on f ive 

samples  co l l e cted on a weekly bas i s . 
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RESULTS AND DI SCUS S I ON 

Cond i t i on o f  t he Trea tment Un i t s  Pr ior to the 1 9 7 3 - 7 4  Campa ign 

One o f  t h e  obj e c t ives of t h i s  inves t i ga t ion was t o  de termine i f  

t he anae r o b i c l agoon , ae rated lagoon and s t ab i l i za t i on pond had r e ­

cove red from t h e  ove r loaded cond i t ions that preva i l e d  from 1 9 70 - 72 . 

The con t e n t s  o f  t h e  s tab i l i za t ion pond were green ins tead o f  the  p i nk 

that wa s ev ident dur i ng 1 9 70- 72 when anaerob i c  cond i t i ons pr eva i l e d . 

Whereas t h e  p i nk c o lorat i on was ind i cat ive o f  the presence o f  pur p le 

su l fur bac te r i a  wh i c h  pro l i ferate under anaerob i c  con d i t ions , t h e  

g r e e n  c o l o r  was due  t o  t he presence of oxyge n-produ c i ng a l gae wh i c h  

a r e  norma l l y  present  i n  a we l l -ope rat ing s tabi l i za t i o n  pond . Furt h e r  

i nd i ca t i on t ha t  t he s tab i l i za t ion pond was aerob i c  was t h e  a b s e n c e  o f  

any not i ca b l e  odors emanat i ng from the J.X) nd . T h e  aer a ted l a goon was 

a l so free from odors . S l ight odors were emana t i n g  f r om t h e  anaerobi c 

lagoon . Fur thermor e , gas bubb les were observed a t  the sur face o f  the 

anaerob i c  l agoon a s  woul d  be expe c ted when anae ro b i c de compos i t i on was 

o c cur r ing . 

I n  add i t ion to t he v i sua l inspect ion of the was tewater t rea tment  

fac i l i t i e s , seve r a l  ana l y t i ca l  determinat ions wer e  per formed t o  eva l u ­

ate t he cond i t i ons o f  t he system . The average re su l t s  obta ined  from 

these ana l y s e s  �re pr e sented in Tab l e  6 .  

The h i g h l y  negat ive oxidat ion- reduct ion pot e nt i a l , zer o  n i t ra t e -

_ ni trogen a n d  h i gh  ammon ia-n i t rogen concen tra t i ons s hown in Tab l e  6 for 
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Table 6 

Average Ana ly t i ca l  Resul t s  Pr ior t o  t he 1 9 7 3 - 7 4  Campai gn 

Parame t e r  
Anaerobi c Aerated S t ab i l i za t i on 

Lagoon Lagoon Pond 

D i s s o lved Oxy ge n  4 . 5  mg/ l  8 . 1 mg/l 

ORP -358 mv + 42 mv +63 rnv 

N03
- -N 0 mg/l 6 1  mg/ l  0 . 05 rng/l 

NH3 -N 1 3 3  mg/l 0 . 3 1 mg/l 1 . 8 5  rng/l 

t he anaerobi c lagoon are results  typi ca l  of  anaer o b i c  condi t ions . The 

va lue s  presented in Table  6 for t he aerated lagoon and s tab i l i zat i on 

pond a l l i nd i cate that these un its had re turned to aer o b i c  cond i t i ons 

pr i or to t he 1 9 73 - 7 4  process ing season . The d i s s o lved oxygen r e su l t s  

s hou ld be cons idered approximate va lues d u e  to an unexplained r e lease 

of gas tha t  o c curr ed when the samples wer e  f ixed . The pos i t ive 

ox idat ion-reduct i on potent ials , low ammonia-ni t rogen concentrat i ons 

and presence of n i t rates in bot h  uni t s  prov i de add i t i ona l ev idence i n  

suppo r t  o f  t h e  conc lus ion that both un i t s  we re aer o b i c immed iate l y  

pr ior t o  t he 1 9 7 3 - 7 4  process ing season . 

Quant i ty o f  Raw . Was te S t reams 

Fr om a frequency d i s tr i bution plot of f low , based on manual f low 

measuremen t s  from October 18 to November 1 4 , 1 9 7 3  (Appendix I I I ) , t he 



40 

raw was te f l ow as s hown i n  Table 7 is equa l t o  o r  l e s s  t han 57 gpm 50 

pe r cent of t he t ime . Ninety per cent o f  the t ime t he f low was l e s s  t han 

or equa l t o  1 2 5  gpm . H i g he s t  f l ows o c curred dur i ng da i ly p lant c le an -

up , c l eaning o f  a p lugged f l ume , a n d  dur ing de f ro s t i n g  ope ra t i on s . The 

ave rage da i l y f l ow ranged from a low of 5 4 , 72 0  gpd to a h i gh o f  1 42 , 5 6 0  

gpd . The average was tewater f l ow dur ing t he day -s h i f t  proce s s ing pe r i -

o d  was approx i mate l y  6 4  g pm .  Assuming t h i s  average t o  be r e pre s e nta-

t i ve of t he en t i r e  2 4 -hou r pro�e s s ing per i od , a d i s c harge of 9 2 , 1 6 0  

Table 7 

Was t ewat e r  F l ows , Mi dwe s t  Foods Corpora t ion 1 

F l ow t ha t  o c cur r e d  5 0  pe r cent 
e qua l t o  or l e s s  t han 

Flow t ha t  o c cur r e d  9 0  pe r cen t 
e qua l t o  or les s than 

Range of F l ow 
gal lons per mi nut e  ( g pm ) 
ga l l on s  per day ( gpd ) 

Ave rage Dai l y  F l ow 
ga l lons per m i nu t e  
gal l ons p e r  day 

Un i t  Was tewater F l ow 

of t he t ime , 

o f  t he t ime , 

gal l ons/ton raw po tatoe s  pro ce s s ed 

F lume S i l t -Wa ter 
average t o ta l  ( gpd ) 
average u n i t  f l ow , ga l l ons/ton 

r aw potatoes proce s s ed 

5 7 g pm 

1 2 5  g pm 

O t o  2 2 5  
5 4 , 72 0  t o  1 42 , 5 6 0  

6 4  
9 2 , 1 6 0  

8 1 3  

4 , 9 32 

5 8  

1 d f Oc tober 1 8  t o  November 1 4 , 1 9 73 Ba s e d  on a four wee k per i o  rom 



gal l ons per day wou l d  r e su l t . Approxima t e ly 4 . 72 t on s  o f  raw po ­

tatoe s we re p roc e s s ed p e r  hour o f  o pe rat i o n . Ba sed on t he average 

f low of 6 4  gpm , approx imat e l y 8 1 3  gal lons of was te wa t e r  we r e  pro­

duced pe r ton of raw po tatoes proces sed . 

4 1  

Peak f l ows o b tai ned f rom the Pa rsha l l  f l ume dur i ng pump i ng o f  

the f lume s i l t -wa t e r  ranged from 372 t o  5 39 g pm w i t h  a n  ave rage o f 

482 g pm . When t h e  ave rage p l ant f l ow , approx i ma t e l y  � 4  gpm , was 

subtrac ted f rom t he ave rage peak f l ow ( 4 82 gpm ) , an ave r age pump 

capa c i ty o f  4 1 8  g pm was o bta ined . For an ave rage pump run o f  1 1 . 8  

m i nut e s , the dai l y  s i l t -wa�er vo lume was a pproximat e l y  4 , 9 32 g a l l ons . 

Based on an ave rage i nput o f  85 tons o f  raw po tatoe s pe r day , ap­

prox imat e l y  5 8  ga l l ons of s i l t -wa ter we re produ ce d  pe r ton of r aw 

po tatoes pro c e s s e d . Wi thou t . re c i r cu la t ion , wat e r  co nsump t ion for 

f lum ing and wa sh i n g  o perat ions was found to be from 1 , 30 0  to 2 , 1 0 0  

ga l lons p e r  t o n  o f  raw po tatoes pro cessed acco r d i ng to Wo l te r s  ( 2 7 )  

and rang� d f r om 1 , 000 t o  1 , 8 00 ga l l ons pe r ton dur i n g  Al de r ' s  i nve s t i ­

ga t ion ( 2 7 ) . Obv ious ly , r e c i r cu lat ion plus s i l t -wate r  d i s char ge o n l y  

o n c e  per d a y  r e du ce d  the water usage at .Mi dwes t Foods . 

Qual i ty o f  t he Raw Wa s te S t r eams 

Raw Was te wa te r  

The quant i t y o f  raw potatoes proce s s e d  p e r  day var i e d  cons i de r -

ab ly , rang i n g  from 4 1  to 122 tons wi th a n  average o f  �5 tons . The 

charact e r i s t i c s  of the raw was tes we re a l s o  h i gh l y  var i a b l e . The 
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var iat i ons in s t rength a s  measured by COD , BOD5 , and sus pended s o l i ds 

concentrat i ons are shown i n  F i gure 3 .  The COD , BOD5 and sus pended 

s o l i d s  c oncent rat i ons fo l l owe d the same general pat t er n , except on 

Novembe r 9 .  A l s o , t he BOD5 concent r a t ion r anged f r om 1 5 . 7  t o  75 . 5  

per cent o f  t he COD concent ra t i on . Sus pende d s o l i d s  we re u nu sua l ly 

h i g h  on Novembe r 9 and apparent l y  added s i gn i f i cant l y  t o  the COD o f  

the was te but not t o  the BOD5 . Some caus t i c  pee l was t e  was d i s charged 

t o  the was t e  s t re am on this  date and cont r i buted t o  the i n cr ease in 

suspended s o l i d s , COD and pH o f  t he raw was t e  on t h i s  dat e . 

The average ( except for pH ) character i s t i c s  o f  t he r aw was t e  ar e 

pr esen ted i n  Tab l e  s2 . The pH o f  t he raw was t e ranged from 9 . 2 t o  

1 1 . 6 .  The med ian va lue was 10 . 6  wh i c h  was l ower t han o b t a i ned by 

Hag i n , undoubted l y  the r e su l t  o f  t he reduct i on in caus t i c pee l  a l l owed 

to enter the wa s t e  e f f luent s t ream . The tempe rature o f  t h e  raw was t e 

var i e d  fr om 7 3  to s1°F with the average be ing 7 7°F ,  about the s ame as 

repo r t e� b y  Hag i n . 

The i mpac t  o f  the new pee l ing proce s s  and imp l ementat i on o f  ex-

t ens ive wa t e r  con s ervat i on pra c t i ces is c l ear l y  ev i d e n t  whe n t he 

average un i t  wa s tewa te r  f l ow for Midwe s t  Food s i s  c ompare d  w i t h  the 

un i t  f low r epor te d  in ear l ier s tud i e s  by Hag i n . A s  s hown in Tab le 8 ,  

2Al ong w i t h  those o f  ear l i er i nve s t i gat i ons by Hag i n  ( Fa i r f ie l d  

Produ c t s )  as we l l  as the characte r i s t i cs of r aw pot a t o  pro ce s s i ng 

was te s  ·r e por t e d  i n  the l i t erature . 

/ 
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Table 8 

A Compar ison o f  Was t e  Stream Character i s t i cs-

Character i s t i c  

Pee l ing Process 

pH 

Temperature , °F 

Was tewater Flow , 

Midwe s t  Foods 

Cor porat ion 

Clark , S . D . 

dry-caus t i c  

10 . 6  

7 7  

Ga ls/ton o f  raw potatoes 8 13 

BOD5 , 
mg/l 5 , 9 78 
lbs/ton 40 . 5  

COD , 

mg/l 1 2 , 48 9  
lbs/ton 8 4 . 6  

Sus pended Solids , 
mg/l 9 , 9 9·3 
lbs/ton 67 . 7 

T . K . N . , lbs/ton 2 . 08 

Inorgani c  Phos . , lbs/ton 8 . 6 5 

BOD5 : N : P rat io 100 : 7. 1 : 2 6 . 7  

Fair f i e ld 

Product s ,  Inc . , 

C 1 ark , S . D . ( 7 ) 

dr y -caus t i c 

1 1 . 1  

78 

3 , 500 

3 , 552 
100 

7 , 28 5  
2 1 6  

3 , 08 4  
9 1  

-

-

Typi cal Potato 

Proces s ing 

Plant ( 5 ) 

we t -cau s t i c  

1 1 . 0  

4 , 500 

1 , 750 
6 5 . 7 

2 , 700 
101 . 3  

2 , 600 
97. 6 

-

-

Ma ine 

Potato 

P lant (4) 

wet - caus t i c  

* 
1 1 . 5  1 1 . 1  

2 , 520 2 , 310 

2 , 460 1 , 1 50 
52 22 

3 , 500 1 , 790 
74 3 4  

1 , 750 1 , 3 10 
3 7  2 5  

- -

0 . 4  1 . 5  

Wes tern Potato 

Services , Inc . 

( 1 1 ) 

dr y - caus t i c 

10 . 8  

1 , 6 6 6  

2 , 8 7 9  
40 

4 , 512 
62 . 7  

4 , 59 9. 
63 . 9  

1 . 3 4 

2 . 2 5 

*Results fol lowing implementat ion o f  water conservat ion , water recir culat ion and by-products re-
covery 

� � 



t he un i t  was t ewa t e r  f l ow was reduced by ove r 7 5  per cent f r om 3 , 5 00 

ga l lons t o  8 1 3  ga l l ons per ton of raw potatoes pro ces s e � . 
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The COD of the raw was t e  var i ed from 7 , 5 7 3  mg/l t o  2 8 , 09 3  mg/l 

w i t h  an av e r age concentra t ion o f  1 2 , 489 mg/l .  The BOD5 o f  t he raw 

was t e  var i e d  f r om 3 , 680 mg/l to 9 , 2 80 mg/l w i t h  a n  ave r a ge o f  5 , 9 7 8  

mg/l .  The average amount of BOD5 l eav i n g  t he p la n t  pe r day was 4 , 5 9 7  

pounds o r  a popu l at i on e quivalent o f  greater t ha n  2 7 ; 00 0  p e o p l e . The 

average BOD5/COD rat io of the raw was te was 0 . 4 7 9 . Th i s  va lue s eems 

to be ty p i ca l  for potato proce s s ing was t e s  from fr ozen F r en c h  f r y  

p l an t s  i n  t ha t  value s  fr om 0 . 4 3 to 0 . 70 have been r epor t e d . A l s o , 

t he i nve s t i gat ion by Hag i n  r esu l ted in an aver age BOD5/COD rat i o  o f  

0 . 4 9 f o r  t he raw was te produced a t  Fa ir f i e l d Produ c t s , I n co r porated . 

As s h own i n  Appendix V I , a corr e lat i on fac tor o f  0 . 8 9 was obta i ne d  for 

the BOD5 and COD concent rat ions in the raw was te by us e of t he s tat i s ti­

cal me t hod of leas t s quares . The suspended s o l i ds conc e nt r a t io n  var i ed 

from 4 , 2 2 0  mg/l t o  1 9 , 9 9 0  mg/l wi t h  an average o f  9 , 9 9 3  mg/ l .  The 

BOD5 , COD and sus pended s o l ids load ings per ton of r aw po tatoe s pr o­

ces s ed wer e r educ e d  by approx ima t e l y  60 , _ 6 1 , and 26 per cent , r e s pe c ­

t ive l y . Thes e  r e duct ions can b e  at t r i buted to r emo va l  o f  t he caus t i c  

pee l i n g  wa s t e  from the wa s tewater s t ream and the i ncrea s e d  wat e r  con­

servat i on pra c t i c es imp lemented by Midwe s t  Foods Cor po ra t i o n . 

Te s t s were per forme d to determine i f  suf f i c i e n t  i n o r ga n i c 

_ nut r i ent s wer e  pre s e nt i n  the raw wa� te to suppo r t  b io l o g i c a l  gr owth . 
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The mos t  common l y  quoted requ i rement of the BOD : N : P  rat i o  for aer o b i c  

b i o l o g i c a l  t r ea tment i s  1 00 : 5 : 1  ( 2 8 ) . Tot a l  i no r gan i c  phos phorus i n  

t he proce s s i ng plant e f f luent aver aged 1 , 1 65 mg/ l bas e d  o n  two 

samp l e s  wh i l e  t he total k j e l dahl n i t rogen c on ce n t rat i on averaged 3 0 8  

mg/l and the average BOD5 was 4 , 3 60 mg/l . The r e s u l tant BOD : N : P rat i o  

was 1 00 : 7 . 1 : 2 6 . 7 wh i ch i nd i cates that the raw was t ewat e r  cont a ined 

quant i t i es of ni t rogen and phos phorus more t han adequa te to s uppor t 

aero b i c  b i o l og i cal growt h . However , i t  i s  pos s i b l e  t hat dur i n g  

per io d s  o f  ext reme f l ow var i at i on , a ni trogen de f i c i ency m i ght o c cur . 

The t y p i c a l  raw was t e  char a c ter i s t i c s pr e s e n t e d  i n  Tab l e  8 and 

for one s pe c i f i c  p lant are bas ed on the wet -cau s t i c  pee l in g  proce s s  

wh i le t h e  C la r k , Sou t h  Dakota , and We s tern Po tato S erv i ce s  data 

repr es ent wa stewa t e r  der ived from the dry - cau s t i c  pee l i ng pro c e s s . 

The med ian pH o f  t he raw was t e  at Midwe s t  Foods was appr ox ima t e l y  0 . 5  

unit  l e s s  t han the plant s ut i l i z ing we t- caus t i c  pee l in g  pr o ce s s e s  and 

Fa ir f i e l d  Produ c t s  due to remova l of the caus t i c  pee l from the was te -

water . s t ream .  

I n  compar ing t he was tewater f lows from Mi dwe s t  Foods Cor porat i on 

w i t h  t hose o f  a " ty p i ca l" plant and the Ma i ne p l an t , i t  can be s een 

tha t the water usage for the we t - caus t i c  pee l i ng s y s t em i s  grea ter t han 

that for t he d r y - caus t i c s y s tem ut i l i zed by Mi dwe s t  Foods Corporat i on . 

These r es u l t s  wh i ch s how a we t - caus t i c  water u s a ge over f i ve t imes 

h i gher a t  t he " ty p i cal" plant than at Midwe s t  Foo d s . wou l d  s e em t o  be 
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i n  a greement wi t h  the s tatement o f  C y r  ( 1 0 )  t h a t  as mu c h  a s  four t imes 

as mu ch wa ter may be used in a s y s tem emp l o y i n g  a we t - caus t i c  pe e l ing 

proce s s . 

The redu c t ion in wa s tewat er d i s char ge through wa t e r  conservat i on 

and r e c i r cu lat i on a t  the Ma i ne potato proce s s ing p l an t  u t i l i z in g  the 

we t - cau s t i c  pee l ing proce s s  a.r e  read i ly apparent fr om Tab l e  8 .  How-

eve r , even i n  t h i s  case , the water use at Mi dwe s t  Foo d s  was only 35 

per cent of the f l ow a t  the Ma i ne p l ant . A c ompar i s on of the data from 

Wes tern Po tato Serv i ce s , with a dry -caus t i c  pe e l er , i nd i cat e s  that the 

wa ter d i s c ha r ge a t  Midwes t Food s i s  ap pr ox imate l y  one-ha l f  t ha t  at 

We s tern Potato Serv i ce s , I ncor porated . Thus , it  can be conc luded t ha t  

t he wa te r cons erva t i on programs and p lan t mod i f i cat i on s  emp l oyed by 

Midwe s t  Foods dur ing t he 1 9 73-74 campa ign we re ext reme l y  e f fe c t ive i n  

redu c ing wa s t ewa ter f l ow . 

A l t hough the BOD5 , COD and sus pende d so l i ds concent r at i ons o f  the 

wa s t e s  produced at the Mi dwe s t  Foods Cor porat i on p l an t  are subs tant i a l -

l y  h i gher. than those obta ined from the " t y p i cal" pr o ce s s i ng p lant , t he 

average pounds o f  BOD5 , COD and suspended s o l i d s  produ ce d  per ton o f  

raw pota t oes wer e re duced by approximat e l y  38 , 16 and 3 1  per cent , re -

s pec t ive l y , due t o  the decrea sed wat er u sage by Mi dwe s t  Foods . The in-

p l an t mod i f i ca t i o ns imp lemented in the Ma i ne potato p lant r es u l t ed in 

BOD5 , COD and s u s pended s o l i ds load i ngs per ton o f  r aw potatoes sub-

t · th obta i· ned for the Mi dwe s t  Foods Corpor a t i on . s ant ia l l y l owe r than ose 
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The pr imar y factor contr i bu t ing t o  t h i s  d i f ference wou l d  s eem t o  be 

the by -produ c t s  r e c overy l i ne at t he Ma i ne po t a t o  p lant . By -produ c t  

r e cove r y  wou l d  e l i m i nate many o f  t h e  potato s o l i d s  d i s c har ged t o  the 

was tewa t e r  s tr eam and , ther efor e , br � ng abou t  a s i g n i f i can t r e du c t i on 

i n  t he BOD5 , COD and suspended s o l ids load ings . Su c h  mod i f i ca t ions 

are be ing c on t emp late d  for the Midwe s t  Foods p lant , bu t have not y e t  

been comp l e t e d . Th e BOD5 , COD and sus pended s o l i d s  l oa d i ng s  per ton of 

raw pota toes for t he dry -cau s t i c  pee l pr oce s s  at t h e  Wes t ern Potato 

Se rv i ce s  p lant we re appr ox imate l y  equa l to t hos e for Mi dwe s t  Foods . 

I n  s umma r y , the average BOD5 , COD and sus pend e d  s o l i d s  un i t  

was t e  produ c t i on rates f or the Mi dwe s t  Foods p lant c ompar e favorabl y  

w i t h  t he un i t  rates from a s im i lar dry -cau s t i c  pe e l  p l ant and are 

mu ch l ower t han t ho s e  repor ted for potato proce s s i ng p lants u t i l i z i ng 

the we t - caus t i c  pee l i ng proce s s . The mos t notab l e  fac tor r e gard i ng t he 

was tewa ter produ ce d  at the Midwe s t  Foods p lant i s  t he l ow un i t  was te 

f l ow o f  8 1 3  ga l l ons of was t ewater pr odu ced per t on o f  r aw pota toes 

proce s s ed .  Th i s  un i t  f l ow rate was over 50 pe r ce n t  l ower t han the 

lowe s t  repor t e d  va lue found in the l i te rature . 

Fl ume S i l t -Wa t e r  

Ana l y s e s  per formed o n  t he f lume s i l t -wa ter s amp l e s  wer e l im i t ed 

to s o l i ds d e t e rm inat i ons . Complete f lume s i l t -wat e r  ana l y s e s  r e s u l ts 

are pre s en t e d  i n  A ppend i x  V I I and ind i cate t he var i ab i l i ty in qua l i ty 

. o f the f lume s i l t -water . The average resu l t s  o f  t he ana l y s e s  a r e  
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presented in Ta b l e  9 .  To tai res idue concentrat i ons var i e d  from 5 , 5 44 

mg/l to 3 4 , 5 5 8  mg/l and suspended s o l i d s  concen t r a t i on s  var i ed from 

2 , 0 4 0  mg/I t o  3 1 , 2 2 0  mg/l . The average suspended s o l i d s  c oncentrat ion 

o f  1 4 , 0 4 4  mg/l i s  comparab l e  t o  r e su l t s  f r om o t her s tu d i e s  ( 6 ) ( 1 1 ) . 

S e t t l eab le sus pended s o l ids a f ter 2 3  hour s o f  s e t t l i n g  var i ed from 22 

ml/l to 1 0 7  m l / l  w i t h  an ave rage of 6 1 . 6  ml/l . 

- Ta b l e  9 

Ave rage Re su l t s  o f  Ana l ys es o f  F l ume S i l t -Wa ter 

Parame ter 

Tot a l  Re s i due , mg/ l 

Sus pended So l i d s , mg/ l 

S et t l ea b l e  So l i d s , ml/l 
After 1 h r . 
A f t e r  2 3  h r . 

Set t leable So l i d s/Total Re s i due , ml/mg 

Un i t  S i l t  Produ c t ion , l b s . S . S . /ton raw potatoes 

Concentra t i on 

1 7 , 4 3 8  

1 4 , 044 

1 1 1 . 5  
6 1 . 6 

0 . 0 0 3 7  

6 . 8  

Us ing the ave rage s uspende d s o l i ds concent rat i o n  o f  1 4 , 04 4  rng/l 

and the · ave rage da i l y s i l t -wat e r  volume o f  4 , 9 32 ga l lons , c a l c u l a t i ons 

ind i cate t ha t  5 7 8 pounds o f  s i l t  are d i s c har ged t o  the anae r o b i c  l agoon 

per operat i ng day . Th is i s  an av erage product i on o f  6 . 8  pounds o f  

O f  raw Potatoes proces. s ed . Wo l te r s  ( 2 7 )  sus pended s o l i d s  pe r ton 
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de term i ne d  t ha t  from 1 00 t o  400 pound s o f  s o l i d s  wer e  pr oduced per ton 

of r aw po t a t o e s  pr o ce s sed wi thout rec i r cu l at i o n  of t h e  water u s ed for 

f l um i n g  and was h i ng o f  t he raw potatoe s . Obv i ou s l y , t he raw potatoes 

used by Mi dwe s t  Foods wer e  not as heav i l y  laden w i t h  s o i l as t ho s e  

dur i ng Wo l t e r s ' s tudy . As suming this s i l t  wou l d  o c cupy an average 

vo lume of 6 1 . 6  ml/l i n  t he anaero b i c  l agoon , a f t e r  s e t t l in g , an average 

of 4 0 . 5  cu b i c  feet o f  compacted s i l t was produ ced per operat i n g  day 

dur ing the 1 9 7 3 - 7 4  proces s i ng season . ·Mi dwes t Foods o perated for ap­

pr oximat e l y  5 0  day s dur ing 1 9 7 3 , s o  appr ox imate l y  2 , 0 2 5  cu b i c  feet o f  

s i l t wer e depo s i t e d  i n  t he anaero b i c  lagoon . Cons e quent l y , t he vo lume 

o f t he anae r o b i c  lagoon was reduced by two per cent . A norma l pro­

du c t i on year of about 2 4 5  operat ing days wou l d  produ c e  appr ox imate l y  

9 , 92 5  cub i c  fee t  o f  compac ted s i l t  resu l t i ng i n  a 9 . 8  pe r cent r e du c t i on 

in anaer o b i c  lagoon volume . Cont inued volume r e du c t i on as a r e s u l t  o f  

s i l t  d e po s i t i on cou l d  reduce t he detent i on t ime s i gn i f i cant l y  a n d  re ­

su l t  i n  d e cr eased e f f i c i ency o f  t he anaer ob i c  l agoon . 

Anaero b i c  lagoon Per formance 

The average ioad i ngs and cond i t ions under wh i ch t he anaer o b i c 

lagoon opera t e d  are pre s ented in Table 1 0 . The pH i n  t he anaer ob i c  

lagoon rang e d  f rom 6 . 8  t o  7 . 4  and t h e  med ian va lue was 7 . 1 .  The pH 

rang e u sua l l y s pe c i f i e d  for anaerobi c and fa cu l ta t ive ba cter i a  is 6 . 6 

to 7 . 6  w i t h  a n  opt i mum pH o f  7 . 0  ( 2 9 ) . Thus , th e pH ma i n t a i ned i n  the 
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Tab l e  1 0  

Anaer o b i c  lagoon Per formance 

Midwe s t  Recommended Fa i r f i e l d  J . R . S implot 
Foo ds Va l ue s  P r o du c t s  Company 

p H range 
me d ian pH 

6 . 8 -7 . 4  
7 . 1 

Aver age t emper a t ur e , °F 73 
Ave r age i n f luent f l ow , gpd 92 , 160 
Average re t e n t i o n  t ime , day s 8 . 2  
Av er age Vo la t i le Ac ids : 

Al ka l i n i ty Ra t io 0 . 2 5 
Average a l ka l i n i t y  con-

centr a t ion , mg/ l 3 , 8 5 3  
Average vo lat i l e ac id cone . , 

mg/l ace t i c  ac i d  95 6  
Ave r age Load ings 

lbs COD/day 9 , 5 9 3  
l b s  COD/lCOO cub i c  feet/ 

· ctay 
l bs BOD5/day 
l bs BOD5 / 1 000 cu b i c  

· fee t/day 
l bs S . S . /day 
lbs S . S . /1 00 0  cu b i c  

feet/day 
Average Remova l s  

l b s  COD/d a y  
l b s  COD/1 000 cub i c  fee t / 

day 
l b s . BOD5 /day 
l bs BOD5 /1 000 cu b i c  

feet/day 
l bs S . S . /day 
fbs S . S . / 1 000 cub i c  

feet/day 
Average Remova l  Eff i ­

c ie n c i e s , pe r ce n t  
COD 
BOD5 
S . S . 

95 . 0  
4 , 5 97 

45 . 5  
7 , 6 84 

76 . l 

5 , 98 6  

5 9 . 3  
3 , 3 8 8  

3 3 . 5 
5 , 9 86 

5 9 . 3 

62 . 4  
7 3 . 7  
7 7 . 9  

6 . 6 - 7 . 6 1 

7 . o 1 

6 02 

2 - 1 02 

0 . 8 3 

2 , 0002 

60-8 04 

1Ecke n f e l de r  ( 2 9 )  
2Dornbus h 0 8 )  

3Dos tal ( 1 7 )  
4Wh i te ( 2 0 )  

6 . 1 - 8 . 4  
7 . 2  

5 3  
2 37 , 00 0  

9 . 8  

1 4 , 82 2  

4 7 . 8  
6 , 8 5 5  

2 2 . l  
6 , 2 5 3  

2 0 . 2  

- 4 , 49 8  

- 14 . 5  
- 3 , 9 7 9  

- 12 . 8  
1 , 75 7  

5 . 7  

- 30 
- 5 8  

2 8  

62 - 7 1  
5 , 76 0  
8 . 8  

0 . 5 - 3 . 5  

600 - 3 , 5 00 

1 1  

2 . 75 

3 3  
2 5  
8 2  
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anaer ob i c  lagoon was near l y  i dea l . The med ian pH of 7 . 1 was near l y  

t he s ame as t hat obtained dur i ng Hag in ' s  i nves t i ga t i on , but as i n -

d i cated i n  Ta b l e  1 0 , Hag in encountered a great e r  var i a t i on i n  pH . 

The range obta i ne d  a t  Mi dwe s t  Foods was wi t h i n  a c ceptable  l im i t s , 

whereas , s ome o f  t he values obta ined by Hag i n  cou l d  have been i n -

h i b itory to me t hane - forming bacter ia in a n  anae r ob i c  l agoon . 

I t  i s  impo r tant to note that the raw was t e  pH was r educed from 

a med ian value of  1 0 . 6  to about neutral ity ( pH o f  7 . 1 )  i n  t he an-

aerob i c  lagoon . The me chan ism for this  neu tra l i za t i on has been 

de l i neated by Poh l and and Bl oodgood ( 30 )  and Poh land and Eng s t r om 

( 3 1 ) .  Accor d i ng to these invest i gators , the h y dr o l y s i s  o f  l i p i ds and 

t he fermentat ion of car bohydrates and prote i ns r esul t s  in t he pro-

duc t ion of organ i c  fat t y  a c i ds . The se acids rea c t  w i t h  a l ka l i n i t y  

pre sent  in  t he me d ium to  form a c i d  salts . 

Ca� HC03 ) 2 + 2CH3COOH 

b i car bonate organi c  

a l ka l i n i ty ac i d  

( CH3C00 ) 2Ca + 2H20 + 2co2f . . . . .  1 
a c i d  car bon 

salt  water d ioxi de 

The or gan i c  a c i ds are eventual ly degrade� t o  me t hane and carbon d i -

oxide  b y  fur t her anaerob i c  de comp� i t ion resu l t i ng i n  the des truct i on 

o f  the acid sal ts and produc t ion of alka l i n i t y . 

(CH3coo ) 2 ca + 2H20 � 2CH4 t + Ca C HC03 ) 2 · · · · · · · · · · · · · · · • · 2 

· a c i d  bi car bonate 

sa l t  water methane alka l i n i t y  
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Ammon ia i s  a l s o  produ ced a s  a resu l t  o f  prote i n  de compos i t i on . 

At the pH o f  norma l d i gest ion , the ammon i a  ion i s  i n  equ i l i br i um with 

var i ous end produ c t s  o f  anaerob1" c  d 1" ges t 1' on .  F 1 · 
th o r  examp e ,  i n  e car -

bonat e  sys tem , 

. • • . . . . . . 3 

ammonia can r eact with  the b i car bonate to form ammon ium b i car bonate . 

NH4
+ + HC03

- NH4HC03 . . . . . . . . . . . . . • . . 4 

Thus , t he produ c t i on o f  co2 woul d eventua l l y l ead to an i ncreas e 

i n  ammon ium b i car bonate alka l i n i ty . Ammon ia can a l so rea c t  wi t h  the 

d i s so c iated orga n i c  a c ids . Us ing acet i c  a c i d  ai an examp l e , 

The ammon ium a ce tate i s  a lmos t completely  d i ssoc iated and , t her e fore , 

tends to incr ease the ace tate i on concentrat ion whi ch c on comm i t tent l y  

depre s s e s  the d i ssoc iat i on o f  ace t i c  ac i d . Thus , t he hydr onium ion 

concentrat ion i s  smal ler when ammonium �cetate i s  pre sent  than when 

acet i c  ac i d  is pr esent alone . From equat ion 5 , it can be s een t ha t  i f  

ac i d  i s  added , the s h i ft wi l l  b e  t o  the l e ft and i f  a base i s  added , 

the s h i ft wi l l  be to the r ight . Added hydroxy l ions woul d  be neutra l -

ized b y  the hydrog�n ions re leased b y  fur t her d i s so c i a t i on o f  acet i c 
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a c i d , whe reas , a dded hydrogen ions woul d  r eact w i t h  the exce s s  acetate 

ions . The hydronium ion concentrat ion wi l l  not c hange rad i ca l l y  as 

l ong as there i s  a lar ge exce ss o f  acetate i ons and und i s s o c i ated 

acet i c  acid compar ed to the amount o t  acid  or  bas e added . 

The med i an raw waste pH o f  1 0 . 6  was large l y  t he resu l t  o f  the 

caus t i c  pee l i ng process wh i ch contr i buted lar ge quan t i t i es of hydroxy l 

i ons to t he was t e . From the above cons iderat i ons , neu t ra l i za t i on o f  

t h e  add e d  hydr oxy l ions wou l d - be accomp l is he d  i n  t he anaer ob i c  lagoon 

by t he hydrogen ions re leased v ia d i ssoc iat i on of the organi c  a c ids . 

Thus , t he anaerob i c  lagoon prov ided an e ffect ive neu t r a l i za t i on o f  t he 

caus t i c  was t e  through a we l l -documented me chani s m . 

Temperature wi l l  also  a ffect the per for mance o f  an anaerob i c  

lagoon . An average temperature of 73°F was ma i n t a i ne d  i n  t he an­

aerob i c  lagoon dur ing · the cour se o f  these s tud i e s . Th i s  value i s  we ll 

above t he re commended min imum value of 60°F a t  wh i ch anaero b i c b io log-

ical  a c t i v i ty i s  shar ply  cur ta i led . In  1 9 7 1 -72 , Hag i n  found an ave rage 

temperature o f  5 30F i n  the anaerob i c  lagoon , wh i ch at t ha t  t ime was un­

covered . Thus , t he s tyro�oam-s traw cover ut i l i ze d  by  Midwe s t  Foods 

appears t o  have contr i buted subs tant ial ly to ma i n t a i ning a mor e  su i t -

able t empe rature i n  the lagoon . 

The average son5;cbD rat io of  t he lagoon content s  was 0 . 335 wi t h ·  

a leas t square s corre lat i on factor of 0 . 963 . Redu c t i on o f  the BOD5/ 

COD r at io f rom 0 . 479 i n  t he raw waste to 0 . 335 i n  the anaerob i c  
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lagoon re f l e ct s  remova l of  t h e  more read i ly b i o l og i ca l ly ox i d i zable 

mat e r i a l  i n  the anaerob i c  lagoon . 

From Tab l e  1 0 , t he dai l y  flow enter i ng t h e  anaerob i c  lagoon for 

these s tud i e s  averaged about 92 , 000 ga l lons per day . Dur i ng Hag i n ' s 

s tudy , t he ave rage flow was almos t 2 55  per cent h i gher . Howeve r ,  t he 

re tent ion t imes obta i ned for each study wer e s im i lar be cause t he 

pre sent lagoon volume i s  about 101 , 000 cub i c  feet , wher eas , dur i ng t he 

inve s t i ga t i ons o f  Hag i n , the lagoon volume was approx i ma te l y  310 , 000 

cub i c  feet . 

The average BOD5 load ing rate for these i nve s t i ga t ions was 45 . 5 

pounds/1000 cub i c  fee t/day . Th is value was approx imate l y  four t imes 

greater t han the load ing rate at the J . R .  S implot p i l o t -p lant and 

mor e  than twi ce as h i gh as that  repor ted by Hag in . A l so , t he BOD5 

load i ng rate was t hree t imes h i ghe r than t hat r e commended for anaero ­

b i c  lagoons in South Dakota ( 20 ) . Howeve r ,  the anaerob i c lagoon ob­

tained a 7 3 . 7  percent average BOD5 remova l compare d  to t he negat ive 

removal r e por ted by Hag i n  and the 2 5 per cent removal obt a i ne d  i n  the 

p i lot plant . 

The h i gher e ff i c i enc ies obtained in t he mos t  recent inve s t i ga t ions 

were probab l y  due to t he h igher average temperature w i th i n  t he lagoon .  

Al so ,  the h ig he r  sus pended so l i ds loadi ngs may have resu l te d  i n  an i n-

cr ease in  t he amount o f  BOD5 remov ed by sed imentat i on . Thi s  wou l d  

appear to have been the case s ince suspended so l i ds removal s  were about 
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t hree t ime s h i gher than that repor ted b y  Hag i n . Be cause i n fluent t o  

t he anaer ob i c  l agoon i s  introduced a t  mid -dept h , per haps t he s i l t -

water cou l d  have acted a s  a " we i ght ing agent" wh i ch may have a i d e d  

sed imentat ion i n  t h i s  un i t . Furt hermor e , average v o l a t i le a c i d  con-

centrat i ons in t he anaero b i c  lagoon were fa i r l y  h i gh ( 9 5 6 mg/l as 

acet i c  a c i d ) . The h i gh concentrat ion would ind i cate that the conver -

s i on o f  vo la t i le acids  t o  me thane may have been i nh i b i ted s l i gh t l y . 

However ,  the average vo l at i le a c i d  to �lka l i n i ty r at io and ave rage 

a l ka l i n i ty concentra t ion in the lagoon were bot h  s u ff i c i en t  t o  mai n -

ta in the  proper p H  s o  t hat p H  s hou ld not have impa i r e d  methane fer -

menta t ion . De t ent ion t ime s hou ld not have a f f e cted the  resu l t s  because 

all t hree s tud i e s  repor t ed approximate ly the s ame r e te n t i on t imes and 

were w i t h i n  the re commended range . 

The anaero b i c  l a goon at Midwe s t  Food s operated ve r y  e f f i c ient l y  

even t houg h  i t  r e ce ived a n  average BOD5 load i ng i n  exces s o f  t h r ee 

t imes t he r ecommended va lue . Ma inta ining the proper pH r ange and a 

suf f i c ient temperature wi thin t he lagoon were ver y  i n s t rume n t a l  i n  the 

e f f i c i en c ies  obta ine d . From the data ob ta ined , it  is  ev i dent t ha t  the 

anaerob i c la goon at  Mi dwe s t  Food s was c
.
apa?l e  of  e f fe c t ive l y  hand l ing 

the son5 and suspended s o l ids load ings tha t  wer e  d i s char ged to i t . 

Aerated Lagoon Per forman ce 

Th 1 d .  s and cond i t ions under whi ch t he aer at e d  l agoon 
e . average oa 1 ng 

operated are pr esented in  Tab le 1 1 . The average d i sso lved oxygen 
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Tabl e  1 1  

Aerat e d  Lagoon Performance 

pH range 

Temperature r ange , °F 
D i s so lved oxygen , mg/l 

Average r e t en t i on t ime , 
days 

k- factor , days - 1 

BOD5 : N : P  rat i o  

Average I n f luent Concen-
trat ions , mg/l 

BOD5 
COD 
Suspended S o l ids  

Average E f f luent Concen-
t r at ions , mg/l 

BOD5 
COD 
Suspended S o l ids  

Average Load ings  
l bs BOD5/day 
l bs BOD5/ 1 000cu . ft . /day 
l bs COD/day 
lbs COD/l OOOcu . ft . /day 

l bs S . S . /day 
l bs S . S . /1000 cu . ft . /day 

Average Remova l s  

lbs  BOD5/day 
l bs BOD5/ 1 00 0 cu . ft . /day 
lbs COD/day 

l bs COD/1 000 cu . ft . /day 
lbs S . S . /day 
l bs S . S . /1 000 cu . ft . /day 

Average Removal E f f . , pe r cent 
BOD5 
COD 
Suspended So l i ds 

Midwe st Re commended Fai r f ie l d  J . R . S implot 
Foods Values ( 1 6 )  Produ c t s

1 Company 

8 . 4- 9 . 0  
35 - 6 3  

l . 2 ( ave . ) 

32 . 9  

0 . 1 60 
1 00 : 2 5 : 90 

1 , 5 73 
4 , 692 
2 , 200 

2 5 1  
8 1 5  
7 1 2  

1 , 2 1 0  
3 . 0  

3 , 608 
8 . 9 

1 , 69 1  
4 . 2  

9 9 0  
2 . 5 

2 , 980 

7 . 4  
1,1 4 3  

2 . 8  

8 1 . 8  
82 . 6  
67 . 6  

l . 5 ( m in . ) 

1 .  6 - 1 6  

0 . 25 - 1 . 02 

1 00 : 5 : 1  

1 0  

8 . 1 - 8 . 5 5  

4 9 -5 4 

0 

1 4 . 8  

4 , 495 

8 , 0 16 
1 , 8 5 8 

2 , 405 

6 , 42 6  
92 4 

1 0 , 8 34 
2 0 . 3  

1 9 , 32 1  
3 6 . 1  
4 , 478 
1 1 . 1  

5 , 378 
1 0 . l  
4 , 7 4 4  

8 . 9  
2 , 3 82 

4 . 5 

4 9 . 6  

2 4 . 6  
5 3 . 2  

42 -5 3  

8 . 8  

8 

7 

8 8  
4 9  

-2 30 

1 . 
Aerated l agoon was o perat ing under anaerob i c  cond i t ion s  dur ing t h i s  

i nves t i ga t ion 
2Met ca l f  and Eddy ( 2 1 ) 



concentra t i on over four sampl ing per iods was 1 . 2  mg/l wi t h  thr ee o f  

the four value s be ing less  than the minimum re commended d i s s o lved 

oxygen concent rat ion o f  1 . 5 mg/l . Not only wer e  t hr ee o f  the d i s -
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s o l ved oxygen concentrat ions be low the re commended va lue but two were 

zer o . There fore , i t  i s  pos s i ble that an oxygen de f i c i ency exi s t e d  

per i od i ca l l y  i n  t h e  aerated lagoon . The l ow v alue s were obta i ne d  when 

at leas t o ne of the s ix 2 5 -hor sepower aerator s was not operat i ng . 

Su f f i c i ent inorgani c  nu tr ients were pr esent i n  t he i n f luent to 

t he aerated lagoon to support aerobic bio l o g i cal  a c t i v i ty a s  i nd i cated 

b y  the average BOD5 : N : P  rat io o f  1 00 : 2 5 : 90 .  Whereas t he r aw was t e  

BOD5 : N : P rat io was 1 00 : 7 . 1 : 2 6 . 7 ,  i nd i cat ing a pos s i b l e  n i t ro gen de -

f i c i en c y  a t  cer tain t imes , the BOD5 : N : P  rat io pre s e n t  i n  the anaer o -

h i e  l agoon e ff luent revea ls that t h e  anaerob i c  l agoon conserved  t he 

i nor gan i c  nu tr ients d i s charged to i t . The incr eas ed n i trogen fract i on 

was pro ba b l y  due to ·the redu c t i on in car bon ( BOD ) brought about thr ough 

the e s cape o f  car bon dioxide and me thane from t he degrada t i on o f  

n i trogen �onta i n i ng compounds . Because o f  the h i gher ce l lu l ar gro�t h  

rates and commensurate requirement for nitrogen , a n  aerobi c  t r eatmen t  

uni t  wou l d  probab ly no t br ing about a simi lar cons ervat i on o f  n i t rogen . 

There fore , the use o f  an anaero b i c  lagoon appear s to be o f  cons i der -

abl 1 · · d i· ng a BOD · · N · P rat io su i tab l e  for b i o log i ca l  trea t-e va ue 1 n  prov 1 5 · · 

ment o f  potato was tes wh i ch might otherwi se have been n i t rogen 

de f i c ient . 
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The . t emperatures i n  the lagoon wer e  s im i lar t o  t hos e o btai ned 

dur i ng Hag i n ' s i nve s t i ga t i on and t he p i l o t -p lant s tud i e s  a t  the J .  R .  

S implot plant . As a resul t ,  t emperature wou l d  not b e  a fac tor i n  

compar ing the e f f i c i enc i e s  obtained by the t hr ee aer a t e d  lagoons . 

However ,  a c cord ing to s t at i s t i ca l  analys i s  by the leas t s quares 

me thod , a s  the t emperature i n  the lagoon i ncreas ed , BOD5 r emoval a ls o  

i ncreased ( Appendix V I I I ) . 

The pH o f  the aerated lagoon effluent ranged from 8 . 4  to  9 . 0  w i t h  

a med i an o f  8 . 9 .  The i n f luent to the aerated lagoon had a med i an pH of 

7 . 1 .  Thus , pH i n cr eased i n  the aerated l agoon . Oxi d a t i o n  o f  ammon i a  

wou l d  appe ar to r esu l t  i n  Equat ions ( 4 )  and ( 3 )  s h i f t i ng to t he l e f t  

wi th a subsequent reduct i on i n  b i car bona te a l ka l i n i ty a n d  i ncrease i n  

pH due t o  the ac company ing reduct ion in  hydrogen i on concentrat i on . 

Al so , the or gan i c  mat ter and volat i le ac i ds enter i n g  t he aerated Iago� 

wou ld be ox i d i zed  under aerob i c  cond i t ions to the end produ c ts o f  car -

bon d iox ide and water . Due to the mixing act ion o f  t he aer ator s , the 

car bon d iox i de produced i n  the aerated lagoon wou l d  e s cape and r esult 

i n  an add i t iona l i ncrease i n  t he pH of  t he was tewater . 

Accor d i ng to the exper imenta l data ( Append ix I I ) , b i car bonate 

alka l i n i ty was r educed from an average of  3 , 85 3 mg/I to an average o f  

3 , 339 mg/l i n  the aera ted lagoon wh i le the volat i le ac i ds concentrat i on  

was r educed from a n  average o f  95 6 mg/l to a n  average o f  88 mg/l .  

Al so , the i n f luent ammon ia-n i t rogen concentrat ion was abou t 5 0 mg/l , 
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whereas , t he aerated lagoon e f f l uent ammon i a - n i t ro ge n  concentr a t i on 

was approxi mat e l y  5 mg/l . Ni trate -ni troge n , wh i ch was not present i n  

the aerated l agoon i n f luent , averaged about 5 6 mg/l i n  t he e f f luent . 

Thes e  resu l t s  wou l d  appear to be i n  �greement w i t h  t he above expl ana-

t ion . 

Average retent i on t ime in  the aerated l agoon was twi ce as long 

as the max imum des i gn value re commended by Th imsen ; more t han doub l e  

t ha t  dur ing Hag i n ' s  s tudy ; and approx imate l y  four t imes l onger than 

tha t  i n  the s tudy by Dos ta l  at the J .  R .  S implo t  Company . The much 

longer r e t e n t ion t ime was undoub tedly the resu l t  of  d e cr eas i ng t he 

average dai l y  water usage from 2 37 , 000 ga l lons t o  92 , 1 60 ga l lons . The 

over a l l f i r s t -order BOD5 removal rate cons tant ( k- fa c t o r ) can be c a l -

cu lated us i n g  Equat ion ( 7 ) . · 

1 • • • • • • • • • • • • • • • • • • • •  7 

where ; 

s = 

1 + k ( V/Q ) 

e ff luent BOD5 concentrat ion , mg/ l  
i n f luent BOD5 concentration , mg/ l  
overa l l  f ir s t -or der BOD5 r emova l r a t e  

V lagoon vo lume , mi l l ion
. gal lons 

Q = flowrate , mi l l ion ga l lons per day 

cons t ant 

Ut i l i z i ng the average data obtai ned dur ing this  i nves t i gat i on ,  k was 

-1 
de term i ne d  to be 0 . 1 60 days Typ i ca l  values o f  k ,  accor d i ng to Met -

) f 0 2 5 to 1 0 The r e fore , the k -cal f  and Eddy ( 2 1 -5 4 4  , vary rom · · · 

factor for t he aerated lagoon was less than woul d  be expe cted .  
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Because k i s  a n  overa l l  BOD5 r emov a l  rate wh i c h  i n c ludes r emov a l  by 

biol og i ca l  ox ida t i on and sed imenta t ion , the low va lue of k cou l d  be 

due to the exce s s ive l y  long re tent ion t ime prov i de d  in t he aerated 

l agoon . From Equa t i on ( 7 ) , a reduc t ion i n  the l a goon volume would 

t heore t i ca l ly r e su l t  i n  a shorter retent ion t ime and l a r ge r  k - fac tor 

wi thout expe r i en c i ng a change in e ff luent BOD5 concen t r a t ion . There ­

for e , i t  wou ld appear tha t  the long retent ion t ime prov i d e d  i n  the 

aerated l agoon r e presents a safety factor wh i ch wou l d  permi t  h i gher 

load ings to t he aerated lagoon without increas i ng the e f f luent BOD5 

concentrat i on . 

The average BOD5 and COD concentrat i ons i n  t he i n f luent to the 

aerated lagoon wer e  subs tant ially lower than dur i ng Hag i n ' s  i nve s t i ­

gat ion . However , influent suspended so l i ds concentrat i o n  was s l ight l y  

h i gher dur ing the present inves t i gat ion . A s  a r esu l t  o f  t he r e duct i on 

in wastewate r f l ow ,  the BOD5 , COD and suspended s o l ids  l oa d i ng rates 

were reduced by 8 5 , 75 and 62 per cent , respect ive l y
·
. The aver age BOD5 

load i ng rate of  t hr ee pounds/1 000 cubi c  fee t/day was we l l  be l ow the 

max imum re commended value of  10 pounds/1000 cub i c  fee t/day . A l inear 

r e lat ions h i p  ex is ted be tween the BOD5 and COD concentrat ions i n  the 

aera ted l agoon e f f luent as ind icated by a leas t square s  corr e la t ion 

factor of  0 . 92 7  ( Append ix V I ) . The average BOD5/COD r a t io was r educed 

from 0 . 335  to 0 . 308 as the was tewater pas sed thr ough t he aerat ed  lagoon 
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i nd i ca t ing fur ther treatme nt of the ox i d i zab l e  o r ga ni c  ma t te r  pr esen t 

in the was te . 

Average BOD5 , COD and suspended sol i d s  remova l s  o f  8 1 . 8 ,  82 . 6  and ' 

67 . 6 per cen t ,  re spect i ve l y ,  were obtained by the ae r a t e d  l agoon . A com-

par i s on of the r emova ls obtained dur i ng Hag i n ' s  i nve s t i ga t ion and the 

present s tud y cannot be comp l e t e l y  j us t i f ie d  becau se the uni t was op-

erat i ng under anaerob i c  cond i t i ons from 1 9 70-72 . Du r i n g  the Hag i n  

s tudy , t he un i t  r e ce ived twi ce t h e  recommended max i mum BOD5 l oad i ng . 

The uni t opera t ing under aer o b i c  cond i t ions d i d  obta i n  h i gher BOD5 , 

COD and s�s pended sol ids removal e f f i c ienc ies  t ha n  wh i le o pe ra t i ng 

under anae r o b i c  cond i t i ons . Sed imentat ion probab l y  r es u l ted i n  t he 

BOD5 and COD r emova ls obtained under anaerob i c  cond i t ions ; whereas , 

sed iment a t ion p lus biolog i ca l  a c t i v i ty resu l t e d  i n  t he h i gher p�r -

cen t a ges o f  BOD5 and COD removed under aer o b i c condi t i ons . The i n -

cr eas ed r e t e n t i on t i�e dur ing the pre sent i nves t i ga t i o n  probab l y  

resu l te d  i n  t he increased per centage o f  COD r emova i .  

A s hor ter r e tent ion t ime and higher BOD5 l oa d i ng rate wer e  

ut i l i zed a t  the J .  R .  S imp lot completel y -mixed aerat e d  l agoon . The 

aerated lagoon a t  · Midwe s t Foods d i d  not produce an i n c r e as e d  BOD5 r e -

duc t ion as a r e su l t  o f  t he increased retent ion t ime . However ,  a 

1 d d l l' ds remova l was obtained a l ong w i t h  a great e r  per -
arger suspen e so . 

centage o f  the  COD removed .  The increased suspended s o l i d s  removal and 
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i n cr eased re tent i on t ime may have resul ted i n  the h i gher per centage o f  

COD remova l .  

Stab i l i za t i on Pond Per formance 

The ave rage load ings and cond i t ions under wh i c h  t he s tab i l i zat i on 

pond operated are presented in  Table 12 . No d i s charg e  from t he pond 

was permi t te d  and , there fore , the retent ion t ime w i th i n  t he pond s hou l d  

have been i n  excess o f  t he recommended va lue . The med ia n  pH i n  the 

s tab i l i za t ion pond was 9 . 5 . As a resu l t  o f  the cons erva t i on o f  nut r i -

ent s  i n  the anaerob i c  lagoon , t he BOD5 : N : P rat i o  i nd i ca t e s  t ha t  more 

t han enoug h  n i t rogen and phosphorus wer e pr esent to suppo r t  b i o l o g i cal 

growt h .  

Di s so lved oxygen was always present i n  the pond w i t h  a n  average 

concentrat i o n  of 14 . 2  mg/l . · Dur ing the prev ious s tudy ( 7 ) , d i s s o lved 

oxygen cou l d  no t be de tec ted in the pond due to the anaerob i c  cond i t ions 

re su l t ing from an average BOD5 load ing o f  2 48 pounds/a cre/day , over ten 

t ime s h igher t han t he re commended l oad ing for nor t hern c l i mate s .  The 

average Bon5 loading rate dur i ng the present s tudy was 8 . 8  pounds/acr e/ 

day wh i c h  wa s 5 6 per cent less than the re commended rate  o f  2 0  pounds / 

acre/day . Therefor e , the average BOD5 load i ng t o  t h e  pond was approx i ­

mate ly 9 6 per cent l ess than repor ted by Hag i n . The ave rage COD and 

s us pended s o l ids load ing rates were reduced by 96 and 74 per ce nt ,  r e ­

s pec t ive l y . The reduc t ions were pr imar i ly the resu l t  o f  t he 
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Tab le 1 2  

S tabi l i zat i on Pond Per formanc e  

p H  r ange 
Average r e t e n t ion t ime , day s 
D i s s o lved oxy gen , mg/ l 
BOD5 : N : P  r a t i o  
Aver.age Load i ngs 

l bs COD/day 
l bs COD/acr e/day 
l bs BOD5 /day 
l bs BOD5 /acre/day 
l b s  S . S . /d a y  
l bs S . S . /acr e/day 

Average Remov a l s  
lbs COD/day 
lbs COD/a cr e/day 
lbs BOD5 /day 
lbs BOD5/acr e/day 
lbs S . S . /day 
lbs S . S . /a c r e/day 

Average Remova l Ef f i c i enc ies , 
COD 
BOD5 
Sus pended So l i d s  

1 Ecke n fe l der ( 2 9 )  
2 01 son , e t  a l . ( 2 3 ) 
3 - --

Th ims e n  ( 1 6 )  

Midwe s t  
Foods 

9 . 4 - 9 . 9  
No d i s char g e  

1 4 . 2  
1 00 : 1 7 . 7 : 1 7 9  

62 6 . 7  
2 8 . 5 

1 9 3  
8 . 8  

5 4 7 . 5  
2 4 . 9  

2 6 4 . 5 
12 . 0  
1 47 . 6  

6 . 7 
4 33 . l  
1 9 . 7  

per cent 
42 . 2  
76 . 5  

· 79 . 1  

Fa i r f i e l d Re c ommended 
Pr o duc t s 4 Va lue s 

7 . 9 - 8 . 1 
7 - 30 !- up to 1202 

0 > O  
1 0 0 : 5 : 1 3 

1 4 , 5 7 7  
6 6 3  

5 , 45 6 
2 4 8  2 0 -5 0 1 , 2 02 

2 , 0 9 6  
9 5 . 3  

1 0 , 6 4 1  
4 8 4 

3 , 92 8  
1 79 

1 , 48 8  
6 7 . 6  

7 3  
72 
7 1  

4s tab i l i zat i on pond was o perat ing under anaero b i c  cond i t ions dur i ng 

t h i s  s t udy . 
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e f fe c t i v�ne s s  o f  the anaerob i c  and aerated l agoons dur i n g  the i nves t i -

ga t i ons d e s c r i bed her e i n , and the overa l l  reduc t i on i n  was te l oa d i ng s  

from the proce s s ing p lant when compared to t he cond i t i on s  prevai l i ng 

dur ing the i nves t i ga t i ons by Ha g in . 

Dur i ng the 1 9 7 3-74 proce s s i ng seas on , t he s tab i l i za t ion pond ob-

t a i ne d  an average BOD5 removal o f  76 . 5  pe r cent , wh i ch wou l d  be expe c t ed 

from a pr o per ly operat i n g  uni t .  The BOD5 and s u s pended s o l i ds r emova l  

e f f i c i enc i es under aerob i c  cond i t ions we re s l i g h t l y  h i gher t han t hos e 

o b t a i ne d  when the pond was anaerob i c . Howeve r ,  t he ave r age per cen tage 

of COD removed under aero b i c  cond i t ions was 30 per c e n t  l es s . The 

s ma l l e r  per centage of COD removed wou ld be expe c t e d  be cause , bas e d  on 

BOD5 /COD rat i os , the COD ent � r i ng the s tabi l i za t i on pond dur i ng t he 

pre sent s tudy was no t as amenable to trea tment b y  ox i da t ion a s  t hat 

dµr i ng t he i nves t i gat ion by Hag i n . The average BOD5 /COD rat i o  o f  the 

s tab i l i zat ion pond cont ents was 0 . 12 5 wh i ch i nd i cates t ha t  s tab i l i za -

t i on wa s muc h  more comp lete dur i ng the present s tud y t han dur i n g  the 

i nve s t i gat ion b y  Hag i n  i n  wh i c h  the ave rage BOD5 /COD r a t i o  of t he 

s ta b i l i za t i on pond was 0 . 374 . A l inear corr e lat ion fa c t or o f  0 . 6 5 8 

was d e t ermi ned fo r t he BOD5 and COD conc.entrat i ons i n  t h e  s tab i l i za t ion 

pond ( Append ix V I ) .  

Adequa cy o f  t he Ex i s t i ng Sys tem 

The overa l l  removal e f f i c ienc i es o f  t he wa s tewa t e r  treatment 

t 1 d b · M . d  est Foods Corporat ion are summa r i ze d i n  Tab le 13 . · s y s  em emp oye y 1 w . 



Ta ble 1 3  

Overa l l Trea tment Sy s t em Ef f i c i en c i e s  

Ave rage F i na l Concentrat ions i n  S tabi l i za t i on 
Pond , mg/ l 

COD 
BOD5 
Sus pe nd e d  So l i d s  

Average Ove ra l l S y s tem Remova l Ef f i c ienc i e s , 
per cent 

COD 
BOD5 
Sus pended So l i ds 

Midwe s t  
Food s 

4 7 1  
5 9  

1 4 9  

9 6 . 2  
9 9  
9 8 . 5 

6 6  

Fa i r f i e ld 
Pr odu c t s  

1 , 74 0  
680 
2 6 6 

76 
8 1  
9 1  

As i nd i cated from Ta b l e  1 3 , the average ove ra l l BOD5 , COD and s u s -

pended s o l i d s  concentrat ions i n  t h e  s tabi l i zat i o n  pond wer e  subs tan-

t ia l l y lower t ha n  those obta ined dur ing Hagin ' s i nv e s t i gat i on . A l s o , 

the average overa l l  s y s t em removal e f f i c i en c i e s  wer e  h i ghe r dur i ng t he 

pre sent s tudy w i t h  the avera ge BOD5 , COD and s u s pe nd e d  s o l i d s  remova l s  

be ing 9 9 , 9 6 . 2  and 9 8 . 5 pe rcent , respect ive l y . A l ong wi t h  the i n -

creas ed r emova l e f f i c i enc ies was t h e  absence o f  t he obnox i ou s odors 

j 

pre s ent dur i ng t h e  i nves t i gat i on by Hag in dur i n g  wh i ch t he t r e atment 

un i t s operated under anaerob i c  cond i t ions . 

A l t hou gh t he average BOD5 and suspended s o l i d s  r emov a l s were h i gh ,  

the ave rage f i na l  BOD5 and suspende d so l i ds concent r a t ions ex ceed the 

re commende d d i s c ha r ge l im i t s  o f  30 .mg/l o f  BOD5 and 30 mg/l o f 
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suspended s o l i ds adopt e d  by the Sout h Dak ota Comm i t te e  on Wa ter 

Po l lut i on . As a resu l t , e f f luent from the s tab i l i zat i on pond c ou l d  

no t b e  d i s c harged to sur face waters i n  Sou t h  Dak ota w i t hout add i t i ona l 

t r eatmen t . Howeve r ,  be cause o f  the low hydrau l i c  load i n g  to the pond , 

no d i r e c t  d i s char ge from t he pond ex is ted , pr i mar i l y due to evapo -

rat ive l o s s e s  from the aerated lagoon and s tab i l i za t i on pon d . 

Average BOD5 , COD and suspended s o l i d s  r e�ova l s  o b t a i ned by t h e  

var i ous t re atment uni t s  a r e  dep i c t ed by t he p i e  g raphs i n  F i gure 4 .  

The graph s  i nd i cate that the anaer ob i c  lagoon i s  the maj or t r e atment 

un i t  i n  the s y s tem remov ing an average o f  7 3 . 7  per cent of the BOD5 , 

62 . 4  per c e n t  o f  the COD and 77 . 9  per cent o f  t he s u spended s o l i d s . 

Anaero b i c  Lagoon 
7 3 . 73 

Rema i n i n g  
1 . 03 

Anaer ob i c  La goon 

( 62 . 43 \ 
A t d Rema i n i ng j era e 3 . 83 

Lagoon 
3 1 . 03 

Pond - 3 . 23 

nae r ob i c  Lagoon 
7 7 . 93 

Pond - 5 . 73 
S u s pended So l ids 

F i gure 4 :  Average Remova l s  Obtained by t he Var i ou s  Treatment Un i t s 

Ba sed on Raw Wa s t e Charact er i s t i cs 

Con t i nued d i s c harge of the f lume s i l t -wat e r  t o  the anaer ob i c  

la goon cou l d  eventua l l y  decrease the retent i on t ime o f  t h i s  u n i t .  A 
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redu c t i on i n  the e f f i c i ency o f  the anaerob i c  la goon and t he ent i re 

s y s t em c ou l d  r e sul t .  Therefore , t he f l ume s i l t -wa ter s hou l d  be d i s -

charged t o  a n  a c ceptable al terna t ive l agoon o r  c l ar i f i er pr i or t o  

be i ng d i s charged t o  t he anaer ob i c  lagoon . 

Th e exce l l ent remov a l  e f f i c i enc ies obta i n ed w i t h  t he p r e s ent 

s y s tem can be at t r i buted to ( 1 )  reduct ion i n  BOD5 , COD and sus ­

pe nded s o l i d s  l oad i ngs by 6 0 , 6 1  and 2 6  per cen t , re s pe c t i ve l y , and 

( 2 ) reduc t i on i n  the hydrau l i c  l oad ing fr om an average o f  0 . 2 4 mgd 

to 0 . 0 92 mgd . 
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SUMMARY AND CONC LUS I ONS 

Th i s  i nve s t i gat ion of t he treatme nt s y s tem for t he po tato pro c e s s­

i ng was te s  at Midwe s t  Food s Corporat ion , C l ar k , Sou t h  Dako ta , covered 

a three and one -ha l f month per iod . Dur ing t h i s  t ime , ana ly t i ca l  de­

term ina t ions and f low measurement s we re u t i l ized t o  c a l cu l a t e  load ings 

and r emova l e f f i c i en c ies for the var iou s  trea tment un i t s . The fo l low-

i ng conc lus ions we re drawn from these i nves t i ga t i on s . 

1 .  I mme d iate l y  pr ior to the 1 9 7 3 - 7 4  pro ce s s ing s eason , aerob i c  

cond i t i ons preva i l ed i n  the aerated l agoon and s tab i l i za t i on 

pond i nd i cat ing t hat these un i t s  had r e cov e r e d  from t he ove r ­

l oaded cond i t i ons that exi s ted from 1 9 7 0  to 1 9 72 . 

2 .  Ut i l i zat ion o f  a new dry - caus t i c  pee l i ng pro c e s s  and exten-

s ive i n - p l ant wat er cons ervation have reduced t he wat er u sage 

f rom 3 , 5 00 ga l lons per t on of raw pot atoes to approxima t e l y  

8 1 3  ga l l ons per t o n  wh i ch i s  appr oxima t e l y  5 0 per cent l es s  

t han t he l owe s t  value repor ted in the l i teratur e .  

3 . The anaerob i c  lagoon was an e f f e c t ive treatme n t  un i t  i n  wh i ch 

average BOD5 and suspende d so l i ds removal s o f  7 4  and 78 per ­

cent , r e s pe c t i ve l y , we re ob tained des p i te an average BOD5 

l oading rate o f  4 5 . 5  pounds/1000 cub i c  fee t/day , over t hree 

t imes h i gher than the recommended des i gn value . 

4 • . The s tyro foam-s t raw cover on the anaerob i c  lagoon was e ff e c ­

t ive i n  ma i n t a i n ing an adequat e temperature i n  t h e  la goon . 



5 . I t  i s  ev i dent from the BOD5 : N : P  rat i o s  o b t a i ned t ha t  i t  i s  

advan tageous t o  use an anaerob i c  lagoon pr i o r  t o  aerob i c  
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t reatment if cons erva t i on o f  ino rgan i c  nut r i en t s  is d e s i r e d . 

6 .  The aerated lagoon , operat ing we l l  wi t h i n  the BOD5 l oa d i n g  

r ange , pe r f�rmed wi t h i n  ant i c ipated e f f i c i e n c i e s  r emov i ng 82 

per cent o f  t he BOD5 and 6 8  per cent o f  the s u s pend e d  s o l i d s . 

7 .  The s ta b i l i zat ion pond was operat i n g  a t  a bout 5 0 pe r cent o f  

i t s  d e s ign BOD5 load ing . The BOD5 and sus pended so l i ds r e ­

mova l e f f i c i enc ies in t h i s  un i t  wer e  7 7  a n d  7 9  per cent , r e -

s pe c t i ve l y . 

8 .  Dur i ng th i s  i nve s t i ga t i on , overa l l  ave r age r emova l e f f i c ie n -

c i e s  o f  9 9  per cent , 9 8 . 5 per cent a n d  9 6 . 2  per cent wer e  

o b t a i ned f o r  BOD5 , suspended sol i ds a n d  COD , r e s pe c t i ve l y . 

9 .  A l t hough t he t r e a tmen t  sys tem obtaine d  h i g h  BOD5 and suspend­

e d  so l i ds remova l s , fur ther treatment wou l d  be requ i r e d  be fore 

d i r e c t  d i s char ge to a sur face water i n  Sou t h  Dakot a  cou l d  be 

pract i ce d . 

1 0 . The anae rob i c  lagoon was e f fect ive i n  r e duc i ng t he pH o f  t he 

raw was te from a med ian va lue o f  l? . 6  t o  7 . 1 .  

1 1 . Al t hough s l i gh t  odors were de t e c ted i n  t he v i c in i t y  o f  the 

anaero b i c lagoon , t hey we re not cons i de r e d  a nu i s ance dur i n g  

t he pe r i od o f  i nve s t i gat ion . 
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1 2 . S i l t  bu i l d -up at t h e  pr e sent r a te o f  40 . 5 cub i c  f e e t /  

o perat i ng day , cou l d  eventua l l y d e c r e a s e  t h e  vo lume o f  t h e  

anaer o b i c  lagoon , t hus , redu c ing the r e t e n t ion t i me i n  the 

l agoon and pos s i b l y  the e f f i c i en c i e s  obta ined by t he an-

aerob i c  lagoon . 



RECOMMENDAT I ONS 

1 .  Midwe s t  Foods s hou l d  cont i nue i t s  wat e r  cons erva t ion prac­

t i ces and s hou l d  p lace an employee i n  char ge of was t e  

hand l i ng operat ions in order t hat s t r i c t  i n- p l an t  con t r o l  

o f  t he var i ous pr oce s s es can b e  ma i n t a i ne d  at a l l t imes . 

· 2 .  The f l ume s i l t -water shou l d  not be d i s c har g e d  t o  t he an-

aero b i c  l agoon , but s hou l d  be d i s char g e d  to a s e parat e  

l agoon o r  c l ar i f i er be fore be ing s ent to t he anaer ob i c  

l agoon . 
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3 .  The t r eatment sys t em s hou ld be ana l y ze d  dur ing w i n ter mont h s  

under norma l load i ng cond i t ions to de termine i t s capab i l i ty 

dur i ng w i nter cond i t i ons . 

· 4 .  A su i ta b l e  p l at form for a n  automat i c  f low r e corder s hou ld be 

i n s t a l l ed so that the dai ly var iat ions in f l ow can be 

obta i ne d . The p l at form shou l d  be anchored . s o  t ha t  v i brat i o n  

w i l l  no t a f f e c t  t h e  per formance o f  t he f low r e cor d er .  
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2 nd I nt ernat i ona l Sympos ium for Was t e  Treatment Lagoons , d i s ­

t r i buted b y  Ros s  E . Mc Kinney , Un iver s i t y  o f  Kansas ,  Lawre nc e , 
Kansas , 3 1 0 - 320 , ( 1 9 70 ) . 
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2 0 . Wh i t e , Jame s N .  , " Current De s i gn Cr i te r i a  for Anaerob i c  La goons , "  
2 nd I n t e r na t iona l S ympos i um for Wa s t e  Tr eatme n t  Lagoons , d i s ­
t r i buted b y  Ro s s  E .  McKi nne y , Univer s i t y  o f  Kansas , Lawrence , 
Kansas , 3 6 0 - 3 6 3 , ( 1 9 70 ) . 

2 1 . Met ca l f  and Ed dy , I nc . , Wa s t ewa ter Engi neer i ng ,  McGraw-Hi l l  Book 
Compa ny , New Yo rk ,  ( 1 9 72 ) . 

22 . Benj e s , Henr y J r . ,  " Theor y o f  Aerated La goons , "  2 nd I n t e r nat i ona l 
Sympo s i um for Wa s t e  Tr eatment Lagoons , d i s t r i bu t e d  by Ros s  E .  
Mc Kinne y , Un iver s i ty o f  Kansas , Lawrence , Kansas , ? 1 0-2 1 7 , 
( 1 9 70 ) . 

2 3 . Olson , O . O . , Van Heuve lan , W . , and Venne s ; J ohn W . , " Aerat i on o f  
P o t ato Wa s te , "  Proceed ings 1 9 t h  I ndus t r ia l  Was te Con fer ence , 
Purdue Un i ve r s i t y , La faye t t e , l nd i �na , 1 8 0 � 1 9 4 , ( 1 9 6 4 ) . 

2 4 . Puru s h o t haman , K . , " F i e l d  S tud i e s  on S t ab i l i za t i o n  Ponds i n  Sou t h  
I nd i a , "  .?nd I nternat i ona l Sympos ium for Was t e  Tr eatment 
Lagoons , d i s tr i buted by Ros s E .  McKinney , Un i v er s i t y  o f  Kansas , 
Lawr ence , Ka nsas , 80-88 , ( 1 970 ) . 

2 5 . S tandar d Me thods for the Exam inat i on o f  Wat e r  and Was t ewa t e r , 1 3th 
e d i t i on , Ame r i can Pub l i c  Hea l t h  As soc i a t i on , I ncor por ated , 

2 6 . 

2 7 . 

2 8 . 

2 9 . 

New Yo rk , New Yo rk , ( 1 9 7 1 ) .  

D i La l lo , R . , and A l be r t s on , 0 .  E . , " Vo lat i l e Ac i d s  by D i r e c t  
T i t rat ion , "  Wa t er Po l lut ion Con t r o l  Federat i o n  Journa l , 3 3 , 
4 , 3 5 6 - , ( A  pr . 1 96 1 ) . 

Gu t torms en , K . , e t  a l . ,  " Curr ent Prac t i ce i n  Po t a t o  Pro c e s s ing 
Wa s te Tr eatment , "  Wa s h i ng ton Un i ver s i ty , Seat t le , Wa s h ington ,  
( 1 9 69 ) , d i s t r ibuted by Na t i ona l Te chn i ca l  I n format ion Serv i c e , 
U . S .  Depar tment o f  Comme r ce , S pr ingf i e ld , V i r g i ni a . 

Dos ta l , Kenne t h  A . , " Aerated Lagoon Treatment o f  Food Pr o ce s s ing 
Wa s t es , "  Repor t  No . 12060- 03/68 , Super i n te nden t o f  Do cument s , 
U . S . Government Pr i nt ing Of f i ce , Was h i ng t on , D . C . , ( 1 9 6 8 ) . 

Ecken fe l der , w .  w .  Jr . ,  I ndus tr ial Water Po l lu t i on Cont r o l ,  

McGraw-Hi l l  Boo k Company , New York , ( 1 9 6 6 ) . 



30 . Poh l_and , F .  G .  , and Bloodgood , D .  E .  , " La boratory Stud i e s  o n  
Me soph i l i c  a n d  The rmoph i l i c  Anaerob i c  S l udge D i g e s t i on , "  
Wa t e r  Po l lut ion Con t r o l  Federa t i on Jou r na l , 35 , 1 ,  1 1 -42 , 
0 9 6 3 ) . 

7 6  

3 1 . Poh land , F .  G .  and Engs trom , R .  J . , " Hi g h  Ra te D i ge s t i o n  Cont ro1 , "  
Pr o ceed ings 1 9 t h I ndus t r i a l  Wa s te Con ference , Purdue Un i ­
ve r s i ty , La faye t te , I nd i ana , 8 0 - 8 9 , ( 1 9 6 4 ) . 
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APPEND I X  I 

Summar y  o f  Resu l t s  Pr i or to t he 1 9 7 3 - 7 4  Campa i gn 

Treatme n t  Un i t  and Sam�l i ng Da t e  
Parame t e r s  Te s t e d  Aug . l Aug . 1 4 Aug . 3 1 Aver age 

ANAEROBI C  IA GOON 
Ox idat i on-Reduc t i on Po tent i a l , 

mv - 3 9 0  - 3 1 8  - 3 6 6  - 35 8 
N i trate-Ni t r ogen , mg/l 0 0 0 
Ammon i a-Ni t ro gen , mg/l 1 1 1  . 1 5 5  1 33 

A ERATED IAGOON 
D i s s o lved Oxy gen , mg/ l 4 . 5 4 . 1 5 4 . 75 4 . 5  
Ox idat i on-Reduc t i on Potent i a l , 

mv +2 1 + 72 + 3 3 · +42 
N i trate - N i t r o gen , mg/ l 74 48 6 1  
Ammon ia-Ni t rogen , mg/ l 0 0 . 62 0 . 31 

STA B I L I ZAT I ON POND 
D i s s o lved Oxygen , mg/ l 12 . 7  6 . 1  5 . 5 8 . 1  
Ox i dat i on -Redu c t ion Potent i a l , 

mv +12 +1 3 8  + 3 9  + 6 3  
Ni t rat e - Ni t r o gen , mg/ l  0 . 04 5  0 . 0 4 5  0 . 0 45 
Ammon i a - N i t r ogen , mg/l 0 3 . 7 1 . 8 5 



PLANT EFFLUENT 

Date pH Temp . 
( un i t s )  c 0c )  

9 - 1 4 - 7 3  10 . 6  -

9 -20-73 1 0 . 2  2 3  

9-27-73 - 1 0 . 5  2 3 . 5 

10-4-73 1 0 . 3  2 7  

10-11 -73 9 . 2  2 6  

10-1 8-73 1 0 . 7  2 6  

1 0 -2 6-73 1 1 . 6  2 6 . 5 

1 1 - 1-73 1 1 . 2  -

1 1 -9-73 1 1 . 45 2 4  

Average 1 0 . 6  25 . 1  

APPEND I X  I I  
Summary o f  Re sul t s  Fr om Each Po int o f  Samp l ing 

Dur ing Proce s s ing Season At Mi dwe s t  Foods Corporat ion 
C lar k , South Da�ota 

September 1 4 , 1 9 7 3 -November 9 ,  1 9 7 3  

To tal Spe c i f i c . Alka l i n i t y  
BOD5 COD S . S .  Re s i due Cond_uct .  M . O .  P .  P hos . T . K . N .  N03

--N NH3 -N 
( mg/ l ) ( mg/ l ) ( mg/l ) ( mg/l ) (pmhos/cm )  

- > 1 9 , 7 6 8  1 2 , 5 00 1 9 , 944 6 , 2 8 4  

3 , 6 80 7 , 57 3  4 , 220 1 0 , 6 3 6  5 , 77 8  

4 , 5 60 9 , 6 30 8 , 320 1 4 , 508 6 , 2 8 3  

7 , 600 1 1 , 46 7  9 , 7 60 1 4 , 1 2 5  5 , 722 

4 , 320 7 , 8 5 8 5 , 2 30 12 , 900 5 , 92 6  

8 , 4 80 -- 12 , 520 20 , 034 7 , 820 

9 , 2 80 12 , 2 62 12 , 120 2 0 , 568 5 , 9 77 

5 , 5 00 1 0 , 5 4 3  5 , 2 80 1 3 , 46 4  6 , 5 72 

4 , 400 28 , 0 9 3  1 9 , 990 27 , 960 1 0 , 485 

5 , 9 78 12 , 48 9  9 , 99 3  1 7 , 1 2 7  6 , 80 1  

( mg/l ) ( mg/ l ) ( mg/l ) ( mg/ l ) ( mg/ l ) 

2 , 8 5 1 

- 2 , 2 7 4  

2 , 39 7  

2 , 040 

1 , 7 3 4  

2 , 8 56 

2 , 2 9 5 

9 1 1  

5 1 0  

9 4 4  

6 12 

4 59 

. -

-

990 

9 4 3  1 , 500 

6 3 8  -

2 , 42 3  1 , 046 -

4 , 4 37 2 , 652 1 , 340 

2 , 5 90 968 1 , 2 7 7  

- 0 . 0 4 

- 0 . 1 2 1 4  

1 9 0  0 1 4  

- 0 . 2 5 

- 0 . 2 5 

- 0 . 40 

427 0 . 45 60 

308 0 . 22 2 9 . 3  
-..J 00 



ANAEROB I C  LAGOON CONTENTS NEAR EFFLUENT 

Vo l .  To tal Spe c i f i c  Alk . 
Date pH ORP Temp . Acids BOD5 COD S . S .  Res idue Conduct . M . O .  Phos . T . K . N . NHrN 

( un i t s  ) ( mv ) ( ° C ) ( mg/ l )  ( mg/ l ) ( mg/ l ) ( mg/l ) ( mg/l ) (pmhos/cm ) ( mg/ l ) ( mg/l ) ( mg/l ) ( mg/l ) 

9 - 1 4- 7 3  6 . 8  -402 2 3  1 , 06 5  1 , 380 > 1 , 9 7 7  4 7 0  5 , 9 30 6 , 38 6  3 , 8 61 508 

9 -2 0 - 7 3 7 . 2  - - 1 , 1 40 1 , 400 3 , 0 88 820 5 , 86 5  6 , 0 5 3  3 , 88 1  - 8 8 . 2  1 4  

9 -2 7 - 7 3  . 7 . 1  -408 2 3  1 , 380 3 , ·880 9 , 7 42 5 , 760 1 0 , 6 52 5 , 77 3  3 , 46 8  

1 0 -4 - 7 3  No Sample Co l le cted 

1 0 - 1 1 - 7 3  No Sample Co l l e cted 

1 0 - 1 8 -7 3 7 . 3 - 2 4 . 5  8 1 0  1 , 2 80 4 , 89 6  3 , 070 8 , 47 7  6 , 92 3  3 , 9 78 870 2 38 1 4 

1 0 - 2 6 - 7 3  7 . 1 - 3 84 22 . 5 "  885 1 , 360 3 , 79 4  1 , 980 7 , 60 1  6 , 5 3 9  3 , 77 4  

1 1 - 1 - 7 3  7 . 0  - 22 840 1 , 2 00 4 , 070 2 , 060 7 , 4 32 6 , 62 4  3 , 82 5  

1 1 - 9 - 7 3  7 . 4  - 390 2 1  5 70 5 1 0  2 , 5 64 1 , 240 6 , 922 7 , 062 4 , 1 82 740 2 1 4  60 

Average 7 . 1  -396 22 . 7  9 5 6  1 , 5 73 4 , 692 2 , 200 7 , 5 5 4  6 , 480 3 , 85 3 706 1 80 50 . 2  

Notes : ( 1 ) P .  Alka l ini ty. was zero on each samp l i ng date · 
( 2 ) Ni trate -Ni trogen concentrat ion was zero on each .sampl ing date 

-..J co 



AERATED LAGOON EFFLUENT 

A l ka l in i t y  
Date pH Temp D . O .  ORP BOD5 COD S . S .  M . O .  P .  Pho s . T . K . N . NH3 -N N03 - -N 

( un i t s ) C °C )  ( rng / l )  ( mv )  ( mg/ l ) ( mg/ 1 ) ( mg/ l ) ( mg/ 1 ) ( mg/ 1 ) ( mg/ l ) ( mg/ l ) ( mg/ l ) 

9 - 1 4 -73 9 . 0 17 3 . 4  - 2 1  1 4 8  42 6 2 40 4 , 871 2 97 2 52 - - > 12 5  

9 -20 -73 8 . 6  - - - 206 640 472 4 , 2 53 78 - 37 7. 7 > 1 10 

9 -27-73 · 9 . 0 1 6 . 5  1 . 4  -78 2 8 8  1 , 007 876 3 , 82 5  102 

10-4-73 9 . 0 1 6 . 5  - - 2 2 8  783 600 3 , 290 102 

10 - 1 1 -73 8 . 9  - - - 233 707 432 3 , 1 8 8  102 4 1 6  39 . 2  7 . 7  4 4  

10 - 1 8 -73 8 . 4  1 4  0 - 2 80 937 872 3 , 2 13 2 5 . 5 676 - - 72 

10-26 -73 8 . 4  1 5  - -12 367 1 , 027 1 , 176 3 , 086 38 - - - 62 . 5  

1 1 - 1 -73 8 . 4  9 . 5  0 - 255 8 9 1  904 3 , 060 51 - - - 42 

1 1 -9 -73 8 . 8 5 1 . 5  - -96 37 9 1 4  832 2 , 958 51 456 57 0 60 

Average 8 . 7  12 . 9  1 . 2  - 52 2 51 8 1 5  712 3 , 527 9 4  450 4 4 . 4  5 . 1 56 

Notes : ( 1 )  Tota l Res idue concentrat ions var ied from 5 , 505 to 6 , 6 13 mg/ l  w i t h  an average o f  
6 , 0 17 mg/ l  

( 2 ) Spe c i f i c  Conduc tance value s  ranged from 6 , 003 t o  7 , 3 1 4  µmhos/cm w i t h  an average o f  
6 ,  740 pmhos/cm 00 0 



STAB I L IZAT ION POND CONTENTS 

To tal Spec i f ic Alka l i n i t y  
Date pH Temp D . O .  BOD5 COD S . S . Re s idue Conduct .  M . O .  P.  Phos . T . K . N . N03

- -N 
( un i t s ) ( °C )  ( mg/ l ) ( mg/l ) ( mg/ l ) ( mg/ l ) ( mg/l ) (µmhos /cm ) ( mg/ l ) ( mg/ l ) ( mg/l ) ( mg l l ) 

9 - 1 4 - 73 9 . 5  18 8 . 8  8 6  5 4 8  1 72 7 , 1 52 8 , 4 3 4  5 , 5 1 5  9 8 3  2 40 - 0 . 06 

9-20-73 9 . 4  - - 60 441 1 41 6 , 7 1 1  8 , 5 6 6  5 , 6 1 6  8 69 - 1 7 . 9  0 . 1 4 

9-27-73 9 . 7  1 7  22 . 7  52 4 9 3  1 42 6 , 403 8 , 1 6 3  4 , 998 791 

10-4-73 9 . 9  1 5  - 8 3  5 12 173 6 , 49 1  8 , 31 3  4 , 76 9  8 8 4  

10- 1 1 -7 3  9 . 8  - - 64 452 129 6 , 69 3  8 , 409 4 , 75 6  867 2 36 1 8 . 9  0 . 0 5 

10- 18-73 9 . 5  12 1 4 . 7  39 406 8 6  6 , 390 9 , 078 4 , 909 867 294 ..,. 0 . 07 

' 10-26-73 9 . 5 1 3 . 4  - 6 3  450 1 05 6 , 6 62 8 , 49 3  4 ,  7 1 8  8 1 6  - - 0 . 2 4 

1 1 - 1 - 73 9 . 6  5 1 0 . 7  44 441 93 6 , 3 98 8 , 35 6 4 , 807 867 - - 0 . 2 6 

� 1 -9-73 9 . 5 1 . 5 - 41 497 300 7 , 20 3  9 , 2 8 8  5 , 2 5 3  90 1 2 6 9  2 9 . 6  0 . 33 

Average 9 . 6  1 1 . 7  1 4 . 2  59 471 1 49 6 , 678 8 , 5 67 5 , 0 38 872 2 6 0  22 . 1  0 . 1 6 

Notes : ( 1 )  Ox idat ion-Reduct ion Potent i a l s  var i ed from - 3  to -2 3 mv w i t h  an average o f  - 1 1 . 8  
mv dur ing the pro ces s ing s eason 

( 2 )  Ammonia-n i trogen concent rat ions i n  the s tab i l i zat ion pond were zero t hroughout 
the proc e s s ing seas on 

00 I-' 



1 0 00 
9 00 
8 00 
7 0 0  
6 00 

5 0 0  

4 0 0  

3 0 0  

2 0 0  

,..... 
a. l o o  

·� 9 0  
� 8 0  
� 7 0  
� 

6 0  

5 0  

4 0  

3 0  

2 0  

1 0  

1 0  

APP END I X  I I  I 

Raw Wa s t e F l ow v s  Probab i l i t y  o f  Oc currence 
Midwe s t  Food s Cor po r a t ion 

Clark , South Dako t a  
Oc tober 1 8 , 1 9 7 3 -November 1 4 , 1 9 7 3  

2 0  3 0  4 0  5 0  6 0  70 8 0  9 0  9 5  

Per Cent o f  Time F l ow I s  Equa l To Or Le s s  Than 

82 

9 8  



8 3  

APPEND IX IV 

F l ow Measurement s 1 

Midwe s t  Food s Cor porat ion 
C l ar k , South Dakota 

1 9 7 3  

Da te No . of F l ow Ave . Da i l y 
Da te Measur ements Range 

( gpm ) 

1 0 - 1 7  
1 0- 1 8  8 40-22 5 
1 0- 1 9  4 6 0 - 9 7  
10-20 
10-2 1 
10-22 

1 0-2 3 

10-24 

1 0 -2 5 
1 0-2 6 
1 0-2 7 
1 0 -28 
1 0 -2 9 
1 0 - 3 0  
1 0 - 3 1  
1 1 - 1 
1 1 -2 
1 1 - 3  
1 1 - 4  
1 1 - 5  

. 1 1 - 6  
1 1 - 7  
1 1 - 8  
1 1- 9  
1 1 - 1 0  
1 1 - 1 1  
1 1 - 1 2  
1 1 - 1 3  
1 1 -1 4  
Total 

8 

9 

6 

9 
7 

7 
8 
6 
8 
6 
2 

8 

6 . 
3 

1 05 

5 3 - 1 1 7  

2 9- 1 34 

40- 1 92 

0 - 6 6  
2 9 - 5 3  

3 3 - 1 5 2  
2 9 -7 5 
2 9 -9 0  
1 0 - 9 0  
2 9 - 7 5 
3 3 - 6 6  

4 5 - 8 0 

5 3- 9 7  
40- 5 3 

0-22 5 

F l ow 
( g pm )  

9 9  
7 7  

7 5  

7 3  

9 6  

4 1  
3 8  

6 4  
4 4  
6 4  
5 3 
46 
50 

6 8  

75 
46 

6 3 . 6  

Commen t s  

Dra i n  i n s t a l l e d  
H i ghe s t  f l ows dur i ng c leanup 

P l ant no t oper a t i ng 
P l ant not operat i ng 
Skim pump no t wo r k i n g  dur i ng 

h i ghe s t  f l ow measurement s 
H i g he s t  f l ows dur i ng c l ean i n g  o f  

p lugged f l ume 

. H i ghes t f l ows dur i n g  d e fr o s t ing 
and c l eanup 

P l ant no t operat in g  

P lant not ope r a t i ng 
H i ghe s t  f l ows dur i ng c leanup 

H i ghe s t  f l ows dur i �g c leanup 

P l ant not o pe r a t i ng from Nov . 4 
t o  Nov . 8 due t o  prob lems w i t h  
t he r aw wat e r  pump 

No measur ement s taken 
P l an t  not o perat i ng 

P l ant ceas e d  o pe r a t i o n  

1After i n s t a l lat ion o f  t he dra in on t he s t i l l ing we l l  i n  whi ch t h e  f low 

measurements wer e  o bta ined 



Samp l ing 
Dat e  

9 - 1 4 - 7 3  

9 -20 - 7 3  

9 - 2 7 - 7 3  

1 0 - 4 - 7 3  

1 0 - 1 1 -7 3  

1 0 - 1 8 - 7 3  

1 0 -2 6 - 7 3  

1 1 - 1 - 7 3  

1 1 -9 - 7 3  

Total 

Average 

APPEND IX V 

Summar y  o f  1 9 7 3  Potato· P roduc t i on 
on Samp l i ng Da t e s  

Produc t i on 
Hour s 

3 

1 1 . 5 

6 . 2 5 

6 . 5 

6 

7 

8 

48 . 2 5 

Mi dwe s t  Foods Cor pora t i on 
C lark , South Dako ta 

French Fr ies 
Pr oduced 

( tons ) 

7 . 0 9 5  

2 9 . 52 5 

1 8 . 7 3 

1 6 . 0 75 

1 9 . 2 5 

2 1 . 6 75 

2 2 . 1 0 

1 34 . 45 

Raw Potatoe s  
Pr o ce s s ed 

( tons ) 

12 . 02 

5 0 . 05 

3 1 . 75 

2 7 . 2 5 

32 . 6 3 

3 6 . 7 4 

3 7 . 4 6 

2 2 7 . 8 9 

Raw Po ta toe s 
Pro c e s s e d/Hr . 
( ton s/hr . )  

4 . 0 1 

4 . 35 

5 . 0 8 

4 . 1 9 

5 . 44 

5 . 2 5  

4 . 6 8 

4 . 72 

8 4  
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APPENDIX V I  

Leas t  Squa r e s  Ana l yses o f  · Re lat ions h i p  Be twe e n  BOD5 and COD 
Mi dwe s t  Foods Co r porat ion 

1 0 , 000 

5 , 000 

COD = 1 2 30 . 3 
r = 0 , 9 6 3  

C lark , Sout h Dako ta 
1 9 7 3  

/ 

/ "0  
/ 

0 /  7' 
· / 

0 / / 
/ 

0 / / 
-Cs-con = 5 35 2 . 4  + o . 77 9 ( BOD 5 ) 

/ r = 0 . 8 9 0  / 
/ 

'/ 0 
0 

0- -0 Raw Wa s te 
[)---[] Anaerob i c  Lagoon 

1 , 000 '-��+-�����-t-��-t-��;-��-r��--r��-t��-+��-4 
5 , 000 9 , 000 0 1 , .000 

BOD5 Concent r a t ion , mg/l 



1 , 000 

500 

0 
0 100 200 

APPEND IX V I  
( Cont inued ) 

Ae rated Lagoon 

= 62 . 2  + 2 . 9 5 3 ( BOD5 ) 
r = 0 . 9 2 7  

300 400 500 600 700 
BOD5 Concent r a t ion , mg/l 

86 

8 00 9 00 1 000 



600 

50 0  

400 

,...-! 
.......... bO 
s 

.. 
c 0 ·� +.J 300 cd h +.J c Q) 
(.) c 0 u 

§ 200 u 

1 00 

0 
0 1 0  2 0  

APPEND IX V I  
( Cont inued ) 

S t ab i l i za t ion J>ond 

COD = 3 70 . 7  + 1 . 6 9 8  ( BOD5 ) 
r = 0 . 6 5 8 

30 40 5 0 6 0  70 
BOD5 Concent rat ion , mg/l 

8 0  

8 7  

9 0  1 00 
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APPENDI X  V I I 

Resu l t s  o f  Analyses  o f  F l ume S i l t -Wat e r , 1 9 7 3  

Tot a l  Suspended Set t leable So l id s  Set t . S o l i d s * 

Dat e  Re s idue So l ids ( ml/l ) Tot a l  Res i due 

( mg/l ) ( mg/l ) After 1 hr . A f t er 2 3  hr s . ( ml/mg ) 

1 0- 1 1 -7 3  1 4 , 3 5 2  1 0 , 3 1 0  8 3  5 0 . 5 0 . 00 35 

1 0- 1 8 - 7 3  3 4 , 5 5 8 3 1 , 220 2 2 8 . 5 1 06 . 5  . 0 . 00 3 1  

1 0 -2 6 - 73 1 7 , 404 1 4 , 650 1 2 1  6 1  0 . 00 35 

1 1 -1 - 7 3  5 , 5 4 4  2 , 040 30 2 2  0 . 0040 

1 1 - 9 - 7 3  1 5 , 3 32 1 2 , 000 95 6 8  0 . 00 4 4  

Average 1 7 , 4 3 8  1 4 , 044 1 1 1 . 5  6 1 . 6  0 . 00 3 7  

*Se t t leab l e  s o l i ds a fter 2 3 · hour s 
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APPEND IX V I I I  

Leas t Squares Ana l yses o f  

Factors Affe ct ing the Per formance 

o f  the Ae rated Lagoon 

y = - 1 3 7 . 49 + 2 5 . 6 l ( x )  

r = 0 . 9 1 5 

5 6 7 
pH ,  uni t s  

8 9  

8 . 9 



100 

90 

80 

�70 

� 
cd 
:>60 0 s Cl> 0:: 
1[)50 
§ ca 
Cl> 
�40 
� Cl> :> 

� 
30 

20 

1 0  

0 
4 5 6 7 8 9 

APPEND IX V I I I  
( cont inued ) 

y = 6 1 . 4  + l . 46 ( x )  
r = 0 . 52 7  

1 0  i l  1 2  1 3  
Temperature . 0c 

0 

1 4  1 5  1 6  1 7  1 8  
(!:) 0 
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APPEND IX IX 
Summary of Average Load i ng Rat e s  to the Tr eatment Uni t s l 

Midwe s t  Food s Corporat i on 

Average I n f luent  Cone . : 

Based on S . S .  

Based on BOD5 
Ba s e d  o n  COD 

Average Load ings2 : 
Based on S . S .  

Based on BOD5 
Based on COD 

Average Remova l s : 
Based on S . S .  

Based on BOD5 
Bas ed on COD 

Clar k , South Dakota 

1 97 3  

Anaerob i c  
Lagoon 

9 , 9 9 3mg/l 

5 , 9 78mg/l 

12 , 489mg/l 

7 6 . 0  l bs/ 1 000 ft 3 

4 5 . 5 l bs/1 000ft 3 

95 . 0  l bs/1000ft 3 

7 7 . 93 
7 3 . 73 
62 . 43 

Aer a t e d  

Lagoon 

2 , 2 0 0mg/l . 

l , 5 7 3mg/l 
4 , 6 92mg/l 

4 . 2  l b s/ 1 000 ft 3 

3 . 0  l bs / 1 000ft 3 

8 . 9  l b s/ 1 00 0 f t 3 

6 7 . 63 
8 1 . 83 
82 . 63 

1
Dur ing the 1 973-74  proce s s i ng s eason 

2 Bas e d  on the  average dai l y  f l ow o f  92 , 1 60 gal lons 

S ta b i l i zat ion 
Pond 

7 1 2 mg/l 

2 5 lmg/l 
8 1 5mg/l 

2 4 . 9  l bs/acre 
8 . 8  l bs/acre 

2 8 . 5 l bs/acre 

7 9 . 13 
7 6 . 53 
42 . 23 



APPEND IX X 

Summar y  o f  Raw Was te BOD5 , COD and Sus pended 

Midwe s t  Foods Corporat i on 

Clark , Sou t h  Dakota 
1 9 7 3  

Samp l ing Ave . Raw Potatoes Concentrat ions 
Date F l ow Processed BOD5 COD S . S .  

( gpm ) ( tons/hr ) ( mg/l ) 

9 - 1 4 - 7 3  64 * 1 2 , 500 

9 -20 - 7 3  6 4* 4 . 01 3680 75 73 4220 

9-27-73  6 4* 4 . 35 45 60 9630 8 32 0  

1 0 - 4 - 7 3  6 4* 7 7600 1 1 , 467 9 7 6 0  

10 - 1 1 - 7 3  6 4* 5 . 08 4320 7858 52 30 

10- 1 8- 7 3  9 9  4 . 1 9 8480 12 , 52 0  

10-2 6 - 7 3  4 1  5 . 44 92 80 12 , 2 62 12 , 1 2 0  

1 1 - 1 -73 5 3  5 . 2 5 5500 1 0 , 543 5280 

1 1 -9-7 3 6 8  4 . 68 4400 28 , 09 3  1 9 , 99 0  

Average 64 4 . 72 5 9 78 12 , 489 9 9 9 3  

*As s umed to be the average d a i ly f low 

So l i d s  Load i ng s  

Load i ngs 
BOD5 COD S . S .  

( l bs/ton raw potatoes ) 

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

34  .. 4 70 . 9  6 1 . 3 

2 7 . 2  49 . 5  3 3 . 0  

100 . 2  1 47 . 9  

35 . 0  46 . 2  45 . 7  

2 7 . 8  5 3 . 2  2 6 . 7  

32 . 0  2 0 4 . 2  1 45 . 2  

40 . 6  8 4 . 8  6 7 . 8  

92 
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