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EPA current, budget runs out Friday, EPA is expecting a
 
continuing res-solution to go to March l or March 15,. Eiudget will
 
be reduced, but with respect to forum, the process should
 
continue a.!-; normal,. Super fund tax has expired and could have
 
long terra impact for New Bedford if: additional funding is needed.
 
New re author iixat ion bill is being proposed., Interim budgets, are
 
more stringent «md may impact EPA''s contracting ability. Overall
 

The clti:;:en meeting will be. held at Club Recon:l,acoes at 25'3
 
Cogge shall St., in New Bedford on February llth at 2::: 00 p.m., This
 
is the confirmed time for the meeting..
 



Solidification samples sent to laboratory for testing but
 
testing delayed due to furlough. Three vendors were chosen for
 
hot spot remediation. Federal regulations are very restrictive
 
about disclosure of information regarding vendor selection.
 
Ebasco recommended 3 vendors, however, one vendor Rust withdrew
 
The other two are Geosafe-vitrification technology and Ionic-

teamed with Commodore for solvent extraction to separate PCS.
 
Ebasco used specific criteria to choose vendors. EPA proposed
 
2nd RFP for selecting a new 3rd vendor for pilot scale tests.
 
This should allow schedule to be maintained. All vendors were
 
asked if they wanted a debriefing. Forum supported seeking a
 
third vendor.
 

Bill Strauss reported for the subcommittee for dredging.
 
Subcommittee has not met but needs to set a meeting date for
 
February. Discussion on CDFs and whether dredge material or
 
Superfund clean up should go into which CDFs. Navigational
 
dredging would require additional CDFs.
 

Charlie Lord gave presentation on CDF1. His issue paper was
 
circulated and may be a topic for further discussion.
 

Proposed meeting on the llth should focus on openness for
 
learning public concern and education. Should clarify interests
 
of neighborhood group.
 

Next Forum Meeting is scheduled for February 28, 1996 at
 
6:00 p.m. in the auditorium of the Greater New Bedford Vocational
 
And Technical School.
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ABSTRACT. Pilot biomonnonng and modeling ifudi&\ went conaucied at the Saginaw Confined Dhpi 
Facility (CDF} Saginaw Bay, !.a(-e Huron, during 1937 to develop method? to crwej.! the paten 'tat fo r or magni­
tude of 11 cantaminani transport from ihf dike, mteriat to /he oitma'c envnnnmett ?) nnpucn aj CDF Ji\pn\ai 
an the water column ard redtmeru, and 3) impacts of CDF disposal on aquatic otGia living in <'hf uutdil't1 :oi\e. 
Polyctilorwatea1 b\phe nyh~ (PC 8$) were iel&ct&d fat rtiuty due to their pi f fence in the tethments oj the StJifinaw 
River/Bay ecosyrtem. A mathematical model of ntar-fiMconfamtnant transport through the dike, walls wurmn­
strutted Model predictions indicate th,M the rate' of coniaminant iraiupon through the dike ii etpetteti fn be 

'' small, amoiititing to less than OJU'J kg of PCBs aftef 5,000 days af simulation. A mathematical moJel of 'he }a? 
i |i ^ (. field impacts of CDF transport was aha constructed. Mode! predictions indicate that ihe incremc-.-i r . j f im. rease in 

' . i j eatlv rtate, water column PCB concentrations in Saginaw Bav is fjipfcted in he appranma 'ely 0 O'j r\f>/L per tty 
of PCU 'ransparted from itia CDF A biafnonttoring ptnygram wt*t 'jte*?li:[>t'>J to e j . u < s i » i.(intuminfint irun.\fwt 
through dike wa!L and its impact on contaminant foncentfation in btoloc;if.'.ii itffufi Dntinci trtjn>pt>ft <*/'< r>nt 
aminc/nti through thf dike waih was not demonstfaied urifi'g thf bwmonitorn<^ tipprtian'i 
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FNTRODUCTION 

S e d i n n e n i c o n t a m i n a t i o n is, a problem coirnnrion to 
most I n t e r n a t i o n a l Jonni Commission G resit Lake si 
A reas of Concern (]- lHerman 1988) T h r o u g h o u t the 
Great Lakes, the sediments of many harbor.: and Inibu-
L a r i e s arc r a n t i m e l y dredged to in a ml am commercial 
:>hipping lanes and due 1.0 contaminat ion, of ten do nol 
meet criteria for o p e n - w a t e r ci isposEil (1JC 1982). To 
meet the need for improved d i s p o s a l alternatives, , EI 
major program was developed i n the ear ly 1970s f'oir 
the disposal of c o n t a r n i n a i e d sediments in confined 
disposal f ac i lH ies (CDFsJ (1JC 1986). CDF disposal 
invokes I he co i r i i a in rnen l of dredged rn Ellen alls wiliiin 
a diked mnpoundrnent, usua.[Jv. located in or adjacenl. 
lo a walerbodv, near the dredging site. Although CDFs, 
were designed to confine conianninaied sedinnents 
a f t e r d r e d g i n g , I he ma te r i a l s comprising I he walls of 
CDFs a.re, i n general, porous and may allow the Lnins­
por t of w a t e r and associaied conlaminanls, bads i n t o 
the surrounding e n v i r o n m e n t Contanrunanls I rails-
por ted hack i n t o w a i e i r s , surrounding CDF s u e s may 
ha ye d e l e t e r i o u s impacts on w a t e r qua L i l y , aquatic: 
organisms and, u lli rna te 1 y, human he all h 

PROJECT SCOPE 

An o v e r v i e w of three p u l o t si u dies w i t h results and 

Location of 
Saginaw Bay 

S.j,?inaw Bay 

Location of the 
Saginaw CDF-

Study Area 

.,:-­
{1 & >
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Sac inaw CDF 
SlinJy An. a 

discussion i s piresemted lo describe general modeling 
and b i o i r n o n i t o i l i n g t echn iques , t h a t can be u s e d lo 
Eissess amd evaluate CDF performanee. These tech­
n i q u e s were applied to l.he Saginaw CDF to p r e l i m i ­
narily examine the observed and theoretical impacts 
of conl ami riant Iranspoirt f r o m the dula: ii i i terioi lo the 
outside environment, t h e impacts, of CDF d i s p o s a l on 
I he water co lumn and sediments , and the impacts of 
CDF d i s p o s a l on Eiquatic biota l i v i n g in the .s u no u rid­
ing area. Cornpishensivs e v a l u a t i o n s , of CDF conl a­
n r u m a n i r e i e n t i o n . tiranspon, a n d p o i e n t i a l impacts on 
ou td ike biota have mot been p r e v i o u s l y conducted 
( l . f C 1986). l l s h o u l d b e noted t h a  t w h i l e t he se 
r e su l t 5 arc specific 10 PCB t r a n s p o r t from the Sagi­
naw CDF, t he modeling and b io m o n i t o r i ng t e c h ­
niques deve loped and descr ibed in t h i s repor t are 
a p p l i c a b l e lo a v a r i e t y o f CDF c o n f i g u r a t i o n s ar id 
wide range of oirganochloririe containinanK 

The S Eig in a w CDF is located in Saginaw B a y , 
Lake Huron, easl of the Saginaw River navigat ion 
channel en trance, less t h a n 2 k i l o m e t e r s from I he 
mou th of i h e S a g i n a w River , n e a r Bay City, Mich i ­
gan (E-' ig 1 ) the CDF is k i d n e y - s h a p e d w i t h an area 
of appro urn ate I y 283 hectares ( T O O ac re . ; ) , and a 

FiG. L location of Saginaw Bay, the Sagirtaw CDF Study Area and' (he. Saginaw CDF. 
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c a p a c i t y of a p p r o x i m a t e l y 7,64.5,000 cubic nneleirs 
 [.1C I 9 K 6 ) Construction of t h e d i k e wall was com­
pleted in 11978 The CDF w a c coriiitructed to c o n t a i n 
Shelter and Channe l i s l a n d s ; , which exis ied prior to 
c o n M r IK: l io ri of i he <Ji l< e w all (F ig 21 

The d ike wal l us 7 7 meters high and t rapezoidal 
i n c r a s h - s e c t i o n w u h a t h i cknes s of :! I me tens at 
the lop and 36 nicies, at i t s ; base ( F i g . 2 ) The dike 
w a l l is composed of a p r e p a r e d [ l i m e s t o n e core 
( i n d i v i d u a l M o r e s from 1 to 16 crn i n d ' i a m c i e r ) 
cove ied by a f i i n e , p l a s t i c f i l l e r c l o t h . U n d e r layer 
.stone < 14 io I 13 kg) wi th cover stone ( ' 1 1 3 l a 950 
l < g ) and/or r i p r a p si one l '14 to 1 1 3 l<g), dependent 
o n p l a c e m e n t , f u m u i s h p r o l e c l n o n f o r t h e c o r e 
( U S A C I976j. A n interior c r o > s s - d i k e w a l l separa tes 
t h e C D F i n t o t w o d i sposa l e e l hi , n o r t h a n d s o u t h 
( F i g . '2) As a r e s u l t of i t s cons l ruc t ion , the CDF is 
porous and permi ts , the b u l k m o v e m e n t of w a t e r 
through ( h e d i k e wall both u n t o and out of the CDF 
d e p e n d e n t on t e m p o r a l va r ia t ions i n h y d r a u l i c con­
ditions 

'1 h i s f a c i l i t y regular ly r e c e i v e s , male r i a l s , d i edged 
from ( h e S a g m a v / R i v e r a n d i t s as,sociated n a v i g a ­
l i o r i channel The f i r s t dis,posal ope ra t ion was e a r ­
ned oui in 1979 arid cig,hi disposal operations were 
c o n n p l e i e d a t the t i m e of the 198'7 b i i o m o r u l a i i r i g 
s l u d y A rnn ih d i s p o s a l operation v/as in progress at 
the t i m e t h a i the p i l o t bi onion icon n g s t u d y was con­
d u c t e d . As a r e s u l  t of earlier disposal operations, 

Sag ina w CDF 

/' Dliiposail / / laid rid 
Cell // 

Channel l';l<3nd 

( h e riorih disposal cel l of I he dike and the rioirrhwesi 
section of the south d isposal ce l l were compi le t e lv , 
f i l led w n h dredged nnalenals,. 

BIOMONI1 DRING STUDY O V E R V I E W 

Biornoni toning i n v o l v e s I he in t i rod t ic l io i r i or c o l ­
lection o f organ i s ins ( b i o t a ) at a specific locat ion to 
del e nni n e I h e occurre rice, di si.ri b u tnon, a nd/or a y,:n I ­
l a b i l i t y of co r i t a rnmanis T h i s approach was applied 
1:0 the Saginaw CDF to develop l ine f i e l d t e c h n i q u e s 
and da ta i nt erpre tat ion me I hod s, ne eded I o p r eli rn i • 
nar i ly del sir m i n e w h e t h e r c o n t a m i n a n t ' a i c t r a n s ­
ported through CDf-' d ike walls in q u a m i t i e s su f f i ­
cient lo be a c c u r n u l a l e d by o r g a n i s m s in t h e ouldike 

biota a c c u m u l a t e c o i u a r n i m a i u l s mi eg r a t i n g t h e i r 
exposure to a n y i n i e r r n i t t e n l L r a n s p o r l o v e r t i m e 
This fad or is pan icu la r ly i m p o r t a n t b e c a u s e of t em­
poral v a r i a t i o n s in h y d r a u l i c concLiIioins both i n s i d e 
and o n [.side of ihe d ike and I he i n f l u e n c e t h e s e v a r i ­
a t ion; h a v e on o u t w a r d ton's port. Whereas a con­
ve.nl ion a I w a t e r s a m p l i n g a p p r o a c h w o u l d r e q u i r e 
a n i n t e n s i v e s a m p l i n g s t r a t e g y staged d u r i n g a n 
eveni., and can on ly r c f l e c i the p r e s e n c e ol com a m i ­
niajnts :n i h < h.nc of s a m p l i n g , (lie b i o r n o n i i o n n g 
a p p r o a c h n..[Lines a r e l a t i v e l y s , rnal l l number of s a i n ­
ples and can r e f l e c t I he presence and d i s t r i b u t i o n of 

7 /' rnot(= r'j 
.,;:..;;. 
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c o n t a m i n a n t s , :is i n t e g r a t e d i n b i o l o g i c a l I i s sue s 
over i h e entire period of exposure dur ing any series 
of E: vents;. Add i t iona l ly , biota bioconcemlirale/bioao 
c u m u l a t e c o n t a m i n a n t s t o c o n c e n t r a l i o n s m u c h 
higher t h a n p r e s e n t in t h e surrounding water Tim 
f a c i l i t a t e s (he: direction and irneasuremenl of conta­
nil in an is 

The p a t t e r n o f c o n t a m i n a n t s accumula t ed by an 
o rgan i sm can re f lec t t he r e l a t i v e : d i s t t i b u l i o n o f 
a v a i l a b l e : c o n t a m i n a n t s p r e : s e n l i n i t s surrounding 
e n v i r o n m e n t (W i l l Ford et al 1987, Mac el al. 1990, 
Mac: and Sch rn i t t 1992) The a tu l i l y to recognize 
the pat terns of a c c u m u l a t i o n , the so-called chemical 
t i n g e r p r i n t , for a g i v e n class of coirnpo-unds is. 
e s s e n t i a l to t h i s a p p l i c a t i o n of I he b io i rnon i lo r ing , 
approach 

PCBs w e r e chosen as ths: t a r g e t c l a s s of com­
pound:; for t h i  s study because of the demon sit rated 
ex i s l e nee of PC El contamina t ion in the Saginaw 
R i v e r / B a y system PC Els are also a ,good choice as 
the p h y s i c a l - c h e m i c a l p r o p e r t i e s of PCBs a I E : r epre ­
s e n t a t i v e of a wide [ t i n g e : of organochlonne com­
p o u n d s , and the a n a l y t i c a l l .ecliniques for delect ing 
and d is cir irni n at i n » bet we E: n l h e rn e rnber compou n d s 
in t h i s c lass ; ( c o n g e n e r s ) are w e l l de : f ined ( M u l l n i i t'f 
a!. I9!vl). Further, P'CBs were c h o s e n because the 
100 or so congeners which occur in the e n v i r o n ­
m e r i t a r e a p p a r e n t l y accurnula ted l b y cer ta in biota i n 
pattern1) I hat are ind ica t ive of their- expo.su re The 
c a p a b i l n y 10 q u a n t i f y PC El conveners and i d e n t i f y 
PC IB horn clog a n d congener p a t t e r n s are p a r a m o u n t 
t o t h e : S L I C C E : S S o f t h i  s approach. 

B1O1VIONITO R ING ST UDY F I E LD 
OPERATIONS AND METHODS 

A dye s tud/ was conducted to determine the rnosi: 

) 
s t u d y , ih ree s i t es were c h o s e n fo r d e p l o y m e n t o f 
caged b i o t a in I he s t u d y a r ea (F ig . :!) The outel ike 
site wa.s located along the e;< tenor of the dike wall 
at t h s : po in t of g r e a t e s t pe rmeabi l i ty . The ' incl ike: sile 
was l o c a t e d along the i n t e r i o r o f t h e d ike wal l , 
o p p o s i t e t h e ouuliks: s t a t ion The: reference site wast 
located at n a v i g a t i o  n b u o y 1/28 a short distance: 
from tin: CiDF The reference si te location was cho­
•sen so ihat the b i o t a al l.his s t a t i o n and at the: out.­
d ike S i t a l i o n w o u l d have a s imi la r exposure1 to.Sagi­
naw R i v e r v/alcr. 

The to l lovvi ing organ is m = were s u c c e s s f u l l y used 
as biomonitors d u r i n g ihe course of t h u s , s t ud / green 
a l g a e (Cladaphura f t lnmerat t i (L ) K u e t < : m g ' l , f a t -

IRel K renc e 
(Buoy 

head minnows (Pimephales pmmeJas Ra f ines .q i . i e ) , 
a,nd mussels; (LarnpsUix radiata siliquoidea Barnes) . 
Cladophora  i s a la rge ge 111.1.5 of f r e s h w a t e r and 
marine a l g a e , is v . i d e : l y d is tr i ibut ed t h r o u g h o u t the 
Great Lakes , and is typica l ly a d o m i n a n t component 
o f a t t a c h e d a l g a l a s s e m b l a g e s The presence of 
Cfadopkora a t a l l s t a t ions (dike w a l l s and b u o y s u r ­
face.) was, pa ramount to its se lec t ion as the represen­
t a t i v e , r e s i d e n t o r g a n i s m i n t h i . s s tud/. Therefore, 
line e x p o s u r e period of C l a d o p h o r a ex tended from 
i t s d e v e l o p m e n t in t h e spr ing u n t i l ( he t ime o f c o l ­
lection and d i f fe red from the exposure period of f a t ­
head m i n n o w s ami rnus.seIs Cladophora has p r e v i ­
ous ! / been u s e d as an i n d i c a t o r o f l o c a l 
o r g a n o c h l o n n e or h e a v y rue rail :: on l. arm n a t i o n 
( A n d e r s o n e.\ al 1982, Larsson 1987). A I the l i m e 
cages were recovered from each M a t i o n , samples of 
the f i l a m e n t o u s alga were ob t a ined by scraping the 
hard substrates wi th a k n i f e Microscopic E x a m i n a ­
tion indicated that Cladophora was the p r i m a r y bio­
mass, of these samples , although microscopic f a u n a 
and flora were associated w i t h the f i l a m e n t s . The 
f a thead minnow is a common and w i d e l y - d i s t i n i b u l e c l 
i n a t i v e f ish in t h e Great Lakes; and has been s u c c e s s - ­
f u l l y uisEid in o t h e r PC El b ioaccurmui la t ion e».pen-­
nrienls; ( U S E P 4 I9!P, Wi l l ford et uL 1987, Mac e! 
a l . 1990) . A d u l t f i s h were o b t a i n e d from Kur tz ' s 
Fish H a t c h e r y in E1 verso n, P e n n s y l v a n i a and were 
r e c e i v e d one day p r i o r to cage d e p l o y m e n t . Lump­
sifis is one of the most abundant n a i i v e : b iva lves i n 
the G r e a t L a k e : ; a r id has been > u c c < : s . s f u l l v used i n 
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other PCB b io a c c u m u l a t i o n e x p e r i m e n t s (U8EPA 
I 9 E ! 7 , K u u . i s and H a r m d y 198.5) M u s s e l s wen: col­
l e c t e d from n o r t h w e s t Lake St Claiir I clay prior to 
cage deploy rrienl. P re -exposure PC IB concern r a t i o n s . 
in I y t h e a d minnow and mussel samples were deter­
mined F,re-sedirneni disposal lolal PCB concentra­
l i o n s in Cladnphora were nol d e l e i r m i n e d 

Caged b i o t a were placed in i h e study area to s im­
u l a t e l i n e e x p o s u r e o f c o l o n i z i n g , s e d e n t a r y , a n d 
m o b i l e o r g a n i s m s t h a i have d i r e c t o r p r o x i i n n a l e 
contact wilh Ihe Sagmaw CDF O r g a n i s m deploy­
m e n t a n d ! recovery c o i n c i d e d w i t h d r e d g i n g a n d 
corifjnemeni of ihe mosr h e a v i l y c o n t a m i n a t e d sedi­
m e n t s removed trom I In: Sag inaw R i v e r d u r i n g the 
1 9 \\ 1 i.l r E: d g i n g ,.i n d d i s, po>, a I <: > c 1 E: I t w as a n t ici • 
paled that this line per iod would y i e l d the greatest 
p o i e n l i a l for c o n t a m i n a n t t r a n s p o r t events due lo 
v a t i a t i o n s i n h y d r a u l i c condi t ions w i l h i n t h e dike. 

The cages u s e d iin th i s s tudy were c o n s t r u c t e d of 
2 -cm, angled .31 LI mi n u n frames (3 mm in th ickness . ) , 
100 x 52 A 32 cm in s i z e , covered w i t h Aquanei :©7­
rirurn mesh p l a s t i c net t i n g . The l o p s of i h e c;.ges were 
h i n g e d to a l low access The in tenors of ihe cages 
w e r e d i v i d e d i n t o equal volume compartments. , sep­
ara ted by p f a s i i c n e t t i n g ( 'Mac f t a l . 1990) Five 
musse l s and 15 f a t h e a d m i n n o w s were place:! into 
i?a ch of thre e c o mpart me nls. o f e ach ca« e 

The c a g e ; were deployed at each of the th ree sta­
t i o n s on t h e m o r ri i ri g o f 2 S e p t e m b e r 19 8 7, a r id 
r e c o v e r e d a f t e r f! day:, o f e x p o s u r e The l a t g e l 
e x p o s u r e period was for 10 d a y as described by l i n e 
U.S. Fish and ' W i l d l i f e Service short-ternii bioass.ay 
protocol l W i l I l o r d et n!. 1937, Mac et al. 11990, 
Mac and S c h m i i t  i f 9 9 2 ) Due to d r e d g i n g schedule 
changes, the e x p o s u r e period had to be shortened to 
>! days lo p r e v e n t com ami n a t i o n of ihe r e f e r e n c e 
: i i t e s amples . 

A t the i n d i U : and reference s ta l l on:;, t he cages 
won.- deployed so thai t hey floated (subrnerged) 11111 
i In; water c o l u m n and did not resl upon, come into 
c o n t a c t w i i h , o r o the rw i se d i s t u r b the bo Horn SEid i i ­
m e r i t s T h e i r i d i k e cage w a s s . u s . p e n d e d i n Ihe 
ponded w a t e r of t h e : CDF:, 0,"> ni b e l o w the wa le r 
surface The pond d e p i h al the u n d i k e s i te was I ,5 m. 
The r e f e r e n c e cage was s u s p e n d e d 2 rn be low the 
w a t e r surface 10 min imise wave d i s t u r b a n c e The 
w a t e r co lumn d e p t h at the reference site w a s . .!i m At 
the o u t d i k e s t a i i o n , (he cage was deployed so I hat i t 
w a s d i r e c t l y acro is t h e d ike w a l l from t h e i r i d i k e 
cage h o r i / o n i a l l y bul not v e r t i c a l l y d i s p l a c e d f r o m 
(he CDF pond. To r n i n i r n i z e e f f luent d i l u t i o n due to 
w a v e s and am ems t h e o u t d i k e cage was anchored 
In ; jUK! rented on the dike w a l l approx imate ly I m 

below ihe waler surface. R e s i d e n t Clna'ophfini w e r e 
collected from each s t a i i o n on the la si day of the 
exposure pe r iod . 

Grab s a m p l e s of whole w a l e r were col lected al 
each of i h e i h r e e .s ta t ions on the first and lasi days of 
l.he e x p o s u r e period These samples; were col lected 
as c lo se as poss ib le lo the cage.*. S i > ; c lean 4 - L 
amber g l a s s b o t t l e s , were submerged and f i l l e d a t 
each s i a i i o n . The bot t les were r e t u r n e d to shore and 
each so-bot t le s e t , c o n t a i n i n g a tola I of 24 L, was 
split imlc t w e l v e bo t t l e ; , each c o n t a i n i n g 2 L. Two 
h u n d r e d r m l l i l l i t e r s o f d i e h l o r o m e t h a n e ( D C M ) were 
added lo each of the t w e l v e b o t i l e a and t h e i r con­
tent,; w e t s s h a k e n vigorously for 10 seconds to s t a ­
b n l i z : e ihe samples. 

LA I:K )RAT ORY A ND AN A LYTIC A L M ETHODS 

All b io ia samples were r e i u r n e d to the l abora to ry 
on ice and kepi frozen u n t i l processed. M u s s e l s o f t 
I i ss u e and who le f a t h e a d m i n n o w s a m p l e s w e r e 
each homogenized i n a b l e n d e r . Clua'ophom s a m ­
p les were a i r - d r i e d al room t e m p e r a t u r e for 64 
h o u r s and homogenized using a rnor iar and p e s t l e . 
T w e n t y - g r a m aliquot;; of mussel and minnow tissue 
w e r e m i x e d w i t h a n h y d r o u s s o d i u m s u l f a i e I ' I 3 , 
w : w ) in a cellulose t h i m b l e a n d e x h a u s t i v e l y So ;<h­
let ex l rac ied w i th n-hex a tie and D C M . T h r e e - g r a i n 
a l iquo l : ; of dried dadnplwfa were p r e p a r e d and 
mixed w i t h anhydrous sodium s u l f a i e ( 1 : 1 0 , w : w ] 
in a ce l lu lose t h i m b l e a n d e x h a u s l i v e l y Sox h id 
e x t r a c t e d wi th n-he?tanc and acetone All cxlracts 
were I hen c l e a n s e d of l i p i d s and o the r i n t e r f e r i n g 
c o rn pi o n n d s 1 • y g e 1 p e r rn e a 11 o ,ri c h r o rn a t o s r a. p h y 
(G PC) a n d s u I f u r i c a c r i d , sealed i n « I a; s a m p u l e * , 
and s tored nn t h e dark at a cons tan t t e m p e r a t u r e ol 
(I°C u n t i l analys is 

A l l water sample 's were teiurned to the l abo ra to ry 
and .stored al room teniperaiure u n i l i l processed A 
three-si a H E : l i q u i d : l i q u i d e ; < t r a c l i o n w a s p e r f o r m e d 
oin each sample The sample bo t i le : ) were vigorously 
s h a k e n at 1 50 rprn for 10 rn m u l e s on a model G 10 
G y r o t o r y S h a k e r © The DCM layer was s iphoned 
in to a clean 4-L , amber glass s o l v e n t bo t t le and then 
replaced wi th an add i t i ona l 200 mL f resh DCM The 
shake and siphon steps were per formed three times 
af te r which ihe waler was. d iscarded. The DCM l a y ­
ers, ex t r ac t ed from each sample were then compos­
ited1 by s ta i ion to p rov ide a t i m e - m l e g r a l e d sample 
lor the enure per iod of b io ta exposure. A d d i t i o n a l l y , 
each sample bot t le was r i n s e d wi th 50 mL of DCM. 
The rinse s o l u t i o n s were i h e n also added 10 i h e < . o m ­
p o s 1111: :; a rnp I e:; The v o I u n i e o f e a i: h <: o rn poM t ed 
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i . x t r a c t was; reduced over a s team bath 10 10 nriL and 
I hen to 0.5 mL under ruirogen gas All composite 
e x t r a c t s w e r e c leansed of interfering compound:; by 
GPC and sulfunc acid f o l l o w e d by cleanup with 
a c t i v a t e d copper (l.o remove sulfur), sealed in glass; 
a m p u l e s , ami slored in I he dark ai. a constant tern­
perature of 4"C u n t i l an a ly;?.ed 

All PC 13 a n a l y s e s were p e r f o r m e d on V a r i a n t ® 
model 3TOO c a p i l l a r y c o l u m n gas. chroma togiraphs 
f i t t e d w i t h d u a l Ni"1 e l e c t r o n c a p t u r e detectors , 
aulo 'samplers, and DB-5 fused s i l i c a columns. Cori­
gener 204 (2. ,2 ' ,3 ,4 ,4 ' ,5 ,6 ,6 ' •• o c t a c h l o r o b i p h e n y l ) 
was used as an in te rna l s t a n d a r d lo ve r i ty column 
r el en do ri t i m e s and concentra t ions I n d i v i d u a l c o n ­
gener s were identified wi th reference lo a standard 
mixture of Aroclors 1232, [248,, and 12(5,2 u s i n g a 
m o d i f i e d v e r s i o n of C O M S T A R (13 u i r k hard and 
Weininger 1 9 8 7 ) . Data ou lpu t were expressed as the 
absolute c o n c e n t r a t i o n of £:ach tietected congener in 
:i sample on a mass or volumetric bas is (e g.,, M-g/lkg, 
n»/L) and as to ta l PCB For s t a l i s t i c a l a n a l y s i s , these 
absolute concenlra t ions wen: a d d i t i o n a l l y expressed 
as re la t ive concentrations (congener fraction of the 
to ta l mass of PC Els in t h e : s amp le ) by d iv id ing the 
abso lu t e congener c o n c e n t r a t i o n by the summed con-
central ions of all congeners del eel ed in the sample. 

A f l e r chemica l analyse: 5 , a n d q u a l i t y a s s u r a n c e 
were completed, the absolute and re la t ive concern­
( r a t i o n s of the PC'Bs were s t a t i s t i c a l l y examined . 
Si u den t ' s t-tesis were conducied "on total PCB and 
congener concentrations to determine whether sig­
n i f i c a n t d i f f e r ences e x i s i e d between sample s i tes 
for e,:ich biota type. Test's, w e r e performed using the 
MICROS T AT' so fl w a re p a c l< ag E: < Bco so f t , "line. 
1985). P r i n c i p a l c o n n p a n e n t a n E i l y s i s (PCA), a nrnul­
l i v a n a l e : method of s ta l is l ical a n a l y s i s ; , as w e l l as ; 
o iher pa i ramel r ic and non-parametr ic techniques, 
were u s e d to e x a m i n e the pat lerns of PCB accumu­
l a t i o n in each of I he b i o t a and wa t e r samples col­
l ec t ed PC A is s d l a t a t ransformat ion and reduction 
t e c h n i q u e that f a c i l i t a t e s t he search fo r pa t t e rns 

w i t h i n a data set The r e l a t i v e c o n c e n t r a t i o n s oil t h e : 
PCD congeners were grouped into a set of derived 
d a i a c a l l e d p r i n c i p a l components (PCs). Each of t h e 
PCs i '= a linear combination of the oiniginail da t a with 
the f i r s t PC a c c o u n t i n g for the greates t and each 
successive PC account ing for a d e c r e a s i n g propor­
tion of the total variance in the dala The .sunn of all 
the PCs accounts for all the var iab i l i ty in the origi­
nal data . PCA was conducted using SA.S as detailed 
i n t h e users manua l (SAS [ i n s t i t u t e , Inc. 11 ' 9 S i 7 ) 

BIOMONITO R I N G STUDY RESULTS
 
AND DISCUSSION
 

Total PCB concentra t ions , in water and biota sam­
ples collected as part of i h e bio monitoring study are 
presented (Table 1 ) Tota l PCBs in the mdike waler 
sample were subs tan t ia l ly h i g h e r than in the outdila: 
and r e f e r e n c e s a m p l e s by a factor of 10 to 20. Total 
PCB c o n c e n t r a t i o n s in ruussels and fathead minnows 
after 8 d a y s of e x p o s u r e wen: 3 to 18 times g rea t e r 
t h a n pre-exposure s a m p l e s , dependent on s t a t i o n . 
Total PClii con cen tir at ions in the indike sample1, of all 
three biota ivp:;s were s i g n i f i c a n t l y higher (p<0()5) 
than in the o u t d i k e o r r e f e r e n c e s t a t i o n s a m p l e s , 
w h i l e Ihe t o t a l PCB, concen t ra t ions in the o u t d i k e 
and reference station samples were not s i g n i f i c a n t l y 
differ snt. (p>() 05) w i t h i n a biota type. Because'the 
total PCB c o n c e n t r a t i o n s ; in the i n d i k e w a t e r and 
biota samples were significan|ly higher than the out-, 
dike and reference s a m p l e and the ou td ike and r e f e r ­
ence samples were not s i g n i f i i c a n t l y d i f f e r e n t , the 
transport of PCBs through i h e CDF d ike wal l could 
not be i n f e r r ed fair t h e exposure period. 

The ovens 11 PCB congener pa t t e rns of the outdike 
and reference whole water samples were very s i m i ­
lar (Fig,. 4). The congene,r pa t te rns of these samples 
sugge si E:d I h at both si tes were e q u al 1 y  i n fl uenc ed by 
the Sagmaw River . The pattern of the ind ike v;ater 
sample, w h i l e s i m i l a r , c o n t a i n e d c o m p a r a t i v e l y 
hi "her r e l a t i v e concentrations of several low rnolec-

TABLE .!'. Concentrations of Total PCB in water and biota samples from Ihe Sagmaw Bay CDF Study,, 
1987. 

M atri x U n i t s Fire-Exposure Reference Outd ike I n d i k e 

Wat e r ng/L 5 2 110.2 9 1 .4 
La mips ilia fig/kg 9. 5 ±3.0 32 3± 9.5 ;> 6.71.1.5 87.0±22.l 

rFathead Minnows M !"'/k o 35 '7 ±4.5 113 3 ±20.8 86.3i:2<1.0 
ljLOr/]< u • 3 3 5.0 ± 1 Ob. 1 1 ,400± 1 0( I 

[n = I for water samples,; n ;= 3 for biota samples; 8-day Exposure, ±1 standard d e v i a t r , of the mean is pre-
se n ted I 
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Congener:; 

u l E i r - w e i g h i t congeners These low m o l e c u l a r - w e i g h t 
conveners are most l i k e l y la be irEinsported due to 
d i ffere n ha 1 parti t ioning ito materials corn p r i s ing Line 
d ike w a l l . Di f ferences , in congener p a t t e r n ; , be tween 
s i t e s is a necessary cond i t i on for t h i s , a p p l i c a t i o n of 
the bi onno n ilori n g approach 

Once it was, established t h a t the r e l a t i v e cone end a­
l i o r b of tin: congeners -it t h e inch It e site were suf f i ­
c i en t l y d i f f e r e n t to a p p l y the: biornoni toning approEich, 
I lu: rongener p a l terns; in biota were examined. Cumu-
I a i i v e percent diagram: of PCB congeineirs , for each 
biota type i n d i c a t e d EL diffeircnce between t.he undike 
site and the other two study sites whereas, the refer­
ence and outdike sites were very .similar The data of 
the out dike s i t e more closely resemble those oif the 
r detenu: s i t e than I he i i n d l i k e s u e This W E I S true for 
each of t h e three biota t y p e s , . Data for mussels are 
presented EIS an e sample (Fig. 5). Based on liie cumu­
l a t i v e percent resul ts , no d i s t i n c t ev idence of PCB 
t r a n s p o r t from the Saginaw CDF was observed duir­
n in g t h e 8-day period of biota exposure 

Transport of PC 13s through (he dike wal l WEIS not 
suggested by PCA, as the i n d i k e and ouldike biota 
were t y p i c a l l y at the extreme opposite e n d s of the 

' f i r s t PCA :ixis and the reference biota were gener­
a l l y u.isocUied w i t h t he out d i k e biolEi ( f ig 6 ) . This, 
r e l a t i o n s h i p was o b s e r v e d fo r t he ccmpo's i te ordina­
tion of al l t in OKI t y p e s and for each of t h e ind iv idua l 

biota t y p e s Data f o r mussels aire a g E i i n presented as 
an example ( F i g . 7). Based on PCA resu l t s , no d i s ­
t inct evidence of PCB I ran sport from the Saginaw 
CDF WEIS observed during (he 8 - d a y period of b i o t E i 
exposure . Because n o t i c e a b l e hydraulic h e E i d was 
prod' iced inside the dike due to disposal operations, 
t h u s providing the greatest po ten t i a l for c o n t a m i ­
nant , transport, and the PC13 congener pattern of the 
i i r i d i l<e w a t e r d i f fe red f ionr i the water a t the ou ld ike 
Eind re ferent : : : s , i l e s ,  i t W E I - a s s u m e d I In a t oui.diikf 
Ib io ta would re flee l indike PCB congener pa t te rns , 
pattern remnants , o r i n c l i v i d i i E i l c o n g e n e r s i f t r a n s ­
port: occurred IVlul11var iEi te and parametr ic s t a t i s t i ­
cal tests were su f f i c i en t ly tobus t to de l i meat e d i f f e r ­
ences in S E i r n p l e PCB c o n g e n e r pE l i t e rns even i f 
d i f f e r e n t i a l t r a n s p o r t due to p a r t i t i o n i n g occurred . 
Further, i f c o r i C i r m i r i E i n i t ransport occurred,  i t was 
expected that PCA ordination of the PCB congeners 
would yield a greater a c « social ion be tween the ou t -
dike and ind ike b io ta in comparison to the r e f e r e n c e 
biota, Ihn.! confirming both the occurrence of conta­
n r i i i n i a n t t r a n s p o r t and t h e i n d i k e zome as the source 
l iowever , t h i s a s s o c i a t i o n between ootclnke a n d 
indike samples , was not observed and the re fo re d id 
not sugges t corn a mm ant transport. The U.S. Army 
Corps of E n g i n e e r s o b t a i n e d a s imi la r f ind ing u s i n g 
clams as bioirnonitors in a s tudy at the Buffalo CDF 
(MEirc iuenie ef al 
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Screen in " - l e v e l model ing studies; of i.he Saginaw 
CDF were a h o conducted . The primary purpose of 
these s tud ies wan to I ) develop the frameworks nee­
c s h i i i r y 1.0 assess the n r i ag rn i l ude and rate of contami­
nant transport from a CD1F and it:; impacts on water 
< . o l u r r i n a n d > e d i r n e n t c o n t a m i n a n t concen I t a l i a n s , in 
the 1 r e c e i v i n g w a t e t b o d y , and 2) demons t ra t e the 
u n l i t / of i h i s a p p r o a c h through a s c r e e n i n g - l e v e l 
a p p l i c a t i o n to t h e Sag i n aw CDF. 

NBA R - I'llELD MO DEL D ESC RIPTI ON 

The Saginaw Bay n e a t - f i e l d model was; developed 
lo p rov ide a theore t i ca l , screen i n g - l e v e l e si i mate of 
the rnagmiude and r a t e o f c o n t a m i n a n t transport 
f r o m a CDF i' M a r l in, et at 1988) This m o d e l is 
based upon the gene ra l i z ed con taminan t mass bal­
ance model ing framework TOXM, one of the WA.SP' 

a t ion P i r a g r a r n ) f a m i l y of 
f rameworks (Ambrose et ai. 1988). TOXI4 was used 
to construct a con tarn man t trail sport and fate frame­
work s p e c i f i c a l l y for e v a l u a t i n g the e f f e c t i v e ness, of 
j v a r i e t y of CDF designs.- T O X M uses a f i n i t e seg­
ment i m p l e m e n t a t i o n of i he g e n e r a l i s e d conlamirianl 
n i i i s s h a l a n c e ( p a r t i a l c l i f l f e ' r e n t i a l ) e q u a t i o n a n d 
l:J.i!er\ me thod to n u m e r i c a l l y i r i t e g i t i t e the i resul tanl 

series of o rd inary d i f fe ren t i a l equa t ions , ( A m b r o s e i . / 
a / ' 1988). The m o d e l t ime step for n t i i r n e t i c a l i n i e ­
g ra t i on i n t h i s f r amework is l i m i t e d oy t h e m a g n i ­
tude of the con taminan t ma:;-, re la t ive to the com a m i ­
nan t rnas,s r E i i e of change (the d e r i v a t i v e ) . 

The f r a m e w o r k performs dynamic rrias's balances 
for each solids type and cont ami r ian t , a c c o u n t i n g for 
a l l m a t e r i a l t h a i enters , accumula tes w i t h i n , o r l e a v e s 
a CDF i h r o u g h l o a d i n g , t iranspori , a n d phys icochcnr i ­
ical and b i o l o g i c a l t r ans fo rmat ion ' , . The exact t r a n s ­
format ion processes that should be i n c l u d e d i n i tu­
ft a me work depend on (he c o n t a m i n a n t ' . i r n u l a l e d 
The framework aho c a l c u l a t e s ( h e d i s so lved and pa r ­
t i d i lu te contaminant c o n c e n t r a t i o n . - w i t h i n the CDF 
as wel l as two types of loading ' s t o I he r e c e i v i n g 
w a t e r body 1) direct d i scharges (over the d ike w a l l ) , 
and 2) t ranspor t through the dike wal l . This m o d e l ­
ing approach was a p p l i e d to the Saginaw CDF to 
estimate the magni tude and rate at w h i c h c o n t a m i ­
nants, associated wi th materials confined in the CDF 
are i r anspor t ed lo the ou t s ide environment 

NEAR-F1 EL D MODEL A PPL I CAT I ON 
TO THE SAGINAW CDF 

The Saginaw CDF was, concep tua l i sed as a semi­
c i r c u l a r d i k e w i t h an inner l a d i u s oif 605 meiers and 
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h o m o g e n e o u s l imestone v * a l l s . T h e CDK i n t e r i o r P e i r a l l c - l lo l i ne b i o m o r n i o r i n g study, PCBs were 
W E I ' S modeled Ers three horizontal segments (from top chosen a's the target c o n t a m i n a n t for s i m u l a t i o n and 
lo bottom) ponded water, s u i f i c n a l sediment, and modeled EIS a s i n g l e , homogeneous compound; mdi­

/'ie Saginaw CDF as Conceptualized in fhe 

Dike WaJI 

Ft G. S. Ne. '.i r-/i'eW model .s eg mental ion 

and ihe ponded water of I he CDF WHS assumed to be 
, z e r o There h one source of PCIlis in the model, s e d ­
iment disposal, and two loss rnec h Emi sin s, v o l a t i l i s a ­
t i o n a n d t r E i n s p o n ihrough ihe d i k e ( F i g 9 ) . 
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<Btt a I.. 

Tiansporl through t h e d i k e is influenced by short­
w a v e act ion, l o n g - i e r r n w Lives sue h a.s, seiches, 

arid sediment disposaJ operations, as wel l as a va.riety 
o f other condi l ions, t h a t can s ign i f i can t ly tiffed waler 
levels bolh oulside and inside the CDF'. As, waler lev­
els f l u c t u a t e and h y d r a u l i c condi t ions , across; t he dike 
wall varj , the rate of contaminant: transport: al.so vanes 
and is retarded due to solution to rna lena l s compris­
ing t he dike wall Th i s mechanism f o r t r a n s p o r t us 
h y d r a u l i c p u m p i n g ( in the d i r ec t i on of the h y d r a u l i c 
g r a d i e n t  ) and was modeled as a r e g u l a r l y recurring 
r i se and fa l l of waler l e v e l ; in the CDF due to sedi­
m e n t , d i s p o s a l and s e i c h e s The o u t f l o w seepage 
through the dike wall due to the disposal operations; 
and i n t e r n a l wa t e r surface f l u c l i r a i i o n s wa s, mode led • 
us ing Darcy'' law. The transport was computed as a 
1 u n c t i o n of the hydraulic c o n d u c t i v i t y and porosity of 
the dike w a l l u s i n g the a r i t h m e t i c average of I he head 
b e t w e e n the i n t e r i o r pond, de te rmined from a wai te r 
ba l ance , and mean ex te r ior water surfEics: The effects 
n f t h e f lue l u l l i n g e x t e r i o r waler s u r f a c e e levat ions 
was m o d e l e d us ing two approaches : as , a d i f f u s i v e 

it r an 'i por t process, and b y e s, 11 rn a 11 n g t r -in s ITI i s s; i on 
i h r o u g h the d ike based on wave c h a r a c t e r i s t i c s The 
i i anspor i i n to t h e dil«: due to external water surface 
v a r i a t i o n s was c o m p u t e d based on t h e o r e t i c a l meth­
ods for p r ed i c t i ng Ira remission th rough b reakwa te r s 
( M a d s e n and vVh'ite 1 9 7 6 , iVIadsen «•(" al 1978) All 
transport th rough the dike was Eissumed to be in the 
d i s so lved p h a - e Sc reen ing- l eve l c a l c u l a t i o n s , based 
o n p a r t i c l e b r e a k t h r o u g h i n g ranu la r media f i l t e r s , , 
.' u s> gc.si eel t h a t pa r t i c l e t ransport t h rough I he dike wa l l 
wtis n e g l i g i b l e . 

Modeled sediment disposal operations consisted of 
pi ac ini ; 240,000 rn' of dredged rnalernils i n the CDF 
over a 60-day period beg inn ing 100 clays after the 
si ar t ol the s i m u l a t i o n and repeated every 400 d a y s 
u n t i l sevc n di >• pa ;,a I o pera ti on s, w ere conripl eteci A fte r 
the f inal s e d i m e n t d i s p o s a l opera t ion , t h e model s i m ­
ula t ions were con t inued u n t i l the total l ime of S i m u l a • 
l ion was 5,000 days ( 1 3 " ' years) These model runs 
w e r e used to assess t h e magnitude and r a l e of coma­
m i r i a n i transport from t h e SagmawCDlF . 

l i t is worth sires s i n g t h a t t h i s model was d e v e l ­
oped lo p rov ide screen i n g - l e v e l es t imates of the 
m a g n i t u d e of c o n t a m i n a n t transport from the Sagn­
naw CDF As w i t h a l l water q u a l i t y models, the 
accuracy and v a l i d i t y of l i n e model is, d i rect ly l i m ­
ited by the qua l i t y of t h e data avai lable to pa ra rne ­
lein?:: i t  . The model has no t been a d e q u a t e l y c a l i ­
b r a t e d o r e v a l u a t e d u s i n g s i t e - s p e c i f i c C D F data. 
C V u r r f r i l l y , f e w data a r e a v a i l a b l e l o c h a r a c t e r i z e t h e 
, S a < ' i i i i i w CDF- ( o r a n v C D F ) T h e e f f e c t o f t he 

m o d e l a = s u rnp it i o in s c o u l d o n l y be t e s t ed u s i n g a 
l i m i t e d s e n s i i i v i i y ana lys i s , s u c h as , in assessing t h e 
impact of par t i t ion coefficients on model predic­
tions ( M a r t i n et al . 1988). However , i h e t e w e r e a 
number of factors, which were not considered in (he 
model, ' such a . s t he e f f e c t s ; o f catastrophic e v e n t s , 
long,-term deterioration of the diKe wail, and wave 
o v e r t o p p i n g . I n a d d i t i o n , t h e r e a re a n u m b e r o f 
areas where the methods used are in need of r e f i n e ­
m e n t a n d t e s t i n g , such a s , in t h e c o m p u t a t i o n o f 
c o n t a m i n a n t t r a n s p o r t t h r o u g h d ike walls 111 should 
also be recognized t h e n the model docs not cons ider 
the effects of conta in inanl transport or d i s p e r s a l due 
ito cur ren ts in the r e c e i v i n g w a t e r b o d y Fur ther 
development of I h is model w i l l be l i m i t e d u n t i l data 
that al low q u aril i tat ive descr ip t ion of the d i l < e wal l 
e n v i r o n m e n t become available Despite I his , l i m i t a ­
t i o n , the model is s t i l l v a l u a b l e as a sc reen ing- l eve l 
too l for providing in i l i a ! e s t ima te s of t h e long- te rm 
e f F e c t s o f c o n t a i n i n g c o n t a m i n a t e d sediments, i n t he 
Saginaw CDF after dredging as w e l l as demons trai­

NEAR-FIF LD MODEL R RSULTS 

Model resul t s indicate t h a t a f t e r 1 year, the inagni­
l:ude of PC hi tnmsporl i h r o u g h the dike wal l of the 
Saginaw CDF i s e x p e c t e d to be on the order of 5-6 
milligrams. V o l E i l i l i s a t i o n losses, though they do not 
d i r e c t l y impac t t h e e n v i r o n m e n t i m m e d i a t e l y ' « u r 
r o u r i d i n g the CDF, a.rc on the order of 20 grams a f t e r 
1 yeai. Model r e s u l t s ; also i n d i c a t e i h a i sifter r e p e a t e d 
disposal o p e r a t i o n s , the m a g n i t u d e of PC EM t r a n s  ­
ported and volat i l ized from the CDF i s expected lo 
increase C u m u l a t i v e PC 13 loss through I he d ike wal ls 
are predicted to be on t h e o rder of 2!!0 gram' over 
.5,(XX) days o f s i m u l a i i o r i C u m u l a t i v e vo la l ih ; : : i t i on 
losses Eire also p red ic ted to be on ilu' order of :i.32 
Id logra rns o ver the sa me pe riod (Fig'a 10-12). 

FA R -Fl EL D MODEL, I) KS C R1PTION 
The Saginaw Bay fa r - f i e ld model was developed 

to provide a screening-level e si i mate or p r ed i c t i on 
of t h e wa te r qua l i l y impacts of c o n i a r n i n a n i i r a n s ­
p o r t from a n y source o n t h e r e c e i v i n g w a t e r b o d y 
(Velleux ft al. J 9 8 8 ) . This model is ha^ed on the 
general ized c o n i a r n i n a n i mass b a l a n c e m o d e l i n g 
jFrarnewo rk WAS P (D iTo r o ef a I I 9 8 3) WA SP uses 
a f i n i t e s e g m e n t i m p l e m e n t a t i o n of the g e n e r a l i s e d 
c o n t a irn i n a n t rn a s s, t) a I a n c t: ( p a r t i a l d i ITe r cn 11 :i  I ) 
e q u a t i o n EI n d E u I e  r ' s m e t h o d to n u m e r i c a l l y i n t e • 
g , rale t h e l e s u l l l a n t s e r i e s o f o r d i n a r y d i f f e r e n d i l l 
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Predicted cumulative PCB inass transported 
after seven sediment disposal operations 

1!! 14 

lion (years) 

F/G. .10. Near-field model prediction of like 
cumulative mass of PCBs transported through the 
dike wall of the Saginaw CDF. 
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FIG. H. Near-field model prediciti&n of the 
cumulative mass of PCBs volatilized from the Sag­
inaw CDF. 

equat ions. The model lime step for numerical inte­
gration in (his IVarnework is limited bj' Ihc rna,gni­
luJi.: dl i. hi: cor iLaminianl mass relat ive lo the con la-

man I mass rah: of change (tl'ic ijorivali 've). 
The framev/ork performs dynamic: mass balances 

FIG. 12. Near-field model prediction of the: en-
initiative mass of PCBs transported .and volatilized 
from the Saginaw CDF. 

for each solids lype and contaminant, accounting for 
all material that enters, accumulates within, or leaves 
a waterbody through loading, transport, and physico­
chemical and biological transformations. The exact 
IransforniEitiori processes that should be included in 
the framework depend on the contaminant simulated. 
The framework also calculates the dissolved and par­
ticulate contaminant concentrations in the water col­
umn and sediments throughout the waterbody. The 
'WASP framework was previously used to construct 
and calibrate a PCB transport and fate model specifi­
cal ly for Saginaw Bay (Richardson ef at. 1983), A 
modified version of this model was used to provide an 
estimate of the water column contaminant concent ra­
tions and relative risks that may arise from disposing 
contaminated sediments within the Sa,ginaw CDF. 

Model modifications were limited lo removing 
all non-CDF PCB sources from the model (the Sag­
inaw River, Lake Huron boundary condi t ion, etc.) 
and adding PCB input from the Saginaw CDF. 
These modifications allowed the impact of contami­
nant transport from the CDF on PCB concentrations 
iin Saginaw Bay to be easily assessed, independent 
of other PCB sources. 

FA R - FIELD 1VIODEL APPLICATION
 
TO THE SAGINAW CDF
 

Saginaw B a y w a s modelled as 19 s e g m e n t s 
divided into three layers: five surface water, eight 
surficial .sediment, and six deep sediment ii 

ric(.:pliii;ili/i:d a1. 
(FiiL- 1 3 ) , 



1170 Velleeu el al. 

Saginaw Bay as Conceptualized in the 
Far-Field Mode! 

:?w •5v, 

w;: Water Segment 
:; - Surlicial Sediment;; 
d - De Eip S Esclime nl -, 

To EI H o w comparisons be tween l i n e fa - r - i l ' i e ld mould 
and t he d a t a c o l l e c t e d di.iniiri,g l i n e b i i o i rnon i t o i r i i r i e 
study, FCI3.S were chosen a.s. I he itar«ei: con tarn inaml 
for s i m u l a t i o n Eind modeled ;is the coirnposite of two 
i n d u s l r i a l r n n l u r e i s , Airodors 1 242 airid ' '260 Total 
PCBii were reptesenitcd as l i n e sunn o f l h e s e two Airo­
clors. The corn p o s i t i o n of the modeled load entering 
Ilie bay from the CDF was assumed to be identical 
to I he load erne r ing the bay f r o m the Sagiraw River. 
Constanls c h a r a c t e r i s i n g the behavior of solids and 
PC Ills i n Sag i n aw Bay have b e e n p r e v i o u s l y 
described ( R i c h a r d , : o n < = ( al . 1983) and are presented 
if'oir conven ience (Table 3). There is o n e source of 
PC'l-Js in the model, ( r a n s p o r l Lrorn I he S a g i n a w 
CDF, and three loss m e c h a n i s m s , v o l a l i h . s a l i o n , 
trairisport out of I he bay (to Lake Huron), and sedi­
mentation ('Fig. 14) . M o d e l runs were conducted (o 
de te rmine the r e l a t i o n s h i p al s t e a d y - s i a te b e t w e e n 
PC 13 t r a n s p o r t f r o m the S a g i n a w CDF and wa te r 
co lumn iPCB concen t ra t ion i s in Saginaw 13ay. 

TABLE J. Constants characterizing the envirmrtuentaf behavior of solids and PCB Aroclors 1242 and 
i260 in the. far-field model (previouslypresented in Richardson eta/. 1983}. 

P'urarneier Uni ts Value Sourc e 
P a r t i c l e S e t t l i n g V e l o c i l y : 

Qrguwi c S<A i'<A 
Ufffif Solids 

irn/'d ay 
irn/'d ay 
irn/'d ay 

0.10 
0.20 
1.50 

Richardson et al. 198:! 
(Cal ibra t ion 

Oirganic Solids 
Light Sol ids 
H e a v y S o l i d s 

Amrlur 1260 
Org;j n ic !i ol ids 
L igh l Sol ids 
H e a v y Solids 

L/kg
L/kp 
LAcg 

5 00 
4 60 
3 30 

V o l a t i l i s a t i o n Rale 
At lift fir 124? 
A n X /,­) r / ?60 

irn/d a/ 
irn/d ay 

0.20 
0.05 

Richardson et at 1 9 8 3 
( C a l i b r a t i o n v a l u e s ) 



i m m e d i a t e l y s u r r o u n d i n g ihe CDF. Mode:! r e s u l t s 
<]| .= o i n d i c a t e t h a i PCB concent F E U i o n s a rc predicted 
10 be greatest near the CDF and decrease as dis tance 
from i h e CDF increases, ( f i g . 15). 

Aur 

Physical Phvsical 

Transport! i Trar !if)«'t 

E)iJi.p«ncl<3:l ToIEi I Contaminant 
Solids 
1. Lighl 
?. Heavy Water 
3. Grcj.iiruc: 

Sen lincj ReE,UE,pE!iision 

SEidnrneivt 

Suhs i . i r l .E icE! Sediment SedirriEintation 

FIG. \4. Mass balance framework of Ihe far-
field mode L 

0.10 
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0.00 t) 50 1 00 1 50 2.00 

CDF Transport Flale (kg/year) 

FIG. (5. Far-field model prediction of mode!, 
segment f response to transport from the Sat>inaw 
CDF 

I'B w a t e r qua l i i y cri terion for human h e a l l h al 
k , 0.079 n g / L ' ( U S E P A 1986), was; used ID 

de ic r ibc the magni tude of the po ten t i a l iirnpacis of 
B transport f r o m ihe Saginaw CDF. In this; c o n -
t, the fa r - f ie ld model r e s u l t s (0.05 n g / L per l<g of 
B t r a n s p o r t e d from the CDF) can i h e n be used to 

determine ( h e m a x i m u m annual ra te of PCB t i r an :>­
porl f r o m the CD I- i h a l can be s u s l a i i n e d w i t h o u t 
exceeding t h e 1 0 ' ' r i s k c r i i e r i o n , i ndependen i o f 
other source:; 

The far - I I eld model ires t i l ls indicate t h a i the t h e o ­
retical rn EIx i n n turn s u s t a i n a b l e ra te of PCB Ions p o r t 
fro mi the S a g i r i a w CDf w o u l d be a p p r o x i m a t e l y 
11.58 kg /yea r Transporl ra i . es ; greater than thus value 
would r e s u l t in water co lumn PCB c o n c e n t i r a l i e n s 
in excess of t h e federal w a i e r q u a l i t y c i n l e r i o n . This 
es turn ale is based on i h e response of f a i r - f i e l d m o d e l 
s e g m e n t I . 

The n e a r - f i e Id mod:: I e s t i males ; the c u m u l a t i v e 
tnasis of PCB t r tins por ted from the Sag maw CDF lo 
be on the o r d e r of 220 "rams a f t e r 5,000 days of 
s i r n i L i l a l i a n , g i v e n t h e modeled s e d i m e n t d isposa l 
condition:; Compared lo Ihe s i m u l a t e d ra le of PCB 
loading mlo t h e CD1-", about 340 kg for each sedi­
men t disposal o p e t a i i c n , t h e t h e o r e t i c a l rate of PCB 
t r anspo i i f r o m the CDF is s m a l l T h i s ; t ranspori , 
w h i l e c o n s i d e r a b l e ( a m o u n t i n g , to a bou t 0 0 1 6 
kg/year o n a n average a n n u a l b a s i s ) , is not p r e ­
cluded 10 r e a c h u n a c c e p t a b l e l a r g e levels ( > 1 . S 8 
kg /yeEi r l over ihe 3,000-day t ime f i r a r n e The f i nd ­
i n g s o f i h e b io morn l o r i n g s t u d y rriEiy offer p a r t i a l 
c o n f i r m a t i o n o f t h i s r e s u l t H o w e v e r , these r e su l t s 
c a n n o t comple te ly address ihe issue of long-lerrn 
con t am inan t nans p o r t 

Lo I D E ; - t e r m n e a r - f i e Id model pre did i o n s ind ica te 
thai : c o n t a m i n a n t t r a n s p o r t f rom t h e C D F w i l l 
i n c r e a s e i n t ime . C o n t a r n i n a n i l Iran sport f r o m ( h e 
Sag i n aw CDf , and CDFs i n g e n e r a l , may be a 
h i g h l y l i m e - d e p e n d e n t p r o c e s s perhaps requi r ing 
2.0 years, or m o r e before easily q u a n l i f i a b l e levels of 
C 0 ' i i l a m i r i a n t : i are t rans ,poir ted f rom the slrucuire 
(a n a Iog o u s t o ir e I a r d a 1 1 o n i n t h e l r a n s p o r I o f 
h y d r o p h o b i c c o m a r n i n a n t s through groundwaters < i r 
an / porous media ) The ma jo r medianiMn for t rans-
pi oil ihnTiugh the d ike is be l i eved to be h y d r a u l i c 
pumping , c a u s e d b y f l u e t u d i i r i g water leveh \ v i t h i n 
a r i d o u t s i d e o f t h e d i k e . S u b s t a n t i a l voi lu i rne :> o f 
w a t e r e n t e r the CDF: dur ing t h e course of a n y sedi­



nicirii. disposal operat ion N e w l y cori f i n e d sediments 
w i l l also i.l is place addi t ional w a l e r , c a u s i n g notice­
a b l e changes in waler l e v e l s w i t h i n i h e d ike a .s seclt­
men I disposal operat ions p r o g r e s s This e f fec t was 
observed d u r i n g the course of ihe b i o r n o n i t o r i n g 
s t u d y ( R a t h b u n et al I E ) 8 8 ) A d d i t i o n a l l y , water 
l e v e l f l u c l n a t i o n s b o t h i n s ide : and outside the d ike 
c a n be c a u s e d by a v E i n e l y of c o n d u i t ) u s , such as 

na t u r a l l y -occu r r i ng periodic v a r i a t i o n s in water lev­
e ls , such as ,ie ic lues. These w E i r e r l e v e l fluid ua l ion .S i 
may p r o v i d e a s u b s t a n l i a l h y d r a u l i  c g rad ien t , dri­
ving waler and .associated c o n i a m i n a n t s t h r o u g h the 
d i k e wal l , e v e n t u a l l y saturating and eseceding the 
s o t p t i v e c a p a c i t y of the dike, p o t e n t i a l l y a l lowing 
c o n t a m i n a n t s to e sic ape 

V o l a t i l i z a t i o n us p red ic ted to be the l a rges t of all 
the pos s ib l e PCB iransport mechan i sms As the 
CDF is f i l l e d , and t h e d e p t h of the ponded water 
decreases, the mass ra te of v o l a t i l i z a t i o n f r o m the 
CDF is p r ed i c t ed to increase. At i h e end of a CDF's 
a c t i v e l i f e , the siructure rmiy be capped w i t h a layeir 
o f clean m a t e r i a l s , s u c h as c l e a n f i l l  . However, 
these capp ing material ; may be porous and signifi­
can t q u a n t i t i e s of c o n t E i r n i n a n t s m a y none I lie less; 
cont inue I'o escape rhe CDF due to v o l a t i l i z a t i o n , 
potent ial ly posing a l o n g - r a n g e , long- term h a z a r d lo 
i h e s u r r o u n d i n g ecorej::ion. I t should be noted thai , 
no a t t e m p t WEIS made i n the f a r - f i e l d model to c o n ­
sider the impact of c o n t a m i n a n t s ; vo la t i l i zed from 
Ihe CDF. An i rnpl ic i i a s s u m p t i o n of t h i s model is 
t h a i v o l a t i l i z e d c on tairrni m i n t s a re a l o n g - r a n g e , 
l i . r i g - i e r r n h a z a r d thai do no r d i r e c t l y i m p a c t t he 
an:;] inn media te ly su r round ing the GDI-'. A d d i t i o n ­
a l ly i t should be noted I ha t as water q u a l i t y s tan­

ire c " K i n g e d t h e t h r e s h o l d i r a n s p o r t r a l e 
r e s u l t i n g i n a v i o l a t i o n o f t h e water qua l i l  y cr i ter ion 
w i l l a l so c h a n g e , perhaps l e a d i n g lo a d i f f e r e n t 
in te rp re ta t ion of these results. 

I l l  s a g a i n worlh s t r e s s i n g t h a i b o t h i h e n e a r - f i e l d 
and I a r - f i e Id mode l s were d e v e l o p e d to provide 
.scrcenm«-level es t imates olf ihe magnitude of cont­
a m i n a n t t r a n s p o r t fnirn Ihe Sag in aw CDF and i t s ; 
 rn pad mi water qua l i l y in Sag maw Bay The accu­
r a c y of t h e s e model,i hi d i r e c t l y I l imi ted by the qual­
i t y of ihe data avai lable lo parameterize I hern . As 
few ddM arc available to characterize the Saginaw 
CDF, f u r t h e r deve lopment of these models w i l l be 
l i m i t e d u n t i l data I h a t a l low q u a n t i t a t i v e descr ipt ion 
of ilu: dike w a l l and the surrounding environment 
I>(.•(.(urn: a v a i l a b l e Despite these l imi t a t ion . ; , these 
modi:hi mnu:ihek::is a r t : u s e f u l ' i C i r e e n i r u j - k v e l t o o l s 
11 M I p r o v i d e i n i t i a  l e - l  1 1 m a l e ' s o f I hi1 I o n ; ; - t e r m 

e f f e c t - o f con f in ing c o n l a r n i n a l e d s e d i m e n t s in Ihe 
Saginaw CDF after dredging as well as demonstrate 
the need for additional data. 

SUM MARY A ND CONC L US IONS 

A biornoni tor ing . s t u d y was c o n d u c t e d al the Sag­
i n a w Bay CDF to p r e l i m i n a r i l y d e t e r m i n e whe the r 
con!a mm ants are trans ported through CDF dike 
walls Diornionitormg involves the use of organisms 
( b i o t a ) al spec i f i c loca t ions ; i n and around I he CDF 
t o d e t e r m i n e I h e o c c u r r e n c e , d i s t r i b u t i o n , and /or 
ava i l ab i l i t y of contaminants ( i n this case PCBs). 
Biota samples were collected and analysed for 
PCBs. Pnncipal componen t ana lys i s (PCA), a r r i i i l ­
l ivariate method of s t a t i s t i c a l ana lys i s , was used to 
examine Ihe pal terns ol PCB accumula t i on i n each 
of Ihe biota and waler samples col lec ted. No dis­
t i n c t evidence of PCB transport fitoirn the Saginaw 
CDF was observed using this t e c h n i q u e . 

Modeling studies of the Saginaw CDF were also 
c o n d u c t e d . These models were used to assess 1) the 
rate at which com ami n a r i l s can iheo re i i ca l l y escape 
the CDF, and 2) i h e p o t e n t i a l impact these contami­
nants have on water column com ami n ant concentra­
tions in llu: receiving waterbody 

The n e a r - f i e Id model was developed to assess the 
rale a t wh ich c o n t a m i n a n t s (PCBs,) can t h e o r e t i c a l l y 
escape the CDF. Model r e s u l t s i n d i c a t e t h a t t he 
magni tude of c u m u l a t i v e PCB' t r a n s p o r t f rom the 
Saginaw CDF is expected to be on the order of T20 
g rams for the modeled s e d i m e n t disposal c o n d i t i o n s 
and 5,000 d a y s of s i m u l a t i o n Transport through the 
dike, while considerable, is not predicted to reach 
unacccplablv large l e v e l s over t h e act ive l i f e of the 
CDF 

The far - f ie ld mode l was d e v e l o p e d to assess ihe 
impact, of com am mam ( P C B s j t r a n s p o r t from l ine 
Sag inaw CDF on Sa» inavv Bay Model r e su l t s i n d i  ­
cate tha t steady-state water c o l u m n PCB, c o n c e n t r a ­
tions a r e expected 10 i n c r e a s e b y a b o u t 0 0 5 n g ' L . 
for each k i l o g r a m of PCB I r a n spot led through the 
dike walls of t h e CDF Model r e s u l t s a lso i n d i c a t e 
that PCB c o r i c e n t i r a l i o n s are p r e d i c t e d 10 be greatest 
near the C D F a n d d e c r e a s e a s d i s t a n c e f r o > n r i t h e 
CDF increases Based u p o n ihe cur rent federal PCB 
waleir qua l i t y criterion fo r human h e a l t h a t 10'* r i % K , 
0.079 ng/L. the t h e o r e t i c a l m a x i m u m rale of PCB 
t i ransporl from t h e S a g i n a w CDF- t h a t c a n he s u s 
tamed w i t h o u t re s u i t i n s ? i n a v i o l a t i o n of the 10" 
risk cri terion i > , a p p r o x i m a t e l y I 5!'! kg/year Trans­
p o r t rates g rea te r than t h i s v a l u e would t e s u l t i n 
w a t e r c o l u m n PCB c c n c e n i r a t i o n s in <:;<o.:v, of ih t : 
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f e d e r a l wale i' q u a l i t y e r i i t enon . This e s t i m a t e us 
based on the i tesponse af I f a r - f i e I d model s.et; m e r i t I. 
The p r e d i c t e d irate of PC 13 Iransporl i h r o m s j h I hi: 
duke wall, 0.016 kg/year, iin itself would not resu l t 
11 n EI v io la t ion 0'fl.he cu i r renl I0"*risk cnlenon. 

Tin: field, i n t e r p r e t i v e , and theoretical methods 
exp lo red throt i»t i these p i l o t studne's v/ere i iuliated to 
deve lop a f r a m e w o r k foit f u t u r e e v a l u a t i o n s of t h e 
CDF ooj-itarriiriartl re lent! on/I ransporl a n d contain!-­
iniled sediment disposal impact issues. The results of 
the biornoiriiilonng, s tudy , iriot fol ly reporlecl here, sug­
g e s t e d EI n u n n l b e i r of s t u d y design a l t e r n a t i v e s that 
w o u l d improve I he evaluation of CDF performance. 
These include: replicate s ta t ions at the reference, 
mdi'ke, and outdike sules (for improved spa t ia l cover­
age) , separa t ing and ana lys ing the d i s s o l v e d and par-
tic n [ale f r a c l i o n s , of the w h o l e w a t e r PC El s.arnples 
(assijniing tha t the dissolved PC13s are more l i k e l y to 
be iranspoited through the d i k e w a l l ) , a f u l l 10-day 
b i o t a e x p o s u r e p e r i o d a s r e c o m m e n d e d b y t h e 
LISFWSi protocol, Eind c o n d u c t i n g a b i o m o r i i l o r i n g 
study be fore as well as dunn;.; sediment disposal oper­
a t i ons ( to investigate the p o l e n t i a l fo i c o n t a m i n a n t 
IrEirisport ('torn a.n inact ive and active CDF). Most of 
ihese improvemen t s were incorpoia iec l i n t o a subse­
quenl biorn a rmor ing study of the Saginaw CDF con­
ducted in I98S! ('Krei.s el at. 1 9 9 2 ) S i r n i l a j r l j , interpre­
t i v e 1 t e chn iques u s i n g a d d i t i o r i . i l s ign if i c anc e tests, 
graphical represent;]!ions, and a locus on low mole.ci.i-­
lar-weigjii l PCS' c o n g e n e r s , t h o s e "most l i k e l y to be > 
t ransported clue to d i f f e r e n t i a l pE i r l i t i onmg t o materials 
comprising I he dike wall, should be eicEirmneci 

The s c r e e n i n g , - l e v e l CDF m o d e l i n g r e s u l t ' s also 
s u g g e s t e d a n u m b e r o>1" rnode l r e f i n e m e n t s lhal 
w o u l d improve t h e eva lua t ion of CDF perform cine e, 
These include: revised descr ipt ions of the indike 
e n v i r o n m e n t , w a v e i r a i r s m i s s i o n a n d s u b s e q u e n t 
conum) i n a n e transpori t h rough the dike w E i l l , Emd 
Jong-terrn c o n l E i r r n i n a n l I ransporl 111 rough the dike 
long af te r I he CDF is complete!;, f i l l e d For e sam­
p l e , the indike envi i ronni ient was modeled EIS a horru>­
geneous p o n d . The CDF d i k e w a l l was cons i ruc ted 
10 con ta in Channel and Shelter is lands For EI more 
rea l i s t i c s imulat ion, the d i k e interior c o u l d be mod­
eled as s eve ra l s e g m e n t s i nc lud ing the pre-exisling 
i s l a n d s , mounds of e x p o s e d surface s e d i m e n t s cre­
a t e d d u r i n g s e d i m e n t d i sposa l and I he ponded 
water, as well as conf ined sed imen t s under ly ing I he 
C D F p o n d . L l n f o r t u n a l e l y , mos t o f t h e s e rnodel 
r e f i n e m e n t s r e q u i r e a degree of f ie ld :hla or theoret­
ical s o p h i s t i c a t i o n that i s c u n r e n i l y u n a v a i l a b l e 

At present , t he p i lo i b i o n i o n i t o r i n g s l u d y d id no t 
s u g g e s t I h a t s i g n i f i c a n I c o n t a m i n a n t I r a n s p or t 

Di&pa ra/ Fac ih'ty 

occLined clurmg the 1987 s e d i m e n t disposal opera-
lions The modeling ef fons s i m i l a r l y do not suggesl 
an e x t r a o r d i n a r i l y g r e a t p o t e n l i a l f o r concern inanl. 
I ransporl f rom I he S a g i n a w CDF These para l le l l imes 
of evidence both :>uggesl tha t me magni tude of cont­
a m i n a n t t r a n s p o r t f i rorn the Saginaw CDF is smal l . 
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ATTENTION!!! 
•-.':;•: • • • •

• .!>ri. y t i 

!::A!FtiL)C)US WASTE LAIS ID F! ILL FOR RlV ER SIDE 
•PARK A RE A. 

SUNDAY, FEBRUARY 111 1999 
• 2:00 P.M. 

CLUB RECORDACOES DE PORTUGAL • 
253 COGQE SHALL STREE T9 MEW BEDFORD 

R E SIDE NTS ARE INVIT ED TO Al I" E !MD AND VOl CE | 
THEIR CONCERNS ABOUT THIS LANDFILL H1II 



ATTENTION!!!
 

RESIDENTS OF WARD 2
 

YOU ARE INVITED TO ATTEND A SPECIAL MEETING
 
TO UPDATE YOU ON THE CLEANUP OF NEW BEDFORD HARBOR,
 

THE ACUSHNET RIVER AND COFFIN AVENUE LAGOON,
 
AND THE PROPOSED SEDIMENT DISPOSAL FACILITY
 

FOR RIVERSIDE PARK AREA
 

SUNDAY, FEBRUARY 11, 1996
 
2:00 P.M.
 

CLUB RECORDACOES DE PORTUGAL
 
253 COGGESHALL STREET, NEW BEDFORD
 

RESIDENTS ARE ENCOURAGED TO ATTEND AND VOICE
 
THEIR CONCERNS ABOUT THE CLEANUP PROPOSALS FOR THE LAGOON
 

TRANSLATION SERVICES IN PORTUGUESE WILL BE PROVIDED
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