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DRAFT

The lower Ralamazoo River hasg been rargzetad as an Area of Concern
due to coutamination of fish wizh polychlorinaced biphenvis (PC3s). The
Area of Ceoncern includes the Talamazso River ‘::m Calkins Daz 22 Lake
Michigan, the area of the river which {s open z2 fish zigration from Take
Michigan., As a result of the PC3 coutaminaczicon, a fisa consumption
adwvisor7 has been issued by the Michizan Devartment of Public Heal<sh.
The PC3 corctiz__-z:i:2 znd Zish consumpeion s3wissT™ w2z Zeen ldenziliad
as the {mpaired use in :he area of Concerm.

The speciiic geals of the Remedial Aczicn ?lan are to l) as a
ainimum, reduce fish FC3 z22ncencTzziom o lawals which sill alizinata zhe
veed for a fish consumpcicn advisorv, and 2) as a _omg t2I= zcal, raducs
auman axposure of PC3s to accerctablie levels., These goals stecifically
translate to l) fish czissue PC3 levels less tRan 2.0 zg/kg and 2) wacar

¢olumm PC3 concentraticns of 0.012 =gz/l, respecsivelw.

Concentrations of PC3s in fish varv devending upon the species
generally the most czntaminatad Sish is tie cz3, with zz= aveTzgae ¢
?C3 concenrration of 2.46 mg/%z in 1986. Ongoing fish sampling znd
analyses has found no sigaificant decline in Iish PC3 concentraticns wisth

-

tine, thereby indicating the need for furcher vemedial actioms.

Wacer PC3 concentracions in the Area of Comcerm ars gezmerally in the
range of 40-80 ag/l (parzs per trilliom). Sedizenr total PC3
concentratious are usually less than 1.0 mg/kz (part per milliom).

[ 4 .
The total PC3 load to Lake Michigan from the Xalamazco River has
been estimated zc be 217 pounds per year. The Xalamazco River lcading

accounts for about 137 of the total load and 203 of the triductary/point
source load to Lake Mizaigan.

The principle scurce of PC3 contaminacion has been idenrified as the
ntaninatad sadizer in the Ralamarzco River zrd Porzage Cresk unscrazm
the Arsza of Conc--u. The mass of PC3 concsined in these sedimencs has
teen estimatad zo be over 230,700 pcuxds. These sediments contizue t3
arode, resusvend or dissolve PC3s Inco the watar column and be :zrans-
sorzed dowmstraam.

on

n,

Since PC3s were identified as a provlem i
have been takesnm 2 i=morove condizisns (Tablsa . e diract discharze
af ?CRs has been subpstancialls reduced due 23 zhe PC3 bav. originally
under Michizan law and now natiomwide undew the Toxic Sudbstancaes Conrer
Acz. The dirzcz discharze of 2C3s is not authorized ia anv of zhe ¥PD
seraits Ior the Ralamazco River. A specific Cegquirement 0 taduce the
dlscharze of PC3s is included in the Citv of Kalamazoo's and Otsego's
NEDES permizs. 3cth cities have submitzad a long term PC3 reduction plan
2z the Michizzan Depar:x;ent of Nacurz! Resourzes as fulfillzmen: of this
requirament,

871, several actions
)
1

1z orob.2a of sedizent PC3 contamination

To address the - a2in
of the Ralamazoo River, the Michigan Department

affeczing about 80 mil

,4 ID

=al
es




DRAFT K

of Naturalk Resources periorzmed a feasibhilicw sgudy of remecial
altarnactives. This studv {acluded developing a mathemazical amcdel of the
Ralamazoo River and Portage Creekx relative to PC3 contamination,
eollecting data as necessarvy for z—odel simulgcicns, sc:eeﬂi:g 2f ramedial
techaclogies and an evaluation of each remedial acciom altsrzazive.
Yumerous re=edial actions wers considered in cthis sctudv., The ralative
effacss of each remedial action wers evaluated using a mathematical
nodel, which sizulaced long tara changes in 2C3B levels in the sedimenct,
water column and fish of the river gystem. Based cu this evaluation, the

followving reccmiendations were =ade: : : :

* Some remedial aczion should 3e taken at Porzage Creek/3rran: Mill
Pcuds. Such an acsism weuld Rtave the graatast effect in reducing
human exsosure o PC3s and would decrease PC3 levels in fisn

throughout the dowmsiTeaxz Taaches.

3etter management of the Allagan City Dam impoundment is needed.

The praczice of drawing the dam dowm stould be discontinued since an
uncontrolled ralease of ?C3s ts Lake Allegan and downstTa2am reaches
resulcs, : : :

.de Teacval of remmant dam stTuczures and isolating the contaminmatad
sadiments at the Plaiowell, Otsego and Trowbridge Dams is also

acommended. If praoverlv I=plemented, this action would result in -

loweriag of the river channel, which would have beneficial -
environmental effecss sizce the exposed contaminated sedizents above o~
the river banks would be further isclated from the river. ‘

ALl other accions on the Xalamazzo River were considered less cost

effzc=ive due to tie high coscs of implemencation and/or conditional due

to uncertainties in the prediczions. Dredging mav be a preferred cotion

at Allegan Ci:z7 Dam and possibiy Lake Allegan. Hcwever, since this tvpe

of remedizl ac=ion is vers costlw, further studies are recommended to
evaiuata this ovciom. , )

Saverzl staps 1ave been takea bv the State of Michigan to implemert
these racommendations. The State has identified Allied Paver Incorsorat-
ed as a potantiallv resvonsidle parzvy for the PC3 coutaminacicon of
Porzage Craek/Bryant M211 Pond. The Stata gave notlice on August 29,
1986, of izs ‘atemt to fila a civil action against SO Corporation (cwner
of Allled Paver), Allfad Paper Izcorooratad, and cther provert? owners
along Bryswt ¥ill Pond. A complaiat has been filed by the Stage of
Micaigan'in Unitad States Discrice Court pursuanc to che Camv'ehens‘ve
Eavisonmental Resoonse, Compensation and Liabilicvy Acz, the Rescur
Conmservation and Recovery Acc, the Federal Water Pollucion Con:ral Ac:.
and the Toxic Substances Contzol Act. The Stzte seeks iniunccive reiiaf
to abate and remedv the release of hazardous substances inco the
envizonment, declsaracory reliaf, damages, civil penalties, cost of
lizization, reizbursement of stacte response costs and all appropriace
rell

The Michigan Deparctsent of Natural Resources (MDNR) has removed the
superstructures of the Plainwell, Otsego and Trawbridge Dams. This is ’
:He fi'st stap toward toctal removal of these dams and concaminaced -
sed zencs. Tunds have been sacured ($2.9 aillion) under Staca Acz 307 €o

N
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Kalamazoo Rivef PC3 Acticons

C3 srsblam iZentified i the Ralazmazco River

and Portage Creek
Follow-up studies on 2criage Craek
NPDES discharze permit swstam initiatzad

Basinwide studv on the Ralamazoo Lver, TSCA
enacted (2C3 ban)

Fish consumption advisorw issued for Rzlamazco
River

Fish contaminant mcunitcoriag
' Fish contamimant, water, sediment monizoring

Fish contaminant, water, sedizent memiszoring
Ralamazoo River designated as "Area of Comcern”
by the Intermational Joint Commiss‘on

Kalamazoo River listad on inisial Stace Acs 307
list, Feasibilicy Studv begun

Feasibilitw Studv ccmpleted

SuperstrTucturs removed on DNR dams; Trowbridge,
Plainwell, Otsego cleanup design hegun: lawsuiz
filed on Porzage Creex,/Bryant Mill Pand cleanuo:
followurn studies on impounded areas/sludge
disposal areas

rowbridge, Plainwell, Otsego cleanups to beging
2asibilizw Sgudv for cthe Kalamazoo River iIn

. the Kiﬁgzgxézgik>a:as tegins; Remedial actiams
begin at the Willow Boulevard sice

] )

Plainwell, Otsego, Trowdridge cleanuvcs complartad
Feasibilicv Studv for Battle Creek araa
¢ompliaced




A
@ W as

)
Srain.

isolate eompeaminacad seai:gsgs in the Plainwell, Otsego and Trowbridge
S
2z

{apoundaent from the Kalamazow:River. These profects are now in the
design phase. The projecced :iM for project completion is 1989,

In recognizicn of the unccntrolled telease of PC3s upon drawdewm,
the MDNR has rafused Co issue the necessary permiz for the drawdown of
Allegan Cizw Daam.

Follow up studies are alsc underway. Fishn were collected for PC3
analyses at six locations ia 1987. Addirtiomal watar and sedizent sam-
pling is also scheduled for 1987-88. Studies are alsc planned in 1987-38
to refine the estimates of sediment burial ratas in Lake Allegan, Allegan
Clev and Otsego Cizv izpoundments and to evaluata the partiticn
csefficients berwsesn sedizexnt, water and suspended solids wich special
empnasis on the clavey fiser zaterials.

The YDNR underzook additional sampling in 1987 to identily sludeze

isposal areas which mavw contain PC3s. The seven sites selected were,
from upstream ts downstTeam, the former Rex ¥ill site, Georzia Pacific
(zhree sites), the former Allled Paper Ring M:ill site, Jazes River
(Parchment), and Plainwil. Paper. Tanitial resultcs iadicata substantial
PC3 concamination in the Willow Siza (Georgia Pacific). Remediagl Acczions
have besn taken t2 restTicc aczess and stop ercsicm into the Talamazoo
River at this sita. Once detailed sampling is comoleted bv Georzia
Pacific, remedial actions will be reviewed and izplementad.

The Allied Paper/Porctage Creek/Ralamazoo River site has been '
provosed for listciag on the Nacional Prioricies List under CZRCLA
(Superiund).

In additicn to these activities on the Ralamazoo River berseen rhe
citr of Ralamazoso and Lake Michigan, an addiciomal studvy of possible PCR3
concamination has been iniziated for the Falamazoo River between Battle
Creek and Kalamazoo. The fish PCR levels upstream of Kalzmazoo indicace
scme PC3 contamination. The 1987 fish consumotion advisor? was revised
to reflecs this. The additional study will decermine the level and anv
sources of PC3 comtamiznacion and remedial options availapla.
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N 2.0 INTRODUCTION

2.1 BACKGROUND

The lower Kalamazoo River has been targeted as an Area of Concern
(A0C) by the International Joint Commission (IJC), and the State of
Michigan. The Kalamazoo River AOC is located in Allegan County in the
southwee= 9Jnw=icn of Michigan's Lower Peninsula (Fizure 1), The AOC.will
concentrate on cle Jalamazoo River upscream from Laxe Micaigan as far as
fish can migrate. Presently, this is Calkins Dam which forms Lake
Allegan. This dam 1s about 26 miles upstream of Lake Michigan. The
maior problem affecting this AOC is water, sediment and fish contaminated
with polvchlorinated biphenvis (PCBs). PCB contamination in the aAOC is
thought to originate from upstream sources.

As a result of improvements to the Ralamazoo River basin wastewater
treatment facilities, water quality in the AOC has improved greatly in
terms of conventional contaminants. However, PCB contamination continues
to be a problem to fish and biota. TFish consumption advisories in the
AOC reflect this. Until the problems with PCB contamination are ad-
dressed, these impaired uses will continue. The purpose of this remedial '
investigation is to address the impaired uses and PCB contaminationm. g

2.1.1 Great Lakes Water Ouality Management

The Great Lakes Water Qualitv Board (GLWQB) was created as part of
the Great Lakes Water Cuality Agreement of 1978, signed bv Canada and the
United States. The Board is responsible for reporting water quality
research activities and the environmental quality of the Great Lakes to.
the IJC. In order to track and measure the progress, in terms of envi-""
ronmental health, of the zézﬁdentified Areas of Concerm, the GLWOB
adopted a system of six catégories. These categories represent a logical
sequence for problem solving and resolution; they identify the status of
the information dase, programs which are underwav to fill the information
gzavs, and tHhe sTtzzus o7 remecizl efforts. Acccerding 1oy the 3o0ard, a2 sit
can be deleted as an AOC when evidence is presented verifving that the
full complement of uses has Deen restored. The six categorias are:

Categorv Zxplanation

»
+

i "Causative factors are unknown and there is no inves-
v tigative program to identifv causes.

2 Causative factors are unknown and an investigative
program is underway to identify causes.

3 Causative factors are known, but Remedial Action Plan
is not developed and r2medial measurss are not fullv
implemented.

4 Causative factors are known and Remedial Action Plan
develoved, but remedial measures are not fully
implementad.
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S i Causacive factors are known, Remedial Action Plan is
- developed, and all remedial measures identified in
- the Plan have been implemented.

3 Counfirmation that uses have been restcraed and dele-

tion as an Area of Concern.

The Kalamazoo River.is currently a Category 3 Area of Concern. Once
the Remedial Action Plan has been completed, it i3 anticipated that this
area will be moved to Category 4.

2.2 PURPOSE"

The purpose of the Remedial Action Plan process is to provide a
svstem-wide approach to environmental management that will ultimatelv
lead to the successful rehabilitation of the Great Lakes. This approach
requires an integration of available data on the environmental condi-
tions, sociceconomic influences, and political/institutional frameworks.
The purpose of this plan is to focus the data gathering 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 om 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.

.1t is not a detailed review and synthesis of all data and/or information

on the Area of Concern. Every attempt has been made to identifv the
major documents that relate to the critical envirommental issues
affecting the Kalamazoo River Area of Concern. Remedial action planning
is an iterative process, and suggestion and additions are welcome.
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3.0 ENVIRONMENTAL SETTING

- This chapter of the Remedial Actiom Plan defines the Area of Concern
and provides background information cn:

"% _Natural features and hydrologic conditioms
- ° Land uses '

"® Water uses

- Water guality criteria and use designations

Each RemediST\Accion Plan concentrates on a specific Area of councern
identified by the Internaticral Joint Commission. The phvsical bounda=-
ries are defined after-consideration of sources, effects on the Great
Lakes and extent of pollu;&on from Great Lakes tributaries to the adia-
cent near shore zone. For this Remedial Action Plan, the Area of Concern
was defined as the Xalamazoo River from Calkins Dam (Lake Allegan)
downstream to Lake Michigan. This area will be referred to as the effect
area. The source area includes a“much larger portion of the river,
upstream to the City of Kalamazoo {ncluding Portage Creek, a tributary in
Kalamazoo. The effect area and exgzgﬁgg source areas are shown in Figure
1.

3.1 LOCATION
3.1.1. General

The Ralamazoo River 1s located in the southwest portion of Michi-
gan's lower peninsula. The river drains about 2,020 square miles from 10
counties (Allegan, Barry, Calhoun, Eaton, Rillsdale, Jackson, FKalamazoo,
Ottawa, Van Buren). The basin is about 162 miles lomng and varies in
width from 11 to 29 miles. The Norzh and Socuth “ranches originate within
a few miles of each other. The North Branch heads in Farewell and Pine
Hills lakes in southerm Jackson County while the South Branch rises in
marshv areas south of Moscow in northeastern Hillsdale Countv. The two
branches join at Albion, forming the mainstream which then flows
northwesterly for approximately 123 miles before entering Kalamazoo Lake
and eventuallv Lake Michigan near the towns of Douglas and Saugatuck.

The river flows generally west-northwest through Marshall, Battle Creek,
Augusta, Galesburg, Comstock, Kalamazoo, Parchment, Plainwell, Otsego,

‘Allegan, and Saugatuck before discharging to Lake Michigan. Significant

Wabascon Creek, Portage Creek, Gun River, Swan Creek, and Rabbit River.
Maior municipalities on the river are Kalamazoo (population 80,000) and
Battle Creek (populatiom 26,000).

The Kalamazoo River basin is contained entirely within the South
Michigan/Indiana Till Plains Ecoregion, as defined by Omermak (1987).
Zcoregions are defined usiag a combination of factors including land use,
land surface form, votential natural vegetation and soils. The
characteristics of the South Michigan/Indiana Till Plain Ecoregion
include irregular plains; potential natural vegetation of oak, hickerv,
beech and maple; land use of cropland with pasture, woodland and forest;
and soils of grav-hrown podzolic.
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3.1.2 The Ares of Concern

The Kslamazoo River system contains approximatelv 542 linear miles
of streams. Although the mainstream {s roughlv 123 miles long, onlv the
26-mile stretch between the Calkins Bridge Dam and Lake Michigan is : -
considered in the Area of Concern at this time. The drainage area in the
study area is estimated at 460 square miles (294,400 acres). One hundred
and thirty-five miles of tributaries are included in this area. The
major tributarv to the Ralamazoo River in this area is the Rabbit River.
Smaller tributaries include Swan Creek, Sand Creek, Bear Creek, and Mann
Creek.

This area is located entirelvy within the Countvy of Allegan. The
major municipalities in this area include Saugatuck (population 1,100)
and Douglas (population 950) located near the mouth of the FKalamazoo
River. This area is the primary area which affects and interacts with
Lake Michigan. This area is also primarily dependent on upstream water
quality conditions for determining its water quality.

3.2 NATURAL FEATURES

3.2.1 Drainage Basin

The table below is a partial list of streams within the Kalamazoo
River system. Lengths are shown in miles. (Many small streams and
drains are not inciuded.) ' ' '

Stream Stream '

West Rranch) . : #Miller Creek

Xalamazoo River (mainstream) 123.0 Spring Brook 6.0
North Branch Kalamazoo River 28.0 Gun River 13.0
South Branch Ralamazoo River 43,0 Miner Creek 7.0
Rice Creek (North and South 29.5 School Section Creek 3.0
Branches) ~ Schnable Brook 4.0
Wilder Creek 10.5 *Swan Creek 16.5
Seven Mile Creek 4.0 *Rear Creek 6.5
Wabascon Creek . 16,0 *Sand Creek 3.5
Battle Creek River 46.0 *Mann Creek 6.0
Wanadoga Creek 12.0 *Rabbit River 46.5
Indian Creek 9.0 *Little Rabbit 14,0
Big Cresek 6.0 *Red Run Drain 7.0
Augusta Craek 15.0 *Black Creek 15.0
Portage Creek (includes 18.5 *Miller Creek 7.0
3.5

Pine Creek 6.0 *S{lver Creek 2.0

Baseline Creek 4.0 *Green Lake Creek 7.0
Sand Creek 4.0

TOTAL 542.0 miles

*Tributaries drainihg into the mainstream within the Area of Concerm.

Approximately 2,450 lakes and ponds totaling 37,500 acres are
scattered throughout the watershed. These lakes range in size from Gun ‘




Lake at 2,611 acres to numerous small ponds. There are 52 lakes or
impoundasats of 100 acres or more in size:

Number of : ’ Total Surface
Count< Lakes 100+ Acres Acres
Allegan 17 5,510
Barry 11 5,560
Kent 0 0-
Calhoun 12 2,360
Eaton 1 130
Hillsdale 0 0
Jackson 2 340
Kalamazoo 9 3,880
Ottawa 0 : 0
Van Buren 0 0
WATERSHED 52 17,780

The mainstream 15 dammed in nine locationms and the majoritvy of these
dams were constructed for gemerating electric power. The State of
Michigan, Department of Natural Resources acquired three dams in Llhe
1960's in the Plainwell-Otsego area to be used for waterfowl hunting
habitat. These areas were also to be managed for food productiom.
Vandalism and high maintenance costs have forced the Department to draw
these down to a low-sill head. There are three dams cn tributary streams
in the Area of Concerm. Ore located on Swan Creek has become the base
for a popular campground. A second dam on lower Swan Creek creates a
diversion to maintain goose habitat in the Swan Creek Marsh. The third
is Hamilton Mill Pond on the Rabbit River. Also, theres is a control dam
at the outlet for Palmer Bayou at the M-89 Bridge.

The North Branch of the Kalamazoo River above Coneccrd is a small,
clear water stream that varies in size from ten feet wide by four inches
deep below Fareswell Lake fo 35 faet wide by one foot deep above the
Concord impoundment. The bottom type, in general, through this stretch
of stream is sand with some areas of gravel.

The South Branch of the Kalamazoo river from Homer to Albion is a
larger river averaging 40 feet wide by 13 inches deep in the upper areas
to 70 feet wide by two feet deep in the lower areas. There are a few
flar areas in marsh situations where the river ma widen up to 100 feet
and the water is quite shallow (eight inches or less). Bottom types are
mostly sands and gravel with some rubble and bou'lders in the riffle
arezas. The two branches joia at Albionm.

More than half the length of the mainst-2am between Albiom and
Caresco is izpounded or heavily developed iz the cities of Albion and
Marshall. The mainstream of the Kalamazoo River from Cerescn to the
southwestern 2dge of 3ac:tle Creek is faizilv scenic. A number of :slands
are prasent In the stream which adds to i:ts attractiveness. The river is
aoout 30 to .J0 feet wide and averages .-l Zaet deep. Moderacte current
moves -he canoeist or boater at a good sveed in wide, flat areas.
Alchough the bottom has manv areas of gravel and aguatic weeds (curlv
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leaf pondweed), the river through Battle Creek and down to Augusta is
almost entirely within the urban developed areas of the city.

The river from Augusta to Galesburg has no development excent in the
villages. The river is wide and deep, averaging 110 feet wide and four
feet deep. Low stream banks are well vegetated with soft maple, willow
and ash. Oak is dominmant in areas of high ground. Below Galesburg, the
river flows into Morrow Pond. Below this pond, the river flows through
the urbanized areas of Ralamazoo. The river gradient increases to 2.6
feet per mile berween Plainwell and Allegan. This natural feature of the
river was instrumental in bringing about the comstruction of five dams
between the latter two cities.

The mainstream throughout the Area of Concern is free-flowing and
varies from 50 to 150 feet in width, but generally is 100 feet wide bv
four to six feet deep. Some portions of the river reach 18 feet in
depth. The bottom type is mostly sand in this area. Most of the river
banks are low, two to six feet in height, with extensive flood plains
along the main channel. In the mid to lower reaches of the river, the
main channel splits into smaller channels creating a nu.“er of islands.
It is also in these mid to lower areas where adiacent flood plains have
been turmed into extsnsive waterfowl marshes. During normal summer
flows, the water is relatively clear. The river becomes very turbid :
below the Rabbit River after heavy rai.s, a result of suspended silt.

The Rabbit River is the major tributarv of the Kalamazoo in the Area
of Comcern. Originating in the northeast corner of Allegan County, the
stream flows through extensive agricultural areas. Although this stream
contains some areas of gravel and rubble, the major bottom tvpe is sand,
silt and clav. The Rabbit River is a sizeable strezam by the time it
reaches Hamilton, with widths of about 50 to 60 feet. Average deonth in
this area is about four to five feet.

The other tributaries in the Area of Comncern are Swan, Bear, Mann
and Sand creeks. These are all small clear water streams containing
significant spring seepage. Sand Creek is classed as top qualitvy trout
water, while the others are classed second quality trout water. Stream
size varies from 10 to 15 feet in width by six to ten inches deep on Mann
and Sand creeks, to 30 feet in width by 6 to. 18 inches deep on Swan
Creek. Although most of these streams are mainly sand bottomed, they do
contain some areas of gravel. The excerntion is Bear Creek which contains
a bottom of gravel, rubble and sand ig its lower reaches. These streams
are well vegetated along their banks aid the smaller streams in particu-
lar have dense growths of tag alder ir certain areas.

3.2.2 Topegrapvhv

The surface topographv of the watershed was determined by the last
continental zlacizl period, The Wisconsinan. A wide varietv of glacial
or glacial-relatad devosics make up the surface area, These include
ground moraines of variablv textured materials, terminal moraines,
coarse=-textured outwash, alluvial ponded areas, and other types of
deposits. The glacial materials extend to a depth of several hundred
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feet in the western portioms of the watershed and generallv are 50 feet
or less in depth east of Battle Creek.

The entire region has generally rolling topography with prairie,
swamp and hilly sections alternating at frequent {intervals. Numercus
small lakes and spring hollows are scattered throughout the region
holding ponded water part or all of the time. Many of the small lakes
located within the region have no surface outlets and feed main streams
only through groundwater flow and seepage.

The North Branch of the RKalamazoo River originates in Farewell and
Pine Hills lakes, Jackson Countv, at an elevation of 1,042 feet above sea
level, while the South Branch rises in marshy areas in Hillsdale Countv
at an elevation of 1,120 feet ahove sea level. The two branches ioin at
Albion and drop to an elevation of 580 feet above sea level at Lake
Michigan.

The Kalamazoo River has a relatively slow to moderate stream gradi-
ent dropping 540 feet in elevation from its headwaters on the South
Branch to Lake Michigan. Although there are areas where the gradient is
grea.er, the average drop in elevation over the 166 miles of mainstreawm
and South Branch is just over three feet per mile.

Within the Area of Concern, the low areas along the Kalamazoo River
are for the most part old glacial drainageways. These valley plains are
generally not more than a2 mile or two wide and are traversed by streams.
The streams in places have cut a lower plain a few feet deep which is
floored with recent flood plain alluvium. The plains are nearly flat but
are intersected in places by inflowing streams from the ad:acent high-
lands. Although dry in places, most of these extensive flats have a high
water table, large areas of muck soil and swampv land bordering the river
channel. 1In addition to the large areas of wmuck soils, these areas
contain wet sandy loams and loams of medium fertility.

3.2.3 BHvdrology

The following chart summarizes available U.S. Geological Survev
(USGS) flow data in cubic peet per second (cfs) for the Kalamazoo River
including the Area of Concerm: .

USGS o Average Extremes for Period
Gaging ‘ Period of " Discharge of Record (CFS)
Station - Record (CFS) Maximum Minimum
Rattle Creek 19;7-85 . . 664 7,290 » 50
: 4/7/47 9/22/39
Comstock : 1933~79, 1985 853 . 6,210 119
4/8/47 5/29/58
 **Fennville 1929-1985 1,430 17,500- 50%
: 4/11/47 8/19/76




-
*Caysed by shutting off flow at Calkins (Lake Allegan) Dam.
**Within the Area of Concern.

The Kalamazoo River discharge flow to Lake Michigan has been moni-
tored by the USGS at Fennville since April, 1929. This gaging station is
located 20.5 miles upstream of the mouth. The average discharge for the
55 years of record is 1,430 CFS.

The mean monthly Ralamazoo River flows to Lake Michigan have been
estimated by the Michigan DNR to be:

Jan. Feb. Mar. Apr. May June Julv Aug. Sept. Oct. Nov.
(CFS) 1620 1740 2370 2490 1990 1500 1200 1030 1030 1180 1500

3.2.4 Climate

Climate varies from modified marine (Great Lakes influence) in the
Area of Concern to continental in the eastern portions of the watershed.
Average annual precipitation is about 32 inches, and snowfall exceeds 40
inches annually. In the Area of Concern, annual snowfall approaches 100
inches. The average July temperature is 72 degrees and average Januarvy .
temperature 1s about 24 degrees. Average January temperature is slightlv
warmer near Lake Michigan, being about 26 degrees. The annual mean
temperature for the area is about 49 degrees. The average growing season
ranges from about 153 davs at the eastern end of the watershed to about
184 days along Lake Michigan.

3.2.5’ Soils, Runoff, Erosion

The soils are diversified with gravel, clav and sand altermating in
relativelv small areas, with sandy loams predominating. Due to the
numerous small lakes and marshy tracts scattered throughout the region
and the commonly porous soils which increases the infiltration, the
runoff peaks are not severe and the streams have relatively high sus-
tained base flows.

Soils are as varied as the glacial materials in which they are
developed. They range from clay and silt to sand and organic materials.
About 25 percent of the soils have clay loam or clay textures. These
soils, such as the Miami, Marlette and Blount soils, are found princi-
pally in Eatom County and to a lesser extent in Allegan and Van Buren
counties. TForty percent of the soils are sandv loams and loams of
intermediate texturs. These soils, which Include the Fillsdale,
Ralamazoo and Bover, are found primarilv in Calhoun, Allegan, Barrv and
Kalamazoo counties.

Soils with loamv sand and sandv textures, which include the Oakville
Soinks and Rubicon soils, are found on aooroximately 30 percent of the
land. These sandv soils are largely in the western part of the basin,
The remaining five percent of the soils are organic and are distributed
throughout the basin, usuallv in river bottoms. '

Upland areas adjacent to the rivers are flat to gently undulating
glacial outwash plains. The predominant soils in these plains and the

Dec.
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Area of Concern 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 River which 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
somewhat moderates the climate of this region so that a number of plant
species thrive or survive that otherwise might not do so.

Six maior types of native plant communities are recognized in the
watershed and are listed below. While each of these is considered as a
distinct community, manv ecotones, or gradual transition zones, exist
between these communities. Some of :ie dominant species have a fairlv
wide tolerance of habitats and, therefore, may be prevalent in more than
one habitat. All of these species are considered abundant where thev
occur. '

Community Characteristics l

Dry Southern Hardwood Forest. Forests of dry upland sites with bur
ocak, black oak, or white oak
dominating.

Moist Southern Hardwood Forest Forests that occur in moist soils and

are dominated by beech and sugar maple.

Wet Lowland Forest Forests characterized bv willow 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 by
grasses or sedges either wet or dry.

Marshes gnd Emergent Aquatic Treeless areas in which the water table
Communities : is above the soil surface during most
of the growing season.

Submerged Aquatic Communities Dominant plant species are below or on

the water surface. These communities
are essentiallv lakes and pounds.

Broad floodplains are characteristic of the lower Ralama=zoo River-,
The floodvlains along the rivers and streams in the Area orf Concern are
generally covered with lowland forest or are in marshy wetlands. Woody
vegetation consists of varving mixtures of willow, cortonwood, silver
3aple and ash. Svcamores are scattered singly or in clumps along the
entire lowland aicz. Where conditions a.z right. 3 few hlack walnut
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occur, which have grown to large sizes. The marsh areas comtain various
amounts of sedges, Tushes, cattaill, smartweed and aquatic species such as
pondweeds and waterlilies,

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

Ely, Little Tom & Allegan County Bog plants, coastal

Crooked Lake Area Clyde Towmship plains species

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

Prairie Areas Allegan County ' Sandy prairie species

Valley Towmship

3.3 LAND USES

Distribution of land in the Kalamazoo River watershed bv major use
shows cropland and pasture account for the greatest share, 57.0 percent.
Forest land is the second most important land use, utilizing 21.0 percent
of available lands. The remaining 22.0 percent is composed of wetlands
(three percent), water (two percent), urban areas (eight percent), and
other (nine percent). Agricultural enterprises within the watershed vary
from general farming to production of specialty crops, such as grapes,
apples and blueberries. Those areas in the eastern half of the watershed
produce the major share of -row 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 slightlv from the
watershed figures. Sixty percent of the land is in cropland and pastyre
and 27 percent is in forest land. Most of the lands classed as other and
portions of the agricultural lands classed as idle are used as recrea-
tional lands. The upland areas and the adiacent wetlands and water areas
are used for camping, hunting, wildlife production, fishing and boating.

3.3.1 OQOwmership

The Kalamazoo River watershed contains roughly 1,292,800 acres of
land. Of this total, 1,245,550 acres (96%) are in private ownership.
The remaining 48,250 acres are in public ownership as follows: Allegan
State Game Area-——44,290 acres, Fort Custer Recreation Area—2,960 acres,
and Yankee Springs Recreation Area--1,000 acres. (Note: The Yankee
Springs Recreation Area contains 5,000 acres of state land, however, only
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an estimatgpd 1,000 acres is within the Kalamazoo River watershed.)
Ownershipzalong the mainstream of the Kalamazoo River and those tributar-
ies in the Area of Concern is summarized as follows:

- -+ LINEAR MILES FRONTAGE
Stream Public ?rivate Total Public Private Total
Kalamazoo Mainstream 11 11 22 22 24 44
Rabbit River 0 17 ] 17 0] 3 34
Mann Creek 0 2 2 0 4 4
Bear Creek ' 3.5 1.5 5 7 3 10
Sand Creek 1.5 .5 2 3 1 4
TriYutarv Totals 5 21 28 10 42 52
OVERALL TOTALS 16 32 48 32 64 96

In addition, 26 county, township or municipal parks within the
watershed provide additiomal camping (250 sites) and day-use facilities
for recreationists.

3.3.2 Private Recreation Facili=zies

Private sources provide a wide range of recreational activities and-
uses within the ten counties making up the Kalamazoo River watershed.
There are 55 private campgrounds which provide roughly 5,00) campsites.
These sites range from the rustic tent campers to modern trailer or
recreation vehicle sites. In addition, many of the camps provide swim=
ming, boating and picnicking. With the Area of Concerm, 12 private
campgrounds provide 877 campsites.

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

3.3.3 Public Recreation Facilities

Public recreation facilities are limited within the Ralamazoo River
watershed. Fort Custer Recreation Area, Allegan State Game A-ea and
Yankee Springs Recreation Arza offer a wide variety of recreation oppor-
tunitiess+<:Only Allegan Game Area and Yankee Springs provide camping.
Six camp -areas provide 540 campsites, wnile ome organization camp pro-
vides for amother 50 persons. Within a short drive of the Area of
Concern, two state pariks (Van Buren znd Heolland), provide an additfonal
545 campsites and a variaty of day-use facilities.

3.3.4 Wildlife Observation and Huntiag

The wildlife resources of the Ralamazoo River Basin are as varied as
the habitat through which the river flows. From the rich farmlands of
Calhoun and Kalamazoo counties to the oak-pine sand barrens of Allegan
County, the make-up of the local fauna changes rather dramaticallv.
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Throughout the river basin, the forest species of fox, squirrel,
cottontail rabbit and whitetailed deer can be found, while species such
as the ring-necked pheasant, bobwhite quail and wild turkey require more
specific habitat requirements.

Both resident and migratorvy species are important to the Ralamazoo
River valley. Important resident species of game animals include the
white-tailed deer, cottontail rabbit, fox squirrel, grey squirrel,
raccoon, ring-necked pheasanc, ruffed grouse, bobwhite quail and wild
turkey, Furbearing mammals common to the river valley are the mink,
muskrat, red fox, skunk, opossum, weasels and woodchuck. Less common
mammals are the gray fox, badger and beaver. Manv small mammal species
also occur including the red squirrel, northern flying 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 range from the often seen and studied Canada goose to the seldom
seen prothonatory warbler. Individual Canada geese can be found 12
months of the year in various areas of the valley. Several hundred other
specles of both migratory songbirds and waterfowl also occur.

Important species of waterfowl which commonly take up summer resi-
dence in the Ralamazoo valley include mallard duck, black duck, wood ©o-
duck, Canada goose, blue-winged teal, and American coot. Other species
common usually only during snring and fall migratiom, include the blue
goose, whistling swan, redhead duck, canvasback, goldemeve, American .
merganser, bufflehead, lesser scaup, American gallinule, Wilson's snipe, | N
baldpate, pintail, gadwall and green-winged teal.

The American woodcock is an Iimportant migratory forest species.
Nongame species seldom receive attention from the general public because
they are not hunted and often are inconspicucus. However, they make up
the larger portion of the wildlife regsource and their involvement in the
physical well-being of the total enviroument is no less important than
that of game species. Species densities of most nongame 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 ampaibian or reptile ir. the basin is the
Kirtland's water snake. An endangered species is one in danger of
extinction~through all or a significant part of its range. Some birds
and mammals species that formerly occurred in the —-egion have long since -
been extirpated locally.

There are 13 threatened species known to occur in the Ralamazoo
River vallav, including the cooper bellied water snake, the barn owl, the
Cooper's hawk and the pine vole. A threatened species is one likely to
become endangered within the foreseeable future.

There are 49 known rare or scarce species in the basin, inecluding
the badger, covcte, river otter, sandhill crane, upland sandoiper, the ]
great blue heron, the prothonotary warbler 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 State of Michigan is an important landowner in the lower
Ralamazoo River valley with over 48,000 acres in Ralamazoo and Allegan
counties. Ownership includes approximatelv 23 miles of Kalamazoo River
frontage. Management of the lands adjacent to the river are verv depen-
dent upon the river as a source of water and wildlife habitat. A great
deal of furtrapping and waterfowl hunting occur on the Kalamazoo River
and its adjacent marshes. Three specially managed waterfowl management
units are in existence downscream from the Calkins Dam-—the Koopman, Swan
Creek and Ottawa marshes. These three units provide thousands of hunter
davs of recreation each fall as hunters seek out Canada geese, mallards,
wood ducks and other waterfowl. Development and improvement projects
planned for these three units will create additional qualitv habitat for
waterfowl and waterfowl hunting. Possible future marsh management
techniques which include diking, water :oantrol, diversions and ditching
will provide many more acres of quality wetland habitat.

Four species of birds seldom seen in southernm Michigan which are
listed as endangered or rare are the American bald eagle, golden eagle,
osprey and pileated woodpecker. Individuals of each of these species are
usually spotted in or near the Ottawa marsh during the year.

The lands of the Allegan State Game Area which straddle the
Ralamazoo River form the nucleus of the home range for a flock of wild
turkeys. The river and its tributaries are an important part of habitat
needed for the continuance of this flock of 300 to 400 birds. A limited
spring hunting season for approximately 300 hunters has produced 25 to 30
turkeys for successful hunters each year from 1975 through 1979.

3.3.5 Historic and Archaeological Sites

Historic and archaeological resources in the Kalamazoo River water-
shed are numerous. There are 105 numbered or marked historic sites in
the watershed area (Table 1). Of these, about half are registered as
local sites and half as state sites. Twenty-one of these sites are also
listed on one of the National Registers. All of the sites receive some
protection under Michigan law.

Archaeological sites are scattered throughout the watershed (Table
2) and probably represeant only a swall percentage of the actual sites
which exist.

The Lower Kalamazoo valley in Allegan County is one of the areas in
the state best known to archaeologists. Professional archaeologists have
surveved about one third of the region between the Calkins Dam in Vallevy
Township and the mouth of the river. Thus far, 83 archaeological sites
have been recorded on the bluffs and terraces along this stretch of the
Kalamazoo.

Few of the 83 reported sites have been investigated in enough detail
to determine their time period or function, or whether enough scientific
information has been preserved to qualify them for listing on the Nation-
al Register of Historic Places. .
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' TABLE 1. RECOGNIZED HISTORIC SITES
Gov't and Education

County Homes Business -Schools Church Other Tocal
Allegan 2 1 - 4 3 10
Barry - - - - 3 3
Calhoun 12 9 L] 4 12 42
Eaton 2 2 1 1 1 7
Hillsdale 1 - - - - 1
Jackson - - 1 - - 1
Kalamazoo 3 5 . 6 - 12 26
Ottawa - - 1 5 4 10
Van Buren - 3 1 1 1 S
BASIN 20 20 15 14 36 105 -

19




TABLE 2. IDENTIFIED ARCHABOLOGICAL SITES IN THE WATERSHED
County Number
Van Burean 0
Allegan 98
Ottawva 0
Kent 0
Barry 7
Kalamazoo 34
Calhoun 18
Eaton 12
Jackson 1
Hillsdale 6
BASIN 176
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Artifacts representing all cultural periods known in southwestern

Michigan have been found along the lower Kalamazoo River. These periods
include:

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

Archaic (8000-1000 BC): BHuman adaptations changed with the long
transition from Pleistocene to modern climatic comditions, lake
shore and drainage patterns, and vegetation. Hunting and gathering
peoples developed annual cycles of camp location and group size to
take advantage of a varietv of natural resources, each in season.
The spearthrower ground stone axes and woodworking tools, and copper
tools came into use, and burial practices became more elaborate.
This period is subdivided into the Early Archaic (8000-6000 3BC),
Middle Archaic (6000-3000 BC), and lLate Archaic (3000-1000 BC).

Woodland (1000 BC-'Z 1500): Ceramics, the bow and arrow, 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 were
oiten built., Horticulture did not become a major factor until the
Late Woodland (AD 700-1500), when small, semi-permanent summer
villages were built, sometimes protected by circular earthworks
supporting stockades.

Upper Mississippian (AD 1500-1700): People with strong cultural
ties to those in Indiana and Illinois lived in southwestern Michigan
during late prehistoric times. They were probablv the ancestors of
the Potawatomi and Miami. They lived in large stockaded villages in
the summer, and moved inland as a group to hunt in the winter. Thev
depended more heavilv on crops than did the Woodland peoples, tended
to live in larger settlements, and made disftinctive, well made
artifaces. ’

His<oric (AD 1700-present): The increasing dominance of European
culture, first through trade, and then by white settlement charac-
terizes this period. The Potawatomi and Ottawa both hunted in
Allegan Countv in the winter, and some of the Ottawa staved vear
round. Trading posts were puilt, and bv the 1830's white settlemert
vas underwav. The area was ceded to the U.S. in the Treatv of
Chicago, 1821. Mills were built, and towns grew up around %~hem.

3.3.6 Waste Disvosal

Twelve sites in the Area of Concern have been identified under

Michigan's Public Act 307 (Michigan Zaviroumental Responmse aAct). These
sites are listed in Table 3. None of these sites have been identified as
containing PCBs.
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Table 3,

Proposed Priority List

for -Sites of Environmental Contamination

*
Common Site Name

‘ County and
SAS Date and Location Code Source of Point of Resource
Score Screened and Township Contamination Release Pollutant Affected
0857 Allegan Village of Douglas Plating Lagoon Chromium Groundwater
08-11-87 03-03N-16UW-16 Polishing TCE, PCh Municipal Well
_ Lead
Chloroform
~0746 Allegan Sunrise LF Landfill Barrels Trichloro-~ Groundwater
09-02-87 03-03N-11W-08DB Landfill ethane, So1l
™ Wayland Pentachloro-
o ) phenol,
Acetone
0283 Allegan Michigan Fruit Canners Landf111 Landfi11 Phenols Groundwater
“10-02-84 03-02N-15W-04AC
Clvde
Allegan Grocerv Store East Saugatuck Gas station ('nderground Renzene Groundwater
09-25-84 03-04N-15W-32DD tank Toluene
Fillmore Xvlene
Allegan Fleming 011 Marathon Station Gas station Underground Gasol ine Groundwvater
09-15-86 03-03N-16W-21CR - tank Soil
Saugatuck
Al legan Goodale Facility Wayland 011 storage tInderground Ethylbenzene Croundwater
08-12-85 03-0IN-110-17BC tank Tetrachloro- Wetland
Wavland ethene
Allegan Johnsons Amoco Service Douglas Gas station ihderground Renzene Surface water
08-12-85 03-0IN-16W-16CR tank Toluene Groundwater
Saugatuck -Xylene

Fthylbenzene




Table 3 Continued

County and

'
Common Site Name

Resource

SAS Date and Location Code Source of Point of
Score Screened and Townahip Contamination Release Pollutant Affectad .,
Allegan l.aGrange Lab Processors, Inc. Laboratory Surface Chloroform Groundwater
09-25-84 03-02N-15W~20AD : discharge Methylene- Soll
Clyde Chloride
Allegan Miiliec Tndustrial Painting Paint Barrel Dichloro- Soil
10-01-85 #3-04N-15W-06CC producte ethane '
Fillmore ‘ Trichloro-
ethane
Fthylbenzene -
o
Allegan Wolverine Povwer Gas Elec. Underground Diesel fuel Groundwater
09-23-86 03-04N-13W-~-15CB utilicy tank So1l
Salem
Allegan MDOT Fennville Salt storage Dry well Salt Groundwater
09-25-84 03-02N-15W-03AA Chloride Residential Well
Clyde
Allegan Pilgrim Farms Pickle Plant Food Lagoon Chlorides Wetland
08-02-85 03-04N-14U-25AAD procegsing Flora
‘ Overisel Fauna

CJ
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3.4 VATER USES

3.4.1 Accessibility

-  The Kalamazoo River system lies withia easy access of the sopulation
centers of Holland, Grand Rapids, Lansing and Jackson, while Aldiom,
Marshall, Battle Creek and Kalamazoo lie within the watershed boundaries.
Highway access to the river system and Area of Concern is good. The
watershed is crossed in a north-south direction by I-196 at the western
edge, U.S. 131 in the western third, I-69 in the easterm third, and U.S.
127 just east of the headwater areas. I-94 crosses over two~thirds of
the watershed in an east-west direction. In addition to the major
highwavs, there are many paved state and county roads crossing the
watershed.

In reference to the Area of Concera, U.S. 131 crosses the wvatershed
in a north-south direction east of the area, while U.S. 31 crosses the
river at the westarn 2nd near Saugatuck. M-89 crosses the area east to
west, south of the river, and M-40 cuts:diagonally along the northern
portion of the watershed crossing the Rabbit River at Hamiltonm.

3.4.2 Fishing

The Kalamazoo River svstem is conducive to a warmwater fishery,
although a number of tributaries are cool enough to supvort a quality
trout fishery. Warmwater species gemerally include northernm pike, larze
and small mouth bass, walleye, panfish, carp and suckers. Coldwater
species include brown and rainbow trout.

An anadromous salmonid fish stocking program was initiated on the
lower Ralamazoo River in 1969. The straam has received plants of chinook
and coho salmon, steelhead and domestic rainbow trout, and brown trout.
The salmon fishery in the fall and the steelhead fisherv throughout the
winter and early spring are productive. Also, brown trout are taken
during the fall and winter at the Calkins Dam and in the lower river
areas. Presently, the anadromous salmonids from Lake Michigan can
migrate upstream to the Calkins Dam. No fish ladders have been installed
for passage further upstream. The Department of Natural Resources has
developed a fisheries management plan Zor the Kalamazoo River which calls
Isr salmonid passage upst-eam =o Bac:l2 Creek.

The major gamefish i~ *he Tzohtiv Rlmrar zra sika, emzllmeush Hass and
Tocxk 2ass. Also, the szmnual spoios Timoof WRiza suckaers 1s neavilv
fished. In addition to these resident fish, the Rabbit River has been
stscked with steelhead and domestic rainbow trout since 1972. These fish
have provided a very good winter and soring fisherv, particularly at the
Hamilton Dam. Also, the:e have been significant strav runs of salmon in
the strezms <u-izz - Tl - iwessnz o razTa. Soia 1F <3 gnadromous fish
ascending the Rabbit River have passed over the Ham1lton Dam, since
st2elhead and salmon have been observed in the verv upper end of the
mainstream east of Wavland.

The upstream portions of the Rabbit River, primarily in Wavland
Township, are managed for brown trout. A chemical treatment proiect was
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conducted on this segment of the stream in 1971. Brown trout survival
and growth was excellent after the project and a good trout fishery has
developed.

Below 109th Avenue, Swan Creek is designated a second qualitv cold
water stream. Brown trout have been stocked in Swan Creek since at least
the early 1930's. Rainbow trout were also stocked until the mid 1960's.
The stream has a history of providing a good browm trout fishery through-
out the years. -Since the stream's bottom is comprised almost entirely of
sand, natural reproduction of trout is minimal. During the early 1970's,
an extensive habitat development program was completed on the portions of
the stream in state ownership. Two hundred and sixteen log fish cover
structures were installed in- the stream. Also, gravel and stone spawning
areas were installed in eight locatioms.

Northern pike, largemouth bass, bluegills and other panfish are
available in the Swan Creek Impoundment. This small impoundment and the
creek immediately downstream receive considerable fishing pressure, since
the popular Pine Point Campground is adjacent to the pond. Anadromous
trout and salmon ascend Swan Creek in the fall and spring, and provide a
fishery. The upstream end of these anadromous fish runs is the Swan
Creek Impoundment. ‘ , :

- ,

Three small tributary streams to the lower Ralamazoo River (Mann,
Bear and Sand creeks) are also classed as top or second quality cold .
water. Mann and Sand creeks are primarily brook trout streams and Bear N
contains predominantly brown trout. All of these streams support natural
reproduction of trout. In addition to natural reproduction, Bear Creek
also receives annual supplementary plants of brown and brook trout.

Anadromous trout and salmon spawn successfully .in these streams.
Coho salmon, brown trout, brook trout and rainbow trout reproduction have
been documented in Sand and Bear creeks. Although Mann Creek has not
been surveyed to document natural reproduction, brook trout reproduction
obviously occurs and rainbow, chinook and coho reproduction is likely.

Bear Creek is the most heavily fished of the three streams. Since
much of the stream is in the Allegan State Game Area, access is not a
problem. Also, the stocking program is attractive to trout anglers.
Sand Creek does not receive heavv angling pressure because of izs small
size. Mann Creek receives only moderate fishing pressure primarilv
because of its very brushy banks which make fishing difficulc.

3.4.3 Wildlife

Wildlife in the Xalamazoo River basin have been discussed exten-
sively in Section 3.3.4. 1In addition to that discussiomn, an additional
animal, turtles, are ccmmonlv found and trapped in the basin. 1In 1986,
several hundred turtles were removed from the Swan Creek Highbanks
Wildlife Refuge. Yo permit is required to trap turtles in Michigan.

Turtles have caused extensive damage to certain animals. A 1986
program to reintroduce the trumpeter swan into the Allegan State Game
Area was essentially negated due to suspected egg predation by turctles.
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Trumpecer #wan egge were switched with mute swan eggs in this effort to
reintroduce the trumperter swan. : .

3.4.4 Water Supply

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

There are water intakes for industrial and agricultural applica-
tions. Yo industrial water intakes are located in the Area of Concerm.
Agricultural water use is not regulated in Michigan, therefore, there is
no quantitative estimate of agricultural water use for the Area of
Concermn.

3.4.5 Canoceing and Boating

The North Branch of the Kalamazoo River is generallv small and not
considered canoeable water. Much of the South Branch, from the vicinitv
. of Mosherville downstream, {8 canoeable and except for the urban areas is
quite attractive for 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 with very little development makes it
an enjoyable stretch of river to canoe or boat. There are six boat
launching facilities on the Kalamazoo River in the Area of Concern
operated by the Michigan Department of Natural Resources (Hacklander, New
Richmond, Allegan Dam, M-89 Bridge, Main Ottawa landing, Foward Shultz
Park). There are four additionmal boat launching facilities in the
Allegan State Game Area. In the Saugatuck/Douglas area, there are
numerous marinas which serve the boats using Lake Michigan.

Most of the tributaries entering the mainstream in the Area of
Concern are not considered canoeable. The Rabbit, however, is smaller
but similar in character to the Kalamazoo River and provides an eniovable
experience for canoceists who don't mind an occasional carrv over a log
jamb.

3.4.6 Waste Disposal

There are 91 permitctad surface water discharges in the Ralamazoo
River basin. Of these, onlv 10 dischargzes are located in the Area of
Concern. Seven of these are located in the Rabbit River basin. The
remaining 3 are located in the Sauzatuck/Douglas area. These discharges
are the Ralamazoo Lake Water and Sanitary Authority, Rich Products
Corporation, and Culligan Soft Water Service. '

3.4.7 Standards, Guidelizes, Avvlicable Beneficial Uses

The State of Michigan has adoo::d Watar Juall:zv Standards which
astablish water quality requirements applicable to the Graat Lakes, the
counecting waters and all other surface waters of the state. These
standards are Part 4 of the Water Resources Commission rules, established
under State Act No. 245 of the Public Accts of 1929, as amended. These
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standards raquire that water quality in the mainstream sections of the
Kalamazoo River be protected for the following uses: agriculture,
industrial water supply, navigatiom, public water supply (at the point of
imtake), 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 guidelines, the water quality based level for
PCBs was determined zo be 0.012 ng/? (parrs per trillion) as of
Januarv 27, 1987. 1In developing this water qualitv based level,
consideration was given to aquatic life, terrestrial life, human life and
cancer risk protection. For PCBs, the water 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 Natural Rescurces 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 qualities and guides its future
use. The Natural River Plan is included as Appendix A.

) The Michigan Department of Public Health issues fish consumption
adviscries for Michigan water. For PCB, the "actiun level" used by MDPH
is 2 mg/kg in the edible portiom of fish.

The Internmational Joint Commission has identified a specific goal in
the 1978 Great Lakes Water Quality Agreement for °CBs in whole fish as
not more than 0.1 mg/kg.

The U.S. Food and Drug Administration has set various standards
which govern the sale of food items. For PCBs, the applicable srandards
include those for fish (2 =mg/kg), poultry and red meat (3 mg/kz on a fat
basis), and eggs (0.3 mg/kg).




4.0 DEFINITION OF PROBLEM

4,1 IMPAIRED USES AND SPECIFIC CONCERNS

The oblective of this Remedial Action Plan is to restore the im=
paired use of the Kalamazoo River. Therefore, it is critical to identify
the impairment that is or has occurred. The International Joint Commis-
sion identified the Kalamazoo River as amn Area of Concern because of the
sresence of toxic organics, contaminated sediments, and a fish consump-
tion advisorv (GLWQB, 1985). The description further discusses the PCBE
contamination of sediments and fish. Given this identificatiomn of an
impaired use and the fact that the Michigan DNR is unaware of other
impaired uses in the Kalamazoo River downsiream of Calkins Dam, zhe
objective of this Remedial Action Plan is to address the PC3B contamina-
tion of water, sediments and biota.

The Michigan Department of Public Health (MDPH) has issued a fish
cousumption advisorv for the Kalamazoo River. For the Kalamazoo River
from Morrow Pond Dam (which 1is upstream of the City of Ralamazoo) to Lake
Michigan, people are advised not to eat carp, suckers, catfish, and
largemouth bass. People are advised to eat no more than one meal per
week of all other species. Nursing mothers, pregnant women, women who
expect to bear children, and children under age 15 are advised not to eat
any fish from the Kalamazoo River because of the uncertainty of effect on
the unborn, newborm or voung child. This advisory includes the Area of
Concern. :

The fish consumption advisory includes_additionalrconciguous areas.
The same advisory applies to Portage Creek from Monarch Millpond dam to
its confluence with the Ralamazoo River in Ralamazoo. For the Ralamazoo
River upstream of Morrow Pond dam to the City of Battle Creek, people are
advised not to eat carp.

In addition to the advisorv om Xalamazco River fish, certain adviso-

ries apply to migratory fish in Lake Michigan which also apply to the

rea of Concern when chese fish migrate up the Kalamazoo River. People
are advised not to consume lake trout and brown trout over 23 inches long
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 salmen
over 26 inches long, chincok salmon 21-32 inches lomg and brown trout up
to 13 inches long. Nursiag mothers, pregnant women, women who expect to
bear children, and children under age 15 are advised not to eat anv of
the fish listed because of the uncertaintv of effects on the newborn or
young child.

All of the advisories on the Kalamazoo River are based on PCB

contaminaction of fish. This will be =he maior focus of this Remedial
Action Plarn.

The specific goals for the Remedial Action Plan are to 1) as a
oinimum, reduce PCB concentrations in fish to levels which will eliminate
the need for a fish consumption advisorv, and 2) reduce human exposure of
PCBs to acceptable levels. These goals specifically translate to 1) fish
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tissue PCB levels less than 2.0 wmg/kg to eliminate the fish consumption
advisory, and 2) a water colummn PCB concentration of 0.012 ng/l to reduce
PCBs to acceptable levels. The fish tissue levels of 2.0 mg/kg is based
on the MDPH "action level"” as described in Section 3.4.7. The water
column concentration of 0.012 ng/l is based on the Michigan Water OQuality
Standards, as described in Sectiom 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 waters
since the scientific information used to develop this value would not
change. This value comsiders 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, primarily through fish consumptionm.

This value should protect all other biota.

4.2 MAJOR POLLUTANTS OF CONCERN

The only identified pollutant of concern in the Area of Concernm is
PCB. This section will discuss the PCB contamination of water, sediment
and biota in the Area of Concerm.

4,2,1 Water

Water column concentrations of PCBs have been reported for the
Kalamazco River Area of Concern sin-e 1971 (Table 4). Mean concentra-
tions near the river mouth have been in the range of 40-73 ng/l (parts
per trillion). For 1971-72, the mean concentration reported was 65 ng/l
(MDNR, 1972). Marti (1984) found a mean concentration of 40 ng/l in
1980-81. Horvath (1984) found a mean concemtratiomn of 73 ng/l for 1982.
In 1985-86 the mean concentration near Saugatuck was 63 ng/l.

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

The majority of PCBs found in the water column were Aroclor 1242.
Marti (1984) reported a mean of 617 Aroclor 1242. All of the detectable
values found by Horvath (1984) were Aroclor 1242. In 1985-86, 792 of the
reported concentrations were Aroclor 1242. The data from 1971-72 were
only analyzed for Aroclor 1254.

Marti (1984) estimated that ir 19480-81 787 of the PCBs were associ-
ated with particylates. However, Rorvath (1984) concluded that no strong
relationship existed in 1982 between 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). Marti .
(1984), using 1980-81 data, estimated the yearly PCB load to Lake -
Michigan to be 57-220 pounds using a parabolic relationship between flow e
and PCB concentration. Horvath (1984) used 1982 data with Beale's '
stratified ratio estimator (Beale, 1962) to determine a vearly mean load
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TABLE 4. WATZR COLUMN CONCENTRATIONS QF PCBS FROM THE AREA OF CONCZ3N..

SR e

W e

B O R
LOCATION DATE ~  TOTAL  AROCLOR AROCLOR AROCLOR AROCLIR
: PC8 1242 1248 1254 1250  SOURCE

(NG/L) = (N&/L)  (NG/L)  (NG/L)  (NG/L)

CALKINS DAM

100 YDS DOWNSTREAM 13-May-86 174 160 NOT 19 <10 MDNR
ST 29-0u1-85 101 76 REPORTZD 15 <10 MONR
22-Ju1-85 140 110 30 <10 MONR
10-Ju1-85 55 43 ' 12 <10 MDNR
24-Jun-8% 127 - 100 27 <10 MDNR
+7—Jun-85 149 120 29 <10 MDNR
10-Jun-85 131 9% 28 <10 MONR
29-May-85 152 130 22 <10 MDNR
20-May-85 63 50 13 <10 MONR
06-May-85 114 88 26 <10 MONR
29-Apr-85 79 §1 18 <10 MONR
18-Apr-85 106 81 25 <10 MDNR
NEW RICHMOND 29-Jy1-82 75 75 NOT <30 <30 HORVATH,1984
© 04=Jun-82 <30 <30 REPORTED <30 <30 HORVATH,1984
15-Apr-82 79 79 <30 <30 HORVATH, 192"
M-89 08-Ju1-83 53 44 NR | 9 <5 MDNR
us 31 13-May-86 103 91 NOT 13 <10 MONR
o 22-Ju1-85 60 40 REPORTED 20 <10 MONR
.a 17-Jun-85 58 47 1 <10 MONR
20-May-85 49 33 | 16 <10 MONR
18-Apr-85 a4 33 ST <10 MDNR
29-Ju1-82 53 5 <30 <30 HORYATH,1984
04-Jun-82 15 15 <30 <30 HORVATH, 1384
15-Apr-82 121 - 121 : <30 <30 HORYVATH,1984
CHANNEL TO |
LAKE MICHIGAN 29-Ju1-82 33 33 NOT <30 <30 HORVATH, 1984
. 04-Jun-82 <30 <30 REPORTED 30 <30 HORVATH 1984
15-Apr-82 98 98 <30 <30 HORVATH, 1984
RIVERMOUTH 15-May-31 90 75 * 9 & MARTI, 1024
| 10-Apr-81 57 24 * 27 6 MARTI 1984
16-Feb-81 13 ! 5 ] 5§ MARTI. 384
10-Dec-80 = 14 4 ] 5 4 MARTI, 1984
06-Nov-80 . 70 0 30 27 13 MARTT, 1984
24-Ayg-30 17 4 7 2 4 MARTT.1984
07-4ug-30 20 17 * 1 2 MARTI 1984
1971-72 65 AR R 65 NR MDNR, 1973
(MEAN)

*COMBINED WITH 1242
NR=NOT REPORTED



IMATED PCB LOAD FROM THE KALAMAZOO RIVER e a f'.iﬂ 8
LARE MICHIGAN

LY

e LBS/YEAR : : i

- - et v - -

(1984) 57-220
(902 CONFIDENCE INTERVAL)

TH(1984) 271 ‘ | ’
© 103-438 ,
(952 CONFIDENCE INTERVAL)

387) 242
169-314
(662 CONFIDENCE INTERVAL)

LOAD= 217
»ne
- .
EIGAN
B LOAD 1672 (SWACKHAMMER + ARMSTRONG,1986) - | )
(EXCLUDES GREEN BAY)
MAZOO RIVER = 13 OF TOTAL LOAD 4
7/ ﬁ T
I LOAD 726 (SWACKHAMMER + ARMSTRONG,1986)

- {AZOO RIVER = 30X OF TRIB/PT SOURCE LOAD
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of 271 pounds. The third estimate was made using the 1985-86 MDNR data
assuming mean flow and concentration. This produced an estimated yearly
load of 242 pounds. The average of these three estimates is 217 pounds
per year.

Excluding Green Bay, the Lake Michigan vearlv PCB load from all
sources was estimated to be 1,672 pounds per year (Swackhammer and
Armstrong, 1986). Atmospheric deposition accounted for slightly over
half (946 1bs/yr) of the total load, with tributaries/point sources
accounting for the remaining load (7256 lbs/yr). Using these estimates,
the Kalamazoo River PCB loading to Lake Michigan accounts for about 132
of the total load and 30 of the tributary/point source load to Lake
Miznigan. This is consistent with the measured tributarv loadings by
Marti (1984), where the Kalamazoo River accounted for 13-31% of the total
non-Green Bay tributary load to Lake Michigan.

4,2,.2 Sediment

Sediment PCB concentrations for the Area of Concerm have been
measured in 1982 and 1985 (Table 6). These data show comcentrations of
PCBs ranging from 0.03 to 1.74 mg/kg. These concentrations are consider-
ably lower than those reported in the Ralamazoo River (Lake Allegan)
immediately upstream of the Area of Concern, where PCB concentrations in
the sediments average 15 mg/kg.

4.2.3 Fish

Analyses for PCBs in fish in the Area of Concern have been conducted
since 1971, All fish analysis has been conducted on standard edible
portions of fish. TFish PCB concentrations have been determined in 1971,
1976, 1978, 1981, 1983, 1985 and 1986. These data are summarized in
Table 7 by species.

There are several limitations in the fish PCB data which must be
considered when interpreting or using the fish data:
° Other factors being equal; PCB concentration in fish will varv bv
species. For example, PCB contamination is expected to be greater
in the bottom-feeding carp than in bass.

PCB contamination in fish is a func:iomn of the age, size, weight,
and percent bodv fat of zhe fish. Larger and older fish likaly
accumulate greater concentrations of PCBs.

Laboratorv analytical techniques used to quantifv PCBs in fish have
changed significantly since the earlvy 1970's. Results are now
computed diflerently, the starndizi I:r izrterpratation of ra2sults has
changed, and the extraction mechod has changed. Also, che same
laboratory has not analyzed all the fish samples. The fish collect=-
ed in 1971, 1976, 1978 and 1985 were analyzed by MDNR lab. The 1981
fish were analyzed by the Envirommental Research Group, a2 contract
laboratory located in Ann Arbor. Thae 1983 fish were ‘anaivzed by the
U.S. Fish and Wildlife Service. The 1986 fish were analvzed by the
Michigan Department of Public Health laboratorv. '

32




I\ ’

019 JOISMYIV IWP MOjen um q1'e

08-14¢ 10 yiou
wy pQ ‘weq vellejy Jo wizensumop wiy {9

Go-1 JO IIou e o9

W0y ewiep) uslis|py NP JO WIRHSUMOP Uy §'9
ssuenjuos

010)0q J8A) WI03) OF ‘ISP MOjeq Uy pf

NOAS( 1 vere JEIEMNDINN ‘WISp MOojeq Wy |
10s YLIOY ‘WP MOjer U BT|

PUBIS] JO PUS WIBENTUMDN UITP MOjeq ung gyl

910U YIOU IFP MmOjeq U 941

wag doj ‘werw jsuopjsodep usp mojeq un £or

PUOUNDIIY MON IV 00pPIq
‘WU PIO 1O WERNTUMOP Pueq 191)) JO SPjSU)

suozx

uvojsodep ¥ uj jeuney? MWL jO N0 PUSY JO epjeug
qnI? un0 JO WEENSUMODP ‘(PUUNYD JO BpE By

ND UTIPUY JO WIENIUMOP TN IP|NY

pusjieom ofsw) uj wvenepiyy

puspem el uj weenspiy

noAeg 0jAL JO WNENTUMOP ‘UINesiepiry

o0ppg 1€ "S'N O WweenvUMO}

oxv) oorsuniw)y jo Jed yeedeeq)

AI0P SIS MNP S ITSL |PUNTYI Py

jouLsy3 JO epis Yoy

TGy

...

Lo

Sa8E euny

‘uNaw peysyanduny
s001 Assnueyp
‘UNOWN peysgqndury
8961 Awenuep
UNOW peysjgndugg
9ga1 sung’

‘VHOVE pesispanduyy
soaL eung

UNOYE poysjinduny
9904 ouny

UNQOK poysgandun -

'.Q‘ .\lﬂr
unaw peyspqnduny
SQ01 eunp
WA pesspgndugy
gg‘. .\lﬂ[’
UNOW peysyanduny

raat neAtol

081 ivAioy
001 ‘ivarogg
Y081 "MmeAr0p|
061 Ny
(2 [ TWL LD
2 [ LN
081 ‘NeAIn)
981 ‘Menn)y
LTI LLYLIT
Yonl s

EUTILIL]

STTINVS IIVARINS

seat
9861
S901
9801

teol

1]
zoas
00t
1]
ze08
zo08
1601
700}
1]
zost

L1

01 HIVIY NINEVONYS OL NVa NVHITIV

, ' VIVQ 1HINIGIS UIA OOTVYeY i

9 IVl

€©0'eo ot
rno 0
DA et
€©o LR '
200 a0
01’0 st
oe’o 140
ort €
L LA b4 )
€00 1
01°'0 o1
uo 8l
10°0 N
0o 0
0o LA
W00 9%
010 "
e €
010 T
’0°0 "
(iiday s oqiingg
uonenuesnc) g4 eydvg

33



TAME 6
KALAMAZOO IWWEN SEDIMENT DATA
PAUE TWO
Sample FCB Concentration
Humber {ppm})
L20 0.05
21 0.10
122 0.08
L23 0.26
124 0.15
L24 0.20
124 Vo
L2s : 0..41
L28 0.04
127 0.10
128 0.13
Sample PCBA Concentration
_Number_ {ppim)
; 112 ' 0.02 (4-87)
L8 0.38 (0-27)
Li6 0.24 (4-67)

Yosr
1965
1085
1005
1085
100S

1985

1086
1005
1065

Relsrence

—

published MDNR
Jyne 1086
Hnpublished MONR,

June 1885

- Uripublshed MDNN,

Juiye 1085
Uppublished MDHR,
June 1085
Unppublished MDNR,
Jaj\psry 1008
Unpublished MDNR,
Jajipary 1985
Unpublished MDNR,
Jajjuary 10086
{ippublished MDNR,
Jyj\e 1085
“upubllnhd MONI,
June 1085
Hppublished MDIIR,
June 1086
Hnpublished MDHIR

dajusry 1905

Commants

6.0 win below dam; weidt shore

4.75 kin below dam, on inside of bend

4.3 lm below dam, essl shote

4.0 kun below dam, east of Swan Cresk Marsh,
upland ~28° trom tiver

2.2 kin downstresm of dsin; Koopman Mersh,
wesl slde of tlver, near siver

2.2 un downstream of dem; Koopman Marsh,
waesl slde, 100 miles from sriver

2.0 un downstream of dem, Koopman Marsh,
60 mites from river

2.0 lun downslream of dam; on lnslde of bend .
1.7 km downstream of dam; north shios

008 .kun downstream of Allegsn Dam; north shore

0.8 tun downstresin of dam; Koopinan Marsh;
east side by public launch

ALLEGAI| PAM TO SAUGATUCK: REACH 10
CONE SBAMILES

1085

-~

Unpublished MDNNR,
Jine 1006
Hupublished MDNR,
June 1085 :
Uppublished MDNR,
Jyije 1985

Conmunents

20.3 km below dam, depositional sres, 10-15 cm
deep

10.0 lun below dam, depositionsl sres, surface
Scm ’

10.0 kin below dem, depositionsl ares, 10-15 cin
doep :

ey

Cll e



FISH PCB DATA FROM THE AREA OF CONCERN A -

. - AROCLOR AROCLOR AROCLOR TOTAL :
“IGHT AGE SEX 1242 1254 1260 pCs FAT -
ibs)  (yr) (MG/XG) (MG/KG) (MG/XG) (MG/XG) (%)

SPECIES: CARP

30.6 14.8 - 45.4 2.1

26 12 <1.00 36
5-5 27 10 <0.60 37 12,7
48 15 <5.00 63 23.4
175 55 R 231 10
.3 3 M 8.4
.4 3 F 5.2
. F 3.4
.0 M 16
.7 M 9.1
00 2 F 7.9
.4 3 M- 5
.9 2 M 2.9
J 3 F 4.5
.8 3 M 8
.9 3 F 2
.3 3 6.6 )
4 F 1.16 1.3 -
6 F 25.7 13
7 M 13.8 7.7
4 F 2.63 3.1
7 F 1.14 3.9
I3 M 10.3 7 r -
6 M 4.91 2.4 :
1 M 1.39 1.8
5 M 26.2 16
3 M 1.03 1.4
] F' 7-]5 4 .
) 8.30 5.6
3 F 1.6 2 0.29 3.89 6.9 , -
2 M 0.37 1.1 0.17 2.14 6.9 -
2 M 0.42 1.1 0.16 1.68 3.4 :
2 M 0.32 2.4 0.4 3.12 3.4 a
2 M «0.13 0.2 «0.13 9.2 1.3
3 M 0.57 3.6 0.57 - 4.74 5.4 -
2 M 0.63 1.4 0.17 2.2 4.7 -
3 F 0.52 2.2 0.36 3.08 3.3
2 M 1.1 1.6 0.25 2.95 5.1
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.f"lRLE 7 - SUMMARY OF FISH PCB DATA FROM THE AREA OF CONCERN

ARQCLOR AROCLOR AROCLOR TOTAL

LENGTH WEIGHT AGE  SEX 1242 1254 1260 PCB FAT

DATE (in)  (1bs)  (yr) (MG/KG) (MG/KG) (MG/KG)  (MG/KG) (%)

17 2.3 2 M 0.26  0.52  o0.08 0.8 2.7

20 3.8 2 M ot 2.3 0.3 3.74 3.3

s 37 2 F 1.8 2.6 0.38  4.78 12.7

19 3.4 2 M 1 3.6 0.56  5.26 10.1

18 2.8 3 M 0.4 1.7 0.28  2.42 4.8

13 30 3 M 0.36 2.3 0.4  3.06 3.9

19 34 2 M 0.165  0.97  0.18  1.315 0.95

19 3.5 3 M 0.8 4.5  0.68  5.98 11.5

18 3.6 3 F 1.6 2.5 0.3 4.43 7.2

20 4.1 3 F 0.64 5.3 0.88  6.82 7.4

20 41 3 M 0.42 73 1.3 9.12 5.8

MEAN= 19 3.3 2 3.59 5.5

July 1986 17 4.0 2 F 0.29 0.2 0.51 0.6

20 4.2 3 M .35 2.12 5.47 3.6

- 9 3.7 3 F 4.43  2.73 716 5.8

‘ 20 456 3 F 1.28  0.76 2.06 4.8

| 20 4.2 3 M 2,43 1.06 3.9 8.3

| 20 42 2 F 2.45  1.64° 3.09 4.8

200 41 2 M 0.90  0.39 1,29 5.3

18 3.5 2 F 2,26 1.76 4.02 4.2

18 2.9 2 M 2.30 1.2 - 3.42 6.9

17 2.8 2.3 M 0.5  0.25 0.79 3.1

19 3.1 23 M .77 0.87 | 2,64 4.3

20 4.0 2.3 M 5.07  3.92 8.99 6.0

18 2.9 2 M 1,35 0.60 1.95 7.4

20 4.2 3 M 2,19 1.43 3.92 10,0

21 4.6 3 M 3.60 2.3 5.96 6.0

20 4.3 3 M 1.0 1.04 2.08 2.4

20 4.2 3 F 0.68  0.38 1.06 1.7

'8 3.0 2 F 3.18  1.16 4.54 7.0

20 4.2 2 M 5.5 3.1 8.29 9.9

MEAN= 19 ERR 2 3.78 5.4

SPECIES: BASS

July 1976 16 o 23 10 11 38 2
Sept 1981 18 3.8 5 M 15
\ 12 1.0 2 M 1.5
® 12 10 3 M 1.6
4""‘ 12 093 2 F aa
' 9 0.5 - 3 M 1.4
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TABLE 7 - SUMMARY QOF FISH PCB DATA FROM THE AREA OF CONCERN

AROCLOR AROCLOR AROCLOR TOTAL

LENGTH WEIGHT AGE SEX 1242 1254 1260 PC8 FAT
DATE (im  (1bs)  (yr) (MG/KG) (MG/KG) (MG/XG) (MG/XG) (%)
13 1.4 2 M 3.9
7 0.2 1 F 1
10 0.6 2 M 0.7
MEAN= 12 1.2 3 3.7
July 1985 13 1. 3 M 0.99 1.7 0.28 2.97 1.7
13 1.1 3 M <0.13 0.53  <0.13 0.53 0.8
14 1.6 4 F - 0.18 0.74 0.16 1.08 0.7
16 2.0 3 M 0.245 1.55 0.26  2.055 1
12 0.8 2 M 0.13 0.4 0.08 0.48 0.3
16 2.2 4 M 0.3 1 0.19 1.49 0.8
14 1.7 3 M «0.13 1.2 0.26 1.44 0.8
14 1.5 3 M 0.22  0.62 0.17 1.01 0.5
13 1.1 3 F «0.13 0.42 0.12 0.54 0.5
12 0.6 2 F 0.23 1.2 0.28 1.71 0.9
MEAN= 14 1.4 3 ©1.33 0.8
| SPECIES:ROCK BASS ‘
July 197 5 6.8 3.26 0.0 0.3
SPECIES:NORTHERN PIKE"
July 1971 18 ~ 5.8 2.9 8.7 0.7
Aug 1976 19 | 3.5 1.2 <«0.20 4.7 0.7
May 1978 25 3.4 1.5  <0.60 4.9 1.4
20 2.6 0.9  <0.60 3.5 0.3
31 7.5 2.6 0.8 10.9 0.7
18 3.1 1 <0.5 4.1 0.21
Sent 1981 15 0.6 1 M 0.9
17 1.0 1 F 0.6
MEAN = 16 0.8 0.75
SPECIES: TIGER MUSKIE
Aug 1976 37 1.8 0.6  <0.20 2.4 0.4
| SPECIES:WHITE SUCKER
JuLY 1971 30.7 14.8 '45.5 0.7
May 1978 20 , 3.5 2.9  <0.60 6.4 0.9
18 | 2.4 3.3 0.6 5.3 1.2
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’ TABLE 7 - SUMMARY QF FISH PCB DATA FROM THE AREA OF CONCERN

AROCLOR AROCLOR AROCLOR ¢ TOTAL
LENGTH WEIGHT AGE SEX 1242 1254 1260 PC3 FAT .
DATE (in)  {(bs) (yr) (MG/KG) (MG/KG) (MG/KG) (MG/KG) (%)

SPECIES:BULLHEAD
July 1971 7 . 15.5 7.7 23.2 0.8

SPECIES:BOWFIN

Sept 1981 23 4.1 & M o ' 2.25
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The samples taken in the 1970's were primarily "screening" samples
to determine if a contamination problem existed. The fish collected
tended to be the largest fish found and, thus, to represent

- worst-case conditions. 1In contrast, the fish samples taken {n 1981
and 1983 were intended to represent the entire povulation of the
targeted species. The variance within these samples made statistci-
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, and
to allow for more meaningful trend analysis.

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

Largemouth bass collected in the Area of Concern averaged l.33 mg/kg
in 1985, somewhat lower than the average  (3.69 mg/kg) found in 1981.

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

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

Based on these 'esu’:s, the MDPH issued a fish consumption advisorv
which included the Area of Concerm. The advisory recommends no
consumption of carp, suckers, catfish and largemouth bass. No more than
one meal per week is recommended for all other ssvecies. Nursing mothers,
pregnant women, women who expect to bear children and children under age
15 are advised not to eat fish from the Area of Concern.

4,2.4 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 was 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 Feasibiliry Study (NUS, 1986), the statistical analvses were
performed cn age restricted carp in an effort to standardize exposure and
other factors. FHowever, in 1986, the MDNR collected a large number (31)
of carp from Lake Allegan for PCB analysis (Creal, 1987). The purpose in
this collection was to define the relationships between fish size, age,
fat content and PCB concentrations. Strong linear relationships were
found between length and age, length and weight (R? = 0.96), and far and
PCB (R2 = 0.80). No relatiomnship was found between size and PCB or size
and fat. Therefore, it was concluded that the entire data base should be
used for statistical analysis. :
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. TABLE 8. PCB LEVELS IN WATERFOWL COLLECTED FROM THE KALAMAZ0O

RIVER, AUGUST, 1985

o

PCB
LOCATION SPECIES MATURITY AS 1260
' (MG/KG)
MORROW POND MERGANSER ADULT 28.00
OTSEGO CITY IMPOUNDMENT MALLARD ADULT 4.80
. MALLARD [MMATURE 2.00
BLUEWINGED TEAL IMMATURE «0.25
fROHBRIDGE [MPOUNOMENT MALLARD [MMATURE 1.90
MALLARD IMMATLRE 0.73
ALLEGAN STATE GAME AREA W00D DUCK IMMATURE 1.50
: CANADA GOOSE IMMATURE <0.25
SAUGATUCK MALLARD IMMATURE 0.78
MALLARD IMMATURE <0.25
MALLARD IMMATURE «0.25
MALLARD IMMATURE 0.60
MALLARD [MMATURE 1.70
MALLARD [MMATURE 0.55
MALLARD IMMATURE 1.90
MALLARD IMMATURE 1.04
MALLARD ADULT 0.98
W00D DuCK ADULT <0.25



Based on these results, the entire Saugatuck carp data base for the
years 1981, 1983, 1985 and 1986 and the Saugatuck bass data base for the
vears 1981- and 1985 was analyzed using the Kruskal-Wallis non-parametric
test. This analysis again found that no significant (p = 0.05)
difference between vears at this location for either species.

This indicates that there was no change in PCB concentrations in
fish at Saugatuck during the 1981-86 time period.

4,2.5 Witlrfcwl

Waterfowl have been sampled in the Area of Councerm in 1985 and 1986
by the United States Fish and Wildlife Service. 1Ia 1985, eight immature
wallards, one adult mallard and one adult wood duck were analyzed for
PCB. The birds were plucked, eviscerated and feet removed prior to
analyses. PCB concentrations ranged from 0.25 to 1.9 mg/kg (Table 8).
Converting these values to a fat basis, PCB values ranged from 2.7 to
700 ppm. All of the immature ducks collected exceeded the FDA action
level of 3 ppm PCB on a fat basis, '

In 1986, mute swan eggs were collected as part of the effort to
reintroduce the trumpeter swan. The eggs were from the Allegan State
Game Area in the vicinity of the Kalamazoo River. Fourteen eggs were
anlyzed for PCBs. Ccncentrations ranged from 0.1 to 1.6 mg/kg with a
mean concentration of 0.4 mg/kg (Table 9). This mean comcentration is
greater than the FDPA action level for eggs (0.3 mg/kg).
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TABLE 9. RESULTS OF PCB ANALYSES OF MUTE SWAN EGGS
COLLECTED FROM THE ALLEGAN STATE GAME AREA, 1986

WEIBHT MOYSTURE

LIPID PCB
(GMS) (%) (%)  (MG/KG WET)
"261.5  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  -63.75 12.8 0.2
255.7  66.28 16.6 0.6
256.3  70.60 13.1 0.1
260.4  67.80 14.1 0.2
262.2  70.17 13.5 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
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§.0 SOURCES OF PCBs

. The sources of PCBs to the Area of Concern will be defined as
internal or extermal sources. Incternal 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 Concerm.

5.1 INTERNAL S7T"2773 !

There are no known direct discharges of PCBs to the Kalamazoo River
in the Area of Concerm. Indirect discharges of PCBs in the Area of
Cencern mavy result from the sediment. However, the PCB concentrations in
the sediments are low, generally less than 1.0 mg/kg. The water data
indicate that the Area of Concern has a net input of PCB from external
sources. Therefore, int:mnal sources will not be considered further as a
source of PCB to the Arz2: of Comcern.

5.2 EXTERNAL SOURCES

External sources of PCBs include atmospheric deposition, point
source discharges, nonpoint source, and in-place pollutants (sediment
contamination). In the Ralamazoo River upstream of Calkins Dam to -
Kalamazoo, sediment PCB concentrations are generally in the 10-30 mg/kg
range in depositional areas. At Portage Creek (Bryant Mill Pond) in
Kalamazoo, sediment PCB concentrations are generally in the 100-300
mg/kg. As water passes over these sediments, PCBs may enter the wacer
column in the dissolved form or adsorbed onto suspended sediment. The
pregsence of upstream contaminated sediments is the major source of PC3s
to the Area of Concerm.

The amount of PCR 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, Trowbridge and Otsego
impoundments, and Brvant Mill Pond). The sediment contamination in the
Allegan City and Otsego City impoundments was not included.

Nine major point source discharges were sampled for PC3s Iin these
discharges in August-September, 1985. All nine discharges contained PCBs
Table 10)., However, one discharge (James River, Kalamazoo) obtained its
source wvater from the Kalamazoo River, which may have been the source of
PCBs. Detactable concentrsations of PCBs in the other eight discharges
ranged from 16 to 178 ng/l. Converting these concentrations to a load
based on mean annual discharze flow, the estimated PCB loading in pounds
per year from all eight discharges is 3 pounds per year. These
discharges are regulated v Zhe NPDES permit svstam, currently
administered by the State of Michigan. NPDES permits are issued for up
to five vears, and must be renewed upon expiration. The Kalamazoo River
Sasin NPDES permits are scheduled Zor a basin ravisw and reissuance in
1991. Two of these discharges, Kalamazoo and Otsego, have specific
language in their NPDES permits rsquiring long term compliance with a
value of 0.012 ng/l through a PCB reduction plan.
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Table 10

o, v

Point Source Discharge Sampling Results for PC3, Kalamazoo area,
August - Sepcember, 198§

Tocal \ Suspeaded

Discharge Date PC3 (ng/1) Solids (meg/l) Sourcs 7.9
Allied Paper ' 8/ 7/85 <20 (INT) -

9/ 6/8S 69 38 Porzags Craek
James River 8/ 7/85 - 80 ’ - .
(Ralamazsoo)- 9/ 6/85 15 _ 19 Xalamazoo Rives
Kalamazoo WWIP 8/ 7/85 <60 (INT) -

9/ 6/85 13 <4 -
‘James River 8/ 7/85 30 (INT) ) - Ralamazso River
Parcament ) -9/ 6/85 14 16 or Wells
Plainwell Paper 8/28/85 <10 ' 24 Wells

9/ 6/85. 39 é '
Plaiowell WWIP - 8/ 7/85 17 (INT) - )

9/ 6/85 31 17 -
Otsego WWIP 8/ 7/88 178 : - -

9/ 6/85 167 44
Mead, Otsego ' 8/ 7/88 3% (L.R.) - Wells:

S/ 6/85 56 , o 37
Mensha, Otsego ‘ 8/ 7/85 ' 16 (L.R.) . - Otseze Cicy
(Process EZO) 9/ 6/85 20 460 or Wells

INT = Interierence
L.R. = Low Recovery Probable




6.0 FEASIBILITY STUDY

To address the external sources of PCBs and to determine appropriate '
rémedial actions, the Michigan DNR conducted a Feasibility Study of the
Kalamazoo River PCB problem (NUS, 1986). The objective of this
Feasibility Studv was to determine cost-effective, technically feasible,
and environmentally sound alternatives to minimize the further release of
PCB-contaminated sediments, to reduce human exposure to PCBs, and at. a
Zizizum 2z Tecuc2 fhz 03 ecm:entrations in fisa in the Ralamazoo River
and Portage Creek to less than 2.0 mg/kg (ppm). The following section is
based primarily on this Feasibilitv Study, with some change due to more
data.

The relative envirommental effectiveness of the proposed alterna-
tives was evaluated through the use of a mathematically-based watz-
quality model. The use of the model to predict long-term changes - tle
PCB levels in fish provided a convenient measure of the relative eflac-
tiveness of altermative actions due to the basic remedial program goal of
lowering PCB levels in fish to less than 2 ppm. However, data base
limitations and model simplification must be considered when using the
model results in a decision framework. .

6.1 RIVER DESCRIPTION

The study area for this investigation consisted of approximately 80
miles of the Kalamazoo River, between the City of Ralamazoo, and the City
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 Portage Creek and the Xalamazoo River in the City of
Kalamazoo (Figure 2). This study area was selected because the majoritv
of water, sediment and fish PCB contamination exists in this area. This
stretch of the Kalamazoo River is characterized by a series of six dams.
Three dams are currently impounded, and three are permanently drawn down.
Some sections of river are erosiomal zones, whereas others are
depositional zones. Extensive areas are contiguous with wetlands.

For purposes of the study, the river was divided into 10 sections,
called reaches (Figure 2). The reaches are numbered ! through 10, from
upstream to downstream. Zach reach has certain distinguishing Ffeatures
and characteristics, which are pointed out in the following discussion.

There are two areas that are not included in anv of :the 10 reaches
but were still considered in the studv. One area is Morrow Pond, located
on the Ralamazoo River, approximately 4.25 miles upstream of the Portage
Zreek confluence. Samples taken from Morwow Pond are upstream »f the
study area and will bSe cocnside-=24 backgrcund daca, 2o be used as a
baseline for comparing levels of contamination downstream.

The other noteworthyv area is located immediatelv upstream of
Reach 1. Reach 1 begins at Brvant Dam (Alcott Street) on Portage Creek.
Jpstream of 3ryant Dam is Brvant Mill Pond, a small, dewatared mill pond
that is filled with contaminated sediment. The pond has been drawn dowm
since 1976, and dewatered sediments are exposed on the banks of the
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Figure 2.
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creek. Avgilable data indicate that much of the continuing contamination
of the Kalamazoo River originates from these mill ponds.

~ Reach ! extends from Bryant Dam downstream to the confluence of
Portage Creek and the Kalamazoo River. This reach runs through the Citv
of Kalamazoo. Sediment samples taken from this reach indicate relatively
high levels of contamination.

Reach 2 extends from the Portage Creek confluence to Main Streec in
the City of Plainwell. This is an erosional zone, meaning that upstream
sediment would not be expected to deposit in this reach. Sediment
sampling in this reach has indicated relatively low levels of contamina-
tion. Hcwever, because of discharges from the Ralamazoo wastewater
treatment plant, the aquatic life in this reach is environmentally
stressed.

Reach 3 extends from Main Street in Plainwell Dam. Basically, this
reach is the former Plainwell Dam impoundment. While the dam was im-
pounded, large quantities of contaminated sediment were deposited behind
the dam, This dam was acquired bv the MDNR in 1966 and was drawm down in
the early 1970's. The historically deposited sediments were consequently,
exposed. The river has cut a channel dowm 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 also being eroded and are sloughing off into the river, a
process wnich releases additional PCBs. This same situation also exists
at the Otsego Dam (Reach 5) and the Trowbridge Dam (Reach 6).

Reach 4 extesnds from the Plainwell Dam to the Otsego City Dam (also
referred to as the Menasha Dam). This impoundment is heavily silted in
and is characterized by swampy, marshy conditions. This reach is oroba-
bly a depositional area during low flow and an erosional zone during
periods of high flow.

Reach 5 extends from the Otsego City Dam to the Otsego Dam. The
lower half of this reach is the former Otsego Dam impoundment. The
- situacion at this dam is the same as dascribed at che Plainwell Dam
(Reach 3). '

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

Reach 7 extends from the Trowbridge Dam to che Allegan citv limit.
This is a short, erosiomal reach upstream of the Allegan Citv Dam im-
poundment. No contaminated sediments would be expected to deposit in the
reach. )

Rezch 8 is basically the allegan City lJam impoundment. Larze
quantities of contaminated sediment have been deposited in this impound-
ment and will continue to be deposited. Anmalysis of core samples taken
in this impoundment indicates that the contamination extends to depths of
7-8 feet in the sediment.
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Reach 9 extends from the Allegan City Dam to the Allegan Dam.
Allegan Dam impounds Lake Allegan, the largest lake on the Kalamazoo
River. The sediments in Lake Allegan are contaminated, but not as highly
as those in Allegan City Dam. However, Lake Allegan has a large carp
populaticn, which continuously mixes and resuspends the sediment. Lake
Allegan receives sediment that is too fine to be deposited in the Allegan
City Dam impoundment or sediment that washes downstream when Allegan City
Dam is periodically drawn dowm.

Reach 10 extends from the Allegan Dam to the river's mouth near the
City of Saugatuck at Lake Michigan. This area is a wetland, character-
ized by marshy conditions. Although the sediments show very low levels
of PCB contamination, the PCB.levels are relatively high in the fish in
this area.

6.2 SUMMARY OF PCB DATA

Several studies have been conducted from 1971 to 1985 by the Michi-
gan Department of Natural Resources (MDNR) to assess the extent of PCB
contamination in the Kalamazoo River from Kalamazoo to Lake Michigan. A
summary of data compiled from these studies for sediments, water, ana

f£ish is presented in this chapter. A detailed listing of all samples can.

be found in Appendix B, Summary tables, which show annual averages for
PCB concentrations, can be found in the text. In this chaptar, data is
presented in units of parts per million (ppm), unless otherwise
specified. ,

6.2.1 PCBs in Sediments

For purposes of data representation, the study area was divided into
the 10 reaches described in Section 6.1. The 10 reaches, upstream to
dowvnstream are:
¢ Portage Creek: Bryant Dam to Confluence with Kalamazoo River -
Reach 1
Ralamazoo River: Portage Creek confluence to Main Street, Plainwell
- Reach 2
Ralamazoo River: Main Street, Plainwell to Plainwell Dam - Reach 3
Kalamazoo River: Plainwell Dam to Otsego City Daa - Reach 4
Kalamazoo River: Otsego City Dam to Otsego Dam - Reach 5
Kalamazoo River: Otsego Dam to Trowbridge Dam - Reach 6
Kalamazoo River: Trowbridge Dam to City Line of Allegan - Reach 7
Kalamazoo River: City Line of Allegan to Allegin City Dam - Reach 8
Kalamazoo River: Lake Allegan - Reach 9
Kalamazoo River: Allegan Dam to Saugatuck = Reach 10

® 0 0 0 0o ©® o o

The area of Bryvant Mill Ponds in Portage Creek was also included.

The sediment data, both surface and core samples, are presented bv
reach in Appendix B. This data was used to obtain annual average PCB
concentrations for the reaches from 1971 to 1985 (Tables 11, 12).

In Reaches 3, 5, and 6 (i.e., the draw down dams), the river channel
has eroded down through the PCB-contaminated sediments that now lie
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TARLE 11

AVERAGE PCB CONCENTRATIONS (ppm)
FOUND TN SURFACE SAMPLES (0-11)

Portage Creek ¥4 5
) , , Confluence K] Plainwell Ostego
[ Bryant 1 to Main Street Dam to City Dam
_ Mill Portage ‘ Main Street Plainwell to Ostego ; to
Year Ponds Creek Plainwell Plainwell Dam City Dam Ostego Dam
| 1971 - 116.0 (2)
{ .
b 1972 131.9 (5) 117.6 (1)
' 81976 36.8 (3) 9.0 (5) 5.1 (2) 66.6 (1)
1982 85.0 (1) 36.2 (4) 8.8 (2) 27.0 (1)
1983 191.4  (9) 12.6  (4) 19.9 (5)
1984 226.8 (4) 13.0 (1)
1985 183.0 (6) 16.5 (2)
1986 . 189.6 (15)

Eound




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

PAGE TWO _ !
18
¥ - City Line of
16 Trowbridge Dam Allegan :
Oatego Dawm to to City Line to Allegan 9 Allegan Dam
Year { Trowbridge Dam of Allegan ‘ City Dam __Lake Allegan to Saugatuck
1971
1972
1976 ' 0.0 (1) 24,7 () ' 10.8 (3)
g.l982 0.23 (11)
1983 28,9 (D) | - 16,6 (5)
1984
1985 ‘ : ' 5.0 (2) : 0.32 (21)

Note: Number in () indicates the number of aamples analyzed.
Note: For Bryant M11l]l Oibdsm Reacg #3, Reach #5 and Reach F6, only river bank samples were ueed for averages.
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TADLE 12
AVERAGE PCDB CONCENTRATIONS (ppm)
FOUND IN CORE SAMPLES
[
4
) #2
Portage Craek
Conlluence ”3
Bryant ” to Maln Streel,
Depth Ml Portage Maln Street, Plalnwell to
interval Year Ponds Creek . Plalawell Plalnwell Dam
0-2 1972 20.7 (12) .
0-2 1003 61.1 (5) 25.30 (5)
0-2 1004 0.40 (8)
2’-4 0.2% (9)
4'-6 0.15 (3)
6'-8° 0.22 (2)
8 0.14 (2)
0-2° 1985 13.00 (2)
-4 1.25 (2)
4-6 1.18 (2)
6-0

SR 1.01 (2)

[RRAT"
S |

4 5
Plainwell Dam  Otsego City Dam
to to
Otseno City Dam Otsego Dam
10.80 (10)
0.08 (1)
0.18 {2)
0.11 (2)
0.20 (1)

43.8 (2)
5.1 (2)
0.9 (1)
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TAmE 12 (con't) ) '
AVENAGE PCH CONCENTRATIONS (ppm) :

FOUND IN CORE SALGMLES :

PAGE TWO : : ~ \

0 .
" Clty Line of -
. #8 Trowbrldge Dam Allegan . 120
Depth ){sepo Dam to0 -to Clty Line of 1o Allegan ” Allegan Dam
interval s Yeoar Trowbrldge Dam Altegan Cl » Dam . _Lake Allegan 1o Saugatuck
1072
0-2' 1903 24.0 (5) : , 26.9 (5)
0-2 1004 . 23.1 (3) :
-4 ) 9.5 (4)
46 0.8 (4)
6'-8’ 0.6 (4)
>0 0.3 (4)
S 0-2 . 1008 1.0 (2) ' . 28.2 (4) _ 0.4 (2)
2-4° 3.6 (2) 26.0 (4)
4-6 2.6 (2) : $1.9 (2)
6 -0 1.2 (2) : 156.8 (2)
>8 0.9 (3)

Note: Numbaer in { ) Indicates the numbaer of samplos snalyzail.
. Thoe (0-2°) hiorval only Inchudos saimplos that woro dospe- than 4%,

= e




exposed ghove the river banks. The sediments within the confines of the
channel would thus be expected to exhibit much lower PCB concedtrations
than the exposed sediments, and would not be representative of the reach
conditions that are most important to the development and evaluation of
remedial actions for.the corresponding Plainwell, Otsego, and Trowbridge
Dam impoundments. Any instream sediment samples were thus ignored in the
computation of the average PCB concentrations given in Tables 1!l and 12.
For counsistency, a similar correction was made to the Brvant Mill Ponds
datz. even though relz=ively high concentrations were found 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 11 and 12, which are derived from the data presented in the tables
in Appendix B. A few basic conclusions can be drawn abour :zhe lavels of
PCB contamination for the entire Kalamazoo River studv 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 Bryant Mill Ponds and the Portage
Creek area (Reach 1). These two sections have shown a substantial number
of samples with PCB concentrations above the EPA "action level" of 50
ppm. An estimated 50 percent of the Bryant Mill Ponds data exceeded this
level, while 38 percent of the sediment data from Portage Creek exceeded
50 ppm.

Approximately 6 percent of the entire sediment data base of 244’
samples exceeded 50 ppm. A summarvy presenting the percent of sediment
data base exceeding 50 ppm for each area can be found in Table 13.

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

Brvant Mill Ponds

The sediment data base for this area contained the highest PCB
coucentrations of the entira studv area. Four surface samples taken at
Lower Bryant Mi1ll Pond had PCB levels well over 500 ppm, some of this
data being as recent as 1986. The overall average of PCBs found in
surface samples for a%l the vears combined was greater than 175 opm.

Most of the core samples taken throughout this area had somewhatr
lower concentrations than the surface sediments, but they were still
substanciallr 2igh. A ccre taken in Lower Bryant Pond in November 1983
had a PCB concentration of 212 ppm at a depth between 16 to 18 inches.
No cores were taken deeper than 2 feet, unlike in some of the other
reacnes; tnus the depcn of contaminants is difficul: :: determine. Tae
average PCB concentration of the cores for 1972 was 29.7 ppm, based on 12
samples, and the 1982 average was 51.] pom, bYased ou 5 cores. These
findings, along with cthe 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 study area.
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TABLE 13

SEDIMENT SAMPLES EXCEEDING
ACTION LEVELS OF 50 ppm

Bryant ¢ ' .
Mill Reach Reach Reach Reach Reach Reach Reach Reach Reach Reach -
Ponds f1 12 13 - 14 15 16 1 48 ‘49 110 Total

Number of ;
Samples ‘

50 ppm 26 3 2 1 1 1 k) 0 1 0 0 38
Total
Number of
Samples 52 8 11 43 7 18 42 1 15 13 34 244
Percent

50 ppm 502 K1} 4 182 27 142 5% 77 (1} 4 6% 0z (1} 4 162
Reach 1 Portage Creek

Reach 2: Portage Creek confluence to Main Street, Plainwell -

Reach 3: Main Street, Platnwell to Plainwell Dam

Reach 4: Plainwell Dam to Otsego City Dam

Reach 5: Otsego City Dam to Otsego Dam "
Reach 6: Otsego Dam to Trowbridge Dam 5)
Reach 7: Trowbridge Dam to City Line of Allegan ;i”
Reach 8: Cicty Line of Allegan to Allegan City Dam oy
Reach 9: lake Allegan o
Reach 10: Allegan Dam to Saugatuck “?1

Tae
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" Portage Creek - Reach 1

This reach 1s directly downstream of Bryant Mill Ponds; tderefore,
it was expected to be relatively highlv contaminated due to the contami-
nation from Bryant Mill Ponds. Rased only upon the average annual PCB
values found in the surface samples, the results zend to show 2z cdecline
in concentration throughout the wvears 1972 to 1983. However, the data
based is so small that trend analysis is not meaningful.

Based upon-the exact locations of the samples, the conclusion is not
the same, Most of the earlier samples (1972 and 1976) were taken toward
Bryant Mill Ponds (upstream) and resulted in rather high levels of PCBs.
The samples taken in 1983 reported lower concentrations, but were taken
in locations downstream toward the confluence of Portage Creek and the
Ralamazoo River.

Portage Creek Comfluence to Main 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; however, based on the
upstream~downstream location of each of the samples, some spatial distri-
bution :Tends seem to be apparent. All of the concentrations in the 1976
data were less than 15 ppm. The PCBs were distributed throughout the
entire reach. A change occurred in the 1982 and 1984 data. No longer
were the PCBs evenly distributed, but instead they seemed to be concen-
trated upstream near Michigan Avenue. A concentration of 57 prm was
reported at Michigan Avenue in the 1982 results. Downstream values at
D-Avenue and Coumerce Street were as low as 1.6 and 1.0 ppm. '

Main Street, Plainwell to Plainwell Dam - Reach 3

The suriace samples taken along Reach 3 (behind the Plaizwell Dam)
appeared to show a slight increase of contaminatiom from 1976 to 1983.
The concentration of PCBs in 1976 averaged 5.1 ppm, 8.8 pom in 1982 and
to 19.9 ppm in 1983, Ia general, the concentrations of PCBs found in
this area are relativelv low. The highest concentrations in surface
samples were found close to Plainwell Dam. In 1983, samples located 50
feet and 0.15 miles upstream of the dam had concentrations of 25.5 ppm
and 55.9 pom, respectively. This latzer sample was the only one found
cver the action level for this reach. -

lore samples werz wzken iz [9R7, 1984, and (9885, The zverages For
the core samples suggest that most of the contaminatiorn lies in the upper
2 feet of the dry sediments. Manv of the samples taken below ? feet
showed litctle contamination, most times in the range of | ppm or less.
The cores that did reveal higher levels of contamination were located
within | mile of the dam.

Plali.we.. Jam <o ~Tsego .1ty Dam - Reach 3

The data base Ior this reach is verv lizited. Only two surface
samples and one core sample were available for this reach. The two
surface samples, one taken 0.4 miles upstream of the dam and the other
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upstream, had an average concentration of 16.5 ppm. The core ( .
with many of the other core samples throughout the study area,

that the majority of the PCB contamination is located within -
2 feet of the sediment. “At a depth of 12 igches, the sample ’
level of 57.0 ppm, which'decreased to 5.9 ppm at 3 feet.
area that has been an active depositional zone, one would

: a large quantity of contaminated sediment has been deposited,

:mt sampling is required in this area to fully assess the
:ontamination.

Since

Dam to Otsego Dam -~ Reach 5

wo surface sediment samples were taken in this reach, both

r M=-89, The 1976 data point recorded a PCB level of 66.1 ppm,
382 sample found about 27.0 ppm.

mples have been taken throughout most of the reach.

ms found in the core samples were generally low. Based on

e data, the PCBs tended to increase in concentration upstream

m, toward the dam. The PCB levels for the 1984 in-stream

were less than 0.3 ppm for the enrire depth of the 7-foot
findings, along with the results from the surface samples,

the contamination in this reach is limited to the top 2 feet
:diment above the river channel.

The

: Trowbridge Dam - Reach §

ace samples avallable for this reach indicate that even as

the area had relatively high levels of PCB concentratioms. -
mples taken upstream of the dam had PCB levels over 60 ppm.
les taken in 1983, 1984, and 1985 indicate that the majority .
ire within the upvrermost 2 or 3 feet of exposed sediment : :
17 channel. Out of a cotal of 42 samples taken from this

»f the samples were above the action level of 50 ppm. '

‘ -
to Allegan Citv Line - Reach 7

g
.2 was taken in this reach at Bridge Street, and no PCBs -
ve the derection limit. The results of sample analysis R
sumption that this reach is free of PCB~contaminated ~ .
2 the reach is an erosional zome.
2e to Allegan City Dam - Reach 8 -
ice samples have been taken in this reach. 4 sample from ; - Lz
Route 40-89 had a PCB concentration of 24.67 pom. In e
zaken close to the same location onlv had 3.61 ppm. . . )
: i s
mples for this reach indicate that PCB concentrations '

1 in the deeper sediments. Relatively high levels of PCRs .
rera found throughoutz the core depths. One sample located ;
upstraam of the dam contained levels of 47.3 ppm at 0-2
t 5 feet; and 29.3 ppm at 7 feet.

These levels are high :
other areas of the river. ’
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Even though only one sample exceeded the 30 ppm level, four of the
other s es are very glose to the level and ranging from 45,5 to 47.3
ppm. Thess findings suggest that Reach 8 may be an area of particular
concern. %

Lake Allegan - Reach 9

Surface sediment samples from Lake Allegan were collected in 1976
and 1983. The 1976 data near Allegan Dam averaged 10.8 ppm. The 1983
dazz showed that througncur the lake, the PCB levels in surface sediments
(0-4") averaged about 16 ppm.

Overall, the PCB levels shcwed an increasing trend going upsiream
from the dam toward Route 40-89. Near Route 40-89 the lake widens and
the river velocity decreases. Sediments are likely to start depositing
near this area. Therefore, the increase in PCB concentrations upstream
to Route 40-89 is understandable. Upstream of Route 40-89, the river

channel narrows, the velocity increases, and the PCB concentrations in
the sediment decrease,

The core samples for this reach, taken in 1983, were composed of
thrae transects and three other cores. On an average, the PCB values
were approximately 15 ppm. Even though none of the data collected in
this area exceeded the action limit of 50 ppm, the levels found in manv
of the core intervals are high encugh to be of particular concern.

Allegan Dam to Saugatuck - Reach 10

Thirty-four surface sediment samples were collected throughout this
teach in 1982 and 1985. These data suggest that the Lower Ralamazoo
River sediments are relatively free of PCBs. The 1l surface samples from
1982 averaged (.23 -ppm, and the 1985 data averaged 0.32 ppm (21 samples).
The highest level recorded was 1.74 ppm at a location in the deepest part
of Ralamazoo Lake. The two core samples (4-6 inches) averaged 0.43 ppm.

Backg;ound: Morrow Pond and Monarch Mill Ponds

Morrow Pond and Monarch Mill Ponds serve as background data. Morrow
Pond is located on the Kalamazoo River upstream of the confluence of
Portage Creek. Reported PCB concentrations were below detection levels
in 1986 (less than 1.8-3.4 pom). Monmarch Mill Pomnds, located on Portage
Creek spé#tream of Cork Street, had PCB values of 0.71, 0.40, and 0.35 ppm
in 198&; and less than 1.8 and 2.3 ppm in 1986.

This background data helps to put the extent of PC3 contamination
into perspective relative to the other reaches of the Ralamazoo River
involved in the study.

6.2.3 Results and Tonclusions f£rom Previous Studies: PCBs in Sediments

The following conclusions were takem from various reports that have
been written over 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.
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"PC3 Suriey of the Ralamazoo River and Portage Creek in the Vicinitv
of the City of Ralamazoo,”"” (Lauer, 1973),

-= Bottou sediments in the upper and lower Bryant Mill Ponds
appear to act as a significant reservoir of PCBs for the
Portage Creek system. A layer of highly contaminated sedimeunt
probably 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 water. This increase in concentraticn was
probably due to contaminated sediments releasing PCBs into the
water.

== The effect of Portage Creek's PCB discharge to the Kalamazoo
River could have been somewhat masked by the proximity of the
Ralamazoo Wastewater Treatment Plant discharge, an additiomnal
historical source of PCBs. However, the discharge concentra-
tions of PCBs from Portage Creek were comsidered significarct.

"Sediment Samples from Proposed Otsego Hydroelectric Reservoir,”
(USFTWS, 1983). ,

‘==  Generally, samples showed heavy contamination bv Aroclor 1248
(PCB). The levels ranged from a low of 0.79 ppm to a high of

28.0 ppm. Deeper sediments were also heavily contaminated with
PCBs.

==  Exposure to the PCBs by aquatic biota can be expected if the
_sediments are reimpounded.

"A Survev of PCBs in the Kalamazoo River and Portage Creek Sedi-
ments, Kalamazoo to Lake Allegan," (Creal, 1983a).

-= PCB-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 Lower Bryant Mill Pond, Plainwell, and Trowbridge 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
consclidazed and easily erodible.

-— PCB contamination of apparentlv recent stream bank deposits in
Portage Creek indicated the continued downstream transport of
PCBs.

-~ The estimated mass of PCBs in the four areas, plus the Otsego
Dam impoundment, was 227,910 pounds. More than half of this
mass (132,000 pounds) was contained in the exposed sediments in
the Lower Bryant Mill Pond, Plainwell, Otsego, and Trowbridge
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-zdmpoundments. , The greatest in-stream mass of PCBs was found in
al"Lake Allegan, approximately 75,000 pounds.

°- "PCB. in Fish, Sediments and Water of the Lower Kalamazoo River and
Nearby Lake Michigan," (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 were
low but widespread throughout the study area.

- Indications that sufficient sediment contamination exists to
maintain high PCB concentrations in river 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
with fine sediments than with coarse sediments, and of the
fines, are more closely associated with clays than silts.,

-- The time required for the Ralamazoo River to be free of contam~-
ination, or before the fish consumption advisorv can be lifted,
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 frecm 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 Brvant Dam.
The concentrations found in Portage Creek downstream of Brvant Pond were
greatly elevated over background levels. In the Kalamazoo River above
Allegan Dam, concentrations generally increased from upstream to
downstream. The greatest concentrations were found in Reaches 8 and 9
irom the Allegan City Dam impoundment to Lake Aliegan). Below Allegan
Dam, concentrations dropped to lower levels. In general, concentrations
in the Ehlanazoo River were also elevated above background levels but
remainoi%lcss than values found in Portage Creek downstream of Bryant
Pond. S

6.2.5 PCBs in Fish
Carp and Bass Data

Since one obiective of this study 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 communitv. The
carp was chosen because it is easily available throughout the study area
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TABLE 14

SUMMARY TABLE
PCB CONCENTRATIONS IN WATER
(parts per trillion (ppt))

Sample location

Portage Creek

Cork Street
Alcott Street

Kalamazoo River

River Street
10th Street
Plainwell Dam
Farmer Street
Otsego Dam
26th Street
Williams Road
Route M-118
Allegan Dam
New Richmond
U.S. 31 Bridge
Old uU.S. 131 bridge
Saugatuck
Saugatuck

Upstream of Bryant Mill Ponds (background)
Reach 1 at Bryant Dam

Below Morrow Dam in Comstock (background)
Reach 3 above Plainwell Dam
Reach 4 below Plainwell Dam
Reach 5 below Otsego City Dam
Reach 6 helow Otsego Dam

Reach 7 below Trowbridge Dam
Reach B above Allegan City Dam
Reach 9 below Allegan City Dam
Reach 10 below Allegan Dam
Reach 10 town of New Richmond
Reach 10 town of Douglas

Reach 10 town of Douglas

Reach 10 river mouth

Reach 10 river mouth

Average PCH
Concentration

(ppt)

10
143

10
84
68
60
76
86
" 100
105
116
61
96

63.

54
40

. *
Year Reference
1985-7 MDNR
1985-7 MDNR
1985-7 MDNR
1985-7 MDNR
1985-6 MDNR
1985 MDNR
1985 MONR
1985 MDNR
1985 MDNR
1985-6 MDNR
1985-6 MDNR
1982 Horvath, 1984
1982 Horvath, 1984
1985-6 MDNR 3"
1982 llorvath, 1984 ,' -
1980 Marci, 1984 v -

.
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and because it represents bottom-feeding fish, which are likely to be in
contact with contaminated sediments. The bass represents predator
species and is a target species in the MDNR plan to rebuild the game
fishery in the study area.

The available data for these two species was compiled for five
locations in the study area and for ome location upstream of the study
area (Morrow Pond) where the fish consumption advisory does not apply,
excep: Zor caty; The five locations, upstream to downstream, are:

Portage Creek/Bryant Mill Pond
‘Mosel Avenue, Kalamazoo
Downstream of Plainwell Dam
Lake Allegan

Saugatuck

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 B. This
data was used to obtain average PCB concentratiomns 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. However, this trend must be
considered with several important qualifications. The following are some
limitations in the data, which should be considered when interpreting or
using the fish data.

° Other factors being equal, PCB concentration in fish will varv by

species. For example, PCB contamination is expected to be greater
in the boctom-feeding carp than in bass.

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

Some areas of the river have highly stressed enviromment owing to
industrial or water treatment plant discharges. Highlvy stressed
enviromments can affect the overall health of the fish, the size and
fat content of the fish, and thus possibly the PCB concentration in
the fish flesh. For example, when the environment is highly
stressed (as it is at Bryant Mill Ponds and Mosel Avenue), the fish
will tend to be relatively small and will have relatively low fat
content. Therefore, since PCBs accumulate in the fat, the PCB
concentration in those fish may be less than expected. On the other
hand, in a favorable environmment (such as Morrow Pond or Saugatuck),
the environmental conditions promote optimum fish growth. There-
fore, the fish grow relatively large, have relatively high fat
content, and may have higher PCB concentrations than expected.

61




[4:]

SUMMARY OF AVERAGE PCB CONCENTRATIONS FOR
CARP IN THE KALAMAZOO RIVER STUDY AREFA

TABLE 15

Mosel

Avenue

164.50

8.00

2.33

3.50

4.98

4.68

(1)
(1)

(18)
(1)
(19)

(20)

’ Morrow Portage Creek
Year Pond (Bryant Pond)
1971 5.07 (1) —
1976 2.10 (1) —~——
1978 —— ——
1981 1.71 (9) ——
1983 —- -—
1985 2.56 (20) 3.06 flﬂ)
1986 3.46 (20) 3.96 (21)
Note: Number in parentheses represents number of fish sampled,
Note: Al)l PCB concentrations are in mg/kg (ppm).

Downatream

Plainwell Dam

20.53

13.35

3.22
5.50

5.27

(2)
(2)

(6)

(y

(20)

(21)

Lake
Allegan

7.32

7.40

7.97

2.80

4.41

4.27

a)

(1)

(20)
3)

(19)
(81)

Saugatuck
45.40 (1)

36.00

110

6.58
8.50
3.59

3.78

(1)
3)

(1) .

(11)
(20)

19)
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TABLE 16

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

Morrow Portage Creek Mosel Downgtream Lake

Year Pond (Bryant Pond) Avenue ~ Plainwell Dam Allegan Saugatuck
1976 0.20 (1) -—— — o _— 2.40 (1) 34.10 (1)
1981 0.34 (29 —— 0.95 (3) 0.47 (1) 1.09 (9) 3.69 (9)

1985 1.28 (7) -— 1.69 (2) 3.28 (1) 2.79 (10) 1.33 (10)

Note: Number in parentheses represents number of fish sampled.
Note: All PCB concentrations are in mg/kg (ppm).
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itke Allegan, the carp population is stressed because of overpop-

.on. There is a competition for a limited food supply, and the
th of the fish 1s 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.

amples taken in the 1970's were primarily "screening” samples
zermine if a contamination problem existed. The fish collected
i to be the largest fish found and, thus, to represent

-case conditions. In contrast, the Zish samples taken in 1981
3183 were intended to represent the entire population of the

ed species. The variance within these samples made statisci-
ialysis difficult. Therefore, the 1985 and 1986 fish collec~
targeted a specific size range for carp and bass in an effort
..~2 sample variance, to standardize the exposure period, and
ow for more meaningful trend analysis.

effort to better define the trend in PCB concentrations in

vailable carp and bass data was examined statistically The
analysis method used was a non-parametric one-way analysis by
(Xruskal-Wallis 1952) as described by Comover (1980). All.
analyses were performed using a level of significance of

Feasibility Study (NUS, 1986), the statistical analyses were
1 age (size) restricted carp in an effort to standardize

i other facors. However, in 1986 the MDNR collected a large
of carp from lLake Allegan for PCB analysis (Creal, 1987). No
» was found between age (size) and PCB. Therefore, it was

iat the entire data base, where suitable, should be used for
analysis.

.table carp data base consisted of 1981, 1983, 1985, and 1986
1 Avenue, Plainwell Dam, Lake Allegan and Saugatuck, 1981,
6 data at Morrow Pond, and 1985 and 1986 data on Portage

s data base consisted of 1981 and !985 data at Morrow Pond,
and Saugatuck. The comvlete data bases are listed bv
ippendix B, ’

> PCB data base was examined for :emporal trends. No

rhange with time was found at the Morrow Pond, Plainwell,
Saugatuck or Portage Creek locatioms. However, the carp at

exhibited significant increase with time. This is presented

iderlined vears nct significancly different and vearly ™’

:oncentration in parentheses.
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1981 1983 1986 1985
= (2.33) (3.50) (4.68) (4.98)

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

Based on these temporal trands, it may be concluded that PCB
concentrations in fish are not declining, and , at selected locationms,
are exhibiting a statistically significant increase in PCB
concentrations.

The carp PCB data based was also examined for spatial tremds. No
significant differences by location were found for the 1983 and 1986 data
sets. However, significant differences by location were found for the
1981 and 1985 data sets. These results are presented below with
underlined locations not gignificantly different and location average PCB
concentration in parentheses: :

1981 MP MO PD SAUG 1A
(1.71) (2.33) (3.22) (6.58) (7.97)

1985 MP PCK SAUG LA MO PD
(2.56) (3.06) (3.59) (4.41) (4.98 (5.27)

Whers MP = Morrow Ponds, MO = Mosel Avenue, PD = Plainwell, LA = Lake
Allegan, SAUG = Saugatuck, and PCK = Portage Creek. Taken as a group,
these data indiczte some genaeral gpatfal trends. First, the Morrow Pond
carp PCB concentrations are consistently lower than the other four
Ralamazoo River locations. As a corollary, the four Kalamazoo River
stations (MO,PD,LA,SAUG) do not exhibit any spatial differentiacion in

PCB concentrations. This tremd is especially evident in the recent vears
(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:

1981 MP LA SAUG
(0.34) (1.09) (3.69)

1985 MP SaUG LA
(1.28) (1.33) (2.79)

Based on these results, a general conclusion mav be made that Morrow

- Pond bass are consistently, significantly lower in PCB concentrations
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than Lake Allegan bass, even though the Morrow Pond bass concentrations
have increased significantly over the 1981-85 period as previously
discussed. In general, this conclusion agrees with the carp spatial
ortentation in that Morrow Pond fish PCB concentrations were lower than
the other downstream Kalamazoo River locatioms.

Based upon the PCB data base results, selected fat data sets were
analyzed for trends. The Saugatuck and Mosel Avenue locations were
analyzed for temporal tremnds in carp fat concentrations. No significant
difference with time was found at Saugatuck, consistent with the PCB
results. However, the Mosel Avenue location exhibited significant
differences between vears. These results are presented below with
underlined years not significantly different and fat concentrations in
parenthesis: :

Mosel Ave 1985 1981 1983 1986
(1.97) (2.06) (2.3) (4. 1)

The fat results at Mosel Avenue are not comnsistent with the PCB results.
The 1985 PCB levels were siguiricantly greater than all years but 1986,
vet the fat level for 1985 was significantly lower than 1986. However,
the Mosel Avenue station has been environmentally stressed by the poor
water quality. 1In addition, fish may migrate into and out of this
condition. These factors may be causing a bias in these results and
thereby disrupting the usual relationship between PCB and fat levels.

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

1983 LA MO PD SAUG
’ (0.80) (2.30) (2.80) (5.60)

1085 , PCK 1A MP MO PD SAUG
: : (0.56) (1.58) (1.62) (1.92) (2.30) (5.56)

1986 PCK LA MP PD MO . SAUG
1.1) (1.3) (2.4) (2.8) (4.1 (5.1)

These results indicate some general trends. First, carp in different
sections of the river were exhibiting different levels of fat. The carp
at Saugatuck were consistently significantly fatter than most orher
locations. This was suspected based on visual observations during
collections as Saugatuck carp were distinctly larger than at other
locations. Second, Portage Creek 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 spacial
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trends with fat do not necessarily follow the PCB concentration trend.
aly due to varylog eavironmental exposure to PCBs.

(55

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 years (1981-1986) and,
at selected locations, fish avs exhibiting a sctatistically ’
significant increase in PCB concentratioms.

In general, Morrow Pond fish ?C3 concentrations were lower than the
other downstream Kalamazoo River locations.

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

Spatial trends with 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

G Lo : The following conclusions were taken from various reports that have
been written 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 Ralamazoo River.

° "Evaluation of the Aquatic Environment of the Kalamazoo River

Watershed," (May 1972) MDNR.

==  Concentrations ranged from 0.0l to 109.9 ppm in the edible
portions of fish tissue.

-—. Significant increases in PCBs occurred downstream from the
Battle Creek Wastewater Treatment Plant. An even greater

. lncrease was noted in the fish immediately downstream from the
“'City of Kalamazoo, and concentrations remained high throughout

;the remainder of the stations sampled.

-~ The data suggest that a very significant PCR contamination
problem exists in the Kalamazoo River Basin and that the
probable sources are within the cities of Battle Creek and
Kalamazoo.

"Contaminants in Kalamazoo River Fish" (MDNR, 1981).

=~  Survey of fish from Morrow Pond to the mouth of the Ralamazoo

: River found that the average PCB concentration for 169 fish
. - ' analyzed was 2.8 opm.
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-= Seventeen percent of the fish had concentrations greater than 5
ppm, the then current ¥DA "action level”; thirty-seven percent
were 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 Morrow Pond were relatively
PCB-free, Portage Creek, D-Avenue, Plainwell, and New Richmond
fish had slightly higher concentrations. Allegan, Douglas, and
Saugatuck samples had the highest concentrations.

"PCBs in Fish, Sediments, and Water of the Lower Kalamazoo River and
Nearby Lake Michigan,"”" Data from September 1981 study, by Horvath
(1984) . '

== It i3 probable that, even though no point sources exist, PCBs
are still entering the river. Specifically, a now defunct
deinking and recycling mill om Portage Creek is probably an
active nonpoint source from land runoff and lagoon leachate.

== The known history and distribution of PCBs in the river suggest
-that PCBs in the lower river have arrived, and continue ro
arrive, as a result of translocation from upstream.

=~ The PCB concentrations found in fish were reasonable compared
to those found in water and sediments. If water and sediment
concentrations remain stable, fish concentrations will also
remain stable.

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

"PCB and Mercury Concentratious in Carp from the Lower Kalamazoo
River" (Creal, 1983b).

== ' PCB concentrations in carp averaged 3.15 ppm at Mosel Avenue in
Kalamazoo, 5.5 ppm at Plainwell Dam, 2.8 ppm in Lake Allegan,
and 8.5 ppm at Saugatuck.

-~ The PCB concentrations in carp ranged from 0.88 ppm at
Plainwell Dam to 25.7 opm at Saugatuck.

--  Generally, the PCB concentratiocus in carp did not exhibit a
noticeable change between 1981 and 1983,

6.2.7 Summary and Conclusions

The following is a summarv of conclusions regarding PCB concentra=-
tions in the various media._ Only general conclusions have  been drawm
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

a}® of contamination. Core samples showed contamination down to
)¢ 2 feet. This is by far the most highly contaminated area
river within the limits of this study.

Pdffnge Creek (Reach 1) has shown moderats levels of contaminationm,
a fact which is likely due to contaminated sediment from Bryant Mill
Pond being deposited in the downstream reach.

Although Reach 2 is considered an erosional zone and is expected to
be relatively free of contamination, mecderate levels of PCBs have
been found in the upper portions of the reach. This is possiblv
because of lateral variations in the flow field caused by the
confluence of the Kalamazoo River and Portage Creek.

At the Plainwell Dam (Reach 3), contamination appears to be re-
gtricted to the sediment beds above the river channel, and at
relativelv low cincentratioms. 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 contaminationm.

At Otsego City Dam (Reach 4), contamination has been detected; E:
however, there is not enough data to draw reliable conclusions.

At Otsego Dam (Reach 5), surface and core samples have showm nodqx
ate levels of contamination down to a depth of 20™. Contamination

was detected mainly in the sediment above the river channcl. ,u

..-; -

enf Tl L]
At Trowbridge Dam (Reach 6), surface and-core<samples have. shown - ,
moderate levels of contamination down to a depth of approximately 2
feet., Contamination appears to be restrizted:tozthe sediment beds
above the river channel Little in—strean contamination; was

detected. : e : e e cneraad g ne
Reach 7 i3 an erosional zone and is not expected to show any contam-

ination. No detectable level of PCBs was found ima single sample
from this reach.

Although surface samples generally exhibit reIhtivnly_low BPCBax
concantrations, core samples at Allegan City :Dam (Resch &) -have
1nlicatcd moderately high levels of con:anination as-dnep -as~1s fest.

s~

P I 4

(&te levels of contamination have been dccccted tn bo:h-:urface

#ore samples from Lake Allegan (Reach 9). “PCB comcentraeicns
¥éFease with distance from the dam. This reflects the:typical

sediment deposition patterm of a large lake.

el g

A large number of sediment samples were takes in- Rnach*io 3 amd all

had levels PCB below 2 ppm. Therefore, it 13:reascnable-to assume ...

that the sediments below Allegan Dam have not been sigxnificantly
affected by the PCB contamination problem: - One possible  explanation

is that anv fine suspended sediment that does not sattis out:in Lake

Allegan would also likely ttav 1n solutioﬁ bslow the: dam. . ~::3

N i snirydivenar so saonoed
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Water
° The entire river system from Bryant Mill Ponds to Lake Michigan

-~ exhibits PCB concentrations in water that are significantly elevated
above background.

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

Downstream of the confluence of Portage Creek with the Kalamazoo
River, PCB concentrations in watar decrease due to dilutiom effects.

From Plainwell Dam downstream, PCB concentrations steadily increase
up to Allegan Dam, presumably resulting from increased contact with
contaminated sediments.

Downstream from Allegan Dam, PCB concentrations in water decrease.

Fish

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

In general, Morrow Pond fish PCB concentrations were lower than the
other downstream Kalamazoo River locatious.

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

6.3 DEVELOPMENT OF THE PCB MODEL. FOR THE KALAMAZOO RIVER

A steadv-state, one-dimensional PCB distribution model was developed
to simulate the PCB concentrations in the Kalamazoo River. The objective
of this modeling study was to evaluate the long-term effectiveness of
alternative remedial actions bv predicting the PCB distribution in
different reaches of the river with and without the action. Major
environmental processes and factors affecting the tramsport of PCBs in
the river, and the PCB exchange between water and sediment could he
computed based on the principle of mass conservatioum. :

Since tha objective of this modeling study was to evaluate the
long-term effects of different proposed remedial actions, in additiom to
the no-action alternative, the application of the governing equations was
approximated by a steady-state solution. That is, the time-dependent
terms representing the transient response of the concentrations of PCBs
and suspended solids to environmental factors were neglected. Tn 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 significant enough to justify the additional complication of
the model. The movement of bed sediment is relatively slow, when the bed
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material is cohesive, and the impoundments still existing in the river
system comstitute natural barriers to the continuous movement of bed 4
material. As a result, the exchange of PCB between water and sediment,
and the movement of PCBs and PCB-contaminated suspended solids within the
water column, are the major mechanisms affecting the downstream movement
of PCBs in this river system.

The available data base representing the average conditions of
chancel gecmetTy, river 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 the basic
concept and theory of the model, the calibration and verifica:zion of the
model, and the vesults of sensitivitv analvses of :the model parameters.
The model is then used to assess the raesponse of 2C3s in the siver system
under various proposed remedial actions. TFinally, the simulated
staady-state PCB concentrations in the water are used to determine the
consequent PCB concentrations in the fish, through the use of a biccon-
centration factor.

6.3.1 Development of the Model

The model developed in this feasibility study was selected by
considering the goal of the modeling study, the restrictions in the data
base, and the limitation of available time and budget. The mcdel was '
developed originally by NUS, reviewed by the MDNR, and then presented for
public review as part of the Ralamazoo River PCB Feasibility Study. The
mocdel is primarily used to compare the relative effectiveness of remedial
aczions. Tze accuracy of predicted PCB concentrations in water,
sediments, and fisn must be interpreted within the framework of data base
limitations and model simplification. The model is a steadv-state model,
which means it cannot provide the change in the simulated results with
time., Thus, the developed model was onlv used to simulate the lorg-term,
steady=-state concentrations of PCBs in water and sediment, as well as the
concentration of suspended sclids in :Ze water columm for the individual
r2aches as a result of the application of selected remedial actioms.

6.3.2 Processes Affecting PCR Distribution

PCBs are hydrophobic ard, therefore, have a stronmg affinity for
particulate materials such as sediments and suspended solids. PCBs are
also envirommentally stable, owing to their refractorv character and low
vapor pressure. Thus, their losses through biodegradation and volatil-
ization are relatively s_ow. - The long=-term equilibrium ?C8 c:oncentra=-
tions between water and sediments can be predictad by considering all the
major processes affecting the existence of sources and sinks of PCBs in
the river system and comsidering the jartitioning ¢ ?CBs hetween water
and sediments.

The one-dimensional civer svsz2z under study was spaciallv sagmencad
into control volume elements, or river reaches, along its length. Within
each reach two distines physical lavers were included. The water level
is located directly above the sediment laver. The maior sources of PC3s
for the water laver included the following: ‘
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Inflow of PCBe from the upstream reach
Deposition of PCBs from the atmosphere
Point sources of PCBs, including water discharges or sedfment influx
PCB benthic releases caused by turbulence or bioactivity
- 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 érocesses for the loss of PCBs from the water layer
included:

Qutflow of PCBs from the reach
Sectling of PCB-contaminated particles
PCB biodegradation

PCB volatilization

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

° Settling of the PCB-contaminated particles from the water column
° Point sources of PCB-contaminated sediments

The loss of PCBs from the sediment layer could occur because of:

PCB benthic Teleases

PCB diffusion between water and sediment

Suspension of PCB-contaminated sediment

PCB biodegradation

Sediment loss by permanent bed burial ({i.e. burial of the active
sediment layer)

Erosion of PCB-contaminated clavey materials at the river bed.

PCB-contamipated solids in the water 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 were
also included in the model as a dependent model variable in addition to
PCB concentration in water and sediment. Suspended solids were assumed
to be completely entrained with the average velocity of water and were
thus modciiﬂ like a water-soluble constituent. However, the concentra-
tion of suspended solids in the water laver could be affected bv parame-
ters such as-particle settling velocity, sediment suspension velocity,
and the clavey material erosion rate of the river bed. A schematic
diagram describing the wodel structure and all the processes mentioned
above is depicted in Figure 3.

6.3.3 Governing Equatioms

Based on the principle of mass conservation (i.e., mass balance) and
including all the processes delineated above, the one-dimensional trans-
port of PCBs may be described bv the following equatioms: .

72



EL

ATMOSPH
SPHERE VOLATIIZAVION

£OINY
LOADING

(Cw Q)in

.

POINTY
LOADING

ATMOSPHERIC
INPUTS

DB TAIBUTED
WATER DISCHARGE

7/

/ll'

[}
E WATER ‘
' rCe
—_ A
. SIODEGRADATION FiSH [><>'""mux:
! ADVECTION —————»
[}
i
ADSORPTION : DESOASTION
e
: SULHENDED, N
: mm " * 4
H
[]
[]
H €R0SI0N ORTARUTED
| 08 (Laviy SETING DiFIULION SEDMAENT sINTHK SE0MENT
MATEMALY l REIPENSION RELEALE DS CNARGE

Al
§ .
¥ © hOAR
BODECAADATION WATSL . PARTVIIONWG

SEDIMENT | S

|

PENMAANENT BUMIAL

Figure 3,

SCHEMATIC DIAGRAM OF MODEL
KALAMAZOO RIVER PCB STUDY

A\

\

~eRrsessrcsenncarcanne

—+= (CwQlon




d(Cw)(A) = = d(Cw)(Q) = (Qx)(Cw) .+ (Ra)(W) + (Rb) (Wp)
de dx

(Rr) (£ps) (p) (1-P) (Cs) (Wp) (1-fcs)
(D) (Wp) [ (C8) (1-P) (p) (fds) = (Cw)(fdw)]
(E)Y(Cs)(Wp) (fps) (fcs) + (0s)(Cp/L)

++ +

+

(Qsd,p)-(Cps) (£dw/L)
(8)(1-0) (fpw) (Cw) (W) = (K)(Cw) (fdw) (A) .
(Rr) (Rar) (Cw) (fdw) (A) @)

d{Cs.p.(1-P) .Asd] = (S)(1=0) (fpw) (Cw) (W) + (Qsd) (p) (Cps) (fpw/L)
dt

(D) (Wp) [(Cs) (1-P) (p) (fds) = (Cw) (fdw)]
(Rr) (£ps) (p) (1-P) (Cs) (Wp) (1-fcs)

(Rb) (Wp) - (K)(p)(1-P)(fds) (Cs) (Asd)

(B) (Cs) (£ps) (p) (1-P) (Wp) =~ (Cs)(Qsd,x) (p)

(E) (Cs) (Wp) (fps) (fcs) : ; ‘ (2)
d(Css.A) = = d(Css)(Q) - (Qx)(Css) - S(1-0)(Css) (W)
dt dx
+ Rr(p)(1-P) (Wp) (l=fcs)
+ E(Wp) (fes) : &)
fdw = 1 Ly (4)
1 + Css{kps(l=few)+Kpc(few) (10 7
fds = 1 o (5
1 + (1-P)plkps(1-fcs) + Kpe(fes)](10 )
fpw = l1-fdw ‘ : (6)
fps = 1-fds | @)
Ee Ek (T -1) : : (8)
Tc ‘ .
' 11 , ‘
T=1,271.10"", (A/Wb).sl {9)
. -6 1/2
o= 1—0.0108(d5°)/(d50-1.62.10 )va( T) = Vc] (10)
1000
v_ = 15.08(10%) ((p/10%)-1ya 112 (11)
c 50
where
Cw = PCB concentration in water ‘ (2/m3\
Cs s PCB concentration in sediment : (og/kg)
Css = concentration of suspeanded solids in water (mg/%)
Cp = PCB concentration in water from a point source (g/m7)
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Cps = PCB concentration in sediment from a point source (mg/kg)

Q = river flow rate 4 (m3/min)

Os = water discharge from a point source (m~/min)

Osd,p = sediment discharge from a point source (zémin)

A = cross-sectional area of the rteach (m™)

X = longitudinal distance along the river (m)

t = time (min)

W = average width of the reach (m)

Wo = yverted nerimeter of the reach (m)

~ = lzz3zh oI ctne reach (m%

Asd = cross-sectional area of the active sediment (m™)

‘ laver within the reach
B = sediment burial rate (related to loss in depth. (m/min)
of the active sediment laver bhv permanent burial) 3 3

P = porosity of the active sediment layer (m /3 )

= sediment density (g/m™)

S = average settling velocity of suspended solids (m/min)

D = benthic diffusion velocity of PCR (m/min)

Ra = atmospheric PCB fallout rate (g/m5/min)
Rb = PCB benthic release rate (related to loss in (g/m"/min)
depth of the active sediment layer by sediment :

resuspension)

Rr = sediment suspension velocity ' (m/mg?)

K = PCB first-order biodegradation rate at 20°C (min_l)

Kr = oxygen reaeration rate (min )
. Rar = reaeration coefficient ratio of PCB (unitless)
A fes = fraction of clayey materials in the sediment (unitless)

layer ,
fow = fraction of clayey materials in the water layer (ugitless)
kps = PCB partition coefficient for sand (m water)
107 g sed
kpc = PCB partition ¢oefficient for clayey materials (m“yater)
107g sed

dSO = mean particle size of the suspended solids (m}

Kv = kinematic viscosity of water (m”/hr)

Vc s critical shear velocity of suspended solids (a/ar)

o = probability of resuspension of suspended solids {unitless)

fds = fraction of dissolved PCB in sediment (unitless)

fos = fraction of adsorbed PCB in sediment (unitlesgs)
fdw = fraction of dissolved PCB in water (unitless)
fow = fraction of adsorbed PC3 in water (ugitless)

Qx = distributed water discharge along the reach (. /min=-a)

Qsd,x = distributed sediment discharge aleng the reach (m ;ad/min-m)

E = erosion rate of the cohesive bed materials (z/m;/min)

Ek = erosion rate comstant of the ¢ohesive bed (g/m” /min)

materials

T = shear stress of the flows (kz/m/hrz)

Te¢ = critical shear stress of the cohesive bed {kg/m/hr")

S = bed slope (fraction)

Dependent variables Cw, Cs, and Css contained in Eq (1) through (3)
. . are functions of time and distance. Descrintions of the terms included

in the governing equations are given in Table 17.
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TaBLE 17

OESCRIPTICN QF TEAMS IN GTVERNING s2UATICNS

Term

Cesgricticn

()

(2)

8.

(4)

(s

(8

(8)

(9

(10)

(11)

(CwA) 3ng
at
3{Cs 2{1-21-Asd]
at

ax

Ja- Lo

Ra-w

Rb-Wp
Rrtps-9(1-7)1-Cs-Wp+({1-/cs)

O-Wp-{Cs{1-?)-0-tds = Cw-tdw]

E-CsWe-fpsfes
Qs-Ca -
Qsd.p-Cas-f2w/L and

Csd.g-Castpw/l

S{1=3)faw-CwW l

Tims=-<egencdsant change ¢t mass of PC3 ser
“gmitTleagTT Wt -river in e water laver ang
sadiment layer, ressecvely,

Change of PC3 ccncantratien with distanca -
due to advecsion

Dlgzicn ot P2 5y disvritas disgharge c¢f
WET TG UMW TTYer

Atmaspheric fallout ¢t PC3

8enthic PC3 reisasas dus 0 distursanca c¢f ‘

botiom sadiment

PC3 incrsasa cue (¢ resuscansicn cf
csntaminated sadimant )

PC32 increasa/decrsasa cus ¢ PC2 ditfusien
betveen watsr c3iumn angd S8re watar within
sadimant layer

PC3 incresasa dus 3 ser3sicn cf  cigvey
matsriais

PC2 incraass due 10 point scurss discharge cf
Snaminated water ‘

PC3 increass due 3 gzoint lcacing of
‘eontaminated sadiment

PC3 decreass due to sattling of csnlaminatad
suspenced salids




previously. Although PCB and suspended solids concentratiomns can be
expected to vary within each segmented reach, only space-averaged concen-
trations are computaed to represent the average concentrations within each
Teach.

6.3.4 Model Input

The inputs to the model can be generally divided into two major
catagories based on their sources. Data such as channel zsometry, river
flows, water temperatures, seciment characteriscics, initial PCB concen-
trations in water and sediment, and the magnitude of PCB loadings into
each of the ten reaches wa2ve obtained Zr-m historical records and the
resuylts of field sampling and measur2ments conducted for this studv. The
otler categorv of input daca is cthat as:cciated with the coefficients or
parameters of the formulas or relationsnips used to describe the
PCB-related proc2sses in the rivar svstam, These values were determined
either chrough =mcdel calidrazzza or chzsugh the review of pertinent
literature. .

Data from the first category, which represents the average condition
of each reach under different flow rates, are listed in Appendix D.
Values for the following parameters, which are from the second categorv,
were determined through model calibration:

(a) Benthic diffusion velocity of PCBs (D)

(b) PCB benthic release rate (Rb)

(¢) Sediment suspension velocity (Rr)

(d) Average settling velocity of suspended solids (S)

(e) Erosion rate comstant of the cohesive bed materials (E )
(f) Critical shear stress of the cohesive bed macarials (Tc)

Benthic diffusion velocity is affected bv the relative PCB concen-
trations in water and sediment and the surface condition of their inter-
face. PCB benthic release rate is primarily affected by the activity of
zquatic organisms and the turbulence of <he Zlow. Sediment suspension
velocity depends on the size of the sadizmen:t par<icles, flow conditions,
and the shear forces at the bottom of the channel. Average settling
velocity of the suspended solids depends on the flow regime and the size
of the particles. The evossion rate constant and the cri=ical shear
stress of the cohesive bed materials are functions of clay content,
organic matter content, cation exchange capacity of the clay, sodium
adsorption ratio, water qualitv, and other phvsicochemizal characteris-
tics of the cohesive materials. The above description indicates that
parameters (D) and (Rb) are directly velated to the concentration of PCRs
in cthe water, while parameters Rr, S, E,, and Tc are directlv associated
«wi<h the concenzration of susvended solids which., ia turn, influences the
PC3 concentratisns in water and the distriduction of PCBs between water
and suspended solids. ‘

Acceptable values for Rr, S, , and Tc were developed by
sequentially modifying the values and compariag the measured and simulat-
ed concentration 3f suspended solids in the water column of each reach
until satisfactorv agreement between the measured and calculated values
were obtained. Values for D and Rb were then estimated in the same
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manner by comparing the measured and calculated PCB concentratioms in the
water and sediment for each individual reach. The calibrated values of
these parameters for each reach are shown in Table 18.

The sediment burial rate (decrease in depth of the active sediment
layer) was estimated based on the PCB core profiles sampled from che ,
river. Their values were found in the range of 1.4 x 10 ~ to 4.0 x 10
m/min in the Ralamazco River system. Volume fractionms of sediment in the
sediment layer were also obtained from :ge fie%d sampling results. Their
associated range was from 0.33 to 0.65 m“sed/m”. Atmospheric PCB fallout
rate was determined by using the atmospheric PCB flux to Lake Michigan
prgfan:edzby Doskevy and Andren (1981). The calculatad VE}Be wag 2.2 x
10 g/m"-min. An average PCB fallcut rate of 1.5 x 10 g/m " -min was
also reporcted by Nelson et al. (1972) for Nerch America. A method
proposed by Smith et al. (1979, 1980) was used to estimate the volatil-
ization of PCBs from the surface of the river. They indicated that the
PCB volatilization rate constant can be represented bv the product of the
oxygen reaeration rate and the reaeration coefficient ratio for PCBs.

The oxygen reaeration rate constant for the Kalamazoo River was
determined by using the relationship presented by Bennett and Rathbur

(1972). The calculated value, of tgf oxygen reaeration rate for the = i
Ralamazoo River was 9.8 x 10  min ~. The value of the reaeration -
coeificient ratio for PCB was calculated to be 0.33. This value was - «dFi.§
determined based on the chlorine content of each PCE isomer and the T
percentage of the isomers sampled in the Kalamazoo River by Mart§1(1984).

The resultant PCB volatilization rate comnstant is 3.3 x 10 wmin . 1In

equation (10), the probability of resuspension of suspended solids is a
function of the kinematic viscosity of wateg and the meag6particle size
of the suspended solids. Values of 0.005 m"/hr and 4x10 ~ meters were
selected to represent the average kinematic viscosity and mean particle
size, respectively.

Biodegradation of PCBs is greatly dependent on the chlorine contant
of chlorine number of the isomers, location of the chlorine substitution
on the rings, species and concentration of microorganisms 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 indicaced thact the biodesradation rates
for PCB isomers with a chlorine number greater than three were relatively
low, sometimes unmeasureable. Field sampling results reported by Marti
(1984) indicated that most PCB isomers in the Kalamazow River have
chlorine numbers greater than thrse. Therefore, the TCB first-order
bicdegradation rate was set to zero in this study. Use of the zero value
to represent the biodegradation of PC3s in the river sys:em is further
justified because the biodegradation rate of PCBs is also comcentration
dependent, and the concentrations of ?C3s and microorganisms in the
Ralamazoo iver svstem are generally low compared with laboratory
conditions. . ‘

The sorption of PCBs on sediment materials has beemn studied by manv
investigators, such as Steen, et al. (1978); Rarickhoff et al. (1979);
0'Connor and Connolly (1980); and Marti (1984). Field sampling results .
reported by Marti (1984) indicated that a representative part%tion
coefficient for total PCBs in the Kalamazoo River is 2.8 x 107, which is

. 80



18

Parsmelers
Farsmeiers

(s)
s {m/ain)

b)
(gll‘-nln)

(<)
{n/aln)

(d)
{m/uin)
)
(g/n’-uin)

(0)
{Kg/n-hr2)

Reach |
.20 8

1.0x10°10

"0.45x00"8

2.1m10°8
s.0n10°8

2.ux107

m. t 18

CALIBRATED VALUES OF MODEL PARAMEVERS FOR EACH REACH

Reach 2 Reach I Reach 4 Reach § fleach & Reach ? Resch 8 Reach 9 Nesch 10
2000 2oxi0 ¢ 22m0® 50008  2.ex0® 2608 poxie S z.oxio € s.oxiod
oxio !0 1 7x0°% 400 ®  gexr0® | 2.m0°%  0.7:0”! 0 2.2:10°8 [}
0.010°10  3.15x10°8  0.30x10° 10 420000 2,310 ax0 !0 g sa0®  6.010°?  0.85u0070
240 peao® amniod L ames 20008 2003 peaet a0 4 et
e.oxt0’®  s.om05  s.0x0°%  s.0010%  mon108  aswio® pemtoc!  powret  1.0x107Y
2.0u107 2.0x10’ 2ex10’  2.4x107 2.0n10' 2.8x107 20007 2ex10’  28:007

b
{ Wy
-

:

e o



the largest value in comparison with the other publighed data. Tge range
of published PCB partition coefficients was 3.4 x 107 to 2.8 x 10°. The

low value was adopted to represent the partition coefficient of sand, and
the high value was used for clayey materials in this study.

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

Sediment area to total drainage area ratios were estimated by using
the USGS quadrangle maps of the Ralamazoo River. The net annual increas-
es of suspended solids were 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 was determined from the surface sediment
data. Values of the parameters associated with 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 calibratiom, along with a
listing of input variables for the program, is presented in Appendix D.
The simulated results under the input data presented are considered to
represent the long-term distribution of PCBs in the Ralamazoo River
without imposing anv remedial actions (i.e., under the no-action alterna-
tive). Simulation of the possible respomse of PCBs in this river system
under the proposed remedial action alternmatives was then achieved through
the alteratiomn 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 Verification

The river system was segmented into ten reaches, in which the mean
concentrations of PC3s are the primary concern. The river segmentation
was based on counsiderations such as location of dams, point sources,
ri7er tributaries, existence of major sediment storage areas, and pocan-
tial future remedial actions. Descriptions of the reaches were presen:ed
in Seztiom 6.1.

Averaged data describing the mean channel geometrv, flow conditions,
and PCB concentrations was compiled for each reach. This set of data was
splic inco two different subsets. Subset ! contains the data for the
mounths of January to June, and Subset 2 includes the data.for July
cthrough December. Data from subset | was used to calibrate the model
until the assumed values of the model parameters were within a reasonable
range and the observed concentrations of PCBs and suspended solids in the
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TABLE 19

ESTIMATION OF POINT SEDIMENT LOADINGS

Reach . 3 4 £ 8 8 g
Upstream inflow 98s g8s 1,108 1,182 1.208 1.210
(cts)

Flow within the ges 1,1€8 1,182 1,183 1,210 1.247
raach (c’s)

Upstream inflow 7.2 22 8.5 11.8 11.0 14.3

syspendad sclids

(mg/) .

Suspended saiids 82 83 11.8 203 . 143 17.3

within thae reach

{mg/N)

Ratio: Sediment Area 8.8 3.8 1.2 3.5 100" 100"

%o Total Orainage

’ : : Area (%)

Point sediment 228 98 63 628 6.720 7.248
loading (g/min) '

8.0 16.8 1.8 18.8 11.5

Sl’l
n

Average PC3
conecentration

(ppm)

e 100% segiment lcading was assumed dua tC the sirong sediment resusgension
e aclvity of carps.



wvater vere satisfactorily reproduced bv the model results. The
parameters that were calibrated included:

® - Benthic diffusion veloecity of PCB (D)

° PCB benthic release rate (Rb)

° Sediment suspension velocity (decrease in depth o‘ the actlve
sediment layer) (Rr)
Average settling velocity of suspended solids (S)
Erosion rate constant of the cohesive bed materials (E, )
Critical shear stress of the cohesive bed materials (T¢)

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

The data of Subset 2 were then used to verify the performance of the
model after it was calibrated. The comparison of the simulated and

‘measured data resulting from model verification is listed in Table 2!.

Again, an excellent fit is obtained, particularly for PCBs in the water
column that is of critical importance to the predictiom of PCB
concentrations in fish.

This model is a steady-state, water-qualitv-oriented model. In other
words, it is only ‘applicable to those altermatives that can change the
strength of sources of PCBs or mass loading of PCBs rather tham 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. «When the current model is applied for
the evaluation of altermatives, the values of the six calibrated model
parameters will be held comstant.

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 concentration in the sediment does not represent the ulti-
mate steady=-state condition for the Falamazoo River. When the model was
being cal:ibruted, the governing equation used to descrihe the PCB ex-
change between watar and sediment should not have been a steadv-state
equation. The existing exchange processes are not under steady-stace,
and the existing PCB concentrations in the water and sediment do not
represent the long-term, steady-state condition. Therefore, a
semi~steady-state version of the model was developed in which the river
flow and upstresm PCB sources were assumed to be steady and not to varv
wizh time, whereas the PCB exchange processes between water 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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TABLE 20

-  CAUBRATED MODEL QUTPUT AND SAMPLED DATA
: KALAMAZOO RIVER

Total .

Resch Data* Suspended Solids PC8 in Water PC8 in Sediment
Number Scurce [PPM) (Pe8) (PPM)
1 S 18.0 0.136 20

M 14.6 ' 0.134 20
2 S 8.3 0.062 0.1
M 8.0 0.084 0.1
3 S 8.3 ) 0.083 0.8
M 83 0.0s8 0.488
4 S - 10.0 0.058 30
M 10.1 0.088 30
5 S 13.7 0.080Q 0.3
. L M 12.5 : 0.080 0.288 .
§ S * 20.2 0.079 , 2.0
M 211 Q.0739 1.38
7 S 18.0 ; ©0.091 8.1
M 18.6 0.089 0.088
8 S 15.7 0.ca4 21
M 10.0 0.137 21
] s 17.2 0.121 10
M 17.3 ' 0.120 9.6
10 s 15.5 " 0.054 0.2
M 13.8 0.057 , 0.18%

*S = Cata from MCNR Samples (January-June)
A"} = MQgel Resuits

PPM = Pars per million

PPE = Part per hillien
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TABLE 21

(MCOEL VERIFICATION)
KALAMAZOOQ RIVER

Total
Suspended Solids PCB in Water PC8 in Sediment

(PPM) lPﬂg\ (POMY
18.0 0.128 20
14.8 0.127 20
6.0 0.100 0.1
7.5 0.074 0.1
10.0 Q.083 Q.5
7.8 4080 08
8.0 0.081 30
10.2 0.387 30
10.0 0.073 0.3
18.1 0.070 0.238
20.3 0.084 2.0
2%.5 0.084 1.88
8.0 0.101 0.1
14.7 0.087 0.088
12.8 Q.107 21
7.3 ¢.170 21
17.3 0.138 10
18.1 0.123 9.28
12.3 0.058 0.2
1438 0.083 0.183

*S = Data fram MCNR Samples (July-Tecember)

M = Maocgsl Resuits
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result in parameter values . that more accurately represent the magnitude
of PCB exchange between water and sediment under current field condi-
tions. Th@ results of the model verification shown on Table 22 demon-
strate that the calibrated model does simulate the existing condition in
a well-behaved manner.

In order to prove that the current situation does not represent a
true steady-state condition, the complete steadv-state version of the
model was subsequently run using the following data as inputs: current
°CB inflow at tfie headwater, the existing PCB concentration in the
sediment, and the model parameter values determined from the model
calibration. The simulated lomg-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, the 2CE
concentrations in the water, even though lower than the current level,
will not be complete eliminated because of the constant PCB influent at
the headwaters. The developed model is a steady-state model; thus, the
use of the model to predict the time needed to approach this sczadv-sczace
level is impossible.

£.3.6 Sensitivity Analysis of Model Parameters

The PCB transport model developed in this study is a processes
controlled model. That is, the PCB concentrations in the water and
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 2quations 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 from laboratory or field measurements,
or from published literature. In addition, several parameters, such as
?C3 benthic release rate and benthic diffusion velocity, are highlv site
specific. Appropriate values of these parameters or constants are
decermined through model calibratZon based on the measured data. In
order to verify the values determined for the model parameters, a second
independent set of data is usually applied to verify or validate the
performance of the calibrated model. The prccedures of model calibracion
and verification, and their associated results can be found in Section
6.3.5. The obiectives of sensitivity analysis are to evaluate the
magnitude of the impact caused by an alteration of various model parame-
ter values and to determine the accuracv needed for the input data of che
model. The percent error in the model output that would be caused bv
inaccuracies in the calibrated model parameters can thus be evaluated
cthrough a sensitivity amnalysis.

A sengitivity analvsis, involving a series of model runs, was
serformed to> evaluate the effact =f paramezzr changes on simulation
results. Based on the experience obtained from the initial calibration
of this model and the understanding of the zheorv underlving the model,
the following model parameters or inputs were selected for sensitivicv
analysis:

° Settling velocity of suspended solids ($)
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TABLE 22

- . TRUE STEADY-STATE PC8 CONCENTRATICNS
UNDER THE GiVEN CURRENT CONDITIONS
KALAMAZOQ RIVER

Total
Reach Data* Suspencaed Solids PC3 in Water PC3 in Sediment
Nymter Sourca [PoM) (Pe8) (PO
1 o 15.0 0.138 20
P 14.8 - 0.129 0.008
2 ¢ 83 . 0.062 0.1
P 8.0 0.080 0.063
3 c 8.3 “ 0.088 0.5
P 8.3 0.048 i 0.0
4 c 10.0 0.056 30
P 10.1 0.038 0.0
5 c 13.7 ‘ 0.060 0.3
P 125 0.027 0.0
8 c 20.2 - 0.07% 2.0
P 211 0.022 - 0.0
7 c 16.0 | 0.081 0.1
P 15.5 0.013 , 0.0
8 c 15.7 0.084 21
P 10.0 0.048 0.53
s c 172 : 0.121 10
P 173 0.029 0.0
10 c 18.5 : 0.054 ‘ 0.2
\ P

13.8 . Q.0008 0.004

*C = Current condition
‘ P = Prediczad. steady-state resuits undsr current candition of PCS sgurces
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PCB benthic release rate (Rb)
Sedimant suspension velocity (Rr)
Benthic diffusion velocity of PCB (D)
Sediment burial velocity (B)

Critical shear stress for the cohesive bed materials (Tc)
Erosion rate conszant of the cohesive bed materlals (Ek)
Sediment density (p)

Mean particle size of the suspended solids (D

e o0 6 o o o0 0o o
4

50’

The measured/calibrated values of these parameters served as the
baseline for this analysis. Several model runs were performed for each
parameter with values greater than, and less than, the calibratad value.
As one parameter was changed, all others were kept constant. A change in
simulation results obtained from a change in the parameter value indicat-
ed the sansitivity of the model to the specific parameter. 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 water, and the total mass of PCBs contained in
the active sediment laver. The sensitivity results are displayed in
terms of percent parameter change versus the resulting percent change in
loading rate of PCB and suspended solids in the water, 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 slove, the more.
sensitive the corresponding parametars.

Through this sensitivity analysis, parameters such as settling
velocity of suspended solids, sediment suspension velocity, and benthic
release rate were found to have a direct effect on the PCB loading in the
water. However, even a 100 percent increase or decrease in thcse parame-
ters was found to cause less than a few percent change in the 7CB loading
in the water (with the exception of a 20 percent change associated with
settling velccity). The relative insensitivity of PCB concentration in
water to the assumed values of model parametars is important, since water
concentration is used in estimating the resultant levels of PCBs in fish.

Parameters such as sediment burial rate, settling velocizy cof
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 erosiom’
rate constant for the cohesive bed materials, and the settling velocitw
of suspended solids have a graat effect on the loading of suspended
solids in the water. Effects from the mean particle size of suspended
sollids are relatively small compared with the aforementioned parameters.

A sensitivizv analysis was also ccuducted to determine the errer or
uncertaincy of the simulated PCB concentrations for the Ralamazoo River
with respect to assumed 727 zondi<ions. Vndel innuts iacluding =he
values of model parameters/coefficients, headwater discharge, and sources
of PCB loadings were alrered within reasomable limits so .that the associ-
ated range of uncertainty of the simulated PCB concantraticns couli te

assessed. The model inputs contained in this analysis were:
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Upstream boundary PCB loading
Dissolved PCB point discharge
Upstream flow
B Upstream boundarv suspended solids loading
PCB contaminated point sediment discharge
Sediment burial rate
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Benthic diffusion velocity
Solids settling velocity
PCB benthic release rate
PCB first-order biodegradation rate
PCB partition coefficients
Erosion rate conscant of the cohesive clayev materials
Critical shear stress of the cohesive clayev materials

the field situation. The first-order biodegradation rate constant was
altered from the calibrated 0 min ‘ to 17° min ' for this sensitivity
analysis. Dissolved and sediment PCB loadings were varied from -1007 to
+100Z. The remaining model input parameters shown above were changed
from =507 to +50%. The simulated long-term, steady-state PCB
concentrations based on the calibrated/measured input were used as the
bhaseline condition. The magnitude of errors (i.e., the uncercaintv
range) of the simulated PCB conceantrations owing to the above changes in
model inputs is presented in Figures 13 and l4.

Results of this analysis indicate that PCB loadings have a large
impact on PC3 concentrations in the Kalamazoo River, with the upsrtream
PCB loading showing the most direct and significant effects; that is,
large errors in the estimation of the stremgth 27 773 sources would
induce high uncertainty in the simulation results. Therefore, the
identification of PCB sources and the determination of source strength
saould -e emphasized during any future study,

The sediment burial rate, sediment suspension velocity, suspended
solids settling velocity, and PC3 partition coefficients are the model
inputs that appear to have 2z smaller, yet measurable, impact on the
simulated results. Sediment burial rates used in this modeling study
were estimated hased on the PC3 cocre orofiles sampled from the river.
Additional core profilaes should be able to improve the accuracv of this
input data. Although partition coefficients used in this studv were

.cbtained fvom litsrature review, the higzh-range zand low-range values wars

individuclly sel::zad zo represent the partition of PC3Bs for clavev
materials and sznds. Their use was considered appropriate and reason-
able. Values of the two velocity parameters were determined =arough
model calibration. The validity of these values to reprasent :he exist-
ing condition can be ascertained from the grod agreesment between the
imulated and measured suspended solids concancratisns in the river.

In general, the results of this sensitivity analysis indicate the
relative importance of each parameter In the model. If the model is to
be applied for accurate gquantitative prediction, rather than for its
current use in evaluating the relative effecrtiveness of remedial alcerna-
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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.

6.3.7 Methods of Deteraining PCR3 Concentration in Fish

The level of PCBs remaining 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 biocaccumulation 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 concentratioms
in the water column and in the prev organisms, and thus indirectly in the
sediments. It also depends upon the feeding habits and metabolic activi-
ty of the fish., More specifically, the uptake of PCBs depends on the
feeding rate of the fish, the transfer rate of PCBs across the gill
surface, the species and weight/age of the fish, and the PCB concentra-
tions in the water and food sources. The amount of PCBs retained in the
fish tissue is affected by the assimilation efficiencies of the fish, the
metabolic pathways, and the respective excretion rates for PCBs., This
demonstrates the potential analytical complexity when one attempts to
comprehensively model the PCB concentration im various fish species.

The application of the concept of partitioning and the development
of food-chain models are the approaches most Zrequently used to determine
PCB concentration in fish. PCB particioning between water and fish is
represented by the magnitude of a partition coefficient describing the
relative distribuzion of PCBs between the fish and the water under
equiliorium conditions. The concept of partitioning has long been used
and was emphasized in the environmental modeling by Mackay and Paterson
(1981, 1982). The particion coeificient empirically combines all of the
effects resulting from numerous processes and factors, and indirectly
accounts for the magnitude of mass flow and the resultant distribution of
contaminant between the compartments in the system of interest. The
drawback of this approach 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 with a particular
environmental compartment. In cases wnere the evaluation of the relative
magnitude of the processes affecting the final contaminant discribution
between the compartments of the system is imperative, the partitioning
approach would not be recommended. :

It is known that PC3s can be transierred into the top predators
(i.e., the fish) througn either PCB uptake directly from water or PCB
accumulation through contaminated food sources. The relative importance
of these two mechanisms varies depending on the envirommencal conditicns
and the relative lccation of the predators on the trophic levels. Neelv
er al. (1974), Nesly /1379%, and Renaga {1980) raportad zhar the maxizum
contaminant concentration in fish can be estimated without comsidering
the accumulation dv the food-chain process. Both the concept of the
partition coefiicient or the simple model of direct uvtake from the wartar
were suggested bv these investigators. Similar conclusions were also
published by Scura and Theilacher (1977). »

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




different extents by the following authors: Gillett et al. (1974); Eill
et al. (1968); Lassiter et al. (1976); Haefner and Gillett (1976);
Norstrom et al. (1976); and Thomann (198l). According to the data
analvsis reported by Thomann and Comnolly (1984), PCB concentration in
the biomass increases as one proceeds up the food chain to the <z
predators. For example, lake trout PCB concentrations were found to be
the highest of the top predators. These authors generally favor the use
of food-chain modeling to determine the PCB concentration in fish rather
than adopting tfie parcition coefficiznt comcept.

As indicated previously, the concept of partirioning is a simple and
useful approach, especially when the ecosystem is assumed to be in an

equilibrated, stesady-state condition and che data availability is limic-
ed. Food-chain mcdels usually provide a more detailed simulation of the
PC3 mass distribution within the trophi: lavels of the ecosystem; RNowev-

r, their use is highly dependent on the quality and availan*]itv of the
measured data. The reason is that there are a number of model parame-
ters, such as PCB uptake rate, excretion rate, feeding rate, and assimi-
lation efficiency, that are highly site-, age-, and species-specific.
The determination of appropriate values in order to prcvide adeguate
model accuracy relies on a great deal of sampled daca. The decisiom to
use a food-chain model is also dependent on the cobiective of the studv.
Thomann (1984) stcated, "The issue of whether a sixztle calculatzion of
uptake of a chemical directly Zrom the water is sufficientc, relaces to
the degree to wnich such a calculation would actually reproduce observed
field data for important species such as the Lake Trout. If such a
calzculation does account for the observed data in the f£ield, then there
is 120 need for a model that includes a food chain component. If a simple
parcitioning calculation fails to reprcduce the obse*ved dzta, then the
principal feature of the food chain must be incliuded."

The partitioning coefficient concept was selected for this Zeasibil-
ity study for the foilowizg reasomns:
° Themann (1981) raported that the upver bound of the PC3 partition
coefficient determined from fish sampling in Lake Michigan is about
one order of magnitude greater than that determined from laboratorv
studies in which fish accumulated PCBs directly from water onlv.
Thcmann's prafzrence Zor food-chain zcdels would, <herafore, be
easily justified. However, the partition coefficient determined
f::m sample data ia the Ralamazco River is approximataly identical

nenoIms viTee sheszined from oz Tlow-through iquarium study (Teish oas
al 19 9). This situation indicates that the simple particion
coefficient calculation can be used 7 reproduce the Kalamazoo River
field data without resorting to a food-chain model. In other words.

the food=-chain aczumulaczizn effz2ct does 20t appear to be as signifi-
cant in the Kalamazoo River as it is in other natural water bodies.

Ligize . ot ItT : -~ 20 River was
cetarmined Srim Cil:_é fish-sampoing datz. Therelore, thz 73
uiate¥el =q:*a"*- :mm-ined In t:e fish tissue inherentlv accounted for

tne accumulatad PCBs resulting from the food chain in addition to
that resulting from direct uptake from water. As long as this field
partzition coefiicient is used, instead of laooratov"-ﬂe:e'ﬂ ned
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values, the effect of food-chain processes should be adeauately
accounted for.

The physical-chemical model developed for this study is a
steady-state model. Although the remedial acctions mav femporarilv
disTupt the current ecosystem in the river, a similar ecological
enviroument will eventually develop under long-term, steady~state
conditions. Therefore, the combined use of the simulated PCB
concentrations in water under steady-state conditioms, with the
partition coefficient determined from the existing ecosvstem, should
satisfactorily simulate future PCB concentrations in the fish of the
Kalamazoo River.

The existing data from the Xalamazoo River are not sufiicient €o
support the use of a steady-~srate food-chain model.

The partition coefficients for the Kalamazoo River were derived
after comparison of the water PCB concentratioms to the fish PC3
concentrations at each location where comparable data existed (Table 23).
There were six locations where this data was available - Morrow Pond,
Portage Creek, Mosel Avenue, Plainwell Dz~ ,downstream), Lake Allegan,

and Saugatuck. All locatioms except Mosel Avenue had data for both 1985
and 1984,

Partition coefficienrs were calculated for each location. There was
a large discrepancy in partition coefficients by location. The reason
for this discrepancy may be due to differing envirommental conditions at
each location. Morrow Pond and Lake Allegan are impoundments, while the
Portage Creek, Mosel Avenue and Plainwell Dam sites are riverine, with
Saugatuck a mixture of riverine/lake with access to Lake Michigan. 1In
addition to these differences, the fish at the Portage Creek, Mcsel
Avenue, Plainwell Dam and Lake Allegan locations are highlv scressed due
to poor environmental conditions. The biological communitias at these
locations are reflective of poor stream quality condiiions.

The presence of body fat in the laboratory analysis appears
reflective of these differing environmental conditions. As discussed in
Section 6.2.5, carp in different sections of the river were exhibiting
significantly different lev.ls of fat. The carp at Saugatuck were
consistently fatter and visually observed to be larger tham the other
fish collected. The carp at Portage Creek and Lake Allegan had less fat
and were visually smaller chan the other locations. These results are
likely due to the diffesrent envirommental conditions present - at
Saugatuck, water qualizv was good, while at the Portage Creek and Lake
Aliegan locaticns, water qualicy was poor.

In 1986, the MDNR collected a large number (8l) of carp from Lake
Allezzn for PC3 analvsis (Cre2l, 1987, The purvose of this collsction
was 3 define the wslacicnsnips dDetween Iish size, age, fan contaar and
PCB concentration. Strong linear velationships were Zfound between length
and weight (R? = 0.96), and fat and PCB (R? = 0.80). No relationship was
found between size and PCR or size and fat at this location.




TABLE 23
ESTIMATED PARTITION COEFFICIENTS
- WATER PCB CARP PCB BASS PCB PARTITION
LOCATION YEAR  CONCENTRATION  CONCENTRATION CONCENTRATION COEFFICIENT
. (PPM) (PPM) (PPM) CARP 3ASS

(fat normalized) (fat normalized)

MORROW POND 1985  0.000020 2.56 1.28 128000 64000
(1.60) (1.50)
1986  0.000014 3.46 - 247143 -
\ ' (1.48)
PORTAGE CREEK 1985  0.000172 3.06 - 17790 -
(5.1)
1986  0.000148 3.96 - 26757 -
‘ : (3.2) _ ,
- MOSEL AVE. 1986  0.000042 : 4.68 - 111428 -
-~ ) (].]4)
PLAINWELL DAM 1985  0.000055 5.27 4 - 95818 -
| (2.20)
1986  0.000068 4.13 ' - 60735 -
(1.48)
LAKE ALLEGAN 1985  0.000111 ‘ 1.4) 2.79 39730 25135
, (2.76) (3.07) |
1986  0.000116 4.27 . - . 36810 -
: (3.58) | \
SAURATICK 1985 J.2G0CS3 3.59 1.33 67736 25094
- - , © (0.66) ~ (1.36)
1986  0.000063 3.42 ' - 54236 -
, (0.62)




The relationship between PCB concentraticn and fat content is
expected since PCBs are lipophillic. Fat content in the fish also
appears to reflect and be responsive to differing envirommental
conditions in the study area. Therefore, a normalization of the PCB data
on 2 unic fat basis was persued. For each locatien, the fish PCB
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 was determined for each locatiom.

The resultant relationship is shown in Figure 15. A strong linear
relationship (R2 = 0.80) between water concentration and fat normalized
fish PCB concentration was found. This indicates that water
concentration can be used to predict fish PCB concentrations when
envirommental conditions are factored in by normalizing the fish PC3B
concentrations on a unit fat basis. Therefore, the relationship shown in
Figure 15 (fat normalized 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 various remedial actions. 1In
order to convert back to absolute PCB values, the fat normalized PCB
values were multiplied by the mean fat level found in the :i3503-86 Morrow
Pond fish. These values are considered representative of conditions
after water quality is restored in the Kalamazoo River and Portage Creek.
The fat values used for carp and bass were 2.0l and 0.83, respectively.

6.3.8 Summarv of the Model Attributes

In crder to study the tramsport of PC3s in the Kalamazoo River and
to estimate the magnitude of PCB concentration in the fishes of the river
under various remedial actiom altermatives, a mathematical modeling
approach has been selectad. Considering the availabilicvy and qualicy of
the existing data base, and the objectives of this study, the Ralamazece
River was conceptually simplified into a one-dimensional system. The
assumed river system was segmented into !0 reaches in which the river
characteristics were assumed to be uniform and different remedial actioms
were to be potentially applied. A one-dimensional steadv-state
mathematical model was, therefore, develoved and used o simulate chis
simplified river gsvstem for the evaluation of the long~term distribution
of PCBs in water and fish after the applicatisn of remedial alternatives.

The PCB transport equation was developec to include both the maior
mechanisms affecting the movement of PCBs within the river and the other
important processes associated with socurces and sinks of PCRs in the
river ecosvstem. These mechanisas were ccubined into the governing
equations for the conceptualized river svstem based on the princiole of
mass conservation. Advection is the only mechanism contained in the
governing equation that influences the longitudinal transport of PCBs in
water. The mechanism of dispersion was not incluvded because of the
assumpction of uniform PCB concentration distribution and the relativelv
uniform river flow within each reach. The other nrocesses affecting the
sources and sinks of PC3s include atmospheric 2C3 influx, volatilization
of PCBs, benthic release, settling of suspended solids, benthic diffu-
sion, resuspension of contaminated bottom sediment, permanent burial
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biodegradation of PCB, and point loadings of contaminaced water and
sediment,

These mechanisms were included based on the state-cf-the-art and the
current understanding concerning the transport and fate of PCBs in the
tiver system. The river ecosvstem was divided into two major
¢omparthents--the water column and the active sediment laver. Governing
equations for each individual compartment were derived based on the
assumptions and principles mentioned above to represent the transpert and
fate of PCBs within each reach of the river ecosvstem. The model algo-
rithms were established by incorporating the governing equations with the
simplified spatial design of the river svstem. Governing equations for
the ?C3 conceantrations within sach control veclume were solved by a
fourch-order Runge-Xutta method. Calculated concentrations were averaged
for all control volumes located withia each respective reach to determine
the corresponding uniform PCB concentration within that reach.

The governing equations were simplified bv neglecting the time
differentiation terms before being incorporated into the model algo-
rithms. As a resulc, the developed model can only simulate the
czaady-state equilibrated PCB distribution within the ecosystem of the
river under long-term conditions. The consequent inabilitv of the model
to simulate the dynamic variation of P73 c¢oncentration with time is the
most obvious disadvantage of this modei. In addition, sediment transport
associated wirh bed materials was not included in this modeling efiort
because the movement of bed materials is flow and time~depeundent. The .
assumption of a stagnant sediment laver at che bottom of the river
implies that the active sediment laver ac=zs onlv as one of the
sources/sinks for PC3s in the river svstem. The PCB concencration of the
sedipent laver is onlv a function of ?CB diffusion and rslease rates
berween water and sediment, as well as the suspension and settling of
sediment and suspended solids. The effect of horizontal sediment mcve-
ment and the change of depch of the active sediment laver with flow werTe
both neglected. This assumption is valid when the movement of bed
material is slow and the flow is steady.

In generzl, modeling studies can serve several purposes, including
the following:

(1) Serving as an analytical tool to predict future conditions if the
existing svsctem is lef: unal:zered ({.e., the no-action scenario).

(2) Retracing or raproducing possible nistorical condirions.
(3) Providing a coavenient, hands-on desizn tool.
(4) Comparing the relative effactiveness of management activities, or

the possible responses due to modifications of the syscem of
concern. '

(3) Replacing the real physical svstem with a miniature or a computer-
ized version, wnich can be conceptually manipulated. ‘
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(6) Helping to understand the properties of the physical system and thus
to identify critical data needs.

. The model developed for this feasibility studv was designed primari-
lv to satisfy purposes (1) and (4). The model can also serve to partial-
ly satisfiy purpose (5). It has been simplified to approximate the Iield
conditions by the use of appropriataly selected assumptions, as discussed
in previous sections. If those assumptions are eventually found to be
invalid f2r the-existing or future conditioms, the model concepts should
be reexamined or updated. In additiom, it is known that good field data
is one of the important factors affecting the successful development and
application of a model, especially for predictive purvoses. Therefore,
if more detailed design of the ramedial alteraatives is proiectad, the
develooment of an unsteady-state model and/or further field investiga-
tions may be necessary.

6.3.9 Comparison with Other 23 Mode..ng Scudias

Mathematical modeling has recently beccme a principal part of many
studies involving PC3 fate and transport in natural water systems.
Examples Iinclude a Zeasibility studvy of the Saginaw and Pine Rivers
(ECMPDR, 1983), the PCB-contaminated sediment cleanup proiect for the
South 3ranch cf the Shiawassee River (Rice et al., 1985), the faasibilict:
study of the Fudson River (Lawler, Matuskv, and Skelly, 1983), and the
remedial investigation and feasibility studv of New Bedford Barbor (NUS,
ongoing). Different types of models have been selected among these
studies primarily on the basis of study goals and the desired use of the
information procured from the model. The purpose of this section is to
comparz the aforementioned modeling efforts with the model developed for
this sctudv.

The feasibility study of the Saginaw and Pine Rivers (ECMPDR, 1983:
LTI, 1383) applied a time~dependent, completelv-mixed tox model. Simpli-
fied relationships or kinetics were used to individually represent the
major paysical and biological processes occurring in each box.  The
purpose of this model was to trace the change of PC3 mass within each
designated spatial box for various time frames. Although PCB mass was
the only dependent variable used in this model and temporal variabilircy
<as allcwed, the model was only int:arnded %7 orovide a long~term simula=-
tion. That is, instantanecus responses resulZing from a sudden stress or
human activizv on the 9ex (2.2.. 2 s%3tm event) could not be simulactad
chrough this mnodel. Therefswz, 22z =zzZ2l was zopliad nlw to foracase
the zeneral ctrends of PCBs _x: the water and fish on a long-term basis.
Tme approach is verv similar to the one used in the Ralamazco River stucwy
irom the viewpoint of simplifving che state-of-the-ar:t xnowledge concara-
ing the »nvsical and biological processes concrollicg che PC3/water
system. The model used for the Xalamazoo River includes the process of
advection, which was neglected in the Saginaw River model. 1In additionm,
tae model developed Ior the Kalamazoo River study was desizned ts compars
the relative effacziveness of ramedial alternatives under long-%arm
condizions. The decision to re:sin :ime-dependent teras-is za advantage
of the Saginaw River model. However, the Kalamazco River model was
tailored to be more appropriate to demonstrate the relative, long-term




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 Shiawassee River
is a finite-difference, one-dimensional, dymamic model. Most phvsical
and biological processes considered by the Kalamazoo River and Saginaw
River models are included. The major characteristic of the Shiawasee
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 were included. The purpose of developing this type of
model was to forecast the dynamic transport and distribution of PCBs in
<vater and sediment. Therefore, a simple sediment transport mechanism is
also contained in this model that was neglected in the Kalamazoo and
Saginaw River models. Generally speaking, the Shiawassee River model is
aore realistic and capable than the Kalamazoo and Saginaw River models.
However, it recuires a larger data base than was available for the other
studies. In addizion, even though the Shiawassee River model is more
.flexible than the Kalamazoo and Saginaw River models, it is not
appropriate for the long-term predictions important to the current study
due to both the res. .rements of using a larger time increment and
zaintaining model stabilitv.

{

The sediment transport model HEC-6, which contains the hydraulic
suLmodel HEC-2 together with a simple PCB inventory model, was used to
simulate the mass movement of PCBs in the Hudson River. HEC-2 uses
%inematic routing to simulaze the water surface profile. UHEC-6 then uses
the simulaced water elesvation and veloecicy profiles obtained from HEC-2
to simulate the scour and deposition of bed materials in the river. The
PCB inventory submodel is a simpiified mass conservation model compared
o the Xalamazoo and Saginaw River models. Its usage is dependent on the
aydrodynamic and sediment transport data input from HEC-6. Even though
HEC-2 and HEC-6 are one-dimensional models that would be expected to be
applicable to the flow conditions of the HAudson River, the lack of
current understanding of the processes controlling the behavior of
orzanic and fine materials in the sediment caused largze errors in calcu-
lating the sediment loading at intermedlate and low-flow conditions. The
simulation of PC3 loading for the Hudson River was consequently aifectad
Sy tte poor prediction of sediment dynamics under these conditioms. .

New Bedford Harbor, together with the adjacent Acushnet River
Istuary, constitutes a verv complicated hvdrodynamic svstem. In order to
yncerstand the behavior of this svstam from the hvdrodvnamic and
fosd-chain noint of wview, and to ultimatelyv predict the spatial and
temporal distribution of residual PCB bodv concentrations ip the aquatie
life afz2r the :mplementation of seleczad remedial aczions, the use of
more complicated models was deemed to be necessary. A modified version
Oof a dymamic, three-dimensional, finite-diZfersnce model, wnich can He
ased =o simulata water and sediment tTamnsport ia aatural water bodies,
and which considers the adsorption-desorption equilibrium of solute
Setween water and sediment, was selectad (Onishi and Trent, 1982). A
nodified version of a2 food chain model developed by Thomann (1981) was
concurrently selected to satisfv the goals of the project. This combina-
tion of models is more capable and versatile than the simplified models
mentioned above. It is expected that such models will better represent

s
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the field conditions and provide more definitive information omn critical
orocesses. Nevertheless,. this approach needs a comparatively large
amount of data to calibrate and validate the models, not to mention the
required time, budget, and sveclial expertise required. This study is
still proceeding. Thus, no results are available to test che reliability
of the detailed modeling approach.

6.4 REMEDIAL TECHNOLOGIZS AND ALTERNATIVES

In this section, a two-phased process 1is used to determine potential
remedial actions that may be implemented to address the PCB contamination
in the Ralamazoo River.

In Section 6.4.1, the potential technologies are screened to assess
their applicability to site conditioms. Each technology is briefly
described, and its adrantages, disadvantzges, and limi<zticns ave dis-
cussed. The goals of the technology screening are to select technologizas
that can provide effective methods to eliminate, contain, or minimize the
spread of the PCB contamination and to eliminate cbviously infeasible or
inappropriate technologies.

In Section 6.4.2, a number of remedial alternatives for each maijor
contaminatad area of the river are developed, based on technoloeies that
have passed the initial screening process. Each of the alternmatives is
described and evaluated with respect to its feasibility, time regquired

for implementation, and general cost comsideratioms.

In Section 6.4.3, an alternative summary table lists each alterna-
tive, approximats time required for implementation, and estimz<2d cost of
the altermative. Cost breakdowns Zor each alternative are provided in
Appendix E.

The enviroumental effects of each altermative are evaluated through
the uses of the mathematical model developed in Section 6.3. The model
results are presented in Section 6.5. Final selection of remedial
actions to address the PCB contamination in the Xalamazoo River will be
based on the results of the model and the consequent cost-effectiveness
of each alternative.

6.4,1 Screening of Technologies

-

The fz2llawi-~ -32hnologies were conzidzrad sctantialle -
for remediation of the Ralamazoo River PC3 nroblem. 4 azescripc
each iz providzi Ia this sectionm.

Channel Stsbilization

Sediment Cavoping

Carbon Adscrption

Excavation

Sediment Dredging

Disposal Ootions (on site, off site, incineracion)
Biological Degradation

Chemical Treatment (other than carbon adsorption)
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6.4,2 Chamnnel Stabilization o ~ *

Stabilization of river sediments to minimize erosion and sloughing
cari be achieved by the installation of properly designed linings.
Linings may be rigid, such as Portland cement or asphaltic concrete, or
flexible, such as vegetation or rock riprap. Another type of lining that
has been widely used in recent years is fabriform, which 1s formed by
injecting mortar into porous synthetic fabric forms.

Flexible Linings (Vegetation or Riprap)

Flexible linings are generally less expensive to install than rigid
linings and have self-healing cualities, which reduce maintenance costs.
They also permit infiltration and exfiltration, have a natural appear=-’
ance, especially after vegetation is established, and provide a filtering
media for runcif contaminants. Vegetative and rock riprap liners provide
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 Iiners.

Flexible linings have the disadvantage of being limited in the deoch
of flow that they can accommodate without erosion occurring. As a
result, the channel may provide a low capacity for a given
cross-sectional areas when compared to a rigid lining. Also, the un-
availabilicy of rock or the inability to establish vegetation may pre-
clude the use of flexible linings. :

When vegetation is chosen as the permanent channel lining, it may be
established by seeding or sodding. Sodding has been shown to be as
effective as established grass in preventing erosion. Therefore, sodding
provides the immediate protection of an established vegetative lining,
provided the installation is properly performed and gaps do not exist
between sod strips. Installation by seeding usually requires protection
by one of a variety of temporarv lining materials until the vegetation
becomes established. Temporary lining materials include straw, or
erosion mats made of paper yarm, fiberglass, or shredded wool.

When rock riprap is used, the need for an underlying filter material
must be evaluated. A proper’y designed filter blanket siould be used, as
necessary, to prevent leaching of the underlying soil through the riprap.
The filter material mav be either a granular filter blarket or plastic
filter cloch. , :

For purposes of safety, construction, maintenance, aad erosion
resistance. it is suggestad that channel side slcpes te kert as Zlat as
possible. Ideally, side slopes should be 3:1 or flatter for ercsion
re2sistance. Therefcra, areas that are being stabilized through the use
of flexible linings should be regraded when necessary to achieve sliopes
of 3:1 or flac:ar.

Rigid Linings (Concrete or Asvonalt)

When properly designed and constructed, rigid linings will prevent
erosion in steep or difficult channels where other linings cannot be
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used. They may also be used in areas where the channel width 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 thev provide 2 significant improvement in convevance .capacity, due
to low hydraulic resistance, and produce a high-flow velocitv.

However, rigid linings also have a number of inherent disadvantages.
They are expensive to construct and daintain, have an unnatural .
appearance, prevent or Treduce 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
destroved due to flow undercurting the lining, channel headcutting, or
unpalanced hvdrostatic pressure benind the channel walls or f{loors.

Racause of the inherent disadvantages associated with rigid linings,
flexible linings of erosiom-resistant vegetation and rock riprap shou-d
be used whenever feasible.

Fabriform

Introduced in the United States in the mid-196Q's, fabriform linings
have been widely used and accepted as an alternative erosion control
system. They are relatively easy to install, and, depending on the local
availability of other lining materials, can be more cost-erfective than
other types of linings.

Fabriform liners consist of a porous, synthetic, double-~layered
fabric into which concrete morzar has been injected and allowed to
harden. The result is a high-strength concrete enveloped in svnthetic

fabric bubbles. The Zabric has filter points in between the bubbles for
relief of uplift pressure. ‘

The fabriform combines some of -he advantages of both flexible and
rigid linings. Like flexible linings, fabriform allows infiltration and
exfiltration, provides a fil:éring media for runoff contaminants, and has
low maintenance costs. At the same time, fabriform provides the high
strength of rigid liners and can be installed in steep or difficult
crannels where flexible liners cannot be placed.

Choice of z channel lining should be made omn a site-specific basis.
In s~me casee. Zabriform can provide a cost-e:fectlve alternative to

conventional liners.

5.4.3 Sediment Capping

For the exposed sediments along the Kalamazoo River, capping mav be
used to reduce surface water infiltration, to isolate and contain PC3B
s2diments, zo contTc-l arosion Zue to surface water runotZ, and to nravent
the PCBs from leaching Irom the sediments. The actual process of capping
consists of covering the contaminated area with a laver or a svstem of
layers of natural soils, modified soils, and/or synthetic membranes.

113




Sediment capping may be effective for the areas behind the three
drawvndown dams of Trowbridge, Otsego, and Plainwell where contaminated
sediments on the river banks are exposed to erosion and sloughing. It
may also prove useful in the area behind the Otsego Citv Dam, but large
volumes of fill may be required to cover the marsh and low lving areas.

Pocential capping materials may include the following:

Clay

Other natural soils

Synthetic membranes

Admixed materials

Chemical sealants/stabilizers

Clay has been used extensively as a capping material, with positive
and reliable results. A well graded, compacted clay will not onlv resist
water infiltration, but will also act as a filter, absorbing small
amounts of leachate contaminants that may percolate through iz. However,
clay is susceptible to erosion and cracking; therefore, an overlying tov
soil layer with vegetation is required for protectiom. <Clay is also
potentially susceptible to degradation when in contact with certain
centaminants, but PCBs do not appear o present a problem of this nature.

, A soil cap counsisting of compacted natyral soils other than clay car
also be an effective means of covering the PCB sediments, reducing
infiltration rates, and reducing offsice transport of these hazardous
substances. Soil caps are similar to clay caps, but usually soil caps
are more permeable. A soll cap would also require a vegetative gover
for erosion protectionm.

Synthetic membranes have been used extensively as capping materials
with positive results. Most synthetic membranes can resist water perco-
lation, moisture, and chemicals. Disadvancages may exist with respect to
specialized installation and covering procedures, durability, costs,
burrowing animals, and extended exposure/deterioration. Like clavs,
synthetic membranes require careful grading, a protective top soil and
vegetation cover, and routine maintenance.

Admixed materials such as Portland cement, bituminous concrete, soil
cement, soil asvhalt, and Slown asphal: can de used to cover
PC3-contaminated sediments. Typically, these admixed materials can
provide a tight seal and a lower permeabilitv., However, thev usually are
expensive and require special handling and aopiication psrocedures. Mest
of these materials are susceptible to craciking due to weathering, frost
heave, and settlement, and require frequent aaintenance.

Chemical sealants and stabilizers such as cement, fly ash, lime,
soluble salts, and freeze-noint suppressants can be added to soils to
Iorn stronger and less permeable covers for PC3 contaminated sediments.
However, wnile these sediments and stabilizers produce a more rigid scil
cover, they also increase the potential Zor :zhe soils to crack.

Because of the inherent disadvantages of the admixed materials and
the chemical sealants and stabilizers, they will not be considered




further. For the purposes of this feasibility study, two types of caps
will be evaluated: a soil cap and an impermeable cap.

° Soil Cap

A soil cap would consist of 18 inches of a compacted natural soil,
with an overlying 6-inch layer of topsoil to support vegetatiom.
Vegetation can be established by either seeding or sodding as
srevicusly.discussed.

If properly designed, installed, and maintained, this type of cap
will be effective in controlling erosion, containing the PCB sedi-
ments, and reducing surface water infiltratiom by 25-50 percent.

Impermeable Cap

The impermeable cap would consist of a layer of compacted clay
and/or a synthetic membrane, a drainage layer of sand over the clay
or membrane, and a soil cover with vegetatiom om Zop. If a svmnthet-
ic memprane is used along, an underlying 6=-inch layer of sand is
required to relieve uplift pressure and to protect the membrTane.

If properly designed, installed, and maintained, this type of cap
will be effective in controliing erosion, contaiming the PCB sedi-
ments, and reducing surface water Infiltration by 90-100 percent.

Proper design should provide for long-term minimization of surface

. water infiltraction. This is generally accomplished through proper
grading, installation of drainage swalas, and other surfacsz water
diversion techniques. Also, the cap surface should be graded to
minimize erosion of the soil cover.

The effectiveness of the cap will depend on using proper construc-
tion techniques and high-qualitv construction materials. Insczalla-
ion of svnthetic liners mav be performed by qualified constructors
to ensurz proper placement and sealing procedures. Clay and soil

must be properly compacted to achieve their specified permeability,

Regular inspection and maintenance is rzquired to prevent excessive
erosion of the cover soil. ‘

6.4.4 Carbon Adsorption

Activated carben has been shown to adsord PC3s, bindiag them o zhe.
carbon particle and rendering them immobile. Activated carbon mav be
.sad in Tarious wavs s an Izmeciliziag agent. For example, activated
zarbon may be mixed wich contaminated sediment to act as a direct immo-
bilizing agent. EHewever, the useiulness of :this approach is limized
because the carbon cannot be apvlied in sizu. The cardon would =zave =3
Ye thorcugnly mixed with the sediment In oriar to be 2ffective. This
raquires that the sediment “e excavated and 3ixad wizh cardon at a
portable mixing station. This mixing technology would only be applicable
to the dewatered sediments at the three drawndown dams, where the sedi-

).
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ments are dry encugh 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. 1If 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 conjunction with onsite or offsice
disposal, would eliminate any long-term effects of the PC3s on the river.
Excavation is a standard technologvy frequently used on waste disposal
sites., If site conditions permit, excavation can be implemented using
common construction equipment and procedures.

Excavation must be evaluated on a site-specific basis since site
conditions can dictate the feasibility of excavation. 1In order to
accurately determine the fe=- bility of excavation in a particular area,
a site investigation would be required to determine arzal and vertical
extant of contamination, extent of excavation required, depth to water
table, soil characteristics, subsurface soil conditioms, and bearzng
capacity of the seoil.

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
° Otsego Dam 1,157,000 CY
° Trowbridge Dam 2,594,000 CY
° Brvant Mill Ponds 83,000 CY
° Otsego City Dam (upper reaches) 1,588,000 CY

These excavation volumes are gross estimates, since sufficient data
is not available to accurately estimace the depth and areal extent of
contamination. Excavation volumes may need to be revised based on the
tasults of further site investigations. In addition, field screening
during excavation activities will be required to provide the necessary
data to defire the exzant of contamination and to determine when target
cleanup levels have been achieved.

In general, relatively dry soil conditions are required for excava-
tion. The dried sediments along the river banks of the three drawn dcwm
dams (Plainwell, Otsego, and Trowbridge) present no problem in this
regard. However, the wet soil conditioms at Brvant Mill Ponds and Otsego
City Dam will make excavation mcre difficult. High-water-content soils
gererally have a low bearing capacity and will not support heavy con-
struction equipment. Temporary stream diversion or dewatering may be
required in some areas in order to facilitate the excavationm,

116




BRI eal Dt sl st de s D

One of the concerns associated with excavation is that large quanti-
ties of contaminated sediment may be released to tde river and washed
downstream. This situation can be controlled to some degree by using
sediment controls such as sedimentation basins, silt fences, and straw
bales. Hcwever, with large excavation projects in low-lying areas, 1t
will be difficult to control all of the sediment, particularlv during
storm events. ' '

6.4.5 Sediment-Dredging

For subaqueous sediments, dredging of the contaminated sediments is
the only feasible alternative available. The areas where dredging may be

feasible and their respective =2stimated dredging depths and volumes are:

Estimated Assumed

Dredging Dredgin
Area ' Volume Dench
Otsego Citv Dam (submerged areas) . 159,000 CY 3 feet
Allegan City Dam 2,823,000 CY 7 feet
Lake Allegan 2,752,000 CY 1 foot

At the Otsego City Dam, only the submerged areas can be dredged
using a hydraulic dredge. The silted in areas of the impoundment would
best be removed by drawing the dam down to dewater the sediments, and
then excavating with a dragline or backhoe.

Dredges may be classified as clamshell, bucket, dipper, and hydrau-
lic, as described below:

Clamshell dredges are most appropriate where the material to be excavated
is rock or hard material, or where the dredging operation is a consider-
able distance from the disposal area and hauling is required. With this
type of dredge, precduction is very low and the unit cost of materizl
excavated is very high. Clamshell dredges are not apprcoriate for the
Ralamazco River project.

Bucket dredges are used in shallow water and are especially adaptable to
trenching under water. & Sucket dradge Is actually a chain conveyor wict
buckets attached that dumr onto a zcnveyor belt. This type of operation
resuspends large quantities of sediment and, for this reason, is not
recommended for the Xalamazoo River.

Dipper dredges ar= comparable to land-based crawler shovels. Thev are
mainly used for large, hezvv rock excavatiocn, and would not be counsidered
zzoropriacza for dredging rTiver sedizents.,

Evdraulic dredges, available in manv sizes, are the most widelv used tvvoe
¢ dredge. Hvdraulic dredging is onlv feasible in areas where a Iloatiag
vessel can operate. They remove soil and sediment bv suction and pumping
through a discharge pipe. Size is determined by the amount of matsrial
to be moved or produc:zion desired. The type of material to be excavated
determines whether a cuttar head will be required on the end of the

zuc=ion line. A cutter head is used when material has to be loosened and
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cut up into small enough pieces to get ingo the suction line and flow
through the pipes to discharge. For a free-flowing material, such as sand
and gravel, no cutter head would be needed. The hydraulic dredge is
recommended for dredging the Kalamazoo River sediments.

From an environmental point of view, one of the mailor 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, which 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 will likely be dredged.

In evaluating the feasibility of a dredging operatiom, all compo-
nents of the dredging operation (dredging, spoil tramnsportation, 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 dispdsal facilities.

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

Selecting a Dredge

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

° The desire to minimize sediment resuspension and subsequent release

of PCBs to the enviromment. .

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

The compatibility of the dredge equipment with the type of material

to be dredged (predominantly silts, clays and sands in the Kalamazoo
River).

The desire to maximize slurry density in order to expedite solids
dewatering and to reduce the amount of decant water which mav
require treatment.

The desire for a high production rate, due to the large quantities
of material 2o be dredgeld.

The need for a land-based mobilization and operations statiom.

Added to these factors are rthe selection criteria imposed bv lecal

¢ite condirtions. Important selectionm criteria that will vary from site
to site include the following:

’ Maximum depth of the impoundment.
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+ Surface area of the impoundment,

Physical nature of material being dredged - e.g., consolidated
sludge or hard clay vs. loose sand and gravel.

Total volume of material to be dredged.

Distance over which material is to be pumped - proximi:y of spoil
isposal te or treatment facilizies.

Terminal elevation of discharge pipeline - contributes to total head
to be overcome by pumping; may require use of booster pumps.

Type and amount of aquatic vegetation or overgrowth iIn the impound-
ment - tree stumps may require special excavation; special cutting
attachments mav be needed f£or heavy weed growth.

Power source for dredge or pump systems; availability of electric
current.

Ease of access to impoundment.

Maximum size and weight limits for overland transportation of
equipment.

All these criteria must be considered before selection of a pumping
svstem and dredge vessel of the appropriate size, efficiency, and overall

‘capabilities can be made. It should be noted that the depth capability

of a unit may be increased by lowering the watar level of the
impoundment. |

Two optional techniques related to hvdraulic dredging include
centrifugal pumping systems and portable hvdraulic pipeline dredges.
Zach may have potentfal application to some areas of the Kalamazoo River,
and are described below.

Centrifugal Pumping Svstems: Centrifugal pumping systems utilize spe=-
cially designed centrifugal pumps that chop and cut heavy, viscous
material as pump suction 2sccurs. These submersible pumps are installed
on floating, winch-driven platforms that can quickly and economically
dredge small ponds or lagoons.

Yational Car Rental manufactures a swall za2:, zie Mul sz 27-310, the:z
utilizes a2 submerged pump mountad dFirsctlw deniad a horizontal auger,
which can handle sludges, or thick zuddy sediments. The horizontal auger
assembly can be tiltad to a 45° angle to accomrodates sloping sides of
inpoundments. The SP-810 can pump up to 1,000 gpm from depths up to 10
feet. This unit also has a decachable mud shield for greater suction
efficizney and zu:rbidicy contzol. T: is 2quisved with & deoch zage t:
monitor cutting depth. 7Two people are raquired to cperate :this ctrvpe orf
dredge, which is driven along a cable by a reversible winch, at average
operating speeds ¢ 8 to 1. feet per minute. This svstem is well suited
for overation in shallow waters and small rivers where fine-grained
sediment has to be dredged and turbidity is a problem. A slightly larger




unit, the Mud Cat MC-915, removes sediment in a 9-foot wide swath, 18
inches deep, at depths as great as 15 feet and as shallow as 21 inches.
This model discharges 1,500 gpm of slurrv with 10 to 30 percent solids
content. Depending ou site-specific conditions, this model can remove up
to 120 cubic yards of solids per hour. YVaughan-Maitlen Industries (VMI)
manufactures a line ¢f similar "mini-dredges™ that can remove up to 133
cubic yards of material per hour, at depths as great as 20 feet. These
types of dredges may be used in the Allegan City Dam impoundment and in
the river channel in the Otsego City Dam impoundment. :

These centrifugal pumping svstems are relatively small, portable units
and are ideal for small impoundment dredging where depths are less than
20 feer. Tor large impoundments that require greater operating deoths,
higher volume removal, higher pumping rates, and greater pumping distanc-
es, large (but still portable) dredge vessels are required.

Portable Hydrauliec Pipeline Svystams: TFor dredging in water greatar than
20 feet deep, the standard cutterhead dredge is required. This type of
dredge may be required for dredging some.portions of Lake Allegan.

Cutterhead pipeline dredges are widely used in the United States; they
are the basic tool of the private dredging industry. Cutterhead dredges
loosen and pick up bottom naterial and water, and discharge the mixture
through a float-supported speil pipeline to offsita treatment or disposal
areas. Portable cutterhead nipeline dredges are those small and.light : :
enough to be easily assembled and dismantled, and econemically trans- ’
ported to inland dredging sites. They are generally from 25 to 60 feet C
in length, with pump dischargze diamerars frcm § o 20 inches. This tvpe
of dredge moves forward by pivoting about on two rear-mounted spuds
(heavy vertical posts), which are alternataly anchored and raised. The
swing is controlled by winches pulling on cables anchored forward of the
dradge. The rotating cutzar on the end of the dredge ladder physically
excavates material ranging Irom light silts to consolidated sediments or
sludge, cucting a channel of variable width (depending on ladder lengch)
as the dredge advances.

For deep surface impoundments containing only soft, unconsolidatad botzom
materials, a variation of the standard cutterhead dredge-—the suction
pipeline dredge--can be used to dredge the impoundment. Suction dredges
are not equipped with cut<carheads or thev simply operate without
cutterhead rotation; they zerely suck the material and dilution water off
the botZom and, like most dradges, discharge the mixture through a
stern-mounted pipeline leading o a spoil disposal area. Ter most
cutternead dredges, iZ the iisposal sit2 is located mors tkan one=hal’
mile away over level terrain, booster pumps are reguired. .
Ellicott Machine Corporation and the Dixie Dredge Corporation manufacture
a3 diverse line of portable cutzarhead dredges that can pump as much as
1,000 cubic vards per hour of solids (based on 10 2o 20 percent solids bv
volume). Ellicott's "Dragon" series of portable dredges operate at
digging depths from 17 to 33 faec.

There are several other dredges that mav be applicable to surface im= ‘
poundment work. Waterless Dredging Companv is presentlv field-testing a



newly developed system in which the cutter and a submerged centrifugal
pump are edclosed withia a half-cylindrical shroud. The cutting blades
remove the material near the front of the cutterhead with minimal water
pick-up. The system has a reported capability of pumping industrial
sludges with solids contents of 30 to 50 percent by weight wich liczle
turbidity generatad. A slurry with a high solids content is very advan-
tageous because it saves time and expense in dewatering.

The Delta Dredge and Pump Corporation 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, low speed, reversible
cutters.

Controlling Turbidity

Increased turtidity can be expected during anv dredging overation;
therefore, sediment dispersal and subsequent release of PCBs to the
environmental will occur to some degree. Some techniques to control
turbidity ars discussed in the following paragraphs.

Sheet piling and double s:lt curzains are potemtially applicable
sediment dispersal control technologies. Sheet piling or silt curtains
would serve as sediment traps Zor any comstructicn-relatad sediment
release during dredging operacionms.

Saeet piling can be used to prevent the hydraulic transport of
bedload and near-bottom sediments or to impound water to promote the
settling of suspended solids. However, sediment transport can still take
place over the z2op of :he piling under weir flow condi:ziomns. The sus-
pended sediment in the upper water column may be effaccively zontained bv
silt curctains. However, since a silt curtain must be maintaized at least .
2 feet above the river bottom, contaminated sediments could pass beneath
the curtain. Therefore, sheet piling and siltc curtains used together,
may provide an effective cutoff barrier to trap suspended sediments.

When dra2dging an area Sehind a dam, silt curtains can be inszalled a: the
sluice gate or spillway to trap suspended sediments. The seleczion of
sheet piling or silt curtains as sediment dispersal controls is dependent
on the intended use wichin the Zramework of remedial action al:armatives.

Wizh most hvdraullic dredging, it has been generally concluded that
ettling of most sediments will take place in the immediate vicinisv cof

iredge., A silt curtain can provwide = ohvsizal Sarsiar 12 anv
ine-grained or organic materials that are resuspended. Tabrics have

een developed that will control sediments in the 0.5 mm and smaller
particle size range. The attachment of an absorbent material to the sil
curtaia would 3inder :the dispersal of any cily films :thar zav be generat-
ed during dredging operations and other comnstruction activicies, which
may be important since oils have a high affinitv for PCBs.

[
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In addision 20 standard downstream sediment cemtrols such as siltc
curzains 2v sheet piling, thers are certain procedures that all sediment
dredging cperations may follow to minimize streambed agication and
control turbidity. Where cutterhead dredges are being used, a reduction
in the speed of the spiral cutter (in tarms of revolutions per minute)




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

Another consideration for turbidity reduction is the timing of
dredging operations. Projects should be scheduled for periods of low
flow and dry, calm weather whenever possible. Natural stream turbidity
and current turbulence will be minimal at such times and will not
contribute to dredge-generated turbidity. Timely dredging also allovs
for easy visual monitoring of any dredge-generated turbidity.

When preparing 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 enviromment to ensure an
effective dredging operatiom.

Dredee Spoil Management

Contaminated dredge spoil management includes methods for dewater-
ing, transporting, storing, or dispesing ¢f contaminared sediments after
they have been dredged from the area of depositiom.

Because of a large volume of dredge spoil to be managed, it would be
cost-prohibitive to transport and dispose of the waste offsite. Also,
since the hydraulically dredged spoil will require dewatering anyway, a
spoil containment basin can serve both as a sedimentation (dewatering)
basin and as a long-term disposal site. Cell comstruction may be neces-
sary to implement this scenario.

Spoil contaimment basins can be formed by comstructing perimeter
berms or dikes around natural tovographic depressioms. Within the basin,
sedimentation is the principal process that functiomns to remove suspended
solids from the slurry sctream. The surface area and depth of the con-
tainment facilitv, the detention time, the rate at which the dredge pumps
into the basin, the solids content of the slurry, 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 fine particles can be somewhat improved with the use of coagulants
or polyelectrnlvres. )

Conventional svoil containment basins are comstructed with sluices
and overilows to release 2fZluent to natural watercourses in which
suspended solids concentrations are low enough to meet state or local
water quality criteria. If the effluent does not meet requirements for
PCB content, the efZluent may discharge to a secondary containment basin
for further treatment. A water treatment step may be required prior to
discharge back into the river to satisfy all water quality regulatioms.

Although PCBs are not highly soluble in water, protection of ground-

water from contamination by wacter draining from the dredge spoil mav be a
concern in the handling of this material. Dewatering and disposal
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facilities mav be redesigned so as to prevent the infiltration of contam- .
inated water into groundwater, This would involve the use of impermeable
liners, underdrains, and/or collection svstems.

The spoil containment facility can either be sized to serve as a
final disposal area for all of the dredged material, or it may be de-
signed as a temporary dewatering 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 Ic
transport to secured landfills or to a secondary containment basin for
permanent storage. » '

6.4.7 Disvosal Options (Onsite, Offsite, Incineratiom)

Quantities of contaminated sediments to be disposed for each area of
the river were 2s-imzted, based ct the ar23a and assume-d depth of contami-
nation. Estimated volumes for each area are as follows:

Assumed . Estimated Sediment
Area . Depth Volume for Disposal
Lake Allezzn 1 foot 2,752,000 CY
Trowbridgz Dam 3 feet 2,594,000 CY
Otsego Dam 3 feet . 1,157,000 C¥
Otsego City Dam 3 feet 1,747,000 CY
Plainmwell Dam 3 feet 523,000 CY
Allegan City Dam 7 feet : , 2,823,000 CY
Bryant Mill Ponds 3 feet 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 comnsolidazion tests
will be required to test this assumption. If contaminated sediment is
excavated or dredged from the river, it must be securelv dispcsed in
order to prevent future releases to the environment. Basicallv, there
are three options for disposal of PCB contaminated sediment that have
been dredged or excavated from the river.
® Offsite land disposal facility
Onsite land disposal facilirty

Tneinerztion

TZe most cost-z:IZzctive cisvosal option will depend on zhe zuantizw
of material to be disposed, :he PCB concentration of the material, and
the applicable regulations regarding disposal of the material. The
disposal of any material with a PCB concentration greater than 50 ppm is
regulated under the Toxic Substances Control Act (TSCA), as specified in
-0 77T R3rs TR AN, T-mdar T77Y. sediment contzining PR soncertraciosns
greater than 50 ppm must be disc.s<2g <i....- by land dispesal in a chemi-

cal waste landfill, or by incinerationm.
The first option, offsite land disposal, involves transporzing the

contaminated sediments byv truck or rail to the nearest approved landfill
that is permitted to accept the waste. The twvne of landfill that will be
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permitted to accept the waste will depend on the PCB concentration of the
waste. Sediment with less than 50 ppm PCBs may be disposed in any
landfill, provided the landfill will accept the waste. 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
Fondessy Landfill - Oregon, Ohio

Adams Center Landfill - Fort Wayne, Indiana

If the PCB concenctration in the sediment is greater tham 50 ppm, it
must be disposed by landfilling at an approved hazardous waste facility.
The three closest existing hazardous waste facilities and their respec-
tive approximate roundtrip distances from Kalamazoo are:

° CECOS Landfill - Cincinnati, Ohio ' 600 miles
e CECOS Landfill - Niagara Falls, New York 800 mil--
° SCA Landfill - Model City, New York 800 miles

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

The option of onsite disposal would involve comstruction of one or
more new disposal areas at or near the site. Again, the type of disposal
area required would depend on the PCB concentration of the contaminated
gsediment to be disposed. 1If the PCB 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 capred. 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 preveant future groundwater problems,

If the PC3 concentration is greater taan 50 pom, land disposal of
this material is regulated under the Toxi: Substances Control aAct (TSCA)Y,
and a chemical waste land disposal facility would have to be constructed
in compliance with the requirements of 4) C:R, Part 761.75. This tvpe of
facility requires an impermeable liner of clav or a synthetic membrane,
leachate collection, and groundwater zonitoring. The comstruction and
operation of a chemical waste landfill is a complex undertaking. This
option would only be cost-effective if a large quantity of waste exceed-
ing the SO pom critarion was required to be disposed.

The third option, and almecst certainlv the most expensive, would be
incineration. Incineration is a process that uses thermal oxidation to .
convert organic substances into a less bulky, inorganic material. This -
process will reduce the waste volume and will effectively destroy PCBs
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and any other organic contaminants found in the sediment. The use of a
commercial offsite incineration facility is unlikely at this time.
Potential facilicies have only limited treatment capacities and presently
have a large backlog of available capacity. Onsite incineration could be
implemented by the use of either a mobile incinerator, or.one or more
newlv-constructed incineration units built on sitce.

PCB incineration is regulzted under the Toxic Substances Control Act
(TSCA), and the-incinerator must comply with the Tequirements specifdied
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 (4) various other.
cverating orocedurss and requirements. The incinerator must be approved
oy the appropriate ZPA Regional Adminisczrator or the Assistant Adminis-
trator for pesticides and toxic substances.

Tor large volumes of waste, this is a very costlr and time-consuming
alternative. The incineration rate of even a large capacity incinerator
is much less than the average rate of dredging or excavation. Several
incinerators may be required, or material may have o be stored in a
temporary facilitvy. Construction, permitting, and operation of an
incineration unit is very costly and time-consuming. Since current
regulations do not require incineration of PCB contaminated sediments, it
would be difficul: to justify the expense of incineration, when more
cost-effective alcernmatives are availlable. In addition, the levels ~f
?C3s in the Xalamazoo River sediments are low rzlative to ocher PC2 sites
(e.g., New Bedford Harbor) for which incineration has been ruled out as a
ccst-effective altarnative. '

6.4.8 Bioloegical Degradation

PC3s can be biodegraded by biological agents such as bacteria that
use the PC3s as their sole source of carbon. However, only the lesser
chlorinatad »iphenvls are degraded rapidly. Since most PCBs in the
environment are a complex mixture of PCB isomers, this technolecgv has not
worked well in the past. Research is being conductad in an aczempt to
create microorzanisms capable of degrading all ?CBs. This technology
works best under aerobic conditions. In a2 sediment matrix, corn cobs are
sometimes used to add air space. Research has been conduczad on
croviding cacta2ria with a2 supply of nutrients and suffiicient air to
aaintain zeroblc condizions and enhance degradatiom of PC3s.
till under d2val:cmen: %nd “zs Ssen ztmrTohred o
use in only a few ZIPA ions; hcwever, this tachnologv is adranciag

ion process developed by DETOX
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This technolcgy is
-
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rapidly. Cne biodegrada ndustries in
Zcuston, T2xas, is rapidlv progressing toward Iull field application. It
should be tracke< as a potential PCB-destruction technology for selectad
areas in the avent that the remedial action schedule is delaved. Poten-
=izl uses 957 :2is c=2chncioegv weuld Se 1o situ :T2atment of Forzage Craek
sedizents, Jr :reatment ¢f dredge spoi-..




6.4.9 Chemical Treatment

Three processes in commercial use (Goodyear, Acurex, and Sun-Chio's
PCBX) have been used to chemically dechlorinate PCBs. All three
technologies involve the addition of alkalai metal organometallic
reagents such as sodium naphthalide 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 readilv applicable to sediments or soils.
To treat soil, solvent extraction would be required to remove PC3s 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 Ralamazoo River at this time.

6.4,10 Summary - Tecﬁnologg;Screeninz

In this section of the report, eight categories of technologies were
reviewed to assess their applicabilitv to the Kalamazoo River Site
conditions. Two of the technology categories (biological degradatiom and
chemical treatment) were not considered appropriate at this rime for the
Ralamazoo River. The remaining six categories were judged to be poten-
tially appropriate to the Kalamazoo River. They are the following:

1. Channel stabilization
° flexible lining
- vegetation
-— riprap
fabriform
2. Sediment Capping
° soil cap
impermeable cap
3. Carbon Adsorptiom
° mixing with sediments
liner for onsite disposal facility
4, Excavation
° front-end loader
° backhoe
° dragline
5. Sediment Dredging N
° hydraulic dredging
dredge spcil management
Turbidicv contcrol
6. Disvosal Opticns
less than 50 pom
- cnsite land disposal facilitcy
-— offsite land nlsnosal fac1;1Cy
greater than 50 ppm
-— offsite chemical waste landfill
—-— onsite chemical waste landfill
— onsite 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 toward mitigating the current
source of PCBs to the river - the existing contaminated sediments. By
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 will be focused only on those seven areas.

In this section, the potential alternactives 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 characteristiecs. All
areas in each category have similar site characteristies that call for

certain types of remedial action. The seven river areas are categorized
as follows: '

° Portage Creek/Brvant Mill Ponds

Drawn Down Dams

== Plainwell Dam
-- Otsego Dam

== Trowbridge Dam

Impounded Dams

~-- Otsego City Dam
== Allegan City Dam
~- Lake Allegan

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

v

° Description - A general description of the wvarious elements of the

proposed remedial altermative includiag the intended purpose and
function of the element, i.e., contaimment, diversion, removal, etc.
Any special site conditions or waste characteristics that may afiect
the periormance of the site remediation will be discussed.

Feasibility - The implementability or constructabilitv of the
remedial altermative will be assessed. Site conditions that mav
aZfect the implementability of the altermative will be discussed.

Time and Cost - A best estimatz of the time required for implementa-
tion of the remedial alternative will bSe given. Implementationm time
includes the time required for site investigation, design, and
implementation of the remedial alternarive. ETstimated construction
time will be based on the most likely construction schedule, taking
weather conditions and general construction problems into account.
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Major capital costs and anticipated operating and maintenance (0&M)
costs will be qualitatively discussed.

6.4711 Portage Creek/Brvant Miil Ponds

The Brvant Mill Ponds are cwo small, dewaterad mill ponds located on
Portage Creek, a tributary of the Kalamazoo River. The ponds are filled
with sediments, which are partially vegetated with naturally occurring
vegetation. The ponds have been drawmn down since 1976, and dried
sediments are exposed on the banks of the creek. Portage Creek has
eroded a channel through the sediments; however, contaminated sediments
are still present in the creek bed. The exposed sediments are subject to
erosion from storm runoff, and periodic inundacion during high river
flows. Current sources of PC3s result frcm erosion of the conctaminated
sediments, and movement of dissolved PCBs from the creek banks into the
water column.

Available data indicate that the PC3 concentrations in the sediments
in this area are the highest of the entire study area. The depth of
contaminated sediment 1is unknown. Core samples indicate that sediment at
the 24-inch deprn is highly contaminated, but no core samples were taken
deeper than 24 inches. For purposes of evaluating remedial alternatives,
the assumption 2as besn made that the depch of contaminated sadiment is 3
feet.

The areal extent of Bryant Mill Ponds is much smaller than anv of : .
the other dam areas. The area of even the smallest dam area, Plainwell, o
is seven times greatar than the area of 3ryant Mi{ll Ponds. Since this
area is relatively small and is a major source of PCB contamination, it
is a prime candidate for some type of remedial actiom.

Remedial actions for Bryant Mill Pond are currently being pursued through
litigation. The State of Michigan has filed a cowplaint in United Staces
District Court. The State seeks injunctive relief to abate and remedv
the release of PC3s into the environment. 3ecause remedial actions for
3ryant Mill Pond are being pursued through litigation, thev will not be
addressed in this document. :

£.4,12 Drawn Down Dams

The available data for the Plainwell, Otsego, and Trowbridge Dams
ndicate that the sediments behind cthese dams are not highlv contaminaced
Zative to other arzas of the river. Of the 103 samples taken in these
©ree areas, only > samples exceeded 50 ppm PCBs. Core samples in thesa

areas show very lintle, 17 anv, contamination below two feet deep. A
special analysis was perfcrmed om cores from Plainwell and Trowbridge
areas to confirm that deeper sediments were not contaminated with organic
compounds other than PCBs. No extraordinarv levels of anv of chese

compounds were detactad. The results are presented in Appendix 7.

The three dams were acguired bv the Michizan Departament of Natural
Resources in 1966, and were drawn down in the early 1970s due to their .
deteriorated condition. Dried sediment is presentlv exposed along the
river banks. The river has since cut a channel down through the
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contaminated sediments, which are now above the water level. Samples
taken from the river bed in these three areas are relatively clean, a
fact which indicates that the channel has ercded 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 additiomal PCBs. Periodic inundation of the dried
sediments may also release PCBs to the water column.

Dam removal is under progress at these three dams. If dam removal
is implemented, the river channel would ercde deeper into the sediment

and re-establish itself at a lower elevation. This would be a beneficial

effect, because the contaminated river banks sediments would be higher
above the river level. Provided that prover orecautions are taken, dam
ramoval will have nc adverse environmental eifects on the river. Proper
orecautions include 2xcavation of any contaminated sediment which may be
carried into the river as a result of dam removal. This includes
sediment directly behind the dam, and sediment along the river channel
which would slough into the river as a result of the channel eroding
deeper. Dam removal may be implemented alome, or in conjunction with any
of the elevated alternmatives. 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 2,5%4,000 CY
Otsego Dam 239 acres : 1,127,000 CY
?lainwell Dam 108 acres 523,000 CY

The following altermatives are being counsidered at the three drawm
dowvn dams: '

No actiomn

Channel lining and soil cap
Channel lining and dredged area
Channel lining and impermeable cap
Excavation and disposal

For the three alcermatives involving channel lining, the channel
lining has been used for long-term stabilizati-n of the river channel:
however, the channe! lining is opticnal. Costs for the nec channel lining
options are provided. If the no channel lining option is chosen, excava-
tion would still be required to cut the channel side slopes Sack 2o a2
more stable 3:1 slope. Also, long term moniczoring of the channel would
be required to detect river meandering or bank erosion, which mav require
a maintananc: Srogrzx 3 avoid large quanitiss of contaminacsd sediment
being added to the river. If meandering or bank ercsion is decaczad,
additional bank stabilization measures would then be implemented.

,¢
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6.4.12.1 Y¥No Action
Description

1f no action is taken, PCBs will continue to be gradually added to
the river enviromment via erosion and sloughing of the river btanks. The
environmental impact of taking no action will be evaluated by the mathe-
matical model.

6.4.12.2 Channel Lining and Soil Cap

Description

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

For the river chammel, a properlv designed riprap lining with an
underlying filter blanket of sand .ad filter fabric will be constructed.
If riprap is not locally available, a fabriform channel may be con-
structed. The river banks in the areas behind the three drawdown dams
are estimated to have 1:l side slopes, due to the manner in which they
were formed. Those slopes are much too steep to comnstruct a stable
channel lining. Depending ou the type of channel lining selected, the
slopes will have to be cut back to approximately 3:1. Therefore, some
dredging and/or excavation will be required to achieve the proper channel
cross-section. '

For the dried sediment beds, a soil cap, comsisting of an 18-inch
laver of soil and a 6-inch layer of vegetated topsoil, will be effective
in controlling ercsion. 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 lining and soil capping, when properly designed, installed,
and maintained, arr expected to eliminate erosion and subsequent release
of PCBs to the river enviromment at the three drawn dowmn dams. However,
some dissolved PCEs will still be carried into the water colummn from
rainwater infiltrating through the contaminated sediments and into the
river.

_As a variation of this altermative, the channel may be lined as
previcusly described; however, rather than placing a so0il cap over the
entire area, a layer of contaminated sediment approximately 3 feet deep
and 25 feet wide would be removed along both river banmks. Then a soil
cap would be installea in place of the removed sediment. This would
orovide a "dradged area" between the river and the contaminated
sediments. Thig "reduced"” soil cap is assumed to provide the same
environmental protection as the full soil cap, at less cost. However,
this may create ponding problems behind the dredged area. A cost for the

"reduced" soil cap (termed "dredged area") at the three drawndown dams
will be provided.
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Feasibilirty

This alternative is technically feasible and can be achieved using
standard counstruction methods. Prior to design, a site investization
will be required to determine soil characteristics, subsurface szil
conditions, and bearing capacity of the soil. Straw bales and/or silt
fencing should be used during construction to minimize the quanticy of
contaminated sediment that washes downstream.

) |
A

Time and Cost

These proiects would be quite large in areal extent, weould be
completed in phases, and mav take several vears *o complete. This
alternative would be the Isast costly remedia’l action considerz<d Zor the
three drawndown dams in this feasibility study.

Maintenance costs are expected to be minimal, and wculd include
annual or semi-annual inspections and periodic repairs, if necessarv,
Inspections following major storm events are also recommended. Repairs
may include regarding and/or revegetating portioms of the soil cap.

6.4.12.3 Channel Lining and Impermeable Cap

Description

This altermative is very similar to the previous one, in that
flexible linings are used to reduce erosion of the dried sediment beds
and in the channel. However, ins:tzad of using only a soil cover with
vegetation, an impermeable cap is used to csver the exposed sadiment
beds.

The impermeable cap would consist of a laver of compacted clav
and/or a synthetic membrane, a drainage layer of sand over zie clzy or
membrane, then a soil cover with vegetation. If a synthetic memtrane is
used, a 6-inch sand layer under the membrane is recommended to relieve
uplift pressure and to protect the membrane from puncture. Again, some
regrading may be necessary to prepare the surface for placement of the
cap. In the channel itself, a riprap liner or fabriic-m would de iz~
stalled, as described in the last alternative.

Sediment capring and channel lining, when properly desizned, ia=-
stalla24, and mainzzined, zrz2 expecctad 2 elizinarta erzsicn and subsaguent
Z2lzase ¢ PCZs ¢ Z.e environment. An impermeable sediment cap (as
opposed to a soil sediment cap) will provide the added benefi: of elimi-
nating rainwater infiltration through the sediment and the subsequent
leaching of 2CBs. A s0il car is expected to eliminate 350 percent of
rainwater infiltratiom, while the impermeable 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 clav in the
multimedia cap mav be difficult if the bearing capacity ¢f the scil on
the banks of the river is low. Also, a tremendous quantitv of clav is
required, which may not be available locally. 7Tn this case, a svrtheric
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liner is recommended, with an underlying é-inch blanket of sand to
protect the liner and to provide a flow zone for the release of any
excess water pressure.

- Time and Cost

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

This altermative 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 amnual or semi-annual
inspections and periodic repairs, if necessary. Repairs may include
regrading and/or revegetating portions of the impermeable cap.

6.4.12,4 Excavation and Onsite Disposal

Description

This alternative requires excavation of the dewatered, comntaminated
sediments on the river banks, and subsequent disposal. Since the PCB
concentrations in the sediments behind the three drawn down dams are
generally low (less than 30 ppm), the sediments would not be ragulated
under TSCA. Therefore, the TSCA requirement of disposal in a chemical
waste landfill or disposal by incineration does not apply.

Given the low PC3 concentrationms in the sediments, offsite disposal
or incineration would not be cost-effactive disvosal options. Some type
of onsite containment facility appears to be the most appropriate dispos-
al option for these sediments. The contaimment facility could be simply
a diked off area near the dam that would be filled with the contaminated
sediments and then capped with a soil cover.

A site investigation is required to determine the feasibility of
excavation. If excavation is determined to be feasible, the bearing
capacity of the soil and the haul distance required will dictate the trpe
of equipment used to excavate the sediments. In general, the lower the
bearing capacity of the soil, the more difficult the excavatiom.

If the bearing capacicty is too low =5 support even a small haul
tzuck, then a dragline, supvorted on a floating platform, must be used to
zove the material to Iirmer ground, where it could then be lcaded into
trucks with a front-end loader. The disadvantages cof this method are .
that the excavaring efficiencv is low because of intermediate material
handling time and because frequent setups are required. If the scil can
support a iront-end loader znd if the material is to be hauled more than
500 feet, the most efficient method would be excavation with a front-end
loader and direct loading into haul trucks, with no intermediate material
handling. . ’

If the material is zoing to be disposed of on site and does nct need
o be loaded into trucks, the best excavation equisment £o use would be
either dozers (haul distance 300) or scrapers (haul distance 300 to 3500
feet). Scrapers are both excavating and hauling devices. The bottom
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loading pan removes a layer of soil and then transports it to a transfer
station or disposal site. This method 1s very efficient; jowever,
relatively dry soil conditions are required for proper operationm.

A dozer 1s used to push the soil from one area to another. A 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 narrow areas. If soil conditions cannot support a standard dozer,
possibly a low ground-pressure dozer could be used. A low
ground-pressure dozer has wider tracks and a louger 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 contrels such as sedimentation basins, silt fences, and
straw bales mav be required during excavation. However, with a large
excavation in a low-lying area, it will be very difficult to control
erosion, particularly during storm events. Large quantities of contami-
nated sediment may be released to the river and washed downstream. After
excavation, the excavated area would be regraded and revegetated to
reduce erosion.

Feasibility

The feasibilicty 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 invéstigation would be required to
determine the depth of contaminationm, the extent of excavation required,
the depth to the watar table, the soll characteristics, bearing capacity
of the soil, and subsurface soil condicions Zsr each area.

Preliminary analysis indicates that omnsite disposal, if feasible,
would be the best option for dispesal in these areas. "Although offsite

disposal may be feasible, it would be less cost-effective and may not bhe

practical, given the low PCB concentrations in the sediments. The
feasibility of onsite disposal would depend on the availability of a
suitable location for a disposal facility at each of the areas.

Time and Cost

There is insufficient site data at these three areas to estimate the
‘time period required for excavation of the sediments. The rate of
excavation is a funccion of the excavation method, which cannot be
determined until site investigations are completed. However, these
projects are quite extensive and could take gseveral years to complete.
The cost of the excavation altermatives would be much higher than the
channel lining and sediment capping alternatives.

6.4.13 Impounded Dams

The three dams that are currently impounded in the lower Kal_amazoo
River zve the Otsege Ciz Zam (also called the Menasha Dam), the Allegan
City Jam (also callea .mperiai Carving Lam), anc the Caixias Dam (Lake
Allegan). '
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There i3 not much sediment PCB data available for the Otsego City
Dam. The highest concentrations found were 25.1 p$m 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 2o
be 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 2.26 to 24.67 ppm.
Five core samples, (4 to 16 inches in depth), ranged from 13.90 to 41.70
pru. The highest PCB concentrations are found in the upper reaches of
the lake, where much -’ the sediment depasition takes place.

The alternatives being considered for the impounded dams are:

No Action

Dredging and/or excavation, and upland disposal

Channel dredging, channel lining, and soil cap (Otsego City Dam)
Channel dredging, channel lining, and impermeablercapA(Otsego Cicy
Dam)

The two latter options are being considered only for the Otsego Cicv
Dam. The Otsego City Dam impoundment is heavily silted in and is charac-
terized by swampy couditions, particularly in the upper reaches. At this
impoundment, hydraulic dredging would only be feasible in the channel,
where a floating vessel can operate.

6.4,13.1 YNo Actiom

No action may possibly be a viable opticn for the impounded dams,
particularly if upstream sources are remediated. If upstream sources of
PCBs are remediated, eventually, onlv "clean" sediments will be carried
downstream. Since the impounded dams are depositional areas, the contam-
inated sediments will then be covered up by "clean" sedimencs, and
essentially isolated from the aquatic ecosvstem. This altermative will
be evaluated by the mathem:z-ical model.

6.4.13.2 Dredging and/or Excavatiom, and Upland Disposal

Description

Predging is the technique used for removing subaqueous sediments.
This is the onlv feasible alternative available for Lake Allegan.
Hydraulic dredging was selected as the most appropriate dredging tech-
dique for the XKalamazoo River. .

The channel of the Otsego City Dam impoundment mav be dredged using
a nvdraulic dredge, but the silted-in sediment areas would best be
removed dy drawing the dam down to dewater the sediments, and then
excavating with a dragline or backhoe. This technique may ‘also be usad
in the Allegan City Dam impoundment.
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A feasibility and cost study of the Allegan City Dam 1is required to
determine whether dredging or excavation 1is the most costyeffective
removal technique. For large volumes of material, the unit cost of
mechanical excavation is greater than the uniz cost for dredging.
However, the cost for material handling will bSe less for mechanical
excavation than fcr dredging, since the expense of spoil wmanagement and
dewatering will be reduced,

Listed below are the areas where dredging or excavation may 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 Depth
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 1,747,000 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
option. Offsite disposal and incineration will be cost-p»rchibitive and
will not be considered at this time. Also, available data indicate that
the PCB concentrations are generally less than 50 ppm in these areas;

~therefore, there are no regulatory requirements that call for disposal in
a chemical waste landfill.

Feasibility

The overall feasibility of dredging in each area and the most
technically and economically effective strategv to manaze the dradge
spoil removed from each site will depend on the following factors:

° Volume of materials to be dredged.

Physical characteristics of dredge spoil (water content, grain-size
distribution).

Proximity of available land area for comstruction of spoil
containmenc/disposal Facilities.

. Tvpe and amount of aquatic vegetation; tree stumps may reguire
‘'special excavation, special cutting attachments for heavv weed
growth.

-

Terminal elevartion and length of discharge sipeline; wmay necessizate
use of bocst:il _umps.

Power source for dredge and pump svstem; availability of electric
current. '

Ease of access to impoundment.
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° Maximum size and weight limits for overland franspo:tation.

Most potential problems can be overcome if enough money is spent.
However, the limiting factor may be the availabilitv of enough land in
proximity to the site to accommodate spoill .containment facilities.

With any dredging operation, sediment dispersal and increased
turbidity can be expected, and subsequent release of PCBs to the environ-
mental will occur to some degree,

Even if dredging is donme carefully and systematically, not all of
the PCBs will be removed. A carefully planned and executed dredging
operation can be expectaed to remove 70 to 90 percent of the
PCB-contaminated sedimencs.

The overall feasibility of excavating the dewatered sediments of the
Otsego City or Allegan City Dams will be affected by the following
factors. '

Volume of sediment to be excavated )

Physical characteristics of sediment, 2.,.th to water table
Bearing capacity of soil, subsurface soil conditicnms

Proximicy of available land for containment/disposal facilities

e o o o

Sediment controls, such as sedimentation basins, silt fences, or
straw bales will be required during excavation to control erosionm,
However, with large excavation projects such as these, erosion will be
difficult to control, and some release of PCBs to the enviromment can be
expected. ‘ '

If a dredging or excavation alternative is selected, an in-deoth
feasibility study should be conducted to determine the most cost-effec-
tive removal technique and to develop an effective spoil management
strategy. :

Time and Cos:

A large hydraulic dredging operatiom such as dredging the Kalamazoo
River impoundments will most likelv be performed by a specialty contrac-
tor whose rates may be highly variable. The unit costs associated with
representative hvdraulic dredizing techniques can be estimated at $3-385
per cubic vard of material removed.

In addicion to dredgin' crsts, the other maior cost will be that
associated with dredge spoil management. These costs are highly variable
from size to sit2, and unit costs are not readily determined. However,
some general economic considerations are discussed here.

The land area raquired for construction of comventional spoil
containment basins, for settling of both primary and secondary effluent,
is an important cost consideration. Contaimment basins should be con-
structed 3s close 2s possibla %o the dredging operation. Where new land
must be acquired for containment basin constructiom, local real estate
values will determine initial capital requirements. In general, when
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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 setcling, are effective methods of reducing
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 slowly to decrease liquid entrainment, and (2)
using a dredging system that 1s capable of pumping a high solids content
stream.

The most cost-effective spoil management strategy will depend on
many site-specific variables: the dredge pumping rate, suspended solids
content of the dredge slurry, total quantitv of solids to be handled,
available land area, and proximity to dredging site.

The above zcnsiderations and associated problems demonstrate the
enormous cost encountered when dealing with dredging large volumes of
contaminated sediments, since large capital outlays are required to
handle large volumes of waste material within a relatively short time.
Also, if dredge spoil supermatant is contaminated and cannot be dis-
charged back to the river, the onsite treatment of wastewater becomes an
additional major cost.

6.4.13.3 Channel Dredging, Chanpel Lining, and Soil Cap (Otsego Citv
Dam)

Description

Under this altermative, the entire length of the existing channel
would be dredged to remove contaminated sediments and to prepare the
channel for a riprap or fabriform lining. Dredge spoil would be con-
tained btehind dikes adiacent to the channel and allowed to dewataz. A
flexible channel lining, such as riprap or fabriform, would be used to
stabilize the channel and to preveat futurs meandering cf the river. A
soil cap would then be placed over the entire sediment area ¢o contain
the contaminatad sediments.

Channel dredging can be acccmplished hydraulically using a
mini-dredge, such as Mud Cat SP-310, or may possibly be excavated mechan-
ically if the dam can be drawn down sufficiently. The dredge volume from

che channel would Ye small 2ncuzh tha: dik%ad ar2zs adiacent to the sits
could be used to contain the dredge spoil. The dredge spoil could be
allowed o dewater naturally. The dewatering process could be greacly

enhanced bv drawing down the water level in the impoundment.

When the area is sufficiencly dewatered, a soil cap, consisting of
an 18-inch laver of soil and a 6-inch laver of toosoil, would be
installed and vegetated. Sodding or seeding may be used to escz:. ..
.vegetation. The cacped area may Tequire some regrading snd surface watar
diversion to prevent erosion and to promote drainage. Some ex=ra back-
filling may be required in the low=lying areas to elimimate ponding.




Channel dredging and lining, and soll capping, when properly de=-
signed, iﬁstalled, and maintained, is expected to eliminate sediment
erosion and subsequent release of PCBs to the river at Otsego Citv Dam,
However, since the channel lining will permit infiltration and
exfiltration, dissolved PC3s will still be carried to the river from the
rainwater infiltration and groundwater wmovement through the contaminated
sediments.

Feasibility

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 power 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
dewatering will depend on the dredge spoil volume, area available for
containment and dewatering, and grain-size distribucion and solids
content of dredge macerial.

Placing a soil cap in this area is technically feasible using
standard construction methods; however, site conditions may make this
cost-prohibitive. Since the area is characterized by swampy conditionms,
dewatering may be required to reduce the swampy conditions in order to
improve the bearing capacity of the soil and to facilitate placing the
cap. Also, large volumes of backfill may be required in low-lying areas
to eliminate ponding.

Time and Cost

This project would be quite large, would be completed in phases, and
will take several years to complete.

«4.13.4 Channel Dredging, Channel Llnznz. and Impermeable Cap (Otsego
Citv Dam)

Description

This alternative is very similar to the previous alternative.
However, instead of imstalling a soil cover with vegetation, an imperme-
able cap would be used to cover the sediments. The impermeahle cap would
consist of a layer of compacted clav and/or a synthetic membrane, a
drainage laver of sand over the clay or membrane, them a soil cover with
vegetation. 1If a svnthetic membrane is used, a 5-inch sand layer under
the membrane is recommended to relieve uplift pressure and to protect the
membrane. Some extra backfillirg may be required in the low-lying areas
to eliminate ponding.




Channel dredging and lining, and an impermeable sediment cap, when
properly designed, installed, and maintained, 1s expected to eliminmate
erosion at the Otsego City Dam.

The installation of an impermeable  cap, rather tham a soil cap, will
provide the additional benefit of eliminarting rainwater and surface water
infiltration through the contaminated sediments. An impermeable cap is
expected to eliminate nearly 100 percent of the infiltration, whereas a
soil cap is expected to eliminate only 30 to 50 percent. However, since
the channel lining will permit infiltration and exiiltration, dissolved
PC3s may still be carried to the river due to groundwater movement
through contaminated sediments.

Feasibiliry

The feasibility of dredging and channel lining is as discussed in
the previous altermative.

Ia ordar to estimate the feasibility of installing an impermeail:
cap, a site investigation and conceptual design would be required. The.,
use of compacted clay in the cap may be difficult because of the swampv
conditions and the low bearing capacity of the soil in this area. A
synthetic liner is rzcommended, with an underlying sand drainage laver to
protect the liner and to provide a flow zone for the release of excess
water pressure. Dewatering may be required in order to facilitate
placing of the cap. Also, large quantities of backfill may be required
to raduce the swampy condition,

Time and Cost

This project would be quite extensive and would take several vears
to complete.

This alternative would be slightly more expensive than the previous
alternative because of the addition of the synthetic liner.

6.4.14 Alternative Summary ‘ -

Table 24 presents a summary of the remedial altermatives, the
approximate time required Zor implementation of the alternative, and the
estimated cost of implementing the altermative. Cost braakdowns for each
alternative arsz presentad in Acpendix E.

6.5 ASSESSMENT OF ALTERNATIVES

The effecriveness of z2ach of the remedi:. actiom alcerastives
orasented in Section 5.4 was evaluatad throcuzn cthe use of a nathematical
model. In =hiz section, the results of rthat evaluation are presented,

and the methodo.iog. =~ . .. -..-ve chose results is discussed. Iz
addition, the environmental effects of each alternative are discussed.
For a discussion of the model theory and develovment, refer to Seczion

5.3,




A)

-B

c)

Cl)

D)

F)
G)

H)

TABLE 24

COST STMMARY FOR ALTERNATIVES

Approximate
Implementation

Time

Alternative
No Action for Entire River

Portage Creek/Bryant Mill Ponds

DRAWN DOWN DAMS

Channel Lining and soil Cap
(no channel lining option)

Dredged Area

Channel Lining and Impermeable Cap
(no channel lining option)

Excavation and Onsite Disposal .

IMPOUNDED DAMS

Dredging and/or Excavation,
and Upland Disposal

Channel Dredging, Channel Liniag
and Soil Cap (Otsego City Dam)

Channel Dredging, Channel Lining
and Impermeable Cap (Otsego
City Dam)
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3 yr

(2 yr)

lyr

3 yr
(2 y7)

4 yr

Egtimated

Capital Cost

$ 59,603,000
47,032,000

2.751,000

120,630,000
108,146,000

108,116,000

110,045,000
23,945,000

51,387,000
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The following remedial alternatives were selected for model

evaluations:

A. No action for the entire river

B. Portage Creek/Brvant Mill Ponds: Assume remedial actions will
eliminate Portage Creek as a source of PCBs.

Drawn Down Dams (Plainwell, Otsego, Trowbridge)
c. Channel lining and soil cap

Cl. Buffer zone "Dredged Area"

D. Channel lining and impermeable cap

E. Excavation and disposal

Impounded Dams (Otsego Citv, Allegan Citv, Lake Allegan)

F. Dredging and/or Excavation

G. Channel dredging, channel lining, and soil eap (Otsego Cisx
Dam) :

H. Channel dredging, channel lining, and impermeable cap (Otsego
City Dam)

Summary of Remedial Altermatives

A. No Action for the Entire River

Under chis altermative, the current sources of PCBs in the river
will remain unchanged, and contaminants emanating from these areas
will 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 will be eliminated as a source
of PCBs.

Cc. Channel Lining and Soil Cap (Drawn Down Dams)

Under this altermative, the contaminated sediment will remain in
place. A riorap or fabriform lining will be installed in the
channel to minimize erosion, and a soil cap will be placed eon the
exposed sadiments above the creek banks to minimize erosion. Tf
sroperlv implemented, these actions are expectad to eliminate
erosion and the subsequent release of PC3s =2 zhe envirsnmen:z 7ria
this routz2. HAowever, since the channel lining will permit infiltra-
tion and exfiltration, dissolved ?C3s will still be carrtied into the
water column from rain infiltrating the soil :ap and f-om grsundwa-
tar movement through the contaminated sediments.

These actions would be implementad at the three drawn down dams. 1I¥

properly implemented, these actions are evpected to eliminate
erosion and the subsequent release of PCBs to the environment.
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However, 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 by
groundwater. ' i

Cl. Dredged Area (Drawn Down Dams)

Under this altermative, a laver of sediment approximatelyv 3 feet
deep and 25 feet wide would be removed along both banks. 4 soil cap
would then be installed in place of the removed sediment. This
measure would provide a buffer zome between the river and the
contaminated sediments. The "reduced" soill cap is assumed to
provide the same environmental protection as the full soil cap
(Alternative C).

D. Channel lLining and Imvermeable Cap (Drawn Down Dams)

This alternative is very similar to the previous one in that sedi-
ment capring and flexible linings will be used to minimize erosiomn
in the channel and on the 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 would be
expected to eliminats erosion and the subsequent release of PC3s to
the environment. However, groundwatar movement through the contami-
nated sediments will ccntinue to carrv dissolved PCBs into the water
.column. .

These actions would be implemented at the three drawm down dams. 1If
properly implemented, these actions are expected to eliminate
erosion at the three drawn down dams. An impermeable cap, as
opposed to a soils cap, will provide the added benefit of
eliminating rainwater infiltration and subsequent leaching cf P?C3s.
Since the contaminated sediments lie above the water table in these
three areas and are not affected bv groundwater, the impermeablie cap
should effectively contain the contaminated sediments in these
areas. Thus, these actions should antirely eliminate these areas as
sources of PCBs.

=
-

. Excavation and Disposal (Drawn Down Dams)

Under this altrarnative, the dewatared, contaminated sediment: on the
river banks would be excavated and proverly disposed. Thererfore,
these areas would be eliminated as a source of PCBs.

F. Dredging and/or Sxcavation and Uvland Disvosal (Izpoutided Dams)

-

Under this alternative, the impounded areas behind the chree exist-
ing dams would Se either dredged or esxcavated to remove all of the
contaminated sediment, with subsequent disposal. Although these
three areas are depositional areas and are wmot counsidered to be
significant PC3 sources for downstream areas, thev are considered
contaminated and are affecting the iocal f{ish populatioms. .

pms
~
ro




G. Channel Dredging, Channel Lining, and Soil Cap (Otsegsr Zicv
Dam) )

Under this altermative, the entire length of the existing =—m=z=ns’
would be dredged to rTemove contaminated sediments and fc T-=parT:z the
channel for a riprap cr Zabriform lining. Dredge spoil wvo=’: D¢
contained behind dikes adjacent to the channel and allowe: =:
dewater. A soil cap would then bde placed over the entire s=cimes
area to ccntain the contaminated sediment. These actions, =ne:
properly implemented, are expected to eliminate sediment z==sizz acd
subsequent release of PCBs to the river at the Otsego CiIT Timm =—-=2a.
However, since the chamnel liniag will permit infiltratiss =nd
exfiltration, dissolved PCBs will still e carried to the ——wer “-om
rainwater infiltratioz and groundwater mcvement through IZz zorIzmi-
nated sediment.

BE. Chaannel Dredzi-z, Chanzel Lizninz, and “zzermeabl: T Tiszgo
City Dam)

This zlterative i3 very sizilar to :the previzus one; hcowsv=,
instead of placing a soil cap over the contaminated sedims—=,
impermeable cap would be instaliled. These actions are ax—==-=
eliminacs erosion iz this ar=2a., An impermeable czp, as stoose
soll cap, will provide the added benefit of eliminating Tz-=wa
infiltration ‘througt the cap, and the subsequent leachizz == ?
However, lateral groundwater movement cthrough the contami=—z==sd

sediments will contizue to carrtv dissolved PCBs into the wz<=r

colum. The added tenefit of the impermeable cap will dzpsmd oz the
percentage of contamizmated sediment bel:sw the water tabla. 77 :

large percentage of contaminated sediment is in the gTouziw=zer.

then the impermeable cap will provide little added beneZiz.

6.5.2 Model Methodologw

The successful application of sz mathematical model to evzi-=z2 e
affects of various remedizl actions on PCB livels in the Talzm==—o Zz—er
system depends on the degree to which the numerical formulatioz =mé aodel
parameters reflect the anticipated river conditicns aftar impl=ms=mtzion
cf the alternative actioevs. Tor each remedial alternative, 2z =2prori-
ate model paramercars that woculd de afiacted by the implementazi-— =I zhe
alcernative were identiiied. Appropriate values were then assigmed 1z
zhe ifsanei d4 pocdel r=rzmeTars Sased cu the zvailabla site dzz=z. o=

tecanical litsracture, azc¢ professional judgment.

The model parametars coefficientcs that mav be affected == he
Jossible w2medizl actioms are identilied bel:zw:

a. Average width ¢? the reach
bl Average depth cI the reach
s. wezzad deriz:zzer Cof the representative cross-sectist zoTitz

cross-section ara2a

R3F zlama ~F ==a waszch

(9

e. 2C3 congencTizicn I
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PCB =ncentration at the most upsfiream location

Suspemded solids comcentration at the mosc upstream location
Tisctarge rate of each point PCB loading

Tiss:ilved PCB concentration of the point loadings .
Doirz sediment loading

2C3B :zncentration of the point sediment loading

. Bent>ic diffusion velocity

. Sedizent burial velocity

a. DPCB zenthic release rate

o. Sedinent suspension velocity

P. Aver:zge settling velocity of the suspended solids

q. Tolume fraction of sediment in the active layer

?
AL e 00 M

Parzmerers (a) through (d) would be varied iIf the remedial action
involved = mocification of the flow and channel gecmetry. Parameters (e)
through &) woz'd be adiusted according to the estimated PCB inflows or
concentrz=ions after imposing the remedial altermative. Parameter (e)
would be z:aflmsnced by the completeness of dredging and excavation
activities. Fzrameters (f) through (k) would be ianfluenced bv the
effectivemess :f source control activities such as total excavation,
lining o czhe :zannel. ur capping of the sediments. For example, instal-
lation ef 2 scil cap was assumed to reduce the PC3 concentration in the
headwate: and :ae point loading by 75 percent, whereas, installatiom of
an imperm=apls cap was assumed to reduce these values by 95 percent.

Parzmeterss (1) through (q) are dependent upomn the modified flow ‘
regime, cmanne. conditions, and the associated ecesystem in the river.
Based orn = review of the river conditioms resulting from possible remedi-
al acticz= ani the subsequent response of the river system, it was
conclude< tha: the values of parameters (1) through (q) would remain
essentiz " v u=z=changed. Any small changes in magnitude of these parame=-
ters wou_: be ifiicult to estimates without further studies that are
Yevond t== sg¢mre of this work. Therefore, for purposes of this study,
‘the asst=—ticz was made that the processes affecting PC3 distribution in
the river will e the same after the remedial acticu is implemented.
Parameras ‘a). the benthic release rate, was assuced to be zaro if the
channel was ct=platad dradged or excavatad. In ocher words, the corre-
sponding 2C3 scurce in the sediment layer was assumed to be zero under

" these ceofltimms; ocherwise, it was left unchanged.

"Remrigl Aiternative D will be used as an sxzmple to demonstratz hew
the mccel par=meters wers adjustad to simulate the 2ffects of the ramedi-
al alter== Under this alternative, the Kalzzzzoc River iz the araza
¢ tlie Zrawn Izwm dams is to be regraded, the chazael lined, arz the
charnel >.znks zoversd with an impermeable cap. Iz order =0 simulate the
thos ca2me<ial alzarnzative, the values 3f parametars {a)

affaczsz

througz ) wzre examined and adjusted based on :tze aforementioned
orincislas. Tzrametar values (a) through (d) wer2 unchanged because zhe
new cha——==l gzcmetry and river discharge were assumed to be identical
with the 2xisziag conditioms. PC3 concentrations in the sediment laver

ive :irdss-section ar2a Oof the sedizent laver, as well as

rz_2ase rate (n), were assumed =0 be zero because o the ;
dredgizz z2nd lining of the channel. The installzzion of the impermeahle .
cap was =ssum:Z not to alter the magnitude of discharge. That is, the i
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nez discharge due to the inflow, overland flow, and subsuriace flow was
as=ume< to remain the same as the baseline condition. Moreover, the
i=srallirion of the impermeable cap was assumed to reduce tiHe PCB
ccocentrations in the headwater and the point loadings by 95 percent,

T-z residual 5 percent represents the condition in which the imperweable
¢zz wo=_d not completely cut off the PCB contribution frem both the
vsstream inflow and the subsurface flow from the surrounding area that is
nc= carted. The rest of the model inputs remained identical to the
baseli-a condition for this altermative.

T:2 methodology used in Alternative D wvas similarly applied to
acd-ust the appropriate model inputs for the other remedial altermatives.
MoZifizF values of the input parameters used to reflect the effect of
ez=h rzmedial alternative are lisced in Table I5. '

6.2.3 Yedel Results

T:T each alternative, the steadv-states PC3 concentrations in tis
ws=er :=lumn for each reach were predicted by the model. The resulting
PTE comcentrations in the fish flech Zor carp znd basz in e:22 T2ach were
crzairsc by the equation: fish PC3 comcencrationm (prm, = 0.0277 (warer
cmcertTation (ng/l)) tizes 2.01 (caro) or 0.83 (bass). The use of the
=cfel zz predict long-term changes in the 2CB levels in fish provided a
c-—versant measure of the relative effectiveness of alternative actions
&= ge-2ral progress toward the minimum zcal of lowering ?C3 levels in
Z:sh ¢; less than 2 ppm. However, data base limitaticns and zodel
szmplification must be considered when using the model results in a
cu=ntizative fashionm.

T-e numerical resul:s of the model simulation of Alternatives A
——oug= 3 are presented in Table 26.

T-2 model results are grapnically presented in Figures .45, 17 and
13, Iz zhese figures, P73 concencraiiosns iz ear: and bass zre pl-tted SV
c=ach Ior each altermative. The pradicted stesady-state concentracions of

s Iz carp and bass under the no-action alternative are shown as
2_zertzsive A, The relaczive succass of ezch remedial action z2ltarnative
r22zing PCB concentrations in fish can be evaluatad bv comparing the
_zts Zor each alterzative 5 these given Ior Alzarnative A. Also
=Ziczzad is the minimum remedial action goal of I ppm. Thess fizures
$I0W tIat no alternatives implemented alozme will achieve the ainimum geoal
zZ leow=ring the PC3 concentrations in f£isk to less than 2 2om in all
c=achszs, However, zl:z2rnative 3, involving remedisil ac-ions in Pcr’aze
ci2 goal i all reaches except Reach 38 (Allegan C:i
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.4 Jiscussion of Results

T Acction

¥-del resul:ts indicate zhat, aven under =he aA0-3acctiosn alternative,
FT3 cm=centrations in Kalamazoo River fish will be reduced over the long
=rm. The reduction in PCBs will occur :through two principal mechanisms:
Sediment durial will osccur in the




Alternative

(L]

MODEL INPUTS

TOR

TABLE 25

TZE REMEDIAL ALTERNATIVES

Same as baseline inputs

,

Input Values

Cs (1) = 0
RB (1) = O

SI = 15 mg/l

CI =0
CP =0

ASD (3) = O
ASD (5) = O
ASD (6) = O

RB
RB
RB
Cs
CS
Cs
Cs

QSDP (3,5,6) = 25% of tte
baseline value

ASD (3) = 0
ASD (3) =0
ASD (6) = Q

RB
RB
RB
Cs
Cs
CS

QSTP (3,5,6) = 5% of the
baseline value

R3
RB
RB
Cs
Cs
CS

QsDP (3,5,8) =0

RB
RB
RB
(o]
cs

(3) =
(3
(6)
(3)
(3
(8
(6)

(3)
(3)
(6)
(3)
(3
(6)

[eNoNeoNeNeNo

(3)
(5)
(8)
(3
(35)
(6)

[eNoNeoNoNoNo]

(4) =
(8) =
(9) =
(4) =
(8) =

0
0
0
0
0
0

0

0
0
0
0
0

.




Alzernative

TABLE 25 (con't)

Incut Yalues

Cs (9) =0
QsDP (4,8,9) =0

ASD (4) = 0

RB (4) = 0

CS (4) = 0

QSDP (4) = 25% of the
baseline value

ASD (4) = 0

RB (4) =0

CS (&) =0

QSDP (4) = 3% of zhe
baseline value
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TABLE 26. MODEL PREDICTIONS FOR WATER, CARP AND 3a33

PRESENT ALTERX2=TVE
198387 ==wmm-m=memmmecaeaa- -—--
REACH A 3 c : £ F G H

- WATER CONCENTRATION (NG L

-

l 134 126.00 0.01 126.00 125.32 :15.00 126.00 126.00 126.00
2 78 74.50 0.20 °  74.50 74,32 "4.50 74.50 74.50 74.50
3 62 45.00 1.75 44.20 43,37 43.80 45.00 45.00 45.00
4 60 35.60 27.30 33.90 3.3 33.30 35.30 35.30 35.30
5 76 28.00 27.50 23.60 23,22 3.10 25.50 25.50 25.50
6 86 20.60 28.90 17.00 8.7 5.50 20.20 20.30 20.30
7 100 11.70 18.90 10.40 3.3% 3.95 11.40 | 11.50 11.50
8 113 55.40 50.00 72.50 72.3% “2.70 6.35 55.30 55.20
9 116 29.00 27.90 30.10 3c..2 30.00 1.75 29.00 29.00
10 63 6.89 6.80 5.47 8.a7 5.49 0.47 5.88 5.33
CARP CONCENTRATION (PP¥ '
1 7.46 7.02 0.00 7.02 .22 7.02 . 7.02 7.02 7.02
2 4.33 4.15 0.0l 4.15 5,22 3.15 4.15 4.15 4.15
3 3.46 2.51 0.10 2.46 S 2.44 2.51 2.51 2.3
4 3.34 1.98 1.52 1.89 .52 1.85 1.97 1.97 1.97
5 4.22 1.56 1.53 1.31 L.Z® 1.29 1.42 1.43 1.42
5 . 4.80 1.15 1.61 0.95 g.=% 0.92 1.12 1.13 1.13
7 5.57 0.65 1.05 0.58 e.>% 2.55 0.63 0.64 0.54
8 5.29 3.08 2.78 4.04 ~.22 3.9 0.33 3.08 3.07
9 5.46 - 1.61 1.55 1.68 .52 1.87 n.10 1.61 .51
10 3.51 0.38 0.38 0.36 .32 J.36 0.03 0.38 0.38
3ASS CONCENTRATION (?P¥
1 3.08 2.90 0.00 2.90 .30 2.90 2.90 2.90 2.99
2 1.79 1.71 0.00 1.71 PP .71 1.71 1.71 1.71
3 1.43 1.03 0.04 1.02 PR ..01 1.03 1.03 1.03
4 1.38 0.82 0.63 0.78 o.7" .77 0.81 0.381 .31
5 1.74 0.64 0.43 . 0.54 Z.2z 1.53 0.59 0.59 Q0 33
6 1.98 0.47 0.66 0.39 .33 ).38 N.46 0.47 0.47
7 2.30 0.7 0.43 0.24 .12 3.23 0.26 0.26 (.25
3 2.60 1.27 1.15 1.67 1.2 L.83 0.i5 1.27 1.27
9 2.87 0.67 0.54 0.69 .23 1.689 0.04 0.47 0.57
10 1.45 0.1% 0.1% 0.15 c.3 1.15 9.0l 0.16 .18
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ixsounded areas (the depositional areas). Through this process,
cetaminated sediment is isolated from the aquatic ecosystem by burial
Yemeath clean sediments. A noteworthv shortceming of this process is the
przential reexposure of contaminated sediments 1if an extreme nydrologic
evant (e.g., a flood) erodes the overlving materials. Sediment flushing
w:l1l occur in the erosional areas. This process removes PC3s Zrom the
iz-stream sediments through resuspension, diffusion, and turbulence.

C—crently, PCBs.are being flushed from the Kalamazoo River into Lake.
¥ichigan at the rate of about 217 pounds per yvear. At this rate, it will
tzxe about !000 vears to flush the PCBs completely from the Xalamazoo
River system. The State of Michigan views this long time Irame, the
cmtinued PCB load to Lake Michigan and the continued fish PCB
ccutamination as unacceptable., Therefore, the No Action alternmative is
=z an acceptable solution to reduce tuman exposure to PC3s.

Portage Creek/Brvant Mill Pounds

A comparison of the results from all alternatives ‘suggests that
ramedial actions applied at Portage Creek will have the most significant
eifect in reducing PCB concentrations iz fish (Figure 16, Table 26).
T:rtage Creek remedial actions are parcicularly effective in Reaches 1
:rough 7. The model results for Alteraative B indicate in a general
s:nse that the remediation of the Portage Creek/Brvant Mill Ponds area
vill achieve the minimum goal of lowering the PCB concentrations found in
czrp and bass to below 2 ppm in all reaches except Reach 8 (Allegan City
inmpoundment).

Drawn Down Dams (Plainwell, Otsege, Trowbridge)

Alternatives C, D, and E involve remedial actions on Reaches 3, 3,
==d € z2nd therefore have no effect on =he first two raaches cf the river.
Tierefore, the minimum goal of lowering the PC3 levels in Zish to less
t2an 2 ppm will not likely be achieved in these upstream reaches. The
—:sults show that the middle reaches w21l be improved somewnat bv these
z_ternatives. In Reaches 8 and 9, these alternatives actuallv reasult in
z slight increase in the PCB concentrzczions in the fish. The raason for
t=is increase 1is that remedial actions taken at these dams result in
_-wer ceoncentrations of suspended solids. This, ia tura, lowers the
t-obability for dissclved PCBs frow upstream reaches to attach %o solid
szrticles and settle out. Racher, the dissolved PCBs pass through to
izwmstream Reaches 8 and 9 (Allegzn Cizv Dam and Lake Allegan).

Imoounded Dams (Otsego Citv, Allegan Citv, Lake Allagan)

Alternartive T (dredging the three impounded dams) has no effact on

—e PCB levels in Iish in the upstTear reaches (Reaches 1 through 3) ard
~iztle effect in Reaches % through 7. However, a substantial reduction
= PC3 lavels is observed in Reaches 8 zhrough 10. Alternative F is the

m=ly alternative that has such an effec% on the downstream reaches. This
=dicates that dredeing Allegan City 2zm (Reach 8) and possibly dredging
—ske Allegan (Reach 9) would have subsczancial beneficial effzccs in the
-ist three reaches,.

—
in
1




The model results also indicate that Alternatives G and H (Otseg:
City Dam remedial actioms) have virtually no effect on PCB levels in
fish. The only significant decrezse in PCB concentrations occurs :in
Reach 5 (Otsego City Dam to Otsegs Dam).

6.5.5 Summarv of Resulcts

In summary, model results indicate that, even under the no-actiss
alternative, PCB concentrations in the Kalamazoo Riwvse:r Z:iszh will be
reduced over the long term; however, the continued PCB lcad to Lake
Michigan and continued f£ish contzmination make this alternative
unacceptable.

A comparison of mcdel resulrs frocm Figure 16 indicates tha:z remszi-:’
actions applied at Portage Creek will have the most significant overz_"
effect in raducing 273 zconcznivations in fish, particularly in the uzpe
reaches of the studv area. Results Indicate that remedizl action iz

Portage Creek will have the most effect in reducing PCB concentraticcs =—
fish.

The model results for remedizl actions involving the three draws
down dams (Alternatives C, D, aré Z) indicate that these alternmatives
have a beneficial effect on some 57 the other reaches.

Alternative F (dredging the three impounded areas) is the only
alternative that has a substantia. inpact ia the downstream reaches
{(Reaches 8 to 10). However, the model results indicate that remedizl
actions at Otsego City Dam (Alternatives G and H) have almost no efiz==:
in any of cthe reaches. Therefore, dredging Allegan Citv Dam ‘Rzach @
and possibly dredging Lake aAllegz— (Reach 9) would have to be comsiiz-z:
if short-term improvements in Rez:zhes 8«10 ars of hizh priority in ::=
decision process. :

6.5.6 Recommendations

Based on results of the mecdzl and preliminarv cost estimates £:T =—m=
aitasrnatives, the following recc—endations can »e made:

Some remecial action should Se taken at Portage Creek/Brvert M:il

Ponds. Such an action woul: have che greatest effact in rvreduci=rs

human extosurs <z 2C3g, z2z< weould concomitantly dacrease PCB lzTz =

fm 4o - = 1 = — -
iz fisn -.‘.:'4--_.2".'.-..- cCwns = T2

n

ches.

Better manazement of the AZ’a2gar Citv Dam impoundment is recomcm=--—

ed. The practice of drawizz the dam down should be disconcinus:
since an uncontrolled relezse of PC3s o Lake Allegan and downstTuiz=—

Teaches results.

The removal of the remmant Zzm structuras znd isolaziag ==
contaminated sediments at =2 ?Plainwell, Otsego, and Troowo
is also recomrended. 1IZ przrtarly Ianplemenced, this action
rasult in lowering of the r=—ra2r channel, which wo..: ~:.ve
environmental effacts sincs the exposed ccntaminated sedimencs z: ==
the river banks would be Iuzzther iszolated Zrom the river.




All other a-tiozs on the Ralamazoo River were considered less
cost-effective Zue t: the high costs of implementation and/or conditional
due to uncertai——ies in the predictions. The following comments address
these_ actions =mr ux:artainties.

Dredging ==~ De a preferred ovtion at Allegan Citv Dam and possible
at Lake A_ =gaz. However, since this type of remedial action is
very costlr, fizther studies are recommended to evaluate this
option. I dreizing is implemented at Allegan City Dam only, a
reductior =% ¢ carp population in Lake Allegan is recommended to
reduce sec-men: disturbance so that natural sediment burial
processes —an eTentually cover and isolate the contaminated sedi-

ments of Laxe i .legan.

Future st==-es -= the Ralamazoo River should concentrate on the
following:

° More comsTmnensive quantification of PCB levels in fish.

Expandirg =—he :ata base on PCB levels in the sediments within the
Otsego Cic~ anf Allegan City impoundments.

Addiriorz. analtses of suspended solids concentration and corre~-
sponding FI3 cozzentrations in the water column iz order o gquantify:
resuspens>—t ax£ to refine the value of the parcition ccefficient.
Sampling —mder :igh flow conditions when the exposed sediments are
temporarz_r im=dated would be particularly valuable.

Similar z==lyses of PC3s in sediments and the overlving water to
better est—mat: the respective partition coefficient, wirh special
emphasis == +thz clavey fiber material. Supporting lzboratory
studies w=uld 50 be recommended.

Additiorz" efirTts toward quantifving existing point sources of
PCBs, includirnz field sampling of sheoreline sludge disposal ponds
and trear==mt :tlant outfalls.

Refined zs—imz:2s of sediment burial rates within the Allegan Cicv,
Allegan, =md C<sego City Dam impoundments using cure profiles,
including = rs_sted analysis of the deoth of the aczive sadiment

layer.

° Additic=zl sedizent grain size analvses, with arn atsempt =5 isolace
and qua=cz=Zv z:2 amount of clavey fiber material ovasent.

° Studiss co=2ctxl toward a quantification of sediment resuspemsion in
Lake Allaz=n :zm:sed by biodisturbance (i.e., bv carp stirring up the
sedime=zs




7.0 REMEDIAL ACTIONS

7.1 COMPLET=D LZTIONS

Since PC3s were identified as a problem in Michigan in 1971, several
actions haw= bes taken to improve conditions. The direct discharge of
PCBs has be=n sthstantially reduced due to the PCB ban, originally under
Michigan l=x an< now nationwide under the Toxic Substances Control Act.

The di~ect discharge of PC3Bs is not authorized in any of the NPDES
permits fcr ¢ lamazoo River. A specific requirezent to reduce the
discharge < P2 is in the City of Kalamazoo's and Otsego's wastewater
discharge ¥2DES cermit, .

In re==~gnizion of the uncontrolled release of PCBs upon drawdown,
the MUK sizze (386 has rafused =2 issue the necsassarv stait Ior the
drawdown c¢I the Allegan City Dam.

The ¥TOKR Lt:s removed the superstructures of the Plainwell, Otsego
and Trowbrizfge Zams. These dams were not active (i.e. there was no
impounded wzter present). The removal process involved removing the
. structure =bdcvs the impoundment sediments. This is the first step toward
total remcrzl :f these dams and contaminated sedimerts, as recczmended.
Approximat=z_y §5.40,000 was allocated for this action, which was completed
in 1987.

7.2 ACTICES IX PROGRESS

The ¥CXNR ::zs5 listed the Kalamazoo River under State Act 307, the
Michigan I=vir-=mental Respouse Act. Under this acz, $1,362,000 was
zoproved i= 1%:" for remedial action in Portage Cresk/Ralamazoo River.
Taese funds hav: been designmated for use to isolate the contaminated
sediments 2 tia Trowbridge impoundment. The remedial action will
zousist ©f :crezszing a "dredged area" cf 25 feet between the river karnk
and the ?7= cc:zaminated sediments. The top of 2-3 feet of sediment will
be removez (to:izl about 100,000 cubic yards) and placed in an on-sice
dredged so=ils sediment disposal facil:izr, The area removed will be such

o o
-~

:n37 a 15 fz2er "dredged area" will exi:i: between PC3 contaminazed

sediments =nd :ze river bank edge aftar complete dam removal. A soil cap
will be tlaced :ver z sorzion of the 15 feer tuffsr arasz znd mevagerzcad,
The srwefazzTed -r-s-atTa c1lle Tar Gadicdiarian 2f £hiz oremdaze ino2avie

88 wizt: zcmrlzztzon 1z 2id-19389. .

The Z—edg: spoils disoosal facility will be located on DNR owned
_and. Tz= distasal facili:v will be s diked area filled with Jredged
sediment, zapw:d with a soil cap and seeded. A maiztenance program will
be desigz=Z t: assure that river meanders do not elliminz<2 =%z dradge
area and c—hat :tne disposal facility is entact.

As z finz' phase to the cleanup projects at the DNR owned dams,

prior to zompl:te dam removal, clean sediments will be dredged from the
Kalamazcc River to control dcwnstream sedimentationr. An evaluation will
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be made of the feasibility of uszng ttese clean sediments as a soil cap
to cover PCB contaminated sedize——s rmaining in the impoundment bevond
the 25 feet dredged area.

An additional $1.3 millior == Szzze Act 307 funds has been allocated
in fiscal year 1988 to conduct === ne:2ssarv engineering studies and
remedial actioms to control the I3 ccoutamination behind the Plainwell
and Otsego Dams. The remedial ac=iors will be the same as that described
for the Trowbridge impoundment. The srojected timetable for these
projects calls for initiatiom of =he :rojects in 1988 with completioh I
1989.

The State has identified AZI:ed Faper Incorporated as a potentialls
responsible party for the PCB c-—=ami-ation of Portage Creek/Bryant Mill
Pond. The State gave notice oc =wugust 29, 1986, of its intent to Iile a
civil action against SCM Corporz——omn ‘owner of Allied Paper), Allied
Paper Incorporated, and other propersy owners along Bryant Mill Pond
(Portage Creek). A complaint hz= beex filed bv the State of Michigan iz
United States District Court pus=suan: to the Comprehensive Environmental
Respouse, Compensation and LiabiZ ity ict (CERCLA), the Resource
Conser~= 10m and Recovery Act, =ne Federal Water Pollutiom Control Act,
and the Toxic Substance Control =ct. The State seeks injunctive relief
to abate and remedy the release =< kzrardous substances into the
environment, declaratorvy relie’. darszzes, civil penalties, ccst of
litigation, reimbursement of stz—s r:sponse costs and all other appropri-
ate relief.

The Allied Paper/Portage C
posed for listing on the Natiog—m=Z
Listing is expected by early 15%

-—

ek, T2lamazoo River site has Leen pro-
P—ority List under CIRCLA (Superfund).

-

l’"

7.3 STUDIES

The MDNR has undertaken ac=z—:ior sampling in May/June 1987 to
identily sludge disposal areas wmich may contain PCBs. Seven sitzas were
identified in the Kalamazoo/Plz=wel . area for sampling. These sizes
were selected because a deinki=z orc:xass was used. during paper making
overations in the 1950-70 periscd anc or due to close proximity to the

Kalamazco River. The seven sitzs selacted were A Site (Georgia Pacific’,
Willow Site (Georgia Pacifie), TZne ..ghwav (Georgﬂa Pacific), former Rex
Mill sludge disposal area, forme— 4 liad Kizg Mill treatment lagoomus,
?lainwel Paper sludge disposzl =rez, and James Rlve- sludge disoesal
arsa. These sites are shown iz Tigusz [9.

Results (Apvendix G) indizz—e s=dstantial ?C3 contamination in the
Willow Site (Georzia Pacific). THisz nine acre site is locat=2d in
Ralamazoo. The site was used Iz dissosal of dewatered clarifier sludges
generated bv Georgia Pacific's Tzlzmzzoo Paper Division. The site is
contiguous with the Xalamazeoo F—-rer z2d, judging Irom histcrical maps zz=d
photographs, was once a part of =he Tiver. A detailed sampling program
has been conductad by Georgia Fz:=iZi: Corporatiom to assess che
horizontal and vertical extant :f C: contamination. Sediment PC3
concentrations are about 100 =g "kz. _ong term remedial actions are He::z

reviewed with implementation ez-=dusad for 1988,

“n
o




tagg

cific

-

i

3

A,dillow,ing 51

Georgia °

'
{

157 S

-—-----—./,—-.--------—

o) by
., W
0o -
t > of
i e
0 >
) —
P :
Y - T —a
L1
w
Q
- Mu
~ .
[ e [ SN ©
n% . . o4 " ot .“ 5] _
. aQ n
! , 23 ¢ g 1 . [
- ¢} o o Q ) al ]
o () [+ 1] o [ (A ) t 't —
[ ' I (X} o) (Y] ol w
— KU 1] ! : . ' o {
- i3} | L] W L] ' N,
o Qa [B] v v} bl Bl |
m at m". —Jm )
o (3 ty o .
(73} o 1’ . _ ¥
. [X) w - - " «
m : o v . | RN S — - — e
' L1 Py d . - v ) B
ot 1" - - . - '
=L 1 Pt . ; v
" / e DAY vozumM | uy )
e 4 A i ~ k
d %)
o " -
(1] ' LR Y
... N — “_. .- ’
' "
H. " Wi
" ."_ —.
! 1 » M.
s ' - 0
v " ) [] 1 Q
. N L] / "
N IH_ | Y]
m .__/. / ' v Q ]
be 7' ' o N '
' . o U
8 ) ' n
o | R v
o ' ] 3
i ! \
L. MRS i K - 1
. ln_u. =} — .
a o ,B
4% Y -
 § ~
M.
' o v o
-0 o} oef
ey a
| o
[ v

cQ

-
-

-

Lalaza

v
»



f

The 4 Site (Georgia Pacifie) and King Higmwe~ 3:iza (Georgia Pacific)
generally contained little if any PCBs. An ex:ze-zioz was the dike walls
and sediment outside the dike walls of the Kizz TZg-wevr Site near Rin
Street Storm sewer outlet. These areas are schazula? Zor Iurther
investigation.

Scil sampling results indicated PCB contami=azimm at the Plainwell
Paper and James River (Parchment) sludge dispesa’ arzss. Follow-up
sampling is underway to determine the extent gu< mag— tude of
contamination and necessary remedial actions az =These facilities.

Soil sampling results also indicated the r—=sernzz of PCBs at the
former Allied Paper Ring Mill site. The PCB lzvz’s Z:und were relatively
low. An evaluation is underway to determine i =his site is connected to
the Kalamazoo River.

Essentially no PCBs were found in the sax=l-ng :: the former Rex
Mill site.

Followup collections and analyses of {is: s unzazrway. In March,
1987, one hundred and sevea (107) gamefish werz =olliczed from the Area
of Concern for PCB analyses. The gamefish cclle=z2<Z. with the number to

be analvzed in parentheses, were northerm pike _I'. larzemouth bass

(10), channel catfish (i3), flathead catfisha 2 w=-.za suckers {i0),

black crappie (10), rockbass (10), walleve (11°. ::a&-ﬁead (10,

sheepshead (2), yellow perch (10), bluegill (.7 =a=¢ Srown trout (4). In .

addition to these fish, carp were collected for PT2 :zalyses in July,
1987 at six locatioms (Saugatuck, Lake Allegz=, Flai=well, 3rvanc Mill
?ond, Morrow Pond, Ceresco Iapoundment). 3Bass w=Te :cllected at three
locations (Lake Allegan, Morrow Pond, Ceresce Z=—ouaiment). Ten fish of
each species will analyzed for each location. The misults of these
analvses are expeczaed in early 1988,

a zonthly basis. The
sozZiticns in and avound
be-seen Ralamazoo and

Water sampling and analvsis is contizuing —

objectives of the water sampling are to decure=:s

Portage Craek, ldentiry a possible source of ?:Es
lainwell, and sample under high water conditiz=s.

planned for
data base for the

Additional sediment PC3 sampling and an
1987-88. This sampling will be £o expand :h

. Otsego Citr and Allegan City impoundments.

tudies in Lake Allegan, Allegan Citwv g=Z I=za2g: Cizv Dam
impoundm:z=tc are also planned in 1987-88 to rziims —e estimates of
sediment burial rates and to evaluate the parzi—:crm :cefficients bHetween
sadiment, water and suspended solids with spezi:z emchasis on the clavev

fiber marerials.

In addition to these studies on the Ralzmz-=oz Iiver Srom the zisv of

Kalamazoo downstream to Lake Michigan, an addiziczal studv of possible
PC3 contarination has beefl initizted for the T:  ==z-:0 River bertwveen
Battle Creek and Xalamazoo. The fish PCB level: uresrea~ of Kalamazoo

indicate some PCB contamination in carp. The *Z~ Zish consumpcion
advisory was revised teo reflect this. The adii— o=zl study will
determire the level and any sources of PC3 cc—iz—izz:iom and remedial

options availahle.




8.0 PUBLIC PARTICTFATICY

8.1 ©PUBLIC MEETINGS

Several public meetings have been hel: :egariinz the issues sur-
rounciag the Kalamazoo River 2C3 problem. Publi: peetings vere held
prior to and upon completion of the RemedZiz" Izvastigation/Feasibility
Study. Two meetings were held in Januars, .983 25 initiate the study.
One meeting was held in Allegan (January 2. 198X, tne other in Xalazazoo
(January 10, 1985). Upon completion of === stucr, public meetings were i
held in Plainwell and Allegon in April, I7%< tc sresent the results and
open the public comment period.

A public meeting was held in May, !3%2 egzrding the MDNR proposal
to remove the Plainwell, Otsego and Trow--—=z2ge Zzms to their respective
sills. The mee=izgz was specifizallv relzzec 2 zhe Act 346 Dredge and
Fill permits issued to this project.

To initiate this Remedial Action Plz=. a p==lic meeting was held in
Kalamazoo in December, 1986. A summary ¢Z =his zeeting is provided in
Appeadix H. ‘

8.2 3BASIN STRATEGY COMMITTIE

A Ralamazoo River Rasin Strategv Comr—ctes -as been formed to
develop mechanisms to implement the KaTzzarno Xi7er Remedial-Action Plan,

coordinate the Remedial Action Plan, Tists-—es ¥znagement Plan and access
development along cthe Xalamazoo River ar< rTroviia local izput into these
plams. This commi:tee was Zunded with z ¥.7,3CI grant Zrcm the State of

Michigan to the City of Ralamazoo. The zom=itt:s members include the
U.S. Znvironmental Protection Agency, M°FI. loc:l units of government,

environmental grouvs, industrial and la>:-T -epr:zsentatives and interested
citizens. The first commicttze meeting s== n1elé in July, 1987 wich the
second neeting in November, 1987. Two zZiZiziorz’ committese meetings will
be devetad to reviewing the draft Remedi=z_ acti:z Plan.
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APPENDIX A

Ty A T
- NATURAL RIVER PLAN e

Goal , ' )

To preserve, o=2iz* and enhance the Xalamazoo River environment in a

natural stazz fo- the use and enjoyment of present and future
generations.

Objectives .

1. Maintair and snhance the water cua1jty;0f the Kalamazoo River and
its tribitar‘2s consistent with the wild-scenic classification

of the r-ver ind adhere to the concept of nondegradation of water
quality.

2. Maintair the a:xisting free-flowing conditions and seek to stabi-
lize or “‘morore the water flow zharicteristics for the purpose of
preservi=ng the natural environment.

3. To prohizit o~ 1imit those developments and activities which may
damage o= destroy the Kalamazoo River's fish, wildlife, boating,
scenic, =zestretic, flood plain, ecologic, historic-archaeologi-
cal, anz =sc-33tional values and uses.

4., To ensu—=z tr:: the development and activities which de occur
shall be zone in an orderly manner, shall insure the protection
of the ~“ver 3 natural values and qualities, and shall protect
the rive=‘s =:istanding scenic and aesthetic qualities.

5. To ensurz thz: recreational uses which do occur, are dene in an
orderly mann=- consistent with the natural environment and aes-
thetic z_aliz*es of the stream, and that a quality recreation
experienca is maintained.

Designated >z-=ti=s

It is recomende:z that the following portions of the Kalamazoo River
within Allaczn Co.nty be designatad 2as a wild-scenic river under the
authority of act 231, P.A. 1970:

Mainstream: F-on Calkins 8ridce DOam 2t Lake Allegan v/alley
TOWNsSnip) cowms:—zam to the border Setween flood zones A2 and A2 in
Saugatuck Tswns- 3 [approximatzly 1/2 mile downstream of the
Hacklander o2ubli: access site) as identified on the 1380 Flood
Insurance Rzz2 ¥= by the Federal Iasurance Administration, includ-
ing al® cnar=2l:; =¥ the mainstream  3approximately 22 miles).

164




Lower Kalémaz'oo River
Stucly Area

® ® ¢ Désignated Segments




E.

e SN NN Tpa— ..
ST =

AINT™E

Tribytaries (approximately 33.T mi'es)
)
1. Rabbit River from Overise™ Towrship, east section line (Section

25) at 36th Street, dowrsiremn to the Kalamazoo River (17.0
miles). ‘

2. Bear Creek from Heath Towrsnip, east section line (Section 24) at
36th Street, downstream tr the Xalamazoo River (5.0 miles).

3. Sand Cre'ek from the M-89 p—idge, north section line (Section 3),
Valley Township, downstrear t: the Xalamazoo River (2.0 miles).

4. Swan Creek from Valley Towmshis, south section line (Section 32)
at 1.2th Avenue, downstr=ax tz the Xalamazoo River (7.0 miles).

§. Mann Creek “=om the roas =——=ct~g at 128th Avenue (south section
1ine or Zlection 21, #*aniius Township), downstream to the
Kalamazoo River (2.0 miles), /

Natural River District

The Kalamazoo River Natural x-ver listrict includes an area 300 feet
wide on each side of and pa~z iel 0 all channels of the designated

‘mainstream and the designz==d =ibutaries. This district es-

tablishes a definable area w*<rin wrich local zoning may quide future
development and usa. ESTAR ISHMENT OF THIS DISTRICT IN NO WAY -
IMPLIES A “TAKING" OF THESZ _aNDS 3Y THE STATE OR OPENING THEM UP TO

PUBLIC USE. PRIVATE LANDS ¥=MAZY PRIVATE AND ARE SUBJECT TO ALL
RIGHTS OF PRIVATE OWNERSHI?.

Land Management - Privata Lares - 2aning Guidelines

1. Residential Housing: U=z " attezt lots and new subdivisions in the
Natural River (Uistric*t sra@ll :e of sufficient size to accommo-
date the building setbact= as :at forth in Section E.3, and shall
have a minimum riverfror: lot width of 150 feat,

Lots or properties of ~==——d wiich are nonconforming at the time
of %=e effective Zate =¥ thesa reculations because of lack aof
size to accommodatsz tne s=2tdak fram the water's edge si 311 Be
allowed to be built upc~ and iariances shall be allowed for the
required setback upon su= reisonabie terms as saet forth by the
zoning administrator or The z:ning ~eview board.

Upon approval by the CZsvarment of Natural Resources of an
ordinance, a Jocal c¢axwmumity may allow the administrator of
their zening srdinance == 2em2rmine the location of proposed
structures on substanz=~d ‘ots of record, arovided :hat

structures be so placec sT as 0 best meet the objectives of the
Natural River Act.

\}
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One single®family dwelling will be permitimc on s2ach lot or
parcel within the Natural River District subj=ct tc the building
setbacks as set forth in Section £.3, A simg™2 family dwelling
is defined as a detached building or structu—2 designed for or
occupied exclusively by one (1) family amc cont2ining house-
keeping facilities.

Industrtal and Commercial Structures and Uses:

a. New industrial uses and buildings and exzansiov of existing
uses and buildings will not be permitiec withi: 300 feet of
the designated portions of the Kalamazaor Rive and tridu-
taries, except as allowed in approved “pcal zoning ordi-
nances or state administrative rules.

b. Commercial uses and buildings; such as gzs sta:ions, motels,
restaurants, retail stores, etc., will not de permitted
within 300 feet of the designated rive- anc tributaries.
However, certain commercial uses requiring spe:z:al exception
permits may be compatible with maintzininc the natural
aspects of the river. Those uses permitiar uncer the special
exception procedure shall be strictly comcrol’2d. Controls
such as location, parking, drainage, sa=ack, =~atural vege-
tation strip, signs, hours of operation = the sroposad use,
shal) be included in the special exceot sm pracadure., Those
uses which may be compatible with natura2™ rive designation
include:

i. Commercial crop farms or forest = anta:ions that are
landward of the native vegetatior stri:.

ii,  Campgrounds that are constructecr, maintained and
operated in accordance with Sta:iz Hea':h Denartment
regulations (Act 17, P.A., 197¢ . includes tent,
travel trailer, camper and motor rome us2s, duildings,
cement pads, hookups, etc. iv  cor‘armance with
established setbacks.

- 111, Sales, rental and service of rec-==tiorz] watarcraft,
provided principle structures are =n corformance with
established satbacks.

iv. Small home operated businesses such is photography
s:uqio, beauty shop, home renair, -nsurince, or other
dusinesses which do not altar tn= ras-zential nature

of the opropoerty and are <= cor‘armance with
astablished satbacks.

Y. Small rental cabins with light "mwseksesing, Sut not

motals, which are in confo~m@ance with satback
requirements.
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3. Building Setbacks: On the designatec sortioms of the Kalamazoo
River system, the building setback for new structures and ap-
purtenances along the mafnstream ang tributaries shall be at
least 200 feet from the river's edge. “0Owever,  the setback may
be decreased three feet for every foc: of ve:-ticﬂ bank heignt
above the ordinary high water mark ynti: 2 minimum sethack of 795
feet from the river's edge is reachec. Further, ng building
shall take place on land that {is subjec: to ﬂooding

4. Docks: 'Riparian owners have the right of reasonable access to
the river, Therefore, construction of docks is a permitted use.
Permanent docks must be constructed in accordance with the rules
of Act 346, P.A. 1972. The use of ®“natyral" matarials is
encouraged.

5. On-Site Sanitation Systems: All habitzzions within the Natural
River District shaii de provided witn sanitary waste disposal
facilities conforming in type to thosa -squired by health speci-
fications of the State of Michigan anc the county or district
heaith department having legal jurisc“ztion. The facilities
provided may be for either watarborme waste disposal by the
septic tank-absorption tile field met<mod or for nonwatearborne
disposal by the use of a health deca——men: approved or other
state approved sanitary systam,

River's edge is defined as the ordinary high sater sarx and means "tne
line between upland and bottomland which pe=sists through successive
changes in watar levels, below which the presen—= and action of the water
is s$0 common or recurrent that the charactzr of the land is marked
distinctly from the upland and is appareat “n the soil itself, the
configuration of the surface of the soil and tna vegetation. Where watar
returns to its natural level as the resyit &F :<ne ermanent removal or
abandorment of a dam, it means the natural o>-Zinary high water mark.
(This is the definition used for administratiasr of the Inland Lakes and
Streams Act. < 346, P.A. 1972.)

2Land that 1: subject to floeding means that z-=a3 2f land adjoining the
designated portions of river and iributaries wr-ch:

a. #ill be inundated by a flood which has 2 one percent chance of
occurring or being exceeded in any given vear (imtermediate regional
flooa), as determined by detailes rvcraw -2 stidies whicn are ac-
centable to the Michigan Water Rescurcas Zamissicn; or

b. In the apsenca o7 such Jdetaiieq .'.ooqplai.-. $TJagtes, 'nave a m's.arf of

prone area maps or .-JLD's special "cod Ha.a'd :cundarj maps.
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Minimum standards for new septic systems along designated por-
tions of the Kalamazoo River shall be as follows:

a. The sethack for seotic tanks and absorption fields shall de =
minimum of 100 feet from the ordinary high water marx.
Further, Allegan County Health Department requirements stazs
that septic systems must be setback 2 minimum of 25 feet from
the ‘edge of a bluff along a river or stream. However,
depending on soil type and soil profile, height, slope zn
condition of the bank at the site, Health Departae—
officials may increase the setback up to 100 feet from L=
edge of a bluff, This is done to prevent possible leachi-g
or seepage of contaminants from 3 waste system from flow' =g
directly down the bank to the stream.

b. The bottom of the absorption field shall be at least four
feet above the known high ground water tabdle.

¢. .0 absorption field shall be closer than S50 feet from a—s
permanent surface or subsurface drainage system. (This »w '
not include basement footing drains.)

d. VYariances from these standards may be allowed by -
district healith department where existing lots of reco—T
cannot conform becayse of their size,

Signs: Only those signs necessary for: identification, di-a=-
tion, resource information, regulation of use, and relatas =z
permitted uses, shall be placed along the designated river amc
tribytaries. Within the Natural River District, signs for T
sale of products or services shall be prohibited. Signs om
private lands within the Natural River District must bde m
conformance with the following standards:

a. Not larger than one square foot in area posted nc more wram
one per 100 feet or one sign posted at upstream and Zdowr—
stream corner of lot., However, one tamporary real estz==2
"for sale* sign per parcel of land not to 2xceed four ss.z—=
feet in area shall Ye allowed outside of the natural vece:iz—

tion strip (as described in Section E.10).

"~ b. Not attached‘ %0 any tree or shrub,

¢. Not illuminated.

Agricylture: £xisting agricultural practices will de pera<i=d

- —

witnin tne natural vegetation strip. G&Grazing will be pery: tz=4

within the natural vegetation strip unless the Burea. of
Environmental Protaction of the Depariment of Natural Rescu——=s
determines that it contributes to stream degradation (Act I&=

" aTawy

P.A. 1929). In those cases, livestock will be fenced ou= =3
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protect the river banks. Cattle crossings and watering areac
shall be constructed according to acceptad methods, afie= ths
landowner has consulted with the local Soil Conservatios
District, Scil Conservation Service, County Extension Se=vice,
and/or Department of Natural Resources.

Water withdrawal for irrigation will continue to be pera‘zzad :-
accordance with the rights of other riparians and the nubli:
values associated with the Kalamazoo River system.

New agricultura] uses and practices including commercia™ tree
farms shall be allowed in the Natual River District proviaez they
are landward of the natural vegetation strip.

Disposal of Solid Wastes: No unsightly or offensive maz=-ia’,
incTuding, but not limited to: trash, refuse, junk cars. jurx
appliances or garbage, shall be dumped or stored witr-m tns
Natural River District or as provided by Act 87, P.A., “3Es,

No dumps or sanitary landfills shall be permitted within 3 fee:
of the designated portions of the Kalamazoo River or its =Zribe-
taries. .

Land Alteration: Land alteration for building such as -ading,
aredging and f11ling of the land surface within 300 fee: of t=e
river's edge is permitted, unless the high ground watar zarle ;3
within six feet of the land surface or on lands sus: ==t =
flooding. (This does not apply to septic systam drais “iels
which must be four feet above the known high ground water zzple.’
Oredging or filling for the cz-::ructicn of fish or e "4dli‘s
ponds outside of the natural vegezation sirip is permitza=. A"
activities must meet provisions of Michigan's Inland .x=s ars
Streams Act, Act 346, P.A., 1972, the Soil Ercs or a-:
Sedimentation Contral Act, Act 247, P.A. 1972, and the w==lancs
Protection Act, Act 203, P.A. 1979,

Natural Vegetation Strip on Adiacant Shorelines: Trees, snrups,
and otner vegetation native 5 tne area snall De mainta-=ed ars
enhanced on each side of the river and tributaries to re-z-n t=e
river's natural values. Maintenance of the natuyral vemcation
strip is required to help in stabilizing tne riverbanks. min‘-
mize erosion, 9Jrovide shading which w'11 help maintz-v 2o
watar tammeraturas. help protect watsr quaiity by z--srdieg
nutrients from surrace water runoff, provide screening = ma--
macde elaments, protect fisheries and wildlife habitat, ar= mai--
tain the aesthetic quality of the river, The zoning zomin--
strator shall notify each applicant for a building perz : of t-e
purpose of the natural vegetation strip and of the prov :-ans =¥
this section.




a. Vegetation Strip

P-ivate Land - On privately owned land, a fifty (S0) foot -
aep minimum restricted cutting strip shall apply on each
side of the mainstream and on all designated tributaries.
T+e following provisions shall apply within the natural
vegetation strip:

i, Dead, disaased, unsafe or fallen trees, shrubs and
noxious plants, including peison ivy, potson sumac and
poison oak, and other plants regarded as a common
nuisance in Section 2, Public Act 353 of 1941, as
amended, may be removed.

ii. Trees and shrubs may be pruned for a filtered view] of
the river.

i1, Trees and shrubs may be selectively removed for
harvest of merchantable timber, public 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 of the local zoning
administrator.

(a) If the zoning administrator feels it is necessary
he should direct the property owner to consylt with
the Department of MNatural Resources Forestar in
Plainwell to establish an acceptable salective cutting
plan for the area.

iv. Clear cutting is not allowed.

11. Minerals: New development, exploration or production of oil,

gas, salt brine, sand and gravel, or other minerals except

. groutdwater are not permitted within 300 feet of the designated
river or tributaries (Section 10, Natural River Act).

F. Larz Maragement - State and Other Public Lands

1.

St~x%tures Relatad %o Recreation: On public land, no new
strctures associated with a campground, ricnic area, rest area,
accsss site or any other publicly proviided facilities, except

Toes . . .
"Filt=—ed siew” means the maintenance or establishment of woody vegeta-

tion & su®ficient density to screen developments from the river, ¢35
provige for streampank stabilization and erosion control, to serve as an
aid to <nfi'tration of surface runoff, and to provide cover to shade the
water., The vegetation need not be so dense as to completely block the
river «~aw, [t means no clear cutting.
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a. Signs posted by public agencies must be kept to a minimum, no
larger than ten square feet in area, and placed so as to best
meet the objectives of the Natural River Act.

5. The Department of Natural Resources should initiate a
signing program at major access sites along the mainstream
emphasizing litter control and respect for private property.
Signs should be placed along the mainstream, particularly at
bridge ¢rossings and all other strategic locations indicat-
ing present location and float time to rest areas and access
sites. :

(Note: Signs by public agencies may need to be larger or within
the 300-foot MNatural River District to provide for public
safety, such as warning of impending dangers in the river, or for
an interpretive or historic sign.)

4, Minerals: \New development, exploration or production of oil,
gas, salt brine, sand and gravel, or other minerals except
groundwater is not permitted within 300 feet of the designated
river or tributaries (Section 10, Natuyral River Act). On new
leases on state land, Natural Resources Commission policy pro-
hibits drilling for gas or oil within 1/4 mile of any principal
stream.

‘ €. State Program Management
| 1. Stream Alteration: To protect the natural character of the river

and the natural *low of its waters, no damminrg, dredging, filling
or ctannelizatizn of the stream will be sermitted ‘- those
portions of the Kalamazoo River or tributaries designatedq under
the Natuyral River Act unless approved by the Department of
Natuyral Resources under authority of Michigan's Inland Likes and
Streams Act, Act 346, P.A. 1972.

Natural matarials should bde usad to construct streambank stabi-
Tization projects to control erosion, or to enhance fisheries
habitat. These structures should be camouflaged and the local
Canservation Officer, District Fish Biologist, ar Soil Conserva-
tion Service reoresentative caontacted to orovide technical
advicz far such projects. All work done below the ordinary hign
water mark requires a permit under the authority of the [nlang
Lakes and Streams Act, Act 346, P.A. 1972.

Permission must be abtained from the property owner when remov-’

ing fallen trees and log jams from the river. If extensive
removal of log material ‘rom the bottom during these operations
is ant‘cipated, advice anc pernissicn should de sought “-om ine
District Fish Biologist.
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those necessary @ pritect the riverbank, will be permitted
within 200 feet =¥ tme designated mainstream or tributaries.
Such structures small de designed and constructed in such a
manner as to furthner twe purposes of the Natural River Act.

2. Natural Veqetatior Strs on Adjacent Shorelines: Trees, shrubs
and other vegetai-on nztive to the area shall De maintained and
enhanced on each side ¢f the river and tributaries to retain the
river's natural v:2lues. Maintenance of the natural vegetation
strip 1§ necessary to elp in stabilizing the riverbanks, mini-
mize erosion, provide shading which will help maintain cool
water temperatures, help protect water quality by absording
nutrients from su—facs water runoff, provide screening of san-
made elements, promect fisheries and wildlife habitat, and sain-
tain-the aesthetiz quaiity of the river,

a. Vegetation S—ip

Public Land - Dn a!1 publicly owned land, a one hundred and
Titty (150) <oot deep minimum restricted cutting stirip
shall apply or eacr side of the mainstream and on all cesig-
nated tribuzz—es. The following provisions will apply within
the natural r=astazion strip:

i Qead, = seased, unsafe or fallen trees, shrubs and
noxios plarts, including poison ivy, poison sumac,
and pc-son sk, and other plants regarded as a camon
nuisarc® in Section 2, Public Act 359 of 1341, as
amenceZz., may be ramoved.

ii. Trees and srrubs may be pruned for a filtered view of
the riwer,

iii. Trees and shrubs may be selectively removed for
harves: of a®serchantable timber to maintain and as-

tablisr pubiic utility facilities, and for reasonable
access o the river,

iv. Clear zuttieg within 150 feet generally is not pe--
mittez. but may be allowed if it meets the nolicy of
cutting wityin water influence zones on state forest
land. Limtad clear cutting of certain speciss rfor
fisn =znd wiidlife habitat improvement may be -’ -wed
upon amproval of such plans by the affectad diviciors
of the Depztment of Natural Resources (Section 15,
Act Z37, P.i. 1970).

3. Signs: Only “~cse s'3ns necessary for identification, direc-
tion, resource “mformetion and requlation of uyse shall e 3laced
along the desigrzted -iver and tributaries.
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Soil Erosion ard Sediment Control Measyrss: Michigan's Soil

Erosion anc Secmentation Lontrol Act, Act 347, P.A. 1972. AN
earth changing activities, other than normal landscaping or
maintenance, unertaken within 500 feet of a lake or stream must
be conductez in accordance with the requirements of Act 347 of

‘the Public Act: of 1972, its administrative rules and those

procedures =stxlished by the local enforcing agency. Oevelop-
ment along the ~iver favolving earth moving shall provide for

water dispcsal md/or protection of the soil surface during and
after construction.

Practical combiiations of the following will provide effective

erosfon contr:l when skillfully wused in planning and
construction:

a. The cdeveloment plan should be fitted to the soils and
topogranhy so as to creite the least erosion potential,
Locai offizs of the Seil Conservation Service can provide
detail=ad irformation on the soil characteristics of a given
site and or the suitability of such soils for various uses.

b. Wherever fiasidle during construction, natural vegetation
shall >e reained and protected. Where adequatas vegetation

does »ot exist, temporary or permanent vegetation shall be
estab’ “she: wnere possible.

¢. Where -t it necessary to remove vegetation for construction,
1imit <he =posed area to the smallest practical size at any
one t me,

d. Limit the duration of 2xposure of soils to %he shortest
pract®zal time,

e. Critical zeas 2xposed during construction should be pro-
tectes wity temporary vegetation and/or mulching.

f. Permament segetation and improvements, such as roads, storm
sawert anc osther features of development capable of carrying
stors =ung? in a safe manner, shall be installed as early as
possizle. :

g. Provis‘aons should e made to accommodate the ‘ncreased run-

‘of ¥ cayse: dy changed soil and surface conditicns during and
after construction.

h. Sediment :asins to remove suspended soil particles from
runoT™ wz2r from land undergoing development should be
consTmucixd and maintained where erosive conditions indicate
their nee: 10 prevent sediment damage t: the river,

i. DOiversioms, grassed waterways, grade stabilization
structurss, and similar mechanical measures required by the
site sha’! be instailed as early in the ocevelopment as
possiale.

174




3.

Utilities: New gas or oil pipelines, or electric transmission

Tines shall not be permitted in the Natural River District or to

cross the designated river and triputaries without prior written
consent of the Department of Natural Rssources. Plans for these
transmission lines which include crossing the river district or
the river and designated tributaries s¥all be done in accordance
with the rules entitled Utilities and Publicly Provided
Facilities in Natural River Arsas [Section 15 of Act <31).

New distribution lines within twe designatad portions of the
river or housing setback zone shall be placed underground,
unless overhead lines are less <isruwtive to the environment.
Plans for distribution lines which ars to be placed under the
river shall be approved by the Cepar‘ment of Natural Resources
and all construction shall meet tme requirements under the Soil
Erosion and Sedimentation Control! Act, Act 347, P.A., 1972 and
the Inland Lakes and Streams Acz, Act 346, P.A. 1972. Local
service lines to private dwell<ngs shall originate from the
landward side <1 the dwelling insafar as practical.

Management of trees, shrubs and ctner regetation for maintenance
of utility rights-of-way shall »e dore manually in the natural
vegetation strip. *However, hanz application of herbicides to
stumps of selectively cut trees may e allowed in the natural
vegetation strip where it is tme otjective to establish and
maintain a low growing shrub commnity in this zone. The
Oepartment may authorize applica:zion of selected pesticides to
control insect or disease infestztiors.

No new dams will be allowed across the designatad portions of the
Kalamazoo River system. Permits for ~eactivation or relicensing
of the Calkins Dam and/or the Hamii*on Dam shall include a
requirement that minimum flows 52 maintained which will ensure
protection of the water quality, and fish, wildlife, wetlands,
ecologic, recreational and aestnetic values of the designatad
portions.

Recreation:

a. Fishing, Hunting and Trappimg: *“ishing, hunting and trap-
ping will be permitted in <ne %Yatural River District in
accord with current state anc locil laws and regulations.

IT IS EMPHASIZED THAT M2TURAL RIYER DESIGNATION, OR
ESTABLISHMENT OF A ZONING DISTRICT ALONG 'AE RIVER, OOES NOT
OPEN PRIYATE LANDS TO THE PBLIC.
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Fisheries and wildlife management will de done {n confor-
mance with the charactesr of e area and objectives of the
natural river designatiom. A definite fish management plan
has not been developed for the lower Xalamazoo River system,
However, emphasis will Se plax2d on maintaining and enhanc-
ing the quath of the f sner‘es through stocking, rehabili-
tation and other necessa—yv matagement practices, As long as
P23 concentrations in fisn i1 this area r=main at a danger-
ous level, every effor: shotid be made %o keep the pudlic
advised of the situatiom-

Wildlife management plars call for development and improve-
ment projects to enhance the three existing marsh management
areas. .n addition, a<<acest uplands will be managed to
maintain 2xisting wildl &2 ssecies.

b. Boating and Canceing: Zoat®vg and canceing are permitted.
Local units of goverrmes~ (township or county) are encourag-
ed to 1imit the use of motorized watercraft by limiting size
of motor or no wake spe=ds ‘n areas where problems of bank
erosion, property damage or personal safety exist. Such
controls should be done =n azzordance with the Marine Safety
Section of the Law Enfo~cemert Divisicn.

c. Litter: In view of the sdDec’al status of the Kalamazoo River
and 1ts unique beauyty anc character, the Department of
Natural Resources shall ancaurage and cooperate with private
interests as well as cTner aublic agencies that have pro-
grams for river clean-«=.

Public Access Sites and Rest Areas: The Advisory Group feels

that existing public access is idequate and recommends no new
public access sites be prov- ded ilong the lower Kalamazoo River,
However, one new rest stop »ith 20 public vehicular access, may
be desirable in the future. If such a facility is needed in the
future, it should be estadbl ‘shed ‘n the vicinity of the following
areas: :

a. Nwd of Section 30, T3X, =14, on the north side of the river.

5. S8 of St of Section ZI, T31, R14W, on the south side of \.he
river,

Any additional public 2cz=2sz must e wa'«-in only with parking
facilities at least maintziairg estiapiisneq satlacks. These
should be iocated only whe=: “heee is sufficient adjacent nublic

lands so as to .mmmze trespass and user conflicts on privately
owned lands.



6.

8.

These recommendations should meet present and foresamanis ‘yture
needs for access. Should use expand or an unexpec-sg reed for

access arise, it may be necessary to restudy the acemacy of
public access and rest areas.

Motorized Vehicles: Operation of all motorized vertzles axcept
normai farm and (awn machinery, other than on designatac pudlic
roads or access roads to permitted uses, will Ha prmibited
within the NMatural River District., Use of ORY's on mblicly
owned lands contiguous to the Natural River Distrizs sha’l be in
conformance with gquidelines and regulations of the aigency
administering such lands, and state and federa®’ noizm level
standards shall be strictly enforced. (Muffler =eguirment of
MVC - Section 708, Act 300, P.A. 1949, etc.)

Historic and Archaeological Sites: 1t {s recomwmenmd that
responsible groups, individuals and the Histo~y [-vision,
Michigan Deoartment of Stats, should continue t: -den*fy and
evaluate historic and archaeological sites. Fo= thesa sites
that qualify, work should continue toward inclus-on & these
sites on the State and Nationma! ‘egisters of Hrszoric ?laces,
and/or Historic Sites and Historic American Builz-mcs.

Water Quality Management: Designated stretches = Ine fi’amazoo
River and its tributaries will be governed by tnhe “norcegrada-
tion® rule of the Water Resources Commission’s water suality
standards. Baseline water quality shall be oetz—mirec, both
chemically and biologically, at the time of o=s-gnaTan. A
program for water quality monitoring shall be estarlisned by the
Bureau of Environmental Protection__to_ensure smat —mtinuved
efforts are being made to maintain or enhancs wats gua:-ty. Of
particular_concern is the monitoring _qf PC3 _lasels - —fish
tissue.

Upstream_municipal and industrial discharges %s =ne !filamazao
River system should be closely controlled to insu~e p~—tection

to the water gquality and natural values of tne msignated
portions. '

H. Administration

]"

Land Use Suidelires: Under Act 231, zoning by locz™ gover-mental
units shaii be “ne preferred means of protecting =he !{alamazoo
River and its Zesignatad tributaries as a natura” =ive-.

a. Zoning shall be applied within the 300-foc: Katu3il River
District on both the designated mainstream anz tr mtaries.
Jpon acoption of a local zoning ordinance, cz==if-ad copies
of maps and/or documents describing the Natu=i! River
Oistrict shall be filed with the Tocal tax ass=ssirg officer
and the County Equalization Department. ’




In establishing true cash value of property eithin the
Natural River District, the assessing officer shall take
cognizance of the effect of use limits establisted by the
ordinance (Section 12, Act 231, P.A. 1970).

Utilities and Publicly Provided Facilities ia Designzied Natural

River Areas: As provided in Section 15 of Ac: 231, P.A. 19/0,

agninistrative rules have been adopted by the state which pro-

vide that: Plans for construction, enlargement, a:d site or
route location of all utility pipelines and transamission lines,
roads and road rights-of-way, publicly provided recreation
facilities, access sites, and public water sanagement projects
within a natural river area shall be approved by the Jepariment,
An application for the approval of such plans snall e submitted

by the applicant, 1in writing, :: the Deparmment of Natural
Resources, Division of Land Resource Programs.

Appeals: Under certain circumstances, strict adhersnce to this

plan =y create unreasgnable hardships for the froctage owner.

Such cases may be appealed to the appropriata stxia or local
board for a variance., Applications for a variance shall de based
on a site plan. The County Health Department, Soil laonservation -
Service, appropriate staff and field personnel of the Department
of Natural Resources, and other experts shou'd be zansulted to
recommend to the appeals board a ccurse of acton which will have
the least degrading impact on the character of the nziural river,

final detarmination of the variance shall be made by the appro-
priate board.

Nonconforming Uses: As stated in Section 13 ¥ the Natural River
Act, Act 231, P.A. 1970, "the lawful use ¢f any Suilding or
structure, and of any land or premise as existing ac lawful at
the time of enactment of a zoning ordinance or ryle or an
amendoent thereof, may be continued althougn such ise does not
confora with the provisions of the ordinance, ~ule r amendment.
The ordinance cr rule shall >rovide far the completicn, restora-
tion, extension or substitution of nonconforwing uses upon such

reascnable terms as may be :at forth in the zoning z-dinance or
ryle.®

7oning Requlations in Unusual Cir<umstances: The requlations
Jroposed in this reoort are not atendes ta be applied in
disreqard of the requirement of Section 9 =¥ the Natural River
Act of 1970 that zoning regulations "tak2 zognizance Jf the
characteristics of the land and water concarned, :ur~ounding
develooment and existing uses.”™ Where specific :ircumstances
can be proven to warrant a variance, other or diffzrent requla-
tions, either more or less restrictive, sheu 2 be ic:nted.
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Land Acquisition: The state may puyrchase or trade lands with

owner consent on the designated river and tributaries to main-
tain or improve the river and its environment. Efforts should be
made by the appropriate public agency to purchase key parcels for
cance rest areas, walk-in fishermen access, or to protect sensi-
tive environmenta) areas. Scme landowners in the Natural River
District may de interested in offering scenic or other sasements
or inserting restrictions in their deeds which serve to protect
the river environment and which coincide with their property
interests. The opportunity to obtain such easements or restric-
tions should be pursued by interested pubiic agencies.

State Resources: Overall responsibility for implementing and

coordinating the natural river plan {s assigned to the Region I1]
Office of the Department of Natural Resources. The Natural
Rivers Unit and the Department of Natural Resources Natural
Rivers Advisory Group will act in an advisory capacity.
Enforcement of water quality standards and water use regulations
will be the responsibility of the Envirommental Enforcement
Division and other divisions of the Department of Natural
Resources. Other laws and programs reinforcing natural rivers
management objectives should be utilized to the extent necessary
to protect the river in implamenting the management plan for the
river and tributaries (see Appendix C).

1. Recommendations - Encouragements

1.

Private Landowners: Although not required by this plan,

property owners are encouraged to consider the following recom-
mendations which will help protect and enhance private lands,
and offer additional protection to the river and adjacent en-
vironment.

a. Building Desian - Property owners along the streams are
eéncouraged to use natural materjals and natural ungbtrusive
c¢olors in the construction of new or remodeling of existing
buildings. Upon request to the Department of Natural
Resources, individual property owners may receive technical
advice on locatien and design of structures and management
of their lands. Such requests and the Department's response
should bde channeled through the local zoning administrator,

b. Building Screening - Property owners of new or =2xisting

duildings visidle from the river are encoyraged to screen
them with native vegetation. The Department of Natural
Resources Area Forester and Soil Conservation Service will
advise on p]anting stock, etc. on request. When availaple at
state nurseries, rncaunended planting mater1a1s will Ye
supplied to property owners at cost
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¢. Building Setbacks on Bluffs - Property owners are encouragers
to maintain a reasonable setback from the edge of a bluf*.
Bluffs are sensitive areas subject to erosion. Where cor-
struction occurs too close to the edge of a bluff, damage —
the structure and severe bank Sloughing may occur. Tm=
following are suggested distances for these setbacks:

1) New buildings and appurtenances shougd be setback ==
1eas§ S50 feet from top of the bluff on the cutting
edge” of a stream.

i1) New buildings and appurtenances should be satback ==
Taast 25 f2et from the tcp of a bluf’ on the noncutt mg
e:ge of the siream. .

d. Erosion Control - Planting of perennial native species =n
the natural vegetation strip is encouraged, especially whe—e
exposed soil and steep slopes exist. The Department =¥
Natural Resources or Soil Conservation Service may be cor-
sulted for selection of plant species best suited “or
erosion control and/or screening of existing developmer=.
When available at state nurseries, the recommended plant-ng
materials will be supplied %to property owners at cost.

Local Units of Governmment: The management of areas beyond ™he

natural river zone is axtremely important since land use zmd
water resources are closely rejated. What happens on the 'zms
beyond the Natural River District but within the drainage arsz oF
the river, affects the river, Local units of government adjac=nt
to the district, through their powers to influence the “ocat-or,

timing and nature of development, can have a positive effect on
water resources.

It is recomemnded that local governmental units zone ar==s
adjacent to the Matural River District to maintain the integ—=y
of the Xalamazoo River and designated tributaries as a v ==
scenic river: : :

a. 38y limiting residential development to low density, sing =-
family structures or medium density cluster developmer—=.
Medium density cluster develcpments are rscommended becz.s2

it is more cost effective to provide services and cont-:< .

*gluff"means the top of a st2ep bank rising sharply from the wazz s

egge.

“Cutting edge of a stream” means the edge of a river or stream we-e
water velocity is such that it may cause soil or stream bank erosise.

180




e . m

* 4
-2 Ve . A
- & e A -

b. By providing districts where industry which may produce
noise, snoke, fumes, odors, etc., will not affect the
natz-al characteristics of the river area.

¢. By >zroviting districts for commerce where heavy traffic,
part<ng, automobile exhaust and noise will not create en-
viromsea:ial intrusions. '

Further, it !s recommended that local units of government {ncor-
porats water resouce protection and/or management measures into
their plans, programs and decisions involving land use. Such
measures are of particular importance when dealing with lands in
the stream corridor as defined below.

A strear corridor essentially consists of lands contiguous t2
the stream, the alteration or development of which could poten-
tially cause negative impacts on the stream and its environment.
It is a composite of: ‘

a. So°” tyces with severe limitations for development.
b. VYegmtation along creek banks.

¢c. Weilancs.

d. Slwmes.

e. Flxod profiles when known.

Sensit ve =zeas involving one or more of the above factors may
occur sithin the drainage area of the river but outside of tne
Natyral River District itself. Modification or development
within suc® areas may adversely affect water resource benefits
within the district or create problems requiring costly public
investment :o rectify.

It is -ecommended that local units of government consider such.
measyres 25 requlating changes in surface water runoff from
specif-c lecations through use of the site plan review process,
and rotecting sensitive areas outside the Natuyral River
Distrizt trrough use of conditional use permit procedures.

On prvats lands adjacent to and within 1/4 mile of the Natural
River Zist~ict, it is recommended that the local Soil Conserva-
tion Z-istricts, local soil erosion and sedimentation control
agenc®=2s, .ooperative Extansion Service and the Denartment of
Naturz~ Rasources cooperate with landowners to ensuyre that
timbe- hariest, agricultural practices, housing, road building,
ar ot~ar lind use activities are compatible with the wild-scenic

desigratior of the river and with maintaining the water guality
of the rivar,

Furthe—, ‘acal gqovermmental units are urged to adopt building
setbacks, segetation management and santic system controls for
other streams under their Jjurisdiction not within the natural
river dJesiznation. ‘
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APPENDIX B

Water, Sediment and Fish PCB Results
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WATER PCE DATA FROM THE KALAMAZCOO RIVER -

TOTAL AROCLOR ARQCLOR ARCCLOR

. PCB 1242 12354 1250
REACH LOCATION DQTE (NG/L) (NG/L) (NG/L) (NG/L)
PORTAGE CREEK

BACKGROUND CORK STREET 18-Qpr-83 <10 <10 <10 <10
29-Apr -85 - <10 <10 <10 <10
Ob-May-83 <10 <10 <10 <10
29-May~83 <10 <10 <10 . <10
10=Jun=-83% <10 <10 <10 <10
17-Jun-83 <10 <10 <10 <10
24-Jun-83 <10 <10 <10 <10
10-Jul -85 <10 <10 <10 <10
22-Jul -85 <10 <10 <10 <10
29-Jul -85 <10 <10 <10 <10
0bé-Sep-85 <10 <10 <10 <10
24-Sep—-85 <10 <10 <10 <10
18-0ct~-8S <10 <10 <10 <10
14-Nov~-83 <10 <10 <10 <10
17-Dec-8S <10 <10 <lo <10
22=-Jan-8é& <10 {10 <10 <10
19-Feb-8é <10 <10 <10 <10
20-Mar -84 <10 <10 <10 <10
24~-Apr-8& <10 <10 <10 <10
13-May-E¢< <10 <10 <10 <10
24-Jun-8é <10 <10 <10 <10
01-0ct-86 <10 <10 <10 <t
13~-Nov-86 <10 <10 <10 <10
10-Dec-8& - <10 <10 <10 <10
24-mar-87 17 17 <10 <10
b ALCOTT ST © 18-Apr-8%5 8é 70 1& <10
29-Apr -85 145 130 1S <10
0&—-May-E85 283 250 33 <10
20-May~85 262 230 32 <10
29-May-83 129 110 19 <10
10=-Jun-8% 258 230 2< <10
17=-Jun-895 161 140 21 <10
24-Jun-£ES 114 95 19 <10
10=-Jul -85S 111 ‘ 97 14 <10
22-Jul-8% 110 90 20 <10
29-Jul—8% 3TS 00 3 10
28-Aug-8% 183 130 23 110
0&=-Sen-87) 1146 S0 24 - Y10
24-Sep~-85 g8 76 12 <10
185=-0ct-25 1S5 130 25 <10
14-Nov-8Y 74 74 <10 <10
17-Dec-8% &1 49 12 <10
22=-Jan-8é& 120 92 28 <10
19-Feb=-Eé& 71 57 14 <10
20-Mar-£g4 81 &9 12 <10
24-Apr-84& 75 ; s8 T 17 <10

13-May-86 192 180 12 < 1(,.
24-Jun-84 222 208 <10 17
01-0ct-846 32 72 . <10 . {10
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WATER PCB DATA FRCM THE

REACH

LOCATION

BACKGROUND COMSTOCK AVE

BACKGROUND 3ISTH ST

BACKGROUND RIVER ROAD

-BACKEROUND KING HGHWY

BACKGROUND MICHIGAN AVE

ANl 1 =07

DAVIS CREEK

KALAMAZOO RIVER

13-Nev=-8&
10-Dec-86
24-Mar-87

19-Feb-86
20-Mar-84
24-Apr-8é
21-Apr-87

KALAMAZOO RIVER

13-May~-86

18=-Apr -85
20-May~-85
17=-Jun-8S
22-Jul -85
24~-Sep—-83%
15=-0ct-89
14-Nov-85S
17-Dec-85
22-Jan-8¢&
19-Fep-86&
20-Mar-86&
24-Apr-8é
13I-May—-8é
24-Jun—-86
01-0ct-86&
Lt 3I-Nov=-8é
10~Dec-8é&
Z3-Feb-87
24-Mar-87

22=-Jan-86
19-Feb~-86&
20-Mar -84&
24-Apr-864
13-Nov~-86é

24-Sep—~-85
185-0ct-8%
17-Dex--38
22-Jan—-8¢&
19=-Feb-86&
20-Mar-86
24-Apr-84
01-0ct-8&
13=-Nov-86&
10-Dec-Bé

g~

TOTAL
PCB
(NG/L)

<10
<10
<10
<10

<10

24
13
14
30
13
26
11
<10
<10
138
<10
<10
14
<19
<10
<10
<10
<10
<10

<10
<10
<10
<10
<10

41
33
<10
14
<10
<.0
39
<10
<10
<10
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AROCLOR AROCLOR

1242
(NG/L)

<10
<10
<10
<10

<10

12
<10
<10

20
<10

14

11
<10
<10
120
<10
<10
<10
<10
<10
<10
<10
<10
<10

<10
<10
<10
<10
<10

24

19
L0
<10
<10
<10
<10
<10
<10
<10

1254
(NG/L)

<10
<10
14

<10
<10
<10
<lo

<10

12
13
14
10
13
12
<10
<10
<10
18
<10
<10
14
<10
<10
<10
<10
<10
<10

<10
<10
<10
10
<10

17
14
<10
14
<10
<10
32
<10
<10
<10

B G

ARCCLOR
1260
(NG/L)

<10
<10
<10
<10

<10

<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10

<10
<10
<10
Y

<10

<10
<10
<10
<10
<10
<ie
<10
<10
<10
<10



WATER FCB DATA FROM THE KALAMAZOO RIVER

TOTAL  AROCLOR AROCLOR AROCLOR ’

PCB 1242 1234 1260
REACH LOCATION DATE (NG/L) (NG/L) (NG/L) (NG/L)
23-Feb=-87 <10 <10 <10 <10
2 PATERSON AVE 24-Sep-8S% Yo} 25 17 <10
13-Qct-83 42 ‘ 24 14 <10
19-Feb—-8é 19 19 <10 <10
20-Mar-86 <10 <10 <10 <10
24-Apr-86é <10 <10 <10 <10
13-May-8é 13 <10 13 <10
24=-Jun-86é 37 37 <10 <10
01-0ct-86 <10 <10 <10 <10
13-Nov-86 11 11 <10 <10
10-Dec-86 <10 <10 <10 <10
23-Feb-87 10 10 <10 <19
2 MOSEL AVE 24-Jun-86 -¥-) 44 <10 <10
01-0ct-86 <10 <10 <10 <10
. 10-Dec-Bé& 13 13 ‘ <10 <10
23-Feb-87 30 30 <10 <10
24-Mar-87 41 27 14 <10
20~-May-87 23 <190 23 <10
2 D AVE 10-Dec-86& 14 14 <1¢ <10
23-Feb-87 <10 <10 <10 <10
24-Mar-87 27 27 : <10 <0
20-May-87 30 <10 30 <i0
3 10TH ST - 18-Apr-835 48 32 16 <10
. 20-May~-8%5 &2 39 23 <10
17-Jun-8% 48 : 3& 12 : <10
22=-Jul -6% 110 70 40 <10
13-May-8é& 133 ) 130 19 : <10
10-Dec-8& 12 12 <10 <10
23-Feb-87 o] 25 <10 25
24-Mar-87 42 . 42 <10 <io
20~-May—-87 g7 &1 3é <10
4 PLAINWELL DAM 18-Apr-5% 31 9 11 <10
20-May-83 &2 44 18 <10
17=Jun-88 S7 38 14 <10
22-Jul -85 70 S0 2 <10
13-May-8é 91 76 =] <10
S FARMER ST 18-apr -85 , 47 31 14 <10
20-May-8S s8 39 19 <10
17=-Jun=-8%5 a4 3& 10 <10
22-Jul -85 g0 &0 30 <10
& QTSEGO DAM 18-Apr-85 122 93 29 <10
. 20-May-83S 49 32 17 <10
17-Jun=-835 2 a0 12 <10
. 22-Jul -89 80 S5 25 <10

185




. . " LR
. WATER PCB DATA FROM THE KALAMAZOO RIVER SR

TOTAL  AROCLOR AROCLOR AROCLOR

'] PCB 1242 1254 1250

REACH LOCATION DATE (NG/L) (NG/L) (NG/L) (NG/L)

7 26TH ST 1E-Apr-35 126 56 30 <10

20-May-8% 100 72 28 <10

17=Jun-85 a3 25 17 <10

24-Jun-8%5 62 44 18 <10

22-Jul -€5 100 70 30 <10

8 WILLIAMS RD  18-Apr-8% 119 91 28 <10

20-May-8% 99 70 29 <10

17-Jun-85 71 s 13 <10

22-Jul -385% 110 80 30 <10

9 M=-118 18-Apr-85 104 g0 24 <10

28-Apr-89%5 191 77 24 <10

0&-May=-3% 108 77 31 <10

20-May-35% - b4 23 <10

29-May-8% 53 67 26 <10

10-Jun=-8S 130 9% 25 <10

17-Jun-85% 63 s0 13 <10

24-Jun~8S 153 140 53 <10

: 10-Jul-8% =7 42 s <10

. 22-5ul -2% 170 130 40 <10

" 29-Jul -85 101 7% 26 <10

15-May—-86é 149 130 19 <10



PORTAGE CREEK SEDIMENT RESULTS, 1983-86

DISTANCE FROM DISTANCE FROM  PCB
BRYANT DAM (FT) LOCATION STREAMBANK (FT) CONC(PPM) DATE

BRYANT MILL POND RESULTS
LOWER BRYANT

150 INSTREAM 145.0  06-Aug-86

* INSTREAM 24.3  06-Aug-86

INSTREAM 36.4 15-0ct-85

INSTREAM 105.0 22-Ju1-83

EASTBANK 0 328.0 06-Aug-86

: 5 33.9  06-Aug-386

55 444.0 06-Aug-86

WESTBANK 0 980.0 06-Aug-36

0 36.9 22-Jul-83

5 10.7  06-Aug-86

55 171.0 06-Aug-86

95 322.0 06-Aug-86

160 EASTBANK 20 582.0 02-Nov-83

WESTBANK 20 97.0 02-Mov-83

200 EASTBANK 0 §30.0 15-0ct-8S

20 333.0 02-Mov-83

WESTBANK 0 510.0 15-0ct-8S

600 INSTREAM _ 3.2 22-Ju1-83

EASTBANK 30 27.5 . 02-Nov-83

WESTBANK 0 '344.0 22-Jul-83

900 INSTREAM 3.3 22-3ul-83

EASTBANK 0 36.8 10-Dec-86

(0-2") 5§ <«0.91 10-Dec-86

(0=2") 53 33.2  10-Dec-86

(6-8") 55 16 10-Dec-86

WE STBANK 0 23.0 22-Jul-83

0 18.2 10-Dec-86

(0-2") 5§ 2.6 10-Dec-86

(0-3") 60 23.0 10-Dec-86

(3-5") &0 19.7 10-Dec-86

1050 EASTBANK 29 8.1 02-Nov-83

CONSTRICTION=1200

UPPER BRYANT -

1400 INSTREAM 85.0 15-0ct-85

BEGINNING OF POND=1900

DISTANCES ESTIMATED FROM USGS 7.5° TOPOQ%A?HICAL MAP 08-Sep-87

_ - — e U S e et



PORTAGE CREEK SEDIMENT RESULTS, 1983-86

OISTANCE FROM

OISTANCE FROM

PC8

BRYANT DAM (FT) LOCATION STREAMBANK (FT) CONC(PPM)  DATE

2100 INSTREAM 56.9  03-Apr-84

- 0.2 03-Apr-s84

WESTBANK 5 5.9  03-Apr-84

2600 EASTBANK 0 2.3 03-Apr-84

WESTBANK 0 0.9  03-Apr-84

3000 WESTBANK 0 54.1 15-0ct-85

0  <1.4 15-0ct-85

3400 WESTBANK 5 4.1  15-0ct-8§

3600 WESTBANK 0 «1.3 15-0ct-85

3800 WESTBANK 0 898.0 03-Apr-84

SEEP ONE = 3300 WESTBANK 10 69.0 15-Oct-85

SEEP TWO = 4200 WESTBANK 0 .1 15-0ct-85
ALLIED 00224300
CORK ST = 5300
MONARCH DAM=6300

MONARCH MILL POND RESULTS

50 (FROM MONARCH DAM) 1.8 06-Aug-86

100 2.3 06-Aug-86

0.7 03-Apr-84

300 0.4 03-Apr-84

500 0.4 03-Apr-84

‘188




6817

- PCO Concentration
fopmi

Sample
HMumber

81 107.6 (0-2.57)
0.8 (26-567)
61.0 (5-767)
65.8 {7.5-10°)

(0-25°
(36-77)
(r-1087)
(105-14)

oo
PO -0

(0-28)
(26-67)
(6-87)
(s-117)
(11-147)

1] n 8.

[ ]
o> B b o

a8y 8.1 (0-67)

(o)
(16-187)
{24°)

~
-
[ %]

[ I 3

m 7.8 (0-27)
1.2 (1e)
82 368.7 {0-2

10.0 (8-8
6.6 (j2-107)

i
®* Represents lnstream samplen

Yaet
1072

1872

1672

1083

1983

1872

BAYANT MLl PONDS
CORE SAMPLES

Neference

Comments

Lauer, 1072

Lauer, 1972

tauer, 16872

Unpublished MONR,
November 2, 1982

Unpublished MONR,
Novembers 2, 108)

Lauer, 1072

Nostheast sids, lower pond, 10° core

Northwest side, lower pond, 14" core

Southwest side, lawer pond, ¥4° core

60 «\W» downsiream of upper basin conaslsiction,
east side; brown coloy

1" sand feyer

Oiay sediment

Oray sadiment

200 mMe upstream of Bryant Dam, 10 meters east
ol tiver; high ground; brown-gisy
Lighs grey

Wenl side, upper Beyant Mill Pond, 14 core e,




‘ : TANME A-2 .

KALAMAZIOO RIVER SEDIMENT DATA

Pnnnn! CREEX: NEACH 1t ' »
SUNFACE SAMPLES _ !
Sample PCB Conceniration
Number fppm) Your Nelerence , Comments
PC4 ' 17.81 1972 Lauer, 1872 Lake Streal
rcCH 0.50 1978 Unpublished, MDNR Michigan Avenue
‘ ) August, 1078
PCI 65.68 1870 Unpublished, MDNN Vine Slreet : .
_ August, 1978 .
PCI 84.60 1978 Wuychack, 1878 Vine strast
PCY 85.00 - 19082 MDHNN, November 1882  Michigen Avenue -
rci 1§.00 1081 MR, Novembar 10083 Michigan Avenus; Instream, Qtl v. slight olls
[N ] 14.60 i MO, Hovembar LO8) Michigan Aveniie! streans hanhkp, sill, 1esembiles
paper wasle deposits
PC2 10.00 . 1883 MDD, November 1083 Fostage Road; instraam, sandy slit, elight olls
rC2 11.00 - 188) MDER, November 1003 Portage Noad; straam bank logsely consolidated

brown silt

re T /'ﬁ

il
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161

Ssmple

T _Number

!
x2
3
K5

[ {J

X2
[ & ]
K4

x4

TAME A-2

KALAMATOON AIVER SEDIMENT DATA

PORTAQE CREEK CONFLUENCE YO MAIN STREET, MLAINWEINL: REACH 2

PCB Concentrstion

{ppm}

6.28
10.30
8.1’
12.34

7.73

1.80
1.00
$7.00

13.00

SURFALE SAMPLES

Yot Relerence
1976 Unpublished, MDNR,
August 8-10, 1978
1978 Unpublished, MDNA
August 9-10, 1078 °
1978 Unpublished, MONR,
August<@-10, 1878
1978 Unpublished MONR,
August 9-10, 1878
1878 < Unpublished MDNR,
August 8-10, 1976
1882 MONR, November 1882
‘082 MODNR, November 16682
1082 MDNR, November 1002
1684 Crasl, 1884

Comments

Fourth Strest
D Avenue

NN westle (Parchment)

Oull Srem

Michigen Avenue ] -
{Portage Cresk Conlluence)

D Avenuse
Commerce Straet & AR croesing
Patterson Avenue

Pattarson Avenue

-

1
-z




—— g

[41%

Sample

_Numsbeg
re

P10
re
P10
Py
13

rs

hampia
MNumbsr.

r1

6

[

(44

PCAB Concentsation

epm)

7.8%

2.58

3.60
14.00

26.80
16.60

24.50

res Qoncentiation

— Avaml

3.0
26.85

65 .80
29.20

37.40

25 .00

(0 47
{(6-107)

(0-4%)
{6-127)

(0-107)

{0-107)

TABLE A-4

KALAMAZOO RIVER SEDIMENT DATA

MANN STREET, PLAINWELL YO PLAINWELL DAM. REACH 3

1978
1978
1082
1882
1082

1983

1903

SUNIFACE SAMPLES

—— PReleferce

Unpublished MDNR,
August 18768
Unpublished MDNR,
August 1878

MDNRA, Hovember 18082
MDNR, Navember 1082

MONR, November 1883

MONR, Navember 1883

MODNR, November 198)

Commenis

Rowte 131, Plalnwell

N A estle, Plainwell

Route 131 Bridge
RR. crossing

60’ upstream of dem, south side, sctive

depaositions! arse, 18° grab sample in river

03 miles upstream of dam. north side, grab nesr

preaent rivar lavel; tup 1/4°

0.3 milss upstream of dam, north gide, grab nesr -
present tives lavel, sample without top 1/4°

MAIN STREET, PLAINWELL TO FLANNWELL DAM: REACH 3

Yaar

tve)

1083

1043

108)

CORE SAMPLES

—Hafetanie

MUNNK, Novembier (8813

MDNR, Novembar 188)

MUNR, Novembaer 1883

MDNR, Novembar 1083

Gummenta ______

1O upsteeam ot dam, norin side of river,
10° core; 2' abuve tiver level

816 mites upstream of dam, aontk side of river, ‘
127 care, 4" below presant river level .- 5
i

03 miles upstream of dem, nosth side of siver,
10" core; 2’ sbove river fevel; composite

0.76 mllas vpstream of dam, south side, 10" core;
2" above wales level; composite

B B

SR s

B T N r
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TABIE A-4

KALAMAZOO RIVER SEINMENT DATA

PAGE TWO

Sample PCB Concentration

MNumber ¥ fepm)

P ' 0.60
8.20

.80
.64
.18
.2t
.20
.08
.08
.37
.08
.28

1N

.34
N 1]
.8t

*r3

18
.13
17
.17

*r§

.08
.08
ne

“re

(0-49)
(8-107)

()
i)
]
(¢)
()
3]
{(r
(2)
w)
(10}

()
m
™M

)
7y
3
(4-5)

(V27)

(2
"

"

1084

1984

1084

14

— . Dalerence

Comments

MDNR, Novembar 1003

Unpublished MDNRA,
June 1984

Unpublished MDNR,
June 1084

Unpublished MDNR,
June 1004

Unpublished MDNR,
June 1004

1 mie upsiresm of dam, upstieam of 131 Bridge,
south slde of siver, 10° core; 2° above water level

3 maters upstraam of dam; avertying waler
depth -~ 0.3 metern

0§ km upstiesm of dam on Nrst hand, 3 meters
fiom shote, overlying walter depth — 1.0 meter

0.4 km upatream of dam, 38° som left bank
(nosth) overtying wetsr depth -~ 1.8 metess

05 km upstream of dam, on sight bank{south);
overlying water depth -~ 1.8 melers




M .

TADLE A-4

KALAMATOO RIVER SEDIMENT DATA

PAQGE TIREE

Sample PCB Concentratlan

{pom)

Numbef_

P4 9
t4

.20
.60
.30
.20
.10
20
.20
.81

(17)
(2}
(8]
4)
(%)
()
4
s)

* Representa inairesm samplss

Neference

Gommanis

Unpublished MDNR,
August §, 1888

e



561

Sample PEB Concentratirn
MHumber_ —neml
M2 . 7.08
wy v 28.10
Sampls PCB Concentration
Sumber —loem)
Y]] §7.00 (12)
30.30 ()
5.80 [3)
4.24 (¢}
0.8% (5}

JASIR A 8
KALAMAZOO WIVER SENIMENT DAYA

PLAWELL DAM YO OTSEGD CITY DAM: REACH 4
SURFACE sAasrLES

Yeac Refsrence Comments

L1 Unpublished MDNA, 0.8 km upstream of dam, south gide of tiver; sast
. January 1088 ol PMatt snd Count Siraate
1088 Unpublished MDNA, 2.2 bm upsiream of dam, aorth side of tiver;
Jonusry 100§ 100 meters east of AR, and 108 Rvest

nmmnmomnocuvm W REACH 4

CONE SAsarEs
Year ——Nolerance ' : —Comments
1008 Unpubliahed MDNR, 8.1 km upstream of dam; nstrean sampla

May 26, 1008
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L6T

© TABE A-Y
KAIAMAZOO WMVER SEDMAENY DATA

Sample PCa Concenration - ' '
Humbar, omi_____ Yeut —fleforence Comments
L§ . 4.8 ({1} Uspublished MUNR, Gt sample ot present walel level
Juns 1083
n o 18 Unpublished MONR, Orab semple at presem water tevel
June 1983 )
” 23.0 1883 Unpublished MDNR, Grab sampls 4’ above wates lovel
* ; . June 1983 .
‘ .
OT8EGD DAM YO TROWBRIDOE DASS: REACH @
, CORE sAMPLES .
Sample C8 Concentration ) :
Number_ —_—tram) Yeur N— TR —Gommants
“n 8.4 (0-29) 1803 MDNR, November 1883 Bouth slde of siver channel, 18& upstream of
1.3 (1w ' dam; active depositiona) 2000, 18° Echman,
¥ belaw river feval
T4 18.7  (0-47) 1883 MDNR, November 1903 L+ atream ponion of downstream hasin 1 4 mies
1 80.0  (14-12) ' ‘ Gigatream; 18° care at siver teval
T4 3.8 (0-47) 1903 MONR, November 1003 Upstream partion ot downstream basin, 1 4 miles
7.4 {11- 187) Ypstream; 18 core; 3 shove waters Jevel
L3 44.2 (0-157) 1883 MDNR, November 1903 Channel hetween feservolr hasing, 2.2 miles
. upstream of dam; 1§ composied core
16 3.8 0-49) 1083 MONR, November 1683 Middis postion of upstieam sessrvols hasin;
8.8 (6-16) ‘ 10° core; § abave river favel; 2.6 miles upstresm
of dam

® . o



TAME «-7 i : )
KALAL: OO RVER SEDIMENY DATA
PAGE WO

Ssmp: s PCB Cancenliation

Numb € __toem) Yoat  ___ Refstemce . Comments

et 1) 1884 Unpublished MDNR, 02 km upsiream of dam oa Bireambank naxt 1o
04 (1) August 1084 sxlsting channst;, water levet at &'

.00 (4}
0 {6)
s {8}
A8 )
84 {0)

a8 (V1) 184 Ungpublished MIINR, 2 4 bin upstisamn of dam oa sttoambank nont to
00 (1) . ‘ August 1084 * enlsting channel;, waler level st 4

00 {3)
.80 {4)
A0 {8)
43 ).
3
.40 (0)
68 ()
.28 {10)
RYERIT:
.28 A7)

| i

- K XX

T4

["&

ODOOOLOw L=

10 (127) 1908 Unpublished MDNR, Upstseam portion af downstresm hasin,
80 (1) August 1888 1.4 mites upstream of dem
.80 3y

.00 (4}

R EN{Y

10 (8)

.40 (1)

16 (8)

B (1)

06 (1)

02 ()

74

OO O wwem b i wd




Sampls PCB Concentration
Number isami
AC2 FIN Y
AC) .40
- ACe : 647
’-A
\n
\D
Sample £CB Concenisetion
Number lepm) __
AGC1H . 47.30 (0-2)
3.30 1)
40.80 (4}
§7.40 (67
48.60 (&)
29.3%0 (1)
1 2.23 (&}
T AC? 4.00 (0-8)
AC2 46.650 (127
t6.20 (247
13.90 3)
0.5 (4)

TABLE A-8

KALAMATGO RMVER SENMIENT DATA

CIWMOFAUEOMTOAMEOMB“YW: REACH &

SURFACE BAMPMES

Commenis

Yeor . fisiaiance
1978 Unpublished MDNR,
August 8-10, 1878

1088 Unpublished MDNR,
Jenuary 1088
1808 . Unpubiished MDNR,

January 1085

Aouts 40-09

0.7 km upstream of dam, south of M-80, wesd
side of tiver
1.4 bm upsueam of dam, esst aide i bay

CITY UINE OF A1LEGAN TO AVMEGAN CITY DAM: REACH @

GONRE BAMPIES

Yot — Defetence

(111 UnpublUishad MDNR,

_ May 28, 1008
1088 Unpublished MDNA,
Maey 1606
1988 Unpublished MDNR,
May 1088

.‘

Commanta

0.4 m upstream of dam on sast shove

0.8 km upstraam of dam, composits of & samples
takan of top 16 cm tiom east/ \West transect
acsoss siver

08 km upstream of dam on west shore



002

Sample

Humber
Al

Al

AS

Sample

Numbef .

Al
A3

A
AS
Y,

Al

PCH Concentistion
fepml

§.68
2.2¢

24.87

PCB Concentrsiion
{epml

13.80 12-187)
11.00 (0-47)

14.10 (0-47)
26.20 {12-16°)

24.40 (0-47)
41.70 {4-87)

17.80 (0-4)
28.30 (8-11)

15.60 (0-47)
20.120 (8 1)

Yest
1978

1076

1078

Yeat
1983

1983

1983

1003

we

1903

TABLE A-8

LAKE ALLEQGAN: REACH B
SUNRFACE SAMPIES

—Raference

KALAMATZOO AVER SEDIAENT DATA ¢

Commaents

tinpublished MDNR,
Auguat 8-10, 1978
Unpublished MDNR,
August 8-10, 1878
Unpubiished MDNR,
August §-10, 1978

LAKE AMLEGAN: REACH S
CORE SAMPMES

— Raference
MDNRA, Movember 1983

MONR, November 108)

MDNR, November 1083

MONR, November 1083

MDNA, November 108)

MONR, November 100)

Note:  Subscilpt t Indicstes samples weres composiies iaken from transects.

Lske Allsgan; nesar dam
Route 88 (Leke Aliegan)

Route 40-88 (Lake Allegen)

Comments

0.8 mies upstisam of dam, 18" cores; transect

1.26 miies upstream of dam, in bay, 10”° core

2 milen upstream of dam, 18° cases
2.1 miies upstraam of dam, (a bay; §° core

Dlsecily west of taligrounds; sbout 4.76 miles
upstiesm of dem, 11" cose

Direcily noith of hligrounds; abowt B miles
upstream of dam, 12° cores

el
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1ABIEA 10
KALAMATIOO RIVER SEDIMENT DAYA
PAUE TWO
Bample PCB Conceniration
Number — {eom)
120 0.08
121 | 0.1
122 0.08 |
123 0.28
| t24 0.18
124 6.20
§ 124 | .1
128 0.47
128 0.04
w27 0.%0
129 . 0.13
Sample rCB Concentrstion
HNumbey {pesy
112 0.62 (4-8)
Lie 0.38 (0-2)
119 0.24 (4-87)

Yoot

Raference

GComments

Unpublished MDNR,
June 1088
Unpublished MDNR,
June 1908
Uapublshed MDNR,
June 1088
Unpublished MDNR,
June 1808
Unpublished MODNR,
January 1008
Unpublished MDNN,
Janusry 19088
Unpublished MDNR,
January 1088
Unpublished MDNR,
June 1088

‘Unpublishd MDNR,

June 1083
Unpublished MDNR,
June 1886
Unpublished MDNR
January 1088

80 km balow dam; west shose

4.78 km helow dam, on inside of bend

4.3 i below dem, esst shore

4.0 km below dem, esst of Swan Creok Marsh,
upland ~ 28’ from siver

2.2 km downstresm of dam; Xoopman Mersh,
wesl alde of river, neers siver

2.2 kmm downstream of dam; Koopman Marsh,
west side, 100 miles from tiver

2.1 kmm downstream of dam, Noopman Marsh,
60 miles ltom river

2.0 bm downsiream of dem; on inside of bend

1.7 km downstream of dam; north sheoe
08 km downsiresm of Allegan Dam; north shore

08 km downstream of dam; Koopman Marsh;
east slde by public lauach

-ALLEGAN DAM TO SAUOGATUCK: AREACH 18

Yoot
10068

CORE SAMPLES

Neferance

Unpubiished MONR,
June 1088
Unpublished MDNR,
June 106886
Unpublished MDNR,
June 1066

Gommenits

203 am below dam, deposiiional ares, 10-16 cm
deep

108 kim below dam, deposiiionel area, surface
6cm

100 km below dam, depositionel ares, 10-18 ¢cm
dsep




APPENDIX B - KALAMAZOO RIVER PISH PC3 DATA,MORZRCE POXC TO MOUTH

' AROCLOR AROCLOR AROCLOR  TOTAL
LENGTH  WEIGHT AGE SEX 1242 1254 1260 PCB PAT

DATZ (ia) (1be) (YR) (MG/XG) (2)
MORROW POND

- SPECIES: CARP

July 1971 5.07 1.49
Aug 1976 20 S «0.20 1.80 0.20 2.10 0.40
Sept 1981 25 8.0 F 0.2 2.40 «0.10 . 2.60 1.50
26 9.1 M 0.8% 1.60 <0.10 2.45 . 3.80

25 7.3 14 <0.12 0.10 «0.10 ¢ 0.10 0.98

24 7.8 F «0.12 1.10 <0.10 1.10 2.00

21 4.4 F <0.1%2 0.29 <0.10 0.29 3.50

19 3.6 F <0.10 «0.10 «0.10 ¢ 0.10 0.45

21 4.4 4 «0.19 «0.10 «0.10 < 0.10 0.36

20 4.4 F 3.22  4.90 «0.10 8.10 3.45

25 6.8 ¥ «0.12 0.56 «0.10 0.56 0.20

MEARs 23 6.4 1.71 1.80
“July 1985 19 3.0 3 M «0.13 2.30 0.79 3.09  2.70
18 2.6 A P «0.12 1.80 0.37 2.17 1.20

18 2.5 3 F «0.132 5.50 0.40 5.90 1.20

17 2.4 2 M «0.13 1.80 0.42 2.22 2.80

20 3.3 4 M «0.13 1.60 0.64 2.24 1.20

19 3.1 3 P «0.132 2.05 0.67 2.72 1.35

19 3.7 3 M «0.13 1.80 0.48 2.28 1.50

19 3.3 3 F «0.13 1.90 0.64 2.54 1.30

18 2.7 3 M Q.13 0.28 0.11 0.39 0.10

19 3.0 3 4 «0.13 0.52 0.22 0.74 0.70

19 2.1 3 P Q.13 2.60 0.89 3.49 1.30

19 3.5 3 M <0.13 7.30 1.60 8.90 5.50

18 2.7 3 M «0.12 2.40 0.89 3.29 1.40

17 2.6 3 M «0.13 2.20 0.63 2.83 2.10

20 3.7 4 F «0.132 0.56 0.31 0.87 0.80

20 3.8 3 P 0.132 2.10 «C.13 2.10 2.50

18 2.5 3 ™ «0.13 9.55 «0.13 0.55 0.80

20 . 3.4 4 M «0.13 0.65 «0.13 0.65 0.85

- 20 3.8 4 M «0.13 2.20 .0.13 2.20 1.60

19 3.1 3 F Q.13 2.10 <«0.13 2.10 1.30

MEAN= 19 3.0 3 2.56 1.62
July 1986 19 2.9 3 M 7.25 7.25 7.9
19 3.3 3-4 ¥ 2.25 2.25 2.1

18 2.9 3 F 0.60 0.60 1.1

18 2.5 3 M 1.23 1.23 1.1

19 3.4 4 F 2.10 2.10 2.3

19 3.5 3 @ 0.64 0.64 1.1

18 2.9 3 M 1.27 1.27 0.9

17 2.5 3 F 1.03 1.03 1.1



LENGTH

(in)

’~E

J

Juane 1976

Sept 1981

July 1985

18

- 18

19
17
19
19
19
19
18
18
20
20

18

s @ e ¢ e v @

Wwwwuwwhhuwuuw

(W8]
|
~

PuLuLMNULULUNRNLWPND
— O OWwr— WL & uw e
~ gty KK K W YW KK

L
&

w
.
-

SPETTES:3ASS

e o o
o ™ N

O OO v r

s
[N W S VR B S N

. . L .
FUBNWWBWLWL PLODOLONYN N W

XK oy oy gy Y K

L0000 00000O0O0O0Qrmr

o
.
[+ ]

0O ~0O0r—
PFWLWO S9N
LWL
X £ K K K K

<«0.20

0.09
«0.10
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«0.10

0.24
«0.10
<«0.10
«0.10
«0.10
«0.10
«0.10
<«0.10
«0.10
<0.10
<«0.10
«0.10
<0.10

<«0.10

«0.10
«0.10
«0.10

C4

1254

<0.20

0.08
<0.10
«0.10

0.51

0.15

1.80

0.55

0.14
«0.10

0.29
<0.10
<0.10

0.17

0.15
<0.10
<«0.10

0.39
.10

0.90

0.54

0.61

0.22

0.25

1.60
1.30
0.95
1.10
0.66
0.99

APPENDIX B - RALAMAZOO RIVER FISE P33 DATA,MORROW POND TO MOUTH

AROCLOR AROCLOR AROCLOR
1242

04-Sep-87

TOTAL

1260 PC3 FAT
(MG/XG) (2)

6.16 2.1

5.72 5.1

2.02 2.2

0.89 0.8

1.3 1.0

6.15 5.9

9.65 7.5

2.42 1.1

1.59 0.5

2.51 1.6

1.81 1.7

12.69 1.5

3.46 2.4

<0.20 0.20 0.70
<«0.10 0.17 0.21
«0.10 0.10 0.16
<0.10 0.10 0.18
<0.10 0.51 0.59
<«0.10 0.15 0.23
<«0.10 1.80 1.40
<0.10 0.79 0.38
<«0.10 0.14 0.28
<«0.10 0.10 0.14
«0.10 0.29 0.25
<«0.10 0.10 0.09
<«0.10 0.10 0.10
<«0.10 0.17 0.19
<0.10 0.15 0.15
<0.10 0.10 0.42
<0.10 0.10 0.11
<«0.10 0.39 0.30
<0.10 0.10 0.21
<«0.10 0.90 0.98
- «0.10 0.54 0.48
<0.10 0.61 0.64
<«0.10 0.22 0.16
<0.10 0.25 1.02
0.34 0.38

0.35 1.95 2.00
0.26- 1.3 1.10
0.21 1..5% 0.30
0.34 1.4 0.80
- 0.13 0.79 0.50
0.21 1.20 0.40




APPEINDIX B - KRALAMAZOO RIVER FISEH PCB DATA,MORROW POND TO MOUTEH

AROCLOR AROCLOR AROCLIR TITAL
LENGTR WEIGHT AGE  sEX 1262 1254 1263 ?C3
DATE (ia) (1bs) (YR) 4G/XG)
10 0.4 I 0x o 0.8 0.85
MEAN= 11 0.7 3 1.28
SPECIES: NORTHERN PIRE
July 1971 30 | 17.60 17.60
Aug 1976 «0.20 3.10 0.60  3.70
Sept 1981 '17.00 1.10 M «0.10  <0.10  «0.12 <0.10
SPECIES:WHITE SUCKER
July 1971 T s.s0 5.50
Aug 1976 <0.20 1.80 .20 2.00
RIVER STREET
SPECIZS:CARP
July 1971 T - 8.87 8.87
SPECIES:BASS
Aug 1976 T <0.20 1.20 «0.29 1.20
<0.20 0.40  <«0.20  0.40
SPECIES:WHITE SUCKER
July 1971 18.31 18.31
SPECIES:ROCK BASS
July 1971 2.26 2.26
SPECTIES: BULLEEAD
July 1971 3.26 3.26
MOSEL AVENUE
s?ECIIS: CARP
July 1971 109.90  54.66 154,50
Juge 1976 21 A 3.30 4.20 0.50 8.00
Sept 1981 24 7.0 P 0.63 2.70 Q.29 3.33

205

1.25

0.50

0.09

0.38

1.10

2.56

0.51

0.96

20.78

2.60




APPENDIX B - KALAMAZOO RIVER FISH PCB DATA,MORRCS POf0 TO MOUTH

. AROCLOE ARCLOR AROCLOR  TOTAL .
LENGTH WEIGHT AGE SEX 1242 1254 1260 PC3 FAT
. .2 (im) (1dse) (YR) (MG/XG) (2
17 3.3 M 0.7« 1.80 «0.10 2.54 2.70
17 2.8 ot 1.8C 1.70 0.10 3.50 2.60
17 3.2 M .52 T 2.30 <0.10 3.80 3.40
18 4.1 P 1.3 2.20 <0.10 3.50 2.90
18 2.8 ot 0.32 1.00 «0.10 1.52 1.40
16 2.8 M 0.7 1.10 «0.10 1.85 1.60
16 2.5. M 0.2 0.76 <0.10 1.31 - 1.30
15 2.0 M 0.2 0.18 <0.10 0.46 0.53
16 2.5 14 0.3~ 1.40 «0.10 2.37 3.60
16 2.1 M 0.2% 0.22 «0.10 -0.48 0.3
17 3.0 F 0.5« 0.69 <0.10 1.23 1.20
17 2.8 F 0.42 0.84 <0.10 1.26 2.50
19 3.6 F 0.3 3.53 «0.10 0.89 1.90
19 4.3 F 1.90 3.70 «0.10  5.860 6.40
18 2.6 F <0.13 0.33 «0.10  0.33 0.10
16 2.3 F <«0.1D 0.33 «0.10 0.33 0.78
27 12.8 F 1.3 - 6.40 <0.10 7.70 3.03
MEAN= 18 3.8 2.33 2.06
July 1983 19 5.1 F 3.24 2.20
18 6.7 F 3.06 2.40
' . 18 3.4 M 6.53 4.00
e 17 2.7 F 1.57 1.00
15 2.1 M 1.46 0.64
18 4.3 13 6.04 4.30
20 5.8 P 4.30 2.50
17 3.4 F 0.98 1.40
19 5.4 F 3.84 4.30
20 4.7 1.90 2.20
21 5.8 F 1.78 0.59
MEAN= 18 4.3 3.50 2.30
July 1985 18 3.1 3 M 0.5% 3.50 1.10 5.16 1.25
17 3.0 3 M Q.23 2.70 0.560 3.30 .50
19 4.5 3 F 1.4l 4.20 0.82 6.62 3.55
18 3.7 3 F 0.38% 2.70 0.55 4,11 1.90
18 3.0 3 ™ Q.23 3.50 - 0.87 4,47 1.20
17 2.7 3 F 0.5% 4.60 0.95 6.11 1.00
19 3.7 3 M 0.38 3.55 0.71 4.94 4.10
19 3.2 3 M 0.%8 4.00 0.73 5.61 3.35
20 4.4 4 14 2.40 6.40 1.40 10.20 4.85
18 3.0 3 M 1.2 4.90 1.10 7.20 1.35
19 3.8 3 F 0.7: 2.20 0.65 3.56 1.50
23 3.5 3 M 0.£2 3.20 0.73 4.33 0.25
18 3.8 3 M 4.30 5.20 1.60 10.80 9.45
17 2.2 3 M «0.2.3 1.00 0.42 - 1.42 0.20
18 3.5 3 ™ 0.71 = 1.50 0.43 2.74 0.70
‘ ) 19 3.7 3 M 0.290 2.20 0.42 2.82 0.20
17 2.5 3 M 0. & 1.70 0.47 2.91 1.05
18 3.1 3 M JE2 3.60 0.96 5.08 0,80

04-Sep-87



APTZNDZX B - KALAMAZOO RIVER FISH PCB DATA,MORROW POND TO MOUTH

AROCLOR AROCLOR AROCLOR  TOTAL

LENGTH WEIGHT AGE sEx 1242 1254 1260 PCB TAT

DA™Y (in) (1bs) (YR) (MG/XG) )
18 4.0 3 M 0.37 2.40 0.53 3.30 =_30 )

MEAD® 18 3.4 3 4.98 ..57

July 1596 19 6.1 3 2.25 2.25 130

: : 18 3.1 2 F 1.45 0.84 2.29 z.70

17 2.2 2 M 1.58 - 1.%8 . £.20

19 3.9 3 F 6.83 2.33 9.16 5.70

20 5.3 3 4 2.63 0.75 3.38 z.%0

18 4.3 2 ¥ 3.12 1.40 4.52 1.50

19 4.0 2 1.40 1.33 2.73 .70

T 17 3.4 2 2.81 2.22 5.03 .20

18 4.1 2 4 0.73 0.75 1.48 :.30

20 5.9 3 F 1.92 1.65 3.57 .10

20 4.4 3 M 4.72 2.92 7.64 =0

17 3.1 2 M 2.97 2.70 5.67 £.10

19 4.4 3 7 1.25 © 1.22 2.47 *_B80

17 4.0 2 F 1.06 1.60 2.66 2.0

20 4.4 3 M 2.47 1.73 4.20 £.10

18 3.8 2 4 3.16 2.50 " 5.66 .10

19 A 2 F 6.19 4.90 ©11.09 12.90

18 4,2 2 F 6.32 4.70 11.02 £.00

20 5.1 3 F 2.92 1.69 4.61 ©  2.90

18 3.1 2 ? 1.16 1.48 2.64 :..30

ME.aN= 18 6.2 2 4,68 «.1

SPECIES: BASS

Semt 1381 9 0.4 14 0.83 1.30 «0.10 2.13 T_a0

15 2.0 4 <0.10 0.37 <0.10 0.37 .72

10 0.5 14 «0.10 0.35 <0.10 0.35 T.82

MEAP 10 0.8 | : 0.95 t.51

July 1385 17 1.8 4 M «0.13 1.25 0.25 1.50 .13

10 0.6 3 M «0.13 1.50 0.39 1.89 t.21

MEAS= 13 1.2 4 : 1.69 c.7

SPECIES:BLUEGILL

Semt 1381 7 0.4 0.43 0.48 <0.10 0.91 ~.10

7 0.3 F «0.10 0.46 «0.10 0.46 z.al

8 0.4 " 0.50 0.65 <0.10 1.15 t-20

7 0.3 F <0.10 0.93 <0.10 0.93 s, 20

7 0.3 o <0.10 0.65 «0.10 - 0.65 3,10

7 0.3 F 0.59 0.52 «0.10 1.1l :_80

7 0.3 4 0.34 0.90 <0.10 1.26 :-90

MEAY= 7 0.3 0.92 :.96

.07
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APPENDIX B - KALAMAZOO RIVER FISH PCB DATA,MORROW POND TO MOUTE

AROCLOR AROCLOR AROCLOR  TOTAL
LENGTH WEIGHT AG2 SEX 1242 1254 1260 PC3 FAT
N4 + (ia) (1bs) (YR) (G/XG) (%)

- SPECIES:BLACK CRAPPIE

Sept 1981 8 . 0.4 M 0.43 2.60 <0.10 3.03 6.20

SPECIES:ROCK BASS

Sept 1981 7 0.3 u 0.33  1.10  <0.10 1.48  1.30

SPEICES:WHITE SUCKER

July 1971 _ . . 38.42 18.47 ' 56.89 . 1.89

PLAINWELL DAM

SPECIES: CARP

Julu 1971 11 , 12.52 6.23 18.75 1.70
- : 14.94 7.37 22,31 1.94
Juane 1976 21 ' s <0.20 12.00 7.90 12.90 6.60
: 11.00 2.80 <3,20 13.80  5.90
Sept 1981 17 3.0 0.49 1.90  <3.10  2.39 0.48
8 0.3 1.30 «0.10 <0.10  1.30 0.81
8 0.3 4 0.49 0.34 <3.10  0.83 0.49
18 3.1 P 3.80 0.93 0.10 4.73 2.25
23 8.8 F .50 2.70 <2.10  9.20 1.90
8 0.4 0.60 0.30  <0.10  0.90 0.74
MEAN= 14 2.7 3.22 1.11
July 1983 21 4.7 ¥ 3.60  1.20
21 3.8 ¥ 0.92 0.06
18 3.2 M 3.71 1.70
22 5.6 ¥ 3.47 1.00
18 3.0 M 4.13 2.30
17 2.5 u 1,08 1.50
18 3.2 n 5.21 2.60
20 3.6 ¥ 7.59 3.30
22 5.6 X 0.88 1.20
24 8.0 ¥ 11.70 8.60
17 3.8 ¥ 15.90 6.80
VEAN= 20 8.3 | o 5.0  2.30
<1y 1985 16 2.1 2 F 1.20 1.70 0.2  3.17 3.00
; 19 3.1 3 M «0.13 1.20 0.3°  1.57 0.30
19 2.7 3 M 1.20 4.20 0.6  6.00 2.80
16 3.0 4 v 0.85 2.30 0.5:  3.70 1.45

208



APPENDIX B - KALAMAZOC RIVIR PISH PC3 DATA,MORROW POND TO MOUTE

AROCLOR AROCLOR AROCLOR  TOTAL

LENGTE WEIGHES AGE  SEX 1242 1254 1260 PCB FAT

DATE {ia) {1bs’ (YR) (MG/XG) (%)

19 3. 3 14 2.50 4.30 0.80 7.60 2.20

19 3.t 3 M 0.96 2.20 0.41 3.57 1.50

16 3.z 3 M 0.54 1.50 0.31 2.35 - l.40

16 2.3 3 M «0.13 1.30 0.3  1.64 0.40

17 2.3 3 M 0.48 8.10 1.40 9.98 4.30

18 .3 3 | «0.13 2.50 0.69 3.19 0.40

17 2.7 3 M 1.00 2.10 0.48 3.58 . 2.50

19 3.4 4 F 2.00 2.50 0.38 4.88 4.50

19 3.2 n 0.89 4.90 0.76 6.55 2.60

19 .t M 2.30 5.90 1.00 9.20 5.60

18 .3 F 2.40 5.60 0.81 8.81 3.50

17 .3 L 0.23 2.30 0.70 3.23 1.20

18 2.3 F 0.90 2.85 0.56  4.31 1.95

19 3.2 M 1.00 9.60 1.90 12.50 6.40

19 3.4 M 0.93 2.80 0.44  4.17 © 1.80

18 3.2 F 0.43 4.20 0.81 5.44 1 0.10

MEAN= 18 3.c 3 5.27 2.39

July 1986 18 2.3 2 M 4.10  4.10 0.3

18 3.z 2 4 3.16 2.20 5.36 3.5

19 2.3 2-3 0.51 0.83 1.3 0.8

19 3.z -3 M 0.98 1.54 2.52 1.1

| 18 3.2 3 M 0.30 0.20 0.50 3.0

| 19 4.2 3 . 2.00 1.76 3.76 2.4

18 3.: 2 M 3.32 3.32 0.4

18 3.t 2 M 5.07 2.97 8.04 5.2

21 4.8 3 M 3.55 2.78 6.33 3.7

20 4,2 3 . 2.97 1.96 4.93 2.2

18 4.1 3 F 3.2 1.77 4.89 3.2

19 3.2 3 M 0.94 2.74 3.68 1.0

21 5.8 3 M 2.55 6.91 9.46 6.3

19 4. 3 4 4.88 2.26 7.14 6.3

17 3.2 2 F 1.16  0.77 1.93 1.7

17 2.° 2 M 0.83 1.66 2.49 1.4

16 2.2 2 M 0.77 0.35 1.12 1.6

| 19 3. -3 M 1.33 0.98 2.31 1.9

| 18 3.2 -3 M 3.38 2.74 6.12 S.7

- 18 3.: 2 M 0.63 . 0.64 1.33 1.1

’ 21 4.3 3 ] 13.73 2.25 5.98 5.2

; MEAN= 19 3.3 2 4,13 2.8
| SPECIES: BASS

Sept 1981 10 0.3 F 0.47 «0.10  <«0.10 0.47 . 0.1l

July 1985 11 0.3 3 F 0.36 2.50 0.42 3.28 1.20

SPECIES: NORTHERN PIKE

209
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ATPYICIX B - KALAMAZOO RIVER FISH PCB DATA,MORROW POND TO MOUTH

he]

04-Sep-87

AROCLOR AROCLOR AROCLOR  TOTAL
. LENCTH WEIGHT AGE  SEX 1262 1254 1260 PCB TAT
? (ia) (1be) (YR) (MG/XG) )
Zepe 1381 25 3.6 u 0.29  <0.10  <0.10  0.29 T4
| -25 3.9 u 0.36  <0.10  <0.10  0.36 T.19
26 3.5 M 0.37  <0.10  <0.10  0.37 <16
23 2.5 M 0.59 0.37  «0.10  0.96 .25
X = 25 3.3 0.50 . T.18
SPECIES:BLUEGILL
Sepe 1981 7 0.6 7.85 0.43  «0.10  1.28 - .40
, 7 0.3 r 0.68  <0.10  <0.10  0.68 2,75
Meax = 7 0.4 0.98 -.08
SPECIES: PUMPKINSEED
Sept 1981 7 0.2 M 0.96 1.20 <0.10  2.16 .66
SPECIES: BLACK CRAPPIZ
Sept 1981 11 0.8 1.10 0.18  <0.10  1.28 .46
: 8 0.4 0.61  <0.10  <0.10 0.6l .51
‘ P 9.5 0.6 0.95 .49
SPECIES: BROWN BULLHEAD
Sept 1981 9 0.5 P . 0.1 0.16  <0.10  0.30 5.65
8 0.4 0.52 0.16  <0.10  0.66 .22
9 0.4 0.40  <0.10  <0.10  0.40 3.11
WEAN = 9 0.4 0.45 3.33
SPECIES: YELLOW BULLAEAD
Suly 1371 45.48 2.22 6.70 .78
Sent 1981 10 0.5 0.28  <«0.10  <«0.10  0.28 317
11 0.8 0.44  <0.10  <0.10  0.4b a.38
wEAN = 11 0.7 0.36 3.28.
SPECIES:CHANNEL CATFISH
Sepc 1981 12 0.4 1.10 0.43 1.58 2. 36
SPECIES:WHITE SUCTER
1971 14.25 7.00 21.25 <42
Bug 1376 0.20 3.30 1.00  4.30 =.0c



APPENDIX B - KALAMAZOO RIVER FISE PC3 DATA,MORROW PORD TO MOUTE Do

A30CLOR AROCLOR AROCLOR  TOTAL

LENGTH  WEIGHT AGE  SEIX 1262 1254 1260 PCB PAT
DATZ (ia) (1be) (YR) ‘ (MG/XG) (V)
2.50 0.40 0.20  2.90 1.00
_ OTSEGO DaM
SPECIES:CAZL®
July 1971 : 39.22  19.50 58.72 5.66
Aag 1976 ' ‘ 8.10 3.20 0.50 11.80 1.20

SPECIES:84ASS

Aug 1976 1.10 0.40  <«0.20 1.50  0.80

SPECIES:WETTE SCXER

July 1971 ‘ C 8,47 4,21 12.68 0.78

Aug 1976 . 3.00  1.00 <0.20 4.00 0.50

TROWBRIDGZ DAM

SPECIES:CAR?

-——— e —— e —

July 1971 ' : 2.71 1.35 4.06 0.36

SPECIES:VE_TE STCXER

July 1971 | 12.14 12.14 0.45

SPECIES:SOETHERY PIKE

July 1971 5.54 2.68 8.22 0.44

LAKE ALLZGAN

SPECIES: C&RP

July 1971 . 4.91 2.41 7.32 0.68
Aug 1975 18 4 ©5.80  1.60 <0.20 7.50 0.80
Sept 1981 15 1.8 ? 1.10 3.20 <0.10  4.30 2.00
24 7.7 C 0.97 11.00 «0.10  11.97 6.00
14 1.7 ™ 0.34 0.94 <0.10 1.28 0.37
14 2.1 ] 0.61 2.40 «0.10  3.01 0.88
14 1.7 u 12.00 4.60 <0.10  16.60 4.00
16 2.6 » 33.00  14.00 «0.10 . 47.00 7.50
14 1.8 | 1.60 3.50 «0.10  5.10 4.20
17 2.9 ¥ 0.33 0.98 «0.10  1.31 0.5
16 2.7 ? 1.60 3.50 «0.10  5.10 3.30
16 2.4 | 1.00 2.70 «0.10  3.70 1.80
21
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APPENDIX B - KALAMATOC 2I7ER FPISH PCB DATA,MORROW POND .TO MOUTE Lo AT

AROCLOR AROCLOR AROCLOR  TOTAL
. LENGTH well=T AGE SEX 1242 1254 1260 PC3 FAT
e A (ia) (1bs) (YR) (MG/XG) (2)
15 2.1 ¥ 1.10 3.50 «0.10 4.60 1.90
14 1.8 F 1.10 6.90 <0.10  8.00 3.00
16 1.9 M 7.00 2.90 0.10  9.90 2.90
25 8.4 M 2.50 3.20 <0.10 5.70 11.00
25 19.8 4 «0.10 10.00 «0.10 10.00 19.00
15 2.0 M 0.66 2.50 «0.10 3.16 1.20
14 1.7 n 0.52 1.35 «0.10 1.87 0.74
15 2.3 - M 0.63 1.90 <0.10 2.53 1.60
17 2.9 M 0.8 - 1.80 «0.10 2.64 1.50
15 2.3 P 9.90 1.80 «0.10 11.70 5.00
MEAN= 17 3.6 7.97 3.92
July 1983 17 2.5 M 5.03 0.83
17 2.3 P 1.60 1.10
18 3.0 M 1.69  0.46
MEAN= 17 2.6 ’ 2.80 0.80
v July 1985 16 2.2 2 4 0.41 1.50 <0.13 1.91 0.85
- 16 2.3 2 F 0.90 2.20 <0.13 3.10 1.20
15 1.7 3 M 0.72 2.30 0.47 3.49 " 0.45
16 2.2 2 F - 0.62 3.70 0.60  4.92 1.55
. 15 1.9 2 F 3.00 5.90 0.99 9.89 3.00
18 2.8 3 ¥ 0.63 1.70 0.27 2.59 1.20
16 1.9 2 M 1.80 11.00 1.20  14.00 3.65
16 2.1 2 F 1.20 2.60 0.50  4.30 1.70
16 1.9 2 o 1.30 2.40 0.43 4.13 1.60
15 2.3 2 4 1.20 3.00 0.60  4.3C0 1.85
15 1.8 2 M 0.85 2.10 0.49 3.44 2.70
17 1.3 2 M 2.60 5.10 0.88 8.58 2.50
17 2.2 2 o 1.30 4.80 0.66 6.76 2.35
16 2.3 2 14 0.90 1.50 <0.13 2.40 0.85
17 2.3 2 7 0.53 1.00 <0.13 1.53 0.70
13 2.5 2 M 0.76 1.20 <0.13 1.96 1.05
16 1.7 2 ? 0.73 1.40 <0.13 2.13 1.00
18 2.7 - b4 0.84 1.50 <0,13 2.34 0.90
16 1.3 ¥ «0.13 1.60 0. 13 1.60 1.25
MEAN= 16 2.1 2 4,41 1.60
July 1986 = 12 0.3 1 0.53 0.58 1.11 0.60
12 0.7 1 1.36 1.36 0.60
20 2.7 3 2 22 5.02 13.34 2.50
: 3 2.39 1.22 3.61 1.40
i3 1.0 P l.41 1.03 . 2.44 1.10
13 0.3 4 0.88 9.88 1.76 0.70
13 0.7 1 F : 0.17 - 0.17 0.50
. , 12 0.5 1 ? 0.20 0.31 0.51 0.60
} ‘ 13 0.2 1 F 2.69 0.62 1.31 0.80
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APPENDIX B - KALAMAZCO RIVER FISH PCB DATA,MORROW POND TO MOUTH

AROCLOR AROCLOR AROCLOR  TOTAL .‘Il’
LENGTH WEIGHT AGE SEX 1262 1254 1260 PCB PAT
DATE (in) (1be) (YR) (MG/XG) (2)
12 0.7 1 F 2.45 1.85 : 4.30 1.40
14 1.5 1 ¥ 0.46 0.46 0.50
13 1.1 1 4 1.70 1.23 2.93 1.10
14 1.4 1 F 2.48 1.62 4.10 1.20
12 0.7 1 4 0.20 0.27 0.47 0.70
12 0.7 1 P 1.84 1.81 3.65 1.00
15 1.9 2 P 3.12 1.96 - 5.08 " 1.80
15 1.9 2 ? 3.41 1.95 5.36 1.40
15 1.3 2 P $.73 2.97 8.70 1.90
16 1.9 2 14 1.20 1.32 2.52 0.560
17 2.4 2 ? 0.33 0.27 0.60 0.40
13 1.0 2 F - 0.32 0.33 0.65 0.70
15 1.5 2 4 3.46 2.16 5.62 1.30
15 1.7 2 P 0.94 1.05 1.99 0.70
14 1.3 2 ¥ 6.88 3.99 10.87 2.70
12 0.3 2 ¥ 0.24 .0.39 0.63 0.40
16 1.9 2 P 4.28 2.62 , 6.90 1.50
15 1.6 2 F 1.15 1.34 2.49 0.60
18 3.1 2 F 6.92 3.46 10.38 3.60
18 3.3 2 4 .11 1.89 ; 5.00 2.30
15 2.0 2 F 0.62 9.53 : 1.15 1.20
13 1.1 2 14 3.82 .17 5.99 1.40
17 2.6 2 L4 3.14 1.1 4.85 1.70
14 1.5 2 14 5.16 3.50 8.66 2.30
16 2.2 2 F 2.59 1.63 4.22 1.00
14 1.6 2 F 7.62 £.37 11.99 2.10
12 0.7 2 4 1.40 2.89 2.29 0.90
13 1.1 2 4 6.51 2.58 . 9.09 2.70
17 2.3 2 F 1.99 1.22 3.17 1.20
12 0.9 2 F 1.52 1.31 2.83 0.70
19 3.1 3 4 0.45 0.60 1.05 °~  0.40
19 3.1 3 14 1.67 1.33 3.00 0.80
20 3.4 3 4 0.48 2.38 . 0.86 0.40
18 . 3.1 3 b4 1.17 2.82 1.99 0.70
18 3.0 3 4 0.70 2.65 1.35  0.60
26 5.6 4 4 1.55 1.55 0.20
22 5.0 4 P 2.32 C2.32 0.40
14 0.9 1 M 0.07 7.20 0.27  0.40
. 13 0.8 1 M 1.85 1.56 3.41 1.50
12 0.7 1 M 0.46 2.58 1.04 0.70
13 1.1 1 M 1.37 0 1.38 2.75 1.30
"1l 0.7 1 M 1.90 1.65 3.55 1.00
14 1.3 1 M 1.76 1.48 3.26 0.80
17 2.3 2 ™ 1.16 2.93 "2.09 -~ 0.90
17 2.3 2 M 2.76 1.66 4.42 1.30
14 1.1 2 ™ 0.56 2.52 1.08 0.50
17 2.8 2 M 4.04 2.28 : . 6.32 2.30
14 1.1 2 M 2.04 1.51 3.55 0.80
16 1.9 2 M 0.25 2.50 0.75 0.40
17 2.4 2 M 3.13 2.12 5.25 1.10
16 1.8 2 M 8.25 4,81 13.06 2.20
18- 2.6 2 M 3.71 1.97 5.68 1.80
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APPENDIX B - KALAMAZOO RIVER FISH PC3 DATI,MORROW POND TO MOUTH ' T

. AROCLOR AROCLOR AROCLOR  TOTAL
LENGTH WEIGHT AGE s 1262 1254 1260 PC3 PAT
v (ia) (1ds) (YR) : (MG/XG) ()
16 2.2 2 | 1.23 0.92 2.15 0.70
15 1.7 2 u 2.62 1.50 \ 4.12 1.10
13 0.9 2 o] 0.60 0.45 1.05 0.80
17 2.3 2 u 1.44 1.18 2.62 0.80
18 2.8 2 | 4.68 2,95 7.63 1.50
17 2.2 2 u 2.34 1.30 3.64 1.30
13 1.0 2 X 6.05 2.48 8.53 .2.80
13 1.0 2 | 1.52 0.43 1.9 1.00
17 2.1 2 o 4.44 3.03 7.47 1.30
13 0.8 2 | 0.09 0.09 U.60
17 2.1 2 | 3.87 2.98 6.85 1.40
17 2.3 2 M 1.75 1.46 3.21 0.70
17 2.5 2 | 9.0t 3.87 12.88 2.80
19 3.1 2 X 0.99 22.96 23.95 2.60
16 1.9 2 X 0.95 0.82 1.77 0.60
14 1.4 2 M 2.23 1.53 3.76 0.90
14 1.0 2 M 7.66 . 4,99 12.63 2.40
19 3.3 3 ¥ 0.34 0.23 0.57 0.30
20 4.0 3 L} 1.98 1.11 3.09 0.90
18 2.3 3 M 4.23 2.43 6.66 1.70
MEAN= 1S 1.9 -2 : ' 4.27 1.19
‘ . SPECIES: %aASS
Aug 1976 10 3 1.70 0.70 «0.20 2.40 0.40
Sept 1981 9 0.4 F 0.61 «0.10 <0.10 0.61 0.18
8 0.3 14 0.84 «0.10 «0.10 0.84 0.45
7 0.2 ¥ 0.48 <0.10 «Q.10 0.48 0.22
15 1.8 3 0.84 0.15 «0.10 0.99 0.35
12 1.4 1.30 «0.10 <0.10 1.30 0.54
9 0.9 12 0.79 <0.10 <0.10 0.79 0.42
8 0.3 P 1.30 <0.10 <Q.10 1.30 0.45
8 0.3 P 2.20 «0.10 <0.10 2.20 0.66
12 0.8 | 1.30 <0.10 «0.10 1.30 0.44
MEAN= 10 0.7 - 1.09 0.41
July 1985 15 1.7 2 M 0.49 1.85 <0.13 2.34 0.25
12 0.8 2 ot 0.43 1.60 <0.13 2.03 0.60
12 0.8 2 o <0.13 1.90 «0.13 1.90  0.75
13 1.4 2 4 «0.13 1.60 <0.13 1.60 0.65
11 0.7 2 L 0.90 2.40 «0.13 3.30 1.53
12 0.8 2 1.60 4.30 0.64 6.54 2.65
16 1.3 3 1} 0.44 1.80 «0.13 2.26 1.00
: 16 1.6 4 o4 «0.13 3.90 0.96 .4.86 0.20
; 14 1.3 3 L 0.41 2.00 «0.13 2.41 0.75
. 12 0.6 2 M <0,13 0.67 Q.13 0.67 0.68
' NEAN= 13 1.1 2 2.79 0.91
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APPENDIX B - KALAMAZOO RIVER PISH PC3 DATA,MORROW POND TO MOUTH

. AROCLOR AROCLOR AROCLOR  TO=aL
LENGTH WEIGHT AGZ Sex 1262 1254 1260 >y 7 PAT
DATE (ia) (1bs) (TR) (- x3) (1)

- SPECIES:NORTHERN PIKE

July 1971 14 ‘ 9.15 4.29 13.04  0.46

Aug 1976 - | 1.60 0.5  <0.20  2.10  0.30

'SPECIZS:WHITE SUCKER

July 1971 9 9.37 4.40 ‘ 13.77 0.50

Aug 1976 5.80 1.60 <0.20 7.0 0.50

SPECIES:BULLEEAD

July 1971 6 7.18 3.47 10.85 1.00

SPECIES: CARP

July 1971 30.60  14.80 45.00 2.10
July 1976 19 26.00  12.00 «1.00 36.00
May 1978 26 5=6 27.00  10.00 «0.60 37.20 12.70
27 48.00  15.00 <5.00 63.20  23.40
175.00  55.00 1.00 231.20  10.00
Sept 1981 20 4.3 3 M 8.40
20 4.4 3 14 5.20
22 5.2 ? 3.40 ]
22 5.0 M 16.20
21 4.7 ¥ 9.0
21 4.0 2 14 7.90
19 3.6 3 M 5.20
20 3.9 2 M 2.30
20 4.1 3 F 4.30
20 3.8 3 M 8.20
20 3.9 3 F 2.20
MEAN= 21 4.3 3 6.38
July 1983 23 5.4 7 1.15 1.30
24 6.6 4 25.70  13.00
21 4.7 M 13.80 7.70
18 3.4 P 2.53 3.10
21 4.7 P 1.28 3.90
19 3.4 M 10. 30 7.00
19 3.6 M 4.51 2.40
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AROCLOR AROCLO® AROCLOR  TOTAL
LENGTH 1242 12% PCB FAT
(ia) (MG/XG) (2)
16 M 1.39 1.80
19 M 24.20 16.00
- 16 M 1.03 1.40
20 F 7.15 4.00
20 8.50 5.60
July 1985 19 3.3 - 3 ¥ 1.60 2.0C 3.89 "6.90
18 2.8 2 M 0.87 1.1%2 2.14 6.90
18 2.8 2 M 0.42 1.12 1.68 3.40
18 2.8 2 M 0.32 2.4 3.12 3.40
17 2.3 2 M <0.13 2.2 0.20 1.30
19 3.6 3 M 0.57 3.67 4.74 5.40
20 3.6 2 M 0.63 1.42 2.20 4.70
20 3.6 3 F 0.52 2.2 3.08 3.30
19 3.1 2 M 1.10 1.68 2.95 5.10
17 2.3 2 M 0.26 -0.52 0.86 2.70
20 3.8 2 u 1.10 2.32 3.74 3.30
19 3.7 2 F 1.80 2.62 4.78 12.70
19 3.4 2 M 1.10 3.6¢ 0.56 5.26 10.10
18 2.8 3 M 0.44 1.7 0.28 2.42 4.80
19 3.0 '3 M 0.36 2.32 0.40 3.06 3.90
19 3.4 2 M 0.17 2.9 0.18 1.32 0.95
19 3.5 3 M 0.80 a.52 0.68 5.98 11.50
18 3.6 3 F 1.60 2.5 0.33 4.43 7.20
20 4.1 3 F 0.64 5.32 0.88 6.82 7.40
20 4.1 3 M 0.42 7.5 1.30 9.12 5.80
19 3.3 2 3.59 5.54
July 1986 17 4.0 2 14 0.29 .22 0.51 0.6
20 4.2 3 M 3.35 2.1 5.47 3.6
19 3.7 3 F 4.43 2.7 7.16 5.8
20 4.6 3 F 1.28 2.7% 2.04 4.8
20 4.2 3 M 2.43 .08 3.49 8.3
20 4.2 2 F 2.45 P 4.09 4.8
20 4.1 2 “ 0.90 7.33 1.29 5.3
12 c.3 2 ? 2.26 1.7 4.02 4.2
18 © 2.9 2 ™ 2.30 S 4 3.42 5.9
17 2.8 2-3 o 0.54 2.2¢ 0.79 3.1
19 3.1 2-3 M 1.77 3.8 2.64 4.3
20 4.0 2-3 ¥ 5.07 3.9 8.99 6.0
18 2.9 2 ¥ 1.35 2.5° 1.95 7.4
20 4.2 3 | 2.49 L.sl 3.92 10.0
21 4.6 3 ™ 3.60 2.3 5.96 6.0
2 4.3 3 M 1.04 1.0 2.08 2.4
20 4.2 3 F 0.68 2.3% 1.06 1.7
18 3.0 2 F 3.18 1.53 4.64 7.0
20 4.2 2 M 5.25 3.1+ 8.39 9.9
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APPENDIX ¥ - LALAMAZOO RIVER FISH PC3 DATA,MORROW POND TO MOUTH

AROCLOR AROCLOR AROCLOR  TOTAL
LISGTH WEIGHT AGE sExX 1262 1254 1260 PCB PAT
DATE ‘in)  (lbe) (TR) (MG/XG) (D
MEAN= 19 3.8 2 3.78 5.6
SPECIES: BASS
July 1976 16 23.00  10.00 1.10  34.10 - 2.00
Sept 1981 18 3.8 s ¥ 15.00
12 1.0 2 ¥ 1.50
12 1.0 3 M 1.60
12 0.9 2 P 4.40
9 0.5 3 ¥ 1.40
13 1.4 2 ¥ 3.90
7 0.2 1 ? 1.00
10 0.6 2 ¥ 0.70
MEAN= 12 1.2 3 3.69
July 198% 13 1.1 3 o 0.99 1.70 0.28  2.97 1.70
13 1.1 3 M <0.13 0.53 «0.13  0.53 0.80
14 1.6 4 ¥ 0.18 0.7 0.'% 1.08 0.70
16 2.0 3 M 0.25 1.55 0.26  2.06 1.00
12 0.8 2 M «0.13 0.40 0.08  0.48 0.30
16 2.2 4 M 0.30 1.00 0.19 1.49 0.80
14 1.7 3 ¥ «0.13 1.20 0.26 1.44 0.80
14 1.5 3 M 0.22 0.62 0.17 1.01 0.50
13 1.1 3 4 <0.13 0.42 0.12  0.54 0.50
12 0.6 2 ¥ 0.23 1.20 0.28 1.71 0.90
MEAN= 14 1.4 3 1.33 0.80
SPECIES:ROCK BASS
July 1972 5 6.80 3.26 10.10 0.30
SPECIES:NORTHERN PIKE
July 1971 18 5.80 2.90 8.70 0.70
Aug 1976 19 3.50 1.20 0.0  4.70 0.70
May 1978 25 3.40 1.50 0.50  4.90 1.40
20 2.60 0.90 <0.60  3.50 0.30
31 7.50 2.60 0.80 10.90 0.70
18 3.10 1.00 <0.50  4.10 0.21
Sept 198: 15 0.6 1 M 0.90
17 1.0 1 ? 0.60
MEAN = 16 0.8 1 0.75
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APPENDIX B - KALAMAZO0O RIVER FISH PCB DATA,MORROW POND TO MOUTH

Y AROCLOR AROCLOR AROCLOR  TOITA-
, LENGTH WEIGHT AGE  SEX 1242 1254 1260 P PAT
|4 (in) (1bse) (YR) , ¥ -2 (%)
SPECIES:TIGEZR MUSKIE
Aug 1976 B} 1.80 - 0.60  <0.20  2.a: 0.40
SPECIES:WHITE SUCKER
JulY 1971 _ 30.70  14.80 45.5% . 0.70
May 1978 20 3.50 . 2.90  <«0.60  6.A: 0.90
18 2.40 3.30 0.60  5.3: 1.20
SPYCIES : BULLEEAD
July 1971 7 15.50 7.70 3.2 0.80
SPECIES: BOWFIN
Sept 1981 23 4.1 4 M | 2.2
PORTAGE CREEK
BRYANT POND
. , SPECIES: CARP
July 1985 17 2.1 3 ¥ 0.86 0.71  <0.13 1.5° 0.35
18 2.8 3 M 2.40 0.87  <0.13 e 0.80
18 3.0 3 P 1.80 0.91  <0.13 2.72 0.40
17 2.2 3 ? 1.90 0.66  <0.13 2.5 0.35
18 3.0 3 ¥ 2.20 1.10  <0.13 3.3: 0.65
19 3.1 2 u 1.80 1.40  <0.13 2 0.70
19 3.2 3 ? 1.30 0.40  <0.13 1.°: 0.60
19 3.1 3 4 2.90 1.60  <0.13 4.53 0.95
17 2.1 2 P 3.20 0.38  «0.13 4.8 0.55
19 3.0 3 3 2.65  1.05  <0.13 3.7 0.68
MEANS 18 2.7 3 3. 0.60
JULY 1986 18 3.6 3 7 0.80 0.17 0.3" 0.60
18 2.6 2 ¥ 2.00 n.23 2.5 0.70
19 3.8 2 " 2.46 0.45 2.5 1.50
18 3.3 3 P 7.89 0.95 8.5« 2.10
20 4.0 3 u 1.46 0.29 1.72 0.60
17 2.9 3 ¥ 2.56 0.56 3. 1.10
17 2.5 2 3 1.60 : 0.37 1.5 0.70
18 2.9 2 ¥ 1.83 3.39 2.2 0.70
21 4.4 3 M 1.08 0.24 1.2 0.70
16 2.0 2 P 2.18 0.39 2.5 0.40
. 17 2.7 2 P 0.59 0.12  0.% 0.40
19 3.6 3 ¥ 5.00 0.75 5. 1.90
17 2.6 2 M 24.70 2.67 27.%T 5.60
19 3.9 ¥ 2.20 0.42 2,82 0.90
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APPENDIX B - RALAMAZOO RIVER FISE PC3 DATA,HORRDW POND TO MOUTH

AROCLOR AROCLOR AROCLOR TOTAL
LENCTH WEIGHT A skx 1262 1254 1260 PC3 PAT
JATE (in) (1ds) () (MG/XC) (2)
17 2.5 : P 0.77 0.17 0.9 1.70
15 1.7 : ¥ 2.80 0.45 3.25 1.00
19 T 3.9 2 y 1.61 0.30 1.91 0.80
22 3.0 3 F 2.7% 0.72 3.47 0.80
20 4.6 2 M 1.80 0.26 2.06  1.10
15 1.6 -2 » 1.58 0.31 1.89 0.80
23 6.0 3~ X 4.53 0.62 5.15 1.30
EAN= 18 3.2 2 3.96 1.21
VIXE STREET
SPECIFS: CARP )
ept 1981 25 7.1 X 0.18 «0.10 <«0.10 0.18 0.23
15 1.9 F 0.79 «0.10 «0.10  0.79 0.38
13 1ol 0.59 «0.10  «0.10  0.69 0.24
12 1.0 1.00 «0.10  <0.10 1.00 0.31
11 8.0 0.95 «0.10  «0.10  0.95 0.26
MEAN = 15 3.8 0.72 0.30
SPECIYS: WHITE SUCKER
pt 1981 14 1.1 5.50 «0.10  «0.10 5.50 1.50
11 0.6 u 2.90 «0.10  «0.10 2.90 0.56
10 0.4 M 6.60 1.00  <0,10- 7.60 1.40
10 0.5 4 2.10 0.59  <0.10 2.69 0.63
10 0.4 ¥ 1.90 «0.10  <«0.10 1.90 0.44
MEAN = 11 0.6 4.12 0.91
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ABLE -1
NEASURED DATA FOR REACH 10
Js f M A My du Ju) Aup Sest St My Bes
Length (o) ASIZD  ASARR  ARERR 4321 AMRR  ANRD ARIR2 b2 4522 A2 A At
Avarasge Midth (a) YRR 11 w0 ] s " 1Y {3 1 1] "
Averags Bapth (a) 2.6 2.4 )0 3.0 1.6 r.¢ 2.6 2.4 2.6 r.e 2.6 [ N

Aversge Matled

tarimator (m) 0.2 0.2 1.0 (1 W ] 0.2 0.2 0.2 0.2 60.2 6.2 0.2 6.2

Cress-sacifon Ares

ol Active Sedimsat
(a?) 6o W 8.1 8.1 6.0 5.0 6.0 6.0 6.6 6.0 5.0 6.0

Slope (3) 0.0378 0.0)78 5.0))8 08.01)4 0.0)J8 0.0378 6.0370 8.0))0 O0.0000 0.0))8 O.0318 6.8)78
Nonthly Flow {cis) 1620 1740 2318 2490 1930 1500 1200 1030 1630 jte0 1500 1620

Monthly Watar
Yemparature (%C) 0.2 0.6 5.0 12.8% 168 11.8 24.3 3.} 19.2 11.) 6.0 1.0
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Variabie

ox
NSIZE

NM
NR

AL()
W(l.J)
B(1.J)
WP(1J) -

ASD() -
SLOPE()
Csai
PC )
PCS
eoq)
3(1)

R8(N)
RA(M

s

TASLE D-1

UST OF INPUT VARLABLES FOR THE PROGRAM

Qescriction

Sgacial Incrsment for solving the system gitfarsnuai
squations (m) '

Numbaer of subdivision of DX to Imprcve the aczuracy of the
solutien

Number of moanthiy flows used for simuiation
Number of reaches in the river

Langth of seach | (m)

Average width of resch | and meath J (m)
Averags depth of resach | and month J (M)

Wctud perimaeter ¢t the raprasentative cross-saclicen for
reach | and menth J (m) .

Crass=-secion area of the actve segdiment layer (mz)

Bed sicpa of reach | (fracticn)

Maean particie size for the suspended solids of reaca | (m)
Fraczion of :lay in the susperced solids of raac~ |
Fraction of ¢lay in the sediment layer of reach |

Benthic diftusion veicerty of PC3 of reach | {(m/min)
Sadiment buriai veiocity cf‘ reach | (m/min)

PC3 benthic raleasa rats of reach | (g/mz/min)

Sadiment suspunsign velgcity of reach | (m/min)

Average sarttling velocity ¢f suspended solids for reach |
{m/min)

232



TABLE O-1

UST OF INPUT VARIABLE FOR THE PROGRAM

PAGE TWO

Variable

ssSi)
Si(J)

RAO
VIS
RXQ
RXR
Ra
AR
THETA
RKPS

RKPC
TACC
e
L
Xy

CSSX(1.)

_Daescriction

Volume fracﬁon of sediment in the actve sedimant layor of
reach | (rn sad/m )

Cancanmdon ot suspendsd solids in tthe first rsact of
month J (g/mS)

Sedimaent density (g/m3)

Kinematic visczsity of water (mz/hr)

PC3 first-order biodogradm’cn rate at 20°C (min")
Oxygen reaeration rats {min~1)

Atmospheric PC3 fallout rate (g/m<2/min)

Reaeration costficiant ratio for PC3 (dimensioniess)

Thermai facior for 2C3 bisdegragation (dimansioniess)
PCS8 partition csefficient for sand (mS water/108 g saiia)

PC8 partition coefficiant for clayey materiais  (m<
water/108 g soild)

Critical shear stss of the c¢3hesive bed materials
(xg/m/Nee)

Erosion rats constant of the c3hesive Bed matariais of
reach | (g/mz/min)

Onschargn of point PCE loading of reack | and menta J
(m /mun)

Cistributed water dischargs 3long reach | ang menth U
(m3/min/m)

‘ Dlstnbutld sediment dischargs aieng reach | and maenty J

(m sad/min/m)

0-2 .
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TABLE D=1

UST OF INPUT VARIAELE FOR THE PROGRAM

PAGE THREE

VariaBle

CSOPLY)

W)

mn
- tiw

CsST

o4 4309 I

. chg.’igﬁgn

Point ssdiument lcading rats within reach | and menth J
(g_ted/min) ,

Average monthly flow ¢t the headwatsr of month J
(m3/min) -

Average monthly water tempgerature for resch | and month J
(*C)

PC3 csncantration cf the headwater of month J (g¢/mS cr
sem) . ‘

PC3 csncantration in ssdimant of reach | (mg/kg sad)

Dissclved PC3 concantraticn of the point lcaging withun
reach | and mentr J (g/mS or spm)

PC3 concantraton of the point ssdiment Icading within
reach | ang meontn J (Mg/kg sec)



TABLE 0=}

LST OF INPUT VARIABLE FOR THE PRCGRAM

PAGE FOUR ™

vaiues of afl the input

availadie shown in Tabie 8-1 wers entsred through

Sutroutine REACIN of the computer program of this modet The input ssquencas
are indicated in the following read statements. ' :

READ (IN%)
READ (INM

READ (IN.7)
READ (IN.")
READ (IN.")
READ (IN,7
READ (IN,"
READ (IN.")
READ (IN,?)
READ (IN.?)
READ (IN,%)

READ (IN,%
READ (IN,"
READ (IN,%)
READ (IN,*)
READ (IN,)
READ (IN,)
READ (IN.*)
READ (IN.?)
READ (IN.?)

READ (IN.?)

READ (IN.7)
READ (IN*)
REAC (IN,%)
READ (IN,"

READ (IN.%)
REAQ (IN,%)
READ (IN.%)
READ (IN,%)

READ (IN,*)
READ (IN,*)

DXNMAR
NSIZE

(RL{1),J= 1.NR)

(W)= 1LNM), = 1 NR)
(D)= 1| NM),i= 1 NR)
((WP(1J).J= 1.NM),i= 1NR)

(ASD(1)I= 1 NR)

(SLOPEMN,i» 1 NR)
(CE3(1),1=1.NR)
(PCN(I),.= 1. NR)
(PCS{1)i=1.NR)

(DO(1),i=1.NR)
(8(1),J= 1.NR)
(RB(1),1= 1 NR)
(RR(I).I= 1 NR)
(ER(1),I=1.NR)
{S{1.i= 1 NR)
(SS{I).l= 1NR)
(Si(1),I= 1 NR})
RAQWIS

RKO,RKR.RARAR, THETARKPS,AKPC,.TACC

((CS{1.d)=1.NM),I= L NR)
(CX()a= 1 NM),I= TNR)
((CSOX{1.0) <= 1, NM)l= LNR)
(CSOP{LI).<= 1 NM)i=1,NR)

(QW(),1= 1 NM)

((WTULD = 1LNM),I= T NR)
(CH == 1.NM)

(CS{N.1= 1 NR)

(CP{LJ)L= 1 NM), 1= I NR)
H{CPS(I)e= 1.NM),!= 1NR)

Calibratad input data for tne Nao-Action aitarnative are aise listed on the foliowing

pages.

Q=4
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DREDGED AREA ‘ UNIT COST
]
ITEM QTY UNIT MAT. LABOR EQUIP.
EXC + SPREAD 54400  CY 0.39 .77
SACKFILL 30" 53700 CY 1.5 1.8 4.9
TOPSOIL 6" . 10700 CY 5.5 1.8 4.9
REVEGETATION S80 MSF  24.6 5.6 4.45
2.3 0.27

SILT FENCE 46400 LF

BURDEN @13% LABOR

LABOR @152 LABOR

MATERIAL @52 MATERIAL
SUBCONTRACT @102 SUB

TOTAL DIRECT COST

INDIRECTS @ 50% LABOR COST
PROFIT . .J% DIRECT COST
HEALTHS§SAFETY MONITORINGR0.08
ENV MONITORING @0.04

TOTAL FIELD COST

CONTINGENCY @202
ENGINEERING @ 62

TOTAL COST

245

8C550
58850

12258 -

106720

TZTAL COST

230R EQUI®
25115 113988
36660 263130
19260 526430

3248 2581

12528

56812 432129

26C388

TO1.
DIRECT
COsT

- - -

440340
130540

20097
119248

849329

20386
23522
13019

-~ 906256

78406
90626

1075287
86023

430 4
1204’
180648

120422

1505402




OTSEGO DAM
. DREDGED AREA _ CNIT COST TOTAL COST TOTAL

DIRECT
ITEM QTY  UNIT MAT. LABOR EQUIP. wAT. LABOR EQUI?. COST
EXC + SPREAD 32200 Y 0.39  1.77 12558 56994 53552
BACKFILL_30" 26300 CY 1.5 1.8 4.9 40350 48420 131810 2275830
TOPSOIL 6" 5300 CY 5.5 1.8 4.9 29150 9540 25970 54560
REVEGETATION 290 MSF  2&. 5.6  4.45 7136 1626 1291 10049
SILT FENCE 23200 LF 2.3 0.27 53360 6264 59624
129996 78406 216065 424465
BURDEN @13% LABOR S 12193
LABOR 215% LABOR | 11751
MATERIAL 25% MATERIAL | ‘ \ - $500
SUBCONTRACT @10% SUB - ' | 0
TOTAL DIRECT COST | ‘ : ' 432918
INDIRECTS @ 50% LABOR COST ‘ | | , 39203
PROFIT @10% DIRECT COST : | 43292
. 537413
HEALTHS$SAFETY MONITORING 20.08 A | 42993
ENV MONITORING @0.04 | 21497
‘ TOTAL FIELD COST o : : : - 601902
CONTINGENCY 2202 ' 90285
ENGINEERING @ 63 o | , ' 50190
TOTAL COST ' | | | | 752378
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ENV MONITORING @0.04

TOTAL FIZLD COST

CONTINGENCY Q20%
ZNGINEERING Q@ 62

TOTAL COST

247
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APPENDIX G

Sludge Disposal Area Sampling Results
1987
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- Tatle 1.  Soil zampli

2ludge disposa

Lecation
Dike wall, northeasﬁ
corner of landfill

Dike wall, 100 feet
south of sample 1

Scuth property line,
outside diked area

New sludge from
Plainwell Paper

* Estimated value.

Arcclcer Arcclcer
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. Table 2. Soil sampling results f-om zte former Allied Paper King Mill site and
Rex Paper site, Kalamazz:z, »iv 26, 1987.

KING MILL '
-------- . Aroclor Aroclor Total
- B Total 1248 1254 PC3
Sample No. ’ Solids (%) (mg/kg) (mg/xg) (mag/ka)
1 - East of railroad tracks. 79.1 <« 0.65 - < 0.65
2 01d Lagoon, north of ra-irzid 52.1 4.5 - 4.5
tracks. : ‘
3 East of railroad tracks. 70.0 9.1 - 9.1
REX PAPER
4 150 yards east of Spri-d{ls. §9.8 - 'S5 1.5
5 75 yards east of Sprinc 2. 67.3 - 0.32 0.82
6 10 yards east of Sprinc 2. 57.2 - « 0.85 < 0.35
7 500 yards east of Spri-«c’e. - 46.1 S - < 1.1 < 1.1
8 300 yards east of Spri~cle. 59.7 - < 0.85 <« 0.835
10 yards north of rive-. ‘
9 300 yards east of Spri-c’e, 56.7 - < 0.85 ¢« 0.8%5

10 yards north of rive-.

Q All other Scan 3 compounds were nc: asmacted.
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APPENDIX ™
OFFICE OF THE GREAT LAKES
_ ’ PUBLIC MEZTING SUMMARY

KALAMAZQ0 RIVER AREA OF CONCERN

Date and Time: Tuesday, December 16, 1986 at 7 p.m.
Place: Kalamazoo City Hall

Commission Chambers

Second Floor

241 West South Street

Kalamazoo, Michigan

Chair: Thomas D. Martin, Qffice of the Great Lzses

Chief Technical
Presenter:

Jtner Denartment of
Natural Resources
OQfficials: ' Karen Gettlieb, Office of the Gr2at Laxs
' David Kenaga, Surface Water Quality Oivi
Linda Koivuniemi , Surface Water Quali::
David Johnson, Fisheries Division

fred Morley, Surface Water Quality Jivis.

Attandance: 56 members of the puolic

Problem Statement

The Kalamazzso River drains nearly 2,300 sguare milas 27
t2n countias in southwestern Michigan. The river is a ni
valued recr2ational resource supporting anadromous Cold-«
fisning including salmon, steelhead, and smallmouth Z2ass,
All2gan States game 3r=a, along wiin scenic vistas and nars-
#22.3nds. From tne 1950s to tne early 73s, tne wataT Juall
very poor due to poor wast2 disposal practices, exgessive -

a
-
¢
1
-

i)

cf %ne water, and sedimentatlion benind the dams. Inacecuz:
treatment of wastz rsesult2d in 1956 loacdings to the tiver ¢
equivalent 2° -3w sawage from a3 nalf 3 million peapla. i
#2T2 sSQ Dag tnat in 1953 tne river galined national rscogniz
3 L1f2 magazine orctagraon. Algae growths chokeg Sne rivses
causead tne cecpl:2 T3 «xees Ineir windows slaosed at aiznt, =-
river often was a milky wnite color. The excessive neat .:
3 pcwer plant 3lsgo rasultad in fisn kills. Sedimesnts sesz.=2
tenind cams whicn 2Juried the gravel bottam and changes i: *
game fisn tora rough fisn hadbitat. . ‘
R .
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. Remedlal actions have included over $323 rillion being spent in
the Xalamazoo River basin on wastewate: t-eatment plants. This
has dramatically improved the gater qus 1ity {including increased
oxygen, reduced algae and odors, and imorsvement in water :
clarity. The closing of the Morrow Pcwer 2lant reduced the heat
load on the river. Thne water quality, esgs2cially bDetween 2attle
Creek and Kalamazoo and downstream of _ake Allegan now 1is
generally good to excellent. With recent upgrading of the
Kalamazoo Wastewater Treatment Plant, sxygen levels should
continue to increase, nulsance algae g-owins reduce, and .
compllance with Michigan' s Wator Quality Standards is expected in
the near future. :

The major remaining problem is PCS8-cc-zami-atad sediments which
are associated with the sediments beni-gd :-e dams and other
specific locations along the water cs.-se. PCB is a human
carzinogen and is tr-ansferred from :ne seziments to fish o
peaple. Fish in the river exceed the 2 pz:ts per million action
level and 80 miles of the river--betw=z2n <alamazoo and Saugatuck
at the mouth--are subject to a fisn cc-sumation health advisory
restricting fish consumption. Severa. ac:tions are deing taken tc
address this issue. A feasibility s.--y -3nduct=d by the

are needed in crcer ta r=cuc= tne lEJEl i“ the ’Lsn below w0
parts per million. Based on the reczmmerzazions of this stuagy,
the Department is pursuing clean- ;6 =° 3r.ant Mill Pond and
‘ Portage Creek with legal actions undac-way involving a suspected
responsible carty. Annual draw-down :° %-2 Allegan City dam nas
Deen stopped oSecause it causes downs:tosz2am iransport of PCSs. Ths
state is pursuing tne removal of CNR-cwnez dams in the
Plainwell/Ostego areas. ' '

Further studies were conductad in 13%% ar: are nlanned for 1987.
The ONR 1is recommending the Xalamazc: =ivar for consigeration as
a federal Superfund priority. Fimall., a 3asin Strategy Committee
moosec of stats and local putlic o ilcizls, business, ingust:cy
g0z, 3and snvicsnamental and cconsacvy
in the develzoment of tne rzmecial z

-
'

?
: A “ s
i3r 3Icuos will gartiziogazs

r slan angd address

)

[

c2maining issues sucn as PC8 contami~zziz-~, the dams, dissclvag
oxygen proclams tetween Xalamazoo anz 4ll:gan, and fish
marnagement. The ceog-32ni:s 3523 ce“l-22 =3 tne Ac=23 of ZTancern.
27 tme Kalamazco River is foeom Calke-s Z:m to Lake Micnigan.
Tals is tne parztion of tre 3iver wniz- is 2nTijuous
w«1th Laks2 Mizhigan anc where flsn FI27 Lz<2 Micnigan can mizrace
inta tne River.
Statad Publiz T:xacesns
Area of Cancesrn
' What criteria was used to detarmine e-ic~ of Micnhnigan's aceas wercs
. ' tne 14 worst ones? : ’
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Response: = the Areas of Concern, environmental gquallty is
degraded andgbeneficlal uses of the water or bicta are
acversely affected. These areas have been designated by
t~e various jurisdictions based on determination of
w22ther or not the Great Lakes Water Quality Agreement
ccjectives or jurisdictional guidelines, criteria or
standards for environmental quality are belng exceeded.

Remedial Acsion Plan

The RAP snould not slow down or stop the clean-up process. The
RAP shou_-d nave a comprehensive long-term approcach.

Response: W2 agree.

what will t-e role and function of the Basin Strategy Committee
be?

Response: T=e role of the Committee will be to develop mechanisas.
ts implement the Kalamazoo Remedial Action Plan;
csordinate the Remedial Action Plan, Fisheries
Mznagement Plan and access develgpment along the
Kzlamazoo River; and provide local input into these
s.ans. :

How far wil. this year's $10,000 funding for the Basin Committee
go?

Responss: T'e money is intended to fund at least four committee
g2tings by October 1, 13787.

We want =oe gublic to get very invelved in the Xalamazoo River
such as tne experience in the Grant Calumet River area. We
suggest :tna: more than the 3 or 4 meetings be held, that there be

workshczs %z explain the process and turn public concern into
action.

Respons=z: ws will consider this witn the Basin Strategy

Committee.

What peczert of tne PC3's go inta thne Great Lakes? Is it

signifizznz?

Respons=: a2 =2stimat2 tnat the Kalamazoo River lcacs aoout 290
czunds o2r year of PC3 into Lake Michigan. The
signifi:anca of tnis load is not xnown at this time. A
=73 bucge: for Lake Micnhigan is being ceveloped by tne
Z34. This sudget w#ill allow the Xalamazoo River load
significance to Be assessead.

Will tn= 2% look at dissolved oxygen and phosphoraus prob ms in

the arez Se2iween Algngan and Kalamazoo?
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Response: No. The RAP will address impaired uses in the 2rea of
Concern, which has been defined as the Kalamaz:zz River
as far upstream as Great Lakes fish can presen:ly
migrate, which is Calkins Dam.

will the scope of the RAP include nonpoint source po--g.i.n from
phosphorous and 8007

Response: No. The impaired uses identified do not irmrzluze
problems assoclated with phosphorus or BQOD.

Remedial Actions

Concern was raised about the actions recommended {n t=e WS study.
Have detailed tests of sediments been done on the hot3pcis? What
is the status of the reservoirs, aren't they filled ¢=? T7his
study didn't talk of disturbance by carp. Are carp Z-cc2asing the
loadings?

Response: Extensive testing for PCB's has occurred I~ ar2as where
concentrations are highest, primarily Sryar: w:ill Pond
(Portage Creek). Otner areas have been less s:tensively
sampled. :

There are three impouncdments between Kalamzz23: 3nd
Saugatuck - Otsego City, Allegan Ci%ty and _sksz Allegan.
Otsego City is considered to be relatively *€ull of
sediment. Allegan City and _.ake Allegan izrJoL-dments
are filled in to lesser degrees.

Carp disturbance of the sediment and its sizniicance
relative to PCB loadings is very difficult <3 zuantify.
W#e are aware that thls occurs but at a loss 335 -7ow to
quantify it. : '

what is the estimated cost of dredging and dispesal z° -2 PC3
contaminated sediments?

Response: The estimated costs for remedial action is available ina
the MDNR 1986 Kalamazco River Feasionility 3Zzu:
deoend*ng on the si%te involved and zction ::-".si:e:eH

costs range from about 3$500,000 to 3430 milli:z-.

ere may be diffsrent degrzes of clean-up anc «
asonable cgurse. We don't have tne maoney to 2o

m

sl
]

Xesponse We agree.

What 1s ocur gozl? The peopls living along the ctiver mz. 7ot want
salmon. What if we do nothing, just kill the carp? =cw far arcs2
w2 from the 2.0 ppm action level far PC3's in the Kalszmzzoo River?

Response: Qur goal is to reduce the rls< to tme fish-zz-suming
puolic to acceptacles lavel One pazt in T7ls goal is
to reduce fisn PC3 concentrations ta less tma- 2 pem.
This will not ce reach%%Aby Just elininati-g t-e carp.




We can't just look at getiing fish down to 2 ppm.

Response: Qur goal 1s %z rezyce the risk to the fish-consuming
public tc accextaczle levels. The studies performed to
date allow us 2o e2xamine any fisn tissue PC3
concentratlions.

Have you examined sealirg the contaminated sediments in place?

Response: Yes. For some situations this may be a suitable
: alternative. <owever, there are concerns with the long-
term maintena~ce -cequirements assoclated with this
option.

On August 29, 1986 the INR served a notice to sue Allied Paper.
what is the ONR's intention regarding this suit?

Response: The DNR's int=ntian 1s still to file a lawsuit if a
sattlement is not reached with Allied Paper.

The $1.5 million arlocaz2d 2 clean-up the Allied Paper site --
now and when will that money De spent? ‘

Response: That money hs
o -
°%)

= been reallocataed to other remedial
actions on 2 Ke

'amazoo River.

Note: Concern was rais=d z3cut the temporary injunction stopping
the ONR from cemoving =2 zzms cown to the sill level. Because of
the recent temporary i~ unciion, the ONR could not comment on this
question or any relatez gzuestions at this point in time.

Why won't the rca2moval ¢ t=2 ONR daams transport the toxic
materials downstream?

Response: The present -z2movzl project is only to remove tne dam
. superstructus2. T“he dams are not active and there is nc
impounded wazt=sr :aat will e rel2ased and no downstream
movement of s2ditents. This project will not change tn=2
hydraullic chazactaristics of the river.

How much will it cost Tz rsnove the ONR-owned dams t3 the sill
leval? : :
I2s2¢

n32: Abcut $430,ICC.

n

g

3N

W.

1]
(2]

1D

S

~#Whils it has 2een mentizcnez tnat millions of collars will result
from an improved fbsn--f 3®ter PC3 levels are reguced, nhas any

consideration 2een giva- t:I negative primary and seﬂondar/ affacts

from job losses and ot~sr r-2gative impacts?




%esccnse: We do not anticipate any job losses from these
activities.

Zre steelhead being stocked in the River?

;es::nse: Yes. Since 1973, between 5,000 ang 25,000 fish have
been stocked annually, except for 1577, 1979 and 1983.

The Rabbit River has also received steelhead plantings
during this time period.

Zn tne river upstream of Allegan Dam, what exists now and what
i

wil. be done - other than PC8 s and the cgam - in the futura?

=eszanse: Presently, the fishing i{s poor and dominated By carp.
In the future, plans are being made to eliminate the
present “Iishery and restock this -iver between Allegan
and Kalamazoo. &mphasis will be placed on developing 3

resident bass and pike fishery in conjunction with an
anadremous salmonid flsnery

Zf :ne Xalamazoo upstream of Allegan Oam is a warm water fishery,
“cw zan salmon survive?

=2sczsnse: The critical period of the year faor salmonids is when
water temperatures rise above 630 F. Rivers that reacn
water tamperatures above ggo F generally do net suppcr
salmonizs. The salmon fishery planneg for tne <alamaz::
River is an anadromous fishery where the sal mon Tesize
in Lake Michigan until their spawning migration upst:
in the Kalamazoo River. The soawning migration accur
in the fall, when river temperatures are cocler anag p
nao problem faor tne salmonids.

-S tne temperature of the stream in that area all right

S23z9nse: Yes, The rtiver temperatures ars meeting S
Quality Standards.

cr
i
«r
1)}
X
(1]
s
1]
L8 ]

=Cw 30 you plan 2 e2liminats the carp?

@szsnsa: The pro

2 lan Is t3 appoly 2 cnemical (rst2none) «niz-
suffocsa

1
e fisn.

wl.. the rote2none aff2ct only tne carp?

“esconse: No. Rczizncne will eliminace vistually all fisn and sc-s
: invertazrates.

wil. tne puclic ze nctified wnen the rata2none is used 3ang 2e an.s

T3 zomment on "cw tne carp 3c2 <illsd and whers they are nurieg?

-
-3
=

n

zons2: Yas. All such projects arce presently reviswed Sy the
Water Resocurces Commission, which nolds puplic
meetings monthly.,
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How will you dlspose of the dead carg?

Response: The details of this project nhave yet to De worked out.
8ut the most likely disposal method will be on-site
burial.

Will the fish burial site pe lined?

Response: The PCB concentration in fish presently is nominal
relative to sediment concentration. We hope that when
the project is conducted that the PCB concentration will
be even lower and that a llinmer for the disposal site
will not be necessary.

Is the dissclved oxygen problem caused by carp?
Response: The dissclved oxygen problem is very complex. However,

the contribution to the prcnle- by carp is
insignificant.

Nonpoint Source Pollutiaon

What is going to be done about municiosal storawater discharges and
nenpoint source pollution?

Response: Cn 3 national level, permics ace now being required for
municipal stormwater discharges. FfFor nonpoint source
pollution, the state has ceveloped the Clean Water
Incentives Program.

We need more statewide management of Aonsoint source pollutlon
such as the Clean Water Incentives Fr-agrsm.

Response: We agree. The state is assessing statewide nonpoint
: source pollution problems =nd Zevelaping a management
strateg

How many agricultural acres drain inzs tne Kalamazoso River?

.

Response: In the Kalamazoo River 2asin, 3bout 57 nercent (737,300
es) of the land is usec fo:r agricultural purposes.

The potential is Hign for monpoint szcurze pollution from pesticide
use effecting tne Xalamazoo River,

Respanse: The issue of nonpoint sousze -essticide pollution will pe
addressed in the statewige ma-nagement strategy.

We are very concerned apout the effezts of the Road Commission on
the Great Lakes. In Xalamazoo Countysy, 230,000 gallons of 2-4-D
herbicides were used_in August and S2ptamper. These wers washed
away because of heavy rains during t=at period of time. Also, the
companies that do tne spraying are __-d ay tne gallon. This seems
like a bad practice. who do we contact about this program?
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Response: The Decartnent of Agriculture regulates the use of
restriztec use "pesticiges.”

Have pesticide studizs been done for the Kalamazoo River?

Response: Periocic sampling has been conducted on the Kalamazoo
River. Nc problems have been identified to date.

We want statewide monitoring for pesticides.

Response: This Iissue «ill be addressed in the statewide management
plan. :

General

We need to upgracze %t-e water quality of Kalamazoo River and change
our attitude towzrd :ne River. Wwe need mcre parks and access
sites.

Response: We agrae

What 1s the sta=.s c° the application for the new cogeneration
plant in Otsego? Trsy will be using a lot of water.

Response: There =as :xeen no faormal application for the project to
date. Inf:rmal discussion has been held regarding the
projecz.

[ 4

There is a dissclvec oxygen problem upstream of the Xalamazoo City

wastewater treatment 2lant. :

Response: The ON= 1s investigating this in cooperation witn the
City o® Ka.amazgo.

Under the new wat2r zuality standards, the ONR is responsinle for
a comprehensive -lar for dissolved oxygen. #hen will the
Oepartment take Iniziative on tnis effart?

Response: The ON= 1s currently develooing 3 stratagy to conduct
compre=~snzi/e planning for cissolved axygen.,
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~ATES SAMPLING RESULTS F=CM CEIRGIA FPACIFIC, KALSMAZIODD
SL_UNEE DISFOSAL AREAS, AFFRIL 21, 1927, REIULTS IN (:
2F  CSENT GEDQRGIA FACIFIC LAEF RESULTS.
STATION ARCCLCR ToTOL S_T==.22D .
NUMEER LICATION 1248 FCZ (NG/L)  STIIZimGrL
13 A SITE 13 150 =3
(STANDING WATER) (<10009Q) (< 1300Q)
14 LEACHATE <20 : <20 e
(<. 1000) (<1000
1?7 DAVIE CREEX <20 <20 -4
: (7 10000) ‘ U100
»

$E=Cun=37 o B
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AFRIL 21,

SZDIMENT SAMFLING RESULTS FROM GEIREIA FACIFIC,
SLUDGE DISPOSAL ARESS,
REFRESENT GECZRGIA FACIFIC LAE RESULTS.

19E7.

KALAMAZZZ
RESULTS IN O

274

TTaTION AROCLOR AROCLOR- ARCCLOR TOTAL =
"LMBER LOCATION 1248 1254 1260 FCE (MG/KG) E3LIZs
: WILLOW SITE 79 ' 79 =2.
(NEAR RIVER) . (80 (26) (106)
2 WILLOW SITE (77> (16) (93)
(UPLAND)
3 WILLOW SITE 81 g1 zs.
(NEAR RIVER) (141) (26) (167)
4 WILLOW SITE 68 68 70,
: (UPLAND) (113) (21) (134)
s WILLOW SITE (90) ) (98)
(NEAR RIVER)
& WILLOW SITE g0 £3.9 g0 s34,
(UFLAND) (14%) (13 (158)
. 7 WILLOW SITE (33 (7) (40)
(NEAR RIVER) :
8 WILLOW SITE 43 43 T3,
(NEAR RIVER) (39) () (48)
9 WILLOW SITE (33 (7) (40)
(NEAR RIVER)
10 WILLOW SITE 45 ag z=.
(MEAR RIVER) (84) (17) (101)
11 WILLOW SITE (112) (210 (133
(UPLAND)
12 A SITE <1 <1 <1 23,
(NEW SLUDGE) (<1 (<1) (<1)
15 A SITE 1.1 1.1 e
(OLD SLUDGE) (1) (1) (2)
18 KING STORM S <1 <1 <1 <1
(QLD PIFE) (< 1) (<1) (<1) (<1)
19 KING SITE 57 5 Is.
(NEAR RIVER) (81) (18) (99)
. =9 KING SITE 57 : 57 =2,
(DIKE WALL) (63) (11) (74)
21 KING SITE (<1) (<1) (1) (< 1)

=

m



- Beu. .
- ~a s

SEDIMENT SAMFLING RESULTS FETmM BESRGIA PACIFIC, KALAMAISO
SLUDGE DISFOSAL AREAS, APRIL =1i. 19897, RESULTS IN ()
FEFRESENT GECRGIA FACIFIC LAZ SESLLTS.
"AaTISN i *  ARCCLOR ARQCLIR ~RCCLOR TOTAL ToTAL
MBER LOCATION 1248 D=4 1280 =CE (MG/KB) SOLIDS (%)

(DIKE WALL)

22 KING SITE ) = =1 58. 1
(DIKE WALL) (63) am (77)

23 KING SITE NTES) (1) (<1) (<1)
(DIKE WaLL) )

24 KING SITE 0.96 ' 0.96 g7.2
(DIKE WALL) (<13 -71) (<1) (<1

25 KING SITE <1.2 <.z <1.2 <1,z 40,9
(NEW SLUDGE) (<L) Y (<1) (<1)

5 KING SITE (<) [P (<L) (<L)

(DIKE WALL)

KING SITE .4 ~ s. 4 &0.
(OLD SLUDGE) 2) 1) 1) (2)

(N}
~
S
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