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DRAFT 

The l o v e r  Xalamazoo River  has beea t a r j ec2d  a s  an  Area of C s n c e x  
due t o  contaminat ion of f i s h  vl:h p o l g c h l o r l z ~ a c r i  b iphenvls  (PC3s). >.e 
Area of C o n c o 3  i n c l u c e s  t?ie Ka2ama:~o ?.iver =::s Cal's=:c '3 Lake 
Vichiaan,  the  a r e a  of t h e  r l s e r  vi-1ic5 is ape? := fLsh n i g r z c l c n  fr=m y.ak* 
Xichipan. A s  a  r e su l :  or' t h e  PC3 contamina:i=n, a  f i s h  c ? c s w t l o n  
a d v i s o n  has  been i s s u e d  by t h e  Xickiqan D e o a r x e z t  of P ~ b l i c  =ealz,h. . . . - .  
The PC3 coc:,-~r:l:x rl-.i f i s h  cons-aut ion a = - - = s c ~  fz-. > t e n  fie-7- ..,,, - -  ,r? 
a s  t h e  m a i r e d  u s e  iz t h e  Xrca of Ccnca~ . .  

T';.,e s p e c i f i c  p a l s  of the  l e z e d i a l  bc r i cn  ? I a n  a r e  :a 1) a s  a  
---- + - i z i - a t e  :he x i? inun,  reriucl f i s h  ?C3 - , :r .ce~:rzzi~n :s l e v e l s  -:iic!i -'" - 

zeed f o r  a f i s h  consa=?:icn a d - ~ i s o r t ,  and 2 )  zs a  locg :e?- z c a i .  Y C ~ U C B  

human . - c o s u t e  of PCZs t o  acczc:able l e v e l s .  7 . e se  goa l s  szecICLcall:r 
:=anslate t a  1) f i s h  :Issue ?C3 Levels l e s s  :%an 2.0 rin':4sz and 2' va:sr 
colmxn PC9 c o n c t n t r a t l c n s  of 0.012 d l ,  r e s s e c = l v e l v .  

Csncent tac ions  o =  PC% ix f i s h  v a y  d e ~ e t d i z 3  unon the  s p e c i e s ,  t u c  -. p a n e r ~ , ?  the  nos: c=c=zmiaac=a f i s h  i s  t h e  =a?, =i:k zr: a-;-zr;;;z :==zl 
?!3 c=ncencracioc  of 3 . L 6  ng,'lzz i n  1986. Onqoi=q f i s h  s ~ r p i i z p  zza 
ana lyses  has  found no s i q 3 i f L c s n t  dec l ine  i n  f i s h  2C3 c ? n c t a t r a t i o n s  %i:h 
:-be, t h e r e j y  i n d i c a t b q  t h e  need f o r  fur;ie= r c l e d i a l  ac:lons. 

Vacer PC3 cmcta: ra=ions  i n  t5e Area of C s n c c n  a r r  g r = e r a l l y  i n  t h e  
r a g e  of 60-90 ng/l (?ar=s per  t z i l l i o n ) .  Sedi=ent t o t a l  PC3 
c o n c e n t r a t i o n s  are u s u a l l y  l a s s  than 1.0 mgl'q ( p a r t  pe r  m i l l i o n ) .  
0 

The t o t a l  ?C3 Load c3 Laice Yichiaan frsn t h e  Xaiamazco Biver  has  
beer! e s t h a t e i  :s b e  217 pounds per year.  T5e 3 ~ ~ z o o  R k e z  l cad inq  
ac=oun=s f o r  about  13: of t h e  t a t &  load and 30: of t h e  t r i 3 u c a q l p o i n t  
source  load ts Lake "ichlqan.  

C1 & ~ e  p r i n c i ? l a  s c u r z e  of ?C3 c s n t a m i n a t l x  has  bee3 i d e r ~ i f i e i  a s  the  
c x t a n i z a t r d  s e i = x e n = s  ia the  Kalamt:o P i e r  a ~ c  ? o r z t a s  C ~ e z k  9 m s = z = z z  
of the  h r z a  o f  Cancer;... The mss o' PC3 concz ine i  i n  these  seeLnen:s has 
5een escimataa t 3  b e  over  230,900 tcu-ds. R e s e  sediments con t inue  t j  
arode,  resusoend o r  d i s s o l v e  PC3s k i t 2  t h e  Gazer column and be :zans- 
 orr red dovast r=3n.  

SFncr PC3s were F d e a t i f i e d  a s  a  probla5 i n  1971, s e v e r a l  ac:ions - have 5een t a k e a  r s  i z o r s v e  c = c c L = i x s  (7ao:a z 5 - l ) .  -?.e d i z z c t  d l s c h a z t ~  
gi ?C3s has  beaa s u o s t a n c i a l l 7  reiuczd due :s :he PC3 5an, originaLLv 
under Uichizan Lav asd mu n a t i o m i d e  undez t h  TOS%C Substances Control, 
A .  The dtrzc:  d i s c h s r x e  c f  ?C3s 5s not  aat5orf:ed in aav of :he :p3E3 - .  
? e m i r s  f o r  :ze Kalrma=oo 3=7er. A s ~ e c i f : ~  Z C ? U ~ Z ~ P C ~ ~  :o r % i u c e  :he 
c i s c h a r q e  of 3 3 s  is included ia the C i t 7  of Kaiamazoo's and Otsego ' s  
!E!IES ?emi:a .  3cch c::l*s have submit:ed a hast t e n  PC3 ~ e i u c c i o n  plan - -  -i -..a . - ,..e uic.hizzx Degarzxen: of Yacurz? ?esour=os a s  ful~:,,=ec: of :his 
r e q u i r e n e a t .  

. . . . - ,,., 1 ..,., g r ~ o , a %  o= s e d h e a t  ?CJ coneaminatlcrn To aadzoss  :he -=-- - - -  
a f f e c r i n g  abouc 80 m i l e s  of th Kaalamazoo Xiver,  t h e  " ichizan De?ar tsent  
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of Yaturah: Rcsourc=s p e r f o ~ e d  a i e a s i 5 i l l t 7  stzC:: of r e z e c i a l  
a a i t a ~ . a t i V r s .  Th i s  s t z d v  i=c luce=  developing a nathena:lcal  3 c d e l  of t h e  

Kalam~zoo River and P o r t a g e  Czaei r e l a t i v e  t o  PC3 con tammacion ,  
c11Lcctlxq d a t a  a s  nscessa?  f o r  =adel  s b u l a z i x s ,  s c r r e n i = s  sf r z z e d i a l  
t e c 3 ~ o l o o i e s  and an e v a l z a t i o n  of each r e a e d i a l  a c r i o n  a l tcr ,a : i7e .  

C N m e r m s  r e s e d l a l  acz ions  v e r e  c x s i a e r e d  Fa t h i s  s t u d v .  ~ n e  r t la : ivre  
ef Zac:s of each r c z e d i a l  ac:ion vere  evaluated u s b q  a s a t h e r d t i c a l  
nodel ,  uhic:? s J s u l a t c d  long t r x  :sacge3 i n  ?C3 l a - re l s  i n  t h e  s e i h e n t ,  
v a t e r  calumn and f i s h  of t h e  r i v e r  sys tea .  Based on t h i s  e v a l x a t i o a ,  t h e  
fo l lowtng  reczmendat ' ,ons v e r e  rzace: 

a -- - 5ome r a z e d i a l  ac:ior. should j e  taken a t  ?or=aqe Cretk!3r~an: 1.'4"7 . .  . 
Pznas. Such ax aczf:n v c u ~ z  2ave the  nrzatcs :  e f f e c t  Fz r e i c c i n g  
husan exzosurn ~3 P C J S  and vould dec rease  X3 l e v e l s  f z  f l s n  
t h r o u ~ h o u t  t h e  dovns:zrz= r r sc3es .  

a 3eczer  aanagezient of t h e  Allogan Ct:? Dam imoundment i s  u e t i e d .  
The p rac - i cc  of d rav ixn  t h e  dam darn  should  be  discon:izuea s i x =  an 
m c m t ~ o l l e d  r ~ l e a s e  of PC3s t z  L a ~ e  h l l e q a n  and dotnscream raac5es  
r e s u l t s .  

r e m v a l  of r e m a n t  dam s c ~ ~ c = u r e s  and i s o l a t i n g  t h e  con tamisa t rd  
s c i i a e n t s  a t  the  ? l a i t = e l l ,  Otsego and T tovbr idge  Dams is  a l s o  
rrcmmerrded. I f  p r 3 p e r l a  <=,z?lenenttd, t h i s  a c t l o n  vould r e s u l t  i n  : 
iovez izg  of the  r=ver  chaace l ,  vhich vould  have b e n e f i c i a l  
e d r o a e n t a l  e f f e c t s  s i x t  t h  e p o s e d  c o n t d n a t e d  sed3el :s  above 
t h e  ri-:er banks vau ld  be  f x r t h e r  i s o l a t e d  ftom t h e  r f v e z .  

h l l  o t h e r  ac=fons on t h e  Kalaxarso 3 i v e r  veze  c m s f d e r e d  l e s s  c 3 s t  
0 

- - erzzcz fve  due C J  t h e  h igh  c 3 s t s  of ixplernentatlon a n d / o r  c o n d i t i o n a l  due 
t o  u n c e z t a i n t l e s  i n  t h e  p red lcz ioas .  Dred!zhst mav be a u r r f a r r r d  o u t i o n  
a t  XLleqan C::7 Dam and poss=5i7  Lake Xllegan. Rovever, s t x c e  t h i s  t7pe 
of r e a e d i a l  acz ion  i s  vercr c s s t l o ,  f u r t h e r  s t u d i e s  are rec3u=maaed co 
w a l u a t  a chis o p t i a n .  

S a v e r a l  s:e?s l ave  bean taken bv the  S t t t e  of Hic5 igan  t o  i m l e ~ e n t  
these  r e c o m e ~ a a t i m s .  ' 3 e  S t a t ?  bas i d e n t i f i e d  A l l i e d  Paoer I n c ~ r ~ o r a t -  
ed as  a poco,r.t:allv resoonsi3Le p a y 7  f o r  t h e  PC3 con tamina t i an  of 
Porzage C r e e k l S q a n t  "ill Pond. 'Re S c a t s  Rave n o t i c e  on A u w s t  Z?, 
1086, of i ts Fxteo,t t 3  f i l e  a clv'-l ac:ion a q a i n s t  SCX C o ~ o t a c f o n  ( m e ? :  
o i  A l l i e d  P a p e r ) ,  h l l i . - i  l a p e r  k c ~ n o r a t ~ d ,  and o t h e r  p:-oaerz-r o t n e r s  
a long  aqmt Y i l l  ?ond. A c a n u l a i a t  has been f i l e d  by t h e  Sca ta  of 
?!iciigan"fn Uniczd S t a t e s  D i s t r f c t  Court pursuant  t o  the C ~ r e h e ~ s i v e  
Emironmenta l  Xesaonse, C o w e ~ s a c f o n  and L i a b i l i t v  Ac:, t h e  Rescur:a 
Coase r ra r ion  and q e c o v e y  Ac:, the  Federal  L a t e r  P o l l u t i o n  ConttoL k t .  
and t h e  Toxic Substances  C ~ n t x l  Act. The S t s t e  s e e k s  i n i u n c z l v e  re.i.iaf 
:a a b a t e  and rcae=p t h e  r e l e a s e  of hazardous subs tances  i n t o  t h e  
env i ronsen t ,  c e c l s r 3 : s y  r e l l a f  , damaqes, c f r i l  9 e a a l t f  e s .  c3s: 3f 
Li: ination,  r r i ~ b u r s e z i e n t  of s t a t e  r t s v c a s e  c o s t s  and a l l  apuroor facc  
r e i f  eP. 

The "ckigan 3egarz=ent af Natural  Resouzces (?CNZl has  rczoved t h e  
superstructures of the  P l a i n v e l l ,  Otseno and T t w b r i d g e  Dans. >is is 
the  i i r s r  s t e ?  covard t o t a l  reaoval  o i  these  dams and c o n t a n i ~ a c e d  
seci=ents. ?w.ds have been s a c x e d  ( J 2 . Q  l i l l im)  under  S t 3 c s  hcz 361 t o  

*- 
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Kalamazoo X f r e r  PC3 Xctlons 

Action 

PC3 ?rsbLrx i 5 e n t i f i e d  Fa the  Kalz=tazco 3 i v e r  
and ?orcage Creek 

Basinvide s t u d v  on tke  Kalanazoo X v e r ,  TSCX 
enacted ( X 3  ban) 

F i sh  c m s . - n t i o n  a d 7 i s o m  i s sued  f o r  Kzlamazoo 
River 

Ffsh contaminant monitorfaq 

Ffsh c m t m i n a n t ,  v a c e r ,  s e d i s e n t  monizoring 

F i sh  c a z t a n l n a n t ,  v a t e r ,  s e d h e n t  mcci:arfng 
Kalamazoo Rl7er  d e s i m a t e d  a s  "Xtea o f  Cancrn ' '  
by the Inte=.a=ional  J o i n t  ComsissJ.on 

S u p e z s t x c t x t e  reaoved OR DNR dams; T r s v b r l d g c ,  
P l a i n w e l l .  Otsego cleanup d e s i m  b e e x :  Lawsuf: 
f i l e d  on ?orzsee  Cteek, 'Srpant H i l l  P m d  c leancs :  
f o l l o ~ u u  s t u d i e s  on Auounded a r e a s / s l u d g e  
d i s p o s a l  a r e a s  

Trovbr idqr ,  P l a i x e l l ,  Otseqo c leanuzs  t o  beeln; - reas* Z c ~ a v  f a r  e Ralamazoo Pi . - re~ 5,  

the  __;_ Cr&arca beo ias ;  Rezedla1 a c c : x ~  
begin  a t  t5e V i l l c v  8oulevard s1:e 

? l a l a w e l l ,  O t s e ~ o ,  Trovoridqe cleanuos c m o l s c t d  
F e a s i j i l l t v  Stuav f o r  a a t t l e  Creek a r r a  
c m u i a c o c  



. 
i s o l a t e  e#reaminaczd sedF=e_r?ss i n  t h e  P l a i x v e l l ,  Otsego and T r m b r i d a e  
h p o u n d a n t  from t 3 e  These ?r3!eccs a r e  nav La the  
des ign  phase.  The f o r  p r o j e c r  complet ion I s  1989. 

- 
2 Ir! recoqr.i:',zn nf the  u ~ c c n t r o l l c d  r e l e r s e  of ?C3s upon drav;acvn, 

the  !!WX has r e i ~ s e d  t 3  t s s a e  t h e  n e c e s s a y  3 e ~ = l i t  f o r  t 5 e  dravdovn of 
h l l e g a n  C f t ?  D a a .  

Fol lov uo s t u d i e s  a r e  a l s o  u n d e r ~ a v .  F t sh  v e r e  collected f a r  PC3 
a n a i p s e s  a t  s ix  l o c a t i o n s  iz 1987. k d i t i o u a l  * a t e =  and s e d k e n t  sam- 
p l i n g  is a l s o  scheduled f o r  1987-88. S t u d i e s  a r e  a l s o  planned i n  1987-98 
t o  r e f i n e  the e s t i a a t r s  O F  sediment b u r i a l . r a t r s  i n  Lake A l l e f a n ,  h l l e q a o  
C i t - 7  and Otsezo Cf :-r ipaur.d3er' .ts and t:, r v a i s a t r  the  p  - - - 4  - J  

0-  L- c-Crr 

c z e l  f Fc t e n t s  berzec? s z d h e z t  , wate r  and suspesded s o l i d s  vi:= s p e c i a l  
e l p h a s i s  on the  cLavt? f l j e z  z a t e r f a l s .  

The 9 N R  u n d e r t ~ o k  a d d i t i o n a l  sziapling i r ~  1988 t o  i d e n t i f y  s ludge 
d i s j o s a l  a r e a s  v h i c i  nap c z n t a i n  PC3s. The seven s i t e s  s e l e c t e d  = e r e ,  
from uostream t 3  d c ~ n s t r a m ,  t h e  f o m e r  Rex U i L l  s i t e ,  G t o r s i a  ? a c l f f c  
( t h r e e  s i t e s ) ,  t h e  f a n e t  . C l i e d  Paper K b g  Xi11 si:e, Ja=es  ? . f ~ e r  
( ? a r c h e n t ) ,  and ??alzw,lL Paper.  I n i t i a l  r e s u l t s  f a d l c a t t  subs:zntial  
PC3 cmtamina t lon  i n  the  F l l l o v  Sica (Gzorgla ?aci: ic) .  XcmeCial Xc:i~cS 
have b e t s  taken :: resc r i c :  accoss  and s t o o  e r ? s i c n  h t o  t 5 e  7aIamazoo 
Biver  a t  t h i s  s i t a .  Once d e t a i l e d  sawl:ng is c=tmleced bv Garlrnia 
Pacif ic ,  reseafa!. a c t i o n s  *&ll be rev ieved  and h p i e a e ~ t e d .  

The Allied. Paper /?or taoe  CreeklKalrmiroo 3 i v e r  s i t e  h a s  Seen 
prooosed f o r  l i s t l x g  on the X a t i o n a l  Pt iodt ics  L i s t  under  C 3 C A  
(Su?ezfund>. 

I 
In a d d i t i o n  t a  these  activities on t h e  Kaiamazoo R i v e r  berzeen the 

c i t 7  of Kalamazao and Lake Y i c h i s a n ,  an  a d d i t i o n a l  zcudv O F  possl5Le PC? 
cmtz in ina t ion  has  b e t a  ini:Faced f o r  t h e  Palamazoo 2 iver  b e r ~ e a z  Z a t t l e  
Creek and Kalamazoo. Tfie f i s h  PC3 l e v e l s  u p s t r e a s  of Kalamazoo i r t d i c a t c  
some PC3 con tan iza t ion .  R e  1087 f i s h  c?nsumotlou advisor?  vas  r e v i s e d  
t o  r e f l ec :  t h i s .  The a d d i t i o n a l  study w i l l  a e r e n i n e  t5.e Level and anv 
s o u r c e s  of PC9 coa tami tac lon  and reziedia l  o p t l o c s  a v a i l a b l z .  



2.1 BACKGROUND 

2.0 INTRODUCTION 

The lower Kalamazoo River has been targeted as an Area of Concern 
(AOC) by the International Joint Commission (IJC), and the State of 
Yichigan. The Kalamazoo River AOC is located in Allegan County in the 
scut!wce? w t ? F m n  of ?4ichigan1s Lover Peninsula ( P i ~ ~ r e  I). The AOC.wlll 
concentrate on cne ialamazoo River mstzeam from Lalce Mic3:gan as far as 
fish can migrate. Presently, this is Calkins Dam vhich forms Lake 
Alle~an. This dam is about 76 miles upstream of Lake Yichinan. The 
major problem affecting this AOC is water, sediment and fish csntaminated 
k1:h polvchlorinatei bi~henyls (PCBs). PCB contamfnation in the AOC is 
thought to originate from upstream sources. 

As a result of improvements to the Kalamazoo River basin vastewater 
treatment facilsties, vater quality in the AOC has improved greatly in 
terns of conventional contaminants. Hovever, PCB contamination continues 
to be a problem to fish and biota. Fish consumption advisories in the 
AOC reflect this. Until the problems vith PCB contamination are ad- 
dressed, these impaired uses will continue. The purpose of thjs r~medial 
investigation is to address the impaired uses and PCB contamination. - 

2.1.1 Great Lakes Water Ouality Management 

The Greac Lakes Water Oualitp Board (KWQB) vas created as part of 
the Great Lakes Water Ouality Agreement of 1978, signed bv Canada and the 
United States. The Board Is responsible for rebortine water qualitp 
research activities and the environmental auality of the Great Lakes tol 
the IJC. In order to tra and measure the uroqress, in terms of envi-' 
ronmental health, of the Q dentified Areas of Concern, the GLFOB 
adopted a system of six ca gories. TSese categories represent a logical 
sequence for problem solving and resolutfon; they identifp the status of 
the iz?omat:on base, programs vhicb are underwav to fill the infornation - - -  sans .  n a  :ns ~=a:-1s 2 :  reae-12- r:rsr:i. Acccriina 13 :3e 3 o a r i .  a site 
can be deleted as an AOC vhen evidence is presented verifvinn that the 
fuil complement of uses has 5een restored. The six categoriss are: 

Catesorp Zxvlanac ion 
* .  . .Causative factors are unknown and there is no inves- 

tigative program to identifv causes. 

Causative factors are un~nown and an investizative 
program i s  underway to identifp causes. 

Causative factors are known, but Remedlal Action Plan 
is not developed and rzmedial measur?s are zot fullv 
implemented. 

Causative factors are knovn and Remedial Action Plan 
developed, 5ut rczediai measures are not fully 
impleaented. 





- "f" 

5 : Causative factors are known, Remedial Action Plan is 
developed, and all remedial measures identified in 
the Plan have been implemented. 

6 Confirmation that uses have been restcred acd dele- 
tion as an Area of Concern. 

The Kalamazoo River is currentlv a Category 3 Area of Concern. Once 
the Remedial hctlon Plan has been completed, it is anticipated that this 
area vill be moved to Category 4. 

The purpose of the Remedial Action Plan process is to provide a 
svstem-wide approach to environmental management that will ultinatelv 
lead to the successful rehabilitation of the Great Lakes. This approach 
requires an integration of available data on the environmental condi- 
tions, socioeconomic influences, and political/institutional frameworks. 
The purpose of this plan is to focus the data gatherinn and data synthe- 
sis to resolve the immediate problems which impair the AOC designated 
uses. Recommendations for restoring the impaired use and maintaining 
other designated uses are based on currently available data. 

2.3 INTENDED USE 

This Remedial Action Plan is intended as a technical management 
document providing a platform for future analyses and decision making. 

. It is not a detailed review and synthesis of a11 data and/or information 
on the Area of Concern. Every attcmpt has Seen made to identiiv the 
major documents that relate to the critical environmental issues 
affecting the Kalamazoo River Area of Concern. Remedial action ?lannfnn 
is an iterative process, and suggestion and additions are weicome. 



3.0 ENVIRONMENTAL SrnING 

- This chapter of the Remedial Action Plan defines the Area of Concern 
and urovides background infornation on: 

'y,Natural features and hydrologic conditions 
- Capd uses 
' O W a t q  uses 

Water 'yality criteria and use designations 

\ 
Each RemediaUAction Plan concentrates on a specific Area of concern 

identified by the In eaaciccal Joint Commission. The phvsical bounda- S: ries are defined after tonsideration of sources, effects on the Great 
Lakes and extent of polluyion from Great Lakes tributaries to the adja- 
cent near snore zone. For this Remedial Action Plan, the Area of Concern 
was defined as the lalamazookiver from Calkins Dam (Lake Allenan) 
dovaetream to Lake Michigan. l7yI.s area vlll be referred to as the effect 
area. The source area includes &much lar~er portion of the river, 
upstream to the City of Kalamazoo Portage Creek, a tributary in 
Kalamazoo. The effect area and areas are sham in Fipure 
1. 

3.1 LOCATION 

3.1.1. General 

The Kalamazoo River is located in the southwest portion of Xichi- 
gan's lower peninsula. The river drains about 2,020 sauate miles from 10 
counties (Allegan, Barry, Calhoun, Eaton, Hillsdale, Jackson, Ralamazoo, 
Ottawa, Van Buren). The basin is about 162 miles loau and varies in 
width from 11 to 29 miles. The Yorth and South Sranches originate within 
a few miles of each other. 'Re North Branch heads in Farewell and Pine 
Hills lakes in southern Jackson County vhile the South Branch rises in 
marshv areas south of uoscow in northeastern Hillsdale Countv. The FGO 
branches join at Albion, forming the mainstream which then flovs 
northwesterly for approximatelp 123 miles before entering Kalamazoo Lake 
and eventuallv Lake Nichigan near the towns of Douglas and Saueatuck. 
The river flows generally vest-northwest through Harshall, Battle Creek, 
Augusta, Galesburg, Comstock, Kalamazoo, Parchment, Plainwell, Otsego, 
Allegan, and Saugatuck before discharxino to Lake Michigan. Significant 
tributaries of ?ke Kalamazso ?.locr ixl-de Qice Creek. Rattle Creek, 
Wabascon Creek, Portage Creek, Gun River, Swan Creek, and Rabbit River. 
Maior municipalities on the river are Kalamazoo !population 80,000) and 
Battle Creek (population 36,000). 

The Kalamazoo River basin is contained entirely within the South 
!-fichigan/Indiana Till Plains Ecoreqion, as defined bp hernak (1987). 
Zcoregioas are defined u s ; q  a combination of factors inchdine land use, 
land surface form, potential natural veaetation and soils. T.e 
characteristics of the South MichiganIIndiana Till Plain 'Ecore~ion 
include irtegular plains; potential natural vegetation of oak, hickorp, 
beech and maple; land use of cropland vith pasture, woodland and forest; 
and soils of gray-brown podzolic. 



3.1.2 The Area of Concern 

DRAFT 
The krlamazoo River  system con ta ins  approximatelv 512 l i n e a r  m i l e s  

of streams. Although t h e  mainstream i s  rouqhlv 123 m i l e s  lonu ,  anlv  t h e  
26-mile s t r e t c h  becveen t h e  Calkins  Bridue Dam and Lake Michigan i s  
considered i n  the  Area of Concern a t  t h i s  time. The d r a i n a p c  a r e a  i n  t h e  
s tudy a rea  i s  es t imated  a t  h60 square  miles  (294,400 a c r e s ) .  One hundred 
and t h i r t y - f i v e  m i l e s  of t r i b u t a r i e s  a r e  included i n  t h i s  a r e a .  The 
major t r i b u t a m  t o  t h e  Kalamazoo River i n  t h i s  a rea  i s  t h e  Rabbit  River.  
Smaller  t r i b u t a r i e s  i n c l u d e  Swan Creek, Sand Creek, Bear Creek, and Hann 
Creek. 

This area  is l o c a t e d  e n t i r e l v  & t h i n  the  Countv of Allenan.  The 
maior m u n i c i p a l i t i e s  i n  t h i s  a r e a  include Saunatuck ( p o p u l a t i o n  1,100) 
and Douglas (popula t ion  950) loca ted  near the  mouth of t h e  Kalamazoo 
River. This a r e a  is t h e  primary a r e a  vhich a f f e c t s  and i n t e r a c t s  wi th  
Lake Michigan. T h i s  a r e a  is a l s o  p r imar i ly  dependent on upstream water  
q u a l i t y  cond i t ions  f o r  determining i ts water q u a l i t y .  

3.2 NAT'URAL FEATURES 

3.2.1 Drainage Basin  

The t a b l e  b e l o v  is  a p a r t i a l  l i s t  of streams v i t h i n  t h e  Kalamazoo 
River s y s t e m  Lengths a r e  shown i n  miles. (Many s m a l l  s t r eams  and 
d r a i n s  a r e  not inciuaed.)  

Stream - 
Kalamazoo River (mainstream) 

North Branch Kalamazoo River  
South Branch Kalamazoo River  
Rice Creek (North and South 

Branches) 
Wilder Creek 
Seven Xile Creek 
Vabascon Creek 
B a t t l e  Creek River  

Wanadoga Creek 
Indian Creek 
Big Ctrak 

Aupusta Creek 
Portage Creek ( i n c l u d e s  
West Branch) 

Pine  Creek 
Basel ine  Creek 
Sand Creek 

Stream - 
Spring Brook 
Gun River  
Xinet  Creek 
School S e c t i o n  Creek 
Schnable Brook 
*Swan Creek 
*Fear Creek 
*Sand Creek 
*Mann Creek 
*Rabbit R iver  

* L i t t l e  Rabbi t  
*Red Run Drain 
*Black Creek 
*Mil ler  Creek 
*Mil ler  Creek 
* S i l v e r  Creek 
*Green Lake Creek 

TOTAL 5h2.0 mi les  

*Tr ibu ta r ies  d r a i n i n g  i n t o  t h e  mainstream wi th in  t h e  Area of Concern. 

Approximately 2,450 l a k e s  and ponds t o t a l i n n  37,500 a c r e s  a r e  
s c a t t e r e d  throughout t h e  watershed.  These lakes  range i n  s i t e  from Gun 



Lake a t  2,611 a c r e s  t o  numerous smal l  ponds. There a r e  52 Lakes o r  
i m p o u n d r a t s  of 100 a c r e s  o r  more i n  s i z e :  

Count7 - 
Allegan 
B a r r y  
Kent 
Calhoun 
Eaton 
H i l l s d a l e  
Jackson 
Kalamazoo 
Ottawa 
Van Buren 
WATERSHED 

Yumber of 
Lakes 100+ Acres 

T o t a l  Surf  ace 
Acres 

The mainstream i s  dammed i n  n ine  l o c a t i o n s  and the  m a i o r i t v  of  these  
dams were cons t ruc ted  f o r  g e n e r a t i n g  e l e c t r i c  power. The S t a t e  of 
Michigan, 9epartment of N a t u r a l  Resources acquired t h r e e  dams i:. :he 
1960's i n  t h e  Plainwell-Otsego a r e a  t o  be used f o r  va te r fowl  hun t ing  
h a b i t a t .  These a r e a s  were a l s o  t o  be managed f o r  food product ion.  
Vandalism and high maintenance c o s t s  have forced t h e  Department t o  draw 
these  down t o  a low-s i l l  head. There a r e  t h r e e  dams on t r i b u t a r g  s t r eams  
i n  t h e  Area of Concern. Ore l o c a t e d  on Swan Creek has  become t h e  base  
f o r  a popular campground. A second dam on lower Swan Creek c r e a t e s  a 
d i v e r s i o n  t o  main ta in  goose h a b i t a t  i n  t h e  Swan Creek Marsh. The t h i r d  
is Hamilton M i l l  Pond on the  Rabbi t  River .  Also, t h e r e  is a control dam 
a t  t h e  o u t l e t  f o r  Palmer Bayou a t  the  M-89 Bridge. 

The North i3ranch of t h e  Kalamazoo River  above Concsrd i s  a s m a l l ,  
c l e a r  water  s t ream t h a t  v a r f e s  i n  size from t e n  f e e c  v i d e  bp f o u r  i n c h e s  
deep below Farowell  Lake t o  35 f e e t  wide 5v one f o o t  deep above t5e 
Concord impoundment. The bottom type,  i n  genera l ,  through t h i s  s t r e t c h  
of s t ream i s  sand wi th  some a r e a s  of g rave i .  

The South Branch of t h e  Kalamazoo r i v e r  from Homer t o  Albion is a 
l a r g e r  r i v e r  averaging LO f e e t  v i d e  by I d  inches deep i n  t h e  upper  a r e a s  
t o  70 f e e t  v i d e  bv NO f e e t  dee? i n  t h e  lower areas .  There a r e  a few 
f l a t  a r e a s  i n  marsh s i t u a t i o n s  ?here t h e  r i v e r  ma:? viden up t o  100 f e e t  
and the  v a t e r  i s  q u i t e  s h a l l o v  ( e i z h t  inches  o r  l e s s ) .  Bottom t y p e s  a r e  
mostly sands and g r a v e l  wi th  some rubble  and bou.?lders i n  t h e  r i f f l e  
a r2as .  The t vo  brancnes j o i 3  a t  Xl5ion. 

Yore than ha l f  t h e  l eng th  of the  mainstrsam between Albion and 
C?rcscg  is Lxpounded o r  h e a v i l v  developed iz :he c i t i e s  of Albion and 
Marshall .  The mainstream of the  Kalamazoo River from Ceresco t o  t h e  

- . .  southwestern sage of 3at:le Crees is ra:-z,v scen ic .  A 2xrnber of ::lands 
a r e  p rzsen t  II t n e  s t r ezm which adds t o  1:s a t t r a c t i v e n e s s .  m e  river is . - aaout  30 t o  130 f e e t  v ~ a e  and averages  --- r z e t  dee?. Xoderate c c r r e n t  
moves :he c a n o e i s t  o r  b o a t e r  a t  a good s ~ e e d  i n  v i d e ,  f l a t  a r e a s .  
Alchouqn t h e  bottom has  manv a r e a s  of p rave i  and a a u a t i c  weeds ( c u r l v  
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l e a f  p o n d m d ) ,  the  r i v e r  through B a t t l e  Creek and down t o  Augusta is 
almost e n t i r e l v  v i t h i n  the urban developed a r e a s  of t h e  c i t y .  

The r i v e r  from Augusta t o  Galesburg has  no development exceot i n  t h e  
v i I l a q e s .  The r i v e r  i s  vide  and deep, averaging 110 f e e t  v ide  and f o u r  
f e e t  deep. Low stream banks a r e  w e l l  vege ta ted  v i t h  s o f t  maple, v i l l o w  
and ash. Oak is  dominant i n  a r e a s  of high ground. Belov Galesburg,  t h e  
r i v e r  f l o v s  i n t o  X o r r w  Pond. Belov t h i s  pond, t h e  r i v e r  f l o v s  through 
t h e  urbanized a r e a s  of Italamazoo. RUE r t v e r  g r a d i e n t  i n c r e a s e s  t o  2'.6 
f e e t  pe r  mi le  berveen Pla inwel l  and Allegan. This  n a t u r a l  f e a t u r e  of t h e  
r i v e r  was ins t rumenta l  i n  b r ing ing  about t h e  c o n s t r u c t i o n  of f i v e  dams 
between t h e  l a t t e r  two c i t i e s .  

The mainstream throughout t h e  Area of Concern i s  f ree - f lov ing  and 
v a r i e s  from 50 t o  150 f e e t  in v i d t h ,  b u t  g e n e r a l l y  is  100 f e e t  v i d e  by 
four  t o  six f e e t  deep. Some p o r t i o n s  of t h e  r i v e r  reach  18 f e e t  i n  
depth. The bottom type i s  mostly sand i n  t h i s  a r e a .  Most of the  r i v e r  
banks a r e  low, two t o  six f e e t  i n  h e i g h t ,  v i t h  e x t e n s i v e  f lood  p l a i n s  
along t h e  main channel. I n  the  a i d  t o  l o v e r  reaches  of t h e  r i v e r ,  t h e  
main channel  s p l i t s  i n t o  smal ler  channels  c r e a t i n g  a  m~',ctr of i s l a n d s .  
It is a l s o  in these  mid t o  lover  a r e a s  where a d j a c e n t  f lood  p l a i n s  have 
been turned i n t o  ex tens ive  wate r fov l  marshes. During normal summer 
f l o v s ,  t h e  water  is r e l a t i v e l y  c l e a r .  The r i v e r  becomes very  t u r b i d  - 

below t h e  Rabbit  River  a f t e r  heavy r a i ~ s ,  a r e s u l t  of suspended silt .  

The Rabbit  River is  t h e  a a j o r  t r i b u t a n  of t h e  Kalamazoo i n  t h e  Area 
of Concern. Or ig ina t ing  i n  t h e  n o r t h e a s t  corner  of M l e s l m  Countv, t h e  
stream flows through extensive  a g r i c u l t u r a l  a reas .  Although t h i s  s t ream 
con ta ins  some a r e a s  of g rave l  and rubb le ,  the  major bottom epoe is sand, 
s i l t  and c l a p .  The Rabbit River i s  a  s j z e a b l e  s t ream bv t h e  t ime i t  
reaches Hamiltan,  r i t h  widths of about 50  t o  6 0  f e e t .  Average deoth Fn 
t h i s  a r e a  i s  about f o u r  t o  f i v e  f e e t .  

The o t h e r  t r i b u t a r i e s  i n  t h e  Area of Concern a r e  Swan, Bear, Yann 
and Sand c reeks .  These a r e  a l l  smal l  c l e a r  v a t e r  s t reams  con ta in ing  
s i g n i f i c a n t  s o r i n g  seepage. Sand Creek is c l a s s e d  a s  top a u a l i t v  t r o u t  
v a t e r ,  whi le  the  o t h e r s  a r e  c l a s s e d  second q u a l i t y  t r o u t  water.  Stream 
s i z e  v a r i e s  from 10 t o  15 f e e t  i n  v i d t h  Fp six t o  t e n  inches  deep on Hann 
and Sand c r e e k s ,  t o  30 f e e t  i n  wid th  by e to .  18 i n c h e s  deep on Swan 
Creek. Althounh most of these  s t reams a r e  mainly sand bottomed, they  do 
con ta in  some a r e a s  of gravel .  The e x c e r ~ t i o n  is Bear Creek vhich c o n t a i n s  
a  bottom of g r a v e l ,  rubble  and sand i: i t s  lower reaches .  These s t reams 
a r e  w e l l  v e g e c a t t a  along t h e i r  banks a i d  the  s m a l l e r  s t reams i n  o a r t i c u -  
Lar have dense  growths of t a g  a l d e r  i r  c e r t a i n  a r e a s .  

The s u r f a c e  t o o o ~ r a p h v  of t h e  va te r shed  w a s  determined bp t h e  l a s t  
c o n t i n e n t a l  glacia?. per iod,  :he 'J isconsinan.  h v i d e  v a r i e t y  of g l a c i a l  
o r  g i a c i a l - r e l a t c d  deoos i r s  mice UD t h e  su r face  a r e a .  These inc lude  
ground moraines O F  variab1.r t e x t u r e d  m a t e r i a l s ,  t e r m i n a l  moraines, 
coarse-cextured outvash,  a l l u v i a l  ponded a r e a s ,  and o t h e r  tppes  of 
depos i t s .  n e  g l a c i a l  m a t e r i a l s  extend t o  a depth  of s e v e r a l  hundred 



f e e t  i n  
o r  l e s s  

th6 wes te rn  por t ions  of 
in depth  e a s t  of B a t t l e  

the  watershed and g e n e r a l l y  a r e  50 f e e t  
Creek. 

_ The e n t i r e  region has g e n e r a l l y  r o l l i n g  topography v i t S  p r a i r i e ,  
svamp and h i l l y  sec t ions  a l t e r n a t i n g  a t  f requent  i n t e r v a l s .  Yumerous 
smal l  l a k e s  and spr ing  hollows a r e  s c a t t e r e d  throuphout the region 
holding ponded water p a r t  o r  a l l  of t h e  time. Many of t h e  small l a k e s  
loca ted  v i t h i n  the  region have no s u r f a c e  o u t l e t s  and feed main s t reams  
on ly  through groundvater flov and seepage. 

The North Branch of  t h e  Kalamazoo River  o r i g i n a t e s  i n  Farewell  and 
Pine  H i l l s  l a k e s ,  Jackson County, a t  an e l e v a t i o n  of 1,0&2 f e e t  above sea  
l e v e l ,  whi le  t h e  South Branch r i s e s  i n  marshy a r e a s  i n  H i l l s d a l e  Countv 
a t  an e l e v a t i o n  of 1,120 f e e t  above sea  l e v e l .  The t-do branches 3oin  a t  
Albion and drop t o  an e l e v a t i o n  of 580 f e e t  above s e a  l e v e l  a t  Lake 
Michigan. 

The Kalamazoo River has  a  r e l a t i v e l y  s l o v  t o  moderate stream gradi-  
e n t  dropping 540 f e e t  i n  e l e v a t i o n  from i ts  headva te r s  on the  South 
Branch t o  Lake Michigan. Although t h e r e  a r e  a r e a s  vhere  the  g rad ien t  i s  
g reh-e r ,  t h e  average drop i n  e l e v a t i o n  over t h e  166 m i l e s  of mainstream 
and South Branch is j u s t  over  t h r e e  f e e t  pe r  mi le .  

Within t h e  Area of Concern, the  l o v  a r e a s  a long t h e  Kalamazoo River  
a r e  f o r  t h e  most p a r t  o ld  g l a c i a l  drainauewavs. These v a l l e y  p l a i n s  a r e  
g e n e r a l l y  n o t  more than a mi le  o r  r ~ o  v i d e  and a r e  t r a v e r s e d  by streams. 
The s t reams  i n  p laces  have c u t  a l o v e r  p l a i n  a few f e e t  deep which i s  
f loored  v i t h  r e c e n t  f lood p l a i n  alluvium. The p l a i n s  a r e  near ly  f l a t  b u t  
a r e  i n t e r s e c t e d  i n  p laces  bp i n f l o d n g  streams from t h e  adfacent  high- 
lands.  Although drp i n  p l a c e s ,  most of these  e x t e n s i v e  f l a t s  have a high 
v a t a r  t a b l e ,  l a r g e  a reas  of muck s o i l  and swampv Land border ing the  r f v e r  
channel.  I n  a d d i t i o n  to  t h e  l a r g e  a r e a s  of m c k  s o i l s ,  these  a r e a s  
c o n t a i n  v e t  sandy loams and 10- of medium f e r t i l i t y .  

3.2.3 Evdroloay 

The f o l l o v i n g  char t  summarizes a v a i l a b l e  U.S. Geolonical  Survev 
(USGS) flow d a t a  i n  cubic pee t  per second ( c f s )  f o r  t h e  Kalamazoo River 
inc lud ing  t h e  Area of Concern: 

USGS 
. - 

Average Extreaes  f o r  Per iod 
Caning ' Period of Discharge of Record (CFS) 
S t a t i o n  "- Record (CFS) 4 I a x i m  - Yinimm 

B a t t l e  Creek 1937-85 664 7,290 50 
6/7/67 9 / 2 2 / 3 9  

Comstock 1933-79, 1985 853 6,910 119 

!7,500. SO* 
4/11/47 8/19/76 



*Caused by s h u t t i n 8  o f f  f l o v  a t  Calkins  (Lake ~ l l e g a n )  Dam. 
*+Within t h e  Area of Concern. 

The Kalamazoo S i v e r  d i scharne  flow t o  Lake Michigan has  been moni- 
to red  by the  USGS a t  F e n n v i l l e  s i n c e  Apr i l ,  1929. T h i s  naging s t a t i o n  is 
loca ted  20.5 m i l e s  upstream of t h e  mouth. The average d i scharge  f o r  the  
55 years  of r e c o r d  is 1,430 CFS. 

The mean monthly Kalamazoo River  flows t o  Lake Michigan have been 
er t imated by t h e  Xichigur  DNR t o  be: 

Jan. Feb. Mar. Apr. ?fay June J u l v  A .  Sept .  Oct. Nov. 
(CF.5) 1620 1740 2370 2490 1990 1500 1200 1030 1030 1180 1500 

3.2.4 Climate 

Climate v a r i e s  from modified marine (Great  Lakes i n f l u e n c e )  i n  t h e  
Area of Concern t o  c o n t i n e n t a l  i n  t h e  e a s t e r n  p o r t i o n s  of t h e  watershed.  
Average annual  p r e c i p i t a t i o n  is about 32 inches ,  and s n o ~ a l l  exceeds LO 
inches  annual ly .  I n  t h e  Area of Concern, annual s n o v f a l l  approaches 100 
inches.  The average J u l y  temperature  is 72 degrees  and average January 
temperature is about 24 degrees .  Average January temperature  i s  s l i g h t l v  
warmer near Lake Xichigan,  be inu  about 26 deqrees .  The annual  mean 
temperature f o r  t h e  a r e a  is about  49 degrees. The average  prowino season 
ranges from about  153 davs a t  t h e  e a s t e r n  end of t h e  watershed t o  about 
181 days a long  Lake r'lichigan. 

3.2.5 S o i l s ,  Runoff, Erosion 

The s o i l s  a r e  d i v e r s i f i e d  v i t h  g r a v e l ,  c l a v  and sand a l t e r n a t i n g  in  
r e l a t i v e l v  s m a l l  a r e a s ,  wi th  sandy l o a m  predominatinu.  Due t o  t h e  
numerous smal l  l a k e s  and marshy t r a c t s  s c a t t e r e d  throuahout  t h e  reg ion  
and the  commonly porous s o i l s  which Inc reases  t h e  i n f i l t r a t i o n ,  t h e  
runoff peaks a r e  n o t  s e v e r e  and t h e  streams have r e l a t i v e l y  h igh  sus- 
ta ined base f l o v s .  

S o i l s  a r e  as v a r i e d  a s  t h e  g l a c i a l  materials i n  v h i c h  they a r e  
developed. They range from c l a y  and s i l t  t o  sand and o r g a n i c  m a t e r i a l s .  
About 25 p e r c e n t  of t h e  s o i l s  have c lay loam o r  c l a v  t e x t u r e s .  These 
s o i l s ,  such w t h e  K i d ,  M a r l e t t e  and Blount s o i l s ,  a r e  found p r i n c i -  
p a l l y  i n  Eaton County and t o  a l e s s e r  e x t e n t  i n  Allegan and Van Buren 
count ies .  F o r t y  pe rcen t  of t h e  s o i l s  a r e  sandv loams and loams of 
in tenned ia ta  t e x t u r e .  These s o i l s ,  vhich inc lude  t h e  P i l l s d a l e ,  
Kalamazoo and Bover, a r e  found p r i m a r i l v  i n  Calhoun, Allegan,  Ear- and 
Palamazoo c o u n t i e s .  

S o i l s  v i t h  loamv sand and sandv t e x t u r e s ,  which i n c l u d e  t h e  Oakvi l le  
Soinks and 4ubicon s o i l s ,  a r e  found on aooroximately 30 percen t  of the  
land.  These sandv s o i l s  a r e  l a r g e l y  Fn the  u e s t e n  p a r t  of t h e  bas in .  
The remaininn f i v e  pe rcen t  of t h e  s o i l s  a r e  o rnan ic  and a r e  d i s t r i b u t e d  
throughout t h e  b a s i n ,  u s u a l l v  i n  r i v e r  bottoms. 

Upland a r e a s  a d i a c e n t  t o  t h e  r i v e r s  a r e  f l a t  t o  g e n t l y  undula t ing  
g l a c i a l  outwash p l a i n s .  The predominant s o i l s  i n  t h e s e  p l a i n s  and the  



Area of &~ern are the dry sandy soils which are usually acid and low in 
fertility.' An exception to these dry sandy soils are the areas along the 
Rabbit R i e r  vhich contain the more fertile sandy loams. loams and silt 
loam soils. 

3.2.6 Vegetation 

As a result of the action of the Wisconsinan glacier, the region is 
topographically-diverse, possessing hills, valleys, plains, ponds, lakes 
and a variety of soil types that provide excellent habitat for a vast 
number of plants. In addition, the influence of nearby Lake Michigan 
somevhat moderates the climate of this region so that a number of plant 
species thrive or survive that othervise might not do so. 

Six ma-ior types of native plant communities are recognized in the 
vatershed and are listed below. While each of these is considered as a 
distinct communitv, manv ecotones, or gradual transition zones, exist 
betveen these communities. Some of :he dominant species have a fairly 
vide tolerance of habitats and, therefore, may be prevalent in more than 
one habitat. All of these species are considered abundant where they 
occur. 

Communitv Characteristics 

Dry Scuthern Hardwood Forest Forests of dry upland sites vfth bur 
oak, black oak, or white oak 
dominating. 

w Moist Southern Hardwood Forest Forests that occur in moist soils and 
are dominated by beech and sugar maple. 

Wet Lovland Forest Forests characterized bp villow or 
cottonwood, or silver maple or ash. 

Grassland-Savanna Complex Includes the combination of prairies, 
sedge meadows and savannas. 
Characterized as treeless or with 
scattered trees and dominated bv 
grasses or sedges either vet or dry. 

Xarshes and Emergent Aauatic Treeless areas in which the vatet table 
Canmnmiti.f . is above the soil surface during most 

of the prouing season. 

Submerged Aquatic Communities Dominant ~ l a n t  species are below or on 
the vater surface. These communities 
are essentially lakes and ponds. 

Broad floodolains are characteristic of the lower K d m a z o o  ?liver. 
The floodplains along tke rfvers and streams in the Area of Concern are 
generallp covered with lovland forest or are in marshy vetlands. Woodp 
vegetation consists of varying mixtures of willow, cotronvood, silver 
saple and ash. Svcamores are scattered singly or in clumps alonn thc 
entire lovland a;==. Wher- conditions a&= rjnht. f e ~  black walnut 



DRAFT 
occur, vhfch have urovn to large sizes. The marsh areas contain variobs 
amounts of oedges. rushes, cattail, smarhreed and aquatic species such as 
pondweeds and waterlilies. 

There are three identified sites within the Area of Concern vhich 
contain one or more rare plant species. These sites ares listed below: 

Ely, Little Tom 6 Allegan County Bog plants, coastal 
Crooked Lake Area Clyde Township plains species 

Fennville Bog Allegan County Native orchids, other 
Manlius Tovnship bog species 

Prairie Areas Allegan County ' Sandy prairie species 
Valley Township 

3 . 3  LAND USES 

Distribution of land in the Kalamazoo River watershed by major use 
shovs cropland and pasture account for the greatest share, 57.0 percent. 
Forest land is the second most important laad use, utilizing 21.0 percent 
of available lands. The remaining 22.0 percent fr  composed of vetlands 
(three percent), water ( tvo percent), urban areas (eight percent), and 
other (nine percent). Agricultural enterprises within the watershed vary 
from general farminp to production of specialty crop8, such as grapes, 
apples and blueberries. Those areas in the eastern hal.6 of the watershed 
produce the major share o f - r w  crops and small grains, while the western 
counties produce the greatest share of fruits and vegetables. 

Land use within the Area of Concern varies only sliphtlv from the 
vatersned figures. Sixty percent of the land is in cropland and pasture 
and 27 percent is in forest lad. Most of the lands classed as other and 
portions of the agricultural lands classed as idle are used as recrea- 
tional lads. The upland areas and the adjacent veclands and vater areas 
are trsed for camping, hunting, wildlife production, fishing and boating. 

The Kalamazoo River watershed contains roughly 1,292,800 acres of 
land. Of this total, 1,245,550 acres (963 are in private omership. 
The remining 48,250 acres are in public ownership as follows: Allegan 
State Game Area-AL,?90 acres, Fort Custar Recreation Area-2,960 acres, 
and Yankee Springs Recreation Area--1,000 acres. (Note: The Yankee 
Cprings Recreation Area contains 5,000 acres of state land, however, onlv e- 



an estinu- 1,000 acres is vithin the Kalamazoo River vatershed.) 
OMershi#alon~ the mainstream of the Kalamazoo River and those tributar- 
ies in the,Area of Concern is summarized as follows: 

Stream 
- LiNEAR X L Z S  3 9 N T A G Z  

Public ?rivate Total Public Private Total 

Kalamazoo Mainstream 1 1 11 22 22 24 44 
Rabbit River - 0 17 17 0 3 6 34 
Xann Creek 0 2 2 0 4 4 
Rear Creek 3.5 1.5 5 7 3 10 
Sand Creek - 1.5 .5 - 2 - 3 - I - 6 - 
TriSuta~ Totals 5 21 2 5 10 4 2 5 2 
OVERALL TOTALS 16 32 48 32 64 96 

In addition, 26 counv, township or municipal parks vithin the 
vatershed provide additional camping (250 sites) and day-use facilities 
for recreationists. 

. 
3.3.2 Private Recreation Facilities 

Private sources provide a wide range of recreational activities and- 
uses within the ten counties making up the Kalamazoo River vatershed. 
There are 55 private campgrounds which provide roughly 5,OC3 campsites. 
These sites range from the rustic tent campers to modern trailer or 
recreation vehicle sites. In addition, many of the camps provide d m -  
ming, boating and picnicking. With the Area of Concern, 12 private 
campgrounds provide 877 campsites. 

Other recreational activities provided by private sources include 
golf courses, archery ranges, horseback riding, boat and cmoe rentals, 
marinas, charter boats for Great Lakes fishing and fishing ponds and 
lakes. 

3.3.3 Public Recreation Facilities 

Public recreation facilities are lhited vithin the Kalamazoo River 
watershed. Fort Custer Recreation Area, hllegan State Game A-ea and 
Yankee Springs Recreation Araa offer a vlde variety of recreation oppor- 
tunitiesr- Only Allegan Game Xrea and Yankee Sorings prwide camping. 
S i x  camp areas provide 540 campsites, vnrle one organization cpmo pro- 
vides for mother 50 persons. Within a short drive of the Xrea of 
Conce~, two state parks !Van Buren 2nd Eolland), pravide an additfonal 
565 camsites and a variety 3f aay-*~s~ faci2:ies. 

3.3.6 Wildlife Obserration and Auntfx 

The wildlife resources of the Kalamazoo River Basin are as varied as 
the habitat through which the river flows. From the rich farmlands of 
Calhoun and ~alamazoo counties to the oak-pine sand barrens of Allenan 
County, the make-up of t.k local fauna changes rather dramat$callv. 
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~ h r o u g k t  the river basin, the forest species of fox, squirrel, 
cottontail rabbit and vhitetailed deer can be found, while species such 
as the ring-necked pheasant, bobvhite quail and wild turkey require more 
specific habitat requirements. 

Both resident and migratorp species are important to the Kalamazoo 
River valley. Important resident species of game animals include the 
white-tailed deer, cottontail rabbit, fox squirrel, grey squirrel, 
raccoon, rinp-necked pheasant, mffed grouse, bobwhite auail and vild 
turkey. Furbearing mammals common to the river valley are the mink. 
muskrat, red fox, skunk, opossum, weasels and woodchuck. Less common 
mammals are the ?rap fox, badger and beaver. Nanv small mammal species 
also occur including the red sauirrel, northern flyinp squirrel, chip- 
munk, ground squirrel, plus several species of voles, mice and bats. The 
list of songbirds and raptors number in the hundreds. Migratory species 
present ranse from the often seen and studied Canada goose to the seldom 
seen prothonatory varbler. Individual Canada geese can be found 12 
months of the year in various areas of the valley. Several hundred other 
species of both migratory songbirds and waterfovl also occur. 

Important species of vaterfowl which cornmanly take up summer resi- 
dence in the Kalamazoo vallep include mallard duck, black duck, wood 
duck, Canada goose, blue-winged teal, and American coot. Other species 
common usually only during saring and fall migratjon, include the blue 
goose, vhistling svan, redhead duck, canvasback, goldeneve, American 
merganser, bufflehead, 1.esser scaup, Xmatican gallinule, Wilson's snipe, 
baldpate, pintail, gadwall and green-vinged teal. 

The American woodcock is an important mig~atorp forest species. 
Pongame species seldom receive attention from the general public because 
they are not hunted and often are inconspicuous. However, they make up 
the larger porcion of the wildlife resource and their involvement in the 
physical well-being of the total environment is no less important than 
that of game soecies. Species densities of most nonFame mammals and 
birds, amphibians and reptiles are relatively unknown. 

Limited information is available on population estimates of endan- 
gered, rare or threatened species (with the exception of the sandhill 
crane). The only endangered amphibian or reptile ir the basin is the 
Kirtland's vrter snake. An endangered species is one in danger of 
extinction-through all or a si-ificant part of its range. Some birds 
and mauxmals species that formerl~ occurred in the -:eqion have long since 
been extirpated locally. 

There are 13 threatened species knovn to occir in the Kalamazoo 
Ever valley, izcludinp the :opper bellied vater snake, the barn owl, the 
Cooper's havk and the pine vole. A threatened species is one Likely to 
become endangered within the fjreseeabls future. 

There are 49 known rare or scarce species in the basin, including 
the badger, coyote, river otter, sandhill crane, upland sandoiper, the 
great blue heron, the pr?thonotarp varbler and the pileated woodpecker. 
Rare or scarce species are not known to be endangered or threatened but 
are uncommon and deserve continued monitoring of their status. 
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The S t a t e  of Michigan i s  an important  landowner i n  t h e  lover  
Kalantazoo River  v a l l e y  vith over  48,000 a c r e s  i n  Kalamazoo and Allegan 
count ies .  Ownership i n c l u d e s  approximatelv 23 mi les  of Kalamazoo Rfver 
f ron tage .  Management of t h e  l a n d s  adjacent  t o  the  r i v e r  a r e  verv depen- 
dent upon t h e  r i v e r  a s  a source  of water and w i l d l i f e  h a b i t a t .  A g r e a t  
d e a l  of f u r t r a p p i n g  and wate r fowl  hunt ing occur on t h e  Kalamazoo River 
and i t s  ad jacen t  marshes. Three s p e c i a l l y  managed waterfowl manapement 
u n i t s  a r e  i n  e x i s t e n c e  downstream from the  Calkins Dam--the Koooman, Swan 
Creek and Ottawa marshes. These t h r e e  u n i t s  provide thousands of h u n t e r  
d a y  of r e c r e a t i o n  each f a l l  as h u n t e r s  seek out Canada geese,  mal la rds ,  
m o d  ducks and o t h e r  v a t e r f o w l .  Development and improvement p r o j e c t s  
planned f o r  these  t h r e e  u n i t s  dl1 c r e a t e  a d d i t i o n a l  q u a l i t v  h a b i t a t  f o r  
waterfowl and waterfowl hun t ing .  Poss ib le  f u t u r e  marsh manageaent 
techniques  which inc lude  d i k i n g ,  water : m t r o l ,  d i v e r s i o n s  and i i t c h i n p  
w i l l  provide  many more a c r e s  of q u a l i t p  wetland h a b i t a t .  

Four s p e c i e s  of b i r d s  seldom seen i n  southern Michigan which a r e  
l i s t e d  a s  endangered o r  r a r e  a r e  t h e  American bald e a g l e ,  golden e a g l e ,  
osprey and p i l e a t e d  woodpecker. I n d i v i d u a l s  of each of these  spec ies  a r e  
u s u a l l y  s p o t t e d  i n  o r  n e a r  t h e  Ot tava  marsh durinq t h e  year .  

The l ands  of the  Al legan S t a t e  Game Area vhich s t r a d d l e  the  
Kalamazoo River form t h e  nuc leus  of the  home range f o r  a f l o c k  of wi ld  
turkeys .  The r i v e r  and i t s  t r i b u t a r i e s  a r e  an important p a r t  of h a b i t a t  
needed f o r  the  cont inuance of t h i s  f l o c k  of 300 t o  400 b i r d s .  A l i m i t e d  
s p r i n g  hun t ing  season f o r  approximately 300 hun te r s  has  produced 25 t o  30 
tu rkeys  f o r  s u c c e s s f u l  h u n t e r s  each year  from 1975 through 1979. 

3.3.5 H i s t o r i c  and Archaeo loa ica l  S i t e s  

H i s t o r i c  and a r c h a e o l o g i c a l  resources  i n  t h e  Kalamazoo River v a t e r -  
shed a r e  numerous. There a r e  105 numbered o r  marked h i s t o r i c  s i t e s  i n  
the  watershed a r e a  (Table 1). Of these ,  about ha l f  a r e  r e g i s t e r e d  c s  

* l o c a l  s i t e s  and h a l f  a s  s t a t e  s i t e s .  Tventy-one of t h e s e  s i t e s  a r e  a l s o  
l i s t e d  on one of t h e  N a t i o n a l  Reg is te r s .  A 1 1  of t h e  s i t e s  receive  some 
p r o t e c t i o n  under Hichiaan law. 

Archaeological  s i t e s  a r e  s c a t t e r e d  throughout t h e  watershed (Table 
2)  and probably r e p r e s e n t  only  a smal l  percentage of t h e  a c t u a l  s i t e s  
vhich e x i s t .  

The Lower Kalamazoo v a l l e y  i n  Allegan County is one of the  a r e a s  i n  
the  s t a t e  b e s t  known t o  a r c h a e o l o q i s t s .  P r o f e s s i o n a l  a rchaeo log i s t s  have 
surveyed about one t h i r d  of t h e  region between the  Calkins  Dam i n  Vallev 
Township and the  mouth of the  r i v e r .  n u s  f a r ,  83 a rchaeo log ica l  s i t e s  
have been recorded on t h e  b l u f f s  and t e r r a c e s  along t h i s  s c r e t c 5  of the  
Kalamazoo. 

Few of t h e  83 repor ted  s i t e s  have been i n v e s t i g a t e d  i n  enough d e t a i l  
t o  determine t h e i r  time per iod  o r  func t ion ,  o r  vhe ther  enough s c i e n t i f i c  
informat ion has  been p r e s e m e d  t o  q u a l i f y  them f o r  l i s t i n g  on the  Nation- 
a l  R e g i s t e r  of H i s t o r i c  P laces .  



TABLE 1. RECOGHIZED HISTORIC SITES 

Gov't  and Education 
County Homes Business -Schools Church Other Total 

Allegan 
Barry 
Calhoun 
Eat on 
Hillsdale 
Jackson 
Kalamazoo 
Ottawa 
Van Buren 

BAS I N  20 20 15 14 3 6 105 



County Number 

Van Burean 
Allegan 
Clttava 
Kent 
Barry 
Kalamaz oo 
Calhoua 
Eat on 
Jacks on 
Hillsdale 

BAS IN 176 



~rtifaktr representing all cultural periods known in southvestern 
Michigan h8va bean found along tho lower Kalamuoo River. These periods 
include : 

- Paleo-Indian (10000-8000 BC): Runters of Pleistocene game such as 
mastodon and musk oxen entered Hichipan as the Ice Ace glaciers 
retreated. They left behind small campsites and butchering 
stations, identified bp the presence of distinctive fluted lance 
points. 

Archaic (8000-1000 BC) : Human adaptations changed vith the long 
transition from Pleistocene to modern climatic conditions, lake 
shore and drainage patterns, and vegetation. Hunting and gatherinn 
peoples developed annual cycles or' camp location and group size to 
take advantage of a varietv of natural resources, each in season. 
The spearthrover ground stone axes and woodworkinfz tools, and copper 
tools came into use, and burial practices became more elaborate. 
This period is subdivided into the Early Archaic (8000-6000 BC), 
Middle Archaic (6000-3000 BC), and Late Archaic (3000-1000 BC). 

Woodland (LO00 BC- 2 1500): Ceramics, the bow and arsov, and horti- 
culture were major innovations of the Woodland period. During the - 
Early (1000-200 3C) and Middle (200 BC-AD 700) Woodland periods, 
burial ritual became increasingly complex, and burial mounds vere 
&:en built. Rorticulture did not become a major factor until the 
Late Woodland (AD 700-1500), when small, semi-permonont summer 
villages were built, somet4imes protected by circular earthworks 
supporting stockades. 

Upper Mississippian (AD 1500-1700): People vith strong cultural 
ties to those in Indiana and Zllioois lived in souchvestern Hichiran 
during late prehistoric times. They vere probably the ancestors of 
the Potavatomi and Miami. They lived in large stockaded villroes in 
the summer, and moved inland as a group to hunt in the winter. Thev 
depended aore heavilv on crops than did the Woodland peoples, tended 
to live in larger settlerne3ts, and made distinctive, well made 
artif acts. 

Historic (AD 1700-present): The increasing dominance of European 
cultura, first throunh trade, and then by vhite settlement charac- 
tcrizrs this period. 'The Potavatomi and Ottawa both hunted in 
Alle#m.Countv in the dnter, and some of the Ottawa staved vear ' 

rxmd. Trading posts were buiit, and bv the 1830's white settlement 
tas underday. The area was ceded to the U.S. in the Treatp of 
~:hicago, 1821. ?fills were built, and t o m s  grew up around rhea. 

3.3.6 Waste Disoosal 

Twelve sites in the Area of Concern Save been identified undet 
Hichiqan's Public Act 307 (Yicbipan Znviromneatal Response Act). These 
sites are listed in Table 3. Xoae of these sites have been identified as 
containing PCBs. a- 



Table 3. Propoeed Priority List foroSitee of Environmental Contamination 

* 
County and Common Site Name 
Date and 1.ocation Code 

Screened and Townehip 
Source of Point of Reeource 

Contaminat ion Heleaee Pollutant Affected 
SAS 
Score 

Lagoon Vll 1 age of Doug1 as 
03-03N- l6W- 16 

Plat in8 
Poliehing 

Landfill 

Chromium 
'ICE, PCB 
Lead 
Chloroform 

Croundwater 
Municipal Well 

-0746 Allegan 
09-02-87 

Sunrise 1,F 
03-03N-llW-08DB 
Way l and 

Trichl oro- 
ethane. 
Yentachloro- 
phenol. 
Ace tone 

Barrele 
Landfill 

Croundwa ter 
Soil 

0283 A1 1 egon 
10-07-84 

M j  chigan Fruit Canners 
03-02N-15W-04AC 
Clvde 

Landf ill Phenol e Croundwater 

Cae etation Crocerv Store East Saugatuck 
03-04N-15W-32DD 
F t  1 lmore 

I'nderground 
tank 

Renzene 
Toluene 
X v l  ene 

Gaeol lne 

Groundwater 

Fleming O i l  Marathon Station 
03-Q3N-16W-21CP 
Sauga tuck 

Underground 
tank 

Allegan 
09- 1 5-A6 

Cae etntion Croundwa ter 
Soil 

Coodale Facility Kayland 
O0j-O7N- 1 10- 17BC 
Wi~v 1 and 

ilr~dergro~md 
tank 

Ethylbenzene 
Te t rachl oro- 
e t Irene 

I:roundvater 
Wet land 

.lolrnso~~ti Allloco S e r v i c e  Doug1 a s  

03-03N-16W-16CR 
Se~~ea t uck 

Cas station llnde rgrour~tl 
tank 

Renzene 
To I ueue 
Xy 1 ene 
Etl~y)benzene 

Surface water 
Croundwater 



Table 3 Continued 

I 

* 
County and Common Site Name 

S AS Date and Location Code Source of Point of Reeource 
Score Screened and Townehip Contamination Releaee Pollutant Affected 

Allegan 
09-23-86 

I.aCranfie Lab Proceseore, Inc. 
O3-02N- 15W-2OAD 
Clyde 

Milliec Induetrial Painting 
ir3-04N- 1 5W-06CC 
F i  1 lmore 

WoZverjne Power 
03-04N-13U-15CB 
Sa 1 em 

HDOT Fennville 
03-02N-15U-03AA 
Clyde 

Laboratory Surf ace Chlorof o m  Croundwa ter 
diecharge Hethylene- Soil 

Chloride 

Paint Barrel Df chloro- Soil 
product P ethane 

Trichloro- 
ethane 
Ethy lbenzene 

Cae Elec. Underground Dieeel fuel Groundwater 
utlllty tsnk . Soil 

Salt etorage Dry well Salt Croundvater 
Chloride Reeidential Well 

Allegan Yjlfirlr Farre Pickle Plant Food Lagoon Chloridee Wet land 
08-02-85 03-04N-14W-25MD proceeeln~ Flora 

Overleel Fauna 



3 . 4  WA- USES 

- The Kalamazoo River system lies vlt5ir! easv access of the 3opulation 
centers of Holland, Grand Rapids, Lansixg and Jackson, while Aliion, 
Marshall, Battle Creek and KaIamazoo lie vithin the vatershed boundaries. 
H i g h p  access to the river system and Area of Concern is good. The 
vatershed is crossed in a north-south direction by 1-196 at the western 
edge, U.S. 131 in the western third, 1-69 in the eastern third, and U.S. 
127 just east of the headwater areas. 1-94 crosses over tvo-thirds of 
the watershed in an east-vest direction. In addition to the major 
hiphwaps, there are many paved state and county roads crossing the 
vatershed. 

In reference to the Area of Concern, U.S. 131 crosses the -~atershed 
in a north-south direction east of the area, while U.S. 31 crosses the 
river at the vestex 2nd near Saugatuck. "-89 crosses the area east to 
vest, south of the river, and M-GO cuts diagonally along the northern 
portion of the watershed crossing the Rabbit River at Hamilton. 

3 .4 .2  Fishing 

The Kalamazoo Rive'r svstem is conducive to a warwater fishen, 
although a number of tributaries are cool enough to support a quality 
trout fishery. Warnwater soecies generally include northern pike, larze 
and emall mouth bass, valleye, panfish, carp and suckers. Colavater 
species include brown and rainbow trout. 

An anadromous salmonid fish s:3ckil?q program was initiated on the 
lower Kalamazoo River in 1969. The stzaun has received plants of chi3ook 
and coho salmon, steelhead and domestic rainbow trout, and brovn trout. 
The salmon fishery in the fall an2 :he steelhead fisherp throughout the 
vinter and early spring are producttve. Also, brown trout are taken 
during the fall and winter at the Calkins Dam and h the lower rfver 
areas. Presently, the anadromous salmonids from Lake Yichigan can 
migrate upstream to the Calkins Dam. Xo fish ladders have been installed 
for passage further upstream. The Departsent of Natural Resources has 
developed a fisheries management plan for the Kalamazoo River which calls 
r':r salamnld passage upstzram 23 Bac,:li <reek. 

- - 3 e  -for gamefish i- :?e yz-:'-i': ?.5-~?: 2:: > i l e ,  '73--3~1:t? ~ . E S S  2nd 
z3c.c Lass. - ALSO, :he ;ZT.LA~ j k -  -..; ~3 ;: ;a::.? 3 ~ ; : i ~ ~ i  1s h~i- i ; l -7 
fished. In addition to these resident fish, the Rabbit River has been 
s::cked with steelhead and domestic rainbow trout since 1972. nese fLsh 
have provided a very good winter and spring f i s h e ~ ,  particularly at the 
Hamilton Dam. Also, there have been significant strav runs of salmon in 
the sttezss ? - - 5 z g  z -  - *  - - -  - ..- .:--t C . >  - -  - . - ..- . . . - :'--. anadromous fish 
ascending the Xabbit Xiver have 3assea ovst the Hamilton 3am, since 
stselhead and salmon have been observed in the verp upper end of the 
mainstream east of Wavland. 

The upstream portions of the Tabbit River, primarily in Wavland 
- Township, are managed for brown trout. A chemical treatment project was 
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con4ucted on t h i s  
and growth was ex 
developed. 

segment of the  stream i n  1971. B rm t rou t  su rv iva l  
c e l l e n t  a f t e r  t h e  p ro j ec t  and a good t r o u t  f i she ry  has 

Below 109th Avenue, Swan Creek i s  designated 'a  second qua l i t v  cold 
water stream. Brown t r o u t  have been stocked i n  Swan Creek s ince a t  l e a s t  
t h e  e a r l y  1930's. Rainbov t r o u t  were a l s o  stocked u n t i l  the mid 1960's. 
The stream has a h i s to ry  of providing a good brown t r o u t  f i she ry  throunh- 
out the years.  -Since the s t r a m ' s  bottom is comprised almost e n t i r e l y  of 
sand, n a t u r a l  reproduction of t r o u t  is minimal. During the ea r ly  1970'9, 
an extensive h a b i t a t  development program vas completed on the por t ions  of 
the stream i n  s t a t e  ovnetship.  Two hundred and s L ~ t e e n  log f i s h  cover 
s t r u c t u r e s  vere  i n s t a l l e d  i n . t h e  stream. Also, g rave l  and stone soaw.in? 
a reas  were i n s t a l l e d  i n  e i g h t  loca t ions .  

Northern p ike ,  largemouth bass ,  b l u e g i l l s  and o the r  panfish a r e  
ava i l ab l e  i n  the Svan Creek Impoundment. This s m a l l  impoundment and the  
creek immediately downstream rece ive  conriderable  f i s h i n g  pressure,  s i nce  
the  popular Pine Point Campground is adjacent t o  t h e  pond. Anadromous 
t r o u t  and salmon ascend Swan Creek i n  the f a l l  and sp r ing ,  and provide a 
f i shery .  The upstream end of these anadromous f i s h  runs is the Swan 
Creek Impoundment. 

0 

Three small  t r i b u t a r y  streams t o  the  lover  Kalamazoo River (Mann, 
Bear and Sand creeks)  a r e  a l s o  classed m top o r  second quality cold 
-dater. Mann and Sand creeks a r e  pr imari ly  brook t r o u t  s t r e a m  and Bear 
contains  predominantly b r o w  t r o u t .  A l l  of these  s t reams support n a t u r a l  
reproduction of t rou t .  In  add i t i on  t o  n a t u r a l  reproduct ion,  Bear Creek 
a l s o  receives  annual supplementary p l an t s  of b r a m  and brook t rou t .  

Anadromous t rou t  and salmon spawn succes s fu l lp . fn  these  streams. 
Coho salmon, brovn t r o u t ,  brook t rou t  and rainbow t r o u t  reproduction have 
been documented i n  Sand and Bear creaks. Although Ham Creek has not 
been surveyed t o  document n a t u r a l  reproduction, brook t r o u t  reproduction 
obviously occurs and rainbow, chinook and coho reproduct ion is l i k e l y .  

Bear Creek is the most heavi ly  f ished of the t h r ee  streams. Since 
much of the stream is i n  t he  Allegan S t a t e  Game Area, access  is no t  a 
problem. Also, the s tocking program is a t t r a c t i v e  t o  t r o u t  anglers .  
Sand Creak does not  rece ive  heavp angling pressure because of i t s  s m a l l  
s ize .  Hnnn Creek rece ives  on lp  moderate f i sh ing  pressure  pr imar i lv  
because of its very brushy banks which make f i s h i n g  d i f f i c u l t .  

Wi ld l i fe  i n  the Xalamazoo Xi-~er  basin have been discussed axtcn- 
s ive ly  i n  Sect ion 3 . 3 . 4 .  I n  add i t i on  t o  t h a t  d i scuss ion ,  an add i t i ona l  
animal, t u r t l e s ,  a r e  comonlv found and trapped i n  the  basin.  I n  1986, 
s eve ra l  hundred t u r t l e s  ve re  removed from the  Swan Creek Highbanks 
Wi ld l i fe  Refuge. Yo permit is required t o  t r a p  t u r t l e s  i n  Hichigan. 

Tu r t l e s  have caused ex tens ive  damage to  c e r t a i n  animals. h 1986 
program t o  reintroduce t h e  trumpeter swan i n t o  t h e  Allegan S t a t e  Game 
Area vas e s s e n t i a l l y  negated due t o  suspected egg preda t ion  by t u r t l e s .  



T r u m p e c e e ~ n  eggs were svitched with mute swan eggs in this effort to 
reintr-8 the trumperter swan. . -- 

3.4.4 Uater Supplz 

There are no potable water intakes in the surface vaters of the 
Kalamazoo River basin. The main source of potable vater is groundwater. 

There are vater intakes for f ndus tri a1 and agri cultu;al applica- 
tions. Yo industrial vater intakes are located in the Area of Concern. 
Agricultural water use is not regulated in Michigan, therefore, there is 
no quantitative estimate of agricultural water use for the Area of 
Concern. 

3.5.5 Canoeing and aoatinn 

The North Branch of the Kalamazoo River is per?erallv small and not 
considered canoeable water. Much of the South Brancn, from the vicjnicv 
of Moshemille downstream, is canoeable and except for the urban areas is 
quite attractive far canoeing. The river becomes quite large below 
Battle Creek and will accommodate small fishing boats. 

Below Calkins Dam, the mainstream is wide and deep and has a moder- 
ate current. These factors coupled vith verp little development makes it 
an enjoyable stretch of river to canoe or boat. There are six boat 
launching facilities on the Kdlamazoo River in the Area of Concern 
operated by the Michigan Departmmt of Natural Resources (Hacklander, New 
R i c h d ,  Allegan Dam, 24-89 Bridge, Main O t t m  landing, Fovard Shultz 
Park). There are four additional boat launching facilities in the 
Allegan State Game Area. In the Saugatuck/Douglas area, there are 
numerous marinas which same the boats using Lake Michigan. 

Most of the tributaries entering the mainstream in the Area of 
Concern are not considered canoeable. The Rabbit, hovever , is smaller 
but similar in character to the Kalamazoo River and provides an eniovable 
experience for canoeists who don't mind an occasional carrv over a 10% 
j amb . 
3.4.6 Waste Disposal 

Them are 91 permittrd surface vater discharges in the Kalamazoo 
Uvar bufn. Of these, oniv 10 discharges are located in the Area of 
Concern. Seven of these are located in the Rabbit River basin. The 
remaininq 3 are located in the Sau~atuck/Dou~las area. These discharpes 
are the Kalamazoo Lake Water and Sanitarp Authority, Rich Products 
Corporation, and Culligan Soft Water Semice. 

3.A.7 Standards, Guldelizes, AnoLicxble Beneficial Uses 

The State of Xichigan has ado3:z.i Xatrr :uali:-? Standards which 
astablish water quality requirements applicable to the Grcat Lakes, the 
connecting vaters and all other surface vaters of the state. These 
standards are Part 6 of the Water Resourtes Commission rules, established 
under State Act No. 245 of the Public Acts of 1929, as amended. These 



standards require that water auality in the mainstream sections of the 
Kalamuoo River be protected for the follovinq uses: agriculture, 
industrial vater supply, navigation, public water supply (at the point of 
intake), warmwater fish, other indigenous aquatic life, and wildlife, and 
total body contact. The same conditions apply on the tributary streams 
except for those streams classified for cold water fish, which received 
additional protection. 

To protect-these uses, control of PCBs in NPDES discharges is . 
regulated pursuant to Rule 57(2) of the Water Quality Standards. Under 
this rule and associated guideli~es, the water quality based level for 
PCBs was determined to be 0.012 nq/l (parrs per trillion) as of 
Januarp 27, 1987. In developina this vater qualitv based leve?, 
consideration was given to aquatic life, terrestrial life, human life an6 
cancer risk protection. For PCBs, the vater quality based level is based 
on the cancer risk value. 

The Kalamazoo River in the Area of Concern has been designated a 
Wild-Scenic River by the Michigan Batural Resources Commission under the 
Natural Rivers Act (Act 231 of the Public Acts of 1970). A Natural River 
Plan was adopted by the Commission in June, 1981. This plan provides for 
the protection of the river's natural aualities and guides its future 
use. The Natural River Plan is included as Appendix A. 

The Nichigan Department of Public Eealth issues fish consumption 
advisories for Yichigan water. For PCB, the "action level" usad by HDPH 
is 2 mg/kg in the edible portion of fish. 

The International Joint Commission has identified a specific goal in 
the 1978 Gre.?~ 'Lakes Water Ouality Agreement for PCBs in whole fish as 
not more than 0.1 rndkg. 

The U.S. Food and Drug Administration has set various standards 
which govern the sale of food items. For PC%, the applicable standards 
include those for fish ( 2  ng/kq), poultry and red meat ( 3  nnlkz on a 'at 
basis) , and eggs (0.3 mg/kg) . 



4.0 DEFINITION OF PROFLM 

4.1 lMPAIR&D USES AND SPECIFIC CONCERNS 

The ob:ective of this Remedial Action Plan is to restore the Fm- 
paired use of the Kalamazoo River. Therefore, it is critical to identifv 
the impairment that is or has occurred. The International Joint Camis- 
sion identified-the Kalamazoo River as an Area of Concern because of, the 
7resence of toxic organics, contaminated sediments, and a fish consump- 
tion advisory (GLWQB, 1985) .  The description further discusses the PCB 
contamination of sediments and fish. Given this identification of an 
ispaired use and the facc chat the Hichipan DNR is unaware of other 
impaired uses in the Kalanazoo River daw.stream of Calkins 3am, the 
objective of this Remedial Action Plan is to address the PC3 concamina- 
tion of water, sediments and biota. 

The Michigan Department of Public Health (DPE) has issued a fish 
consumption advisorv for the Kalamazoo River. For the Kalamazoo River 
from Morrov Pond Dam (which is upstream of the City of Kalamazool to Laice 
Michigan, people are advised not to eat carp, suckers, catfish, and 
largemouth Sass. People are advised to eat no more than one meal per 
week of ail other species. Nursing mothers, pregnant vomen, women who 
expect to bear children, and children under age 15 are advised not to eat 
anv fish from the Kalamazoo River because of the uncertainty of effect on 
the unborn, newborn or young child. This advisory includes the Area of 
Conc e m .  

The fish consumption advisory includes additionai contiguous areas. 
5 e  same advisory applies to Portage Creek from Monarch Millpond dam t o  
its confluence with the Kalamazoo River in Kalamazoo. For the Kalamazoo 
River upstream of Morrow Pond dam to the C i t y  of Battle Crack, people are 
advised not to eat carp. 

In addition to the advisorv on Kalamatco River fish, certain adviso- 
ries apply to migratoy fish in Lake Xichiqan vhich also applv :o the 
Area of Concern when cxese fish migrate up the Kalamazoo River. People 
arr advised not to consume lake trout and brown trout over 23 ixhes lonq 
and chinook salmon over 32 inches long. People are advised to eat no 
more than one meal per week of lake trout 20-23 inches long, coho salmcn 
over 26 inches lonq, chimait Salmon 21-32 inches lonp and brown trout rtp 
to 23 inches long. Nursizq mothers, pregnant mmen, vomen who e-xpect to 
bear children, and chiidren under age 15 are advised not to eat anv of 
the fish listed because 0i the uncertaintv of effects on the newbon or 
young child. 

A11 of the advisorfes on the Kalamazoo River are based on PCB 
contamination of fish. This will be :he major focus of this Re~edial 
Xction ?lac. 

The specific goals for the Remedial Action PT-an are to 11 as a 
minimum, reduce PCB concentrations in fish to levels which will eliminate 
the need for a fish consumption advkory, and 2)  reduce human exposure of 
PCBs to acceptable levels. These goals specifically translate to 1) flsh 
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tissue PCB levels less than 2.0 mglkg to eliminate the fish consumptior? 
-. 

advisory, md 2) a vater column PCB concentration of 0.012 ng/l to reduce 
PCBs to acceptable levels. The fish tissue levels of 2.0 mq/kg is based 
on the XDPB "action level" as described in Section 3.1.7. The vater 
column concentratjon of 0.012 ng/l is based on the Michigan Water Oualitv 
Standards, as described in Section 3.4.7. This value is theoretically 
determined to be applicable to point source discharges; however, it is 
highly likely that the same value would be determined for ambient vaters 
since the scientific hformation used to develop this value vould not 
change. This value considers effects on aquatic, terrestrial and human 
life. The most stringent value (the cancer risk value in this case), is 
based on human exposure to PCBs, primarilv through fish consumption. 
This value should protect all other biota. 

4.2 MAJOR POLLUTANTS OF CONCERN 

The only identified pollutant of concern in the Area of Concern is 
PCB. This section vill discuss the PCB contamination of vater, sediment 
and biota in the Area of Concern. 

4.2.1 Water - 
Water column concentrations of PCBs have been reported for the 

Kalamazoo River Area of Concern sir?<= 1971 (Table 4). Mean concentra- 
tions near the river mouth have been in the range of 40-73 ngll (parts 
per trillion). For 1971-72, the mean concentration reported vas 65 ng/l 
(MDNR, 1972) . Farti ( 1984) found a mean concentration of 40 null in 
1980-81. Eorvath (1984) found a mean concertration of 73 ngI1 for 1982. 
In 1985-86 the mean concentration near Saugatuck was 63 ngll. 

Concentrations decline as the river flows from Calkins Dam to Lake 
Michigan. In 1985-86, the mean concentration at Calkins Dam vas 115 
ng/l, versus a mean of 63 ngll at Saugatuck. Based on this data, there - 
appears to be a net input of PCBs into the Area of Concern. Using the 
1985-86 data, the pearlv net input of PCBs is in the range of 100 pounds 
per vear. 

The majority of PCBs found in thc water column were Aroclor 1262. 
Ifcarti (1986) reported a mean of 61% Aioclor 1212. All of the detectable 
values found by Homath (1980) were Aroclor 1242. In 1985-86, 792 of the 
reported concentrations were Aroclor 1242. The data from 1971-72 were 
only ana1yz.d for Aroclor 1254. 

warti (1981) estimated that ir 19~30-81 78% of the PCBs were associ- 
ated with particdlatas. Hovever, liorvath (1984) concluded that no strong 
relationship existed in 1982 betveen PCBs and suspended solids or total 
organic carbon. 

Total mass loading of PCBs from the Kalamazoo River to Lake Michigan 
have been estimated for three different data sets (Table 5). Yartt 
(1984). using 1980-81 data, estimated the yearly PCB load to Lake 
Wlchigan to be 57-220 pounds usina a parabolic relationshio betveen flow 
and PCB concentration. Rorvath (1984) used 1982 data with hale's 
stratified ratio estimator (Beale, 1962) to determine a pearly mean load 





I.%TED PCB LOAD FROM THE KALAHXZOO RIVER 
;AKE nICH1GM 
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KAZOO RIVER = 132 OF TOTAL LOAD 

WOO RIVER - 302 OF TRIB/PT SOURCE LOAD 



e- of 271 pounds. The third estimate was made using the 1985-86 MDNR data 
assuming mean f l w  and concentration. This produced an estimated yearly 
load of 262 pounds. The average of these three estimates is 217 pounds 
per year. 

Excluding Green Bay, the Lake Xichigan yearlv PCB load from all 
sources was estimated to be 1,672 pounds per year (Svackhammer and 
Armstrong, 1986). Atmospheric deposition accounted for slightly over 
half (946 lbslyr) of the total load, vith tributarieslpoint sources 
accounting for the remaining load ( 725  lbslyr). Using these estimates, 
the Kalamazoo River PCB loading to Lake Michigan accounts for about 13% 
of the total load and 30% of the tributarylpoint source load to Lake 
Xichigan. This is consistent vith the measured tributary loadinns b? 
Xarti (198&), where the Kalamazoo River accounted for 13-312 of the total 
non-Green Bay tributa~ load to Lake Xichigan. 

4.2.2 Sediment 

Sediment PCB concentrations for the Area of Concern have been 
aeasured in 1982 and 1985 (Table 6). These data shov concentrations of 
PCBs ranging from 0.03 to 1.74 mq/kz. These concentrations are consider- 
ably lower than those reported in the Kalamazoo River (Lake Allogan) 
immediatelp upstream of the Area of Concern, where PCB concentrations in 
the sediments average 15 mglkg. 

4 . 2 . 3  Fish - 
Analyses for PCSs in fish in the Area of Concern have been conducted 

since 1971. All fish analysis has been conducted on standard edible 
portions of fish. Fish PCB concentrations have been deternined in 1971, 
1976, 1978, 1981, 1983, 1985 and 1986. These data are summarized in 
Table 7 by species. 

There are several lisitations in the fish PCB data which must be 
considered when interpreting or using the fish data: 

0 Other factors being equal, PCB concentration in fish will var? by 
species. For example, PCB contamination is expected to be greater 
in the bottom-feeding carp than in bass. 

m PCB contamination in fish 13 a fwc:ion of the age, size,  eight, 
and percent Sodv fat of -,he f h h .  ',araer and older ftsh li:<zly 
accumulate greater concentrations of PCBs. 

0 Laboratorv analytical techniques used to quantifp PCBs in fish have 
changed significantly sixe the ear ly  !970ts. Results are now 
computed differently, :he stacc~rl i:r izter~r?tatisn o i  r=sults has 
changed, and the extraction secaoa has changed. Also, =he same 
laboratory has not analyzed all the fish samules. The fish collect- 
ed in 1971, 1976, 1978 and 1985 were anaiyzea by KDNR lab. The la81 
fish were analyzed by the Enviromneatal 7esearch Group, a contract 
laboratoq Located in Ann Arbor. 5 e  1983 fish vere anaivzed by the 
U.S. Fish and Wildlife Service. The 1986 fish vere analvzed by the 
Yicnigan Department of Public Health laboratory. 
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2.1 Lull lownr t ra rm o l  dam. Kuoprnrn Mrrah. 
10 nrllor from rlver 
2.0 hn down~ t roa~n  u l  dm,; on lnr ldr o l  bend . 

0 0 . h  downrtrerm of NIegrn Dam; north alroro 

0 8  k n ~  downrtrenrn of drnl; Koopmrn Marall; 
o r r l  illdo by publlc I ru~rch  



FISH PCB DATA FROM THE AREA OF CONCERN 

SPECIES: CARP --- 



AROCLOR AROCLOR AROCLOR TOTAL 
LENGTH WEIGHT AGE SEX 1242 1254 1260 PCB FAT 

DATE ( in)  (w ( ~ r )  (MG/KG) (MG/KS ) ( MG/KG ) ( MG/KG ) (%I .................................................................................. 

July 1986 

July 1976 

2.3 2 
3.8 2 
3.7 - 2 
3.4 2 
2.8 3 
3.0 3 
3.4 2 
3.5 3 
3.6 3 
4.1 3 
4.1 3 

3.3 2 

4.0 2 
4.2 3 
3.7 3 
4.6 3 
4.2 3 
4.2 2 
4.1 2 
3.5 2 
2.9 2 
2.8 2-3 
3.1 2-3 
4.0 2-3 
2.9 2 
4.2 3 
4.6 3 
4.3 3 
4.2  3 
3.0 2 
4.2 2 

ERR 2 



TABLE 7 - SUMMARY OF F I S H  PCB DATA FROM THE AREA OF CONCERN 

AROCLOR AROCLOR AROCLOR TOTAL 
LENGTH UEIWT AGE SEX 1242 1254 1260 PCB F A T  

DATE (in3 ( W  ( ~ r )  (MG/KG) (MG/KG) (MG/KG) (MG/KG) ( Z )  ---------------------------------------------------------- 

MEAN- 

July 1985 

MEAN= 

July 1971 

July 1971 

Aug 1976 

Yay 1978 

Sept  1981 

MEAN = 

Aug 1976 

JULY 1971 

May 1978 

SPEC1ES:NORTHERN P I K E '  ----- --- 
5.8 



d TABLE 7 - SUMMARY OF F I S H  PC8 DATA FROM THE AREA OF CONCERN 

AROCLOR AROCLOR AROCLOR 9 TOTAL 
LENGTH WEIGHT AGE SEX 1242 1254 1260 PC3 FAT 

DATE ( i n )  ( I b s )  ( ~ r )  ( M G / K G )  ( M G / K G )  (MG/KG ) ( y G / K G  ) ($1  

SPECIES: BULLHEAD --- 
July 1971 7 15.5 7.7 23.2 0.8 

SPEC1ES:BOWFIN ------------ 
Sept 1981 23 4.1 4 .  M 



The s..eles taken in the 1970's vere p r i y i l y  "screening" samples 
to determine if a contamination problem l isted. The fish collected 
tended to be the largest fish found and, thus, to represent 

- worst-case conditions. In contrast, the fish samples taken in 1981 
and 1983 vere intended to represent the entire pooulation of the 
targeted species. The variance vithin these samples made statistl- 
cal analysis difficult. Therefore, the 1985 and 1986 fish collec- 
tions targeted a specific size range for carp and for bass in an 
effort to reduce sample variance, standardize exposure period, a d  
to allov for more meaningful trend analysis. 

Carp have been the most analpzed fish. Due to their prevalence 
throughout the Kalamazoo River, carp have been used as trend indicators. 
PCB concentrations in carp have averaqed greater than 2 mg/kg at all 
locations in the Area of Concern during the period of analysis 
(1971-1986). 

Largemouth bass collected in the Area of Concern averaqed 1.33 mg/kg 
in 1985, somevhat lower than the average (3.69 mglkg) found in 1981. 

Northern pike have been sampled in 1971, 1976, 1978 and 1986 vith 
1-2 fish analyzed per pear. Concentrations of PCBs in northern uike have 
ranged from 0.6 (1981) to 10.9 (1978). 

All other species were znalyzed on only one or tvo occasions. These 
species include rock bass, tiger muskie, white sucker, bullhead and 
bowfin. 

Based on these results, the KDPH issued a fish consumption advisory 
vhich included the Area of Concern. The advisorp recommends no 
consumption of carp, suckers, catfish and larpemouth bass. No more than 
one meal per week is recommended for all other sbecies. Nursinn mothers, 
pregnant women, vomen vho expect to bear children and children under age 
15 are advised not to eat fish from the Area of Concern. 

4.2.h Statistical Analvsis 

In an effort to better define the trend in PCB concentrations in 
fish, the 1981-1986 carp data and 1981-1985 bass data vas examined for 
trends using statistical analysis. The statistical method used was the 
Kruskal-Wallis non-parametric test (Kruskal and Wallis,. 1952) as 
described in Conover (1980) . 

In the Feasibility Study (NUS, 19861, the statistical analyes vere 
performed cn age restricted c a m  in an effort to standardize exposure and 
other factors. Rowever, in 1986, the YDNR collected a Lar3e number (9:) 
of carp from Lake Allegan for PCB analysis (Creal, 1987). The purpose in 
this collection was to define the relationships beween fish size, age, 
fat content and PC3 concentrations. Strong linear relationships vere 
found between length and age, length and veight (R' 0.96) , and fat and 
PCB (R' = 0.80). Yo relationship vas found betveen size and PCB or size 
and fat. Therefore, it vas concluded that the entire data base should be 
used for statistical analysis. 
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TABLE 8. PC8 LEVELS I N  WATERFOWL COLLECTED FROM THE KALAYAZOO 
. - - . . .. 

RIVER, AUGUST, 1985 
--r 

PCB 
LOCATION SPECIES MATURITY AS 1260  

- (*/KG ) 

MORROW POND 

OTSEGO CITY IMPOUNDMENT 

TROWBRIDGE IMPOUNDMENT 

ALLEGAN STATE GAME AREA 

SAUGATUCK 

MERGANSER 

MALLARD 
MALLARO 
BLUEW INGED TEAL 

MALLARO 
MALLARD 

WOOD DUCK 
CANADA GOOSE 

MALLARD 
MALLARD 
MALLARD 
MALLARD 
MALLARD 
MALLARD 
MALLARD 
MALLARD 
MALLARD 
WOO0 DUCK 

ADULT 

ADULT 
I MATURE 
I MMANRE 

IMMATURE 
IMMATURE 

IMMATURE 
IMMATURE 

I MATURE 
IMMATURE 
IMMATURE 
I ?WTURE 
I MATURE 
IMMATURE 
I MATURE 
IMMATURE 
ADULT 
ADULT 



Based!on these  r e s u l t s ,  t he  e n t i r e  Saugatuck carp da ta  base for  the  
years 1983, 1983, 1985 and 1986 and the Saugatuck bass da t a  base f o r  the 
years  1981-and 1985 was analyzed usinq the Kruskal-Uallis non-parametric 
t e s t .  ?is ana lvs i s  again found t h a t  no s ign i f i can t  ( p  = 0.05) 
di f fe rence  between vears  a t  t h i s  loca t ion  f o r  e i t h e r  species .  

This i n d i c a t e s  t h a t  t he re  w a s  no change i n  PCB concentrations i n  
f i s h  a t  Saugatuck during the  1981-86 time period. 

4.2.5 W a t e r f w l  

Waterfowl have been sampled i n  the Area of Concern in 1985 and 1986 
by the United S t a t e s  Fish and Wild l i fe  Semice .  I n  1985, e ight  immature 
mallards,  one a d u l t  mallard and one adul t  vood duck vere  analyzed f o r  
PCB. The b i r d s  were plucked, ev iscera ted  and f e e t  removed p r io r  t o  
analyses.  PCB concentrat ions ranged from 0.25 t o  1.9 mg/kp (Table 8) . 
Converting these  va lues  t o  a f a t  bas i s ,  PCB values ranged from 2.7  t o  
700 ppm. All of the immature ducks co l lec ted  exceeded the  FDA act ion 
l eve l  of 3 ppm PCB on a f a t  bas i s .  

I n  1986, mute swan eggs were co l lec ted  a s  par t  of the e f f o r t  to  
reintroduce the  trumpeter swan. The eggs were from the Allegan S ta t e  
Game Area in t h e  v i c i n i t y  of t he  Kalamazoo River. Fourteen eggs vere 
anlyzed f o r  PCBs.  Cracentrat ions ranged from 0.1 t o  1.6 mglkg v i t h  a 
m e a n  concent ra t ion  of 0.4 mg/kg (Table 9 ) .  This mean concentration is 
grea te r  than t h e  FDA a c t i o n  l e v e l  f o r  eggs (0.3 mg/kg). 
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TABLE 9. RESULTS OF PC3 ANALYSES OF MUTE SWAN EGGS 
b;;&---,, ; 

COLLECTED FROM THE ALLEGAN STATE GAME AREA, 1986 

U E I ~  M~STIJRE  LIPID PCB 
(x) ( (%/KG WET) ------------------------------ 

- 251.5 69.12 . 15.1 1.6 
266.3 67.32 15.1 0.5 
263.2 68.40 15.8 0.3 
268.8 68.41 14.5 0.4 
217.3 -68.75 12.8 0.2 
255.7 66.28 16.6 0.6 
236.3 70.60 13.1 0.1 
260.4 67.80 14.1 0.2 
262.2 70.17 12.5 0.1 
254.2 70.45 15.4 0.2 
257.9 67.93 14.1 0.3 
265.2 68.65 15.0 0.2 
266.2 67.69 17.3 0.2 
284.3 68.12 14.5 0.2 

MEAN- 259.96 68.55. 14.8 0.4 

STD DEV= 13.85 1 .18 1.2 0.4 



~ 
5.0 SOURCES OF PCB8 ~ 

- The sources of PCBs to the Area of Concern will be defined as 
internal or external sources. Internal sources will consist of direct 
and indirect discharges within the Area of Concern. External sources 
consists of direct and indirect sources upstream of the Area of Concern. 

There are no known direct discharpes of PCBs to the Kalamazoo River 
in the Area of Concern. Indirect discharges of PCBs in the Area of 
Ccncern may result from the sediment. However, the PCB concent~acions in 
t5e sediments are lov, generally less than 1.0 mg/kg. The water data 
indicate that the Area of Concen has a net input. of PCB from external 
sources. Therefore, intzmal sources will not be considered further as a 
source of PCB to the Xr.2 of Concern. 

5.2 EXTERNAL SOURCES 

External sources of PCBs include atmospheric deposition, point 
source discharges, nonpoint source, and in-place pollutants (sediment 
contamination). In the Kalamazoo River upstream of Calkins Dam to 
Kalamazoo, sediment PCB concentrations are generally in the 10-30 mglkg 
range in depositional areas. At Portage Creek (Bryant ?!ill Pond) in 
Kalamazoo, sediment PCB concentrations are generally in the 100-300 
mq/kg. As vater passes over these sediments, PCBs may enter the wacer 
c3lumn in the dissolved form or adsorbed onto suspended sediment. The 
presence of upstream contaminated sediments is the major source of PCBs 
to the Area of Concern. 

The amount of PCP mass in the sediment was estimated at 228,000 
pounds in 1983 (Creal, 1983a). This estimate encompassed five maior 
depositional areas only (Lake Allegan, Plainwell, Trwbridge and Otsepo 
iqoundments, and Bmact Mill Pond) . The sediment contamination in the 
Xllegan City and Otsego City impoundments was not included. 

Nine major point source discharges were sampled for PCSs Fn these 
discharges in August-September, 1985. All nine discharges cancained PCBs 
(Table 10). Hovever , one discnarge (James River, Kalamazoo) obtained its 
source vatcr from the Kalamazoo River, which say have been the source of 
PCBs. Detectable concentrstions of  2CBs in :he other 2 i q n t  discharzes 
ranged from 16 to 178 nq/l. Converting these concentrations to a load 
based on mean annual discharze flow, the estimated PC3 loading in pounds 
per year from all eight discharges is 3 pounds per gear. These 
alschargas are regulated 5-q the X?3ES permit svscom, currentlp 
administered by =he State of Michigan. NPDES permits are issued for uo 
to five years, and must be renewed upon exoiration. The Kalamazoo River 
Sash ZTP3fS ?emits are ;chedulei i ~ r  a bash ==view and reissuance in 
1991. Two of these discharges, Kalamazoo and Otseqo, have specific 
language in their NPDES permits rcquirino long tenn compXiance with a 
value of 0.012 ~ g / l  through a PCB reduction plan. 



Table  10 

Point Source Disc'brgc S a y l i n g  Results for ?C3 ,  Kalamazoo area, 
August - Sa?caber, 1985 

Date - 
8 /  7/85 
9/  6/85 

:Xalamazo o River 

P l r f n w e l l  Paper 

&d, Otsego F e l l s  

EezKila, Otsego 
( P r o c ~ s s  H 9) 2 

Otseao Cicy 
or Wells 

N T  = Znterferexe 
L.S. - Law Recoverp Ptooable 



6.0 FEASIBILITP STUDY 
- 

To address the external sources of PCBs and to determine appropriate 
remedial actions, the Hichiaan DNR conducted a Feasibility Study of the 
Kalamazoo River PCB problem (NUS, 1986). The objective of this 
Feasibility Studp vas to detennine cost-effective, technically feasible, 
and environmentallp sound alternatives to minimize the further release of 
PCB-contaminated sediments, to reduce human exposure to PCBs, and at. a 
2 ~ 2 ~ ~ 3  :: :=;LCI :z? :.:3 c,r.:entrations in fish in the Kalamazoo River 
and Portage Creek to less than 2.0 mqjkg (ppm). The following section is 
based primarilp on this Feasibilicp Study, with some change due to more 
data. 

The relative environmental effectiveness of the proposed alterna- 
tives was evaluated through the use of a mathematically-based vat?- 
qualit7 model. The use of the model to predict long-tern changes - -  :?e 
PCB levels in fish provided a convenient measure of the relative eii22- 
tiveness of alternative actions due to the basic remedial program goal of 
lowering PCB levels in fish to less than 2 ppm. Hovever, data base 
limitations and model simplification must be considered vhen using the 
model results in a decision framevork. 

6.1 RIVE3 DESCRIPTION 

The study area for this investigation consisted of approximately 80 
miles of the Kalamazoo River, betveen the Citp of Kalamazoo, and the Citp 
of Saugatuck, where the river flows into Lake Michigan; and approximately 
3 miles of a major tributary, Portage Creek, between Alcott Street and 
the confluence of Porcage Creek and the Kalamazoo River in the Citp of 
Kalamazoo (Figure 2). This study area vas selected because the majoritv 
of water, sediment and fish PCB contamination exists in this area. This 
stretch of the Kalamazoo aver is characterized by a series of sfx dams. 
Three dams are currentlv impounded, and three are permanentlp Cram down. 
Sorre sections of river are erosional zones, whereas others are 
depositional zones. Extensive areas are contipuous with wetlands. 

" :or puqoses of the study, the river vas divided into 10 sections, 
called renches (Figure 2 ) .  The reaches are numbered 1 through 10, from 
upstream to dovnstream. Each reach has certain distinguishing features 
and characteristics, which are pointed out in the follovinq discussion. 

There are two areas that are not Lacluded in any of :he i n  reaches 
but weze still considered in the studp. One area is Morrow Pond, located 
on the Kalamazoo River, approximately h . 2 5  miles upstream of the Portage 
?reek confluence. Samules taken from uorr3w Pond are uDstream 3f the 
;tudy azea and 7i11 be craside:=d 5ackqrcund data, :o be use? 2s a 
baseline for cornoaring levels of contamlnation downstream. 

The other notevorthv area is located imediatelv upstrean 3f 

?.each 1. Reach 1 begins at Srvant Dam (Alcott Street) on ?srtzpe Creek. 

e --- Jpstream of 3ryant Dam is artant Hill Pond, a small, devatezea oil1 pond 
that is filled with contaminated sediment. The ?ond has been drtvn down 
since 1976, and dewatered sediments are exposed on the banks of the 



Figure 2. 
K ~ A M A z O O  RIVER REACH@ AND MAJOR FEATURES 

KALAMAZOO RIVf$&'WB STUDY 



creek. Av-able data indicate that much of the continuing contamination 
of the KiLskoo River originates from these mill ponds. 

- 
- Reach 1 extends from Bryant Dam downstream to the confluence of 

Por:aae Creek and the Kalamazoo River. This reach rJns throunh the Citv 
or' Kalamazoo. Sediment samples taken from this reach indicate relatively 
high levels of contamination. 

Reach 2 extends from the Portage Croek conrluence to Yain StiecC in 
the City of Plainwall. This is an erosional zone, meaning that upstream 
sediment would not be expected to deposit in this reach. Sediment 
sampling in this teach has indicated relatively low levels of contamina- 
tion. Hcvever, Secause of discharnes from the Kalamazoo vastevater 
treatment plant, the aquatic life in this reach is environmentallv 
stressed. 

Reach 3 cxtends from Main Street in Plainwell Dam. Easicallp, this 
reach is the former Plainwell Dam impoundment. While the dam was im- 
pounded, large quantfties of contaminated sediment were deposited behind 
the dam. This dam vas acquired bv the MDNR in 1966 and was drawn d a m  in 
the early 1970's. The historically deposited sediments were consequently- 
exposed. The river has cut a channel down through the contaminated 
sediments, which are now above the water line. The dewatered sediments : 
are revegetated, but flooding periodically submerges the sediments. The 
river banks are a130 being etoded and are sloughing off into the river, r 
process vnich releases additional PCas. This same situation also exists 
at the Otsego Dam (Reach 5 )  and the Trowbridge Dam (Reach 6 ) .  

Reach 4 extends f r m  the Plainwell Dam to the Otsego Citv Dam (also 
referred to as :he Menasha Dam). This impoundment is heavily silted in 
and is characterized by swampy, marshy conditions. This reach is broba- 
bly a depositional area during low flow and an erosional zone during 
periods of high flow. 

Reach 5 extends from the Otsepo Citp Dam to the Otseno Dam. The 
lower half of this reach is the former Otseqo Dam impoundment. The 
sitxazion at this dam is the same as descri5cd at che Plainwell Dam 
(Reach 3 )  . 

Reach 6  extends from the Otsego Dam to the Trovbridge Dam, and 
represents the former Trwbridge impoundment. The conditions are essen- 
tially the same as those at the former Plainwell and Otseqo impoundments. 

- 

Reach 7 exzends from the Trowbridge Dam to iht Xllegan cat? limit. 
This is a short, erosional reacn upstream of the Allegan Citv Dam im- 
poundment. No contaninated sediments would be expected to deposit in the 
reach. 

l+zch 8 Is Sasicaily the il'eqan 'itv 3am impoundment. Larze 
quantities of contaninated sediment have been deposited in. this impound- 
ment and will continue to be deposited. Analysis of core s-les taken 
in this impoundment indicates that the contamination extends to depths of 
7-8 feet in the sediment. 



. - 
Reach 9 extends from the  d l legan  City Dam t o  the Allegan Dam. 

Allegan Dam impounds Lake Allegan, t he  l a r g e s t  lake on the  Kalamazoo 
River. The sediments i n  Lake Allegan a r e  contaminated, but not a s  highly 
as ihose i n  Allegan City Dam. Hovever, Lake Allegan has a l a r g e  c a m  
populatian, vhich continuouslv mixes and resuspends the sediment. Lake 
Allegan receives sediment t h a t  is tna f ine  to  be deposited i n  the Allenan 
City Dam impoundment o r  sediment t h a t  washes dovnstream vhen Allegan City 
Dam is per iodica l ly  d r a m  dam. 

Reach 10 extends from the  Allegan D a m  t o  the  r i v e r ' s  mouth near  the  
City of Saugatuck a t  Lake Michigan. This a rea  is a ve t land ,  charac te r -  
ized by marshy condit ions.  Although the sediments shov v e m  low l e v e l s  
of PCB contamination, the  PCB- l e v e l s  a r e  r e l a t i v e l y  high i n  the  f i s h  i n  
t h i s  area.  

6.2 SUMMARY OF PCB DATA 

Several s tud ie s  have been conducted from 1971 t o  1985 by the  Michi- 
gan Department of Natural Resources (MDNR) t o  a s se s s  the ex ten t  of PCB 
contamination i n  t h e  Kalamazoo River from Kalamozoo t o  Lake Michigan. A 
summary of data  compiled from these s tudies  fo r  sediments, water ,  and 
f i s h  is presented i n  t h i s  chapter .  A de ta i led  l i s t i n g  of a l l  samples can -  
be found i n  Appendix 5. Summary t ab l e s ,  vhich show annual averages f o r  
PCB concentrat ions,  can be found i n  the  tex t .  f n  t h i s  chapter ,  d a t a  is 
presented in  u n i t s  of p a r t s  per mi l l i on  (ppm), unless  o t h e n r i r e  
specif  Led. 

6.2.1 PCB8 i n  Sediments 

For purposes of da t a  representa t ion ,  the studp a rea  was divided i n t o  
the  10 reaches descr ibed i n  Sect ion 6.1. The 10 reaches,  upstream t o  
downstream are: 

Portage Creek: Bryant Dam t o  Confluence v i t h  Kalamazoo River - 
Reach 1 
Kalamazoo River: Portage Creek confluence t o  Main S t r e e t ,  Plainwell  - Reach 2 
Kalamazoo River: Main S t r e e t ,  P l a inve l l  t o  Plainwell  D a m  - Reach 3 
KPlamuoo River: Plainwell  Dam t o  Otsego City Dam - Reach 4 
Kalamazoo River: Otsego City Dam t o  Otsego Dam - Reach 5 
K a l a o o  River: Otseqo Dam t o  Trowbridge Dam - Reach 6 
Kalauzoo River: Trovbridge Dam t o  C i t v  Line of Allegan - Reach 7 
Kalamazoo River: Ci ty Ljne of Allegan t o  Allegln Ci ty  Dam - Reach 8 
Kalamazoo River: Lake Allegan - Reach 9 
Kalamazoo River:  Allegan Dam t o  Sauqatuck - Reach 10 

The a rea  of Bryant H i l l  Ponds i n  Portage Creek was a l s o  included. 

The sediment da ta ,  both sur face  and core samples, a r e  presented by 
reach i n  Appendix 8. This data  was used to  obtain annual average PCB 
concentrat ions f o r  che reaches from 1971 to  1985 (Tables 11, 1 2 ) .  

I n  Reaches 3 ,  5 ,  and 6 ( i . e . ,  the  draw down dams), the  r i v e r  channel 
has eroded down through the  PCB-contaminated sediments t h a t  nov l i e  



Bryant 
Mill 

Year Ponde 

197 1 116.0 ( 2 )  
I 

. ,  
I 

11 
Portage 

TABLE 1 1  

AVERAGE PCB CONCENTRATIONS (ppm) 
FOIJND IN SllHPACE SAHPLES (0-1 I )  

12 
Portage Creek 

Confluence 
to 

Main Street 
Creek Plainwell 

7 (I )  

36.8 ( 3 )  9.0 ( 5 )  

85.0 (1) 36.2 (4) 

12.6 ( 4 )  

13.0 (1) . 

13 
Main Street 
Plainwell to 

Plainwell Dam 

14 15 
Plainwell Oetego 
Dam to City Dam 
Oat ego to 
City Dam Oatego Darn 



TABLE 1 1  (Con't) 
AVERAGE PCB CONCENTRATIONS (ppm) 
FOUND IN SURFACE SAMPLES (0-11) 

PAGE TWO 

# 8 
17 City Line of 

/6 Trowbridge Dam Allegan 
Oetepo Dam to to City Line to A 1  legan 

Year 
7 

f Troubrldge Dam of Allegan City Dam 
19 Allegan Dam 

Lake Allegan to Saugatuck 

Note: Nuaher In 0 indicatee the number of earplee analyzed. 
Note: For Riyant  Mill Olbdsm Reacg 13, Reach 15  and Reach I 6 ,  only river bank samples were ueed for averapee. 



Bryant 
Depllr Mlll 
-- Year lnleival - Ponds 

AVEIMOE PC0 CQNCENTMTIONS (ppm) 
FOUND IN COIIE SAMPLES 

# 2 
P o r t a ~ e  Creek 

Conllue~~ce U 3 1 4  # 5 
I1 to M d n  Street, Plalnwoll D m  , Otrago Clly D m  

Porlrge Main Streel, Plrlnwell to to lo  
Creek . Plalnwell M I  Darn m r n  Olrego Darn 



AVEllACiE lSC11 CONCENTRACIONS (pprn) 
FOLJNI) IN  COllf SA?.;i8L"S 

1 7  
Trowbrldge Dam 
lo Clay Llne of 

Allonan 

18 
Clty Llne of . 

A l l e ~ a n  
In Alleoan I f i  Allegan Dam 
Cl *. !)am -. Lake All.- to S a u m  



exposed a@me the river banks. The sediments vithin the confines of the 
channel k u l d  thus be expected to exhibit much lover PCB concedtrations 
than the exposed sediments, and would not be representative of the reach 
cpnditions that are most important to the development and evaluation of 
remedial actions for.the corresponding Plainvell, Otsego, and Trgvbridpe 
Dam impoundments. Any instream sediment samples were thus ignored in the 
computation of the average PCB concentrations given in Tables 1 1  and 12. 
For consistency, a similar correction was sade to the B n a n t  Mill Ponds 
.?at.-. w e ?  tfiough relzzirelp high concentrations were faund even in . 
instream sediment samples in this case. 

6.2.2 Overall Discussion of Sediment Data 

The following discussion is based on the average PCB values found in 
Tables 1 1  and 12, which are derived from the data presented in the tables 
in Appendix B. A few basic conclusions can be drawn abouc ::la levels of 
PCB contamination for the entire Kalamazoo River studp area as a whole, 
but more trends can be seen by looking at each of the individual reaches 
of the river. 

Generally, the highest concentrations of PCBs in sediments have been 
found, as would be expected, in the Brpant Mill Ponds and the Portage 
Creek area (Reach 1). These tvo sections have s h a m  a substantial number 
of samples with PCB concentrations above the EPA "action level" of 50 

a 

ppm. An estimated 50 percent of the Bryant Mill Ponds data exceeded this 
level, vhile 38 percent of the sediment data from Portage Creek exceeded 
50 P P .  

Approximately 6 percent of the entire sediment data base of 244' 
samples exceeded 50 ppm. h summarp presenting the percent of sedinent 
data base exceeding 50 ppm for each area can ba found fn Table 13. 

The folloving paragraphs provide a discussion of the sediment data 
for each reach of the river. 

Brvant Mill Ponds 

The sediment data bare for this area contained the highest PCB 
concentrations of the enti-? studv area. Four surface samples taken at 
Lover Bryant Mill Pond had ?CB levels well over 500 ppm, some of this 
data being as recent as 1986. The overall average of PCBs found in 
surface samples for all the vears combined was greater than 175 mm. 

0 

Host of the core samples taken throuzhout this area had somewhat 
lower concentrations than the surf ace sediments, but they were siill 
sabstantlall~. :high. A c z r r  taken 5n Lower Bryant Pond in November 1983 
had a PCB concentration of 212 ppm at a depth betdeen 16 to 18 inches. 
No cores were taken deeper than 2 feet, unlike in some of the other 

... . rsacnes; tnus tne deptn of contaminants is difficul: z ;  aetermine. i-le 
average PCB concentration of the cores for 1972 was 29.7 ppm, based on 12 
samples, and the 1983 averaqe was 51.1 ?urn, 5ased on 5 ccires. 3-ese 
findings, along with the results from the surface sediment samples, 
suggest that the Bryant Mill Pond area has been and still is highly 
contaminated with PCBs relative to the other sections of the atxdp area. 



TABLE 13 

SEDIMENT SAMPLES EXCEEDING 
ACTION LEVELS OF 50 ppm 

I 

Bryant - - 
W i l l  Reach Reach Reach Reach Reach Reach Reach Reach Reach Reach 
Pond o 11 12 13 14 I 5  16 17 18 '19 I I 0  ---------- T o t a l  

Number of 
Samplea 

50  PPa 26 3 2 1 I I 3 0 1 0 0 38 

T o t a l  
Number of 
Samples 52 8 1 I 4 3 7 18 , 42 I 15 13 34 244 

x Percen t  
50 PPm 50% 38% 18% 2 X 14% 5% 7% . OX 6 X OX 0 % 16% 

Reach 1: 
Reach 2: 
Reach 3: 
Reach 4: 
Reach 5: 
Reach 6: 
Reach 7: 
Reach 8: 
Reach 9: 
Reach 10: 

Por tage  Creek 
Por tage  Creek conf luence t o  Hain S t r e e t ,  P l a i n w e l l  
Mein S t r e e t ,  P l a i n w e l l  t o  P l a i n w e l l  Dam 
P la inwel l  Dam t o  Oteego C i t y  Dam 
Oteego C i t y  Dam t o  Oteego Dam 
Oteego Dam t o  Troubridfie Dam 
Trowbridge Dam t o  C i t y  Line of All rgen  
C i t y  Line of  Allegan t o  Allegan C i t y  Dam 
Lake A 1  legltn 
Allegan Dam t o  Saugatuck 



Portage Creek - Reach 1 

Thls'rerch is directly darnstream of Bryant Mill Ponds; t-hrefore, 
it van expected to be relatively highly contaminated due to the contami- 
nation from Bryant Mill Ponds. Fased only upon the average annual PCB 
values found in the surface samples, the results :end to show a 2ecline 
in concentration throughout the years 1972 to 1983. However, the data 
based is so small that trend analysis is not meaningful. 

Based upoc-the exact Locations of the samples, the cmclusion is not 
the same. Most of the earlier samples (1972 and 1976) vere taken toward 
Bryant M l l  Ponds (upstream) and resulted in rather high levels of PCBs. 
The samples taken in 1983 reported lower concentrations, but were taken 
in locations dovnstream toward t5e confluence of Portage Creek and the 
Kalamazoo River. 

Portage Creek Confluence to Xain Street, Plainwell - Reach 2 
Surface sediment samples for Reach 2 had an average PCB concentra- 

tion of 9.0 in 1976, 36.2 in 1982, and 13'.0 in 1984. No general trends 
can be detected from the annual averages; houever, based on the 
upstream-dovnstream location of eacb of the samples, some spatial distri- 
bution :rends see= to be apparent. All of the concentrations in the 1976 
data vere less than 15 ppm. The ?C3s were distributed throughout the 
entire reach. h change occurred in the 1982 and 1981 data. No longer 
were the PCBs evenly distributed, but instead they seemed to be concen- 
trated upstream near Xichigan Avenue. X concentration of 57 ppm was 
reported at Michigan Avenue in the 1982 results. Downstream values at 
D-Avenue and Commerce Street vere as low as 1.6 and 1.0 ppm. 

Main Street, Plainwell to Plainwell Dam - Reach 3 
The surface samples taken along Reach 3 (behind the Plaizwell Dam) 

appeared to show a slight increase of contamination from 1976 to 1983. 
The concentration of PCBs in 1975 averased 5.1 ppm, 8.8 m m  in 1082 and 
to 19.9 ppm in 1983. 13 generai, the conccnt=ations of PCBs f m n d  in 
this area are relativelv low. R e  highest concentrations in surface 
samples vere found close to Plainwell Dam. In 1983, samples locat~d 50 
feet and 0.15 miles upstream of :he dam had concentrations of 25.5 ppm 
and 55.9 ppm, respectivelp. This latter sample was the only one found 
over the action level for this reach. 

". :-re szmoles v c r e  :sken 12 :=fit. : ' a 4  2nd 1985. -1e a a e r a e e c  r ' z r  
the core samples suggest that most of che contamination lies in the upper 
2 feet of the dry sediments. Yanv of the samoles taken below 7 feet 
showed little contamication, most times in the range of 1 ppm or less. 
The cores that did reveal higher levels of contamination were located 
vithin 1 mile of the dam. 

The data base f ~ r  this reach is very 117i ted. Only cro surr'ace 
.samples and one core sample were available for this reach. The two 
surface samples, one taken 0.4 miles upstrezm of the dam and the other 



upstream, had an average concen t ra t ion  of 16.5 ppm. The c o r e  
wi th  many of t h e  o t h e r  core samples throughout t h e  s tudy a r e a ,  

t h a t  the m a j o r i t y  of t h e  PCB contamination is l o c a t e d  v i t h i n  - b 

2 f e e t  of the  sediment.  +t r depth of 12 igches,  t h e  sample 
level of 57.0 ppm, vhich"decteased t o  5.9 ppm a t  3 feet. S i n c e  
area t h a t  has been an aetive d e p o s i t i o n a l  zone, one would 
: a l a r g e  q u a n t i t y  of contarainated sedlment has been d e p o s i t e d ,  
tn t  sampling is requ i red  i n  t h i s  a r e a  t o  f u l l y  a s s e s s  che 
:ontamination. 

Dam t o  Otsego Dam - Xeach 5 

30 s u r f a c e  sediment samples v e r e  taken i n  t h i s  r each ,  bo th  
r H-89. The 1976 d a t a  point  recorded a PCB l e v e l  of 66.1 ppm, 
382 sample found about 27.0 ppm. 

imples have been taken throughout most of the reach.  The 
ms found i n  t h e  core  s a p l e s  veye genera l ly  low. Based on 
e d a t a ,  t h e  PCBs tended t o  inc rease  i n  concen t ra t ion  upstream 
m,  tovard t h e  dam. The PCB l e v e l s  f o r  the  1984 in-stream 
vere  l e s s  t h a n  0.3 ppm f o r  t h e  e n t i r e  depth of t h e  7-foot 

f i n d i n g s ,  a long  vLth the  r e s u l t s  from the  s u r f a c e  samples, 
the  contaminat ion i n  t h i s  reach is  l imi ted  t o  t h e  top  2 f e e t  

i d i a e n t  above t h e  r i v e r  channel. 

Trowbridge Dam - Reach 6 

ace samples a v a i l a b l e  f o r  t h i s  reach i n d i c a t e  t h a t  even as 
t h e  a r e a  had r e l a t i v e l y  high l e v e l s  of PCB c o n c e n t r a t i o n s .  - .d 

nples  t aken  upstream of the  dam had PCB l e v e l s  over  60 ppm. 
Les taken i n  1983, 1984, and 1905 i n d i c a t e  t h a t  t h e  majority 
r r e  v i t h i n  t h e  uppermost 2 o r  3 f e e t  of exposed sediment 
zr channel.  Out of a t o t a l  of 42 samples taken from t h i s  
II the  samples v e r e  above t h e  a c t i o n  l e v e l  of 50 ppm. 

to  Al lenan C i t p  L i s e  - Xeac5 7 

e ras taken i n  t h i s  reach a t  Bridge S t r e e t ,  and no PCBs 
ve t h e  d e c c c t i o n  i i m i t .  The r e s u l t s  of sample a n a l y s i s  
sumption t h a t  t h i s  reach is f r e e  of PCB-contaminated 
? t h e  reach  is an e r o s i o o r l  zone. 

.3e t o  Alleqan C i t p  D.m - Reach 8 

ace samples have been taken in t h i s  reach. X sample f r o m  
Route LO-89 had a PC0 concen t ra t ion  of 24 .67  ppm. In 

raken c l o s e  t o  the  same l o c a t i o n  o n l r  had 3.61 ppm. 

unples f o r  thLs raach Lndicatc :hat PCB c o n c e n t r a t i o n s  
I i n  t h e  deeper  sediments. Re la t ive ly  high l e v e l s  of ?CEs 
:ere found throughout the core ae?ths .  One sample l o c a t e d  
spstt?rtm sf the  dam contained levels of 47.3 porn a t  0-3. 
t 5 f e e t ;  and 19 .3  ppm a t  T f e e t .  These l e v e l s  a r e  high 
o t h e r  a r e a s  of the  r i v e r .  

'd 

i 56 
I 



Even though only one sample exceeded t h e  50 ppm l e v e l ,  four  of t h e  
o t h e r  s-as a r e  very  lose t o  t h e  l e v e l  and rang ing  from 45.5 t o  L7.3 
ppm. ThYjr f i n d i n g s  suggest  t h a t  Reach 8 may be an a r e a  of p a r t i c u l a r  
concern. - 

Lake Allegan - Reach 9 

Surface  sediment samples from Lake Allegan were c o l l e c t e d  i n  1976 
and 1983. The i976 d a t a  near  Allegan Dam averaged 10.8 ppm. The 1983 
da:; showed t h a t  throughcut the  l a k e ,  t h e  PCB l e v e l s  i n  s u r i a c e  sediments 
(0-4") averaged about 16 ppm. 

Overa l l ,  the  ?CB l e v e l s  shcved an i n c r e a s i n g  t rend  soinq m s t r e a m  
from the  dam toward Route 40-89. Near Route h0-89 the  l a k e  videns  and 
the  r i v e r  v e l o c i t y  decreases .  Sediments a r e  l i k e l y  t o  s t a r t  depos i t ing  
near t h i s  a rea .  m e r e f o r e ,  the  inc rease  i n  PCB concen t ra t ions  upstream 
t o  Route 40-89 is understandable.  Upstream of Route 40-89, the  r i v e r  
channel narrows, the v e l o c i t y  i n c r e a s e s ,  and t h e  PCB concen t ra t ions  i n  
t h e  sediment decrease. 

The c m e  samples f o r  t h i s  reach,  taken i n  1983, vere composed of 
t h r e e  t r a n s e c t s  and t h r e e  o t h e r  cores .  On an average,  the  PCB va lues  
v e r e  approximatelv 15 ppm. Even though none of the  d a t a  c o l l e c t e d  i n  
t h i s  a rea  exceeded the  a c t i o n  l i m i t  of 50 ppm, t h e  l e v e l s  found i n  manv 
of t h e  core  i n t e r v a l s  a r e  high enough t o  be of p a r t i c u l a r  concern. 

I 
\ 1 

H Allegan Dam t o  Saunatuck - Reach 10 

Thir ty-four  su r face  sediment samples were c o l l e c t e d  throughout t h i s  
reach i n  1982 and 1985. These d a t a  suggest  t h a t  t h e  Lover Kalamazoo 
River sediments a re  r e l a t i v e l p  f r e e  of PCBs. The 11 s u r f a c e  samples from 
1982 averaged 0.23,ppm, and the  1985 d a t a  averaged 0.32 ppm (21 s-les) .  
The h ighes t  l e v e l  recorded was 1.74 ppm a t  a l o c a t i o n  i n  the  deepest  p a r t  
of Kalamazoo Lake. The tvo core  samples (4-6 inches )  averaged 0.43 ppm. 

Sackgr~und:  Morrov Pond and Xonarch M i l l  Ponds 

Morrow Pond and Monarch M i l l  Ponds s e r v e  a s  background da ta .  Morrow 
Pond is  loca ted  on the  Kalamazoo R i v e r  upstream of t h e  confluence of 
Portage Creek. Reported PCB concen t ra t ions  ve re  below d e t e c t i o n  l e v e l s  
i n  1986 ( l a s s  than 1.8-3. L p-1. Monarch M i l l  Ponds, loca ted  on Por tage  
Creek apstream of Cork S t r e e t ,  had PCB v a l u e s  of 0.71, 0.40, and 0.35 ppm 
i n  1986;'and l e s s  than 1.8 and 2.3 ppm i n  1986. 

- 
This  Sackground d a t a  helps  t o  put  the  e x t e n t  of PC3 contamination 

i n t o  pe rspec t ive  r e l a t i v e  t o  the  o t h e r  reaches  of the  Palamazoo Biver  
involved i n  the  study. 

6.2.3 R e s u l t s  a ~ d  Canclusions f r o m  Previous  Studies :  PCEs i n  Sediments 

The f o l l o v i n g  conclusions v e r e  taken from v a r i o u s  r e p o r t s  t h a t  have 
been w r i t t e n  over years.  The conclusions  a r e  those  of the  o r i g i n a l  . au thors ,  and have been included t o  p rov ide  a more complete o v e r a l l  
p i c t u r e  of the.PCB problem i n  t h e  Kalamazoo River. 



"PC3 Su-ey of the Kalamazoo River and Portage Creek in the Vicinitv 
of the Citv of Kalamazoo,'* (Lauer, 1973). 

-- Bottom sediments in the upper and lover Bryant Mill Ponds 
appear to act as a significant reservoir of PCBs for the 
Portage Creek system. A layer of highly contaminated sediment 
probablv exists throughout the ponds. 

-- At the time of the drawdown of Bryant Mill Ponds, the sites 
downstream of Alcott Street appeared to have the highest levels 
of PCBs in the vater. This increase in concentration vas 
probably due to cootamhated sediments releasing PCBs into the 
vater. 

-- The effect of Portage Creek's PCB discharge to the Kalamazoo 
River could have been somewhat masked by the proximity of the 
Kalamazoo Wastevater Treatment Plant discharge, an additional 
historical source of PCBs. Hovever, the discharge concentra-' 
tions of PCBs from Portage Creek vere considered significart. 

"Sediment Samples from Proposed Otsego Hydroelect.ric Reservoir," 
(USRJS, 1983) . 
- Generally, samples shoved heavy contamination bv Aroclor 1248 

(PCB). The levels ranged from a lov of 0.79 ppm to a high of 
28.0 ppm. Deeper sediments vere also heavily contaminated with 
PCBs. 

-- Exposure to the PCBs by aquatic biota can be expected if the 
sediments are reimpounded. 

"A Sumep of PCBs in the Kalamazoo River and Portage Creek Sedi- 
ments, Kalamazoo to Lake Allegan," (Creal, 19831). 

PC~-contaminated sediments were found at all four sampling 
locations: instream sediment concentrations averaged 37 ppm in 
Lower Bryant Mill Pond; 25.6 ppm in the Plainwell impoundment; 
10.8 ppm in the Trowbridge reach; and 15.7 ppm in Lake Allegan. 

In the Lover Bryant Hill Pond, Plainvell, and T r d r i d g e  areas, 
the exposed shoreline sediments had average PCB concentrations 
of 135.0, 22.6, and 26.0, respectively. 

The exposed sediments in the above three areas appeared loosely 
cmsolidazed and easily erodible. 

PCB contamination of apparentlv recent stream bank deposits in 
Portage Creek indicated the continued d m s u e a m  transoort of 
PCBs. 

The estimated mass of PCBs in the four areas, plus the Otseqo 
Dam impoundment, vas 227,910 pounds. nore than half of this 
mass (132,000 pounds) vas contained in the exposed sediments in 
the Lover Bryant Mill Pond, Plainvell, Otsepo, and Trowbridae 



-&apoundments., The greatest in-stream mass of PCBs was found in 
.%&aka Allegan, approximately 75,000 pounds. 
." - - "PCB' i n  Fish, Sediments and Water of the Lower Kalamazon River and 

Nearby Lake Yichigan," (Horvath, 1984). 

PCBs found in significant concentrations in the Lower Kalamazoo 
River ecosystem. Fish flesh exceeded the FDA "action level" of 
5 ppm-[since lowered to 2 ppm]. Sediment concentrations vere 
low but videspread throughout the study area. 

Indications that sufficient sediment contamination exists to 
maintain high PCB concentrations 13 Aver fish for the foresee- 
able future. 

A direct PCB effect on Lake Michigan sediments was not obvious. 

PCBs in Kalamazoo River sediments are more closely associated 
vith fine sediments than with coarse sediments, and of the 
fines, are more cloaely associated with clays than silts. 

The time required for the Kalamazoo River to be free of conta& 
ination, or before the fish consumption advisorv can be lifteh 
cannot be estimated until the mechanisms of PCB transport and 
ultimate fate are understood for this river system. 

6.2.4 PCBs in the Water Column 

Water column data, collected from various studies, is summarized in 
Table 14. Samples taken in the Kalamazoo River at River Street in ' 

Comstock, and in Portage Creek at Cork Street are considered background 
data points. 

The greatest concentration was found in Portage Creek at Bpant Dam. 
The concentrations found in Portage Creek downstream of Brrant Pond were 
greatly elevated over background levels. In the Kalamazoo River above 
Allenan Dam, concentrations generally increased from upstream to 
downstre-. The greatest concentrations vere found in Reaches 8 and 9 
,from the Allegan City Dam impoundment to Lake Aliegan). Below Allegan 
Dam, co~centrations dropped to lover levels. In general, concentrations 
in the Xiver were also elevated above background levels but 
remaine~less than values found in Portage Creek downstream of Brpant 
Porid. - -- 

6.2.5 PCSs'in Fish 

Carp and Bass Data 

Since one objective of this studp is to develop cost-effective 
remedial actions to lower the PC3 concentration in the fish to a level 
less than 2 ppm, it is important to examine and understand the available 
fish data. The study identified two species of fish (carp and bass), 
which were considered representative of the overall fish c o m n i t p .  The 
carp was chosen because it is easily available throughout the study area 



TABLE 14 

SUHNARY TABLE 
PCB CONCENTRATIONS IN WATER 
( p a r t s  p e r  t r l l l i o n  ( p p t ) )  

Por tage  Creek 

Cork S t r e e t  
A l c o t t  S t r e e t  

Kalamazoo River 

Sau~pl e Locat ion 

River  S t r e e t  
l o t h  S t r e e t  
P l a l n w e l l  Dam 
Farmer S t r e e t  
Otaego Dam 
26th  S t r e e t  
Willlama Road 
Route H-118 
Al legan Dar 
New Richmond 
U.S. 31 Bridge 
Old U.S. 131 b r ldge  
Sauga tuck  
Sauga t uck 

Uyetream of Bryant H l l l  Ponds (background) 
Reach I a t  Bryant Dam 

Re1 ow ~ o r r o L  Dam i n Comstock (background) 
Reach 3 above P la inwel l  Dam 
Reach 4 below P la inwel l  Dam 
Reach 5 below Oteego C i t y  Dam 
Reach 6 below Otaego Dam 
Reach 7 below Trowbridge Dam 
Reach 8 above Allegen C i t y  Dam 
Reach 9 below Allegan C i t y  Dam 
Reach 10 below Allegan Dam 
Reach 10 town of New Richmoqd 
Reach 10 t w n  of Douglas 
Reach 10 town of Douglae 
Reach 10 r i v e r  mouth 
Reach 10 r i v e r  mouth 

A v e r a ~ e  PCB 
Concentra t ion 

( P P ~  Year 

1985-7 
1985-7 

1985-7 
1985-7 
1985-6 
1985 
1985 
1985 
1985 
1985-6 
1985-6 
1982 
1982 
1985-6 
1982 
1980 

Reference 

HDNR 
HDNR 

HDNR 
HIINR 
HDNR 
HDNR 
HUNR 
MDNR 
HDNR 
HDNR 
HDNR 
Horvath, 1984 
tlorva t h,  1984 
HI)NR ..I . 
Ilorvat 1 1 ,  1984 ,' . 
H a r t l .  I984 r - : i 

4 '  ' I 



and becauqe it represents bottom-feeding fish, which are likely to be in 
contact v f t h  contaminated sediments. The bass represents predator 
species and is a target species in the MDNR plan to rebuild the gave 
fishery in the study area. 

The available data for these two species was compiled for five 
locations in the study area and for one location upstream of the study 
area (Morrow Pond) vhere the fish consumption advisory does not apply, 
exce?: f;r car-,; The five locations, upstream to downstream, are: . 

a Portage Creek/Bryant Mill Pond 
a Kosel Avenue, Kalamazoo 
a Dounstream oi Plainwell Dam 
a Lake Allegan 
* Sauaatuck 

The five study areas and Morrow Pond are all isolated by at least 
one physical barrier (a dam) that prevents upstream movement of the fish. 
These areas were chosen because data is available over a period of manv 
years. 

All data for carp and bass is presented by area in Appendix 8. This 
data was used to obtain average PCB concentrations for each area, which 
are summarized by year in Tables 15 and 16. 

Based on available data, the average levels of PCBs found in fish 
appear to have decreased from 1971 to 1986. Hovever, this trend must be 
considered with several important qualif ications. The following are some 
limitations in the data, vhich should be considered vhen intemreting or 
usiq the fish data. 

a Other factors being equal, PCB concentration in fish wtll varp by 
species. For example, PCB contamination is expected to be greater 
in the bottol~feeding carp than in bass. 

a PC3 contamination in fish is a function of the age, size, weight, 
and percent body fat of the fish. Larger and older fish map 
accumulate greater concentrations of PCBs. 

a So- areas of the river have highly stressed environment oving to 
industrial or vater treatment plant discharges. Highlp stressed 
envfronments can affect the overall health of the fish, tke size and 
fat content of the fish, and thus possibly the PCB concentrhtion in 
the fish flesh. For example, when the environment is highly 
stressed (as it is at Bryant Mill Ponds and Mosel Avenue), the fish - - .. . :22d t 3  be rdatively s m a l l  and will have relatively low fat 
content. Therefore, since PCBs accumulate in the fat, the PCB 
concentration in those fish map be less than expected. On the other 
hand, in a favorable environment (such as Morrow Pond or Sau~atuck), 
the environmental conditions promote optimum fish grovth. nere- 
fore, the fish grow relatively large, have relatively high fat 
content, and may have higher PCB concentrations than expected. 



TABLE I5 , 

SllMMARY OF AVERAGE PCB CONCENTRATIONS FOR 
CARP IN TIIF, KALMAZOO HIVEH STUDY AREA 

Morrow Portage Creek Hoeel 
Year - Pond (Bryant Pond) Avenue 

1976 2.10 (1) --- 8.00 (1) 

Note: Number in parentheeee representB number of fish sampled, ' Note: All PCB concentrations are in ng/kg (ppr).  

1)ownat ream 
P La lnwell Dam 

Lake 
A 1  1 egan S a u ~ a  tuck 

45.40 (1) 



SUMMARY OF AVERAGE PCB CONCENTRATIONS FOR 
BASS IN THE KALAMAZOO RIVER STUDY AREA 

Morrow Portage Creek Hoael 
Year Pond (Bryant Pond) Avenue - 

'. Note: Number i n  parentheses  repreeenta numher of f i s h  sampled. 
Note: A l l  PCB concentrat lone  are  i n  mglkg (ppm). 

t2 

Downatream 
P la inwe l l  Dam 

--- 
0 . 4 7  (1 )  

3 .28  ( 1 )  

Lake 
Al legan Sauga tuck 



ike Allc?an, the carp population is stressed because of overpop- 
.on. There is a competition for a lfmited food supply, and the 
:h of the fish is stunted. Therefore, PCB concentrations may be 
than expected. 

atory analytical techniques used to quantify PCBs in fish have 
ed significantly since the early 1970's. Results are now 
ted differently, the standard for interpretation of results has 
ed, and the extraction method has changed. Also, the same. 
atory has not analyzed all the fish samples. 

q l e s  taken in the 1970's were primarilp "screening" samples 
cennine if a contamination problem existed. The fish collected 
1 to be the largest fish found and, thus, to reoresent 
-case conditions. In contrast, the fish samples taken in 1981 
+83 were intended to represent the entire population of the 
:ed species. The variance vithin these samples made statisti- 
~alysis difficult. Therefore, the 1985 and 1986 fish collec- 
targeted a specific size range for carp and bass in an effort 

. . - 3  sample variance, to standardize the exposure period, and 
ow for more meaningful trend analysis. 

effort to better define the trend :n PCB concentrations in 
vailable carp and bass data was examined statistically The 
analysis method used was a noa-parametric one-way analysis by 
(Truslcal-Wallis 1952) as described by Conover (1980). Al.1 
analyses were perforsed using a level of significance of 

Feasibility Study (SUS,  1986), the statistical analyses were 
1 age !size) restricted carp in an effort to standardize 
i other facors. However, in 1986 the PDNR collected a large 
of carp from Lake Allegan for PCB analysis (Creal, 1987). No 

> was found between age (size) and PCB. Therefore, it was 
iat the entire data base, vhere suitable, should be used for 
analysis. 

table carp data base consisted of 1981, 1983, 1985, and 1986 
I Avenue, Plainwell Dam, Lake Allegan and Sauqatuck, 1981, 
6 data at X o r r w  Pond, and 1985 and 1986 data on Portage 

s data base consisted of 1981 and !985 data at Norrow Pond, 
and Saugatuck. The compleee data bases are Listed b v  
Ippendlx B. 

J ?C3 data base vas examined for :emporal trends. No 
:hange vith time was found at the Xorrov Pond. Plainwell, 
, Sauqatuck or Portage Creek locations. 3oveve~, the car?, ae 
exhibited significant inctease :ith time. This is ?resented 

: c e r l i ned  pears ncc siqnificactly different and yearly" 
:oncentration in parentheses. 



The bass PCB data base was also examined for temporal trends. No 
significant change with time vas found at the take Allegan or Sauuatuck 
locations. However, the bass at Morrov Pond exhibited a significant 
increase in PCB concentrations between 1981 and 1985. 

Based on these temporal t~ends, it may 5e ;oncluded that PCB 
concentrations in fish are not declining, and , at selected locations, 
are exhibiting a statistically significant increase in PCB 
concentrations. 

The carp PCB data based was also examined for spatial trends. No 
significant differences by location vere found for the 1983 and 1986 data 
sets. However, significant differences by location vere found for the 
1981 and 1985 data sets. These results are presented below with 
undarlined locations not significantly different and location averaue PCB 
concentration in parentheses: 

1981 MP MO PD S AUG LA 
(1.71) (2.33) (3.22) (6 .58) (7.97) 

1985 MF' PCK SAUG LA MO PD 
(2.56) (3.06) (3.59) (1.41) (4.98 (5 .27) 

- 

Where YP = Morrw Ponds, MO = ?!asel Avenue, PD = Plainvell, LA = Lake 
Illlegan, SAUG = Saugatuck, and PCK = Portage Creek. Taken as a group, 
these data indicate some genera l  ssetial tregds. First, the Korrw Pond 
carp PC3 concentrations are consfstcntly iover than tne other four 
Kalamazoo River locations. As a corollary, the four Kalamazoo River 
stations (MO,PD,LX,SAUG) do not exhibit any spatial differentiation in 
PCB concentrations. This trend is especially evident in :he recent years 
(1983-86). 

The bass PCB data were also examined for spatial trends. Both the 
1981 and 1985 data exhibited significant differences by location. These 
results are presented below with underlined locations not significantly 
different and location average PCB concentration in parentheses: 

198 1 ?+?P LA S AUG 
(0.3b) (1.09) (3.69) 

1985 MF SAUG LA 

e - Based on these results, a general conclusion map be made that "orrow 
Pond bass are consistentlp, significantly lower in PCB concentrations 



A 

than Lake Allegan bass, even though the Morrw Pond bass concentratiocs 
have increued significantly aver the 1981-85 period as previouslp 
discussed. In general, this conclusion aprees vith the carp spatial 
ortentation in that Morrov Pond fish PCB concentrations vere lover than 
the other downstream Kalamazoo River locations. 

Based upon the PCB data base results, selected fat data sets were 
analyzed for trends. The Saugatuck and Xosel Avenue locations vere 
analyzed for teslporal trends in carp fat concmtrations. No significant 
difference vith time was found at Saugatuck, consistent with the PCB 
results. Hovever, the Mosel Avenue location exhibited sipnif icant 
differences between pears. These results are presented below vith 
underlined years not significantlp different and fat concentrations in 
parenthesis : 

The fat results at Mosel Avenue are not consistent vith the PCB results. 
The 1985 PCB levels were sigurricantly greater than all years but 1986, 
pet the fat level for 1985 was significantly lower than 1986. Hovever, 
the Yosel Avenue station has been environmentallv stressed by the poor 
water quality. In addition, fish may migrate into and out of this 
condition. These factors may be causing a bias la these results and 
thereby disrupting the usual relationship bemeen PCB and fat levels. 

The fat data set was also examined for spatial trends. For cam, 
significant differences by location vere found for all years tested 
(1983, 1985, 1986). These results are presented below with underlined 
locations not significantly dlffetmt and fat concentrations in 
parentheses: 

LA KO PD S AUG 
(0.80) (2.30) (2.80) (5.60)  

1985 PCX LA FfP MO PD S A U G  
(0.6) - (1.58) (1.62) (1.92) (2.30) - (5.541 

1986 PCK LA ZIP PD YO SWG 
'1.1) (1.3) ( 7 . 4 )  (2.8)  (L. 1) ( 5 . 1 1  

These results indicate some general trends. First, carp in different 
sections of the river were exhibitlnq different levels of fat. The carp 
at Saugatuck vere consistentlp ~imiffcantly fatter than most orher 
locations. This was suspected based on visual obsemations during 
collections as Saugatuck can, vere discincclp larger than at other 
locations. Second, Portage Creak and, to a lesser extent, Lake Allegan 
carp have significantly less fat than the other locations. This result 
was also suspected based on visual observations. Third, the spatial 



trends w i t h  fat do not necessarily follov the PCB concentration trend. 
ly due t o  varying enviroamental exposure to PCBs. 

.--.- 
- Based on these analyses, the following conclusions were made: 

There is no significant overall decline in PCB concentrations in the 
Kalamazoo River fish advisory area in recent vears (1981-1986) and, 
at seiectea i o c a r i o t s ,  r:sh a r ?  exhibiting a a;aristically 
sf gnif icant increase in PCB concentrations. 

0 In general, Morrov Pond fish 1'9 concentrations were lower :han the 
other downstream Kalamazoo River locations. 

O Spatial trends vith fat levels vere evident. Saugatuck carp were 
significantly fatter than other locations, while Portage Creek and, 
to a lesser extent, Lake hllegan carp has less fat. 

Spatial trends vith PCB concentration did not necessarily follow 
trends in fat levels. This is likely due to varying environmental 
exposure to PCBs. 

6.2.6 Results and Conclusions from Previous Studies: PCBs in Fish 

The following conclusions verc taken from various reports that have 
been vritten over the years. The conclusions are those of the original 
authors and have been included to provide a more complete overall picture 
of the PCB problem in the Kalamazoo River. 

0 "Evaluation of the Aquatic Environment of the Kalamazoo River 
Watershed," (May 1972) tlDNR. 

- Concentrations ranged from 0.01 to 109.9 ppm in the edlh1.e 
portions of fish tissue. 

- Significant increases in PCBs occurred do~stream from the 
Battle Creek Wastewater Treatment Plant. A n  even greater 

. - - increase was noted in the fish immediately downstream from the 
City of Kalamazoo, and concentrations remained high throughout 

~ r ; i ~ ; ~ h e  remainder of the stations sampled. 
*--- 

&". 
-- The data suggest that a very significant PCE contamination 

problem exists in the Kalamazoo River Basin and that the 
probable sources are within the cities of Battle Creek and 
Kalamazoo. 

o "Contaminants in Kalamazoo River Fish" ( M N R ,  1981) . 
- Survey of fish from Yorrow Pond to the mouth of the Kalamazoo 

River found that the average PCB concentration for 169 fish 
analyzed was 2.8 ppm. 



-- Seventeen percent of the fish had concentrations greater than 5 
ppm, the then current FDA "action level"; thirty-seven percent 
vere greater than 2 ppm, the recently imposed FDA "action 
level". 

-- PCB concentrations in fish declined substantially, based on the 
comparison of 1981 data with data from 1971, 1976, and 1978. 

- Data showed that fish'from tiorrow Pond were relatively . 
PCB-free. Pottage Creek, D-Avenue, Plainwell, and New Richmond 
fish had slightly higher concentrations. hllegan, Douglas, and 
Saunatuck samples had the highest concentrations. 

0 "PCBs in Fish, Sediments, and Water of the Lower Kalamazoo Biver and 
Nearby Lake Michigan," Data from September 1981 study, by Horvath 
(1984) . 
-- It is probable that, even though no point sources exist, PCBs 

are still entering the river. Specifically, a now defunct 
deinking and recycling mill on Portage Creek Is probably an 
active nonpoint source from land runoff and lagoon leachate. 

-- The knovn history and distribution of PCBs in the river suggest 
that PCBs in the lover river have arrived, and continue to 
arrive, as a result of translocation from upstream. a 

- The PCB concentrations found in fish vere reasonable compare6 
to those found in vater and sediments. If vater and sedfment 
concentrations remain stable, fish concentrations will also 
remain stable. 

- X direct PC3 effect on Lake Michigan fish was not evidenc. 

0 "PCB and Mercury Concentrations in Carp from the Lower Kalamazoc, 
River" (Creal, l983b). 

-- PCB concentrations in carp averaged 3.15 ppm at Mosel Avenue in 
Kalamazoo, 5.5 ppm at ?lainwell Dam, 2.8 ppm in Lake Allepm, 
and 8.5 ppm at Saugatuck. 

-- The PCB concentrations in carp ranged from 0.88 ppm at 
Plainwell Dam to 15.7 ppm at Saugatuck. 

4 

- Generaily, the PCB concentrations in carp did not exhibit a 
noticeable change betveen 1981 and 1983. 

6.2.7 Summarp and Conclusions 

The following is a summary of conclusions regarding PCB concentra- 
tions in the various media.- Only general conclusions have. been d r a m  
from the sampling data because of the limited number of samples, the 
expected variability in the river svstem, and other complicating factors. 

* 
Sediment 



At Bryant Mill Ponds, both surface and core samples indicated high 
of contamination. Core samples shoved contamination down to 
P 2 feet. This is by far the most highly contaminated area 
river within the limits of this study. 

Portage Creek (Reach 1) has shown moderate levels of contamination, 
a fact which is likely due to contaminated sediment from Bryant Hill 
Pond being deposited in the d o ~ s t r e a m  reach. 

Although Reach 2 is considered  an erosfonal zone and is expected to 
be relatively free of cmcanination, mccerate levels of PCBs have 
been found in the upper portions of the reach. This is possiblv 
because of lateral variations in the flov field caused bv the 
confluence of the Kalamazoo River and Portage Creek. 

At the Plainwell Dam (Reach 3), contamination appears to be re- 
stricted to the sediment beds above the river channel, and at 
relativel;~ low c:ncentrations. Core samples indicate that contami- 
nation is restricted to the top 1 or 2 feet of sediments. There 
appears to be very little in-stream contamination. 

At Otsego City Dam (Reach h ) ,  contamination has been detected; 3 
hovever, there is not enough data to draw reliable conclusions. & 
At Orsego Dam (Reach 5 ) ,  surface and core san~les have shown mod 
ate levels of contamination down to a depth of 20"; Canttrpio~tfo . 

.,.. was detected mainly ili the sediment above the river channel. . &y .- :,r *: -". , L- *. " 

At Trodridge Dam (Reach 6 1 ,  surface and 4corr~s.mpEr hiwe. shown' 
moderate levels of contamination down to a depth of approxfmatelp ? 
feet. Contamination appears to be restrirted~to~the sediment beds 
above the river channel. Little in-stream cont.ndnrt(kpi. . .  
detected. - r; . * -. - : - I Ih j j : ,P  ;&t;??.-f.& n y  

Reach 7 is an erosional zone and is not expected to show any contau!- 
ination. No detectable level of PCBs was found i m a  single sample 
from this reach. 

Although surface samples generally exhibit rrrativrlp.lov PCBs: 
concantrations. core samples at Alleuan C i t p  Dlm~(B.rctr 8Irhave 
m e a t a d  moderately hi& levels of ;ontaxihation as ~drntp. as: b feet . 

. . . *  ~ . , . ~  
- . . + -i::.::k 

i e  levels of contamination have been -datected tn- bothl.surf ace 
re samules f tom Lake Alle~an (Reach 9).  PCB c o p c e a t r a ~ n s  

f.d&kse with distance from the dam. This reflects- t h a z t m i s d  - .  
sediment deposition pattern of a large lake. - ',. . -  - .  . - 
A large number of sediment samples were takea tn'-RmetrL0;-raod: a11 
had levels PCB below 2 ppm. Therefore, it'i8:rersonrbls-so 8ssum8 - 
that the sediments below' Allegan Dam havr: nor bee6 ri#t&ficmseLy 
affected by the PCB contgmination prablsm,L, Oaz ploseble- eqxkanation 
is that anp fine suspended sediment that does. not satdw outr..&n Lake 
Allegan would also likely atav in solutiotr ba3ora.Z.h drmr. . -r 1.3 

. , .: . - - a  ;?,+--"*,.. 
b.. . . .I ... 3 C  I - sr. .-- P=' 

. . 2 ,...- - - . - * -  -. . .- ;. . *;.q: I $*- h5;CJ:z .,. .. - 
< ... . - 2  7 2i1332 &* 
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Water 

'Ihe entire river system from Brpant Mill Ponds to Lake Hichigan 
exhibits PC3 concentrations Fn water that are significantly elevated 
above background. 

The highest levels are found in Portage Creek, in and immediately 
downstream of Bryant Mill Pond. 

Downstream of the confluence of Portage Creek vith the Kalamazoo 
River, PCB concentrations in water decrease due to dilution effects. 

From Plainvell Dam dovnstream, PCB concentrations steadily Increase 
up to Allegan Dam, presumably resulting from increased contact with 
contaminated sediments. 

Downstream from Allegan Dam, PCB concentrations in vater decrease. 

Fish 

There is no simificant overall decline in PCB concentrations in the 
Kalamazoo River fish advisory area in recent vears (1981-86), and, - 
at selected locations, fish are exhibiting a statistically 
significant increase in PCB concmtratious. 

' In neneral. Morrov Pond fish PCB concentrations were laver than the 
oth& dawn&ream Kalamazoo River locations. 

Spatial trends with fat levels were evident. Saugatuck carp were 
significantly fatter than other locations, while Portage Creek and, 
to a lesser extent, Lake LUlegan carp had less fat. 

6.3 DEVELOlW3T OF THE PCB NODEL FOR TIIE KALMAZ00 RIVER 

A steady-state, one-dimensional PCB distribution model was developed 
to simulate the PCB concentrations in the Kalamazoo River. The objective 
of this modeling study vas to evaluate the long-term effectiveness of 
alternative remedial actions bp predicting the PCB distribution in 
different reaches of the river with and without the action. Major 
environmental processes and factors affecting the transport of PCBs in 
the river, and the PCB exchange between vater and sediment could be 
computed based on the principle of mass conservation. 

Since thz obiective of this modeling study was to evaluate the 
long-tern effects of different proposed remedial aceions. in addition to 
the 30-aczion a!tcmative, tbe anpiication of the ,governinu eauations was 
approximated by a steady-state solution. That is, the time-dependent 
tenns representing che transient response of the concentrations of PCBs 
and suspended solids to environmental factors were neglected. T n  addi- 
tion, the transport of bed sediment was not included in this model 
because the contribution of the bed materials to PCB transport was not 
considered sipnificant enough to justify the additional comlication of 
the model. The movement of bed sediment is relatively slov, when the bed 



material Is cohesive, and the impoundments still existing in the river 
system constitute natural barriers to the continuous movement of bed q 
material. As a result, the exchange of PCB betveen vater and sediment, 
and the movement of PCas and PCB-contaminated suspended solids within the 
=rater column, are :he aajor mechanisms affecting the downstream movement 
of 2CBs in this river system. 

The available data base representing the average conditions of 
c n a m l  gecmetry, ri7er flow, and PCB concentrations In water and sedi- 
ment was split into two subgroups, which were then used to calibrate and 
verify the model. The purpose of this section is to present t5e basic 
concept and theory of the sodel, the calibration and verifica::m or' the 
model, and the .rasuLts of sensitivitv anal-rses ~f :he model oarameters. . 

The nodel is then used to assess the response of ?C3s in the r:ver systern 
under various proposed remedial actions. Finally, the simulated 
steady-state PC3 concentrations in the vater are used to determine the 

- consequent PCB concentrations in the fish, through the use of a biocon- 
centration factor. 

6.3.1 Development of the Hodel 

The model developed in this feasibility stxdy was selected by 
considerinn the goal of the modelinn study, the restrictions in the data 
base, and the limitation of available time and budget. The model was 
developed originally by NUS, reviewed by the MDNR, and then presented for 
public review as part of the Kalamazoo River PCB Feasibility Study. The 
nodel is pt~marily used to compare the relative effectiveness of remedial 
ac:ions. T>e accuracy of predicted PCB concentrations in water, 
sediaents, and fish must be interpreted vithin the framework of data base 
lisitations and model shplification. The model is a steadv-state model, 
which means it cannot provide the change in the simulated results with 
the. ?>us, the developed model was onlv used to simulate the loriq-term, 
steady-state concentrations of PCBs in water and sediment, as well as the 
cmcentration of suspended solids in :?e rater colxmn for the individual 
raaches as a result of the application of selected remedial actions. 

6.3.2 Processes Xffecrinq PC3 Distribution 

PCBs are hydrophobic acd, therefore, have a strong affinity for 
particulate materials sucn as sediments and suspended solids. P a s  are 
also environmentally stable, oving to their refractory character and low 
vapor pressure. Thus, their losses throuan biodegradation and volatil- 
==ation are relati-rely slow. The long-tam esuili3rirtm '79 cmceatta- 
cions Setvecn water and sediments c m  be predictrd 3v considering all tke 
major 7rocesses affecting :he existence of sources and sinks of PCBs in 
the river system and considering :he ixrltioning s l  ?CBs between water 
and sediments. 

Tfie one-dimer!slsnal ::ver sva:?= under s~xdp was spaziallv seqnencsd 
into control volume elements, or rz-ler reaches, aiong its length. Within - each teach two disti,xz ~hysical lavers were included. The water level 
is located directly above the sediment laver. The maior sources of PC% 
for the water laver included the following: 



' Inflow of PCBs from the upstream reach 
' Depos2zion of PCBs from the atmosphere ' Point sources of PCB., including vater discharges or sedhcnt influx 
' PCB benthic releases caused by turbulence or bioactivitv 
' - Suspension of PCB-contaminated sediments 
' Erosion of PCB-contaminated clayey materials at the bottom of the 

river 
* PCB diffusion between water and sediment layers 

The major processes for the loss of PCBs from the water layer 
. 

included : 

' Outflow of PCBs from the reach 
' Settling of PCB-contaminated particles 
' PCB biodegradation 
' PCB volatilization 

The sediment layer vithin each reach was only treated as a source or 
sink of PCBs. The transport of bed materials vas not included in this 
model. Therefore, the input of PCBs into the sediment layer could occur 
as a result of the folloving processes: 

' Settling of the PCB-contaminated particles from the vater column 
' Point sources of PCB-contaminated sediments 

The loss of PCBs f r w  tke sediment layer could occur because of: 

' PCB benthic :eleases 
' PCB diffusion between vater and sediment 
' Suspension of PCB-contam$nated sediment 
' PCB biodegradation ' Sediment loss by permanent bed burial fi.e. burial of the active 

sediment layer) 
Erosion of PCB-contaminated clapey materials at the river bed. 

PCB-contaminated solids in the vater layer can directlv affect the 
total PCB concentration in the water column and the amount of PCB that 
can be settled to the sediment layer. Therefore, suspended solids vere 
also included in the model as a dependent model variable in addition to 
PCB concrntration in water and sediment. Suspended solids vere assumed 
to be c ~ l e t e l y  entrained vith the average velocity of vater and vere 
thus mode~od like a water-soluble constituent. Hovever, the concentra- 
tion of suspended solids in the vater layer could be affected bv parame- 
ters such raparticle settling velocity, sediment suspension velocity, 
and the clapev material erosion rate of the river bed. A schematic 
diagram describing the nodel structure and all the processes mentioned 
above is depicted In Figure 3. 

Governing Equations 

Based on the principle of sass conservation (i.e., mass balance) and 
including all the processes delineated above, the one-dimensional trans- 
port of PCBs may be described by the folloving equations: 
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fdv = 1 c 

1 + Css(kps(1-fcv)+Kpc(tot)l(lO 

vhere 

Cv = PCB concentration in vater 
C s = PCB concentration in sediment 
Cs s = concentration of suspended solids in vater 
CP = PCB concentration in vater from a point source 
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- PCB concentration in sediment from a point source 
= river flow rate 4 
= water discharge from a point source 
= sediment discharge from a point source 
= cross-sectional area of the reach 
= longitudinal distance along the river 
= time 
= average width of the reach 
= vetted qerfmeter of the reach . . = 1==;=3 2: ; ~ e  reach 
= cross-sectional area of the active sediment 
laver within the reach 

= sediment burial rate (related to loss in depth 
of the active sediment laver by penanent burial) 

= porosity of the active sediment layer 
= sediment density 
= average settling velocity of sus=e?led solids 
= benthic diffusion velocity of PCR 
= atmospheric PCB fallout rate 
= PCB benthic release rate (related to loss in 
depth of the active sediment layer by sediment 
resuspension) 

= sediment suspension velocity 
= PCB first-order biodegradation rate at 20°C 
= oxygen reaeration rate 
= reaeration coefficient ratio of PCB 
= fraction of clayey materials in the sediment 
laver 

= fraction of clayey materials in the vater layer 
= PCB partition coefficient for sand 

= PCB partition coefficient for clayey materials 

= mean particle size of the suspended solids 
= kine5atic viscosity of water 
= critical shear velocity of suspended solids 
= probability of resuspension of susoended solids 
= fraction of dissolved PCB in sediment 
= fraction of adsorbed PCB in sediment 
= fraction of dissolved PCB in vater 
= fraction of adsorbed PC3 in vater 
= distributed vater discharne along the reach 
= distributed sedimenc discnarge alcnq the reach 
= erosion rate of the cohesive bed materials - erosion rate constant of the cohesive bed 
mat eriah 

= shear stress of the flows 
= critical shear stress of the cohesive bed . - - . -- - - . - - - 2 - 5  

= bed slope 

(min (m'"p; 
(mi<'> 
(unitless) . 

(unitless) 

(mJvater) 
lq'q sed 
(m'yater) 
10 g sed 

cmZ. (m /hr) 
(a/ hr) 
(unit less) 
(uni tless) 
(unitless) 
( unitless) 
(ugitless) 
(m3/min-rnl 
(m ~edlmin-m) 
(zlm~lrnir~ 
(g/m-/min) 

(fraction) 

Dependent variables Cw, Cs,  aad CSS contained in Ea ( 1 )  through ( 3 )  
are functions of  time and distance. Deseriotions of the terms Included 
in the governing equations are given in Table 17. 



2C:v -Q - Caangr ot PC3 c=ncsnt:aricn with dirtanco 
;x dur to i d v r d o n  

Aunospharic fallout of PC3 

8ent3ic PC3 ralrasrs due to distur2anca o? 
borram sadimrnt . .. 

PC3 incrrasr dua to rasuatulaion cf 
csntaminated sadtnrnt  

PC3 increasrfdacrrasa cur tc PC2 di?~srcr, 
ber.varn water c:lumn an? ;err waio? wltain 
srdimrnt layer 

?C3 inctaasa dur :a ar:sicn c i  c!ryev 
matariais 

PC?, inctaasr dua to point saursa disc5arsa c f  - 
c:maminatrd water 

PC3 incraasa dua ;a ~ o i n t  lcacins sf 
' canumimtsd srdimant 

PC3 deCtaaS8 due to ser;.:ing of  c:niamlnai?c! 
suspen&ed solids 



previously. Although PCB and suspended solids concentrations can be 
.expected t o  vary vithin each segmented reach, only space-averaged concen- 
trations are computed to represent the average concentrations vithin each 
reach. 

6 . 3 . h  Yodel Input 

The inputs to the model can be generally divided into two major 
categories based on their sourzes. Data such as c5annel geometrp, river 
flovs, water temperatures, sebhent charac~erlitics, initial PCB coacen- 
trations in water and sediment, and the magnitude of PCB loadings into 
each of :he ten reaches s e r e  obtaine? irm his=srical recards and the 
results of field samplinn and measurenents conducted For this studv. The 
otaer categorv of input da:a is :hat a;s:ciated vith the coeific=ents or 
parameters of the forrmlas or relationsnips used to describe the 
PCS-related processes in the r t - r ? r  srszan. These values were determined 
either ;hrough:aL calij-- - -  - -  ~r ;5:xgh the review of pertinent 
literature. 

Data from the first cateqorg, which represents the average cmditlon 
of each reach under different flow rates, are listed in Appendix D. 
Values for the folloving parameters, which are from the second cateporv, 
were determined through model calibration: 

(a) Benthic diffusion velocity of PCBs (Dl 
(b) PCB benthic release rate (Rb) 
(c)  Sediment suspension velocity (Rr) 
(d)  Average settling velocity of suspended solids f S )  
(e) Erosion rate constant of the cohesive bed materials ( 5' (f) Critical shear stress of the cohesive bed mattrials (Tc) 

Benthic diffusion velocity is affected by the relative PCB concen- 
trations in watar and sediment and the surface condition of thrlr Inter- 
face. PCB bentbic release rate is priaarilp affected by the actlvity of 
squatic orpanisas and the txrbulence of :he Zlov. Sediment suspension 
veiocitp depends on the size of the sedkezr parzicles, flaw conditions, 
and =he shear forces at the bottom of the channel. Average settling 
velocity of the suspended solids depends on the flow regtne and the size 
cf the ?artLcles. 3 e  er~sion rate conscant and the cri-ical shear 
stress of the cohesive bed materials are functions of clay contenc, 
organic matter content, cation exchange capacity of the clay, sodium 
adsorption ratio, vater auality, and other ?hpsicoc~emi:sl characteris- 
tics of the cohesive materials. The above description indicates chat 
parameters- (D) and (Rb) are directlv relate4 to the concentration of PCqs 
fn the vater, while parameters Rr, S, Eke and Tc are directlv associated .- .I,h - the conconzration s f  susoended sol:cs -ghich, 13 tun, infl-eocns the 
?<3 concenttatisns In water and the distrihrion or' PCBs between vater 
and suspended solids. 

Acceptable values for Rr, S, \, and Tc were developed bv 
sequenciallv nodifping the values and cowarfz~g the measured and simulat- 
ad concentration af  suspended solids La the va:or column of each reach 
until satisfac~ory agreement 
were obtained. Values for D 

between the 
and Rb were 

measured and calculated values 
then estimated in the same 



manner by comparing the measured and calculated PCB concentrations in the 
water and rediment for each individual reach. The calibrated values of 
these parameters for each reach are shovn in Table 18. - 

The sediment burial rate (decrease in de?th of the active sediment 
layer) was estimated based on the PCB core profiles samolqd from the -, 
river. Their values vere found in the range of 1.4 x lo-' to 4.0 x 10 
mlmin in the Kalamazoo River system. Volume fractions of sediment in the 
sediment layer vere also obtained from t e fiefd sampling resuits. Their 9 associated ranFe was from 0.33 to 0.65 m sed/m . Atmospheric PCB fallout 
rate was determined by using the atmospheric ?CB flux to Lake Xichigan 
prcf6nted25v Doskev and Andren (19811. The calculat~d v?+ge wa2 2 . 2  r 
10 g/m -min. An average PCB fallcut rate sf 1.5 x 10 g / m  -min was 
also re?orted by Nelson et al. (1972) for Ncrth America. X mechod 
proposed by Smith et al. (1979, 1980) was used to estimate the volatil- 
ization of PCBs from :he surface of the river. Rev indicated that the 
PCB volatilization rate constant can be represented bv the ?toduct of the 
oxygen reaeration rate and the reaeration coefficient ratio for PCBs. 
The oxygen reaeration rate constant for the Kalamazoo River vas 
determined by using the relationship presented by Sennett and Rathbur -- 
(1972). The calculated valu~~of t!~ oxygen reaeration rate for the Q 

. -- 
Kalamazoo 3iver was 9.8 x 10 min . The value of the reaeration 
coefficient ratio for PCB uas calculated to 5e 0.33. This value was -*$%++ 
deternined based on the chlorine content of each PCB isomer and the 
percentage of the isomers sanpled in the Kalamazoo 2iver bx4Nartil(198L). 
The resultant PCB volatilization rote constant is 3.3 x 10 min- . In 
equatiou (lo), the probability of resuspension of suspended solids is a 
function of the kinematic vtscoaity of wate5 and the wan6particle size 
of the suspended solids. Values of 0 .OO5 m /hr and 4x10 meters vere 
selected to represent the average kinematic viscosity and mean particle 
size, respectively. 

aiodegradation of PCBs is greatly dependent on the chlorine content 
of chlorine number of the isomers, location of the chlorine substitution 
on the rings, species and concentration of microorxanisms involved, and 
the total organic carbon content of the environment. Griffin and Chian 
(1980) investigated the biodegradation of water soluble PCBs by soil 
microorganisms. Their results indicatra that the biodeqradation rates 
for PCB isomers vith a chlorlne number greater than three were relatively 
low, sometimes unmeasureable. Field sampling results reported by Marti 
(1984) indicated that most PCB isomers in the Kalamazov River have 
chlorine numbers greater than tbree. Therefore, the PCB first-order 
biodegradation rate vas set to zero in this study. Use of the zero value 
to represent the 5iodegradation of PC3s in the river sys:em is further 
justified because the biodenraaatfon rate of PCBs is also concentzation 
dependent, and the concentrations of "3s and aicroorganisms in the 
Kalamazoo 3i-yer spscem are prnerallp Lov comoared with laboratory 
conditions. 

The sorption of PCBs on sediment materials has bee2 stlldied by manv 
investigators, such as Steen, et al. (1978); Karickhoff et al. (1979); 
0' Connor and Connolly (1980) ; and Xarti (1984). Field sampling results 
reported by Marti (1986) indicated that a representative partftion 
coefficient for total PCBs i b  the Kalamazoo River is 2.8 x 10 , which is 
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the largese value in comparison vith the other publifhed data. Tte range A 

of published PCB partition coefficients vas 3.4 x 10 to 2.8 x 10 . The 
low value vas adopted to represent the partition coefficient of sand, and 
ths high value was used for clayey materials in this study. 

The point sediment loading rate within each reach vas evaluated 
based on the measured concentration of suspended solids and the river 
discharge, as vell as the estimated sediment area to total drainage area 
ratio. The estimated increases of suspended solids vere determined by 
using the measured monthly average suspended solids concentration and the 
average flow for the reaches vere calculated from the averape monthly 
values. The net annual increase in the mass of suspended soiids wi:hin 
each reach was then determined bv subtracting the upstream inflow of 
suspended solids from the total mass contained in the reach of interest. 

Sediment area to total drainage area ratios vere estimated by using 
the USGS quadrangle maps of the Kalamazoo River. The net annual increas- 
es of suspended solids vere then multiplied by the estimated sediment 
area to total drainage area ratio, resulting in the estimated point 
sediment loading rate within the reaches. The average PCB concentration 
for the point sediment loading vas determined from the surface sediment 
data. Values of the parameters associated -ith this estimation methodol- 
ogy are listed in Table 19. 

The complete set of daza resulting from historical records, field 
measurements, the literature review, and model calibration, along vith a 
listing of input variables for the program, is presented in Appendix D. 
The simulated results under the input data presented arc considered to 
represent the long-term distribution of PCBs in the Kalamazoo River 
wfthout imposing anv rernedial actions (i.e., under the no-action alterna- 
tive). Simulation of the possible response of PCBs in this river system 
under the proposed remedial action alternatives =as then achieved through 
the alteration of the appropriate model input to represent the type of 
action taken. The results of model simulation under the no-action 
alternative and the other remedial strategies are described in Section 
6.5. 

6.3.5 Model Calibration and Veri f ication 

The river system was seqented into ten reaches, in which the mean 
concentrations of PCSs are the primary concern. The river segmentation 
vas based on considerations such as location of dams, ooint sources, 
r:7er tributaries, existence of major sechent storage areas, an& ootcn- 
tial future remeaid actions. Descriptions of the reacnes vere presen:ed 
i3 Section 6.1. 

Averaged data describing the mean channel geometry, flow condir,ions, 
and PCB concentrations vas compiled for each reach. This set of data was 
split into :.TO dlfierent subsets. Subsec 1 contains the data far the 
months of January to June, and Subset 2 includes the data.for July 
chrougn Decaaher. Data frsm subset I was used to calibrate the model 
until the assumed values of the model parameters vere within a reasonable 
range and the observed concentrations of PCBs and suspended solids in the 8 
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Reach 

Upstrsam inflow 
(as) 

Flow within the 
:aacb (cfs) 

Upstream inflow 
suspended solids 
(m9/l) . 
Suspended solids 
within tflo ream 
(mg/l) 

Ratio: Sediment Area 
to Total Drainage 
Aroa (%) 

Point sediment 
loading (g/min) 

Averaga PC3 
concentration 
( P P ~ )  

100% sediment loading was assumed due tc t3e strong seaiment :esus=ension 
I acJv~ty of carps. 



water Vera satisfactorily reproduced bv the model results. The 
parameters that were calibrated included: I 
0 - Benthic diffusion velocity of PCB (D) 
' PCB benthic release rate (Rb) 
O Sediment suspension velocity (decrease in depth of the active 

I 
sediment layer) (Rr) 
Average settling velocity of suspended solids (S) 
Erosion rase constant of the cohesive bed materials (Ek) 
Critical shear stress of the cohesive bed materials (Tc) 

The model results from the ffnal calibration run are compared to 
Field observations in Table 20. As can be observed, an excellent fit was 

I 
obtained. 

The data of Subset 2 were then used to verify the perfornance of tSe 
aodel after it was calibrated. The comparison of the simulated and 
'measured data resulting from model verification is listed in Table 2 1 .  
Again, an excellent fit is ~btained, ?articularly for PCBs in the water 
column that is of critical importance to the prediction or' PCB 
concentrations in fish. 

This model is a steady-state, water-quality-oriented model. In other 
words, it is only applicable to those alternatives that can change the 
strength of sources of PCBs or mass loading of PCBs rather than those 
that change the reaction kinetics or mechanism of the processes occurring 
in the river system. The model was calibrated based on the data base 
representing the current conditions; the reaction kinetics are not being 
modeled. In order to extend the model capability, this model would have 
to be either calibrated by the use of other data bases representing 
future environmental conditions, or modified to include more detailed 
representations of the mechanisms. ;ihen the current model ts applied for 
the evaluation of alternatives, the values of the six calibrated model 
parameters will be held constant. 

The data set that was used to calibrate and verify the model repre- 
sents the existing average condition of the river environment. It does 
not represent the situation that will occur after an extended period of 
time, which is the basis of steady-state, long-term simulation. The PCB 
concentration in the sediments is expected to decrease with time as long 
as the PCB inflow sources have been terminated. In other words, the 
existing PCB conceatration in the sediment does not represrnt the ulti- 
mate stea6y-state condition for the Kahnazoo River. '&en the model was 
being calibrzted, the governing equation used to descrfbe the PCB ex- 
channe between vatcr and sediment should not have Seen a steadv-state 
equation. l?e exis:lng exchange prxesses are not under steady-state, 
and the existing PCB concentrations in the water and sediment do not 
represent the lmg-term, steady-state condition. Therefore, a 
semi-steady-stace version of the model was developed in which the river 
flow and upstream PC3 sources were assumed to be steady and not to varp 
wizh time, whereas the PCB exchange processes between vater and sediment 
were assumed to be time dependent. The extent of the exchange processes 
occurring between water and sediment was related to the travel time of 
the flow through each reach. Calibration of a model in this manner can 
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Numb.r S o u m  - ~ P W I  rpeg) (PO w 

'S = Oata trcm MCNR Sarflples (duly-3ecanoer) 
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result in parameter values that more accurately represent the magnitude 
of PCB exchange betveen vater and sediment under current field condi- 
tiona. mu results of the model verification shown on Table 22 denon- 
strate that the calibrated model does simulate the existing condition in 
a yell-behaved manner. 

I n  order to prove that the current situation does not tepreseat a 
true steady-state condition, the complete steadp-state version of the 
model was subsequently run using the folloving data as inputs: current 
PCB inflov at the headwater, the existing PCB concentration :a the ' 

sediment, and the model parameter values determined from the model 
calibration. The simulated long-term, steady-state results are shown in 
Table 22. The results indicate that the steady-state PCB concentration 
in the sediment will be close to the "clean" level. However, cbe ?CE 
concentrations in the water, even though lower than the current level, 
d l 1  not be complete eliminated because of the constant PCB influent at 
the headwaters. The developed model is a steady-state model; ths, the 
use of the model to predict the time needed to approach this s = a a : r - s t z : ~  
level is impossible. 

Sensitivity Analysis of Model Parameters 

The PCB transport model developed in this study is a processes 
controlled model. That is, the P C 3  concentrations in the water a ~ d  
sediment are predominantly affected by several, relatively independent 
physical processes in the river system. This can be seen from the 
constituent terms in the governing +quatims of this model. There are a 
number of processes involving the use of reaction rate constants or 
specified process parameters. Values of these parameters or constants 
are not readily available either f r m  laboratorp or field measurements, 
or from published literature. In addition, several parameters, such as 
?"=9 benthic release rate and benthic diffusion velocity, are hiqhi.7 site 
specific. Appropriate values of these parameters or constants are 
determined through model calibracion based on the measured data. In 
order to verifp the values detemined for the model parameters, a secccd 
independent set of data is usuallp applied to verify or validate the 
performance of the calibrated model. The procedures of aoael calibracion 
and verification, and their associated results can be found in Section 
6.3.5. The objectives of sensitivity analysis are to evaluate the 
napitude of the Izpact caused bv 3n alteration of various model parame- 
ter values and to detedne the aceuracv needed for the input data of the 
model. The percent error in the model output that would be caused by 
inaccuracies in the calibrated model parameters can thus be evaluated 
:Srougb r sensitivity analysis. 

A sensitivity analvsi5, involvinq a series of =ode1 runs, was 
?erformed t a  eval~ate :>e effscz zf naramez2r changes on simulation 
results. Rased on the emerience obtained from the initial calibration 
of this model and :he understandizq of the theoy underlvim the model, 
the following model parameters or inputs were selected for sensitivitv 
analysis : 

Settling velocity of suspended solids (S) 
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16.0 
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10.0 

17.2 
1 7 6  

15.3 
13.8 
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2% in Water 
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in Sediment 

Current condition 
Predicted steady-state results undar currant canditian of PC9 sources  



PCB benthic release rate (Rb) 
Sadbent suspension velocity (Rr) 
Benthic diffusion velocity of PCB (Dl 
Sediment burial velocity (B) 
Critical shear stress for the cohesive bed materials (Tc) 
Erosion rate conszant of the cohesive bed materials (\) 
Sediment density (p) 
Hean particle size of the suspended solids (D ) 5 0 

The measured/calibrated values of these parameters served as the 
baseline for this analysis. Several model runs were performed for each 
parameter vfth values greater than, and less than, the calibrated value. 
As one parameter was chariged, all others vere ke?t c~stant. X change in 
simulation results obtained from a change in the parameter vaiue indicat- 
ed the sansitivity of the model to the specific ?arameter. The results 
of this analysis are shown in Figures 4 through 12. The figures demon- 
strate the effects of parameter changes on the loading rates of PCBs and 
suspended solids in the vater, and the total mass of PCBs contained in 
the active sediment laver. The sensitivity results are displayed in 
tenns of percent parameter change versus the resulting percent change in 
ioading rate of PCB and suspended solids in the vater, and total mass of 
PCBs in the sediment. The slopes of the curves indicate the relative 
sensitivity of the parameter; i.e., the steeper the slope, the more 
sensitive the corresponding parameters. 

Through this ~ e n s i t i ~ t y  analysis, parameters such as settling 
velocity of suspended solids, sediment suspension velocity, and benthic 
release rate vere found to have a direct effect on the PCB loading in the 
water. Hovever, even a 100 percent increase or decrease in those parame- 
ters vas found to cause less than a few tercent change in the .?CB loading 
in the vater (vith the exception of a 20 percent change associated vith 
settling velccity). The relative insensitivitp of PC3 concentration in 
vater to the assumed values of model paramerars is important, since vater 
concentration is used in estimating the resultant levels of PCBs in fish. 

Parameters such as sedisenc burlai rate, settling veloci::~ cr' 
suspended solids, benthic diffusion velocity of PCBs, benthic release- 
rate of PCBs, critical shear stress for the cohesive bed materials, and 
sediment suspension velocity have significant impact on the total mass of 
PC3s in the active sediment layer. Parameters such as density of sedi- 
ment, sediment suspension velocity, critical shear stress and erosion 
rate constant for the cohesive bed materials, and the settling velocitv 
of suspended solids have a great effect on :he loading of suspended 
solids in the vater. Effects from the mean particle size of suspende4 
solids are relatively mall compared vith the aforementioned parameters. 

A sensifiv~:;~ analysis was also c=nductcd to deternine the errat or 
uncertainty of the simulated PCB concentrations for the Kalamazoo River 

. c7ndl:lms. U p d e l  imuts i z c l v ~ d i - + n  ?ke ~ 5 t h  respec= to assumed r2'--- 
values of model ?arameters/coeificlen~~, heaavater discnarge, and sources 
of ?CB loadings vere alrered vithln reasonable limits so.that the associ- 
ated range of uncertainty of the simulated PCB concozt:stlccc c2uiJ 5 e  
assessed. The model inputs contained in this analysis vere: 
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Upstream boundary PCB loading 
Dissolved PCB point discharge 
Upstream flow 
Upstream boundarr suspended solids loading 
P C 3  contaminated ?oint sedine3t discharge 
Sediment burial rate 
Sediment suspension velocity 
Benthic diffusion velocity 
Solids seczling velocity 
P C 3  benthic release rate 
PCB first-order biodegradation rate 
P C 3  partition coefficients 
Erosion rate conszant of tke conesive clayev saterials 
Critical shear stress of the conesive clayev materiais 

Cc~side~~cizn vas given to the reasonabie ranges for these inputs in 
the fieid situation. The first-order biodegradqtion rate constant was 
altered from the calibrated 0 min-' to 1-0 min-' for this sensitivity 
analysis. 3issol-red and sediment PCB loadings were varied ftom -100% to 
+1002. The remaining model input parameters shown above were changed 
from -50% to +50I. The simulated long-tern, steady-state PCB 
concentrations based on the calibrated/measured input were used as the 
baseline condition. The magnitude of errors (i.e., the uncertaintv 
range) of the simulated P C 3  concentrations owing to the above changes in 
model inputs is presented in Figures 13 and 14. 

Results of this analysis indicate that P C 3  loadings have a large 
impact on P C 3  concentrations in the Kalamazoo River, with the upstream v 

PCB loading showing the most direct and significant effects; that is, 
large errors in the estimation of the strength 2:  ?C3 sources would 
induce high uncertaint? in the simulation results. Therefore, the 
identification of PC3 sources and the detemization of source strength 
should 3e emphasized during any future study, 

The sediment burial rate, sediment suspension velocity, suspended 
solids settling velocity, and P C 3  ?artition coefficients are the model 
inputs that appear to have a smaller, yet measurable, impact on the 
simulated results. Sediment burlal rates used in this nodeling study 
were es:inated based on the P C 3  czr2 lrafiles sampled from the river. 
Xddltfonal core ?rofllzs snouid be able io improve the accxracy of this 
input data. AltSou~n partition caeificients used in this studv were 
obtal2ed from Ilcerat~~re reviev, t h e  high-range 2r.d low-range V~alues we?= 

. . indi-:lace--v sel-::zd :o re?resent :he parC5tion of P C 3 s  for clavev 
materials and szzas. Their use was considered appropriate and reason- 
able. Values of the tvo velocity parameters were determined 15rouan 
model cali3ration. The validity of these vaiues to re?resenc :he exist- 
ing condition can be ascertained ftom the p o d  agretnent betwe~n the 
sinulated and neasured sus~ended solids conctncrati~ns in the river. 

In general, the results of this sensitivity analysis indicate the 
relative importance of each paramecer in the nodel. If the model is to 

0 - -  

be applied for accnrate auanticati-re ?rediction, rather than for its 
current use in evaluating the relative effecriveness of remedial a1:erna- 
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tives, more investigative research or field data collection efforts will 
be necessary to refine the values of the highly sensitive parameters. 

Uethods of Deteninino PC3 Concentration in Fish 

The Level of PCBs renaining in fish tissue results from PCB intake 
from external sources and the metabolic mechanisms of the fish. Direct 
PCB uptake from the water column and bioaccumulation through the food 
chain are considered to be the dominant sources of PCBs for fish. There- 
fore, the amount of PCB uptake by fish is dependent on PCB concentrations 
in the vater column and in the prev organisms, and thus indirectly in the 
sedisents. It also depelds upon the feeding habits and metabolic activi- 
ty of the fish. Yore specifically, the uptake of PCBs depends on the 
feeding rate of the fish, the transfer rate of PCSs across the gill 
surface, the species and veight/aqe of the fish, and the PCB concentra- 
tions in the vater and food sources. The amount of PCBs retained in the 
fish tissue is affected by the assimilation efficiencies of the fish, the 
metabolic pathvays, and the respective excretion rates for PC%. This 
demonstrates the potential analytical complexity when one attempts to 
comprehensively model the PCB concentration in various fish species. 

Tfie application of the concept of ?arritioning and the development 
of food-chain models are the approaches most frequently used to deternine 
PCB concentration in fish. PCB partitioning ber~een vater and fish is 
represented by the magnitude of a partition coefficient describing the 
relative distribution of PCBs between the fish and the water under 
eauili5rium conditions. The concept of partitioning has long been used 
and was emphasized in tfie environmental modelinu by Xackay and Paterson 
(1981, 1982). The ?artition coeilicimt empiricallp combines ali of the 
effects resultinn f r d  xmerous processes and facrors, and indirectly 
accounts for the magnitude of mass flow and the resultant distribution of 
contaminan? between the compartsents in the system of interest. The 
drawback of this aoproach is that it does not include the detailed 
description of the processes in the system, and thus it is impossible to 
evaluate the relationships of the processes associated vi:h a ?articular 
environmental compartsenr. In cases where the evaluation of the relative 
mapirude of the processes affecting the final contaminant distribution 
betveen the compartsents of the systerp is imperative, the partitioninq 
approack vould not be recmended. 

It is known that ?C3s can be transferred into the top predators 
(i.e., the fish) through either PCB uotake directly from vater or ?C3 
accumulation throueh cmtaminated food sources. The relative importance 
of :hese tvo nechanism varies depeadinq on the environmental conditions 
and :he relative lscatlon of tfie ?redators on the trophic levels. N e e l v  . ,. a: a:. i ;9; i ) ,  See-p  - ! - a ' ,  and Ksnaga (1380) re?or=+a :xac ;?e zasl3un 
contaminant concentration in fish can be estimated vithout considering 
the accumuiation by the food-chain process. Both :he concept of the - - partition coerricient or the simole model of direct uptake from the vater 
were suggested by these imestigators. Similar conclusions were also 
?ublished 3y Sc-~ra szd Theilacher (19777 .  

The need to include an ecological food-chain concept to determine 
the contaminant concentration in the biomass has been investigated to 



d i f f e r e n t  e x t e n t s  bp the  f o l l o v i n p  a u t h o r s :  G i l l e t t  e t  a l .  (1974) ;  H i l l  
e t  a l .  (1968) ;  L a s s i t e r  e t  a l .  ( 1976) ;  Haefner  and G i l l e t t  ( !9761;  
Yorstrom e t  a l .  (1976) ;  and Thomann (1981) .  According  t o  t h e  caca  
a n a l y s i s  r e p o r t e d  by Thomann and Connolly (1984) ,  PC3 c m c e n t r a t s o n  i n  
the  biomass i n c r e a s e s  a s  one p roceeds  up t h e  food c h i n  t o  t h e  :=? 
p r e d a t o r s .  For examole, l a k e  t r o u t  PC3 c o n c e n t r a t L o n s  v e r e  found ts be 
t h e  h i g h e s t  of  t h e  top  p r e d a t o r s .  These a u t h o r s  g e n e r a l l y  f a v o r  t h e  use  
of  food-chain modeling t o  d e t e r s i n e  t h e  PC3 c o n c e n t r a t i o n  i n  f i s h  r a t h e r  
than  adop t ing  t h e  p a r r i t i o n  c o e i f i c i z n c  concep t .  

A s  i n d i c a t e d  p r e v i o u s l y ,  t h e  conce?t of p a r t i t i o n i n g  i s  a  s imule  and 
u s e f u l  approach,  e s p e c i a l l y  when t h e  ecosystem is  assumed t o  be  i n  an 
e q u i l i 3 r a t e d ,  s t e a d y - s t a t e  c o n d i c i o n  acd t h e  d a t a  a v a i l a b i l i t y  5 s  I lmic-  
ed .  Food-chain n c d e l s  u s u a l l y  g r o v i d e  a n o r e  d e t a l l o d  s i m u l a t i o n  of t he  
PC3 sass d i s t r i b u t i o n  w i t h i n  t h e  t r o p h x  I c v e l s  of t h e  ecosvszem,; kowev- 
e r ,  :he i r  u s e  i s  h i g h l y  dependent  on t h e  q u a l i t y  and a v a i l a b i l i t y  of t h e  
measured d a t a .  The r eason  is  t h a t  t h e r e  a r e  a  number of model ?arame- 
t e r s ,  such a s  PC3 uptake r a t e ,  e x c r e t i o n  r a t e ,  f e e d i n g  r a t e ,  and a s s imi -  
l a t i o n  e f f i c i e n c y ,  t h a t  a r e  h i g h l y  s i t e - ,  aqe-, and s p e c i e s - s p e c i f i c .  
The d e t e m i n a t i o n  of a p p r o p r i a t e  v a l u e s  i n  o r d e r  t o  p r t - ~ i d e  a d e m a t e  
model accu racy  r e l i e s  on a g r e a t  d e a l  of samuled d a t a .  TSe d e c i s i o n  t o  
use  a  food-chain model i s  a l s o  dependent  on t h e  o b ' e c t f v e  of t h e  s t u d v .  
Thomann (198L) s:ated, "The i s s u e  of whether  a  s b z l e  c a l c ~ l a t i o n  of 
uptake  of a  c h e n i c a l  d i r e c t l y  from :he v a t e r  i s  s u l f L c i e n t ,  r e l a t e s  t o  
t h e  degree  t o  which such a c a l c u l a t i o n  would a c t u a l l y  reproduce  observed  
f i e i d  d a t a  f o r  i n p o r t a n t  s p e c i e s  such a s  t h e  Lake T r o u t .  I f  such a  
c a I c x l a t i o n  does  account  f o r  t h e  observed  d a t a  i n  t h e  f i e l d ,  t hen  t h e r e  
is no need f s r  a  model t h a t  i n c l u d e s  a food c h a i n  component. I f  a  s imp le  
p a r t i t i o n i n g  c a l c u l a t i o n  f a i l s  t o  ro?rcduce  t k e  a h s e n e 3  d z t a ,  :Sen tSe  
p r i n c i p a l  f e a t u r e  of t h e  food c h a i n  must be  F x l s c e d . "  

The p a r t i t i o n i n g  c o e f f i c i e n t  concegt  was s e l e c t e d  f o r  t h i s  i e a s i b i l -  
i t y  s tudy  f o r  t h e  f  o i i o w i : ~  r e a s o n s  : 

0 Thcmann (1981) re?orced  t h a t  t h e  uoper bound of  t h e  PC3 p a r z l t i o n  
c o e t f i c i e n t  d e t e r s i n e d  from f i s n  s a n u i i n g  i n  L a ~ e  X c h i ~ a n  I s  abouc 
one o r d e r  of magnitude g r e a t e r  t h a n  t h a t  d e t e r s i n e d  from l a b o r a t o r ?  
s tuc i ies  i n  which f i s n  accumulated PCSs d i r e c t l y  from v a t e r  on lv .  - ~ S c m a n n ' s  p r e l r r e r c e  f o r  food-chain x d e l s  would ,  t h e r e f o r e ,  5e  
e a s i l y  j u s t i f i e d .  iiowever, t h e  par t i : ion  c o e f f i c i e n t  de termined 
'-3rn - - samole d a t a  i3 :he Kalamz=co R ive r  i s  a o p r o x i n a t e l v  i d e r t i c a l  

- -; --: - . - . , ?  - L F - ; 7 * f  =-- - - 
. .- - _ . . - - -m .- - -:c;-+Srxg?. zaxtr'l7:n s x d v  ,'?ti:j t z 

a l .  1979) .  Th15 s i t u a t i o n  FndLcates t h a t  t h e  s imp le  ?art i :Lon 
c 3 e f f i c i e n t  c a l s u i a t i o n  can  be used :3 r ep roduce  the  Kalanazso Ri7er  
f i e l d  d a t a  v i chou t  r e s o r t i n g  t o  a  food-chain a o d e l .  I n  o t h e r  wor?s.  
:he food-chain ac=-~;lulz:i:r e5Z.c: does  2 c t  appea: :a i e  a s  s i g 2 i i i -  
c a n t  i n  t h e  Kalamazoo R i v e r  a s  i t  i s  i n  o t h e r  n a t u r a l  v a t e r  bod ie s .  

. - -  - <  . . - -  - . _ 4 b _ _ . C  - . . . - - . - - -  .a  Ziver  u a s  
- .  m, 

~ s t = m i n e d  :r:c i-=-c : ~ s n - s ~ m p ~ l ~ g  d a t z .  - z e r s f ; r e ,  :?.< ?73 
-.-- p - - n t r a = l - -  5 . - - -  - -  . . - -..ec. :-A :-.e f t s h  t i s s u e  LxnerentTv accounted f o r  
:ne act- mul la tea ?Gas resuit:ng from t h e  food c h a i n  i n  a d d i t i o n  t o  
t h a t  r e s u l t i a e  from d i r e c t  uptake  fr3m v a t e r .  A s  long  a s  t h i s  f l e l d  - - 
?arti:.'.on coe:zicient  i s  u s e i ,  i n s r e a d  of l a b o r a t o r : * - d e c e ~ i n e d  



values, the effect of food-chain processes should be adeauately 
accounted for. 

* - The physical-chemical model developed far this study is a 
steady-stace nodel. Although cSe remedial aczions mav temorarilv 
disrupt the curreat ecosystem in the river, a similar ecoloefcal 
environment will eventually develop under long-term, sreadg-state 
conditions. Therefore, the combined use of the simulated PCB 
concentrations in water under steady-state conditions, with the 
partition coefficient determined f tm the existing ecospstea, should 
satisfactorily simulate future PCB concentrations in the fish of the 
Kalamazoo River. 

0 TSe existing data from the Kalamazoo Tiver are no: sufficient to 
support the use of a steady-srats food-chain aodel. r 

The partition coefficients for the Kalamazoo River were derived 
after comparison of the water PCB concentrations to the fish PC9 
concentrations at each location where comparable data existed (Table 2 3 ) .  
There were six locations where this data was available - Mortow Pond, 
Portage Creek, Yosel Avenue, Plainvell Dz- ,dovnstream), Lake Allegan, 

1 and Saugacuck. All locations exce?t Wosel Avenue had data for both 19P5 
and ! 986. 

Partition coefficienrs were calculated for each location. There xas 
a large discrepancy in partition coefficients by iocation. The reason 
for this discrepancy may be due to differing environmental conditions at 
each location. Morrow Pond and Lake Allegan are impoundments, while the 
Portage Creek, Xosel Avenue and Plainwell Dam sites are riverfne, with 
Saupatuck a mixture of riverine/lake with access to Lake Flchigan. In 
addition to these differences, the fish at the Portage Creek, "csel 
Avenue, Plaizwell Dam and Lake Allegan locattons are highly stressed due 
to aoor environmental conditions. 3 e  biological communitL+s at these 
locations are reflective of poor stream quaiitp conairions. 

The presence of body fat in the laboratory analysis appears 
reflective of these differing environmental conditions. As discussed in 
Secrion 6 . 2 . 5 ,  car? in different sections of the river were exhi5itLnq 
sigaizicantly different lev:-1s of fat. The carp at Saupatuck were 
c3nsistentlp Patzer znd visually obserred to be larger than the other 
fish collected. ?'he :a- st Portage Creek and Lake rillegan had less fat 
and were visually smaller than the other locations. 3ese results aie 
l i k s l ; ~  due ta :he diifere-t emirsrmental conditions Dreser: - at 
Saugat-~ck, water quality Jas ~ood, while at :he Portant Creek and Lake 
ALegan locati:ns, vat== qualicp uas ?oar. 

In 1988, the 9 N R  collected a large number (81) of car? from Lake 
Alle~sn icr ?C3 anal-lsis !Cr.-al, !Oe:'. ?,e ?uqose g f  'rt?:s coll=ction 
.-- .as z s  csfize the  :clrr:~nshi?s jet-~ecn f i s h  size, q e ,  far zmtszr and 
PCB concentration. Strong Liaear relatiocsni?~ were found k~etzeen length 
and wei3nt (R' = 0.96), and fat and PCB (R' = 0.80). No relationship was 
found between size and PCP or size and fat a t  this location. 



TABLE 23 
ESTIMATED PARTITION COEFFICIENTS 

WATER P C ~  CARP PCB BASS PCB PARTITION 
LOCATION YEAR CONCENTRATiON CONCENTRATION CONCENTRATION COEFFICIENT 

(?PM (?PM) ( PPM) CARP 3ASS 
( f a t  no rna l  i zed) ( f a t  normal i zed) 

MORROW POND 1985 

1986 

PORTAGE CREEK 1985 

PLAINWELL DAM 1985 

1986 

LAKE ALLEGAN 1985 

1986 



The relationship between PCB concentration and fat content is 
expected since PCBs are lipophillic. Fat content in the fish also 
appears to reflect and be responsive to differing environmental 
conditions in the study area. Therefore, a nomalitation o f  che PCB data 
OF a unit fat basis was persuea. For each location, the fish PC3 
concentration was divided by the fish fat concentration to obtain a "fat 
normalized fish PCB concentration". The result for each location was 
compared to the mean water concentration. When multiple years were 
available, a mean vas determined for each location. 

The resultant relationship is shown in Figure 15. A strong linear 
relationship ( R ~  = 0.80) betveen water concentration and fat norsalized 
fish PCB concentration was found. This indicates that water 
concentration can be used :o predict fish PCB concentrations vnen 
environmental conditions are factored in bv normalizing the fish PCB 
concentrations on a unit fat basis. Therefore, the relationshi? shown in 
Figure 15 (fat norsalized fish PC3 concentration (ppm) = 0.0277 water PCB 
concentration (ng/l) will be used to predict fish PCB concentrations and 
evaluate the relative effectiveness of varfous reaedial actions. In 
order to convert back to absolute PC9 values, the fat normalized PC3 
values were multiplied by the mean fat level found in the i 3 ~ 2 - 8 6  Xorrow 
Pond fish. These values are considered te?resentative of conditions 
after vattr quality is restored in the Kalamazoo River and Portage Creek. 
The fat values used for carp and bass were 1.01 and 0.83, respectively. 

6.3.8 Summary of the Model Attributes 

In order to study the transport of PC3s in the Kalamazoo River and 
to estimate the magnitude of PCB concentration in the fishes of the river 
under varlous remedial action alternatives, a mathematical modeling 
approach has been selected. Considering the availabilit7 a d  quality of 
the existinq data base, and the objectives of this study, the Katamazoc 
River was conceptually sinplified into a one-dimensional system. The 
assumed river spsteln was segmented into 10 reaches in which the river 
characteristics were assumed to be unifon and different reaedial actions 
were to be potentially applied. A one-dimensional steadp-state 
aathenatical model was, therefore, developed and used to simulate chis 
simplified river svstea for the evaluation of the long-tern distribution 
of PCBs in water and fish after the applicati~n of remedial alternatives. 

The PCB :=ansport equation vas developec to include both the major 
mechanisms aifectine the movement of PCBs within the river and the other 
important 2rncesses associated with sources and sinks of PCPs in the 
-'-~er A ecosyszm. These aechanlsss yere cmbin?d into :+e governing 
equations for :he ccnce?tualized river svstem based on the princizlc of 
mass conservation. Advect=on is the only mechanism contained in the ' 

govening equation that influences the longitudinal transporr of PCBs in 
water. The sechanism of dispersion was not inclvded because of the 
assum~tion of uniforn PC3 concentration distribution and the relat!velv 
uniforn river flow within each reach. The other arocesses affecting the 
sources and sicks of PC3s fnc lude atmosph,eric ?C3 influx, rolatf lization 
of PCBs, benthic release, settlinn of suspended solids, benthic diffu- 
sion, resuspension of contaminated bottom sediment, pernanent burial 



Figure 15. Kalamazoo River.1985-86 
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biodegradation of PCB, and point loadings of contaminated vater and 
sediaent . 

These mechanisms vere included based on the state-of-the-art and the 
current understanding concerning the transport and fate of PC& in the 
river system. The rtver ecosvstea was aivliied into :wo major 
compartments--the water column and :he active sediinent laver. Governing 
equations for each individual compartnsnt vere derived based on the 
assumptions and principles mentioned above to represent the transport and 
fate of PCBs within each reach of the river ecosystem. The model alqo- 
rithms vere established by incorporating the governing equations with the 
simplified spatial design of the river systen. Gcverning equations for 
the ?C3 conce2tratio~s within each =ontroi .rclume were solved by a 
f ourth-order Runge-Kutta method. Calc~laced cmcentrations were averaged 
for all control volumes located viihin each reqective reach to deternine 
the corresponding unif o m  PCB concentration within that reach. 

The governing equations vere simplified by neglecting the time 
differentiation terss before being incorporated into the model algo- 
rithms. As a result, the developed model can only simulate the 
eteadp-state equilibrated PCB distribution vithin the ecosystem of the 
river under long-term conditions. The consequent inabilit~ of the model 
to simlatc the dynamic variation of "'3 cmcentration with tlme is the 
sost obvious disadvantage of this nodei. In addition, sediment transport 
associated with bed materials was not included in this modeling effort 
because the rnovement of bed materials is flov and cfne-de?endent. The 
assumption of a stapant sedime2t laver at che bottom of the river 
iqlies that the active sediment laver oczs onlv as one of the 
sour:es/sinks for PC3s in the river systcm. 3 e  PC3 concentration of the 
sedlnent laver is only a function of ?C3 diffusion and release rates 
betveen water and sediment, as well as the suspension and settling of 
sediment and susoended solids. The effect of horizontal sediment mve-  
ment and the change of deoth of the ac:l-;e sedinent 'aver 75th flow were 
both neglected. This assumption is valid vhen :he movernent of bed . 

material is slow and the flov is steady. 

I3 general, modelin3 studies can sene several pur?eses, iacludinp 
the follov',ng: 

(1) Senin3 as an analytical cool to ?redict future conditions if the 
tsisting svscem is lel; unal:crcd (i.e., the no-accion scenario). 

2 )  Retzacinp ar re~roducinq possible his~srical conditions. 

( 3 )  P~ovillng a convenient, hands-on aesiqn :sol. 

(I) Compar:nq :he relative ef f activeness of management accivi ties, or 
the possibit responses due ta aoaifications of the system of 
conce3. 

( 3 )  Seplacing the real ?hysical svszca with 
ized version, vnich :an be conce?tuallv sanipulated. 



( 6 )  Helping t o  unde r s t and  t h e  p r o p e r t i e s  o f  t he  p h y s i c a l  sys tem and t h u s  
t o  i d e n t i f y  c r i t i c a l  d a t a  needs. 

The model developed f o r  t h i s  f e a s i b i l i t v  s tudv was des igned  pr'narl- 
lp t o  s a t i s f y  pur?oses  (1) and ( L ) .  The model can a l s o  s e r v e  t o  p a r z l a l -  
l y  s a t i s f y  pu-ose ( 6 ) .  I t  h a s  been simplified t o  approximate t h e  f i e l d  
c o n d i t i o n s  by t h e  use  of a p p r o p r i a t e l y  s e l e c t e d  assumpt ions ,  as  d i s c u s s e d  
i n  p rev ious  s e c t i o n s .  I f  t h o s e  assumpt ions  a r e  e v e n t u a l l y  found t o  be  
i n v a l i d  f s r  t h e . e r l s t i n g  o r  f u t u r e  c 3 n d i t i o n s ,  t h e  model c o n c e p t s  should  
be  reexamined o r  updated .  I n  a d d i t i o n ,  i t  is known t h a t  good f i e l d  d a t a  
is one of t h e  t m ~ o r t a n t  f a c t o r s  a f f e c t i n g  t h e  s u c c e s s f u l  development and 
a p p l i c a t i o n  of  a  model ,  e s p e c i a l l y  f o r  p r e d i c t i v e  p u n o s e s .  T h e r e f o r e ,  
i f  more d e t a i l e d  d e s i g n  o I  t he  remedial  a l czn la t i - r e s  i s  ? r o i e c t e d ,  t h e  
development of an  u n s t e a d y - s t a t e  model and'or f u r t h e r  f i e l d  i n v e s r l g a -  
t i o n s  s a g  be  n e c e s s a r y .  

6 . 3 . 9  Comparison w i t h  Othe r  1 3 3  2 o d e - x g  S cudles  

Yaxhematicai  modeling h a s  r e c e n t l y  Seccme a  p r i n c i p a l  p a r t  of  aanv 
s c u a i e s  i n v o l v i n g  T C 3  f a t e  and t r a n s p o r t  i n  n a t u r a l  wa te r  sysrems.  
Examplrs i n c l u d e  a  f e a s i b i l i t y  s tudy  of t h e  Saginav and P i n e  R i v e r s  
(EC?fPDR, 19831, t h e  PCB-contaminated sediment  cleanup p r o j e c t  f o r  :he 
South 3ranch zf t h e  S h i z v a s s e e  l i v e r  (R ice  e t  a l . ,  1-85), t h e  f c a s i b i i i t g  
s t u d y  of t h e  Zudson Kive r  (Lawlsr ,  Xatuskv,  and S k e l i y ,  !983), and t h e  
r emed ia l  i n v e s t i g a t i o n  and f e a s i b i l i t y  s t u d v  of New Sedford  Barbor  (NUS, 
ongoing) .  D i f f e r e n t  t y p e s  of models have been s e l e c t e d  anonq t h e s e  
s t x d i e s  ? t i m a r i l y  on t h e  b a s i s  of s tudy g o a l s  and t h e  d e s i r e d  u s e  of  t h e  
i n f o r n a t i o n  p rocured  from t h e  model. The p u q o s e  of t h i s  s e c t i o n  i s  t o  
comparz t h e  a f o t e m e n t i o t e d  modeling e f l o r z s  w i t h  t h e  model developed f? r  
t h i s  s tudy .  

The f e a s i b i l i t y  s t u d v  of  t h e  Saginaw and ? i n e  R i v e r s  ( S W D R ,  1983: - -- ,---, 1?83) a p p l i e d  a  time-degendent, conuletely-mixed box model. S i s p l i -  
f i e d  r e l a t i o n s h i p s  o r  k i n e t i c s  were used t o  i n d i v i d u a l l y  r e ? r e s e n t  t h e  
a a j o r  p h y s i c a l  and b i o l o g i c a l  p rocesses  o c c a r r i n g  i n  each box. The 
?ur?ose of  t h i s  n o d e l  was t o  t t a c e  :he cnange of PC3 mass w i t h i n  each  
d e s i p a t e d  s p a t i a l  box f o r  v a r i o u s  time frames.  Although PCB mass w a s  
t n e  on ly  depeadent  v a r i a b l e  used i n  t h i s  model .and tempora l  v a r i a b i l i t y  
-;as a l l cwed ,  t h e  model w a s  only  incs rded  :s ? tov ide  a  long-term s i n u l a -  
:ion. 3 a t  is ,  i n s t a n t a n e m s  responses  r e s u l t i n g  from a  sudden s c r e s s  o r  
human act lvi :?  on :fie icx ( s . 2 . .  a s ? ~ n  ever.t) c m l d  no t  be  s i n u l a t t i  

. - . .  . th rounh t h i s  ~ o d e l .  Re re f : - . - :  :?.s 7 7 ~ 2 -  - a s  1T)F-1?:: :rI:- :2 f o r e c a s t  
:he s e z e r a l  t r e n d s  ,2f PCSs -:, t h e  v a t e r  and f i s h  on a l o n e - t e n  basLs .  -. - . A -  -a apprsach i s  v e y r  s i m i l a r  t o  t he  one used i n  the  Kalamazoo R ive r  s c a l y  
from the  v i c ~ , . . o i n t  of s i m p l i f : ~ l n g  :he s t a t e - o f - t h e - a r t  howLedee  cozcerr;- 
Lng :he ? h v s i c a l  and b i o i o g i c a l  p rocesses  c s n c r o l l i z g  :he ?33/ua:=- - - 
system. 3 e  n o d e l  a s e d  f o r  t he  Kalamazoo River  i n c l u d e s  t h e  p r o c e s s  of 
a d v e c t i o n ,  which ;as n e g l e c t e d  i n  t he  Sagiaaw River  model. I n  a d d i t i o n ,  
:xe s o a e l  c e v e l o p r i  fzr t he  Kalamazoo Xi-rer s:-:C: . - - -  --a i esLz3ed t z  cgrnpar? 
t:lc r c l a t L v e  e f f z c r i v e n e s s  of reneci ial  a l t a n a t i v e s  under l o n g - + - a n  
c m d i t i o n s .  3 e  d e c i s i o n  t o  re :zin t h e - d e ? e n i e n t  c a 3 s  . l s  zt advantane  
of t h e  Sagicaw 91ver  model. !ioweve;, t h e  Kalamazoo R ive r  model was 
c a i l o r e d  :o be  more a p p r o p r i a t e  t o  demonst ra te  t he  r e l a t i v e ,  l o n g - t e n  



effects of remedial alternatives in a spatially variable river system 
when compared to the Saginaw River model. 

The model developed by Rice et al. (1985) for the Shiavassee River 
is 3 finite-difference, one-dimensional, dynamic model. Yost physical - nav and biological processes considered by the Kalamazoo River and Sag: 
Xver models are included. The major characteristic of the Shiavasee 
River model is that it incorporates changes in both time and space. Only 
one spatial dimension was specified. In addition, both advection and 
dispersion of PCBs vere included. The purpose of developing this type of 
model was to forecast the dynamic transport and distribution of PCSs in 
vater and sediment. Therefore, a sinple sediment transport mechanism is 
also contained in-this sodel that was neglected in the Kalamazoo and 
Saginaw River models, Generally spea~lng, the Shiavassee River model is 
more realistic and capable than the Kalamazoo and Saginav River models. 
Sowever, it reauires a larger data base than was available for the other 
studies. In addirion, even though the Shiavassee River model is more 
.flexible :Sari the Kalamazoo and Saginav Xiver nodels, it is not 
appropriate for the long-term predictions important to the current study 
due to both the re~~.l:ements of using a larger time increment and 
maintaining node1 stability. 

The sediment transport model HEC-4, vhich contains the hvdrauiic 
sukodel aEC-2 together -dth a simple ?CB inventory model, was used to 
simulate the mass movement of PCSs in the Hudson River. HEC-2 uses 
Zinelnatic routL~q to simulace the vater surface profile. !EC-6 then uses 
:he simulated rater elavation and ~~elociip profiles obtained from REC-2 
tr, sfPulate the scour and de?osition of bed materials in the river. The 
?C3 inventory submodel is a simpiified sass cmser~atlon moael com~ared 
:a the Kalamazoo and Saginav River models. Its usage is dependent on the 
hydrodynamic and sediment transport data input from HEC-6. Even thounn 
Z C - 2  and HEC-6 are one-dimensional models :hat would be expected to be 
applicable to :he flow conditions of the iiudson .River, the lack of 
current understanding of the processes controlling the Sehavior of 
organic and fize materials i n  :he sediment caused larp5 erxrs in caicu- 
lating the sediment loading at intermediate and lov-flov conditions. m e  
simulation of PC3 loading for the Xudson Siver was conseauently affected 
5v tke poor prediction of sedi~ent dynamics under these conditions. 

New Bedf ord Harbor, together vith the adjacent Acushnet River - :stKary, constit-~tes a very comulic~tod hpdrodvnamic svstem. In order to 
~nc'erstand the behavior of this svsten ftom the hvdrodvnamic and 
fo~d-chaiz ?oint of vteu, and to ultinately predict the spatial and 
talnporal dlstrijutlon of residual FCC9 bod? concentrations i~ the aauatic . - ,i:e afzrz :be Izpl2nentat:on of se:ec:d reme5ial actions, the use of 
more complicated moceis was deemed to be necessary. h modified version 
of a dynamic, three-dimensional, finite-difference model, ghich can je 
xsed :2 simlats sarer 3nd ;edlnent trmsaort i3 natural vater bodies, 
and vnich considers the adsontion-desoqtion equilibrium of solute 
jetween rater and sediment, was selected (Onishi and Trent,'1982). h 
modified version sf a food chain model developed by momann (1981)  was 
concurrently selected to satisf?~ the goals of the project. This combina- 
tion of models is sore capable and versatile than the simplified models 
mentioned above. It is expected that such models vill better represent 
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the field conditions and provide more definitive information on critical . 
?recesses. Severtheless, this approach needs a comparativelv large 
amount of data to calibrate and validate the models, not to mention the 
required time, budget, and special expertise required. This study is 
still 7roceeding. n u s ,  no results are available :o test :he reliability 
of the detailed modeling approach. 

6.4 ROlEDISL TECHNOLOGIES AND ALTXRUATIVES 

In this section, a tvo-phased process is used to determine potential 
remedial actions that may be implenented to address the PCB contamination 
in the Kalunazoo River. 

In Section 6.4.1, the potential technologies are screened to assess 
their applicability to site conditions. Each technology is briefly 
descri3ed, and its ad7antage5, disadvantzges, and 1iml:trixs are dis- 
cussed. The goals of the technology sc~eening are to select technologi~s 
that can provide effective methods to-eliminate, contain, or minimize the 
spread of the PCB contamination and to eliminate obviously infeasible or 
inappropriate technologies. 

In Section 6.h.2, a number of remedial alternatives for each major 
contaminated area of the river are developed, based on technoloeies that 
have passed the initial screening process. Each of the alternatives is 
described and evaluated vith respecr to its feasibility, time reauired 
for impleaentation, and general cost considerations. 

In Section 6.4.3, an alternative summarp table lists each alterxa- 
tive, appr3ximate time required for impleaentation, and os:intrcc! cgst of 
the alternative. Cost breakdouns for each alternative are prsvltec in 
Appendix E. 

The ezvironmental effects of each alternative are evaluated through 
the uses of the matheaatical model developed in Section 6.3. The model 
results are presented in Section 6.5. Final selection of renedial 
actions to address the PC3 contamination in the Kalamazoo River will be 
based on the results of the model and the consequent cost-effective3ess 
of each alternative. 

6.4.1 Screening of Technologies 

G a m e 1  Stabilization 
Sedhent Caooinq 
Carbon Adscr?tLon - excavation 
Sed;se2t DredqLng 
3is~cszI Optiors (on slte, off site, incineration) ' 

Biological Degradation 
Chernical Treatment (other than car5on adsorption) 



6.4.2 Channel Stabilization . 
Stabilization of river sediments to minimize erosion and sloughing 

can be achieved by the installation of properly designed lininqs. 
Linings may be rigid, such as Portland cement or asphaltic concrete, or 
flexible, such as vegetation or rock riprap. Another tvpe of lining that 
has been widely used in recent years is fabriform, which is formed by 
injecting mortar into porous synthetic fabric fonns. 

Flexible Linings (Vegetation or Riprap) 

Flexible linings are generally lrss expcnstq:e to install t b n  rigid 
linings and have self-healice cualities, which reduce naintenance costs. 
They also persit infiltration and exfiltration, have a natural appear- 
ance, especially after vegetation is established, and provide a filtering 
media for runoff contamizants. Vegetative and rock riprap liners provlde 
less improvement in conveyance over natural conditions than rigid liners, 
and the resultant acceleration of flow velocity (and thus the increase in 
shearing force) is less than with rigid liners. 

Flexible linings have the disadvantage of being limited in the deoch 
of flow that they can accommodate vithout erosion occurring. As a 
result, the channel say ?rovide a lov capacitv for a given 
cross-sectional areas when compared to a rigid lining. Also, the un- 
availability of rock or the mability to establish vegetation nay pre- 
clude the use of flexible linings. 

When vegetation is chosen as the permanent channel lining, it may be 
established bp seeding or sodding. Sodding has been shown to be as 
effective as established grass in preventing erosion. Therefore, sodding 
provides the inmediate protection of an established vegetative lining, 
provided the installation is properly performed and paps do not exlst 
between sod strips. Installation by seeding usually requires ~rocection 
by one of a variety of temporay lining materials until the vegetation 
becomes established. Temporarp lininq materials include straw, or 
erosion mats made of paper yam, fiberglass, or shredded wool. 

When rock riprau is used, the need for an underlying filter material 
must be evaluated. X properly designed filter blanket s'lould be used, as 
necessary, to prevent leaching of the underlping soil through the riprap. 
The filter material say be eicher a granular filter blacket or plastic 
filter clorh. 

For puqoses of safety, construction, maintenance, a.~d erosion 
r2sistance. I: Is suzges:.? :ha: chamel side slopes te Lert as flat as 
possible. Ideally, side slopes should be 3 : l  or flatter for erosion 
r~ststance. %erefcre, areas :hat are being stabilized throuqh the use 
of fiexible Linings shouid be regraded when necessarp to ackieve s;oues 
of 3 : l  or flatzer. 

Rigid Linings (Concrete or Asohalt) 

When propetly designed and constructed, rigid linings will prevent 
erosion in steep or difficult channels where other linings cannot be 



used. They may also be used in areas where the channel vidth is re- 
stricted, since steep sidewall slopes may be constructed. So long as the 
rigid lining is intact, the underlying soil is completely protected upon 
construction of the lining. Rigid linings are generally quite smooth; 
thus :hey provide a significant izprovement in conveyance-capacity, due 
t3 low hydraulic resistance, and produce a high-flow velocitv. 

However, rigid linings also have a number of inherent disadvantages. 
They are ex?ensFve to conscrucc and saintain, have an unnatural 
appearance, prevent or reduce natural infiltration, and contribute to 
high velocities and scour at the downstream end of the lining unless 
rcughness elements are added to slow the flow. Many rigid linings are 
destroyed due to flow undercurtlnq the lixing, channel headcv~tting, or 
unoalanced hydrostatic pressure behind the channel walls or floors. 

Eecacse of the inherent disa&~antaees associated vfth riaid Ihines, 
flexijle linxqs of eroslon-resistznt vegetation and rock riprap sno;,i 
be used whenever feasible. 

Fabrif o m  

Introduced in the United States in the mid-196O1s, fabriform linizqs 
have been widely used and accepted as an alternative erosion control 
spstem. They are relatively easy to install, and, depending on the local 
availability of other lining materials, can be sore cost-effective than 
other types of linings. 

Fabrifonn liners consist of a porous, synthetic, double-layered w 

fabric into which concrete morrar has been injected and allowed to 
harden. The result is a high-strength concrete enveloped in svnthetic 
fabric bubbles. The fabric has filter points in between the bubbles for 
relief of uplift pressure. 

The fabriform combines some of :he advantages of both flexible and 
rlgid linings. Like flexible linings, fabrifonn allows infiltration and 
exfiltration, provides a filtering media for runoff contaminants, and has 
iow maintenance costs. At the same time, fabriform provides the high 
strenqth of rigid liners and can be installed in steep or difficult 
ckannels where flexible liners cannot be placed. 

Choice of a channel lining should be aade on a site-specific basis. 
'9 -.. - = - ~ e  . c z s e s .  f~brlfom can crw=ie a cmt-effective alternative to 
conventional liners. 

5 .  h .  3 Sediment C a ~ ~ i n q  

For the exposed sediments along the Kalamazoo River, capping map be 
used to reduce surf ace water infiltration, to isolate and contrin PC9 
:..-",merits, 13 contrzl .-r~sion :--le to ;urface vater runoff, and co  ??event 
:ae PCBs from leaching from the sediments. The actual process of caoning 
consists of covering the contaminated area vith a layer or a system of 
layers of natural soils, modified soils, and/or synthetic membranes. 



Sediment capping may be effective for the areas behind the three 
dramdown dams of Trwbridge, Otsego, and Plainvell where contaminated 
sediments on the river banks are exposed to erosion and sloughing. It 
mav also prove useful in the area behind the Otsego Citv Dam, but laqe 
volumes of fill say be required to cover the marsh and low iring areas. 

Potential capping materials may include the folloving: 

' Clay 
O Other natural soils 
0 Synthetic membranes 
' Admixed materials 
O Chemical sealants/stabilizers 

Clay has been used extensively as a capping material, vith positive 
and reliable results. A well graded, compacted clay will not onlv resist 
vater infiltration, but vill also act as a filter, absorbing small 
amounts of leachate contaminants that may percolate through it. Flowever, 
clay is susce?tible to erosion and cracking; therefore, an overlying top 
soil layer with vegetation is required for protection. Clay is also 
potentially susceptible to degradation vhen in contact vith certain 
contaminants, but ?CBs do not appear t o  present a problem of this nature. 

A soil ca? consisting of compacted natural soils other than clay cap 
also be an effective aeans of coverinp the TCB sediments, reducing 
infiltration rates, and reducing offsice transport of these hazardous 
substances. Soil caps are similar to clay caps, but usuallv soil caps 
are more permeable. A soil cap vould also require a vegetative cover 
for erosion protection. 

Synthetic membranes have been used extensively as capping materials 
with positive results. Xost synthetic membranes can resist water perco- 
lation, moisture, and chemicais. Disadvantages may exist vith respect to 
specialized instal-lation and coverinx procedures, durability, costs, 
burrowing animals, and extended exposureldeteriaration. Like clavs, 
synthetic membranes require careful grading, a protectLve top soil and 
vegetation cover, and routine maintenance. 

Admixed materials sucn as Portland cenent, bituminous concrete, soil 
cement, soil asphalt, and jlovn asphal: can 3e used to cover 
?C3-contaminated sediments. Typically, these admixed macerials can 
provide a tight seal and a lower penneabilitv. !lowevet, thev usually are 
ex3ensive and require special handlizg and mollcation ?rxedur.-s. Urs: 
of these naterials are susceptible to :rackin due to veatherizn, frost 
hewe, and setclment, and require f~equent ziaintenance. 

Chemical sealants and stabilizers such as cement, fly ash, lime, 
soluble salts, and freeze-?oint suppressants can be added to soils :o 
fsm stronger and iess Feneable covers for ?C3 contaminated seaisents. 
Eovever, vhils these sediments and stabilizers ?reduce a more rigid scil 
cover, they also increase the potential Zsr :he soils to crack. 

Because of the inherent disadvant~ges of the admixed materials and 8 
:he chemical sealants and stabilizers, they will not be considered 



f u r t h e r .  For t h e  purposes of t h i s  f e a s i b i l i t y  s tud?,  rdo types of caps 
v i l l  be evaluated:  a s o i l  cap and an impenneable cap. 

' - S o i l  Cap 

A s o i l  cap would c o n s i s t  of 18 inches  of a  compacted n a t u r a l  s o i l ,  
v i t h  an o v e r l y i n g  6-inch l a y e r  of t o p s o i l  t o  suppor t  vege ta t ion .  
Vegetation can be e s t a b l i s h e d  by e i t h e r  seeding o r  sodding a s  
?r:vlcusl.r. d i scussed .  

I f  proper ly  des igned,  i n s t a l l e d ,  and mainta ined,  t h i s  type of cap 
v l l l  be e f f e c t i v e  i n  c o n t r o l l i n g  e ros ion ,  c o n t a i n i n g  the  ?CB sed i -  
s e n t s ,  and reducing sur?ac=  water  i n f i l t r a t i o n  by 25-50 percen t .  

' Impermeable Cap 

The impemeable cap would c o n s i s t  of a  l a y e r  of compacted c l a y  
and/or a  s y n t h e t i c  membrane, a  dra inage l a y e r  of sand over t h e  c lay  
o r  membrane, and a  s o i l  cover v f t h  v e g e t a t i o n  on :OD. I E  a synthet-  
i c  membrane i s  used a long ,  an under lying 6-inch l a y e r  O F  sand i s  
required t o  r e l i e v e  u p l i f t  p r e s s u r ?  and t o  p r o t e c t  t i e  nenbrane. 

I f  proper ly  des igned,  i n s t a l l e d ,  and mainta ined,  t h i s  type of cap 
w i l l  be e f f e c t i v e  i n  c o n t r o l l i n g  e ros ion ,  c o n t a i n i n g  the  ?CB sed i -  
nen t s ,  .and reduciilg s u r f a c e  v a t e r  i n f i l t r a t i o n  by 90-100 p e r c e n t .  

Proper d e s i g n  should provide f o r  long-term minimizat ion of su r face  
, water i n f i l t r a t i o n .  This  is g e n e r a l l y  accomplished through proper  

grading,  i n s c a l l a t i o n  of d t a i l a g e  swalas ,  and o t h e r  ;urfac= z a t e r  
d ive rs ion  techniques .  Also,  the  cap sur face  shouid be graded t o  
minimize erosion of t h e  s o i l  cover.  

The e f f e c t i v e n e s s  of the  cap v i l l  de?end on us ing  proper  const ruc-  
t i o n  t zchn iaues  and high-aualit:r constt=lction n a t e r i a l s .  I n s c a l l a -  
t i o n  of s y n t h e t i c  l i n e r s  mav be perforned by q u a l i f i e d  constructors 
t o  ensurz proper  placerne2t and s e a l l n g  ~ r o c e d u r e s .  Clay and s o i l  
must be p r o p e r l y  compacted t o  achieve t h e i r  s p e c i f i e d  permeability. 

Regular i n s p e c t i o n  and maintenance is requ i red  t o  prevent  excessive 
erosion of t h e  cover  s o i l .  

6 . 6 .  6 Carbon A d s o n t  ion 

Activated c z r j c n  has been shown :O t d s o r j  PC3s, b i n d i l g  :he= zs :5e 
carbon p a r t i c l e  and render ixg then ipmobile. Act ivated carbon mav 5 e  

. .  . . 
:sed 13 - t r ims  za7s is an i ~ c c = l ~ z x g  agent.  For example, acz iva tad  
:arbon say be s i x e d  -d:h contaminated sediment t o  a c t  a s  a  d i r e c t  immo- 
%.-- ,,,,zing J agent .  Ecvever,  t h e  use fu lness  of ~ 2 i s  approach i s  IImIzed 

because the carbon cannot be app l ied  I n  s l : ~ .  The c a r j o n  -2ould ?zve :a 
3e rhorcugnly nixed -iLth the  sediment In  o r=+?  t o  be affective. This  
r e a u i r e s  :hat :he sediment 3e excavated and ==xed *ri:h c a r j o n  a t  a  
s o r t a b i e  mixing s t a t i o n .  Th is  mixing technoiogy vould o n l v  be app l icab le  
t o  the  dewatere2 s e d i s e n t s  a t  the  t h r e e  dramdown dams, where the sed l -  



ments are dry enough to be handled in a mixer. This application may be 
considered appropriate for use in conjection with onsite disposal. 

- Another potential application of carbon adsorption would be as an 
.adsorbing agent in the bottom liner of an onsite disposal facility. If a 
layer of carbon could be incorporated into the landfill liner, it would 
adsorb solubilized PCBs and prevent them from percolating through the 
underlying soil. 

6.4.5 Excavation 

Excavation of PCB-contaminated sediment would be an effective source 
control measure, and, when used in con;unction with onsite or offsite 
disposal, would eliminate any long-ten effects of the PC3s on the river. 
Excavation is a standard technologv frequently used on waste disposal 
sites. If site conditions pemit, excavation can be impleaented using 
common construction equipment and procedures. 

Excavation must be evaluated on a site-specific basis since site 
conditions can dictate the feasibility of excavation. In order to 
accurately detennine the fe--3ility of excavation in a particular area, 
a site investigation would be required to determine areal and vertical 
extent of contamination, extent of excavation required, depth to water 
table, soil characteristics, subsurface soil conditions, and bearing 
capacity of che soil. 

The areas where excavation may be considered feasible, and their 
respective estimated excavation volumes (based on a 3-ft excavation 
depth), are: 

' Plainwell Dam 523,000 CY 
O Otsego Dam 1,157,000 CI 

Trwbridge Dam 2,594,000 CY 
O BryantXillPonds 83,000 CY 
0 Otsego City Dam (upper reaches) 1,588,000 E 

These excavation volumes are gross estimates, since sufficient data 
is not available to accurately estimate the depth and areal extent of 
contamination. Excavation volumes may need to be revised based on the 
results of further site investigations. In addition, field screening 
during excavation act5vitles will be required to provide the necessary 
data to def1r.e the ex:znc of contamination and to determine when tarpet 
cleanup levels have been achieved. 

In qereral, relatl7ely dry soil csndicions are required for excava- 
tion. m e  dried sedlnents along the rtver banks of the chree drawn dcwn 
dams (Plainwell, Otsego, and Traubridqe) present no problem in this 
regard. However, the yet soil cmditions at Bryant "ill Ponds and Otsego 
City 9am will make excavazlon acre difficult. High-water-conte3t soils 
ge~erally have a low Searing capacizy and will not support heavy con- 
struction equipment. Teaporary scream diversion or dewatering mey be 
required in some areas in order to facilitate the excavation. 0 



One of t h e  c o n c e r n s  a s s o c i a t e d  v i t h  e x c a v a t i o n  i s  t h a t  l a r g e  q u a n t i -  
t i e s  of contaminated  sed imen t  may be r e l e a s e d  t o  t h e  r i v e r  and vashed 
downstream. This s i t u a t i o n  c a n  be c o n t r o l l e d  t o  some deqree  by u s i n g  
se-diment c o n t r o l s  such  a s  s e d i m e n t a t i o n  b a s i n s ,  s i l t  f e n c e s ,  azd s t r a w  
b a l e s .  Hcwever , -wi th  l a r g o  e x c a v a t i o n  p r o j e c t s  i n  low-lying a r e a s ,  i t  
w i l l  be d i f f i c u l t  t o  c o n t r o l  a l l  of t h e  sed imen t ,  p a r t i c u l a r l y  d u r l n q  
s to rm even t s .  

6.1.5 Sediment - 2 r e d a i n q  

For subaqueous s e d i m e n t s ,  d redg ing  of  t h e  contaminated sed imen t s  Is 
t h e  on ly  f e a s i b l e  a l t e r n a t i v e  a v a i l a b l e .  The a r e a s  where d redq ing  map be 
f e a s i b l e  and t h e i r  r e s p e c t i - ~ e  ts:imated d r e d g i n g  dep ths  and volumes a r e :  

Area - 
Es t ima ted  Assumed 
D r e d p h g  Dredging 
Volume Deoch 

Otseqo C i t v  Dam (submerged a r e a s )  159,000 CY 3 f e e t  
A l l egan  C i t y  Dam 2,823,000 CY 7 f e e t  
Lake h l l e g a n  2,752,000 CY 1 f o o t  

A t  t he  Otsego C i t y  D a m ,  o n l y  t h e  submerged a r e a s  can be dredged 
u s i n g  a  h y d r a u l i c  d redge .  The s i l t e d  i n  a r e a s  of t he  impoundment would 
b e s t  be  removed by drawing t h e  dam down t o  dewatcr  t h e  sedimenrs ,  and 
t h e n  e x c a v a t i n g  v i t h  a  d r a g l i n e  o r  bac'khoe. 

Dredges may be  c l a s s i f i e d  as c l a m s h e l l ,  bucke t ,  d i p p e r ,  and hydrau- 
l i c ,  a s  described belov:  

Clamshel l  d redges  a r e  most a p p r o p r i a t e  where t h e  m a t e r i a l  t o  be  excava ted  
is rock  o r  hard  p a t e r i a l ,  o r  where t h e  d r e d g i n g  o p e r a t i o n  i s  a c o n s i d e r -  
a b l e  d i s t a n c e  from t h e  d i s p o s a l  a r e a  and h a u l i n g  is requ i r ed .  With  t h i s  
t ype  of d redge ,  p r o d u c t i o n  is  v e r y  low and t h e  u n i t  c o s t  of m a t e r i a l  
excavated  i s  v e r y  n igh .  C lamshe l l  d redges  a r e  no t  appropriate f o r  t h e  
Kalamazoo R i v e r  p r o j e c t .  

Sucket  dredges  a r e  u sed  i n  s h a l l o v  v a t e r  and a r e  e s p e c i a l l y  a d a p t a b l e  t o  
t r e n c h i n g  under  w a t e r .  X t u c k e t  dredge i s  a c c u a l l y  a cha in  conveyor wich 
b u c k e t s  a t t a c h e d  t h a t  d u m ~  o n t o  a  ccnveyor b e l t .  T h i s  tlrpe of o p e r a t i o n  
r e suspends  l a r g e  q u a n t i t i e s  of  s e d i s e ~ t  and ,  f o r  t h i s  r ea son ,  i s  n o t  
recommended f o r  :he Xaiamazoo E v e r .  

3 i m e r  d redges  a r e  c o m ~ a r a b l e  t o  iand-based c r a w l e r  shove l s .  Thev a r e  
n a h l y  used f o r  1ar;5e, hex-? rock  e x c a v a t i o n ,  and would not  be c o n s i d e r e d  
r : p r o p r i a : ~  f o r  c r e i g i n g  ::ver sedi=e?:s. 

E - i r a u l i c  d r e d g e s ,  a v a i l a b l e  i n  manv s i z e s ,  a r e  t h e  most v i d e l v  used  tvoe 
c f  i r e a g e .  3 v d r a u l l c  d r e d q i n p  i s  onlv  f e z s i b l e  i n  a r e a s  where a  f l o a t l x g  
v e s s e l  can a p e r a c e .  They remove s o i l  and sediment  bv s u c t i o n  and pumping 
th r sugh  a  discharge p i p e .  S i z e  i s  de termined by t h e  amount of m a t e r i a l  
t o  be  moved o r  pr3duc:ion i e s i r e d .  The type  of m a t e r i a l  t o  be excava ted  
de t e rmines  whe the r  a  c u t t 2 r  head w i l l  be  r e q u i r e d  on t h e  ecd of t h e  
;ucz ion  l i n e .  A c u t t e r  head i s  used when m a t e r i a l  h a s  i s  be loosened  and 



cut up into small enough pieces to get into the suction line and flow 
through the pipes to discharge. For a free-flowing material, such as sand 
and gravel, no cutter head vould be needed. The hydraulic dredge is 
rec~mmended for dredging the Kalamazoo River sediments. 

From an environmental point of view, one of the major concerns 
related to dredging is that any activity that disturbs and resuspends the 
sediments could accelerate the release of PCBs to the river environment. 
Therefore, only-hydraulic dredges, vhich produce the minimal amount of 
sediment resuspension, will be considered. In addition to minimizing 
sediment dispersal, the selected dredge should have a high production 
rate since a large volume of sediment vill likely be dredged. 

In evaluating the feasibility of a dredging operation, all compo- 
nents of the dredging operation (dredging, spoil transportation, dewater- 
ing, disposal, or treatment) should be considered as a total integrated 
system. One of the major cost elements, and possibly a controlling 
factor in determining the overall feasibility of dredging, is the need to 
provide dredge spoil management and disposal facilities. 

The three principle aspects of dredging c,, discussed in the follov- 
ing paragraphs: (1) selecting a dredge, (2) controlling turbidity, and 
( 3 )  dredge spoil management. 

Selecting a Dredge 

7- 

General requirements to be considered in selecting a type of dredge 
for the Kalamazoo River include the following: 

The desire to sinimize sediment resuspension and subsequent release 
of PCBs to the environment. 

0 The need to dredge in water ranging in depth from zero at the river 
banks to approximately 20 feet in Lake Allegan. 

0 The compatibility of the dredge equipmefit vFth the type of material 
to be dredged (predominantly silts, clays and sands in the Kalamazoo 
River). 

Q The desire to saximize slurry density in order to expedite solids 
devatering and to reduce the amounc of decant vater which map 
r+quire treatment. 

o The desire for a high prr,duction rate, due to the large quantities 

of material zo be dredged. 

0 The need for a land-based mobilization and operations station. 

Added to these Zactors are the selection criteria imposed bv lccsi 
site condirions. Important selection criteria that wiil v.aN from site 
to site include the following: 

4 Maximum depth of the impoundment. 



. Sur face  a r e a  of t h e  impoundment. 

0 P h y s i c a l  n a t u r e  of m a t e r i a l  beinn dredged - e . g . ,  conso l ida ted  
s ludge  o r  hard c l a y  v s .  l o o s e  sand and g rave l .  

T o t a l  volume of m a t e r i a l  t o  be dredged. 

' Dis tance  over  which m a t e r i a l  i s  t o  be pumped - proximity  of s p o i l  
d i s p o s a l  s i t e  o r  t r e a t s e n t  f a c i l i t i e s .  

Terminal  e l e v a t i o n  of d i scharge  p i p e l i n e  - c o n t r i b u t e s  t o  t o t a l  head 
t o  be overcome by pumping; may requ i re  use of b o o s t e r  pumps. 

0 T o e  and amount of a q u a t i c  vegeta- ion o r  overgrowth i n  t5e  imuound- 
mezt - t r e e  stumps may r e q u i r e  s ? e c i a l  excavat ion;  s p e c i a l  c u t t i n g  
a t tachments  may be needed f ~ r  heavy weed growth. 

0 Pover source  f o r  dredge o r  pump systems; a v a i l a b i l i t y  of e l e c t r i c  
c u r r e n t .  

0 Ease of a c c e s s  t o  Lmpoundment. 

0 Faximum s i z e  and weight  limits f o r  overland t r a n s p o r t a t i o n  of 
equipment. 

A l l  t h e s e  c r i t e r i a  must be  considered be fo re  s e l e c t i o n  of a  pumping 
system and dredge v e s s e l  of t h e  appropr ia te  s i z e ,  e f f i c i e n c y ,  and o v e r a l l  
c a p a b i l i t i e s  can be made. I t  should be noted t h a t  t h e  depth  c a p a b i l i t y  
of a  u n i t  may be i n c r e a s e d  by lover inq  the  water l e v e l  of t h e  
impoundment. I 

Two o p t i o n a l  t echn iques  r e l a t e d  t o  h r d r a u l i c  dredging include 
c e n t r i f u g a l  pumping spstems and por tab le  hvdrau l i c  p i p e l i n e  dredges. 
Zach may have p o t e n t f a l  a p p l i c a t i o n  t o  some z r e a s  of t h e  Kalamazoo River ,  
and a r e  d e s c r i b e d  below. 

C s n t r i f u g a l  Pumping Systems: Cen t r i fuga l  ?urnping systems u t i l i z e  spe- 
c l a l l y  des igned c e n t r i f u g a l  pumps t h a t  chop and c u t  heavy, v i scous  
n a t e r i a l  a s  pumo s x c t i o n  x c u r s .  These submersible p m s  a r e  i n s t a l l e d  
on f l o a t i n g ,  winch-driven p la t fo rms  t h a t  can qu ick ly  and economically 
dredge s m a l l  ponds o r  lagoons.  

Ya t iona l  Car Ren ta l  m^anufacr*~res a  small - z - : ,  :he ?.zF L: ;:-4;0, th;: 
u t i l i z e s  a  zubmerged =urn? EountcC iirectlp behixd a  h o r i z o n t a l  auger ,  - z i i c h  can hand le  s l u d g e s ,  o r  t h i c s  mddp sedirer.t; .  .he horizontal auner ' -. 

assembly can be t5lt .d t a  a  $5 '  angle to accomodate  s l o p i 2 q  sFdes of  
izpoundments. The SP-810 can pump up to  1,000 qpm from depths  up t o  10 
f e e t .  Th i s  u n i c  a l s o  has  a  detachable  m a  s h i e l d  f o r  g r e a t e r  s u c t i o n  

- .  
e f f i c i z n c p  and : - r b i d i t j  : x i t r a l .  -1 1s q u l ~ p e c  -;I:h a  6 e ~ c h  gzge t z  
s o n i t o r  c u t r i n g  depth .  Tvo peopie a r e  required t o  s p e r a t c  :hls z;Jpe sf 
dredge ,  which i s  d r i v e n  a long  a  cab le  5v a r e v e r s i b l e  winch, a t  average 
o p e r a t i n g  speeds  il 8 t o  1: feet per s l x t e .  This  system i s  w e l l  s u i t e d  
f o r  o p e r a t i o n  i n  sha l low v a t e r s  and small r i v e t s  where f ine-gra ined 
sediment h a s  t o  be dredged and t u r b i d i t y  i s  a  problem. X s l i g h t l y  l a r p e r  



u n i t ,  t h e  Mud Cat XC-915, r eaoves  sediment  i n  a  9-foot wide  s v a t h ,  18 
i n c h e s  deep,  a t  d e p t h s  a s  g r e a t  a s  15 f e e t  and a s  s h a l l o v  a s  21 i n c h e s .  
Th i s  model d i s c h a r g e s  1 ,500 gpm of s l u r r p  v i t h  10 t o  30 p e r c e n t  s o l i d s  
c o n t e n t .  Depending on s i t e - s p e c i f i c  c o n d i t i o n s ,  :his s o d e l  can r enove  up 
t o  120 c q ~ b i c  ya rds  of s o l i d s  p e r  hour .  7aughan-Xait len I n d u s t r i e s  (WI) 
manufac tures  a  l i n e  c f  similar "mini-drednes" t h a t  can remove up t o  133 
c u b i c  y a r d s  of m a t e r i a l  p e r  h o u r ,  a t  d e p t h s  as g r e a t  a s  20 f e e t .  These  
types  of dredges  may be  used i n  t h e  Xl l egan  C i t y  Dam i s ~ o u n d m e n t  and i n  
t h e  r i v e r  channe l  i3 t h e  Otseqo C i t y  Dam impoundment. 

These c e n t r i f u g a l  pumping s y s t e m  a r e  r e l a t i v e l y  small, p o r t a b l e  u n i t s  
and a r e  i d e a l  f o r  sma l l  i m o u n d n e n t  dredging  where dep ths  a r e  l e s s  t h a n  
20 f e e t .  For i a r g e  impoundments t k a t  r e q u i r e  g r e a t e r  operating c!euths, 
h i g h e r  volume removal, h i g h e r  pumping r a t e s ,  and g r e a t e r  pumping d i s t a n c -  
e s ,  l a r g e  ( b u t  s t i l l  p o r t a b l e )  dredee  v e s s e l s  a r e  r e q u i r e d .  

P o r t a b l e  Hydrau l i c  P i p e l i n e  S V S ~ ~ P S :  F3r d redq ing  i n  v a t c r  g r e a t e r  t h a n  
20 f e e t  deep ,  t h e  s t a n d a r d  c u t t e r h e a d  dredge  i s  r equ i r ed .  This t-ne of 
dredge may bc r e q u i r e d  f o r  dredging  some . ? a r t i o n s  of Lake i l l legan:  

Cu t t e rhead  p i y e l i n e  d redges  a r e  d d e l y  used  i n  t h e  United S t a t e s ;  t h e y  
a r e  t h e  b a s i c  t o o l  of  t h e  = r f v a t e  dredscinp indus t? .  C u t t e r h e a d  d r e d g e s  
loosen  and ?i:k up bottom m a z e r i a l  and v a t e r ,  and d i s c h a r g e  t h e  m i x t u r e  
through a  f l o a t - s u p p o r t e d  s p o i l  p i p e l i n e  t o  o f f s i t e  t r e a m e n t  o r  d i s p o s a l  
a r e a s .  P o r t a b l e  c u t t e r h e a d  n i p e l i n e  d redges  a r e  those s m a l l  and L i g h t  
enough t o  be  e a s i l y  assembled and d i sman t l ed ,  and economical lp  t r a n s -  
p o r t e d  t3 i n l a n d  dredging  s i t e s .  They a r e  g e n e r a l l p  from 25 t o  60 f e e t  
I n  lenGh,  -d:h pump a i s c i a r 3 e  diameters f r sm 5 :o 20 i n c h e s .  T h i s  t y p e  

* 
of dredge moves f o r a a r d  bp ? i r o t i n g  about  on rdo  rear-mounted spuds  
(heavy v e r t i c a l  p o s t s ) ,  which a r e  a l t c r n a t + l y  anchored and r a i s e d .  The 
swing i s  conczo l l ed  by winches p u l l i n g  on c a b l e s  anchored f o r v a r d  of  t h e  
d r rdge .  The r o t a t i n g  c u t t e r  on the  e3d s f  :he dredge l a d d e r  p h y s i c a i l v  
excava te s  m a t e r i a l  r ang ing  from l i g h t  s i l t s  t o  c o n s o l i d a t e d  s e d i m e n t s  o r  
s l u d g e ,  c u t t i n g  a channe l  of  v a r i a b l e  w i d t h  (de?ending on l a d d e r  l e n p c h )  
a s  t h e  dredge advances.  

For dee? sur iaco ,  impoundme3ts c o n t a i n i n g  o n l y  s o f t ,  unconso l ida tod  trottom 
m a t e r i a l s ,  a  v a r i a t i o n  of  t h e  s t a n d a r d  c n t t e r h e a d  dredge-the s u c t i o n  
? i p e l i n e  dredge--can be  used t o  dredge t h e  impoundment. S u c t i o n  d r e d s e s  
a r e  n o t  equipped .a:h c u t z s r h e a d s  o r  t hey  s imply  s p e r a t e  v i t h o u t  
c u t t e r h e a d  r o t a t i o n :  t hey  n e r e l y  suck t h e  m a t e r i a l  and d i l u t i o n  w a t e r  o f f  
=he 3ot;sm and,  l l k e  most d redges ,  d i s c h a r g e  t h e  z!is:ure through a 
s t e m - q o u n t e a  p i p e l i g e  l e a d h e  z s  a  s p o i l  d l s z o s a l  a r ea .  7 c r  a o s t  

. - c u t t e r n e a d  d r e d e e s ,  :: :he i i s ? o s a l  i l c t  is l o c a t e d  s o r e  :>an one-hal f  
m i l e  away o v e r  l e v e l  t e r r a i n ,  b o o s t e r  pumps a r e  r equ i r ed .  

E l l i c o t t  Yachlne C o c o r a t i o n  and the  D i x i e  Dredge Corporar fon  n a n u f a c c u r e  
a d i v e r s e  l i n e  of l o r t a b l e  c x t r ~ r i e a d  d redges  chat  can ~ U E D  a s  much a s  
1,000 cnb ic  y a r d s  ? e r  hour of s o l i d s  (based  on 10 ~2 10 p e r c e n t  s o i i a s  bv 
volume).  E l l i c o t t ' s  "Dragon" s e r i e s  of ? o r z a b l e  dredges o p e r a t e  a t  
d i g g i n g  d e p t h s  from 17 t a  2 3  fzet. 

There  a r e  s e v e r a i  o t h e r  d redees  t h a t  may be  a p p l i c a b l e  t o  s u r f a c e  im- 
poundment work. Wate r l e s s  k e d g i n g  Company i s  p r e s e n t l y  f i e l d - t e s t i n g  a 



nevly developed system in which the cutter and a submerged centrifugal 
pump are cdcloscd vithin a half-cylindrical shroud. The cutting blades 
remove the material near the front of the cutterhead with minimal va:er 
pick-up. The systern has a reported capability of pumpinq industriai 
sludges with solids contents of 20 to 50 percent by veight w:ch lit:lz 
turjldity generatod. slurry vith a high solids content is very advan- 
tageous because it saves time and expense in devatering. 

The Delta Dredge and ? u q  Coqoration has also developed a small portable 
unit that has high solids capabilities. The system uses a submerged 
12-inch pump coupled with two counter-rotating, lov speed, reversible 
cutters. 

Controllina Turbidity 

Increased turkiditp can be expected during any dredging o~eration; 
therefore, sediment dispersal and subsequent release of PC3s to the 
environmental will occur to some degroe. Some techniques to control 
turnidity are discussed in the following paragraphs. 

S3eet ?ilink and double s:lt curtains are 7otentiallp applicable 
sediment dispersal control technologies. Sheet piling or silt curtains 
would seme as sedisent trzps for any constrxtion-relate sedisent 
release during dredging operations. 

Sheet piling can be used to prevest the hydraulic transport of 
bedloaa and near-bottom sediments or to inpound water to promote the 
setzling of suspended solids. Hovever, sediment transport can still take 
?lace over the :ap of =he piling under weir flov coellzions. ?.e sus- 
pended sediment in the apper vater column may be effac~ively zmtained by 
silt curzains. Eiovever, since a silt c-~rtain must be maintained at least, 
2 feet above the river bottom, contaminated sediments could pass beneath 
the curtain. Therefore, sheet pilinq and sil: curtains used together, 
say 2rovide an effective cutoff jarrler :o trap suspended sediments. 
'hen drzdging an area jehind a dam, silt curtains can be installed a: :he 
sluice gate or spillway ts :tap suspended sediments. The selection gf 
sheet piling or silt currains as sediment dispersal contrsls is depe?a*nt 
on the intended use vithin the framevork of remedial action al;ornac:ves. 

Wi=h rnost hvdraullc dredging, it has been generally concluded that 
rzsettling of most seiirnegts will take place iz~ the immediate v i c i z i : ~  cZ 
z-2 iredqe. A s:l= cxrtain can przvide t ?h:ri::L 5arr5.-r  ~2 anTT - .  rzne-grained or orzanlc sater=a!s thac are iesuspended. Fabrlcs have 
5cen developed chat will conttsl seainents in the 0.3 m ?n? smaller 
?ar=icl* size ranee. The at:achment of an absorbent material to the illt 
eurta:n you:' k~nder :xe iispersal of any c117 filas :?at zav Se generat- 
ed duri~q dredg:n~ operations and other construction activities, which 
may be important since oils have a high affinitv for PC8s. 

Zn acalzioo to scandard downscream sediment ccntrols such as silt . . attains 2r sheet ?r-:~g, :her.- are certain procedures chat all se~iaent 
dredging operatzons say iollov to minimize streambed agitation and 
cmtrol turbidity. Siere cutterhead dredges are being used, a reduction 
in the speed of the spiral cutter (in terns of revolutions per minute) 



generally result in lower turbidity levels in the immediate vicinitv 
of the cutter. Cutter speed reduction may adversely affect dredge 
production, however, particularly in hardened, irregular sediments. 

Another consideration for turbidity reduction is the tinin? of 
dredging operations. Projects should be scheduled for periods of low 
flow and dry, calm veather vhenever possible. Natural stream turbidity 
and current turbulence vill be minimal at such times and vill not 
contribute to dredge-generated turbidity. Timelv dredging also allotcs 
for easy visual monitoring of any dredge-generated turbiditp. 

Khen ?re?arhg dredging contracts for contaminated sediments removal 
where turbidity control is essential, contract provisions should specify 
the use of special low-turbidity dredge vessels or auxiliary equipment 
and techniques designed to minimize turbidity generation. The bidder 
should be made to specify minimum sediment removal volumes and maximum 
allowable turbidity levels in the downstream eavironment to ensure an 
eff ective dredging operation. 

Dredee Spoil Xanagement - -  
Contaminated dredge spoil management includes methods for devater- 

iqr, tralsportizg, storing, or disposing cZ  cxitzminated sediments after 
they have been dredged from the area of deposition. 

Because of a large volume of dredge spoil to be managed, it vould be 
cost-orohibitive to transport and dispose of the vaste oifsite. Also, a 
since' the hydraulically dredged spoil'will require dewatering anyway, a 
spoil containment basin can s e n e  both as a sedimentation (dewatering) 
basin and as a long-term disposal site. Cell construction may be neces- 
sary to implement this scenario. 

Spoil containment basins can be formed by constructing perimeter 
berms or dikes around natural topopraphic de?ressions. Within the basin, 
sedimentation is the principal process that functions to remove suspended 
solids from the slurry stream. The surface area and depth of the con- 
tainment facility, the detention time, the rate at vhich the dredge pumps 
into the basin, the solids content of the slurzy, and the grain-size 
distribution of the dredged material are important factors in determining 
the rate of settling and the quantity of solids retained. The settling 
of the flne particles can be somevhat inproved vith the use of coagulants 
or ?olvelectr~lptes. 

Conventional sooil containment basins are constructed vith sluices 
and overflows ts release efllzent to ~acural vatercourses in which 
suspended solids cmcentratlons are low enough to meet state or local 
vater quality ctiteria. If the effluent does not meet requirements for 
PCB content, the effluent say discharge to a secondary containment basin 
for further treatsent. X vater treatnenc ste? nap be required prlor to 
discharge back into the river to satisfy all vater quality regulations. 

Although PC9s are not hi3hlp soluble in vater, protection of ground- 
water from contamination by water draining frnn the dredge spoil nay be a 
concern In the handling of this material. Devatering and disposal 



facilities may be redesigned so as to prevent the infiltration of contam- . 
inated water into groundwater. This vould involve the use of impermeable 
liners, underdrains, andlor collection systems. 

- 
The spoil containment facility can either Se sized to serve as a 

final disposal area for all of the dredged material, or Ft may be de- 
signed as a temporary devatering and transfer station. When the facility 
attains its maximum capacity, the contaminated spoil (if it has been 
sufficient dewatered), can be mechanically excavated and truck-loaded fcr 
transport to secured landfills or to a secondary containment basin for 
persaneat storage. 

6.6.7 Disoosal Options (Onsite, Offsite, Incineration) 

Quantities of contaminated sediments to be disposed for each area of 
the ri7er -sere ts:17tt~d, based st the area and asscw< de?th of contani- 
nation. Estimated volumes for each area are as follovs: 

Area - 
Assumed 
Depth 

Estimated Sediment 
Volume for Disposal 

Lake Xlleqen 1 foot 2,752,000 CZ 
Trowbridge Dam 3 feet 2,594,000 CY 
Otsego Dam 3 feet 1,157,000 C 
Otsego City Dam 3 feet, 1,747,000 CI 
Plainwell Dam 3 feet 523,000 CP 
Allegan City Dam 7 feet 2,823,000 CY 
Bryant Mill Ponds 3 feat 83,000 CY 

The estimated disposal volumes were based on a bulking factor of 
1.0. This is, one cubic yard of disposal volume was assumed for each 
cubic yard of in situ sediment removed. Settling and conso1ida:ion tests 
will be required to test this assumption. If contaminated sediment is 
excavated or dredged from the river, it must be securelp dispcsed in 
order to ?revent future releases to the environment. Sasically, there 
are three options for disposal of PCB contaminated sediment that have 
Seen dredged or excavated from the river. 

' Of fzite land disposal facility 
Onsite land disposal facility 

0 -?cLner::icc 

.. . 
-.-,e m s t  c3s=-=irz::z-:e  -;soosal option will depend on ::e zuar-ti:-? 

cf naterlal t~ be disposed, =h* PCB concentration of the materlai, and 
the applicable regulations regardins disposal of the material. The 
disposal of any naterial with a PCB concentration greater than 50 ppm is 
regulated under the Toxic Substances Control Act (TSCX), as soecified in 
, p  --" ?=': - z 7  L,?.  T T - 2 ? r  :--a - . szdicenc c n r t  z<?.i3~ PC9 -mce-t:3ci3ns 
greacer than 59 ppm must be dis=,-=c C:-.-: by land disposal in a cherni- 
231 vaste landfill, ar by incineration. 

The first option, offsite land disposal, involves transporclnp the 
contaminated sediments by truck or rail to the nearest approved landfill 
that is ?ernitred t3 acce?t the vasze. The t n e  of landfill that vill be 



permitted to accept the vaste vill depend on the PCB concentration of the 
vaste. Sediment vlth less than 50 ppm PCBs may be disposed in any 
landfill, provided the landfill vill accept the vaste. Some existing 
landfills may refuse the waste because they do not have the required 
capacity or they want to avoid potential liability problems. The follow- 
ing four landfills have been identified as potential disposal sites. All 
are approximately 300 miles roundtrip from Kalamazoo. 

Wayne Disposal - Belleville, Michigan 
Michigan Disposal - Belleville, Michigan 

0 Fondessy Landfill - Oregon, Ohio 
hdams Center Landfill - Fort Wayne, Indiana 
If the PCB concentration in the sediment Ls greater than 50 ppm, i: 

must be disposed by landfilling at an approved hazardous waste facility. 
The three closest exfsting hazardous waste facilities and their respec- 
tive approximate roundtrip distances from Kalamazoo are: 

O CECOS Landfill - Cincinnati, Ohio ' 500 miles 
O '  CECOS Landfill - Niagara Falls, New York 800 mil-= 

SCA Landfill - Hodel City, New York 800 miles 

Major costs for offsite disposal would include transporting of the 
waste and disposal fees. Sediment stabilization may also be reauired 
prior to shipment if the water content of the dredged materials exceeds 
the lhit for a "liquid waste." For small quantities of waste, this 
disposal option is probably the least expensive. 

The option of onsite disposal would involve construction of one or 
more new disposal areas at or near the site. Again, the type of disposal 
area required vould depend on the PCB concentration of the contaminated 
sediment to be disposed. If the PC3 concentration in the sediment is 
less than 50 ppm, the disposal area could be an area at a nearby site 
that could be diked off, filled with sediment, allowed to dewater natu- 
rally, and then capped. The use of activated carbon is recommended for 
adsorbing PCBs that may migrate into the underlying soil or groundwater. 
The disposal area should be located at a site where the bottom of the 
disposal facility is at least 10 feet above the high groundwater table, 
to prevent future groundwater problem. 

If the PC9 concentration is greater taan 50 pnm, land disposal of 
:his material is regulated under the Toxi: Substances Control Act {TSCX), 
and a chemical vaste land disposal facility would have to be constructed 
in compliance vith the requirements of b l  CiR, Part 761.75. This type OF 
facllicy requires an impermeable liner of clap or a svntheric membrane, 
leachate collection, and groundvater monitoring. The constr~ction and 
operation of a chemical waste landfill is a complex undertaking. This 
option vould only be cost-effective if a large quantity of vaste exceed- 
ing the 50 ppm crittrion ras required co be disposed. 

The third ootion. and a i m s :  certainlv the most expensive. would be - 
incineration. ~&ine;ation is a process that uses the=& oxidation to 
convert organic substances into a less bulky, inorganic matertal. This 
process vill reduce the waste volume and will effectively destroy PCBs 



and any other organic contaminants found in the sediment. The use of a 
1 commercial offsite incineration facility is unlikely at this rime. 

P2tential facilities have only limited treatment capacities and ?resently 
have a larpe backlog of available capacity. Onsite incineration could be 
t3plemented by the use of either a mobile incinerator, or.one or more 
ncwly-constructed incineration units built on s:;e. 

PCB incineration is regulzted under the Toxic Substances Control Act 
(TSCX), and the.inci-erator must comply with the requirements specified 
in 40 CFR, Part 761.70. Basic requirements specified under TSCA include 
(1) air emissions regulations; (2) combustion efficiency of at least 99.9 
percent; (3) measuring and monitoring requirements; and ( h )  various other 
:peratha ?rocedures and requirements. The incinerator must 5e approved 
by the appropriate ZPA legional Adminiszrator or the Assistant Admfnis- - .P --es. &.ator for pesticides and toxlc substa.., 

- 
-;r large volumes of vasce, thls is a veq? cos:;;~ and the-consuming 

alternative. T'he incineration rate of even a large capacity incinerator 
is such less than the average rate of dredging or excavation. Several 
incinerators may be required, or macerial nay have :a be stored in a 
ternuorary facility. Constriction, pernitting, and operation of an 
incineration unit is very costly and tine-consuming. Since cxtent 
regulations do not require incineration of PCB contaminated sediments, it 
would be difficul: to justify the expense of incineration, when more 
cost-effective ai~ernatives are available. In addition, the levels cf 

e - -  

?C3s in the Salamazoo River sediments a r e  low relative to other ?!X sites 
(e.g., New Sedford garbor) for which incineration has been rded out as a 
czst-ef f ectl-re alt.-xative. 

6 . h . 8  Bioloqical Dezradation 

PC3s can be jiodenraded by biological agents such as bacteria that 
use the PC3s as their sole source of carbon. However, only the lesser 
shlorlnattd jijhenpls are degraded rapidly. Since most PCBs Ln the 
environment are a cmplex mixture 05 PC3 isomers, :his technolcgy has not 
-2orked well Ln the past. Research Ls beiq conduc:=d in an atzeaot to 
create ni~roor~ani~ms capable of degrading all ?CBs. This technoiogy 
vorks best under aerobic conditions. In a sediment matrix, corn cobs are 
sometimes ~lsed t o  add air space. Research has been conduc:?d on 
:roviding :act?ria vith a supply of nutzients and sufficient air to 
laintain serz~oic :mditions and enhance degzadatfon of PC%. 

. - 
This technology is s:ill uncer d a ~ - e ' _ : ~ r r . e r . :  \r.d '-.IS 5ae-. Z:P:-..-~: I :r 

use in onlv a fet; S?.q repions; hcvever, t5ls :.-thnoloe-J is aa-r?ncixg 
rapidly. Cne biodegradation process developed by DETOX industries ix -- .:cus:on, :.~as, 1s r a ~ i ~ i y  ~ r z ~ r ~ s s i n q  :ovard i d 1  field application. I: 
should be trackec as a ?otenc:al PCB-destruction tecnnology for selected 
areas in t ~ e  event that :he remedial action schedule is delayed. Poten- 
-: - 1  - .  uses y f  ::ls :acnncloey vc.lla 3e -7 situ :zsata~errt of 7zz:ane ~ r . - e s  
3edL3encs, Ir :r~atsent of dredge spo~l. 



6 .4 .9  Chemical Treatment 

Three processes in commercial use (Goodyear, Acurex, and Sun-Ohio's 
PCBX) have been used to chemicallp dechlorinate PCBs. All three 
technologies involve'the addition of alkalai metal orqanomeralllc 
reagents such as sodium naphehalide to dechlorinate the material. The 
residue from these processes can then be disposed as noncontaminated 
material. 

These three processes have only been used to treat transformer oils 
and similar fluids, and are not readilp applicable to sediments or soils. 
TO treat soil, solvent extraction would be required to remove PCSs from 
the soil (soil washing), and the solvent would be treated using one OF 
these processes. 

Since the soil washing technology is still in the experimental 
stage, it will not be considered for the Kalamazoo River at this tiae. 

6 .8 .10  Summarp - Technology Screening 
In this section of the report, eight categories of technologies were 

revieved to assess their applicabilitv to the Kalamazoo River Site 
conditions. Two of the technology categories (biological degradation and 
chemical treatment) vere not considered appropriate st this time for the 
Kalamazoo River. The reaaininq six categories vere judged to be poten- 
tially appropriate to the Kalamazoo River. They are the following: 

Channel stabilization 
" flexible lining - vegetation - riprap 
' fabriform 
Sediment Capping 
" soil cap 
0 imperneable cap 
Carbon Adsorption 
a mixing with sediments " liner for onsite disposal facility 
Excavation 
0 front-end ioader 

backhoe 
0 dragline 
Sediment Dredgizg 4 

" hydraulic dredging 
0 dredge s?oil manage3ent 
0 Turbidity control 
Disposal Optlons 

less than 50 ppm -- cnsite land dis~osal facflity 
-- offsite land disposal faciiity 

0 greater :Sari 50 ppm - offsite chemical waste landfill 
-- onsite chemical waste landfill - oasite incineration 



Based on these technologies, remedial alternatives for each major 
contaminated area of the river are developed and evaluated in Section 
6.4.10. 

6.4.10 Screening of Alternatives by Area 

Remedial actions will be directed tovard mitigating the current 
source of PCBs to the river - the existing contaminated sediments. Ry 
looking at the erosional and depositional patterns of the river and . 
analyzing the distribution of PCBs in the sediment samples, this study 
has identified seven areas of the river where contaminated sediments have 
accumulated over the years. Therefore, potential remedial action alter- 
natives vill be focused only on tbose seven areas. 

In this section, the potential alternatives for remediation of the 
seven major contaminated areas of the river will be evaluated. To 
simplify the discussion, the seven areas will be placed into three 
categories, according to their respective site characteristics. All 
areas in each category have similar site characteristics that call for 
certain types of remedial action. The seven river areas are categorized 
as f ollars: 

Portage Creek/Bryant "ill Ponds 

Drawn Down Dams - Plainwell Dam - Otsego Dam 
-- Trowbridge Dam 

0 Impounded Dams -- Otsego City Dam 
- Allegan City Dam -- Lake Allegan 

Alternatives for each of the categories will be discussed according 
to the following criteria: 

0 Description - A general description of the various elements of the 
proposed remedial alternative includhg the intended purpose and 
function of the element, i.e., contaizunent, diversion, remval, etc. 
Any special site conditions or waste characteristics that may affect 
the perforsance of the site renediatlon vill be discussed. 

0 %elibiiity - 3 e  implementability or constructabilitv of the 
remedial alternative vill be assessed. Site conditions :hzt may 
affect the inplementabiiity of the aicenative will be discussed. 

0 Tise and Cos: - X best estimate of the time required for implementa- 
tion of the remedial alternative will be given. Implementation tjne 
includes the tine required for site investigation, 6esign, and 
implementation of the remedial alte-rtive. Estimated construction 
time will be based on the most likely consttuction schedule, taking 
weather conditions and general construction problems into account. 



F a j o r  c a p i t a l  c o s t s  and a n t i c i p a t e d  opera t ing  and maintenance (ObM) 
c o s t s  will  be q u a l i t a t i v e l y  discussed.  

6 . 4 ;  11 Por tage  Creek/Br]rant U i i l  Ponds 

The a r y a n t  ?fill Ponds a r e  two smal l ,  dewatered =ill ponds located on 
Portage Creek, a t r i b u t a r y  of t h e  Kalamazoo River.  m e  ponds a r e  f i l l e d  
with sediments,  vh ich  a r e  p a r t i a l l y  vegeta ted v i t h  n a t u r a l l y  occur r ing  
vege ta t ion .  The ponds have been drawn down s i n c e  1976, and d r i e d  . 
sediments a r e  exposed on t h e  banks of the  creek.  Por tage  Creek has 
eroded a channel through t h e  s e d i s e n t s ;  however, contaminated sediments 
a r e  s t i l l  p r e s e n t  i n  t h e  c reek  bed. The exposed sediments a r e  s u b j e c t  t o  
e ros ion  from storm r u n o f f ,  and per iod ic  i m n d a t i o n  dur ing  high r i v e r  
f l o v s .  Current sources  of ?C3s r e s u l t  frsm erosion of :he concaminatcd 
sediments,  and movement of d i s so lved  PCBs from the  c reek  banks i n t o  the  
srater column. 

Avai lable  d a t a  i n d i c a t e  t h a t  the  PC3 c o n c e a t r a t i o n s  i n  the  sediments 
i n  t h i s  a r e a  a r e  t h e  h i g h e s t  of t h e  e n t i r e  s tudp a r e z .  The depth of 
contaminated sediment is unknovn. Core samples i n d i c a t e  t h a t  sediment a t  
the  2h-inch deocn i s  h i g h l y  coctaminated,  but  no core  samples >ere  taken 
deeper than 2 h  inches .  For pur?oses of evaluat inn remedial  a l t e = a t i v e s ,  
:he assumption has keen s a d e  t h a t  the depth of cmraminated sediloent i s  3 
: e e t  . 

The a r e a l  e x t e n t  of Bryant Xi11 Ponds i s  much s m a l l e r  than anv of 
the  o t h e r  dam a r e a s .  The a r e a  of even the  smal les t  dam a r e a ,  P l a i n w e l l ,  
i s  seven t imes g r o a t c t  than the  a r e a  of 3 r r a n t  Y i l l  Ponds. Since :his 
a rea  is r e l a t i v e l y  s m a l l  and i s  a n a j o r  source of PCB contaminat ion,  i t  
is a pr ime cand ida te  f o r  some type of r e s e d i a l  ac t ion.  

Remedial a c t i o n s  f o r  Bryant Y i l l  Pond a r e  c u r r e n t l y  be ing  pursued through 
l i t i g a t i o n .  The S t a t e  of Yichigan has f i l e d  a complaint i n  Cni ted S t a t o s  
D l s t r t c t  Court .  The S t a t e  seeks  i n j u n c t i v e  r e l i e f  t o  a b a t e  and remedv 
the  r e l e a s e  of PC3s i n t o  t h e  onvirsnment. 3ecause remedial  a c t l o n s  f o r  
3ryanc Y i l l  ?ond a r e  being pursued through l i t i g a t i o n ,  they w i l l  not  be 
addressed i n  t h i s  document., 

?haw! Dovn Dams 

The a v a i l a b l e  d a t a  f o r  tbe  P l a i n w e l l ,  Otsepo, and Troworld3e 2ams 
I n d i c a t e  t h a t  the  s e i l m e n t s  behind these  dams are  not h i g h l y  contamiasted 
zz la t i - re  :o a t h e r  ~ T Z ~ S  3 :he r i v e r .  O f  :he 103 szmpies taken ir, these  
:?tee a r e a s ,  only J samples exceeded 50 ppm PCBs. Core samples i n  thescl . 
a t e a s  snow ve-T L i r z l e ,  i f  any, cor.taminati,on below two f e e t  deep. h 
s p e c l a l  a n a l y s i s  =as peris-ed on cores  from Plainwel l  and Trowbridge 
a r e a s  t o  c o n f i r s  t h a t  dee?er sediments ve re  not contaminated v i t h  o rean ic  
cmpounas o t h e r  than PCBs. No ex t raord inarv  l e v e l s  of any of t5ese  
:~muounas were aer+cccd.  The r e s u l t s  a r e  presented i n  Appendix F .  

The t h r e e  dams ueze acquired by the  "ichiqan 9egart.sent of Ya tura l  
Resources i n  1960, and were drawn dovn i n  the  e a r l y  1970s due t o  t h e r r  
d e t e r i o r a t e d  c o n d i t i o n .  Dried sediment is presen t ly  exoosed a long  the  
r i v e r  banks. The r i - re r  has  s i n c e  cu t  a channel down througn t h e  

e 



contaminated sediments, vhich are now above the water level. Samples 
taken from the river bed in these three areas are relatively clean, a 
fact vhich indicates that the channel has er~ded through the contaminated 
sediments and into non-contaminated material. The dried sediments are 
revegetated, but the river banks are being eroded and sloughing off into 
the river, releasing additional PCBs. Periodic inundation of the dried 
sediments map also release PCBs to the water column. 

Dam relnoval is under progress at these three dams. If dam removal 
is implemented, the river channel vould erode deeper into the sediment 
and re-establish itself at a lover elevation. This would be a beneficial 
effect, because the contaminated river banks sediments would be higher 
above the river level. Provided that przper  rec cautions are taken, dam 
reaoval will have nc adverse environmental effects on the river. Proper 
~recautions include 2xcavation of any contaainated sediment which may be 
carried into the river as a result oi dam removal. This includes 
sediment directly behind the dam, and sediment along the river channel 
vhlch would slough into the river as a result of the channel eroding 
deeper. Dam removal may be implemented alone, ar  in conjunction vith any 
of the elevated alternatives. Dam removal will not be further evaluated. 

The areas of the three impoundments, and their estimated contaminat- 
ed sediment volumes (assuming 3 feet of contaminated sediment), are as 
follows : 

Former Estimated 
Flooded Area Sediment Volume 

Trowbridge Dam 536 acres 2,536,000 CY 
Otsego Dam 239 acres 1,13',000 CY 
?lainvell Dam 108 acres 523,000 Cf 

The following alternatives are being considered at the three drawn 
do- dams: 

0 No action 
a Channel lining and soil cap 
O Channel lining and dredged area 

Channel lining and impermeable cap 
Excavation and disposal 

For the :aree alternatives involving channel lining, the ckannel 
lining has been used for lomyten stabiLizatix of the rLver czannel; 
hovever, the channel lininc is optional. Costs for the no channel l l n i n g  
options are provided. 1 5  the no channel lining option is chosen, excava- 
tion vould still be required to cut the chancel side slopes jack to a 
more stable 3 : l  slope. Als~, long : e m  sonizsring of the ckannel xouli 
be required to detect river meanderfng or bank erosion, which may require 
a saintcnazz? 3r3gr33 :J d~0id large quanitirs of contamina:sd sedlmecr 
5eing added to rhe river. If seanaezing or bani ccsion I s  iecsc=ad, 
additional bank stabilization measures would then be implmented. - 



6 . 4 . 1 2 . 1  No Action 

Description 

If no action is taken, PCBs will continue to be gradually added to 
the river environment via erosion and sloughing of the river banks. The 
environmental iinpact of taking no action vill be evaluated by the mathe- 
matical model. 

6 . 4 . 1 2 . 2  Channel Lining and Soil Cap 

Under this alternative, a flexible lining, such as fabrifom or 
riprap, will be used to stabilize the river channel and to prevent the 
river from future meanderfng. A soil cap vill be used to protect the 
exposed sediments above the river banks against erosion. 

For the river channel, a properly designed riprap lining with an 
underlying filter blanket of s a d  ,ad filter fabric will be constructed. 
If riprap is not locally available, a fabriform channel may be con- 
strxted. ?he river banks in the areas behind the three drawdovn dams 
are estimated to have 1:1 side slopes, due to the manner in which they 
vere famed. ' k ~ s e  slopes are much too steep to cmstruct a stable 
channel lining. Depending on the type of channel lining selected, the 
slopes ;rill have to be cut back to approximately 3 : l .  Therefore, some 
dredging and/or excavation vill be required to achieve the proper channel 
cross-section. 

For the dried sediment beds, a soil cap, consisting of an 18-inch 
laver of soil and a 6-inch layer of vegetated topsoil, will be effective 
in controlling erosion. Seeding will be used to establish vegetation. 
Regrading may be required in order to improve the ability of the cap to 
provide proper drainage--to achieve positive drainage or to eliminate 
potential ponding. 

Channel iining and soil capping, when properly designed, installed, 
and maintained, are expected to eliminate erosion and subsequent release 
of PC% to the river environment at the three dram dawn dams. However, 
some dissolved PCEs will still be carried into the vater column from 
rainwater infiltrating through the contaminated sediments and into the 
river. 

As a variation of this alternative, the channel map be lined as 
?reviouslv described; however, rather than placing a soil cap over the 
entire area, a layer of contaminated sediment approximately 3 feet deep 
and 25 feet wide would be reaoved alonn both river banks. Then a soil 
cap would be installea in place of the removed sediment. This would 
provide a "dredged area" between the river and the contaminated 
sediments. This  "reduced" soil cap is assumed to provide the same 
environmental protection as the full soil cap, at less cost. Bovever, 
this may create ponding problem behind the dredged area. A cost for the 
"reduced" soil cap (termed "dredged area") at the three drawndovn dams 
will be provided. 



Feasibility 

This alternative is technically feasible and can be achieved using 
standard construction methods. Prior to desim, a site investigation 
will be required to deteraine soil characteristics, subsurface s<:il 
conditions, and bearing capacity of the soil. Straw bales andl'or silt 
fencing should be used during construction to sinimize the quantity of 
contaminated sediment that washes downstream. 

Time and Cost 

These projects would be quite large in areal extent, would 5e 
completed in phases, and say take several pears to complete. T3.l~ 
alternative would be the lcast costly remedial action considertd for the 
three dramdown dams in this feasibility study. 

Xaintenance costs are expected to be m i n d l ,  and vould include 
annual or semi-annual inspections and periodic repairs, if necessarp. 
Inspections folloving major storn events a're also recommended. Be?airs 
may include regarding and/or revegetating porcions of the soil cap. 

6 . 4 . 1 2 . 3  Channel Lining and Im~erseable Cap 

Description 

This alternative Fs very similar to the prevfous one, in that 
flexible linings are used to reduce erosion of the dried sediment beds 
and in the channel. However, ins:.ad of using oniy a soil cover vith 
vegetation, an impemcable cap is used to c=ver the exposed sedirent 
beds. 

The impermeable cap would consist of a laver of compacted clay 
and/or a synthetic membrane, a drainage layer of sand over s%e clzv or 
membrane, then a soil cover vith vegetatioc. If a synthetic membrane is 
used, a 6-inch sand layer under the oembrane is recommended to relieve 
uplift pressure and to protect the sembrane f x m  puncture. Xgaia, some 
regrading may be necessary to prepare the surface for ?lacement of tie . .  . . cap. In the channel itself, a ri?rap liner or faoriic-7 ~ ~ u - 2  sc :t- 
stalled, as described in the last alternative. 

Sediment capping and channel lini?z, vhe3 properly des'imed, 53- - .  . . . 
;=al !?g.  and nalz:xlzed, ;r: sx?ecz?< : 2  2,12138C2 2zzs10n d x  X I ~ S E X ~ ? ~  

, ---=,je ;f PCtj c, I..? environme~t. An ispermeable sediirer.t caD (as 
opposed to a soil sediment cap) wil! provide :he added benefl: of elimi- 
nating rainwater infiltration :hrounn the sediment and the oubseaoent 
leaching of ?CBs. A soil caz ts expected to elininate 50 lertenr of 
rainwater iniilttation, vhila ;he imperncable cap is expected to elimi- 
nate 100 percent. 

Feasibility 

This aiternative is technically feasible and can be achieved using 
standard construction methods. However, the use of compacted ciap in the 
multimedia cap may be difficult if the bearins capacity cf the scil on 
the banks of the river is low. Also, a tremendous quantitv of clap is 
required, which may not be available locally. In this case, a syrthetic 

, !?1 



liner is recommended, vith an underlying 6-inch blanket of sand to 
protect the liner and to provide a flov zone for the release of any 
excess water pressure. 

- Time and Cost 

These projects vould be quite large in areal extent, would be 
completed in phases, and may take several years to complete. 

This alternative would be slightly more expensive than the previous 
alternative because of the addition of the synthetic liner. Maintenance 
costs are expected to be minimal and would include annual or semi-annual 
inspections and ?eriodic re?afrs, if necessary. Reoairs may include 
regrading and/or revegetating portions oi the impermeable cap. 

6.4.12.4 Excavation and 0nsi:e Disposal 

Description 

This alternative requires excavation of the devatered, contaminated 
sediments on the river banks, and subsequent disposal. Since the PCB 
concentrations In the sediments behind the three draw corn dams are 
generaily low (less than 30 ppm), the sediments would not be regulated 
under TSCX. Therefare, eke TSCX requireneat of disposal in a chemical 
waste landfill or disposal bv incineration does not apply. 

Given the low PC3 concenttations in the sediaents, offsite disposal 
or incineration vould not be cost-effactive disposal options. Same type 
of onsite contaiment facility appears to be the most appropriate dispos- 
al option for these sediments. l3e contaiment facilitp could be simply 
a diked off area near the dam that vould be filled vith the contaminated 
sediments and then capped vith a soil cover. 

A site investlqation is required to determhe the feasibility of 
excavation. Zf excavation is deterained to be feasible, the bearing 
capacity of the soil and the haul distance required vill dictate the type 
of equi?ment used to excavate the sediments. In general, the lower the 
hearing capacity of the soil, the more difficult the excavation. 

If the bearing capacizy is too low t3 support even a small haul 
truck, then a dragline, supported on a floating ?latfors, must be used t o  

- ,  move the material to ;:rser grmnd, vhere it : ~ l d  chen be loaded into 
trucks with a front-end loader. The disadvantages cf this mechod are 
that the excavating efficiency is low because of intemediate material 
Sandlins time and because frequent setups are reauired. If the scil (-217 
support a frsnt-e~ld loader 2nd if the material is EL. be hauled more tf,an 
500 feet, the most efficient method would be excavation vith a front-end 
loader and direct loading into haul trucks, with no intermediate material 
handling. 

If the material is j o l l q  to be disposed of on site and does not 3eed 
t3 Se loaded Lato trucks, t5e bes: excavation equi?aent to use vould be 
either dozers (Saul iistance 300) or scrapers (haul distacce 300 to 530 
feet). Scrapers are both excavating and hauling devices. The bottom 



loading pan removes a layer of soil and then transports it to a transfer 
station or disposal site. This method is very efficient; bovever, 
relatively dry soil conditions are required for proper operation. 

A dozer is used to push the soil from one area to another. X dozer 
can only push material a distance of 300 to 500 feet with efficiency. 
Therefore, this excavation method is best suited to small areas, or long 
and narrov areas. If soil conditions cannot support a standard dozer, 
possibly a low ground-pressure dozer could be used. A low 
ground-pressure dozer has vider tracks and a longer undercarriage than a 
standard dozer. Their weight is distributed over a larger bearing 
surface, and they can be operated in areas where the normal dozer cannot. 

Sediment controls such as sedimentation basins, silt fences, and 
straw bales map be required during excavation. Eovever, with a large 
excavation in a lov-lying area, it vill be very difficult to control 
erosion, particularly during storm events. Large quantities of contami- 
nated sediment may be released to the river and washed dovnstream. After 
excavation, the excavated area would be ,regraded and revegetat ed to 
reduce erosion. 

Feasibility 

The feasibility of total excavation cannot be assessed until more 
site data is obtained. In order to accurately determine the feasibility 
of excavation of these areas, an investigation vould be required to 
determine the depth of contamination, the extent of excavation required, 
the depth to the vaczr table, the soil characteristics, bearing capacity 
of the soil, and subsurface soil conditions Isr each area. 

Preliminary analysis indicates that onsite disposal, if feasible, 
vould be the best option for disposal in these areas. .Although offsite 
disposal may be feasible, it vould be less cost-effective and may not be 
practical, given the low PCB concentrations in the sediments. The 
feasibility of onslte disposal would depend on the availability of a 
suitable location for a disposal faciuty at each of the areas. 

Time and Cost 

There is insufficient site data at these three areas to est-hate the 
time period required for excavation of the sediments. The rate of 
excavation is a func=ion of the excavation method, which cannot be 
determined until site investigations are completed. However, these 
?rojeccs are quite extensive and could take several years to complete. 
The cost of the excavation alternatives vould be much higher than the 
channel lining and sediment capping altemati-les. 

6.  h . ! 3 Imooundea Dams --- ..-- .- 

-. .ne three dams that are currently impounded in the lower Ka;amazoo 
Si-:er :re :he Otsepo Ci: -7  ?am (also called the Xenasha D a d ,  the Xlleqan 
C r q  iaa (aiso cailea ;mperlai C a r ~ i n g  C a n ) ,  aac :he Ca;i;x Dam (Lake 
Allenan). 



There is not much sediment PCB data available for the Otsego Citv 
Dam. The highest concentrations found were 25.1 pvm in a surface sample 
and 57.0 ppm (at 12 inch depth) in a core sample. 

Based on available data, the Allegan City Dam impoundment appears to 
he relatively highly contaminated. A deep core taken in this impoundment 
in 1985 indicated high concentrations of PCBs as deep as 7 feet. 

Available data indicate that PCB concentrations in Lake Allegan, are 
generally low. Eight surface samples ranged from 2 . 2 6  to 24.67 ppm. 
Five core samples, ( h  to 16 inches in depth) , ranged from 13.90 to 61.70 
ppm. The highest PC3 concentrations are found in the upper reaches of 
the lake, vhere much ' tke sediment deposition takes place. 

The alternatives being considered for :he impounded dams are: 

O No Action 
0 Dredging and/or excavation, and upland disposal 

Channel dredging, channel lining, and soil cap (Otsego Ci:y Dan) 
e Channel dredging, channel lining, and impermeable cap (Otsego Ci:y 

Dam) 

The tvo latter options are being considered only for the Otseqo City 
Dam. The Otsego City Dam impoundment is heavily silted in and is charac- 
terized by svanrpy conditions, particularly in the upper reaches. At this 
lmpounament, hydraulic dredging vould only be feasible in the channel, 
vhere a floating vessel can operate. 

6 . 4 . 1 3 . 1  No Action 

No action may possibly be a viable option for the impounded dams, 
particularly if upstream sources are ramediated. If upstream sources of 
PCSs are remediated, eventually, only "clean" sediments will be carried 
downstream. Since the Fmpounded dams are depositional areas, the contam- 
inated sediments will then be covered up bv "clean" sediments, and 
essentially isolated from the aquatic ecospstem. This alternative will 
be evaluated by the mathe~:.ical model. 

6.6.13.2 Dredging and/or Excavatfon, and "?land Disposal 

Dredeing is the technique used for teaovine subaaueous sediments. 
This Is the only feasible alternative available lor Lake Allegan. 
HydrauLic dredging was selected as the most appropriate dredging tech- 
nique for the Kalamazoo River. 

I 

The channel of the Otsego City Dam impoundment may be dredged using 
a hydraulic dredge, but the silted-in sediment areas would best 5e 
removed b v  drawing the dam down t~ devater the sediments, and then 
excavating with a dragline or backhoe. This tecnniaue may 'also be used 
in the Allegan City Dam impoundment. 



X feasibility and cost study of the hllegan City Dam is required to 
determine whether dredging or excavation is the most costwffective 
removal technique. For large volumes of material, the unit cost of 
mechanical excavation is greater than the un't cost for dredging. 
Havever, the cost for material handling will 3e less for mechanical 
exczvation than for dredging, since :he eqense of spoil management and 
dewatering will be reduced. 

Listed below are the areas where dredging or excavation nay be , 

feasible, along with their respective areas and estimated sediment 
removal volumes (based on an assumed depth of contamination) are as 
follows : 

Estimated 
Sediment Assumed 

Area Volume '3epth 

Allegan City Dam 250 acres 2,823,000 CY 7 feet 
Lake Allegan 1,706 acres 2,752,000 CY 1 foot 
Otsego City Dam 361 acres .1,717,000 CY 3 feet 

Because of the large volumes of sediment to be disposed of, onsite 
disposal would be the most appropriate and cost-effective disposal 
oution. Offsire disposai and incineration vill 5e cost-;rrshibiciqre a r d  
will not be considered at this time. Also, available data indicate that 
the PCB concentrations are generally less than 50 ppm in tbese areas; 
therefore, there are no regulatory requirements that call for disposal in 
a chemical waste landfill. 

Feasijili tr 

The overall feasibility of dredqinn in each area and the most 
technically and economicalIy effective strategy t o  mana3e :he dredge 
spoil removed from each site will depend OE the following factors: 

0 Volume of raterials to be dredged. 

O Physical characteristics of dredge spoil (vater cantent, grain-size 

distribution). 

0 Proximity 3 f  availablr land area for construction of spoil 
containment/disposai facilities. 

. Type and amount of aqu2ci.c vegetdtlon; :rec stumos mav reauire 
specLal excavation, special cutzing at:achments for heavy zeed 
growth. 

0 "7 . e r ! ~ i n a l  elevation and leneth c~f diszharne =ipeline; m y  necsssitace 
ase o i  bocs~,: .~cps. 

0 Power source for dredge and pump systea; availability of electric 
current. 

0 Ease of access to impoundment. 



O Haximum size and veight limits for overland transportat!on. 
b 

Xost potential problem can be overcome if enough money is spent. 
However, the limiting factor may be the availabilit? of enough land in 
proximity to the site to accommodate spoil.containment facilities. 

With any dredging operation, sediment dispersal and increased 
turbidity can be expected, and subsequent release of PCBs to the environ- 
mental vFll occur to some degree. 

Even if dredging is done carefully and systematically, not all of 
the PCBs vill be removed. X carefully planned and executed dredging 
operation can be eqected to rernove 70  to 90 percent of the 
PCB-contaminated sediments. 

The overall feasibility of excavating the dewatered sediments of the 
Otsego City or Allegan City Dams wlll be affected bv the following 
factors. 

0 Volume of sediment to be excavated ' 

0 Physical characteristics of sediment, '-9th to vater table 
0 Bearing capacity of soil, subsurface soil conditions 
0 Ptoximity oi available land for c~ntai~mentldisposal facilities 

Sediment controls, such as sedimentation basins, silt fences, or 
straw bales wtll be required during excavation to control erosion. 
However, vith large excavation projects such as these, erosion will be 
difficult to control, and some release of PCBs to the environment can be 
expected . 

If a dredging or excavation alteniative is selected, an in-depth 
feasibility study should be conducted to determine the most cost-effec- 
t ive removal technique and to develop an effective spoil management 
strategy. 

Time and Cosr 

A large hydraulic dredging operation such as dredging the Kalamazoo 
River impoundments will most likefv be performed by a specialty contrac- 
tor whose rates may be highly variable. The unit costs associated with 
representative SvdraulFc dreds:ing techniques can be estimated at 53-55 
per cubic yard of aaterial removed. 

in addition to dredgins; c~sts, the other major cost will be that 
associated w i t n  drec~e spoil Eanagement. These costs are hishly variable 
frzm size :o sit?, and unit costs are not readily deterained. However, 
some general economic considerations are discussed hers. 

The land area reauired for cocstruc~ion of convenrLone1 spoil 
containment basins, for settling of both primary and secondary effluent, 
is an important csst consideration. Containment Sasins should be con- 
structed 2s close as ~ossi3le t o  the dredging operrtion. b%ere new Land 
must be acquired for containment basin construction, local real estate 
values will decemine iaitial capital requirements. In general, when 



fine-grained solids are removed by dredging, pipeline transport of a 
concentrated slurry using booster pumps is less costly than truck loading 
and transport of the same quantity of dry solids. Secondary dredging of 
containment basins to provide additional spoil storage volume, and 
coagulant addition to enhance settling, are effertive methods of re6ucLzg 
required containment basin area and thereby decrease capital outlay 
required for a spoil management project. Also, the spoil volume can be 
reduced by (1) dredging slovly to decrease liquid entrainment, and ( 2 )  
using a areaginq system that is capable of pumping a high solids content 
stream. 

The most cost-effective spoil management sttategp will depend on 
many site-specific variables: the dredge pumping rate, suspended solids 
content of the dredge slurry, total quanticv of solids to be handled, 
availrble land area, and proxhiry to dredging site. 

3 e  abov* :cnsiaeraclons and associated problems demonstrate the 
enormous cost encountered when dealing vith dredging large volumes of 
contaminated sediments, since large capital outlays are required to 
handle large volumes of waste material vithin a relatively short time. 
Also, if dredge spoil supernatant is contaminated and cannot be dis- 
charged back to the river, the onsite treatment of wastewater becomes ac 
additional major c3st. 

6.4.13.3 C5annel Dtedging, Channel Lining, and Soil Cap (Otseqo City 
Dam) - 

Description 

Under this alternative, the entire 
would be dredged to remove contaminated 

length of the existing channel 
sediments and to preyare the 

channel for a-riprap or fabriform lining. Dredge spoil wbuld be con- 
tained behicd dikes adjacent to the channel and allowed to dewatez. A 
flexible channel lining, such as riprap or fabriform, would be used to 
stabilize :he channel and to prevent futurt aeandering of :he river. X 
soil cap rould then be placed over che entire sedbent area :s contain 
the contaninac?i sediments. 

Channel dredging can be acccnplished hydraulically using a 
mini-dredge, such as "ud Cat S P - 3 : 0 ,  or may ?ossibly be cxcavated mechan- 
ically if the dam can be draw down sufficiently. The dredge volume f r = m  
- -..e - channel ~oxli 5 c  small 2xugh :hat Ilktd a r z a s  ;djac=zt t3 the sit2 
cculd be used :s contain the dredee spoil. The dredpe spoil could be 
allowed c3  dewater naturally. The dewaterizg process c~uld be greatlv 
enhanced by drawing down the water level in the impoundment. 

Yhe3 :he area is sufficiently dewatered, a soil cap, consisting of 
an 18-inch layer of soil and a 6-inch laver of t~osoil, would be 
install~d and ve~ecated. Sodding or seedisg mav be used to es;;:-.I.. 
.vegecatlon. The cllped area may require some regradizq a-d surface watsr 
diversion ta ?revent erosion and to promote drainage. Some extra back- 
filling say be required in the low-lying areas to eiiminate ponding. 



Channel dredging and lining, and soil capping, vhen properly de- 
signed, ihstalled, and maintained, is expected to eliminate sediment 
erosion and subsequent release of PCBs to the river at Otseqo City Dam. 
However, since the channel lining will permit infiltration and 
exfiltration, dissolved PC3s  will still be carried to the ~iver from the 
rainwater infiltration and groundvater movement through the contaminated 
sediments. 

Feas ib i l i t y  

Installation of channel linings using riprap or fabrication is a 
common construction practice. The choice of the type of channel lining 
will be based on local availability and cost of riprap. 

Channel dredging at Otsego City Dam is technically feasible using 
standard dredging techniques, provided a pover source is available for 
the dredge and access to the impoundment is feasible. 

In order to estimate the feasibility of dredge spoil dewatering and 
soil capping, a site investigation and conceptual design would be 
required. 

The feasibility of using adjacent diked areas for containment and 
devaterinp wili depend on the dredge spoil volume, area available for 
containment and dewatering, and grain-size distribution and solids 
content of dredge material. 

Placing a soil cap in this area is technically feasible csing 
standard construction methods; however, sfte conditions may make this 
cost-prohibitive. Since the area is characterized by swampy conditions, 
dewatering may be required to reduce :he svampy conditions in order to 
improve the bearing capacity of the soil and to facilitate 71~cing :he 
cap. Xlso, large volumes of backfill may be required in low-lying areas 
to eliminate ponding. 

Time and Cost 

This project vould be quite large, vould be compieted in phases, and 
will take several years to complete. 

6 . L . 1 3 . 4  Channel Dred%inq, Channel Lining, and Imperneable Cao (Otsego 
City 9am) 

Description 

- &fils alternat2re is v e y  sisilar to the Yrevious altenatlve. 
Flowever, instead of installing a soil cover vith vegetation, an Laperse- 
able cap would be used i o  cover the sedime3ts. The imueneahle cap vould 
c~csist of a layer of csmpacced clav andlor a svnthetic membrane, a 
drainage layer of sand over the clay or membrane, then a soil cover with 
vegetation. If a synthetic membrane is used, a &inch sand layer under 
the mernbrane is recommended :o relieve uplift pressure and to protect rbe 
membrane. Some extra backfilling may be required in the low-lging areas 
to eliminate pcnding. 



Channel dredging and lining, and an impermeable sediment cap, 2hen 
properly designed, installed, and maintained, is expected to eiiminate 
erosion at the Otsego City Dam. 

The installation of an impeneable- cap, rather than a soil cap, will 
provide the additional benefit of eliminating rainwater and surface water 
infiltration through the contaminated sediments. An imperneable cap is 
expected to eliminate nearly 100 percent of the infiltration, vhereas a 
soil cap is expected to eliminate only 30 to 50 percent. ?we1rer, since 
the channel lining will permit infiltration and exfiltration, dissolved 
PCSs may still be carried to the river due to groundwater movement 
through contaminated sediments. 

Feasibility 

The fea~i3ilit~ of dredging and channel lining is as discussed in 
the previous alternative. 

2 3  0r5er to estimate the feasi3ility of installing an iz?eneajl? 
cap, a site investigation and conce?tual design vould be required. The 
use of compacted clay in the cap map be difficult because of the svamuy 
conditions and the low bearing capacity of the soil in this area. A 
synthetic liner is recomme~ded, with an underlying sand drainage layer to 
protect the liner and to provide a flow zone for the release of excess 
vater pressure. Devatering may be required in order to facilitate 
placing of the cap. Also, large quantities of backfill may be required 
to raduce the svampy condition. 

Time and Cost 

This project would be quite extensive and would take several years 
to complete. 

This alternative would be slightly more expensive than the pravious 
alternative because of the addition of the synthetic liner. 

6.h.lh Alte~ative Summary 

Table 26 presents a sL'3mary of the remedial alternati-res, the 
approximate time required i3r implenentation of :he alternative, a d  the 
estimated cost of implementing :he alternative. Cost brcakdowns for each 
altenative are prese?.t.d ix hcpendix E. 

- - - -he ez:ec:iveness of 2 x 5  of :he rcrnee~rl action al:er?atives 
?r?sented in Section 5.G was evaluated thrccg: :he use of a 2athernatical 
model. 11: t h l s  secc5on. the results of ?%a= eval2~ation are presented, 
and the sethoaoioq: . .- :ve =nose r2sults is discusssl. I; 
addition, the invlrsnmental effects of each alcenative are discussed. 
For a discussion of the model theory and aevclooment, refer to Sec:ion 



TABLE 26 

COST STJlQfARY FOR ALITRXATIVES 

Approximate 
Implementation 

A l t e r n a t i v e  Time 

No Action f o r  E n t i r e  River  -- 
Portage CreekIBryant 3111 Ponds --- 

DRAWN DOW DAMS 

Channel L in izg  and s o i l  Cap 3 Yr 
(no channel  l i n i n g  o p t i o n )  ( 2  F) 

Dredged Area 1 ~r 

D) Channel L in ing  and I rnpeneab le  Cap 3 yt 
(no channel l i n i n g  o p t i o n )  (2 y r )  

E) Excavation and O n s i t e  P i s p o s a l  . O yt 

MPOUNDD DAMS 

F) Dredging and /or  Excavat ion,  5 Y r  
and Upland D i s p o s a l  

GI Channel Dredginp. Channel L in ing  3 yr 
and S o i l  Cap (Otsego C i t y  Dam) 

Estimated 
C a p i t a l  Cost 

H) Channel Dredging. Channel Lining 3 y r  51,38;,000 
and Imperseable Cap (Otsego - 
Ci ty  Dam) 



The following remedial alternatives were selected for model 
evaluations : 

A. No action for the entire river 

B. Portage Creekl3~ant Mill Ponds: Assume renedial actions will 
eliminate Portage Creek as a source of PCBs. 

Drawn Down Dams (Plainwell, Otseqo, Trovbridqe) 
C. Channel lining and soil cap 
C1. Buffer tone "Dredged ~rea"' 
D. Channel lining and imperseable cap 
E. Excavation and disposal 

Impounded Dams (Otsego City. Allegan Citv, Lake Allepan) 
F. Dredging and/or Excavation 
G. Channel dredging, channel lining, and soil ca? (9tseqo Cit-7 

Dam) 
H. Channel dredging, channel lining, and impermeable cap (Otsego 

City Dam) 

6.5.1 Summaq of Remedial Alternatives 

A. No Action for the Entite River 

Under this alternative, the current sources of PCBs in the river 
vill reziain unchanged, and contaminants ernanating from these areas 
vill continue to affect the environmental quality of the river. The 
current conditions will continue to gradually change until the 
steady-state condition described by the model is reached. 

B. Portage Creek 

Under this alternative, Portage Creek vill be eliminated as a source 
of PCBs. 

C. Channel Lining and Soil Car, (Drawn Dovn Dams) 

Under this alternative, the contaminated sediment will remain I n  
?Lac%. A rl?rz? or fabrlfon liniag wlll be installed in the 
channel to minisize erosion, and a soii cap will be placed on the 
exposed sediments above the creek banks to nininize erosion. T f  
?roperly implenented, these actions are expecced to eliminate 
erosion and the subsequent release of ?C3s => :he env:rxuaer,: -rla 
this routs. 3ovever. since the c3annel iinizg vill ?ernit infiltra- 
tion and exfiltration, dissolved ?C3s will stlll be carrled i?to the 
vater column from rain infil:rat=nq :he soil Z ~ D  and f r m  nrsunava- 
taz Dovernent through the contaminated sediments. 

*. - - ,nese actions i-auld be Fmulemented at the three drawn d o n  dams. L: 

properly implemented, these actions are expected to eliminate 
srosion and tne subsequent release of PCas to the envL ' ronment . 



Under this alternative, the impounded areas behind the :hree exist- 
ing dams zoulc  ie either dredged or excavated to remove all o f  t5e 
contamlnated sedizent, with subseauegt disposal. Xlthouqh these 
three areas are depositional areas and are not considered to be 
significant PC3 sources for downstream areas, thev are considered 
contaminated and are affecting the iocal fish populations. 

Hovever, dissolved PCBs will still be carried into the river from 
rainwater infiltrating through the sediments. In these three areas, 
the sediments are above the water table and thus are not affected bp 

- groundvater. 

C1. Dredged Area (Drawn Down Dams) 

Under this alternative, a laver of sediment approximatelr 3 feet 
deep and 25 feet vide would be removed along both banks. h soil c2p 
wuld then be installed in place of the removed sediment. This 
measure vould provide a Suffer zone betveen the river and the 
contaminated sediments. The "reduced" soil cap is assumed t3 
provide the same environmental protection as the full soil cap 
(Alternative C). 

D. Channel Lining and Isoermeable Cau (Dram  DO^ Dams) 

This alternative is verp similar to the previous one in that sedi- 
sent capping and flesi3le linings rill be used to minimize erosion 
'in the channel and on tne banks of the creek. However, instead of 
installing a soil cap on the creek banks, an impermeable cap would 
be installed. If properly implemented, these actions vould be 
expected to eliminate erosion and the subsequent release of PC3s to 
the environment. Xovever, groundwater aoveaent through the contami- 
nated sediments -dl1 ccntinie to carrp dissolved PCBS-into the uater 
column. 

These actions vould be implemented at the three drawn down dams. If 
7roperly implemented, these actions are expected to eliminate 
erosion at the three drawn dovn dams. An impermeable cap, as 
opposed to a soils cap, will provide the added benefit of 
eliminating rainwater infiltration and subsequent leaching cf ?C3s. 
Since the cmtaminatod sediments lie above the vater table in :hese 
three areas and are not affected by groundwater, the impemeabie cap 
should effectively contain the contaminated sedinents i3 these 
areas. Thus, these accions should eatirely eliainate these areas as 
sources of PCBs. 

3. Excavation and Disposal (Dram Down Dams) 

Under this altemat27e, the devatered, contaminated sediaenr: on the 
river banks would be excavated and properly disposed. Zkereisre, 
these areas voulc be eliminated as a source of XBs. 

F. Drednixg and/or Zxcavation and Yoland I)isoosal i1mpour:deri 3ans) 



G .  Channel Dredging ,  Channel L i n i n g ,  and S o i l  Cap ( O t s e z  t i 7  
D a m )  - 

Vnder t h i s  a l t e m a t i c e ,  t h e  e n t i r e  l e n g t h  or' t h e  e x i s t i n s  zz--?L 
vou ld  be dredged t~ rezove  contaminated  s e a i n e n c s  and :c :=RTS she 
channe l  f o r  a  r i p r a p  c r  i a b r l f o r n  l i n i n g .  Dredge s p o i l  5-1-2 3e 
c o n t a i n e d  behind d i k e s  a d j a c e n t  t o  t h e  channel  and a l l o v e f  = z  
dewa te r .  A s o i l  cap  w u l d  t h e n  be  p l aced  ove r  t h e  e n t i r e  S - E E ~ C Z  

a r e a  t o  c c o t a i n  t h e  con tamina ted  sediment .  These a c t i o n s ,  a e z  
p r o p e r l y  implemented, a r e  expec ted  t o  e l i m i n a t e  sediment  E=:= u;d 
subsequent  r e l e a s e  o f  ?CBs t o  t h e  r i v e r  a t  t he  Otsego C i ?  Zim z z a .  
However, s i n c e  t h e  c t a m e l  l i n i z g  v i l l  perinit i n f i l t r a t i - -  =.: 
e x f i l t r a t l m ,  d i s s o l v e d  PCBs rill s t i l l  be c a r r i e d  t o  :k..i r--=r ' 7 3 ~ 1  

r a i n w a t e r  i n f i l t r a t i o z  and groundwater  mcvement t h rcugh  -2; r r - z i -  
n a t e d  sediment  . 

-. -3is a l z e r a c i 7 e  Li v e r y  s1=Lla r  t o  , t h e  p r e v l x s  m e ;  :ICYET-=, 
i n s t e a d  of p l a c i n g  a  s o i l  cap o v e r  t h e  contaminated  sed7L=, z 
i n p e m e a b l e  cap would be i n s t a l l e d .  These a c t i o n s  a r e  c e r z e ; -  z :  
e l i n i n a c z  s r ~ s i 3 n  <= :his a r e a .  .h F n p e n e a b l e  c s p ,  a s  -z52= s 2  a 
s o i l  cap ,  v i l l  proriCo, t h e  added b e n e f i t  of e l i m i n a t i n g  F-TiaZi- 
i n f i l t r a t i o n  t h r o u g t  =he  cap ,  and t h e  subsequent  l e a c h i - s  rf ?Cz. 
However, l a t e r a l  g r m d w a t e r  moveaent through t h e  contaa'-.-a; - - 
s e d i s e n t s  v i l l  c o n t t v e  t o  car?  d i s so l - t ed  PCBs i n t o  t h e  r,=r 
column. Tfie added b e z i t f i t  of t h e  imperseable  cap.v',ll C E -  cz :he - - p e r c e n t a g e  o f  conts - i -a ted  s e d i n e n t  beL;w t h e  wa te r  c a b l t .  :I : 

l a r g e  pe rzen tage  of c x t a m i n a t e d  s e d i n e z t  i s  i n  :he s:>v-..-r2r. 
t h e n  t h e  imper seab le  cap  w i l l  p r o v i d e  l i t t l e  added beneF:=- 

6 . 5 . 2  Yodel  ue thodo loqp  

The s u c c e s s f u l  application of a a a t h e m a t i c a i  model t o  e-=-:s --le - - 
s:=ects  of  v a r i o u s  r ened l r l .  a c t i o n s  an PCB l * v e l s  i n  t he  Z a l z ~ c  ? r e ?  
systern deoends on t h e  degzee  t o  which t h e  numer ica l  f o m i a t l z z  a d  m d a l  
pa rame te r s  r e f l e c t  t h e  a c r i c i p a t e d  r i v e r  c o n d i t i c n s  ai:=r b ~ ~ ~ : z z z : z  
c f  t h e  a l t e r n a t i v e  a c t f o m .  Por  each  rerneciial alternative, :% z=~-rl-  
a t e  s o d e i  paramer-ors t 5 a t  -scald 3e  a i i i c t e a  by t he  inpleme2tr=-= :f :ke 
a i i e r n a t i v e  were i d e n t i f i e d .  Appropr i a t e  v a l u e s  v e r e  then  a s s - s e e  -,- 
a' . -xe 1;-.ntrf:=n, x o c e l  z : = e ~ l r s  ':azaC st. :he z v a i l a c l i  sic-2 &-L. :rk 
t s c h n i c a l  l i t t r a c u r e  , z z c  ~ r o f e s s ~ o n a l  judgnent  . 

The node: ?a ramere rz  : o e f f i c i e n t s  t h a t  s a y  3e a f f e c t e d  5- z . c  
~ o s s i b l e  r c n e d l a l  a c r i o r s  are i d e n t i f i s d  bel:w: 



3CB z=ncentra t ion a t  t h e  most upsfream l o c a t i o n  
Suspeded  s o l i d s  c o n c e n t r a t i o n  a t  t h e  most upstream l o c a t i o n  
3 i s c 5 r g e  r a t e  of each p o i n t  PCB load inz  
3iss:lved PCB c o n c e n t r a t i o n  of t h e  po in t  loadings  
? g i n  s e d i s e n t  load ing  
? C 3  z n c e n t r a t i o n  of the  p o i n t  sediment loading 
Sen&c d i f f u s i o n  v e l o c i t y  
S e d h e n t  b u r i a l  v e l o c i t y  
?CB 2en th ic  r e l e a s e  r a t e  
S e d h n t  suspens ion  v e l o c i t y  
Ave-rge s e t t l i n g  v e l o c i t y  of t h e  suspended s o l i d s  
t o l u n e  f r a c t i o n  of sediment i n  t h e  ac:ive l a v e r  

P a r a t e =  ( a )  through (d)  would be v a r i e d  If the  remedial  a c t i o n  
involved r mo&5ication of the  f i o v  and channel  gecmetrp. Parameters ( e )  
through '-c? w d d  be a d j u s t e d  according t a  t h e  e s t i m c e d  PC3 inf lows o r  
concen t rz= lons  a f t e r  b p o s i n g  the  remedia l  a l t e r n a t i v e .  Parameter ( e )  
vould be x f l x n , c e d  by t h e  completeness of d r e d g b g  and excavat ion 
a c t i v i t i e s .  Fzrameters ( f )  through (k) vould  be b f l u e n c e d  bp t h e  
ef fect ivp. .ess  :f source  c o n t r o l  a c t i v i t i e s  such a s  t o t a l  excava t ion ,  
l i n i n g  of =he A a n n e i .  dr capping of t h e  s e d i s e n t s .  Tor example, i n s t a l -  
l a t i o n  ci 2 s t 2  cap vas  assumed t o  reduce t h e  PC3 concen t ra t ion  i n  t h e  
headvacez and :xe ? o x t  load ing  by 7 5  p e r c e n t ,  vae reas ,  i n s t a l l a t i o n  of 
an i n r p e m - a b l ~  cap vas  assumed t o  reduce t h e s e  v a l s e s  by 95 pe rcen t .  

P a r a e t e x  (1 )  through ( q )  a r e  dependent upon :he modified f low 
regime, ?ciami c o n d i t i o n s ,  and t h e  a s s o c i a t e d  ecosystem i n  t h e  r l v e r .  
Sased or r r c e e v  of t h e  r f v e r  c o n d i t i o n s  r v u l c - h p  f rom p o s s i b i a  renedi-  
a 1  a c t l r z  an: :he subsequent response of t h e  r i v e r  system, i t  vas  
c o n c l u d k  :ha= the  v a l u e s  of parameters  ( 1 )  throunn (q) would remain 
essenti-v u=rhanged. Any smal l  changes f n  m a p i t u d e  of these  Datame- 
c e r s  v o C f  5e i i l l i c u l :  t o  e s t ima ta  wi thou t  fu rz5er  s t u d i e s  t h a t  a r e  

- .  
ievona -25 s c 7 e  o r  :>is vork.  T h e r e f a r e ,  f o r  ?ur;roses of t h i s  scuav ,  
:he as--ri,-= ;ias a a a e  t h a t  t h e  p r o c e s s e s  a f 2 e c t i n g  PC3 distr :Sution in 
t h e  r i v e r  w i l l  j a  t x e  same a f t e r  the  remedia l  a c t i m  is  inulemented. 
Parametzr  'a?. :he 3 e n t h i c  r e l e a s e  r a t e ,  -4as a s s c e d  t o  be zero  i f  the  
channel  =s : ~ l a r , z i  aradgoi  a r  a x c a v a t e i .  I n  ocher words, t h e  cor re -  
spondixg X 3  scurce i n  t h e  sediment l a y e r  was assumed t o  be zero  under 
t h e s e  c r 2 . I t l - r ~ ;  o c h e r v i s e ,  i t  w a s  l e i  t unchanged. 

R@i,al G t e n a t i v e  3 w i l l  be used a s  an =szzple  t o  denons t ra ta  hcw - - t h e  mccel ? a m e c , e r s  v e r e  ad jus ted  t o  s i m l a t e  :ke z r r e c t s  of the  ramedl- 
a: a: :a- - -:.?== --. Cnaer t h i s  a l t e z - i a t i v e ,  t h e  K a l c a z o o  3 i v e r  Ir: :he a r a a  
cf t ' le = r t~n  :I-.,n d a r s  i s  t o  i e  r eg raded ,  t h e  c h z s e l  Llned, a r =  t h e  
c h a r n e l  izzks ~ 3 v e r e d  ;rich an iapermeable cap.  'I= order  :o s i m l a t e  :he - - - .  
i r : . - r zs  ::-= r=!xen_lrl s l t o r s c l - r e ,  :he va lues  ~f ?arametars  ' a )  
througz ) Lire examined and a d j u s t e d  based on :=e aforementioned 

. . c .  lzramerar v a l u e s  ( a )  through ( a ?  -ierz unchan~ed  because :he 
new c h ~ ~ l  gzrnetry and r i v e r  d i scharge  v e r e  ass -aed  to  be Fdeccical  
-,ri:S t h e  o-xizzllg c o n d i t i o n s .  P C 3  c m c e n t r a t i o n s  i n  the s e d i s e n t  i a p e r  
( e )  anc =:e arzl-re :r2ss-reczlon a r = a  35 t h e  sed-kent l a y e r ,  as  y e l l  as 
?Ci l  be=-kzc r t l r a s e  r a t e  ( n )  , v e r e  assumed t o  be zero because of  t h e  
dredgiz ;  aza I l x i n 3  of the  channei.  The i n s t a l l a r i o n  of the  i zpe rneah le  
cap was ~ s u r n z i  not  t o  a l t e r  che magnitude of dis:?srge. That i s ,  t h e  



n e r  2 i s r i a r g e  due t o  t h e  i n f l o v ,  over land flow, and subsurface  flow was 
a-csumei t o  remain the  same a s  t h e  b a s e l i n e  cond i t ion .  Yoreover, t h e  
i - s a l L c i o n  of t h e  Fmperseable cap was assumed t o  reduce t.& PCB 
c - s e z r r a t i o n s  i n  the  headwater and the  po in t  l o a d i n ~ s  bv 95 s s r c e c t .  - 
-3 r e z d u a l  5 percent  r e p r e s e n t s  t h e  ccr.c'itior, i n  which the h u e m e a b l e  
c q  wr-ld not  c o m l e t e l y  c u t  o f f  t h e  PC9 c o n t r i b u t i o n  frcm both t h e  
t y s t r e r m  i n f l o v  and the  subsur face  flow from t a e  surroundlnq a r e a  t h a t  i s  
nc= c z ~ e d .  The r e s t  of t h e  model i n p u t s  rernained i d e n t i c a l  t o  t h e  
k c e l h  c o n d i t i o n  for t h i s  a l t e r n a t i v e .  

PI methodology used i n  A l t e r n a t i v e  D vas  s i m i l a r l y  appl ied  t o  
at:ust :he a p p r o p r i a t e  model i n p u t s  f o r  t h e  o t h e r  remedial al:em.atives. 
u-+4 6 :  *- - - .--,,,,, va lues  of the  inpu t  parameters  used t o  r e f l e c t  ihe  e r r e c t  of 
e z 5  r s e d i a l  a l t e r n a t i v e  a r e  1l;zed i n  Table 2 5 .  

6 .Z .3  Ycdel Resu l t s  

- r s r  each a l t e r n a t i v e ,  t h e  s t e a d y - s t a c t  ?C3 concen t ra t locs  I n  t:-.s 
= e r  zzlumn f o r  each reach were p r e d i c t e d  bp the  model. The r e s u l t i z g  
?CE c c c e n t r a t i o n s  i n  t h e  f i s h  f l t c : ?  f3r c 3 n  3 r d  5 2 5 2  I r r  e z c ?  ~ a a c h  were 
c k z a i t d  by the  equat ion:  f i s h  P C 3  concen t ra t ion  (?cia) = 0 . 3 2 ; 7  (;ia:er 
c--zlcerrration ( n g / l ) )  t i x e s  2.01 (ca r? )  o r  0.83 b a s s ) .  The use of  t h e  
=!=el  z2 p r e d i c t  long-term changes i x  :he ?CB Levels i n  f i s h  ~ r o v i d e d  a  
c n e c - r z n t  measure of t h e  r e i a t i - ~ e  effec:iveness of alterxatf-:e a c t i o n s  
=i g c z r a l  progress  toward t h e  minimum g c a l  of lover ing ?C3 I t v e i s  i n  
f>', -- ,, l e s s  than 2 ppm. Bowever, d a t a  base  l i m i t a t i c n s  and =lode1 
5 - a l C * l c a t i o n  must be considered when us ing  the  model r e s u l t s  i n  a 
r ~ n t f  z a t i v e  fashion.  

?e numerical  t e s u l z 3  of t h e  model s * h d a t i o n  of A l t e r - a t i v e s  A 
:xsug 3 a r e  presented i n  Tabie  2 5 .  

- -:o model r e s u l t s  a t e  g r a p h i c a l l y  presented i n  Fieures  1 5 ,  ! 7  and - - - .  
-: . 2 znese f i g ~ r e s ,  ?.:3 c ? n c o s t r a t i m , c  f 3  C i r 7  and bass  zrz pl :c te l  3~ 
r=?ch i ~ r  each a i t e m a t i - ~ e .  The p r e d i c t e t  s t sad?-s ta te  concantra:ions of --  = - 2 s  -2 car;, and bass  under t h e  no-accior, a l z e r n a t i v e  a r t  s h o m  a s  
2 -  -2-=-'.:e A. The relatl.:e sucz2ss  of ezch remedial a c t i o n  alc=r:at ive -- ----  --  L --L,;?g ?C3 c o n c e n t r a t i o n s  i n  f i s h  cao be evaluated 5:: c ? ~ p a r i z e  t h e  

~ L t s  i s r  each a l t e = a t i v e  :3 t h c s e  given f o r  Xlf:rnati7e A .  A153 
. . .  =z:cz:=d is the s in i sum remedia l  a c t l o n  goai  of 2 ppm. Thee? f i s u r e s  
s z m i  e a t  no alternatives impleme~. ted  a loze  v i l l  achieve t5e  x i n i n u n  g c a l  

. - 15 l m - r i n g  =he PC3 c o n c e n t r a t i o n s  i n  f l s h  t o  l e s s  than 2 ?fg i n  a , ~  
r = s c i = .  '-rowever, L : e r ; a t l y ~ e  3 ,  ixvo lv izq  r e ~ e d i n l  acclons  i n  ? s r r a a e  
- - . - .  1- =-1.. -:I-- a::;t.rs ::a j>dl 2: 111. reachas  e x c q c  Xeach il ( i l l e g a n  Ci:;- 

-=oc-Lent) .  

3 i s c u s s i o n  of R e s u l t s  

5: Action 

k a e l  r e s u l t s  i a d i c a t e  :hat ,  s77en uncer the no-nc::r?.n a l t e n a t i a e ,  -- 
:I-2 c r = = s n t r a t i o ~ s  i n  Kalamazoo Xiver fish ell 5e reduced over t h e  long 
z r n .  3 e  reduc t ion  i n  ?CBs occur :hrouen t20 princ:?ai sec5anisms:  
s i - f i m ~ :  b u r i a l  and sedirnent f l u s h i n q .  Sediment h r i a i  w i l l  x c u r  i n  t h e  



Input Values A l t e n a t i v e  

A 

B 

Same as  base l ine  inputs 

XSD (3)  = 0 
xsil (5) = 0 
ASD (6) = 0 
2B (3)  = 0  
RB (5)  = 0  
RB ( 6 )  - 0  
cs (3)  = 0 
CS ( 5 )  = 0 
cs ( 5 )  = 0 
CS (6) = 0 
QSDP ( 3 , 5 , 6 )  = 25% of tke 

base l ine  value 

XSD ( 2 )  = 0 
AS3 ( 5 )  = 0 
XSD ( 6 )  = 0 
RB ( 3 )  = 0 
RB ( 5 )  = 0 
RB ( 6 )  = 0 
cs (3)  = 0 
cs ( 5 )  = 0 
CS (6)  = 0 
QSIIP ( 3 , 5 , 6 )  = 5% of the 

base l ine  value 

R3 (3)  = 0 
RB ( 5 )  = 0 
RB (6) = 0 
cs (3)  = 0 
cs ( 5 )  = 0 
CS (6) = 0 
QSDP ( 3 , j . j )  = 0 



TABLE 25 (con't) 

I n s u t  Values 

ASD ( L )  = 0 
RB ( L )  - 0 
cs (6) = 0 
QS3P ( h )  = 252 05 the 

baseline value 

XSD ( 4 )  = 0 
RB (G) = 0 
CS ( b )  = Q 
QSDP ( h )  = 5 :  o f  :he 

5ase l ine  value 



TABLE 2 5 .  YODEL PRE3ICTIONS FOR i A T 3 9 ,  CARP AND U22 

3ASS CONCENTRATION (?PY 





DRAWDOWN DAMS REMEDIAL ALTERNATIVES 

MODEL PREUCTDNS 
N I L  I N A I I V I  0 (UHY UWS) 



p r e  10 

IMPOUNDED DAMS I .-MEDIAL ALTERNATIVES 

MODEL PREDICTKINS 
M l I l w l M S  0 (OI ILCO CIW MU) - .-- -.- 

MODEL PREDICTIONS 
A L I ( l H * I M  I (UPOWNO MU)) 

MODEL PREOlCTlONS 



i n o u n d e d  a r e a s  ( t h e  d e p o s i t i o n a l  a r e a s ) .  Through t h i s  ?recess, 
c ra t amina ted  sediment  i s  i s o l a t e d  from t h e  a q u a t i c  ecosvs:en S p  b u r i a l  
3 t=eath  c l e a n  sed imen t s .  A n o t e v o t t h v  shor tccming of t h i s  p rocess  i s  t h e  
=:=encia1 r eexposu re  of con tamina ted  sediments  if an excre7e h v d r o l o e i c  
e r r n t  ( e . p . ,  a  f l o o d )  e r o d e s  t h e  o v e r l v i n g  m a t e r i a i s .  S c d i n e ~ t  f l u s h i n g  
\=I1 occur  i n  t h e  e r o s i o n a l  a r e a s .  T h i s  p rocess  removes PC% fram t h e  
*-stream sed imen t s  t h rough  r e s u s p e n s i o n ,  d i f f u s i o n ,  and t u r b u l e n c e .  

C=rreri t ly,  PCBs.are b e i n g  f l u s h e d  from t h e  Kalamazoo R ive r  i n t o  Lake. 
?!!:higan a t  t h e  r a t e  of  a b o u t  217 pounds p e r  yea r .  A t  t h i s  r a t e ,  i t  v i l l  
:zie about  !000 y e a r s  t o  f l u s h  t h e  ? C 3 s  comple te ly  from the  Kalamazoo 
3 f7e r  system. The S t a t e  o f  X i c h i g a n  v iews t h i s  l one  t ime f rame,  t h e  
: - ~ t i n u e d  ?C3 load  t o  Lake ; \ l ichigan an2 t h e  cont inued f i s h  ?C3 
=:ntamination a s  u n a c c e p t a b l e .  T h e r e f o r e ,  t h e  No Act ion  a l t e r n a t i v e  i s  
f --, -. an  a c c e p t a b l e  s o l u c i o n  t o  r educe  b m a n  axposure t o  PC3s. 

P o r t a g e  Creek/Bryant  "ill Ponds 

A compar ison  of  t h e  r e s u l t s  from dl a l t e r n a t i v e s  ' sugges ts  t h a t  
-2aea ia i  a c t i o n s  a p p l i e d  a t  P o r t a g e  C r e e ~  ;rill h a v  t he  most s i g n i f i c a n t  - - 
c r s e c t  i n  r e d u c i n g  PC3 c o n c e n t r a t i o n s  F=1 f i s h  (Figure 16, Table  2 5 ) .  - - -r* -.,.age Creek rernedia l  a c t i o n s  a r e  p a r r i c u l a r l v  e f f e c t i v e  i n  Beaches 1 
::rough 7 .  T5e 3 o a e l  r e s u l ~ s  f o r  A l t e x a t i v e  B i n d i c a t e  i n  a  g e n e r a l  
s.-=se :hat t h e  r e a e d i a t i o n  of  t h e  ?g rzage  CreekiBr.:ant W i l l  Fonds a r e a  
r---Il a c n i e v e  t h e  sinimum g o a l  of l o v e r h g  t h e  PCB c o n c e n t r a t i o n s  found ir! 
xrp and b a s s  t o  S e l o v  2 ppm i n  a l l  r e a c h e s  exce? t  Reach 9 ( h i l e g a n  C i t y  
a o u n d m e n t  ) . 

Drawn D o n  9ams ! ? l a i m e l l ,  Otseno,  Travbr idge)  

A l t e r ; l a t=ves  C ,  D ,  and E i n v o l v e  r emed ia l  a c t l o n s  on Rraches 3 ,  5 ,  
c d  5 and t h e r e f a r e  have 20 e f f e c t  on :ke f i r s t  t-do r29c:les c f  t h e  r i v e r .  - - .  - :erelore,  t h e  mi~zzzum g o a l  of  l o w e r x g  :he ?C3 l e v e l s  F 3  12sn t o  l e s s  
::an 2 ppm -rill not l i k e l y  b e  ach ieved  i n  t h e s e  upstream reaches .  The 
z s u l t s  shov t h a t  t h e  middle  r e a c h e s  5 e  improved somevha: by t h e s e  
L t e r n a t i v e s .  I n  Reaches 8 and 9 ,  chese  a l t e r n a t i v e s  ac:urlly r e s u l t  i n  
z s l i g h t  i n c r e a s e  i n  t h e  PC3 c o n c e n t r z t i o n s  i3 t h e  fisn. T5e r eason  f a r  
-:i ,,s i z c r e a s e  i s  t h a t  r e m e d i a l  a c t i o n s  t aken  a t  t h e s e  dams r e s u l t  i n  

h d e r  c c n c e n t r a t i o n s  a f  susoended s ~ l i f s .  Tfiis,  1-3 t u n ,  l o v e r s  t h e  
z y s b a b i i i t y  f o r  d i s s o l v e d  PCBs frou. u?s:team reaches  t o  at:ac:l :c s o l i d  -- , - -LAcles  --; and s e t r l e  o u t .  R a t h e r ,  t h e  d i s s o l v e d  PCBs pass  through t o  

: I-nstream Reaches 8 and 9 ( A L l e g ~ n  Cizp  Dam and Lake Xl l egan) .  

Ianounded 3ams (Otsego C i t y ,  Al'czan CFty, Lake A l l e e a ~ )  

A l t e r n a t i v e  F ( d r e d g i n g  t h e  t h r e e  inpounded dams) has  no e f f e c t  on - -2 ?CQ 12ve13 i n  f i s h  i n  :he u p s t r o z  r eaches  (Reaches i thraugh 3 )  arc! 
- 1  - -  I - - - - ,  e r r e c z  i n  Xeaches th raugn  7 .  l o v e v e r ,  a  s u b s t a n t i a l  r e d u c t i o n  

- , - ?C3 l c v e l s  is o b s e n e d  i n  Beaches a :hrough 10. A l t e r n a t i v e  F i s  t h e  
- ,  -,ly a l t e x a t i v e  t h a t  has  such an effect on t h e  dovnstream reac5es .  T 5 i s  

- 2 d i c a t e s  t h a c  d r e d g i n g  X l l r g a n  Ci:v 3 a  (?each 8)  and p o s s i b l y  d r e 2 z i . g  - - i k e  Xl l egan  (?.each 9) vou id  have subs:ant lal  b e n e f i c i a l  e r r a c = s  i n  t h e  
i s t  t h r e e  r e a c h e s .  

1 c -  , A d -  



The model r e s u l t s ' a l s o  i n d i c a t e  t h a t  A l t e r n a t i v e s  G and H (Otsegz  
C i t y  Dam remed ia l  a c t i o n s )  have v i r t u a l l y  no e f f e c t  on PCB l e v e l s  i n  
f i s h .  The o n l y  s i g n i f i c a n t  d e c r e z s e  i n  PCB c o n c e n t r a t i o a e  o c c u r s  ic 
Relch 5  (Otsego C i t y  D a m  t o  O t s e q z  Dam). 

6 . 5 . 5  Sumnary of R e s u l t s  

I n  summary, model r e s u l t s  i n d i c a t e  t h a t ,  even under t h e  n o - a c t i z  
a l t e r n a t i v e ,  PCB c o n c e n t r a t i o a s  la t h e  Kalamazoo X i - 7 2 :  i i a h  w i l l  be  
reduced over  t h e  long  term; h o v e v e t ,  t h e  con t inued  PC3 load  t o  Lake 
Xichigan  and con t inued  f i s h  c o n t d n a t i o n  make t h i s  a l t e r n a t i v e  
unaccep tab le .  

- .  
A comparison of model r e s u l r s  f:zm Fi3u-e 16 i n d i c a t e s  :ha: rez t -  - - 

a c t i o n s  a p p l i e d  a t  P o r t a g e  Creek  rrill have the  most s i g n i f i c a n t  over. 
e f f e c t  Lr! t3ducfr.g 1'33 :2r.c2r:r3tions i n  f i s h ,  p a r t i c u l a r l y  i n  t h e  c;?= 
r e a c h e s  of t h e  s tudy  a r e a .  R e s u i : ~  i n d i c a t e  t h a t  r e a e d i a l  a c t i o n  iz 
P o r t a g e  Creek w i l l  have t h e  most e f f e c t  i n  r educ ing  PCB c o n c e n t r a t i o - r  = 
f i s h .  

The model r e s u l t s  f o r  r e r n e d b l  a c t i o n s  i n v o l v i n g  t h e  t h r e e  dra--: 
down dams ( A l t e r n a t i v e s  C ,  D ,  a ~ c  E) i n d i c a t e  t h a t  t h e s e  a l t e r n a t i v e s  
have a b e n e f i c i a l  e f f e c t  on some :i t h e  o t h e r  r eaches .  

A l t e r n a t i v e  F ( d r e d g i n g  t h e  z b r e e  impounded a r e a s )  is tt? o n l y  
a l t e r n a t i v e  t h a t  has  a  s u b s t a n t i d ,  Lspacr  ia t he  downstream r e a c h e s  
(Xeaches 8 t o  1 0 ) .  Hovever,  t h e  3ode1  r e s u l t s  i n d i c a t e  t h a t  r e ~ e d i c  
a c t i o n s  a t  Otsego C i t y  Dam ( a t e ~ a t i v e s  G and H) have a lmos t  no efi%,-= 
i n  anv of :he r e a c h e s .  T h e r e f o r e ,  i r e d g i n g  h l l e g a a  C i t v  D a m  :?each  $ 
and p o s s i b i y  d redg ian  Lake h l l e g z z  (Reach 8 )  vould nave t o  be c s n s i l r r - 2  
i f  s h o r t - t e r n  improvements i n  Re~:hes 8-10 a r c  of h i g h  p r i o r i t y  il -- - 
d e c i s i o n  p r o c e s s .  

6 . 5 . 6  Recommendations 

Sased on r e s u l t s  of t h e  rcctr: and p r e l l m h a r y  c g s t  c s t i ~ l a t e s  5:: =r 
a l t e r z l a t f v e s ,  t i e  followina r e c = e z d a t l o n s  can 3e inacle: 

0 Some remed ia l  a c t i o n  s h o u i f  y e  t aken  a t  Po r t age  C r c t k / S r y ? r t  "5:: 
Ponds. Such an  a c t i o n  w o u l i  have t h e  g r e a t e s t  e f f e c t  i n  r e c u c l =  
human ex?os.;rt : z  ?C3s, a r i  - ~ c * i l d  c x c 3 m i t a n t l p  d e c r e a s e  2C3 1st;; . ;. . . - - - -  ----.. -2 -..- ~ c ~ ~ ~ = = ~ ~  y = e - i a c  --. --a,. -..---&..-.a- --i..--. 

0 B e t t e r  nanagenent  of  t h e  . X l o g a r  C i ~ v  Dam impoundment i s  r e c o c r - z -  
ed.  The p r a c t l c e  of d r a w k t  t h e  dam down should  be d i s c o n t i n u t r  

-. -..ce - an  , m c n c c z o l l t d  r e l e r s e  of 3CJs :a Lake Al l egan  and d o = - r r ~ = i z  

r e a c h e s  r e s u l t s .  

0 - i h e  removal of t h e  r e n n a n t  tzm s t r u c t u r z s  znd i 3 o l a r l 2 g  :?s 
conta in iza t td  s ed imen t s  a t  :=t ? l a i n w e l l ,  J t s e g o ,  and i ~ 2 t i ~ ) ~ ; i ~ t  I-=: 
is  a l s o  recoEended. 
r e s u l t  2 3  l o v e r i n g  of 
eav i ronmen ta l  e f f e c t s  
t h e  r i v e r  banks w u l d  

- - - - If p r z = c r l g  lmp lesen ted ,  t k l s  a c z i n n  xcz-: 
. .  . . . - 

:he r'--:or c h a n n e l ,  vn;cn wc..-: : ,.;.e - C - - ..= . ' -  - --- -- -' 
s i n c t  :he exposed czntaminat  e i  s e a r m e n t s  r: ---.- 
be  i:::?.cr i s ~ l a t e d  from t h e  r l v e r .  



All other aztiw-s on the Kalamazoo River were considered less 
cost-effective 4ue z-, the high costs of implenentation and/or cmditional 
due to uncert-ies Fn the predictions. The follovinp; c m e n t s  address 
these- actions L !  z~srtainties. 

0 Dredging =- ye a preferred oution at Allegan Citv Dan and possible 
at Lake . -  Bovever, since this type of remedial action is 
very costlr, fryher studies are recommended to evaluate this 
option. 2- dreizing is implemented at Allegan City Dam only, a 
reductior: ~5 :S carp population in Lake Allegan is recmended'to 
reduce see5xenz disturbance so that natural sediaent burial 
processes ran ci?gtually cover and isolate the containated sedi- 
sents of -LKC Llegan. 

Future s e e s  ---, the Kalamazoo River should concentrate on tne 
following: 

0 Yore cffiro,herc-re quantification of PCB levels in fish. 

0 Expandirg szle iata base on PCB levels ',n the seabents b5:fiin the 
Otsego C i z  an: Allegan City impoundments. 

0 Addlciod asal~ses of suspended solids concentration and corre- 
sponding 323 c~ze3trations F n  :he vater column 52  or=er t3 auanclf:?. 
resuspe=-3 a-L to refine the value or' the ?arcltion coes'ficienc. 
Sampling d e r  %g'n flov conditions when the e-xposed sedhents are 
temporar5~ ir-dated would be particularly valuable. 

0 Similar t v s s  of PC% in sedisents and the overlying vater to 
better es-at. the respective partition coefficient, virh s~ecial 
emphasis =r. chc clayey fiber material. Supporting laboratory 
studiss ' i ~ r ; l d  Lso be recommended. 

0 hdditioc er'izzs tovard quantifying existing point sources of 
DCSs, irchbi-; field sampling of shoreline sludge disposal ponds 
and t r e z B n t  :,ant outfalls. 

0 Fefined. ;-=lizis:zs of sediment burial rates within the Allegan C i r y ,  
Allegan, a d  k z a g o  City Dam impoundments using cr,re profiles, 
includkq E r ~ i c e d  analysis of the deuth of the active tadiaer.~ 
layer. 

0 Xdditiczzl s+?~_lenr grai;! s l z e  analvses, v i ~ h  ar. atternor r3 isolaca 
and aua==-'p z r  amount or' clayey fiber naterial "ressnt. 

0 Studi-.s ---=ere tzuard a auantllication of sedisen,: resuspension in 
Lake h l l t q z  :r~s+d 5v biodisturbance (i.e., by car? stirrim up the 
sedi~erzm . 



7.0 ROiEDIAL ACTIONS 

7 .1  C 0 K P L . E  LZIONS - 
S i n c e  3C3s y e r e  i d e n t i f i e d  a s  a  ? r o b l e n  i n  Yichigan  i n  1971, s e v e r a l  

a c t i o n s  Y I  b e r  t a k e n  t o  improve c o n d i t i o n s .  The d i r e c t  d i scha rge  of 
PCBs h a s  bcpn s i i s t a n t i a l l y  reduced due t o  t h e  PCB ban,  o r i g i n a l l y  under  
Michigan bx ant now na t ionwide  under  t h e  T o x i c  Subs tances  Con t ro l  Act .  

The L-ec:  Gischarge  o f  PC% is n o t  a u t h o r i z e d  i n  any of t h e  KPDES 
p e r s i t s  f c r  =he Xalamazoo R i v e r .  h s p e c i f i c  r e q u i r e z e n t  t o  reduce che 
d i s c h a r g e  =5 PC=, i s  i n  t he  C i t y  or' Kalamazoo's  and O t s e g o ' s  wastewater  
d i s c h a r g e  e D E Z  ? e m i t .  

I n  rc.=gnL=ion of t h e  u n c o n t r o l l e d  r e l e a s e  of PCBs upon drawdovn, 
t h e  M- ,T _-.$_. ____ 1336 t a a  r e f a s e =  :> i s s u e  t h e  c e c e s s a ~ ?  ?s=i: f s r  :he 
drawdovn c5 t h e  U l e g a n  City Dam. 

The z ? X  Lks rernoved ' t he  s u p e r s t r u c t u r e s  of t n e  P l a i n w e l l ,  Otsego 
and Trowb=?ge 3 m s .  These dams were no t  a c t i v e  ( i . e .  t h e r e  was no 
impoundec r r t e r  p r e s e n t ) .  R e  removal ?recess invo lved  removing the  
s t r u c t u r e  $cvr t h e  impoundment sediments .  T h i s  i s  t h e  f i r s t  sre:, tzward 
t o t a l  re?rtcrzl ti t h e s e  dams and contaminated  s e d i n e c t s ,  a s  r e c m e n d e d .  
X ~ p r o x i ~ a = l ' v  5-L0.000 w a s  a l l o c a t e d  f o r  t h i s  a c t i o n ,  which vas  completed 
i n  1987. 

The E S T  k s  l i s t e d  t h e  Kalamazoo R i v e r  under  S t a t e  Act 307, t h e  
Uichigan  ' 3 - i r - z e n t a l  Response Act .  I 'nder t h i s  ac:, Sl,S62,O?r) rias 
aouroved , ! $ I '  f o r  r emed ia l  a c t i o n  i n  F o r t a g e  Crerk/Kalamazoo River .  
Il-.ese f-& h n r  been d e s i q a a t e d  f o r  u s e  t o  i s o l a t e  t h e  c o n t a n a t a d  
sed imen t s  -2 t:r Trowbr i ige  imoundment .  The r e ~ e d i a l  a c t i o n  vi l l  
:msist c l  :rez:Lng a  "drsdged a r e a "  cf 25 f e e t  bc raeen  the  r i o e t  hack  
and t h e  ?'-2 cczzaminated sediments .  The t o p  of  2-3 f e e t  of secimenc w i l l  
5e  removef ( t c c z l  abou t  100,000 cub ic  y a r d s )  and p i a c e d  i n  an on - s i t e  
dredged o:ils sediment  d i s p o s a l  facilL::?. Tfie a r e a  reaoved -3-Ll1 5e  such 
--1- " .  . a  2 5 s redged  a rea"  v i l l  exis:  bet jreen ? C 3  contamir,a:ad 
jeaimen,cs 2nd :=e r i v e r  bank edge a f t z r  comu'lece a= removal. X s o i l  cao 
55'1 5 e  f > c e ?  :-rer 2 ? c r z L o n  o f  :he 2 5  f e e r  3zfftr a r z a  2-2 :2*.-.-gacirz6. . . -'-. ---: = - - =  < - -  - .  -:- = . -  - -  < f - -  d-.Lz<acLz,.. - z  r -2  = - - - A  = - -  < -  - -  . - -  - -  - --- - -  - .-- -. - - - --- *2r--.' 

1388 w-=z z x c z l ~ ~ ~ o n  -,z zli-i389. 

?Ye *edgi s p o i l s  d i s 3 o s a l  f a c i l i t y  w i l l  be  l o c a t e d  on CST ovned - - land.  Trs l ixssa ,  r a c i l - 1 7  w i l l  be  o 3i'Ked a r e a  f i l l e d  wi th  I r edqed  
saaimen,:. =auzt.' v i t h  a  s o i l  cap and seeded .  A maiz tenance  ?rsnrsm w i l l  
be desir-. .-i  t: a s s u r e  t h a t  r i v e r  meanders do n o t  ~~~~~~~2 :?z =z?dse  
a r e a  and =%at :>e d i s p o s a l  f a c i l i t y  i s  e n t a c t .  

.?is a 5izL phase  t o  t h e  c leanup p t ~ j e r C s  a t  :?!s DNR o i n e i  d a s ,  
p r i o r  t o  =mpl+:e dam removal ,  c l e a n  sed imen t s  w i l l  5 e  dredgec from the  
tc.al:amazc Rivzr t o  c o n t r o l  dcwnstream sed imen ta t=on .  An eva l - a t ion  vi!l  



be made of the feasibilitp of us-3% eese clean sediments as a soil cap 
to cover PCB contaminated s e d i s c s  r=ininn in the inpoundmelt berond 
the 25 feet dredged area. 

An additional 51.3 milliot = S:z:e Act 307 funds has beer! allocate? 
in fiscal year 1988 to conduct =s neressarp engineering studies and 
remedial actions to control the 3 3  c-ntamination behind the ?lainvell 
and Otsego Dams. The remedial acr,iw vill be the same as that described 
for the Trovbridge impoundment. The ~rojected timetable for these 
projects calls for initiation oi =he =rejects tr: 1988 vith completion i3 
1989. 

The State has identified >:Led ?aper Incorporated as a potentially 
tion of ?ortage Creeklaryant Yill responsible party for the PCB C=.Z- 

Pond. The State gave notice or - a p s z  29, 1986, of its intent to file a 
civil action against SOI Coqor-con 'ovner of Allied Paper), Allied 
Paper Incorporated, and other p r J p e q  owners along Bryant Xi11 Pond 
(Porrage Creek). X complaint h;= b e s  filed bv the State or' Uichigan iz 
United States Diestrict Court pu==uan: to :he Comprehensive Environmental 
Response, Compensation and Liat--tp Act (CZKLA), the Resource 
Censer- Lon and Recovery Act, :~o- Fderal Water Poliution Concrol Act, 
and the Toxic Substance Control d t .  The State seeks injunctive relief 
to abate and rernedy the release ri hzzardous substances into the 
environment, declaratory relief. Irrr.=es, civil penalties, ccs: or' 
litigation, reimbursement of s c z t  ztsoonse costs and all other approprl- 
ate relief. 

The Allied PaperIPortage Z--..o,k,'~Elamazoo River site has been pro- 
posed for listing on the N a t i r L  ?r',xity List under E X L A  (Superfund). 
Listinq is expected by early 1 3 , E .  

The HDNR has undertaken ac==icr_ sampling In !4ay/June 1987 to 
identliy sludge disposal areas e c h  -3y coctaki ?C3s. Seven sitss we=+ 
identified in the iCalamazoo/P1-el:. area for sampling. 'These sizes 
vere selected because a d e i n m y  ?rc:tss was used during paper maicing 
ooerations in the 1950-70 perix anc or due to close proximity to the 
Kalamazco River. The seven s i t e  ;el.-cted were A Site (Georgia Pacific', - -. Willov Site (Georgia Pacific). rFzv sghwap (Georgia Pacific), forner ?+x 
V l l l  s:udge iis?osal area, fsr-  .-l:zd K i ~ n  U i l l  zteatment lagoons, 
?'-aimel; ?aoer slrtcge disooszl r r e n ,  and J ~ e s  River sludge disocsa? 

. -. are3. These sites are shown r= ::rcra !?. 

Sesults (Xpoenaix G) Fn1l:~~r =~jstantla! ?C3 co~tamination in the 
Zillow Sf te (GeorzLa ?acif ic) . Y-is -ine acre site is loc?c?c! L 2  
Kalamazoo. ?he site was used i= di3osal of dewatered clat-lfier sludges 
generated by G2orgia Pacific's LzI=no Paper Division. "e site is 
c=ntiguous with the Kalamazoo =z--p_r z=d* jucgicg from histcrlczl naps a=t 
photographs, was once a parc of -5e rlver. h detailed sampline prograr! 
has been cgnductad by Georgia Z - s l i l :  Csqora:ion to assess :Se 
horizontal and vertical exten: f P C  contamination. Seaisent PC3 
concentrations are about 100 =g ' k t .  long te- remedial actions are beiz; 
revieved with implenentation s=r~duulA for !?88. 
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The X S i t e  (Georg ia  P a c i f i c )  and King F I i g * 5 ~  5 1 ~ 2  (Georgia  P a c i f i c )  
g e n e r a l l y  c o n t a i n e d  l i t t l e  i f  any PCBs. Xn ex=c=r,izz 7 a s  t h e  d i k e  v a l l s  
and sediment  o u t s i d e  t h e  d i k e  w a l l s  of t h e  Klzg  Fzg1-7 S i t e  n e a r  Kine - . -  
S t r e e t  S t o r n  s e v e r  o u t l e t .  These a r e a s  a r e  sc?.r-.--t: r o r  f u r t h e r  
i n v e s t i g a t i o n .  

S o i l  sampi ing  r e s u l t s  i n d i c a t e d  PC3 cant.=+-a-' ,,zc a t  t he  P l a i n v e l l  
Paper  and James R i v e r  (Parchment)  s l u d u e  d i s p c d  a r e s .  Follow-up 
sampling i s  undervay t o  d e t e n n i n e  t h e  e x t e n t  a i  = e t u d e  of 
con tamina t ion  and n e c e s s a r y  r emed ia l  a c t i o n s  a= ~ e s c  f a c i l i t i e s .  

S o i l  sampl ing  r e s u l t s  a l s o  i n d i c a t e d  t h e  T x e r : =  of  ?C3s a t  =he  . - 
f o r s e r  A l l i e d  Paper  K i n g  E i l l  s i t e .  3 e  PCB LZ-ES ::und v e r e  r e l a t i v e l y  
low. An e v a l u a t i o n  is undervay t o  d e c e r s i a e  1' =.ls s i t e  i s  connected  t o  
t h e  Kalamazoo R i v e r .  

E s s e n t i a l l y  no PCSs were found iz t h e  s - h p  c t h e  former Rex 
H i l l  s i t e .  

Fol lovup c o l l e c t i o n s  and a n a l y s e s  o f  f i s f  = x*frvap. In Uarch,  
1987, one hundred and seven  (107) gamef ish  v e r z  = , - l l i c r ed  from t h e  Area - - 
of Concerr. f o r  PCB a n a l y s e s .  The gamef ish  cc,cr=tr.  w i th  t h e  number t o  - C ,  - 
be anal?zed i n  p a r e n t h e s e s ,  v e r e  m r t h e n  pike ,, . -argonouch S a s s  
i!O), c5annel  c a t f i s n  (iO) , f l a t h e a d  c a t i i s k  f ~ e l z e  m c k e r s  ( 1 0 )  , 
b l a c k  c r a p p i e  ( l o ) ,  r o c k b a s s  ( l o ) ,  va lLepe  (1.1'- s t s . - l e a d  ( l o ) ,  
shee?snead ( 2 1 ,  y e l l o w  p e r c h  ( l o ) ,  b l u e g i l l  (If z c  J ~ O T . ~  t r o u t  ( h )  . 'In 
a d d i t i o n  t o  :hese f i s h ,  c a q  were c o i l e c t e d  f c r  ?Z3 a a l v s e s  i n  J u l y ,  
1987 a t  six l o c a t i o n s  (Saugatuck ,  Lake A l l e g t r ,  ? l a=-e l l ,  3 r y a n t  ?fill 
?ond, ?!orrow Pond, Ce resco  Inpoundmezt) .  J a s a  --re : = l l e c t e d  a t  t h r e e  
l o c a t i o n s  (Lake Al l egan ,  Xorrow Pond, Ce rescc  '?o-ent). Ten f i s h  of - each s p e c i e s  v i l l  ana lyzed  f o r  each i o c a t i o n .  -?r ?-su l t s  o f  t h e s e  
a n a l y s e s  are expected i n  e z r l y  1988. 

Sc'ater samul ing  and a n a l y s i s  i s  c o n t i n u i r =  z a  nonth ly  b a s i s .  The 
obfecti-:es of  t h e  v a t e r  s a m ~ l i n e  a r e  co dcc~=r-= = = + i t i o n s  i n  and a r2una  
P o r t a n e  Croek, i d e n t i f y  a  p o s s i b l e  s o u r c e  of ?= 5e:zeez Kalamazoo and 
? l a i a v e l l ,  acd szmule under  h i a h  wa te r  condi : izzs .  

A d d i t i o n a l  s e d i a e n t  PC3 s a q ? F n g  and anL7--o  2 j lanned f o r  
1987-88. This sampl ing  w i l l  3 e  t o  e n a n d  :5s ~=-TLlzls! ds:a base  f o r  t h e  
Otsego Cit:r and b l l e g a n  Ci ty  inpoundments. 

- - S t u d i e s  l n  Lake Al l egac ,  h l i c g a n  C i t 7  z=z - ~ 5 2 g :  Cicv 3am 
l;nnoundr?~zcr. a r e  a l s o  planned i n  198'-88 t o  r z l - z L e  =e e s t i ~ a t e s  o f  
sediment  j u r f a l  r a t c s  and t o  e v a l u a t e  t h e  ?ar-=== : 3e f f l cLen t s  j e t - ~ e e n  
s a d i s e n t ,  Y a t e r  and suspended s o l i d s  v i t h  spez- zxchas ls  on t h e  c l a y e y  
f i b e r  n a t e r i a l s .  

I n  a d d i t i o n  t o  t h e s e  s t u d i e s  on t h e  Kal---- -- -?7er from t h e  :izy of 
Kaiamazoo d o v n s ~ r e a m  t o  Lake u i c h i e a n ,  a n  adcl----~1 a t u d ~  o f  p o s s i b l e  
?C,3 c m c n i n a t i o n  h a s  been' in i : iz ted  f o r  t h e  7-=-- -0  R f ~ e r  be:-~een 
S a t t l e  Creek and Kalamazoo. The f i s n  PC3 : e r r>  :=Ere= of Kalamazoo 
i n d i c a t e  some PC3 con tamina t ion  i n  c r r p .  T3e 1-F- f r s h  c x s u m ~ t l o n  
a d v i s o r p  w a s  r e v i s e d  t o  r e f l e c t  t h i s .  3 e  a C k r - r L  s tudp  w i l l  
d e t e n i z e  t h e  l e v e l  and any sou rces  of PC3 cr--.=--;=z:lon acd r emed iz l  
o p t i o n s  a v a i l a b l e .  

7 : a  



8.1 X B L I C  MEETINGS 

S e v e r a l  p u b l i c  mee t ings  have bee3 h e l f  r e g r z i i n a  t h e  i s s u e s  s u r -  - 
r o u c c l ~ g  t h e  Kalamazoo Xiver  ?C3 proble-,. :5I : :  mee t ings  were h e l d  
p r i o r  t o  and upon comple t i on  of t h e  R e m u  i = . r ~ s t i g a : i o n / F e a s i 5 i l i t y  
S tudv .  Tvo m e e t i n g s  v e r e  h e l d  i n  J a n u a ~ ,  1985  :s i n i t i a t e  t h e  s t u d v .  
One mee t ing  w a s ' h e l d  i n  Al legan  ( J a n u a r p  5 -  : 9EZ  , :ne o t h e r  i n  X a l a ~ a z o o  
( J a n u a r y  1 0 ,  1985).  Upon comple t ion  of -A st*, p u b l i c  m e e t i n g s  were ' 

h e l d  i n  P l a i n w e l l  and Xl leqon  i n  A p r i l ,  ::if ts : r e sen t  t 5 e  r e s u l t s  and 
open t h e  p u b l i c  comment p e r i o d .  

X p u b l i c  m e e t i n g  v a s  h e l d  i n  way, !=iz r 2 g z i i n q  t h e  9 N R  ~ ~ r o p o s a l  
t o  rennove t h e  P l a i n , w e l l ,  Otsego and T r n 5 r x g e  I a s  t o  :he i r  r e s p e c t i v e  

. - .  s i l l s .  The mee : i=~  v a s  s?ec:r::all:~ r . - l r r c  :: z i e  Act 3L6 Dredge and 
F i l l  p e r m i t s  i s s u e d  t o  t h i s  p r o j e c t .  

To i n i t i a t e  t h i s  R e a e d i a l  Act ion  PI=. a  ~ 2 l i c  meecing v a s  h e l d  i n  
Kalaaazoo  i n  Deceabe r ,  1986. A sunmsarp cf = h i s  z e e t i n g  is p rov ided  i n  
Appe ld ix  8. 

8 . 2  3XSIN STXATEGY C3%ITTSE 

A Kalamazoo R i v e r  3 a s i n  S t r a t e g y  C,===et ? a s  been  fo-ed t o  
d e v e l o p  necbanisms  t o  implement t h e  Kal--rr---20 'Z7er Remed ia i -Ac t ion  P l a n ,  
c o o r d i n a t e  t h e  R e a e d i a l  Ac t ion  P l a n ,  F i s l ~ r _ e s  'Lznaqeaent P l a n  and a c c e s s  
development  a l o n g  :he Kalamazoo R ive r  a z i  ; z m l f s  l o c a l  i z p u t  i n t o  these 
p l a z s .  "is cammiztee was f, lnded vi::? E 5:  ,OC: g r a n t  f r 2  t h e  S t a t s  or' 
?!icifgan t o  t h e  C i t y  of Kalamazoo. m e  :-ttaa s ember s  i n c l u d e  t h e  
U .  5 .  E n v 5 r o ~ r n e n t a l  P r o t e c t i o n  Xeencyr , V ' 5 .  l o c i  u n i t s  cf goverr,rne?.t , 
e m i r m m e n t a l  g r o u p s ,  i n d u s t r i a l  and la?:: z e ? r z s e n t a t i v e s  and i3 te rzs :ed  
c i : x e n s .  The f i r s t  committse  m e e t i ~ g  -- x e l c  In  J u l y ,  1987 v i c h  :he 
second n e e t i n g  i n  Xoveaber ,  1987. Tvo ~ L k i o r . '  committee s e e t f n n s  7 r L l l  

be  2 t v c c l d  t o  r e v l e v i n g  t h e  draf :  lened-  =c*'-- ,-., P l a n .  
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C 
A. Goal - 

To preserve, TXZ: and enhance the Yalamazoo River environment in a 
natural sta-2 fr the use and enjoyment of present and future 
generations. 

Objectives - 

1. Maintair and ghance the water aual i ty -of the Kal amazoo River and 
its triLtar-ns consistent u i  th the w i  ld-scenic classification 
of the r- ver  n d  adhere to the concept of nondegradation of water 
aual i ty. 

2. Haintair =ne tlisting free-flowing cond'tions and seek to stzbi- 
1 ize or ' m r 3 e  the water flow :hzrxteristics for the purpose of 
preserv'y tre natural environment. 

3 .  To prohi=!t r li'mit those developments and actii%ties which may 
damage tr des:roy the Kalamazoo River's fish, wildlife, boating, 
scenic, testretic, flood plain, ecologic, historic-archaeolagi- 
cal, an: -oc~ational values and uses. 

- 4. lo enst-5 tt:: the develooment and activities which do occur 
shall be :onr in an orderly manner, shall insure the protection 
of the --ver s natwal values and qualities, and shall protect 
the r i v e - s  =;',standing scenic and aesthetic qualities. 

5. To e n s r r  t.'..~ recreational uses which ao occur, are dcne in an 
orderly xznn? consistent with the natural environment and aes- 
thetic z-21::-es of the strem, and that a qua1 ity recreation 
experie- is maintained. 

It is recance~dec :hat the following gortions of the Kalamazoo River 
within A1 l c s s ~  C x t y  be designat~d 3s a wi ld-scenic river under the 
authority of ;ct 131, P.A. 1970: 

Vainstream: fm Ca1ki.n~ aridce Dam Lake Allegan \/alley 
'Township) :',zfls:-;-m to the border between flood zones A 2  and A 3  in - Saugatxk z*ns--l { aooroxinattiy 1/2 mi le downsttea of the 
Hacklander x o l - I  access site) as identified on the 1980 Flood 
Insilrancc 2 t = t  V r  by the Federal :~surancc Admini stration, includ- 
ing a l :  ~?!ar-f13 5 the nainstrem :3pproximtely 22 miles). 
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Tributaries (approxlrnately 
b 

1. R a b b i t  Rlver fran Over 
25) a t  36th Street ,  

f s ~ '  Tmsblp ,  east section llne (Sect 
-.r~,im t o  the Kalamazoo Rlver ( 1  

ion 
7 .0  

2. Sear Creek from Heath T m i p ,  east section llne (Section 24) 
36th Street,  d w n s t r e a  3 t he  Yalwatoo River (5.0 miles). 

3 ,  Sand Creek frcm the n-89 aidgc ,  north section line (Sectlon 3 ) ,  
\alley Township, d o w n s t . .  t: the Kalatnazoo Rlver (2.0 miles). 

4 .  Swan Creek frun Valley T m s h ' ; ,  south section 1 lne (Section 32) 
a t  112th Avenue, d c w n s t -  t: tne Kalamazoo River (7 .0  miles). 

5 .  wznn Creek ' - T I  the r22i 715:'y a t  128th Avenue (south section 
rlne o i  i c c t ~ o n  2 1 ,  I Township), downstream to the . . -  
Kalamazoo River (2.0 a i l s ) .  

Natural River Distr ic t  

The Kalamazoo River Hatural ;-ver Zistrict  includes an area 300 feot 
wide on each side of and pa-z'iel :o al l  channels of the designated 
mainstream and the d e s i ~ - ' o d  ?i butaries. This d is t r ic t  es- 
tablishes a definable area *=in  with local zoning may guide future 
development and use. ESTAL:YbE?iT OF THIS DISTRICT IN NO WAY 
IXPLIES A 'TAKING" OF THESE , W S  3Y ME STATE OR OPENING THEM UP TO 
PtJBLIC USE. PRIVATE LAND5 E W 3  PRIVATE AN0 ARE SUBJECT TO ALL 
RIGHTS OF PRIVATE OWNERSHI?. 

Land Manaaenent - Private L m s  - 1mina Guide1 ines 

1. Residential Housina: L ' t - a t t d  lots  md new subdivisions i n  the 
Hatural River District  -11 :e of sufficient size t o  accmo- 
date the building s e t b a c ~  as set f o r t h  in Section E.3, and wall  
have a minimum rivefir= ?ot t i d t h  of 150 feot .  

Lots o r  properties of --i-d lrich are nonconfoning a t  the time 
of 2 e  effective date f :beso 'yulations becsuse of 1 acx ~f 
size :o acccmnodate t3e sstSa=x frn, the water's edge st 111 be 
allowed t o  be b u i l t  u w  and hariances shall be allowed f o r  the 
required setback upon r s o n a o i 2  terms as 5 2 t  forth by the 
zoning administrator ot xte  zning ~eview board. 

U~on approval by the '-anent of Yatural Resources of an 
ordinance, a local cmumitp may allow the adninistrator of  
'.heir :cnqnG :rdinanc? -2 5- t ra ine  the location of ?reposed 
structures on s u b s t a x r d  'ots of record, provided t5at 
structures be so  placer- s= as :a best meet the objectives of the 
Natural River Act. 



One s i n g l e g  f a m i l y  d w e l l i n g  w i l l  be pemittrr on ?ach l o t  o r  
p a r c e l  w i t h i n  the N a t u r a l  R ive r  D i s t r i c t  s u b j c z  tr 'ne b u i l d i n g  
s e t b a c k s  a s  s e t  f o r t h  i n  S e c t i o n  E.3. A s i%-2 f m f l y  dwe l l ing  
Is d e f i n e d  a s  a  d e t a c h e d  b u i l d i n g  o r  s t r u c t r r  designed f o r  o r  
o c c u p i e d  e x c l u s i v e l y  by one ( 1 )  f ami ly  an: =ontr!ning house- 
k e e p i n g  f a c i l i t i e s .  

I n d u s t r t a l  and C a m r e r c i a l  S t r u c t u r e s  and Usa: 

a. Y e w  i n d u s t r i a l  u s e s  and b u l l d l n g s  and eX=ansiar of e x i s t i n g  
u s e s  and b u i l d i n g s  w i l l  no t  be p e n i t t ~  wi th - . !  300 feet of 
t h e  d e s i g n a t e d  p o r t i o n s  of t h e  K a l a m a z r  R i v e  and t r i b u -  
taries,  e x c e p t  a s  a l lowed i n  approved ' .ocal zoning o r d i -  
nances  o r  s t a t e  a c h i n l s t r a t i v e  r u l e s .  

Conmercial  u s e s  and b u i l d i n g s ;  such a s  gr s t a z i o n s ,  ;notels ,  
r e s t a u r a n t s ,  r e t a i l  s t o r e s ,  etc., ri1; n o t  Sc p e m i t t e d  
w i t h i n  300 f e e t  of the des ignated  r i v r  an< t r i b u t a r i e s .  
However, c e r t a i n  c a n n e r c i a 1  uses r e q u i t ' s  s p c - a 1  e x c e p t i o n  
p e m i  ts may be  ccmpa t ib l e  wi th  m a i n t z l n i n c  t h e  n a t u r a l  
a s 3 e c t s  of  t h e  r i v e r .  Those uses pemi :=sr  u n w  t h e  soec i  a1 
e x c e p t i o n  p r o c e d u r e  s h a l l  be s t r i c t l y  :m-ro l  'sd. Contro l  s 
such a s  l o c a t i o n ,  pa rk ing ,  dra inage ,  se=ack, l a t u r a l  vege- 
t a t i o n  s t r i p ,  s i ~ n s ,  hour s  of o p e r a t i o n  t h e  3rogosed use, 
s h a l l  be i n c l u d e d  i n  the s p e c i a l  e x c e e t ' x  o r x x t u r e .  Those 
u s e s  which may be  ccmpa t ib l e  with n a t u r r -  r i v r  d e s i g n a t i o n  
i n c l u d e :  

i. Comnercial  c r o p  farms o r  f o r e s t  : - a n t c ' o n s  t h a t  a r e  
landward  o f  the n a t i v e  v e g e t a t i o r  s t r i ; .  

i i . Campgrounds t h a t  a r e  construce-, m i n t a  i ned and 
0 p e ~ a t e d  i n  accordance  w i t h  5 t a - 2  Hea':h Degartment 
r e g u l a t i o n s  (Act 17, P.A. 1972 - 3 c  1 udes t e n t  , 
t r a v e l  t r a i l e r ,  camper and motor mzme u x s ,  b u i l d i n g s ,  
cement pads, hookups, e t c .  co+sraanct w i t h  
e s t a b l  i s h e d  s e t b a c k s .  

i  i i .  S a l e s ,  t e n t a l  and s e r v i c e  of rer-stiorzl n a t t r c t a f t ,  
p r o v i d e d  p r i n c i p l e  s t r u c t u r e s  a n  v c f l o r m a n c e  w i t 3  
e s t a b l i s h e d  s e t b a c k s .  

i v .  Small home o p e r a t e d  bus ines ses  such u photogr3phy 
s t u d i o ,  b e a u t y  shop, home r e g a i r ,  ' r n s u ~ u r c e ,  o r  o t h e r  
businesses whlcn do not  a l t t r  :?I= 7 s - m t i a l  n a t u r c  
of t h e  p r o o e r t y  and a r e  '- coy-maancz  rli t 9  
established s s t b a c k s .  

v. Small r e n t a l  c a b i n s  w i t h  l i g h t  w s e k s i n g ,  Su t  not  
m o t e l s ,  which a r e  i n  confmrancn ,  w i t h  setback 
r e q u i r m n t s .  



Bullding Setbacks: On the designated ~ottiocrs of the Kalamazoo 
River systm, the building setback fr nm structures and ag- 
purtenances along the mafistream an; Z-ibuttries shall be a t  
least  2 0 0  fee t  from the r ive r ' s  edge.' ' i fme, the setback may 
b e  deweased three fee t  f o r  every fx: 3f vertical bank heignt 
above the ordinary h i g h  water mark u n t ; ;  a minimum setSack of 75 
fee t  f rm :he r iver ' s  edge i s  reacher. Flrther, n q  building 
shall take place on land that i s  s u b j e C  to floodlng. 

Docks: 'Riparian owners have the r i p ?  of rusonable access to 
t h e i v e r .  Therefore, construction of tbcks is a peni t ted  use. 
Pemanent docks must be constructed i n  a==or&ce with the rules 
of Act 346, P.A. 1972. The use crf 'nafxal. materials i s  
encouraged. 

On-Site Sanitation Systems: A 1  1 habizations within the Natural 
River Uistr ic t  shall 3e provided w i t 3  sanitzry waste disposal 
f a c i l i t i e s  conforming in type t o  those - q u i d  by health speci- 
fications of the State of Michig'an an: the county or d is t r ic t  
health de9art;nent having legal jurisL::ion. The fac i l i t i e s  
provided may be for ei ther  water- w a s t e  disposal by the 
segtic tank-absorption t i l e  f ie ld  mcmd a for nonwaterborne 
disposal by the use of a health desacmen: aoproved or other 
s t a t e  approved sanitary systm. 

' ~ i v e r ' s  edge i s  def ine4 as the ordinary his? 2 r and means "tne 
1 ine betreen up1 and and bottcml and which ~ - ; s t s  thrgugh successive 
changes i n  water levels, below which the p r e s m  and action of the water 
i s  so cannon or recurrent that the charace of 3 e  land is  marked 
dis t inct ly frcm the upland and i s  apparerrt 'n t!! soil i t s e l f ,  the 
configuration of  the surf ace of the soi 1 and 2% vewation. Yhere wattr 
returns to i t s  natural level as the result F z3e xrnanent tenoval or 
abandoment of a dam, i t  means the natural ~ i i n a - j  h i g h  water mark. 
(This i s  the definition used for adninis trat 'z  of 2 e  I n l a n d  Lakes and 
Streams Act .  -'-. 346, P.A. 1972.) 

' ~ m d  that ; iuoject t o  flooding mans t h a t  s! l z n d  adjoining :he 
designated portions of river and tributaries *-ch: 

a. ' d i l l  be inundated by a flood which has t one percent chance of 
occurring o r  being exceeded in any given -*-T (ixtermediate regional 
flood),  as deterninod by detailes ? : ~ P L ' - =  s2d:es whicn are ac- 
ceptable to  the Micnigan Water R e s a x c ~ s  hmiss isn ;  o r  

b .  :n the aosonc2 37 i d C . 7  Je td i  ie? f100apl a' '  Z J Q : ~ ,  nave a h i  szsry of 
flooding o r  are del!???t?d by aopr.~x;nate =',horn 5 x 9  as 9SGS f l o o d  
orone area inaos or %5 's  special "cod herd Scundary naw. 



Hinlmum s t a n d a r d s  f o r  new s e p t i c  s y s t e m  along designated por- 
t i o n s  of the Kalamazoo River  s h a l l  be as fol luws:  

- 
a. The s e t b a c k  f o r  s e g t i c  t a n k s  and absorp t ion  f i e l d s  s h a l l  be i 

minimum of 100 f e e t  from t h e  o rd ina ry  h l g h  water %art, 
F u r t h e r ,  Allegan County H e a l t h  Department requirements s t a ~  
t h a t  s e p t i c  s y s t e m  mst be setback a rainlmrm of 25 f e e t  fra 
t h e  'edge of a bluff a long  a r l v e r  or s t r e a n .  Horcvtc. 
depending on s a i l  typc and s o l 1  proflle, h e i g h t ,  s l o p  rrc 
c o n d i t i o n  of t h e  bank a t  the s i te ,  Heal th  D e p a r e -  
officials may l n c r e v e  t h e  se tback up t o  100 fee t  frm :-E 
edge of a b luff .  This  is done t o  prevent p o s s i b l e  leach'- 
o r  seepage of  c o n t a i n a n t s  from a waste s y s t m  frcm flowi? 
d i r e c t l y  down the bank t o  t h e  stream. 

b. The b o t t a n  of t h e  a b s o r p t i o n  f i e l d  s h a l l  be a t  l e a s t  fts 
feet  above t h e  k n o w  high  ground water t ab le .  

c. ::o absorp t ion  f i e l d  s h a l l  be c l o s e r  than 50 feet f rm a-: 
permanent surf ace o r  s u b s u r f  ace  dra inage s y s t m .  (Th i s c - 
not  inc lude  b a s m n t  f o o t i n g  d r a i n s . )  

d. Var iances  f run  these s t a n d a r d s  nay be allowed by :-e 
--r-i d i s t r i c t  health W a r t m e n t  where e x i s t i n g  lots of r,, 

canno t  c o n f o n  k a u s e  of t h e i r  s i z e .  

6. i s :  Only those  signs n e c e s s a r y  f o r :  i d e n t i f i c a t i o n ,  ?'-r- 
t ~ o n ,  r e s o u r c e  i n f o m a t i o n ,  r e g u l a t i o n  of use, and r e l a t ~  -= 
p e r m i t t e d  uses,  s h a l l  be p l a c e d  along the des ignated r i v e r  ara 
t r i b u t a r i e s .  Within t h e  Na tu ra l  River D i s t r i c t ,  s igns  f o r  
sale of  products  o r  s e r v i c e s  s h a l l  be p roh ib i t ed .  Signs = a  
p r i v a t e  l ands  within t h e  Natura l  River District ust bc -m 
conformance w i t h  t h e  f o l l o w i n g  s tandards :  

a. Not l a r g e r  than one s q u a r e  f o o t  i n  a rea  pas ted  no more =-an 
one per 100 feet o r  one s i g n  posted a t  upstream and 301rt-- 
s t ream corner of l o t .  However, one tanporary  r e a l  e s t e c t  
' f o r  s a l e a  sign per p a r c e l  of land not t o  exceed four  s = - z %  
f e e t  i n  area  sha l l  be al lowed o u t s i d e  o f  the na tu ra l  v ~ - *  
t i o n  s tr ip ( a s  desc r ibed  i n  Sect ion E.10). 

b. Not a t t a c h e d  t o  any tree o r  shrub. 

c. Not i l luminatsd .  

7. A a r i c u l t u r ? :  E x i s t i n g  a g r i c u l t u r a l  p r a c t i c e s  w i l l  be p e 3 - r - 2 2  
w l t n i n  tne n a t x a i  v q e t a t i o n  s t r i p .  Grazing w i l l  be p e n - 7 , o d  
w i t h i n  t h e  natura l  v e g e t a t i o n  s t r i p  unless  t h e  8 u r e t ~  r? 
i n v i  ronmental  ?rot=:? on of the De?arzlnent of n a t u r a l  Resa--ars 
de te rmines  t h a t  it c a n t r i b u t e s  t o  stream degradat ion (Act 1 ~ 5 ,  
P.A. 1929) .  I n  thosc  c a s e s ,  l ives tock  w i l l  be fenced ar: 



p r o t e c t  t h e  r i v e r  banks. C a t t l e  cross ings  and w a t e r i r e  a t e c  
s h a l l  be c o n s t r u c t e d  according t o  accepted methods, a?:-- tk 
landowner has c o n s u l t e d  w i t h  the local  S o i l  Conscrr ;a t lcr  
D i s t r i c t ,  Sol1 Conservat ion Serv ice ,  County Extension * v i c e ,  
and/or  0epart;nent of Natura l  Resources. 

- 

U a t e r  withdrawal f o r  i r r i g a t i o n  w j l l  cont inue t o  be p e n - r s d  ' 7  

accordance w i t h  t h e  r l g h t s  of ottler r i p a r i a n s  and tk u b l i :  
v a l u e s  a s s o c i a t e d  w i t h  the Kalamazoo Rivet  system. 

New a g r i c u l t u r a l  u s e s  and p r a c t i c e s  including ccmerclg' t r o r  
f a rms  s h a l l  be allowed i n  t h e  Natual River D i s t r i c t  prov 'szz  the! 
a r e  landuard of t h e  n a t u r a l  vege ta t ion  s t r i p .  

8, Oisoosal  of S o l i d  Wastes: No unsight ly  o r  o f fens ive  az---ia*, 
i n c l u d i n g ,  but  not  l i m i t e d  t o :  t r a s h ,  r e fuse ,  junk c t -s .  jum 
a p p l i a n c e s  o r  garbage,  s h a l l  be dumped o r  s t o r e d  wizr-n t.?e 
Natura l  River  Oistrict  o r  a s  provided by Act 87, P.A. :+5. 

No dumps o r  s a n i t a r y  l a n d f i l l s  s h a l l  -be permit ted  within 33= f e z  
of the des ignated p o r t i o n s  of t h e  Kalamazoo River o r  i:r =rib:- 
t a r i e s .  

9. Land A l t e t a t i o n :  Land a l t e r a t i o n  f o r  bu i ld ing  sucn as -din;, 
aredg ing  and f i l l i n g  of t h e  l and  su r face  wi th in  300 f e z  3f t~ 
r i v e r ' s  edge is p e n i t t e d ,  u n l e s s  the high ground r d t t p  - 3 l e  -; 
w i t h i n  s i x  f e e t  of the land  surface  o r  on lands su::+z=t 2 
f l o o d i n g .  (Th i s  does not  apply t o  s e g t i c  s y s t m  d r a i t  ' ie lzs 
which must be four  f e e t  above t h e  known high ground w a t r  - a l e . '  
Oradging o r  f i l l i n g  f c r  t S e  c:-::ructicn of f i s h  or . - ' d l igs  
ponds o u t s i d e  of t h e  n a t u r a l  vegezation s t r i p  is penni tzt-. A - :  
a c t i v i t i e s  ;nust n e e t  p r o v i s i o n s  of Michigan's Inland L 3 ~ s  a? 
Strems Act, Act 346, P.A. 1972, the Soi l  E m - =  a*: 
52dimenta t ion Control  Act, Act 3 7 ,  P.A. 1972, and the  e - 1  ancs 
P r o t e c t i o n  Act, Act 203, ?.A. 1979, 

10. Natura l  Veaeta t ion S t r i o  on ACac2nt  Shore1 ines :  Trees,  sllryms, 
and o t n e r  veqe ta t ion  n a t i v e  t o  :ne area  s n a l l  be naintr--eel a?.: - - -  

enhanced on each s i d e  of t h e  r i v e r  and t r i b u t a r i e s  t o  e - r - n  t- 
r i v e r ' s  na tu ra l  values .  Yai ntenance of tfio na tu ra l  v z ~ - a t i  =r! 

s t r i p  i s  required t o  help  in  s t a b i l i z i n g  t n e  riverSam:. min'- 
mitt  e tos ;an ,  ~ r w ! ? e  shadfng ~ h i c h  r ' ? l  Se!p n a ; n = z - ~  :3tr 
wat t?  t~r?er i : :r?c  . ' le lp p r ~ t t c t  w a t e r  quai i t-j by z-s;'Si 
n u t r i e n t s  f r m  s i n a c e  water runof f ,  p r w i d e  screening ,T' na-- 
l a d e  c! ernents, ~ r g t e c t  f i s h e r i e s  and wild1 i f e  h a b i t a t ,  z ~ e  ma+-- 
t a i n  t h e  a e s t h e t i c  q u a l i t y  of t h e  r i v e r .  The z o n i n ~  m i n i -  
s t r a t o r  s h a l l  n o t i f y  each a p p l i c a n t  f o r  a bu i ld ing  p e 3 - :  3f := 
pur?ose of t h e  n a t u r a l  v e g e t a t i o n  strip and of the  prov-s-  3ns 5 
t h i s  sec t ion .  



Pivate Land - On privately owned land, a fifty (SO) foot - 
aeg minimum restricted cutting strip shall  apply on each 
s-de of the mainstream and on all designated tributaries. 
T?e following provisions shall apply within the natural 
regetation strip: 

ii. 

Dead, diseased, unsafe or fallen trees, shrubs and 
noxious plants, including poison ivy, poison sumac and 
poison oak, and other plants regarded as a c m n  
nuisance in Section 2, Public Act 359 of 1941, as 
amended, may be removed. 

Trees and shrubs may be pruned for a f l l  tered vier1 of 
the river. 

; j  i . Trees and shrubs may be selectively r m v e d  for 
harvest of merchantable timber, publ ic  utility farili- 
ties, to achieve a filtered view of the river from the 
principal structure, and for reasonable private access 
to the river upon approval o f  the local zoning 
achinistrator. 

(a) If the zoning adninistrator feels it is necessary 
he should direct the property owner to consult with 
the Department of flatural Resources Forestcr i n  

0 
Plainwell to establish an acceptable selective cutting 
plan for the area. 

i v .  Clear cutting is not allowed. 

11. Minesls: New development, exploration or production o f  oil, 
gas, salt brine, sand and gravel, or other minerals except 
gr-dwater are not permitted within 300 feet of the designated 
~ i v r  or tributaries (Section 10, Natural River Act). 

F. L&T Y a r ~ a m n t  - State and Other Publjc Lands 
1. Strstures Related to Recreation: On pub1 i c  land, no new 

strxtures associated with a campground, ricnic area, rest area, 
acsrss site o r  any other publicly provi led facilities, except 

-. - -- 

' S F ~  1 t e d  r'era m a n s  the maintenance or astab1 ishmlt of woody vegeta- 
tion suA-icient density to screen develooments from the river, t 3  
p r o v i z  =sr itreunbank stabilization and erosion control, to serve as an 
aid to +nf i'tration of surf ace runoff, and to provide cover to shade the - 
water. The vegetation need not be so dense as to completely block the 
river b ' t w .  It mans no clear cutting. 
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a. S l g n s  p o s t e d  by p u b l i c  agenc i e s  rust be kep t  t o  a minimum, no 
l a r g e r  t h a n  t e n  squa re  f e e t  i n  a r e a ,  and p l aced  s o  as  t o  b e s t  
meet t h e  o b j e c t i v e s  of t h e  Na tu ra l  R ive r  Act.  

b. The Department  of Natural  Resources  shou ld  i n i t i a t e  a 
s i g n i n g  program a t  major a c c e s s  s i t e s  along t h e  mains t ream 
m p h a s i z i n g  1 i t t e r  c o n t r o l  and r e s p x t  f o r  p r i v a t e  p r o p e r t y .  
S i g n s  shou ld  be  p laced  along t h e  mainstream, p a r t i c u l a r l y  a t  
b r i d g e  c r o s s i n g s  and a l l  o t h e r  s t r a t e g i c  l o c a t  i o n s  i n d i c a t -  
i n g  p r e s e n t  l o c a t i o n  and f loa t  t inre t o  rest a r e a s  and a c c e s s  
s i  t'cs. 

( l o t e :  S l g n s  by pub1 ic agenc i e s  may need t o  be l a r g e r  o r  w i t h i n  
t h e  300-foot  Na tu ra l  River  District t o  p r o v i d e  f o r  p u b l i c  
s a f e t y ,  such  a s  warning of impending dange r s  i n  the r i v e r ,  o r  f o r  
an i n t e r p r e t i v e  o r  h i s t o r i c  s ign . )  

4. Minera ls :  Yew development, e x p l o r a t i o n  o r  p r o d u c t i o n  of o i l ,  
n t  b r i n e ,  sand and g r a v e l ,  o r  o t h e r  m i n e t a l s  e x c e p t  
groundwater  i s  n o t  p e m i t t e d  w i t h i n  300 f e e t  of the d e s i g n a t e d  
r i v e r  o r  t r i b u t a r i e s  ( S e c t i o n  10, Na tu ra l  R ive r  Act). On new 
l e a s e s  on s t a t e  l and ,  Natural  Resources  C m i s s i o n  p o l i c y  pro- 
h i b i t s  d r i l l i n g  f o r  gas  o r  o i l  w i t h i n  1 / 4  m i l e  o f  any p r i n c i p a l  
s t ream. 

1. Stream A1 t e r a t i o n :  To p r o t e c t  t h e  n a t u r a l  c h a r a c t e r  of t h e  p i v e r  
and t3e  n a t u r a l  flow of i t s  w a t e r s ,  no damnim,  d redg ing ,  f i  11 i n g  
o r  c .?annel i ta t i :n  of the s t??= w i l l  be ~ e r m i t t e d  t h o s 2  
p o r t i o n s  of the Kal amazoo River o r  t r i b u t a r i e s  d e s i g n a t e d  under  
t h e  Na tu ra l  R ive r  Act u n l e s s  approved by the Department  of 
Ha tu ra l  R e s o u r c s  under a u t h o r i t y  of Mich igan ' s  In1  and Lakes and 
S t r e a m  Act, Act 346, P.A. 1972. 

Yatura l  m a t c r i a l s  should be used t o  c o n s t r u c t  s t r e M a n x  stab:- 
l i z a t i o n  p r o j e c t s  t o  c o n t r o l  e r o s i o n ,  o r  t o  enhance  f i s h e r i e s  
h a b i t a t .  These s t r u c t u r e s  should  be camouflaged and t3e l o c a l  
C ~ n s e r v a t i o n  O f f i c e r ,  D i s t r i c ?  F i s h  8 i o l o g j  s z ,  ~r Soi 1 Cznserva-  
t i o n  S e r v i c e  r n p r e s e n t a t i v e  c s n t a c t e d  t o  o r w i  de t ~ c h n i c a l  
advicz  f a r  such p r o j e c t s .  Ail  wort  done below the o r d i n a r y  h ign  
n a t e r  mark r e q u i r e s  a ?e-i t under  t b e  a u t n o r i  t y  of t n e  ! , i l ana  
Lakes and St re -s  Act, Act 346, P.A. 1972. 

' o m i s s i o n  nust be ob ta ined  f r a n  the p r o p e r t y  owner when remov- 
ing f a l l e n  t r e e s  and log  jams f r u n  the r i v e r .  I f  e x z e n s i v e  
rznoval  of log  m a t e r i a l  +an t h e  bottom dur ing  these o o e r ~ t i o n s  

-ye i s  a n t - c : p a t e d ,  a a v i c e  3nc ge f7 l i s s i cn  snould  ie sougn t  '-3m ' 
D i s t r i c t  F i s h  B i o l o g i s t .  



those necessary a p r i t u t  the riverbank, will be pemitted 
wlthln 200 feet 3F the designated mainstream or trlbutarles. 
Such structures mal l  be designed and constructed In such a 
manner as to furtxer t% purposes of the natural River Act. 

2. Natural Veaetatiu Str23 on Adjacent Short1 ines: Trees, sh r~bs  
and otner veqetaz-~on nnive to the area shall be maintained and 
enhanced on tach side cf the river and tributaries t o  retaln the 
river's natural rtlues. Maintenance of the natural vegetation 
str lp I $  nuass- t o  h l p  i n  stablllzing the riverbanks, mini- 
mize erosion, v i d e  shading which will help m a i n t a i n  cool 
water tempera-, k lp  protect water quality by absatring 
nutrients from &acz water runoff, provide screening of r a n -  
made elements, -ect fisheries and wildlife habitat, and n i n -  
tain the aestheti: qua:ity of the river. 

a. Veqetation S ~ D  

Pub1 lc  Land - bn 111 pub1 lcly ,owned 1 and,  a one h u n d r e 4  and 
f i f t y  ( 155) 'oot deep minimum restricted cutting s t r i p  

snall app ly  m tact side of the mainstream and on a l l  Qsig- 
natecl t r i  buz- -  es. The following provisions will aooly w i t h i n  
the natural v q x t a 2 o n  strip: 

i .  Dead, zseascd, unsafe or fallen trees, shrubs and 
noxi- platcs, including poisan ivy, poison scnac, 
and pc-son d ,  and other plants regarded as a c m o n  
nuis- i n  Section 2, Public Act 359 of 1941, as 
amen- ma: be rmoved. 

i i .  Trees and srrubsmay bep runedf f r a f i l t e r ed  vim of 
the river.  

i l l .  Trees and j h ~ b s  may be selectivety removed f o r  
harvc. of archantable timber t o  maintain and es- 
t a b l i n  pub'ic u t i l i ty  faci l i t ies ,  and for reasaable 
access r o  t* river. 

i v .  Clear zutti.9 within 150 feet generally Is not >e -- 
mittcr, but ray be allowed i f  i t  meets the ~ o l ' c y  of 
c u t t ' y  nitsin water influence zones on state f3rcst 
land. Limzed clear cutting of certain specis for . - f i sn znd w-'dl i f ?  h a b i t a t  improvement may be . . ,;wed 
upon ;r?nrovtl of such plans by the affected a i v ' :  'ors 
of :% Deprtment of Natural Resources (Sectim 15, -- Act c , P.4 .  1970). 

3. Sians: Only ',-e s 'ys  necessary f o r  identification, r,'rec- - tion, resource '+ormition and regulation of use shall be a1 aced 
along the des: ~ z t e d  4ver and tributaries. 



2. So11 Erasfm atd Sediment Control Neasuras: Michfgan's So11 
Erosion anc Sec-aentation Control . A c t ,  Act 37, P.A. 1972. All 
earth c h q n g  ict lvi t ies ,  other t h a n  nomal landscaping or 
malntenancc mtertaken within 500 feet of a lake or stream must 
be conducts  i n  wardance with the requirerents of Act 347 of 
the Public 4cG of 1972, i t s  administrative rules and those 
procedures stz1 ished by the local enfort'ng agency. Oevel op- 
,nent along r3e 4ver  Involving earth mvfng shall provide for 
water dispesa'l ad/or protection of the soil surface during and 
after cms tmYon.  

Practical -.rhltations of the following rill provide effective 
erosior, a n t r = T  h e n  sk i l l fu l ly  used In planning and 
construct im: 

I 

a. The c!evtlo=ment plan should be f i t ted  t o  the so i l s  and 
top~qraahy SO as t o  craate the leas: erosion potential. 
Locar jif i=rs of the Soil Conservation Service can provide 
d e t a i l d  iffomation on the soil characteristics of a given 
s l t e  and ot the suitability of such soils for various uses. 

b. Where= f r s  ible during construction, natural vegetation 
shall >e m-ained and protected. Uhere adequate vegetation 
does .mt z i s t ,  t m o r a r y  or permanent vegetation shall be 
estab; ; she: h e r e  poss i b l  e. 

c. Where - t i s  necessary t o  remove vegetation for cmstruct  ion, 
? imit =fie agosed area t o  the smallest practical: s ize a t  any 
one t-. 

d. L i m i t  :fie iurat'on of axposure of soils to  :he shortest  
practZ=al time. 

e. Cri t ical  =as sxgosed d u r i n g  construction should 5e pro- 
t e c t ~  w l ~ ?  ttanporary vegetatf on and/or mulching. 

f. Perrwrgnt regetation and improvenents, such as roads, s t ~ m  
sewer, anc 3ther features of development capabllr of carrying 
s tom -uncff i n  a safe manner, shall be installed as early as 
poss!:le. 

g. Pperv;s'ons should ae made t o  accmodate the ;?creased run- 
* o f L  :QUS~: by changed  SO^ 1 and surf ace conditicns dur'ng and 
af te t  =ortnuction. 

h. Sedi=nt :asins t o  remove suspended soil particles from 
r u n e -  w a r  f r m  l3nd undergoing c k v e l o m t  should be 
consz-ucLq and maintained where erosive condi:ions indicate 
their nee: ;o prevent sediment damage '-2 '.he *:ver. 

i. Divmiorrs, grassed waterways, graae stabil  i z a t i o n  
s t r e - u r r ,  and similar mechanical measures rqu i red  by the  
s i t e  sham: be instailed as early i n  the 6evelopmenc as 
poss'3le. 



3. Utilltlts: New gas or oil plpelfms, or electric transmlsslon 
'Tlnesll not be permitted In t)r Xaural River Distrlct or to 
cross the des I gnated rl ver and tr! autarfes without prl or wi tten 
consent of the Department of Natural Rsourtes. Plans for these 
transmission llnes whlch Include ~ o s s i n g  the river district or 
the river and designated tributar'es shll be done In accordance 
with the rules -entl tled Uti 1 'ties and Publicly Provided 
Faclllties in Natural Rlver Araas (Sezlon 15 of Act 231). . 

N e w  distrfbutlon ? lnes within t4c &signat4 portions of the 
river or housing setback zone shall be placed underground, 
unless overhead 1 ines are less r;sr&tive to the environment. 
Plans for distribution lines which ar, to be placed under the 
river shall be approved by the WarLsCnt of Natural Resources 
and all construction shall meet hc rquirenwnts under the Soil 
Eroslon and Sedimentation Control Ac*., Act 347, P.A. 1972 and 
the Inland Lakes and Streams W-, k*. 346, P.A. 1972. Local 
service lines to private dwellings shall originate fran the 
landward s ide  r,i the dwelling insfar as practical. 

Managenrent of trees, shrubs and =net regetation for maintenance 
of util ity rights-of-way shall be doe manually in the natural 
vegetation strip. Yowever, hanc application of herbicides to 
stumps of selectively cut trees nay % allowed in the natural 
vegetation strip where it is =SIC okjective to establish and 
maintain a low growing shrub clarnity in this zone. The 
Departnent may authorize appl icazion af selected pesticides to 
control insect or di sease inf estztion. 

No new dams wi 1 1  be a1 lowed across the designated portions of the 
Kalamazoo River system. Permits =or -activation or relicensing 
of the Calkins D a n  and/or the ila';ton D a  shall include a 
rquirernent that minimum f l o w  be maintained which will ensure 
protection of the water quality, and fish, wildlife, wetlands, 
ecologic, recreational and a e s t ~ t i c  values of the desi gnatcd 
portions. 

4. Recreation: 
-. a. Fishjnq, Huntina and Traooi-q: -ishing, hunting and t t m -  

ping will be permitted in zne latural River District in 
accsrd rlith current state anc local laws and regulations. 

IT 15 E.slPYASiZE9 THAT ,!U?IRr, RIVE2 DESIGNATION, OR 
ESTABLISilMENT OF A ZONING 0I:TIT ALON6 TrfE RIVER, DOES HOT 
OPE3 PgIYATE LANDS TO THE 21gLIC. 



Fisheries and wild1 l f e  n n a w n t  will be done i n  confor- 
mance with the c h a r a c t r  of :ye area and abjecttves of the 
natural river designatia, ,  A def ini t e  f i sh  management p l  an  
has not been developed far tht  lower Kal arwoo Rlver system. 
However, emphasis will  5e p l ~ e d  on maintaining and enhanc- 
ing the quality of the f ' s h e r e s  through stocking, rehablli- 
tation and other necess r?  maagernent practices. As long 3s 
X 3  concentratl ons I n  f i m i.t this area ranai n a t  a danger- 
ous 1 eve1 , every e f f  W. shocl d be made t o  k e q  the pub 7 i c 
advised of the s l t u a t i m  

Mildlife management p1- ca:1 for developent and inrpr~ve- 
ment projects to  e n h m  :he '-hreg exi stlng marsh management 
areas. I n  addition, ac..ac- uplands r i l l  be managed t o  
lnaintain oristing wild? ?t w c i e s .  

Boatina and Canoeinq: 3oat'ig and canoeing are pennitted. 
Local units of gover- (t-mshi p or county) are encourag- 
ed to limit the use of =w'z?d watercraft by limiting size 
of motor or no wake s p e d s  'n areas where problem of bank 
erosion, property d - 3  or personal safety exist. Such 
controls should be done -.n =ordance w i t h  the Marine Safety 
Section of the Law Emf--emt Division. 

Litter: I n  view of t.he szec'al status of the Kalamazoo River 
a n d t s  unique beauty anc character, the Department of 
Natural Resources shall  oncarage and c q e r a t e  with private 
intetests as we1 1 as m e r  1ub1 ic  agencies that have pro- 
grams fo r  river clean-=. 

5. Public Access Sites and 2 s  k a s :  The Advisory Group f?el s 
that existing public act- is  adequate and recamends no iew 
public access s i t e s  be prov'ded tlong the l a c y  Kalamazoo River. 
However, one new r e s t  s t c q  m i  t h  lo pub1 ic  vehicular access, may 
be desirable in the future. if such a f a c i l i t y  !s  needed i c  the 
futrrra, i t  should be establ'shed 'n the vicinity of :he following 
are as : 

a. H* of Section 30, l 3 ,  2141, on the north side of the river.  

5. ST3 of SF3 of Section I f ,  T3, 214U, on the south side o f  the 
river. 

Any additional public ? c z s = _  n s r  :e *a"<-':! o n l y  with parking 
faci? i t i e s  a t  least  rndi?rr:;liT e s ~ d ~ i  i sdwa sexacks. These 
snould be located o n l y  whe-._ ' , , k t ?  i s  s i l f f  icient adjacent guoi'c 
1 ands so as to ninimize t r e s ~ a s s  and user confl ic ts  on privately 
owned 1 ands. 



These recrmnendat lons  should nvtt p r e s e n t  and for=-ah ye f u t u r e  
needs f o r  access .  Should use  expand o r  an u n e x r z d  e d  f o r  

* 
a c c e s s  a r i s e ,  i t  may be m e s s a r y  t o  r e s t u d y  the a m c y  of 

. pub1 lc  access and rest a reas .  . - 

6, Wotorlzed Ychlc les :  Operat ion of a l l  motorized b e r 7 t l t ~  except 
normal farm and lawn machinery, o t h e r  t h a n  on d e s i g n a t c r  W ' l i c  
r o a d s  o r  a c c e s s  roads  to permitted uses, wfl1 ?e p m i b i t e d  
w i t h i n  the Natura l  River  Dlstrlct, Use of CRY'S m r u b l l c l y  
owned 1 ands con t iguous  t o  t h e  Natural RIvet Distric sha'l be In 
conformance ri t h  gu ide?  i n e s  and reg11 1 a t i o n s  cf the agency 
a d n i n i s t e r i n g  such l ands ,  and s t a t e  and federa:  n o i z  l e v e l  
s t a n d a r d s  s h a l l  be s t r i c t l y  enforced.  (Muff ler  t r r r u i c l ~ n t  of 
MVC - S e c t i o n  708, Act 300, P.A. 1949, etc.) 

7. H i s t o r i c  and Archaeological  S l t e s :  I t  is  - n d  that  
r e s o o n s i b l e  arouos.  i n d i v i d u a l s  and the I 4 f s - m  h i s i o n .  
~ i c h i ~ a n  ~ e g a h n e ' n t -  of State, should con t inue  t: S d e x - f y  and 
e v a l u a t e  h i s t o r i c  and a r c h a m l o g i c a l  s i t e s .  F r  t h ~  s i t e s  
t h a t  qua l  lfy, work should cont inue toward inc l  ~ v o n  these 
sites on the S t a t e  and Nationa! . .2gi s t e r s  of W ~ 3 i :  ' l aces ,  
and/or  H i s t o r i c  S i t e s  and H i s t o r i c  American B u i l z - n g .  

8. Water Qua1 i t y  Managment: Designated s t r e t c h e s  9 snc ~ ' ~ U O O  
R i v e r  and i t s  t r i b u t x i e s  r i l l  be governed by t% 8nor0qrada-  
t i o n '  rule  of t h e  Water Resources C m i s s i o n ' s  riatr : u a l i t y  
s t a n d a r d s .  e a s e l i n e  wa te t  qual i t y  s h a l l  be ~ - o a ~ m ,  b o t h  
c h e m i c a l l y  and b i o l o g i c a l l y ,  a t  the time of =-dgnaron. A 
progra for r a t a r c g r r q j i t y  m m i t w i n g  shalt be =*a7 i u d  by the 
b e a u  'of ' E n ~ ~ ~ a l  P?ututign-t-o en=-t j r t i w e d  
efforts are being made t o  mainta in  or enhance v a t c  qua:-ty. O f  
p r r _ t f ~ ~ - c ~ ~ n  Is t m - ~ i t 0 r l n g - a f p c s i Y L c r 4 + s h  
t i  s s i r c  

Upstream-mnic.ipal and i n d u s t r i a l  d i  s t h a r g e s  3 =ne t ~ l  amazao 
R i v e r  s y s t a r  should  be c l o s e l y  c o n t r o l l e d  t o  i w t  m e c t i o n  
t o  the water  q u a l i t y  and n a t u r a l  v a l u e s  of rrr a s i g n a t e d  
p o r t i o n s .  

H. A c h i n i s t r a t i o n  

1. Land Use G u i d e l i r e s :  Under Act 231 ,  zoning by 1ws' g o ~ m e n t a l  
u n i t s  s h a i i  be ':he preferred m a n s  of p r o t e c t i n s  <he :llamazoo 
3iver and i t s  ~ e s i g n a t t d  t ~ i b u t a r i e s  a s  a n a t w a '  - ive-.  

a. Zoning s h a l l  be a o p l i e d  wi thin  the 300-fxz f l a t m l  R i v e r  
District on both  t h e  des igna ted  mainstream 3lm= t r - m t a r i e s .  
Llpon aaopt ion of a l o c a l  zoning ordinance,  =--if -d coo ies  
of maps and lo r  doctm?nts d e s c r i b i n g  t t i a t m !  Z iver  
D i s t r i c t  s h a l l  be f i l e d  w i t h  the local  tax azess 'm o f f i c e r  
and the County Equal i z a t i o n  Departdnent. 



In establishing true cash value of v r t y  d t h l n  the 
Natural River Dls t r l c t ,  the assessing c8liccr shall take 
cognizance of the effect of use llmdts a t a b l f ~ ? e d  by the 
ordinance (Section 12, Act 231, P.A. 1970). 

2. Util i t ies and Pub1 f c l y  Provided Facil l t l e s  in WzignCed Natural 
R~ver  Areas: As provided in Section 15 of = 231, ?.A. 1970, 
aministratlve ru les  have been adopted by t!! s ta te  nhich pro- 
vide that: Plans for  construction, eniar;)oent, md s i t e  or 
route location of a l l  u t l l i t y  pipelines and t;canslaisslon Ilnes, 
roads and road rights-of -way, pub1 lcly p v i d e d  recreation 
f a c l l l t l s ,  access s i t e s ,  and public water mnagearclt projects 
w i t h i n  r natural r i v e r  area shall be apprwd by thc kpar-nt. 
An application fo r  t h e  approval of such plans snall ';c submitted 
by the applicant, in writing, '.: :he W n t  3f Natural 
Resources, Division of Land Resource Prograa. 

Aooeals: Under cer ta ln  clrcumstancos, s t r i c t  adherme t o  th ls  
-y create unreasonable hardships for the frottage owner. 
Such cases may be appealed to  the appropria'z s t z e  :r lccal 
board for a variance. Applications.for a variance s h l l  5e based 
on a s i t e  p l an .  The  County Health Department, Soi 1 Cmservation 
Service, approprl a t e  staff and f i  el d personnel of thc Departwnt 
of Natural Resources, and other exoerts shai:d be :arrsul ted to 
recmmnd t o  t3e appeals board a csurse of ac?'m wh'ch wil 1 have 
the l e s t  degrading impact on the maracter of zne n c ~ r a l  river.  
Final det-emination of the variance shall be ride b.t the appro- 
pri ate board, 

4. Honconfwrninq Uses: As stated i n  Section 13 3f the hatural River 
Act. k t  231 .- P.A. 1970. 'the lawful use 6 any hi 1 d i n q  o r  
structure, and of any 1 a d  or prmi se as ex'szi ng -nc 1 a w f d  a t  
the tiae of enactment of a zoning ordin- or rule  or an 
amendment thereof, may be continued alttrouF such Ise does not 
confom with t3e provlsions of the ordinax?, v l e  cr unendnent. 
The ordinance c r  ru le  shall rov ide  f 3r t.he cnmlet'cn, restora- 
tion, ertension or substitution of nonconform'ng u s s  upon such 
reasc-nale terns as may be 1 2 t  forth 'n  t4he m i n g  :-dinaxe or 
rule.. 

5. Zrrnina Sequl ations i n  Unusual Cirzmstancs: The regul a t  ions 
Jrooosea r n  t h i s  resort are not :.xenaer z3 be a001 i e d  i n  . . 
disrqard of the requirement of Section 9 --:he eatwal River 
Act o f  1970 tha t  zoning regulations 't3k xgni:mce ~f :fie 
c5arx:cri s t i  cs of the 1 and and water cm==-ned, :ir-mndi ng  
develament and exi sting uses.' Where s x :  f ic r~ rcms tances  
can be proven t o  warrant a variance, other sr d i f f ~ e n t  regula- 
tions, either more or less restr ic t ive,  s5c;'i be ic:?ted. 



Land A c q u l s i t l o n :  The s t a t e  may purchase  o r  t r a d e  lands  wi t h  
owner c o n s e n t  on t h e  d e s l g n r t e d  r l v e r  and t r j b u t a r l e s  t o  main- 
t a i n  or Improve t h e  r l v e r  b d  i t s  envl rorment .  Efforts should  be  
made by t h e  a p p r o p r i a t e  pub1 l c  agency t o  purchase key p a r c e l s  f o r  
c a n o e  rest a r e a s ,  walk-In f i s h e m e n  a c c e s s ,  or to  p r o t e c t  s e n s i -  
t l v e  e n v l r o r m e n t a l  a r eas .  Sapc landowners I n  t h e  Natural  R i v e r  
O I s t r l c t  may be  i n t e r e s t e d  I n  o f f e r i n g  s c e n i c  or o t h e r  e a s e n e n t s  
or I n s e r t i n g  restrictions In  t h e l r  deeds which s e r v e  t o  p r o t e c t  
t h e  r i v e t  env l ro rmen t  and which c o l n c l d e  w i t h  t h e l r  p r o p e r t y  
I n t e r e s t s .  The opportunity t o  o b t a l n  such e a s e r e n t s  o r  r a s t r f c -  
t i o n s  s h o u l d  be pursued by i n t e r e s t e d  p u b l k  r g t n c l e s .  

S t a t e  Resources :  O v e r a l l  r e s p o n s i b i  1 I t y  for jnplesnent ing  and 
c o o r d i n a t i n g  t h e  n a t u r a l  r f v e r  p l a n  I s  a s s igned  t o  t h e  Region 111 
O f f  ice of the D e p a r t r e n t  of Na tu ra l  Resources. The Na tu ra l  
R i v e r s  U n l t  and t h e  D e p a r w n t  of Natura l  Reswrccs Na tu ra l  
R l v e r s  Adv l so ry  Group w117 a c t  i n  an adv l so ry  c a p a c l t y .  
E n f o r c a n e n t  of wa te r  qua1 i t y  s t a n d a r d s  and water  use r e g u l a t i o n s  
wlll bc t h e  r e s p o n s l b i l i t y  o f  the E n v l r o r w n t a l  E n f o r t m n t  
D i v l s i o n  and o t h e r  divisions of t h e  Department of Natu ra l  
Resources .  O t h e r  1 aws and programs r e 1  nf o r t i n g  n a t u r a l  t i  v e r s  
management o b j e c t i v e s  s h o u l d  be  u t i l i z e d  t o  t h e  e x t e n t  n e c e s s a r y  
t o  p r o t e c t  the r i v e r  i n  i m p l e s e n t i n g  t h e  management p lan  f o r  the 
r i v e r  and t r i b u t a r i e s  ( s e e  Appendix C). 

Reccmnendat i o n s  - E n c o u r a q m e n t s  

1. p r i v a t e  Landowners: Although n o t  r e q u i r e d  by t h i s  p l a n ,  
p r o p e r t y  owners a r e  encouraged t o  c o n s i d e r  t h e  fo l lowing  recorn- 
menda t ions  which w i l l  he lp  p r o t e c t  and enhance p r i v a t e  l ands ,  
and o f f e r  a d d i t i o n a l  p r o t e c t i o n  t o  t h e  r l v e r  and a d j a c e n t  en- 
viroment. 

a. B u i l d l n q  Des ian  - P r w r t y  owners a long t h e  streams a r e  
t n c o u r a g e d  t o  u s e  n a t u r a l  m a t e r i a l s  and n a t u r a l  unoo t rus i  v e  
c o l o r s  i n  t h e  c o n s t r u c t i o n  of new o r  t m d e l i n g  o f  e x i s t i n g  
b u i l d i n g s .  Upon r e q u e s t  t o  t h e  O e p a r t m n t  of n a t u r a l  
Resources ,  i n d i v i d u a l  p r w e r t y  owners ;nay r e c e i v e  t e c h n i c a l  
a d v i c e  on l o c a t i o n  and d e s i g n  of s t r l r c t u r r s  and sanagenen t  
of their 1 ands.  Such t q u e s t s  and t h e  D e ~ a r t m e n t  ' s r e s a o n s e  
s h o u l d  be cnanne led  th rough  the l o c a l  zoning acbnini s t r z t o r .  

b. B u i l d i n a  S c r e a n i n q  - e o p e r t y  owners o f  new o r  ? x i s t i n g  
b u i l d i n g s  v i s i b l e  fxa the r i v e r  a r e  encouraged t o  s c r e e n  
t hen  w i t h  n a t i v e  v e g e t a t i o n .  The Department of  n a t u r a l  
Resources  Area F o r e s t -  and Soi 1 Conservat ion  Serv ice  wi 11 
a d v i s e  on p l a n t i n g  s t x k ,  e t c .  on r eques t .  Yhen a v a i l a o l e  a t  
s t a t e  n u r s e r i e s ,  reccrawrlded p l a n t i n g  materi  a1 s w i  11 be 

- s u p p l i e d  t o  p r o o e r t y  6mers a t  c o s t .  



c. Building Setbacks on Bluffs - Property awners are encourrqtr 
'lo maintadn a reasonable setback f r a  the edge of a bl*.  
81uffs are sensitive areas subject t o  eroslon. Yhere c=n- 
struction occurs too close to  the edge of a bluff, damage - =z 
the structure and severe bank s loughlng  may occur. 3~ 

f o l  lowing are suggested distances for these setbacks: 

1 )  New buildlngs and appurtenances skoyd be setback p. 
leas3 50 feet f r a  top o f  the bluff on the c u t t - q  
edge o f  a stream. 

I )  New buildlngs and appurtenances should be setback 
least 25 f ; u t  f r a  the t c ~  o f  a bluff on the noncutt'ng 
9:ge of the strem. 

d. Erosion Control - Planting of perennial native sqecles -n 
the natural vegetation s t r ip  i s  encouraged, especially me-e  
exposed soil and steep slopes exist. The Degartment 
Natural Resources or Soil Conservatfon Service may be ur- 
sulted f o r  selection of plant species best suited %Y 
erosion control and/or screening of existing devel o p e c t .  
Yhen avai  1 able a t  state nurseries, the recamended p l  a n t - n g  
materials w i  11 be suopl ied t o  property owners a t  cost. 

Local Units of Govetnnent: The management of areas beyond a 
natural river zone is e x t r m l y  important since l a n d  use s n d  
water resources are closely related. Uhat happens on the ' ras 
beyond the Natural River District b u t  within the drainage are2 
the river, affects the river. Local units af government a d j a ~ n x  
to the distr ict ,  througn their powers t o  influence the 'scat-jr., 
timing and nature of development, can have a positive e f f c -  m 
water resources. 

i t  i s  recmennded that locai governmental units zone a.-c 
adjacent t o  the Natural River District t o  maintain the in teg- ry  
of the Kalmazw River and designated tributaries as a .--I 
scenic r i  ver: 

a. 3y limiting residential development t o  low density, s i 3 ; ' ~  
f ami ly structures or medi urn density cluster deve 1 o w - = .  
Yedi um density cluster developments are reccmnended ' D F - P . ~ ~  
i t  i s  more cost effective t o  provide services and contx- . 

1*91uffmmeans the too of a s t  bank rising sharply f the Ma.-- s 
eclge. 

'*cutting edge of a stream8 mems the edge of a river ar strea. re. 
water velocity i s  such that i t  may cause soi 1 or stream bank erosisr, 



b. By 3rov!$ing d is t r ic t s  where Industry which aray produce 
noise, moke, fumes, odors, ttc., wl11  not affect the 
n a t r a l  cclaracterlstic~ of the river area. 

- c. By sov'dlng d ts t r lc t s  for comner'ce here heavy traff ic ,  
p e - n g ,  a u t m b i l e  exhaust and noise wlll not create en- 
v l m a = a l  lntruslons. 

Furthcr, i t  !s recamended that  local units of governnent fncor- 
poratc eta resooce protcctlon and/or rnanagenrent measures into 
thtlr p'.ans, pruqrao~ and decisions involving land use. Such 
masurts an of particular importance when deal lng w l t h  lands in 
the str-dll a t r l d o r  as def lned below. 

A stmn! c m i d o r  essentially consists of lands contiguous t o  
the s t e a ,  the alteration or development of whlch could poten- 
t i a l l  J cause negatfve impacts on the stream and i t s  enviroment. 
I t  i s  r cosos i t e  of: 

a. So" t ~ e s  w i t h  severe 1 imitations for development. 
b. Vwta t ' on  along creek banks. 
c. Yet 'ana.  
d. S ? ~ e s .  
e. Flmd g g f i l e s  when known. 

Sens i t  ; we s e a s  involving one or more of the above factors may 
e i t h ! ?  the drainage area of the river but outside of tne 
1 River District i t se l f .  Modification or development 

w i t h i n  suc- areas may adversely affect water resource benefits 
w i t h i n  the d is t r ic t  or create problems requiring costly public 
inv-mnt  :o rectify. 

I t  i s  -=+cumended that local units of govermtent consider such 
maswzs zs tegulatfng changes I n  surface water runoff f t u n  
specif-: lxat ions through use of the s i t e  plan revieu process, 
and rat=-ing sensitive areas outside the Natural River 
Di str' r, t ~ o u g h  use of conditional use penni t procedures. 

On pr'vate lands adjacent t o  and w i t h l n  114 mile of the Natural 
River 2i st- ic t ,  i t  i s  reamended mat  the local Soil Conserva- 
tion 3 str 'c ts ,  local soi 1 erosion and sedimentation conttol 
agenc' 2s , 3oper a t  ive Extension Service and the Degar+ment o f  
Xaturz' fssaurces cooperate w i t h  landowners to ensure t3at 
t i e -  hamest, agricultural practices, housing, road b u i l d i n g ,  
or ot-t ? uld use act ivi t ies  are canpatible w i t h  the wild-scenic 
d e s i r - r t i m  o f  the river and wi th  maintaining the water qua1 i t y  
of the r i e r .  

F u r t . h ~ - ,  : x a 1  goverrunental units are urged to adopt S u i l d i n g  
s e t b a r ~ s ,  regetation management and scgtic system controls for 
othtr s t r a s  under their  jurisdiction not w i t h i n  the natural 
r ivet  des4?ation. 



XP?ENDIX B 

Water, Sed.iment and Fish  PCB Results 



BACKGROUND CORK STREET 

ALCOTT ST 





WATER PCB DATA FROM THE KALAMAZOO R I V E R  

TOTAL AROCLOR AROCLOR AROCLOR 
PCB 1242 1254 1260 

REACH LOCAT I ON DATE (NG/L) (NG/L) (NG/L) (NG/L) _---------------------------------------------------------------------- 
23-Farb-87 110 < 10 < 10 *. 10 

PQTERSON AVE 24-Sep-85 
1s-act-85 
19-Feb-66 
20-Mar -66 
24-Apr-96 
13-May-86 
24-Jun-86 
Ql-Oct-86 
13-Nov-66 
1 0-Dee -a6 
23-Feb-87 

2 MOSEL A V E  24-Jun-86 44 44 < 10 < 10 
01-act-86 .< 10 <10 < 10 < 10 
10-Dec-66 13 13 (10 i 10 
23-F eb-87 30 30 < 10 < 10 
24-Mar -87 41 27 14 (10 
20-May-87 23 < 10 23 < 10 

4 PLAINWELL DAM 18-Agr-95 31 - 2 11 < 10 
20-May-85 62 44 18 < 10 
17-Jun-85 57 3 8 14 < 10 
22-Jul -BS 70 5 0 20 i 10 
13-May-86 91 76 15 *: 10 

S FARMER ST 18-4pr -65 47 21 16 (10 
=o-~ay-a5 58 39 19 < 10 
17-Jun-85 A h  36 10 < 10 
22-Jul-83 90 60 30 < 10 

6 OTSEfO DAM 18-Apr-B5 122 93 29 (10 
20-May -63 49 32 17 
17-Jun-85 52 40 12 

< l o *  
< 10 

22-Jul-85 80 53 25 < 10 



, a WhTEk PCB DATA FROM THE EALAMAZOO RIVER 

WILLIAMS RD 18-Apr-95 119 91 28 < 10 
20-May-BS 99 70 29 a: 19 
17-Jun-85 71 58  13 '10 
22-Jul -a5 110 80 30 <. 10 



PORTAGE CREEK SEDIMENT RESULTS, 1983 -86  .- - 

OISTANCE FROM OISTANCE FROM PC8 
BRYANT DAM ( F T )  LOCATION STREAMBAtiK ( F T )  CONC(PPM) OAT E 
----------.--------------- -- 

4 BRYANT n u  PONO RESULTS 
LOUER BRYANT 

1 5 0  INSTREAM 
- I N S T R E M  
I NSTREAM 
INSTREAM 

EASTBANK 

1 6 0  EASTBANK 

WESTBANK 

2 0 0  EASTBANK 

WESTBANK 

6 0 0  INSTREAM 

EASTBANK 

WESTBANK 

900 INSTREMI 

EASTBANK 

1 0 5 0  EASTaANK 

CONSTRICTION=1200 

UPPER BRYANT 
1 4 0 0  INSTREAM 

EEGINNING OF POND=1900 

0 I STANCES ESTIMATED FROM USGS 7.5'  TOPOT\\PH ICAL  MP 08-Sep-87 

- - -- - 



PORTAGE CREEK SEDIMENT 2ESULTS, 1983-86 . . 

@ DISTANCE FROM DISTANCE FROM PCB 
BRYANT DAM (FT)  LOCATION STREAMBANK (FT) CONC(PPM) DATE ................................................... 

2100 INSTREAM 

WESTBANK 5 

2600 EASTEANK 0 

WESTBANK o 

3000 WESTEANK 0 
0 

3400 WESTBANK 5 

3600 WESTBANK 

3800 WESTBANK 

SEEP ONE = 3900 WESTBANK 

SEE? TWO = 4200 WESTBANK 

ALL I ED 002=4900 

CORK ST = 5300 

MONARCH DAM=6300 
MONARCH MILL POND RESULTS 

50 (FROM MONARCH DAM) < 1 .8 06-Aug-86 



Sampla PCB Concanlrallun 
4lur!!!ar In@!!!- Y l u  

1912 

tot2  

1072 

1 om 

I O U  

1872 

NorYmrrl rldr, loww pond. 10' Cora 

Hot~hwbrt rldb. bowmr pond, I4' CWO 

Soulhwo8t rlda. lower pond. 14' COIO 

60 r l l h  downrvaam o l  upper baok conrtrlctlon. 
.art #Id.; brown color 
I' rand layer 
Or my aadlmenl 
01.y owllmenl 

100 mlk uprtream of Brymt Dam. I 0  matar8 *art 
a) tlvar. hluh ground; brown-gray 
Ll0Ll OfaV 

*5 
Woaa rlda. upper Iqml UIU Pan4 14' tor0 



Sample 
Number ---.--- 

PC4 

PC I 

PC3 

PC3 

PCB Concanlrrllon 

ALL 
117.81 

0.60 

65.68 

6 4 . 6 0  

85.00 

t s .no  
I 4  bl l  

10.00 
11.00 

Tlrnt E A-2 

KAlAMAZOO RIVER SEIMMENl DATA 

Mntlfl. Novamher I082 

Vlna Slraal 



* 
Sample PCB Concentrallon 
Ntrrrtber -.- A'L Yur n * m  C o m r n ~ ~ # a  

thpubtlmhed, UONR 
AU@UB# #-I& ID10 
UnpubUmhel. MONA 
Auqur l  0-10. 1070 
DnpubUlhed. MONR. 
AugurW- 80, I076 
Unpubllrhed MONR 
Augur( 0- 10. IB7a 
UnpubUmh.6 UONR. 
Augur( (I- 10. 1970 

IO. 30 

a. I 7  

Mlchlgen Avenue 
(Yortryo Ctrak Conlluente) 

MONA. Nouamber la02 
MONI.  Novembar lO62 
MONA, November lBI2 

0 Avenue 
Commerce Stlaat L 1I.A. croemlng 
~ h e r a o n  Avenue 

Y 4 13.00 1064 Cred. 1004 Patierron Avenue 



t-' 
Ul 
N 

PCB Concentration 
LPnn,LL 

1012 MONR. Novombor 1082 Rout. 131 Brldga 
1902 UDNR, Novembor 1982 I t  R. Croarbcu 

1083 UONR. Novombor 1083 LO' uprtremm 01 darn. @ouch #I&. rc lvo  
depoaltlonal area. 10' grab run& kr dvor 

1913 MONR. Novarnbor 1083 0 3 mlloa upatroam ot dam. north ad.. grab noor 
prermnb I ~ J U  teueb; lo# 8/4' 

I983 UONR, Novrmber 191) 0 3 mllmr u~a t ream ut dam. nmh W e .  98.b naor 
proran( elvor lovet, ra181yh without (op 1/4' 

1013 MDNR. November 1883 O 16 mlha  ccprtream 01 dam. m o t i h  al l .  01 rtvor, 
82' core; 4' below p c m r m n l  rhmr ( r v d  

It1113 MIhNR, November 1003 0 3 n ~ l t a r  uprtream ol dam. aorlh oldo o l  rlver. 
10' Cot.; 2' abOV0 8he8 )OW.(; C0mp4MIl0 

1083 MDNR. Novombor 1983 0 76 mJl.8 upr t rorm ot dam. roulb 8ld0, 10' core; 
2' abovo wrlar Ievrl; cornpodla 



Samplo PCB Conconlrrllon 
_r?!m!% ir -1- Yur AN- 

PO 0.60 (0-4') 1 B U  UD)(R Novbmbu lam 
8.20 (8-IW) 

1 mWo uprlrorm of dam, uprrrarm d 131 kbdgo, 
routh rldo 01 rlvor. 10' corm; 2' above w b r r  I b v d  

0 4 km upmtrbam of dank 3S' kom kta bbnk 
(north); ovwtylng wolor do)# -- 1.6 m a m a  

0.6 bm uprtroam of dam. on burk(rou1h); 
ovorlvlng wa8.r d o p ~ h  -- 8.8 mdua 



Samplo PCB Concontr~~lon 

Hlrmk*~ -- 





tee8 '02 h*w 'SMIS~ 
COO4 ' 0 2  A @ W  'SMJSib 
tebt '02 A * w  'BM~OII 
todl  'OL A m w  ' B w s r i  
t s b l  '02 fi*n ' 8 ~ 4 9 n  
tebt '02 A * n  'smmn 
COO1 ' 0 2  A*w 'SM4SIl 
tQIl '02 A * V l  'OM4911 
CWl  ' O t  A*w 'YM4Sn 
C e l l  'OL A m V l  'OMlSf l  





6 2 Lm uprtrerm of dam oa rlwercrSuJI nml lo  
o ~ l r I n g  channd; watar kud ot 1' 



Ilia6 Un)ubNrhol MONS 
January 1901 ; 

$ ,., Unpubrlohad U ~ N R  
January lOI6 



PClr Concontrrtlon 
l c m l -  

6.68 

a.26 

24.67 

1883 UDNR Movembor 1083 0.9 ml.8 uprlroun d 1- 1C toror; Iranrul 

A3 1 l . 0 0  (0-47 a013 UQMR Uouombor 1013 1.26 mlhr uprtroam d 1- k boy, lbr corm 

A6 24.40 (0-43 1863 UONR Nouombrr I083 2.1 mllrr upmtrrom ot dam, kl bay; 8' core 
41 .  ?O 44-4.) ; a 

I 
b 

87.80 40-4-1 I083 A I UDNII. November 10e3 Dlrocrly wort d Ialrqroundr; obo4 4.7s nJIor 1 ) .  

J8.3lb I@ 1 J-1 oyrlrorm ol  drm. Ia' cwe 



PE'O 

EL'O 



P A t I E  IWO 

Iamplo 
N g ~ p b m ~  - . .- 

110 

12 1 

Unpublrhrd MD(JIC 
June 100s 
OnpubHrhed MI))(& 
June 1 O I I  
Unpublrhed MDNR 
Jmo NOIS 
Unpubl l rhd AUlINiQ, 
June 1#8S 
UnpubNrhod UOUR. 
Januau y 1888 
Unpublohod UDNtl. 
Janurry I086 
Unpublrhed UQNR. 
Januocy l@08 
Unpublhhod UOMR. 
Juno 1806 
UnpuWrhd UONR 
June 1ee5 
Unpubllrhod UDNII. 
June WDS 
UnpubUrhed UDMR 
January 108s 

4.75 hm below dam, n, ImIrrldo d b o d  

4.3 knt below dam. ear1 r h o  

0 8 Lm downrtream ol d m  Koopmea Uurh; 
err1 r lde b ~ (  pub& I r W  

0 . m  44-67 1086 thpublrhmd UDNR, 20 3 Lm below dam. 4epooklocrJ arm& 10- IS  cm 
June 1816 doep 

0 . 3 8  (0-2-1 1981 Unyubllrhod MQNR, NO# km below d a m  d a p o r l r h d  u*.. 8Wrco  I 
I .  

June I816 6 c m  
0 . 1 4  44 -67  I006 Ilnpubllrhod MONR. 10 0 Lm below dam. deporltlond area. 18-16 cm i 

June 10116 damp 



nomow POND ----------- 
SPECIES: CARP ------ 

July 1971 5.07 1 .49 

Aug 1976 20 5 e 0 . m  1.80 0.20 2.10 0.40 

Sept  1981 

J u l y  1985 (0.13 
to. 11 
(0 .13  
(0 .13  
(0. l.3 
(0 .13 
(0.12 
(0 .13  
(0.13 
(0.  E 
to. l3 
(0 .11 
(0. E 
(0.12 
(0.13 
(0 .13  
(0.13 
(0 .  13 
(0.  i l  
(0.13 



-LOR MOCLOR UOCLOR TOTAL 
L E N G M  WEIGHT G E  SEX 1242 1254 1260 PCB FAT 

h i 3  (in) (lbr) , % I  (%/KC) ( Z )  

June 1976 

Sept 1981 

July 1985 14 1.2 4 Y 1.60 0.35 1.95 2.00 
12 0 . 7  3 n 1.30 0.24. 1.54 1.10 
12 0.7 3 Y 0.95 0.21 1.:5 0.30 
13 1.0 I n 1.10 0.31 1.u 0.80 
9 0.3 2 n 0.66 0.13 0.79 0.50 

10 0.4 3 n 0.99 0.21 1.20 0.40 
t(34 



10 

w= 11 - 

J u l y  1971 30 

Aug 1976 

Sept  1981 17.00 

SPECIES: NOBTIERY PIXZ ------..----------- 
17.60 

J u l y  1971 

Aug 1976 

J u l y  1971 

Aug 1976 

Ju ly  1971 

J u l y  1971 

SPECIES : B U L E U D  

J u l y  1971 

July 1971 

June 1976 2 1 

Sepc 1981 24 7 .0  



* AROCU% A E O R  AROCtOR TOTAL 
LENGTH WEIGHT AGE SEX 12Lt 1254 1260 PCB FAT 

.PI ( i n )  (lbr) (YR) ( ! ~ G / K c )  ( 2 )  -------------------------------------------------------------------------- 
17 3.3 U 0.74 1.80 (0.10 2.56 2.70 
a 7 2.8 n 1 . -K 1.70 (0.10 3.50 2 . 6 0  
17 3.2 n 1.52 -2.30 (0.10 3.80 3.40 
18 4.1 P 1. -3Z 2.20 (0.10 3.50 2.90 
18 2.8 ?¶ 0. 2f 1.00 (0.10 1.52 1.40 
16 2.8 U 0.73 1.10 (0.10 1.85 1.60 
16 2.5. I4 0.55 0.76 (0.10 1.31 . 1.30 
1s 2.0 n 0.3 0.18 (0.10 0.46 0.53 
16 2.5 P 0.9- 1.40 (0.10 2.37 3.60 
16 2.1 n 0 . 2 5  0.22 (0.10 0.48 0.34 
: 7 3.0 F 0.5 0.69 (0.10 1.23 1.20 
17 2.8 F 0.L 0.84 (0.10 1.26 2.50 
19 3.6 P 0.3 3.53 (0.10 0.89 1 .90 
19 4.3 F 1. ?C 3.70 (0.10 5.60 6.40 
18 2.6 F q0. -2 0.33 (0.10 0.33 0.10 
16 2.3 P SO. Z3 0.33 (0.10 0.33 0.78 
2 7 12.8 F 1.m 6.40 (0.10 7.70 3.03 

July 1985 18 



-OR rlROCLOR MOCZOR TOTAL 
LENGTH UEICm AGE SW 1242 1254 1260 PCB TAT 

D m  (ia) (lbr) (YR) (HG/KC) - - 1 - ----------------i---------------------------------------------------- 

18 0.0 3 U 0.37 2.60 0.53 3.30 -30 
- 
18 - 3.4 3 4.98 I . E 7  

J u l y  126 19 6.1 3 2.25 2.25 1 3 0  
18 3.1 2 P 1.45 0.84 2.29 z 70 
17 2.2. 2 n 1.58 1-58 . :-20 
19 3.9 3 F 6.83 2.33 9.16 5-70 
20 5.3 3 P 2.63 0.75 3.38 '-60 
18 4.3 2 P 3.12 1.40 4.52 3 5 0  
19 4.0 2 1.00 1.33 2.73 Z -70 
17 3.4 2 2.81 2.22 5.03 5 -20 
18 4.1 2 P 0.73 0.75 1.48 3 -3 0 
20 5.9 3 F 1.92 1.65 3.57 Z-10 
20 4.4 3 n 4.72 2.92 7.64 - AO 
17 3.1 2 n 2-97 2-70 5.67 5-10 
19 4.4 3 P 1.25 . 1.22 2.47 1-80 
17 4.0 2 P 1.06 1.60 2.66 Z -20 
20 6.4 3 H 2.67 1.73 4.20 5- 10 
18 3.8 2 P 3.16 2.50 5.66 5 -  10 
19 4.4 2 P 6.19 1.90 11.09 

. - - -  90 
18 4.2 2 F 6.32 4.70 11.02 5 - D O  
20 5.1 3 P 2.92 1.69 4.. 61 
18 3.1 2 F 1.16 1.48 2.64 f -30 



J u l y  1971 

Juoe 1976 21 

Sept 1981 17 
8 
8 

18 



AROCLOR MOCLOR AROCLOR T O T U  
LENGTH V L Z C E :  ACE SEX 1242 1254 1260 PCB FAT 

D A V  C i n )  ( l b r :  (YR) (MG/KG) ( z )  ----------------- ....................................................... 
19 3.5 3 F 2.50 4.30 0.80 7.60 2.20 
19 3.: 3 n 0.96 2.20 0.41 3 . 5 7  1.50 
1s . 3.: 3 n 0.54 1.50 0.1 2.35 . 1.40 
16 2.5 3 n (0.13 1.30 0.34 1.64 0.00 
17 2.5 3 I4 0 .&a 8-10 1.40 9.98 4.30 
18 2.5 3 n 60.13 2.50 0.69 3-19 0.40 
17 2.-. 3 n 1.00 2.10 0.48 3-58 . 2.50 
19 3 A 4 P 2.00 2.50 0.38 6-88 4.40 
19 3.2 !¶ 0.89 4.90 0.76 6.55 2.60 
19 3.: n 2.30 5.90 1-00 9.20 5.60 
18 3.5 P 2.40 5.60 0.81 8.81 3.50 
17 2.5 n 0.23 2.30 0.70 3.23 1.20 
18 2. S P 0.90 2.85 0.56 4.31 1.95 
19 3.2 n 1 .oo 9.60 1.90 12.50 6.40 
19 3 . ~  n 0.93 2.80 0.44 4.17 1.80 
18 3.: F 0.43 4.20 0.81 5.44 0.10 

U* 18 3.: 3 5 27 2-39 

July 1986 

Sepe 1981 10 0.5 F 0.47 (0.10 (0.10 0.47 0.14 

SPECIES: JORTHERN PIKE 



&?FLICIX B - U U H A Z O O  RIVER FISH PCB DATA,HOBBW POND TO M O W  . . 
' , - -.. - .  - 

SPECIES: B U C K  C W P I Z  ...................... 
0.8 1.10 0.18 (0.10 1.28 2.16 
0.4 0.61 a0. 10 40.10 0.61 Z . 5 1  

0 .6  0.95 2.49 

SPECIES: BROWN BULLBEM ...................... 
0.5 F 1 0.14 0.16 (0.10 0.30 3.65 
0.6 0.52 0.16 (0.10 0.66 2.2: 
0.4 0.40 (0.10 (0.10 0.60 3.11 

SPECIES: YELLW BULLHEAD .................... 
L.48 2.22 6.70 



July 1971 

b u g  1976 

July 1971 

July 1971 

July 1971 

July 1971 

Aug 1974 

k p t  1981 

2.50 
OTSECO D&! 

SPECIES : -- PIKZ -- ------ 



AROCLOR AROaOR AROCLOR TOTAL 
LENCTH aiICZi AGE SEX 1242 1254 1260 PCB PAT 

( in )  ( l b r )  (YR) ( W X C )  ( L )  
-----------.-------------------------------------------------------------- 

m a  

July 1983 

m- 

i July 1985 

!am- 

July 1986 

2.2 
2.3 
1.7 
2.2 
1.9 
2.8 
1.9 
2.1 
1.9 
2.3 
I .9 
1.3 
2.2 
2.5 
2.3 
2 . 5  
1 . 7  
2 . 7  
1.3 

2.1 

0.3 
0.7 
2 .  - 
i . i  
0.9 
0.: 
0.5 
O.? 



ACE 
(YB) 

,---.--- 

1 
1 - 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
4 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 

A R O W R  m u  ,@mcLoR 
SEX 1242 1254 1260 PAT 

t r 
>---- 

1 .LO 
0.50 
1.10 
1.20 
0.70 
1.00 
1.80 
1.40 
1.90 
0.60 
0.40 
0.70 
1.30 
0.70 
2.70 
0.40 
1.50 
0.60 
3.60 
2.30 
1.20 
1.40 
1.70 
2.30 
1.00 
2.10 
0.90 
2.70 
1.20 
0.70 
0.40 
0.80 
0.40 
0.70 
0.60 
0.20 
0.40 
0.60 
1.50 
0.70 
1.30 
1.00 
0.80 
0 .90  
1.30 
0.50 
2.30 
0.80 
0.40 
1.10 
2.20 
1.80 



SPECIES: 3&S 



UPLWDIX B - -00 RI-R P I S  PCB D A T A , . W W  POND Mom 

SPECIES : NORTHERV PIKE ------------------ 
14 9.15 4.29 1 3 . d  0.46 July 1971 

Aug 1976 

July 1971 

SPECIES : B W  ---- 
July  1971 

SPZCIES: CARP 

July 1971 

July 1976 19 

Ju ly  1983 23 5 .& 
24 6 . 6  
21 4 .7  
18 3.4 
2 1 4.7 
19 3.4 
19 3 . 6 .  



. . 
B - KALAMZCQ U V E X  P I S 8  PCB DATA,XORROU PQR2 Y2 

AROCLOR AROCLOR TOTAL 
LENGTH UEICEFT AGE SEX 1262 12% 1260 PCB FAT 

(in) (lbr) (YR) (Hc/KG) (Z) 

July 1985 19 
18 
18 
18 
17 

, 19 
20 
20 
19 
17 
20 
19 
19 
18 
19 

July 1986 17 
20 
19 
20 
20 
t o  
20 
3 

L ci 

18 
17 
19 
20 
18 
20 
21 
20 
20 
18 
20 



AROCLQB bROCLOR AROCLOR TOTAL 
ACZ SEX 1242 1254 1260 PCB FAT -e 

J u l y  1976 16 23.00 10.00 1.10 

Sept 1981 18 3.8 5 U 
12 1.0 2 n 
12 1 .o 3 n 
12 0.9 2 P 
9 0.5 3 n 
13 1.4 2 n 

7 0.2 1 ? 
10 0.6 2 W 

mAP 

July  1985 

July 197: 

SPEC1ES:SORTHERN PIKE ----------------- 
July 197: 18 5.80 2.90 8.70 0.70 

Aug 1976 19 3.50 1.20 (0.7.0 4.70 0.70 

Sept 198: 

!¶EM= 



APPeWDIX B - -00 RIVER FISH PCB DATA,IJORAOU POND TO HOW 

AROCLOR AROCLOR A R m R  Z 3 r L  
LENGM WEIGHT AGE SEX A242 1254 1260 PO PAT 

& (io) (lbr) (YR) * S I C '  ( L )  --------------------------------------------------------- ----- 
SPtC1ES:TIGZB HUSXXE .................... 

Aug 1976 37 - 1.80 . 0.60 (0.20 2 . K  0. 40 

SPECIES : VHITI! S u m  ----------------- 
30.70 14.80 45.52 . 0.70 

SPtC1ES:BULLBEAD ---------- 
July 1971 7 15.50 

SPEC1ES:BOYPI.N ----------- 
sept 1981 23 4. 1 4 n 2 . 2  

BRYANT POND 

July 1985 17 
18 
18 
17 
1 a 
19 
19 
19 
17 
19 

------ 
SPECIES: CARP 

JULY 1986 





Appendix C 

kasured Data for Reaches 1 - 10 



Auorrw M W b  (r) 
I 







t6.8 I*.. It.# 4.a #.a 





lul 
466. 

Y 

I.? 

806.4 

16.4 

..u* 
I I6 

I#.. 

n 

41 

t.8 









1A81t 1-11 
WrsurrB DAIA for rrrcw 10 

Avarr#r Mldlh ( r )  66 IS I 6  16 I I 66 66 I 6  I S  41 8 I 86 

Awar&#fi Dapth (a )  2.1 2 .  3.0 I 1.4 . 1 . 4  4  1.6 1.6 1.1 t . 4  

N 
I (onth ty I lou( t1 r )  1620 1140 t M 4  l o b  1WO IUM 1tOe lola l o w  l U o  I600 r1tr 

I b r l h l y  Yairr 
Yr .purrurr(*C)  0.8 4 6.0 1 4 . 6  t l . 6  1 4 . 1  21.1 S t  11.1 1.0 1.6 





Sgrcirl fncrrmom tor solving tho systam a i f f r r rn t~a l  
oqurtlonr (m) 

Numbar of subdivision of OX to Improve tfia ac:uracf of thr  
soludon 

Numbrr at  monthly flaws used for simulation 

Numbor of raac3es in tfia rfvrr 

Langth of nacf i  I (m) 

Avrrago width of raach I and month J (m) 

Average dapth of raach I and m o m  J (m) 

Warrrd parimatrr of rho ragrrsantative ctoss-3ac:lon fcr 
r r rc i l  1 and m0ntl3 J (m) . . 

Bed slope of rrac5 1 (fraction) 

Mean p8rric:a s f a  for tfio susprndrd solids at  rrac5 I (m) 

Fiadon d :!ay in tn8 susaercad solids o f  raac: I 

F fadon  of clay in the redimant Iayrr of  reach I 

8enthic diffusion velocef of PC3 of raach I (mlmm) 

S ~ d i m e m  burial valociw of raac5 I (m/min) 

PC3 benthic ralrasa rate a t  reacfl I (g/m2/min) 

Sediment suscrnsion velocity 01 reactr I (mlmin) 

AvwaSa senllnq vrlocrfy of suspended solids for rrac3 I 
(m/min) 



PAGE Two 
- 

Volume fraction of sadimam In tho r d v o  srdimrnt layer of 
r r r c h  I (m3 s.d/rnj) 

C ~ n c s n m d o n  ot suspondod solids in mr flrtt rnc.': of 
montn J (g/m3) 

Unrmatfc viscosity ot water (m2hr f  

PC3 flrst-srdar biodegradation rat0 a t  20 'C (min'l) 

Oxygan rararation ntr (mino') 

Atmoaphrtic PC3 fallout n t a  (g/m2/min) 
. . 

Raaaratmn caetflcirrn n t i o  tor PC3 (dinrnsronlrss) 

fhormr i  h e o r  tor PC3 b iodrgndat~on (dimrnsrcnlrss) 

PC8 prrrition c~?ifiCirnt tar sand (m3 wst r r i l06  g solid) 

Erosion ntr canstant of tna cahasiva bad matartals of 
r rac !  I (g/mZ/min) 

Oiscfiargr of paim PC3 loading of r8ac: I and mcnm J 
(mJ/rnm) 

Cistrib!~trd watar disc3arga along r r l c f i  I and monrn J 
(mJ/mirr/m) 

Oistributad srdimrm discfiarga along rrac3 I and montn J 
(m3 s8d/min/rn) 



T- 011  
uST W INPUT V W L E  MR THE P R O G M  
PAGZ THRS . 

Pdm s*dlumrnt lordlng ntr within rrrch I and montn J 
(g-%*Urnin) 

Averagr monthly flow ot tna headwatur at montn J 
(m3/m in) 

Avongr monvlly watrr trmprnnrrr for r88C3 I and montn J 
('CI 

C:L? . PC3 ctncrntracon ct the hradwatrr at month J (g/m3 cr 
:tam) 

:Sir, PCB csncrntnuon in srdirnrnt of mack I (rnsAq sad) 

Giuolvrd PC3 csncmtration at t . r  polnt loading wrtnln 
rrach I and monrn J (s/m3 or ppm) 

C?S,?A) PC3 crrncan~ratfan at tha point sadimrn: loading w m ~ n  
rrac3 1 and montn J ( m g h g  3rd) 



R U O  (IN.7 
REAO (1N.7 
R W O  (IN.? 
REaO (IN,') 
R W O  (IN.') 
R U O  (IN.7 
~uo (IN:) 
R€AO (IN.') 
R W O  (IN.*) 

Calibrated input dan for no No-Acdon alternativa a n  also listra en tna following 
pag.1. 

0-4 









---------------------.--- 
It* * toe  I *Wt I  W * W . l  1 1 1 1  *i 

t b ' e  W-8 *?'PC J5Y W t t  w t ) r ) a b e r * y  - p  
9 V .c 'c  1 3  *retv .r - -4 *?  r l **dst  * *  
r e  n . 1  o c * r  13 w t m  .@I - a-4-1 ~ I Q R  
V T ' ~  l b *  13 W W C T  bstprnbry .r 

4'13 110n It 







O u r h a  U I11 o f  labor  Cur l  
I4b.t d 131 01  1.bus C a r l  
I h l m r l * l  a :I a f  b c t m r ~ r l  Cora 

*Uub6aalr.c& 8 )&I o f  Yub. Coal 

8 d . l  Ylwmtl Con1 

Cont4n#an6v b 201 ot I u a a I  #ba ld  C a ~ t  
LbaLmma*~oa 6 SI o f  # e t a 1  f r o a d  Car t  

rnmr ~ Z S J V I  
bOIAJ9 --------- 

91b0434 
aa3?lS ---------- 

IOJSI I:. 



t r e  t t t z  rrtctct r 
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EXC + SPREAD 54400 CY 0.39 1 . 7 7  
SACKFILL 30" 53700 CY 1 . 5  1 .9  1.9 
TOPSOIL 6" 10700 CY 5 . 5  1 .8  6 . 9  
REVEGETATION 580 S F  24.6  5 . 6  6 .45  
SILT FENCE 46400 LP 2 .3  0 . 2 7  

BURDEN e l 3 2  LABOR 
LABOR @I52 LABOR 
UTERI-U. @5Z UTXRIAL 
SUBCONTUCT e l 0 2  SUB 

TOTAL DIRECT COST 

IPTDIRECTS @ 502 LABOR COST 
PSOFIT 8:-.32 DIRECT COST 

TOTAL FIELD COST 

CONTI~GENCY @202 
ENCINEERINC @ 62 

TOTAL COST 

T-TrU. COST 

XAl- - A O R  E Q U I P .  ---------------------- 
1 4  113938 

8CS50 36660 253130 
55.350 19250 52430 
1 e 4 8  3248 25d1 

106720 12528 

101. 
3 1 RECT 
COST -------- 

i39L3- 
U 0 3 6 0  
130540 

ZOO9 7 
1192L8 -------- 
919329 



OTSEGO DAY 
DREDGED .-A 

XTEY QTY ------------------ ------ 
EXC + SPEiU) 32200 
BACKFILL- 30" 26300 
TOPSOIL 5" 5 300 
REVEGETATION 290 
SILT FENCE 23200 

TOTAL DIRECT COST 

CY 
CY 
CY 
MSF 
LF 

IXDIUCTS @ 502 =OR C3SY 
PROFIT @lOZ D I E C T  C3ST 

HEALTE5SXFETY YONITQR1,YG 30.08 
ENV XONITORIYG $0.01 

TOTAL FIELD COST 

CONTINGENCY PZOZ 
ENGINEEXNG @ 62 

TOTAL COST 



UNIT COST TOTAL C O Z  
PUINGnLL DAM 
DREDGED .=A 

ITEM 
b 

QTY UNIT ------------------ ------ ---- 
EXC + SPREAD 16500 CY 
SACRFILL 30" 20100 CY 
TOPSOIL 6" 4100 CY 
REVEGETATION 220 MSF 
SILT FENCE 17600 LF 

BURDEN @I32 TUBOR 
LABOR @15Z LABOR 
ZILATERI.AL 352 !UTERIAL 
SUBCONTUCT 1!10Z SUB 

TOTAL DIRECT COST 

IXDIXECTS 5 502 LABOR COST 
PROFIT @ I 0 2  DIRECT COST . 

HEALTHSSMZP! Y O N I T O R I N G  $0.08 
2NV XONITORING $ 0 . 0 4  

U T .  LABOR EQUIP. ------------------ 
0 . 3 9  1.77 

1.5 1.8 0.9 
5 . 5  1.8 6 . 9  

24 .6  5 . 6  4.45 
2 .3  0 .27 

TOTAL FIELD COST 

CONTIXGENCY $202 
ZNGINEEBING @ 62 

TOTAL COST 
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Appendix F 



APPENDIX G 

Sludge Disposal Area Sampling 2esults 
1987 







- -  - -=-a- Table 1. . Soil sampling r e s a l t s  f r a n  the ??si~ue,, - -,-- &n2acy 
sludge disloszl aree, Juce 10, 1987. 

Dike wall, northeast 78.0 < 0 . 6 5  30.: < 0.650 20.0 
comer of landfill 

Dike wall, 100 ittt 86.1 < 0 . 5 0  < ,.,- 2 .  50 2.60 - - -  - 
south of sample 1 

South property line, 80.1 
outsf de diked area  

New sludge from 
Plaizwell Paper 

* Eztinatd v a l u e .  Ali c t h e r  Scan 3 v a l u e s  were l t t s  %ha=: cetectc'=le 



* Table  2.  S o i l  sampling r e s u l t s  f ~ r r :  r?e former A l l i e d  Paper K i n g  Mill s i t e  and 
Rex Paper s i t e ,  Ka1 amazz,:. *ij 26, 1987. 

K I N G  MILL -------- Aroc 1 o r  Aroc 1 o r  To t31  - 

Total  1248  1254 ? C3 
Sample Yo. S o l i d s  ( 4 ; )  ( W k g  (ng/kg ) (ng/'< g 

1 East  of r a i  l road  t r a c k s -  79.1 
2 Old Lagoon, nor th  of 7:-It-A 52.1 

t r a c k s .  
3 East o f  r a i l r o a d  t r a c k s .  70.0 

R E X  PAPER --------- 
4 150 ya rds  e a s t  of S p r i c t : s .  59.8 
5 75 ya rds  e a s t  of Spr inc ' z .  67 .3  
6 10 ya rds  e a s t  of S p r i n r - 5 .  57.2 
7  500 y a r d s  e a s t  of Spri-c:.. 46.1 
8  300 ya rds  e a s t  of S p r i n r : e .  59.7 

10 ya rds  n o r t h  of r ive - .  
9  300 y a r d s  e a s t  of Spri-c:?,  56.7 

10 y a r d s  nor th  o f  r i v s - .  

t A l l  o t h e r  Scan 3  compounds were n t r  ~=--,tcted. 



APPENDIX H 

OFFICE OF THE G R E A T  LAKES 

- PUBLIC MEETING SUMMARY 

K A L A M A Z O O  R I V E R  A R E A  OF CONCERN 

Oate  and  Time: 

P l a c e :  

Tuesday, December 1 6 ,  1986 a t  7 p.m. 

Kalamazoo C i t y  H a l l  
Commission Chambers 
Second Floor  
2 4 1  West South S t r e e t  
Kalamazoo, Michigan 

Chair: Thomas 0. Mar t in ,  O f f i c e  o f  t h e  Great iz*:es 

Chief  T e c h n i c a l  
P r e s e n t e r :  William C r e a l ,  S u r f a c e  Water Q u s ; l , y  D l ~ r s S z -  

3 t h e r  Oegar tnen t  o f  
N a t u r a l  7 e s o u r c e s  
~ f f i c i a l s :  Karen C c t t l i e b ,  O f f i c e  of t h e  Giza: La<?% 

Oavid Kenaga, Sur face  Hater Q u a l i t y  0 i i l ~ l ~ -  
Linda Koivuniemi , Sur face  Watcr Quali:: 
David Johnson,  F i s h e r i e s  Divis ion  
Fred Morley, S u r f a c e  Hater Q u a l i t y  3 i v i s - s n  

At t5ndancs :  56 members of t b e  p u b l i c  

Problem Sta tsment  

t a n  c o u n t i c s  i n  sout5westcrn  Michigan. ;he r i v e r  i s  a n i z - , J  - .  
va lued  r o c r z a t i o n a l  r c source  s u o o o r t i n a  aqadrsmous c 3 l i - r z : r r  
f i s n  
a l l 3  

we',: 

i n g  
r,an 
anbs 

i n c l  
S t a t  - . - 

uding s a  
3 game 3 
ram t? ,e  

lmon, s t e e l h e a d ,  and snallmouth 
:?a,  along w i t n  s c e n i c  v i s t a s  a 
L95Ss t o  t n e  e a r l y  7;s ,  t ne  *a: 

Sass 
nb Ta 
2: 3u 

ve ry  poor due tc~ Door uas t?  d i s g o s a l  p r 3 c t i c e s ,  e x c e s f i v ?  - ra: i - ;  
c ?  t ? e  w a t e r ,  and sedimenta t ion  benind t7e  darns. f n a c e c c i z : ~  

- - r C r t  50 3 a s  tnac  i 3  i953 t ne  r i v e r  gained n a t i o n a l  rocg-- '-  . -  . 11 
3 L i e ?  n a g a z l ~ c  g p s t s ~ r a o n .  Plc,ae g r ~ w t 3 s  c n o k e ~  t > e  : : , e : .  C Z : : ~  

S e n i z a  Cams ~ h i c n  3u:ied the  g r a v e l  bottsm and cnansec i: ' ~ 2 -  : 
s a n e  f i s n  t3 a raugh f i sn  h a b i t a t .  

. J '* @ 



R e m e d i a l  a c t i o n s  h a v e  i n c l u d e d  o v e r  3 5 2 5  m i l l i o n  b e i n g  s p e n t  i n  
t h e  K a l a m a z o o  R i v e r  b a s i n  on  w a s t e w a t e r  t r e a t m e n t  p l a n t s .  T h i s  
h a s  d r a m a t i c a l l y  i m p r o v e d  t h e  + a t e r  q u r l i t y  i n c l u d i n g  i n c r e a s e d  
o x y g e n ,  r e d u c e d  a l g a e  a n d  o d o r s ,  a n d  i m s r t . , e m e n t  i n  w a t ~ r  
c l a r i t y .  T h e  c l o s i n g  o f  t h e  H o r r o r  P = w o r  s l a n t  r e d u c e d  t ? e  h e a t  
l o a d  o n  t h e  r i v e r .  T h e  w a t e r  q u e l i t y ,  e s f o c i a l l y  b e t w e e n  5at:Le 
C r e e k  a n d  K a l a m a z o o  a n d  d o w n s t r e a m  o f  ,ake A l l e g a n  now i s  
g e n e r a l l y  g o o d  t o  e x c e l l e n t .  W i t h  r e c z n t  u p g r a d i n g  o f  t h e  
K a l a m a z o o  W a s t e w a t e r  T r e a t m e n t  P l a n t ,  z x y f c n  l e v e l s  s h o u l d  
c o n t i n u e  t o  i n c r e a s e ,  n u i s a n c e  a l g a e  ~r=wt3s  r e d u c e ,  a n d  
c o m p l i a n c e  w i t h  M i c h i g a n ' s  U a t c r  C u a l i z y  5 : a n d a r d s  i s  e x p e c t e d  i n  
t h e  n e a r  f u t u r e .  

T h e  m a j o r  r e m a i n i n g  = r o o l e ? n  i s  a C 9 - t s - r a m i i a : ? d  s e d i , n e n t s  w n i c 3  
a r e  a s s o c i a t e d  w i t h  t h e  s e d i m e n t s  Sen:-d : i e  dams a n d  o t h e r  
s p e c i f i c  l o c a t i o n s  a l o n g  t 3 e  w a t e r  c s - r s e .  3'20 i s  a  human 
c a r ~ i n o g e n  a n d  i s  t z a n s f e r r e d  ?ram : . y e  s e : i m e ? t s  t o  f i s h  :3 
p e o p l e .  F i s h  i n  t h e  r i v e r  e x c e e d  t b e  2 p r r t s  p e r  m i l l i o n  a c t i o n  
l e v e l  a n d  8 0  m i l e s  o f  t h e  r i v e ~ - - b e t ~ e ? n  < a l a m a z o o  a n d  S a u g a t u c k  
a t  t h e  m o u t h - - a r e  s u b j e c t  t o  a  f i s n  c r - s u n ~ t i o n  h e a l t h  a d v i s o r y  
r e s t r i c t i n g  f i s h  c o n s u m p t i o n .  S e v e r a l  a c ' i o n s  a r e  S e i n g  t a k e n  t c  
a d d r s s s  t 3 i s  i s s u e .  A f e a s i b i l i t y  s t , = y  - 2 n d u c t e d  b y  t h e  
D e p a r t m e n t  o f  N a t u r a l  Q e s o u r c e s  i n d i = z z e s  : n a t  r e m e d i a l  2 f f 3 z : s  - .  a r e  n e e d e d  i n  o ~ d e r  t o  r e d u c e  t 7 e  L Z ~ E ,  1- t h e  f i s n  S e l o w  : N O  
p a r t s  p e r  m i l l i o n .  B a s e d  o n  :3e : o c z ~ m e c z a : i o n s  o f  t h i s  s t u d y ,  
t 3 e  D e p a r t n e n t  i s  p u r s u i n g  c l o a n - < ~ c  2' 3 r ; a n t  M i l l  Pond  a n d  
F g r t a g e  Creek w i t h  l e g a l  a c t i o n s  c n e l r r a y  i n v o l v i n g  a  s u s p e c t e d  
r e s p o n s i b l e  ; a r t y .  A n n u a l  draw-down =' :-e A l l e g a n  C i t y  d a 3  > a s  
a e o n  s t o p p e d  a e c a u s z  i t  c a u s e s  d o w n s z z ? a n  z r a n s p o r t  o f  P C 3 s .  i h z  
s t a t e  i s  p u r s u i n g  t3e  r e m o v a i  o f  *CNZ-=wne: dams i n  t n e  
P l a i n w e l l / O s t e g o  a r e a .  

F u r t , S e r  s t u d i e s  w e r c  c o n d u c t ~ d  i n  i3ZS a?: a r s  ~ l a n n e d  f o r  1 3 3 7 .  
T h e  O N 8  
a F e d e r  
z m p o s e  

i s  r e  
a 1  Sup 
d o f  S 

commend 
e r  f u n d  
t a t s  a n  

i n g  
p r i o  
d  i o  

t h e  
r i t  
c a l  

Kal 
Y .  

p u z  

ama 
F i n  

n s i  
r3 t 
n e s  

der  
e g y  
s ,  

a t i s n  
Comm 

i n c c s  

3s 
i t t e e  
t r y ,  . , .  . . l s z o : ,  a n d  ? r v i r : n m e n t a i  a n d  : z r s 3 : r z : l = r  - - -  , , , U O S  a : , ;  ;a:::3:38:3 

i n  tYie d e v e l z o m e n t  3 f  t i e  r z m e c i a l  a z : l 2 r  : l a n  a n d  a d d r e s s  
: s ~ a i n i n g  i s s u e s  s u c n  a s  PC9  c o n t s m i - z z i : -  , '  tl'le d a m s ,  d i s s s l d e " ,  
o x y g e n  p ~ 3 o l t q s  b e t w e e n  d a l a m a z o o  a ? =  A l l s q a n ,  a n d  f i s h  - - - .  nanasernen: .  i n e  c e g ~ z a 3 n l :  a r o s  s e ' l - 5 5  :s t n e  A z 1 3  3 i  Z ~ n c g r n  
:..* ,, :>e  K a l a m a z z o  ? i v e z  is *:zm Z3142-s 3 z n  t o  Lake  M i c n l p a n .  
T 7 i s  IS  t n e  2 o r r i o n  o f  t - e  7 i 4 3 r  qn1:- I r  :3n: iguous  

* - - -  I - ~ K S  ~ i c ? i ; a n  2 n d  ~ h e r ?  t 1 s n  - , I  L Z ~ Z  W i z n i ~ a n  c a n  rt i ; ra: t  
i n t ~  t n e  ? i v s r .  

0 
w h a t  z r i t e r i a  was  u r e a  t s  d e t t r n i n e  *-is' o f  M i c n i g a n ' s  s r 5 a s  ~ e r t  
:ne 1 4  w o r s t  o n e s ?  



R e s p o n s e :  I: t h e  A r e a s  o f  C o n c e r n ,  e n v i r o n m e n t a l  q u a l i t y  i s  
d e g r a d e d  a n d * b e n e f i c i a l  u s e s  o f  t h e  w a t e r  o r  b i o t a  a r e  
a c v e r s e l y  a f f e c t e d .  T h e s e  a r e a s  h a v e  b e e n  d e s i g n a t e d  by 
t ? e  v a r i o u s  j u r i s d i c t i o n s  b a s e d  o n  d e t e r m i n a t i o n  o f  

- r z r the r  o r  n o t  t h e  G r e a t  L a k e s  W a t e r  Q u a l i t y  A g r e e m e n t  
o z j e c t i v e s  o r  j u r i s d i c t i o n a l  g u i d e l i n e s ,  c r i t e r i a  o r  
s t a n d a r d s  f o r  e n v i r o n m e n t a l  q u a l i t y  a r e  b e i n g  e x c e e d e d .  

R e m e d i a l  Ac tLon  P l a n  

T h e  RAP s n o u l d  n o t  s l o w  down o r  s t o p  t h e  c l e a n - u p  p r o c e s s .  The 
RAP s h o u l d  - a v e  a c o m p r e h e n s i v e  l o n g - t e r m  a p p r o a c h .  

R e s p o n s e :  w t  a g r e e .  

What w i l l  t h e  r o l s  a n d  f u n c t i o n  o f  t h e  B a s i n  S t r a t e g y  C o m m i t t e e  
b e ?  

R e s p o n s e :  T'e r o l e  o f  t h e  C o m m i t t e e  w i l l  be t o  d e v e l o p  m e c h a n i s n s  
t: i m p l e m e n t  t h e  K a l a m a z o o  R e m e d i a l  A c t i o n  P l a n ;  
c z a r d i n a t e  t h e  R e m e d i a l  A c t i o n  P l a n ,  F i s h e r i e s  
u z n a g e m e n t  P l a n  a n d  a c c e s s  d e v e l o p m e n t  a l o n g  :he 
d z l a m a z o o  3 i v c r ;  a n d  p r o v i d e  l o c a l  i n p u t  i n t o  t h e s e  
2 - a n s .  

H O W  f a r  wil: t h i s  y e a r ' s  $ 1 0 , 0 0 0  f u n d i n g  f o r  t n e  B a s i n  C o m m i t t s e  
g o ?  

F l e s p o n s t :  T-? money i s  i n t e n d e d  t o  f u n d  a t  l e a s t  f o u r  c o m m i t t e e  
z t t t i n g s  Sy O c t o b e r  1, 1387. 

He w a n t  rie s u b l i c :  ' t o  g e t  v e r y  i n v o l v e d  i n  t h e  K a l s m a z o o  a i v ? r  
s u c h  a s  =ne e x p e r i e n c e  i n  t h e  G r a n t  C a l u m e t  R i v e r  a r e a .  We 
s u g g e s t  z n a r  m o r e  t b a n  t h e  3 o r  4 m e e t i n g s  b e  h e l d ,  t h a t  t h e r e  b e  
w o r k s h c = s  t: e x p l a i n  t h e  p r o c e s s  a n d  t u r n  p u b l i c  c o n c e r n  i n t o  
a c t i o n .  

? e s p o n s ~ :  '15 w i l l  c g n s i d e r  t h i s  wit3 t h e  a a s i n  S t r a t e g y  
Czmmit  t e e .  

3 e s p o n s z :  13 t s t i n a : ~  t ~ a t  t3e K a l a m a z o o  ? i v e r  l o a d s  a o o u t  2g0 
z r u n d s  o t r  y e a r  gP PC3 i n t 3  L a k e  M i c 5 i ~ a n .  T h e  
r l ; n i c i z a n c e  3 f  t 3 i s  l o a d  i s  n o t  known a t  '5:s t i ~ e .  1 - - - ,3  S u c g e t  f o r  L a k e  M i c h i g a n  i s  b e i n ;  S e v e l o o e d  b y  t n e  
. T h i s  j u d g e :  u i l ?  3 1 1 3 ~  t 3 e  K a l s n a z s o  F i l v s r  Load 
s l ; n i ? i c a n c ?  t3 b e  a s s e s s e d .  

H i l l  t l s  ? A z  l o o k  a t  d i s s o l v e d  o x y g e n  a n d  p h o s s h o r ~ u s ' g r o b l e n r s  i n  
t h e  a r e %  ';?:*een A l i e g a n  a n d  K a l a m a z o o ?  



(I) 
R e s p o n s e :  No. The RAP w i l l  a d d r e s s  i m p a i r e d  u s e s  i n  Zt le  a r e a  o f  

C o n c e r n ,  w h i c h  h a s  b e e n  d e f i n e d  a s  t h e  Kalzxaz::  R i v e r  
a s  f a r  u p s t r e a m  a s  G r e a t  L a k e s  f i s h  c a n  p r e s e - : l y  
m i g r a t e ,  w h i c h  i s  C a l k i n s  Oam. 

will t h e  s c o p e  o f  t h e  
p h o s p h o r o u s  a n d  800? 

R e s p o n s e  : No. T h e  
p r o b l e m s  

RAP i n c l u d e  n o n p o i n t  s o u r c e  p o l l a t l ~ n  f r o m  

i m p a i r e d  u s e s  i d e n t i f i e d  d o  n o t  i r = l ~ : e  
a s s o c i a t e d  w i t h  p h o s p h o r u s  o r  800. 

R e m e d i a l  A c t i o n s  

C o n c e r n  was  r a i s e d  a b o u t  t h e  a c t i o n s  r e c o m m e n d e d  i n  t i e  \US s t u d y .  
P a v e  d e t a i l e d  t e s t s  o f  s e d i m e n t s  b e e n  :one o n  t h e  h o t s o c : ~ ?  w h a t  
i s  t h e  s t a t u s  o f  t h e  r e s e r v o i r s ,  a r e n ' t  t h e y  f i l l e d  c=? T h i s  
s t u d y  d i d n ' t  t a l k  o f  d i s t u r b a n c e  by c a r p .  Are c a r p  i l c z s a s i n g  t h e  
l s a d i n g s ?  

R e s p o n s e :  E x t e n s i v e  t e s t i n g  f o r  P C B ' s  h a s  o c c u r r e d  i r  a r z a s  w h e r e  
c o n c e n t r a t i o n s  a r e  h i g h e s t ,  p r i m a r i l y  3 r y a r r  u l l l  F o n d  
( P o r t a g e  C r e e k ) .  O t n e r  a r e a s  h a v e  b e e n  l e s s  t r t e n s i v e l y  
s a m p l e d .  

T h e r e  a r e  t h r e e  i s p o u n d r n e n t s  S e t w e e n  Kalam=,=3: a n d  
S a u g a t u c k  - O t s e g o  C i t y ,  A l l e g a n  C i t y  a n d  ,akt  I l l e g a n .  
O t s e g o  C i t y  i s  c o n s i d e r e d  t o  b e  r e l a t i v e l y  " u l l  o f  
s e d i m e n t .  A l l e g a n  C i t y  a n d  L a k e  A l l s g a n  i - r . 3 0 ~ - d m e n t s  
a r e  f i l l e d  i n  t o  lesser  d e g r 5 e s .  

C a r p  d i s t u r b a n c e  o f  t 3 e  s e d i m e n t  a n d  i t s  s l g n i ' :  , c a n c l  
r e l a t i v e  t o  PC9 l o a d i n g s  i s  v e r y  d i f f i c u l t  :s z u a n t i f y .  
We a r e  a w a r e  t h a t  t n i s  o c c u r s  b u t  a t  a l o s s  ar l o w  t o  
q u a n t i f y  i t .  

z lha t  i s  t h e  e s t i m a t e d  c o s t  o f  d r o d g i n g  a n d  d i s ~ o s a l  rs :-2 ?C3 
c g n t a m i n a t e d  s e d i m e n t s ?  

. .  7 F t e s p o n s e :  The e s t i ~ a t s d  c o s t s  f o r  r e m e d i a l  a c t i o n  i s  2v=,:,a5,e in 
t h e  M D N R  1 9 8 6  K a l a m a z o o  R i v e r  F e a s i ~ i l i t y  I=u=!. 
3 e o e n d i n g  on  t h e  s i t 9  1 1 v o l v ~ d  a n d  z c ' i o n  =zn21:e:2d, . . c o s t s  r a n g e  f r o m  aoouc 3 5 0 0 , 0 0 0  t 3  % G O  tnL:,:r-. 

' i e r e  n a y  S e  d i f f a r e n t  j e g r l o s  a f  c l e a n - u o  a n <  de  n ~ z =  r r  t a k e  a . . r e a s o n a b l c  c o u r s e .  de  d o n ' t  T a v t  t n e  money t s  z o  i t  si,. 

w h a t  i s  
s a l m o n .  
.e f r o m  

1 .  - s u r  t;021? T>e g e o p l ?  ,IVL " 9  
What i f  we do  n o t h i n g ,  j u s t  

t h e  2 . 0  ppm a c t i o n  l e v e l  f o r  

s p o n s e :  O u r  
p u o l  
t o  r 
T h i s  

g o a l  i s  t o  
i c  i3 a c f z  
e d u c o  f i s n  

w i l l  n o t  

r e d u c e  
g t a c l ?  
?CZ C 3  

De r e a c  

i s k  t o  t - 2  f 
. One ;a,-: 
a t i o n s  t s  1 e  

j u s t  e l l a i n  

is:: 
i n  
53 
a t i  



we c a n ' t  j u s t  look a t  s e t t i 2 g  f i s h  down t o  2 ppm. 

Response: Our goa l  i s  t= rezuce t h e  r i s k  t o  the f ish-consuming 
p u b l i c  t o  acce=ta:ie l e v e l s .  The s t u d i e s  per forned t o  

- d a t e  al low u s  z o  examine any f i s n  t i s s u e  PCB 
c o n c e n t r a t i o n s .  

Have you examined s e a l i ~ 3  t:e contaminated  sediments  i n  p l a c e ?  

Response: Yes. f o r  some s i :ua t ions  t h i s  may be a s u i t a b l e  
' 

a l t e r n a t i v e .  iowever ,  t h e r e  a r e  concerns w i t h  t h e  long- 
term maintena-=e requ i rement s  a s s o c i a t e d  k i t h  t h i s  
o p t i o n .  

On August 29, 1996 t h e  3 N R  s e rved  a  n o t i c e  t o  sue A l l i e d  Paper .  
what is t h e  ONR's i n t s ~ z l o n  r e g a r d i n g  t h i s  s u i t ?  

Response: The D N R ' s  i n t 5 7 t i ~ n  i s  s t i l l  t o  f i l e  a  l a w s u i t  if a 
s e t t l e m e n t  i s  3 o t  reached w i t h  Al l ied  Paper .  

The $1.5 m i l l i o n  a ~ l o c a r t a  :a clean-uo t 3 e  Al l ied  Paper s i t e  -- I 
how and when * i l l  t h a t  rmc!  be s p e n t ?  

Res?onse: That money h z ~  k t 3 3  reallocated t o  o tne r  remedia l  
a c t i o n s  on t:% Ka,amazoo 2 i v e r .  

Note: Concern was :a i r33  rzou t  t h e  temporary i n j u n c t i o n  s t a o p i n g  
t h e  O N R  from refloving :-e zsms down t o  t h e  s i l l  l e v e l .  Because a t  
t n e  r e c e n t  t9mporary iP lunc: ion ,  t 5 e  D N R  ~ 3 ~ 1 5  not  comment on t a i s  
q u e s t i o n  or  any r e l a t e :  ~ u e s t i o n s  a t  t h i s  pain; i n  t ime .  

Why w o n ' t  t5e  removal c' t - 5  D N R  3ans t r s n s p o r t  the  t o x i c  
m a t e r i a l s  downstream? 

2esponse:  The g r s s e n t  -3?obzl p r o j e c t  i s  o n l y  t o  removo t n e  dam 
s u p e r s t r u c t u z ? .  '3e dams a r e  n o t  a c t i v e  and t 3 e r ~  i s  3t 
impounded wazsr : t a t  w i l l  be r e l zased  and no downstream 
aovement o f  s l d i ~ e n t s .  T h i s  p r o j e c t  w i l l  no t  change t z s  
h y d r a u l i c  c h a ~ a c ~ ~ r i s t i c s  of  the  r i v e r .  

How rruch w i l l  i t  c o s t  z z  zznovt t 3 e  ONR-awned iams ts t h e  s i l l  
I P V P ~ ?  

u h i l e  i t  ha s  Seen n e n t l s n e z  t 3 a t  n i l l i o n s  o f  c o l l a r s  * i l l  r e s u l t  
from an impraved f l s n e r ~  a s t e r  P C 3  l e v e l s  a ro  ieauced,  nas  any 
c o n s i Z e r & t i o n  See1 g i v 5 -  t r  n e g a t i v o  primary a n d  secandary a f f z c t s  
from job l o s s e s  and 0:-5: ' z g a t i v e  impacts? 



?es::nse: We do not a n t i c i p a t e  any job l o s s e s  from these  

t 
a c t i v i t i e s .  

& r e  s t e e l h e a d  being s tocked i n  t h e  River? 
- ~ts: :nse:  Yes. Since 1 9 7 3 ,  between 5 , 0 0 0  and 25,000 Pisn have 

been s tacked a n n u a l l y ,  e x c e p t  f o r  1977, 1979 and 1983. 
The Rabbit  River has a l s o  r ece ived  s t ee lhead  p l a n t i n g s  
d u r i n g  t h i s  t ime pe r iod .  

Zn :ne r i v e r  upstream o f  Allegan Dam, what e x i s t s  now and what 
r l l ,  be done - o t h e r  than P C B ' s  and t h e  dam - i n  t h e  f u t u r e ?  

? e s x n s e :  P r e s e n t l y ,  the  f i s h i n g  i s  poor and dominated b y  c a r p .  
I n  t h e  f u t u r e ,  p l ans  a r e  being made t o  e l i n i n a t e  t h e  
p r e s e n t  ' i shery  and r e s t o c k  t h i s  r i v e r  between Allegan 
and Kalamazoo. Emphasis w i l l  be piaced on developing a 
r e s i d e n t  bass  and p ike  f i s h e r y  i n  conjunct ion  w i t h  an 
anadromous salmonid f i s h e r y .  

1: z i e  Kalamazoo ucstream of  Allegan 3am is a  warm water f i s h e r y ,  
i c w  :an salmon su rv ive?  
- C -es:znse: The c r i t i c a l  ger iod  o f  t h e  year  , o r  salmonids i s  wnen 

Nater temoera tures  r i s e  above 6ao F *  R i v e r s  t h a t  r t a c n  
water  t l ~ o e r a t o r e s  above 680 F genezal ly  d o  ~ c t  supocrz  
sa lmoni :~ .  The salmon f i s h e r y  piannea f o r  <alamaz=: 
River  i s  an anadromous f i s h e r y  # h e r e  :he salmon resi:o 
i n  Lake Mic?i?an u n t i l  t h e i r  ssawning n i g r a t i o n  u p s t r z z -  
i n  t a e  Kalamazoo R i v o r .  The ssawnins migrat ion occurs  
i n  t h e  f a l l ,  when r i v e r  t empera tu res  a r e  c o c l e r  ana pcse  
no problem fa: t n e  sa lmonids .  

Zs :Se t empera tu re  of t h e  s t ream i n  t h a t  area  a l l  r i g h t ?  
- -2rz3nse :  Yes. TYe r i v e r  t?mpe:atures a r ?  meeting St::. #a:er 

3 u a l i t ; ~  Standards .  

-c. jo you p lan  :2 e l i n i n a t ?  tfie c a r ? ?  

. . . - il *:,, , , e  r 2 t t ~ o n e  a t C ? c t  o n l y  t n e  c a r ? ?  
=s=- . , , , sns2:  N O .  Ze:?ncne w i l l  e i i i n i n a t t  v i z t u a l l j  a i l  f i s n  and 32-4 

i n v e r z ? s r a t t s .  

- - z ~ = ~ n s ~ :  Y ~ S .  A l i  such p r a j e c t s  a r e  2 r e s e n t l y  reviewed 3 y  t 5 e  
Hater  2esources  Commission, which nolds puol ic  
n e e t i n g s  monthly. 



How w i l l  y o u  d i s p o s e  o f  t h e  d e a d  c a r p ?  

R e s p o n s e :  The  d e t a i l s  o f  t h i s  p r o j e c t  ? a v o  y e t  t o  b e  w o r k e d  o u t .  
B u t  t h e  m o s t  l i k e l y  d i s p o s a l  me thod  w i l l  b e  o n - s i t e  

- b u r i a l .  

W i l l  t h e  f i s h  b u r i a l  s i t e  b e  l i n e d ?  

R e s p o n s e :  The PC9 c o n c e n t r a t i o n  i n  f i s h  p r e s e n t l y  i s  n o m i n a l  
r e l a t i o e  t o  s e d i m e n t  c o n c e n t r a : i o n .  n e  h o p e  t h a t  when 
t h e  p r o j e c t  i s  c o n d u c t e d  tha t  the PC8 c o n c e n t r a t i o n  w i l l  
be  e v e n  l o w e r  a n d  t h a t  a l i n e r  f o r  t h e  d i s p o s a l  s i t e  
w i l l  n o t  b e  n e c e s s a r y .  

Is t h e  d i s s o l v e d  o x y g e n  p r o b l e m  c a u s e d  by c a r p ?  

R e s p o n s e :  The  d i s s o l v e d  o x y g e n  p r o b l e m  i s  v e r y  c o m p l e x .  H o w e v e r ,  
t h e  c o n t r i b u t i o n  t o  t h e  p r c 3 l e s  by  c a r p  i s  
i n s i g n i f i c a n t .  

N o n p o i n t  S o u r c e  P o l l u t i o n  

What i s  g o i n g  t o  b e  d o n e  a b o u t  m u n i c i ~ a l  s t o r a w a t e r  d i s c h a r g e s  a n d  
n o n p o i n t  s o u r c e  p o l l u t i o n ?  

R e s p o n s e :  On a  n a t i o n a l  l e v e l ,  
m u n i c i p a l  s t o r m w a t e r  
p o l l u t i o n ,  t h e  s t a t e  

p e r n i - s  a r e  now b e i n g  r e q u i r e d  f o r  
d i s c h z r g e s .  F o r  n o n p o i n t  s o u r c e  
has  d ~ v e ~ s p e d  the  C l e a n  W a t e r  

I n c e n t i v e s  P r o g r a m .  

Ne n e e d  m o r e  s t a t e w i d e  m a n a g e m e n t  o f  q o n ~ o i n t  s o u r c 2  p o l l u t i o n  
s u c h  a s  t h e  C l e a n  i l a t t r  I n c e n t i v e s  ?:2gr3m. 

R e s p o n s e :  W e  a g r 2 e .  The s t a t e  i s  a s s e s s i n g  s t a t e w i d e  n o n p o i n t  
s o u r c e  p o l l u t i o n  p r o b l e m s  a n d  i e v e l ~ p i n g  a  m a n a g e m e n t  
s t r a t e n , y *  

How many a g r i c u 1 : d r a l  a c r e s  d r a i n  i n z a  t 7 e  K a l a n a z o o  R i v e r ?  

R e s p o n s e :  i n  t 3 e  K a l a m a z o o  R i v e r  ?as:?,  a b o u t  57 g e r c e n t  ( 7 3 7 , 3 0 0  
a c r e s )  o f  t 3 e  l a n d  i s  u s e s  f o r  a g r i z u l t u r a l  p u r g o s e s .  

T 9 e  p o t e n t i a l  i s  h i g h  f o r  n o n p o i n t  szur :?  p o l l u t i o n  frgm p e s t i c i d e  
u s e  e f f e c t i n g  t z e  K a l a m a z o o  River .  

a e s o o n s e :  T h e  i s s u e  3 f  n o n p o i n t  s o u r z e  z ' s t i c l d e  p o l l u t i o n  w i l l  o e  
a d d r e s s e d  i n  t h e  s t a t e w i d e  a a - a g e m e q t  s t r a t e g y .  

fie a r e  v e r y  c g n c e r n e d  a b o u t  t h e  e f f c z t s  s f  t 3 e  2 o a d  C o m m i s s i o n  o n  
t h e  G r e a t  L a k e s .  i n  Y a l a m a z 3 0  Count!, , 3 0 , 0 0 0  g a l l o n s  o f  2-1-0 
h e r S i c i d e s  u e r e  u s e d - i n  A u g u s t  a n d  S ? 3 t t n o e r .  T h e s e  u e r z  a a s h e d  
a w a y  b e c a u s e  o f  h e a v y  r a i n s  d u r i n g  : ?a t  a e r i o d  o f  time. A l s o ,  t n e  
c o m p a n i e s  t h a t  d o  t n e  s p r a y i n g  a r e  s z l d  3 y  t n e  g a l l a n .  T h i s  s e e m s  
l i k e  a  b a d  p r a c t i c e .  Who d o  u e  c o n : a c t  a b o u t  t h i s  p r o g r a m ?  



R e s p o n s e :  T h e  D e z a r t n e n t  o f  A g r i c u l t u r e  r e g u l a t e s  t h e  use o f  
r e s t r i z t e s  u s e  " p e s t i c i d e s . "  

H a v e  p e s t i c i d e  s Z J ~ ~ ~ S  b e e n  d o n e  f o r  t h e  K a l a m a z o o  R i v e r ?  

R e s p o n s e :  P e r i o c i c  s a m p l i n g  h a s  b e e n  c o n d u c t e d  on  t h e  K a l a m a z o o  
R i v e r .  Nc p r o b l e m s  h a v e  b e e n  i d e n t i f i e d  t o  d a t e .  

We want s t a t e n 1 6 4  m o a i t o r i n g  f o r  p e s t i c i d e s .  

R e s p o n s e :  T h i s  i s s u e  w i l l  b e  a d d r e s s e d  i n  t h e  s t a t e w i d e  m a n a g e m e n t  
p l a n .  

G e n e r a l  

We n e e d  t o  u p g r a z e  :ye w a t e r  q u a l i t y  o f  K a l a m a z o o  R i v e r  a n d  c h a n g e  
o u r  a t t i t u d e  t o w z r d  :3e R i v e r .  We n e e d  m o r e  p a r k s  a n d  a c c e s s  
s i t e s .  

R e s p o n s e :  We agtst. 

w h a t  i s  t h e  s t a t - s  c' t h e  a p p l ' i c a t i o n  f o r  t h e  new c o g e n e r a t i o n  
p l a n t  i n  O t s e g o ?  7 - z y  w i l l  b e  u s i n g  a  l o t  o f  w a t c r .  * R e s p o n s e :  There > a s  : e m  no  f3rmal a p p l i c a t i o n  f o r  t h e  p r o j e c t  t o  

d a t e .  1nl;zmal d i s c u s s i o n  has b e e n  h e l d  r e g a r d i n g  t h e  
p r o j e c z .  

0 

T h e r e  i s  a  d i s s z l v e c  s x y g e n  p r o b l e n  u p s t r e a m  o f  t h e  K a l a m a z o o  C i t y  
w a s t e w a t e r  t r e a t n e n t  ~ i a n t .  

Q e s p o n s e :  T h e  OKz i r  i n v e s t i g a t i n g  t h i s  i n  c o o p e r a t i o n  w i t 3  t h e  
C i t y  o' Ka lamazoo .  

U n d e r  t h e  new u z z t r  z ~ a l i t y  s t a n d a r d s ,  t h e  O N R  i s  r e s p o n s i S 1 ~  f o r  
a  c o m p r e h e n s i v e  =:at t o r  d i s s o l v e d  o x y g e n .  rlhen w i l l  t h e  
D e p a r t n e n t  t a k e  I 9 i : l a t i v e  o n  t h i s  e f f o r t ?  

3 e s p o n s e :  T h e  3h= i s  z u r r ~ n t l y  d e v e l o o i n g  3 s:rat.;y t o  conduc ' ,  
c o m p r z - ? n r l / ?  g l a n n i n g  f a r  c i s s o l v e d  ~ x y g e n .  
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EE3IFENT SAMPLING RESULTS FROM GE9RC-IA FACiFIC, K.ALAFAZ2Z 
Slul?GE DISPOSAL AREAS, APRIL 21. 1057. F:ESilLT5 IN i )  

WILLOW SITE 
(NEAR RIVEA) . 

WILLOW SITE 
(UPLAND 

WILLOW SITE 
(NEAR RIVE?) 

WILLOW SITE 
(UPLAND ) 

WILLOW SITE 
(NEAR RIVER) 

WILLOW SITE 
(UPLAND ) 

WILLOW SITE 
(NEAR RIVE4) 

WILLOW SITE 
(NEAR R I V E 2  1 

WILLOW SITE 
(NEAR RIVE8! 

!uILLOW SITE 
(NEAR F; ! VER ! 

WILLOW SITE 
(UPLAND ) 

A S I T E  
( NE1.J SLUDCE! 

A S i T E  
(OLD SLUDGE) 

KING STORM S 
(01-0 PIF'E) 

KING SITE 
(NEAR RIVE31 

KING SITE 
(D I KE WPLL 

KING SITE 



KING SITE 5 1 
(DIKE W A L L )  (64) 

KING SITE 
(DIKE WALL) 

KING SITE 
(NEW SLUDGE) 

KING SITE 
(DIKE WALL)  

KING SiTE 
(OLD SLUDGE) 


