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TOXICOLOGICAL EVALUATION OT'

PROPOSED DREDGED SEDIMENTS:

saucus RrvER, SAUGUS, MASSACHUSETTS

Contract Number DACIV I 7-87 {ü26

1.0 INTRODUCTION

As part of a comprehensive plan to reduce adverse environmen¡¡l impacts of ocean dumping,
Section 103 of the Marine Protection, Research and Sanctuaries Act of 1972 specifias that all sediments

to be discharged into ocean ìvaters must be evaluated to define their potential impact on existing benthic
and pelagic communities. The Environmental Protection Agency hæ determined that the most effective
means to make such an assessment is through the use of bioassay tests which provide a relatively direct
estimate of potential impact.

This project called for evaluation of proposed dredge spoils and disposal of the spoil material at

an approved offshore disposal site. The evaluation followed proceduræ established by the EPA and Corps

of Engineers for testing of dredge material, presented in Evaluatíon of Dredged Materìal Proposed for
Ocean Dísposal (1991) and Guidance for Performíng Tests On Dredged Maerial To Be Dísposed Of In
Open'friaters (1989).

2.O METTIODS AND MATERIAIJ

2.1 SAMPLE COLLECTION AND PRESERVATION

Sediment samples for toxicological analysis were Collected by the U.S. Arny Corps of Engineers, New
England Division, at three site.s within the project area. The samplæ were collected on lune 22, 1992
betìveen tl40 and 1415 hours. Samplas were identified as being from Station Numbers "C', 'D', and

'G". Reference sediment was collected by the Corps of Engineers on June 24, 1992. The sample was

identified as "Reference Location Sample 8". Coordinates of the Reference site were 42o 22.70'North
by 70" 30.30' West. All samples were placed in new 5 gallon plasticbuckets and the top tightly sealed.

The buckets were delivered to EnviroSystems' laboratory on June 25, 1992.

Control sedimens were collected on July 8, and again on July 26, 1992 i¡ the Hanpton, New
Hampshire estuary. The fust sediment was a fine grained sand and silt mix. The second sample wæ
required as there was unacceptable control mortality in the initial assay. The second sample contained
a higher percentage of fine material and a higher percentage of organic material. The estuary receives
no indusfial waste inputs and sediments collected at this site have been used as 'Control Sediments' for
over 10 years. At EnviroSystems laboratory all samples were given sample identification numbers and

stored, refrigerated at24"C until required.

Saugus River Dredged Sediment Evaluation
Study Number 3561
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2.1 BIOASSAY

2-l.l General Considerations

General protocol used in the assay, including glassware preparation, animal holding and

experimental *nãitio* used in the program followed guidelines defined by the EPA/CE Technical

dr.itt." n Evaluation of Dredged Materíat Proposed for Oceut Dßposal (12?l), and Guídance for
fir¡or-¡",s Tests On Dredsed Materìal To Be Dísposed Of In Open Waters (1989). The solid phæe

bioæsay was se¡ up on July 7, with test animals added to the aquaria systems and dredged material added

ó" i"líg, 1p¡92. 
'Theassày 

was re-set on July 28, 1992 æ contol survival in the original æsay failed

to meet acceptability criteria.

2.1.2 Sediment PreParation

Dredge spoil, reference and control sediments were all seived (1 mm) to remove

macroinvertebrates, stones and shell prior to use in the æsays. control sediments were obtained from

the Hampton estuary. Tbe control sediment was treated in the same manner as the dredge spoil samples.

2.1.3 Solid Phase AssaYs

Solid phase assays were conducted using the amphipod, ,lnpelicsa abdita. Prior Ûo use, test

organisms *ut" n4¿ for two days under conditions of temperature, salinity and phooperiod similarto

Oõse to be used in the ¿¡ssay. Anphipods selected for use in tbe assay were obtained from a commercial

suppty source, Aquatic Rrsratcir Organisms, of Hampton, New' Hampshire. Anphipods were

apþioximatet y 2 to 4 mm in length æ the start of the assay'

The æsays were started by placing a 30 mm layer of conEol sediment in a 1400 mL beaker.

Simila¡ volumes óf Reference Sedimãnt and proposed dredge spoil samples were also placed in 1400_mL

beakers. Each treatment utilized five (Ð truã reþticates. All beakers were modified for continuous flo$'

througb operation. After the sediments were added to the beakers they were allowed to settle for a period

of Zi¡oun during which time water flow wæ rstopped. Thirty amphipods were added to the tæt

chambers after the-initial2l hour period. At the end of the assay sediments were siphoned into a 0.5

mm screen and gently washed with seawater to remove sediments. All material retained by the $9reel

was placed in a óntainer and set aside for microscopic evaluation. Aliquots of the sediments were placed

in a small votume of water and placed under a disiecting microscope. The sediments ìvere sorted aûd

all amphipods transferred from the sample to a vial of final counting.

Water temperature established for the assay $,¡rs 20 t 2"C. Satinity regime wæ established at

3G33Voo (ppt) whiie a Z4-lightt}dark photoperiod was used. Dissotved oxygen levels were maintained

at a m¡nimum level of 4.0 ñrgn. If obien¡ed values were tower, aeration was either started in the test

chamber or ìncreased. rilatei flow rates were also set higher, 5 mL per minute, to achieve adequate

dissolved oxygen levels. This resulted in providing approximately 6 volume additions per day to the test

chambers.
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2,5 STATISTICAL ANALYSIS

Statistical procedures used for evaluating differencæ in survival between reference and Featments

(animals exposed io spoil or reference sedimens) followed protocol suggested by the EPA (1991). This

includes analysis of variance tests for evaluating differences in mean survival. Data were also evaluated

to esrablish if the ¿ata were bomogenous and normally distributed. Data analysis used the 'TOX STAT'

programs developed by the University of Wyoming.

3.0 RESI,JLTS

3.1 Solid Phase Bioassay - July 8, 1992 Assay

Evaluation of survival in the laboratory control was6Íl%,less than the minimum acceptable limit

of g0%. Survival in the remaining trearnents was variable, ranging from a high of 80% in the reference

sediment to a low of 24Vo observed in sediments from Site D. Evaluation of the sediments and

amphipods at the end of this assay showed little evidence of tube production in the control. Production

of the-mucus and sediments tubes in ttre reference sediments wæ higher than observed in the conhol

sediment. Tube production was almost non existent in the Saugus River samples.

3.2 Solid Phæe Bioassay - July 28,1992 Assay

Review of survival data from the second assay showd 86.6770 survival in the lab control and

gl.33?o in the Reference sediment. Both values exceeded the minimum survival levels established by

the protocol. Survival in the Saugus River sediments varied from 23.33% for Site D to 68.0% for Site

C. 
-Survival 

for Site G was 34.67%. Survival data are summarized in Table 1.

A qualitative evaluation of the sediments at the termination of the assay showed considerable

differences ln the activity of the amphipods during the æsay in terms of construction of mucus tubes.

The tubes, where the animals live, are constn¡cted of mucus and organic material in the sediments. [¡w
levels of tube building activity may indicate stress or a lack or suitable materials. The lack of burrows

exposes the animals to Oe sedimeñts and i¡creasec the chances for predation. Evaluation of the control

rudi.rots at the end of the æsay showed a high level of tube building ac'tivity. In comparison, th9

Reference sediment showed sig¡ificant evidence of n¡be building, but less than observed in the lab

con6ol. Sediments from the Saugus River sample sites exhibited very little h¡be building activity.

During recovery of the amphipods the number of tubes encountered was approximately one tenth gf th$
observed in the lab controi sample, General observations made during the recovery of the amphipo9s

from the Saugus River samples sbowed the material remaining in the screen contained very littleorganig

material and lery few tubes. Also, the majority of the sedimenß remaining in the screen were observod

to be quartz or quarø-like sand grains. The sand grains were noted to be angular rather than rounded.

Statisticat anatysis of the survival data showed that the data was normally disributed an! thal

variances were homogónous. This allowed use of standard analysis of variance techniques to evaluated

differencqs in mean Jurvival between the controls and treatments. Ræults, summarized ín Table 2 and

presented in detail in Appendix B, showed there was no difference in amphipod survival for organisms

èxposed tl¡e to lab control and Reference site sediments. Comparison of survival, Tukey's Method of

Saugus River Dredged Sediment Evaluation
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Multiple comparison, in the tnree llysr¡s River sampleswiththe Reference sediment showed significantly

reduced survivar at the "D' and "c' s¡tqt as *rp.rø to the Reference site. survival at the 'c' site

*.r oot significantty different from the Reference site'

4.0 DISCUSSION

5.0 LITERATURE CITED

U.S. EPA and Army Corps of Engineers. 1991. Evalwtion of Dredgld Y*t:( !*posedfor 9-t!y
Dísposal U.S. Army Engineers Watenrays Experimental Station, Vicksburg. EPA-503/8-

9l/001.

U.S. EpA urd Army Corps of Engineers, New England Division. 1989. Guidatcefor PerformingTests

on Dredged uøï¡a To-Be Dísposed oitn opto waters. EPA Region I and N.E. Division

Corps of-Engineers, Boston, Mæsachusetts, 30 pages'
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TABLE 2.

DAY DATE PARAMETER CONTROL REF SITE SITE C SITE D SITE G

Summarv of Water Oualiw Data for the Amphipod, Awelisca abdita, Exposed to
Proposd Dredged Materiaf from the Saugus Rivei. Saugus River Dredged Sediment'Evaluation. 

U.S. Army Corps of Engineers. August 1992.
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3561 Sar¡qtts Setli¡rreltt Evalt¡at j<¡n

File: Sedi¡rrent' Transforrr: NO TRAI.:SFOR!,14TÏON

va ri aneeHartlev test f or honroqene j tY of

Caler¡latetl H statjstjc (llrar Var'/trrin ïar) = 'l'07

closest, conservative, Tahle H statistic = 59.0 (alpha = 0'01)

Usert for Table l{ ==) R (Í qroups) = $, tìf (Í rens-l) = 4

Actrral values =='; R ([ qroups) - 5, dt (l avq rerrs-l) = 4'00

Data PåSS honroqelteitv test ' Contintte analvsis '

NoTE: This test rec¡r¡ires ec¡ual repljcate sizes' If thev are uneqr¡al

.t¡rtt tlo rrot ctj'ffer qreatlv, the Hartlsv; test mav still be usecl

as an approxjnrate test (average df are r¡sed) '

3561. Sarrqtts Sed inrerrt
File: Sedinrent

Evalttatir:¡l
Trarrs f or¡rr : NO TRÀNSFORYATIO}T

of varianceBartletts t-est for honroqerreitl

Calculate<l B statistie = 5'88
Table Chi-square value = 13'?8
Tab1e Chi-square valtle = 9"19

(alnha = 0.01)
(alpha = 0.05)

Àveraqe ttf usetì in calcr¡latjon ==)
tlsed f or Chi-sqìlare table vx'l¡s ==)

df (avq n - 1) =
dt (lqrouPs-1) =

I
J

00

Data

NOTE:

¡

P\S.S honroqenei.tv test at 0.01 leveL ' Continue analYsis'

If qroups have ¡lner¡ual repl j.eate si zes the ave¡'aqe relr'licat e size i s
ilse<t to ealcr¡Ìate the B stat ist'!.c (see above) .



3561 Sattgtts Serìinrent Evalt¡atjon
Fi,le: Sedirnent' Transtornr: NO TRÀNSFORÌ'1ÀTIOI'¡

Chi -sqr¡are test f or nornrali tv : aett¡al and exneeted f rerft¡er¡ei es

ïNTERVÀI, (-1.5 -1.5 to (-0'5 -0'5 to 0'5 r0'5 to 1'5 )l '5

EXPECTED
OBSERVED

6
I

1.6?5
1

5509
't

050 5

7

I .6?5
?,

050

Caleulat"ed Chi-Square goodness of fit test statistic =

;;;i;-ðni-squ.re valt¡e (alpha = 0-01) = I3.211

Data PISS normalitv test. Continrte analvsis'

1.?93?

3561 Saugus Settiment Fvalr¡ation
File: seitirnent Transf orlfl: No TRANSFORIIATION

Shapi ro I{i I ks test f or nornra I i tY

[ = I 85.600

T = 0.980

Crit.ical $ (P=0.05)
Critical l{ (P = 0.01)

(n = 25)
(n = 25)

=$
=Q

.9r 8

.888

Data PASS norrnality test at P=0.01 level. Continrte analYsiS'



1(¡r¡
/-¡rI[: NO TRÀNSFORI,!4TION

; ON TRÀNSFORIED DÀT.I TARI.,F 1 of 3

üT1g ¡tÀx I.IEÀN

21.000
23.000
I 5.000
4.000
8.000

30. 000
?7.000
26. 000
8.000

I 4. 000

26.000
34 .400
?0.400
?.000

I 0. 400

on
rrr: NO TRÀlt.SFORt{ATION

O][ TR. NS;FORUET) D.ITÀ TÀBT.F 2 of 3

{NCF SD SE¡!

i. 500
l. 800
). 800
ì.000
;. 300

3.937
1 .673
4.450
1 .73?
2. 30?

r . ?61
0. 748
I .990
0.775
1.030

1'



.-Saugus River
" b'iIe ! none

Dredge Sedi¡nent Eval-uatíon
iransform: NO TRÀNSFORI'IÀTION

Chi-square test for normality: actual and expected frequencies

INTERVÀL <-1.5 -1.5 to <-0.5 -0.5 to 0.5 )0 - 5 to 1.5 >1 ' 5

.640 .840 .340
EXPECTED
OBSERVED

1.340
1

.840 1
2

4
5

1
6

4
6

1.0467calcuLated chi-square goodness of fit test statistic =

Table Chi-Square value (alpha = 0'01) = L3'217

Dat'aPÀssnormalitytest.Contj.nueanal-ysis.
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.¡$augus River
- File: none

Dredge Sedi¡nent Eval-uation
iransform: NO TRÀNSFORMÀTION

Shapiro Wilks t'est for nor¡nality

þ = 123.600

fi = 0.983

Critical tl (P = 0.05) (

Critical tt (P = 0.01) (

-------;
Data PÀSS nornality test' at' P=0.01 level ' Continue analysis '

n=20)=0.905
n=2Ol=0.868

a



.-saugus River Dredge Sedirnent Evaluation
"Ëiiã., none Transform: No TRÀNSFORMÀTION

Hartley test for homogeneity of variance

Calculated H stat'istic (max Var/min Var) = 7 'O7

closest, .orr""i*'.iit'", Table H statistic = 49 'O (a1pha = 0 ' 01)

Used for Table H ==) R (* groups) = 4, df (* reps-1) = 4

Àctual values ==) R i* õtor.tptl = Ã' df (* avg reps-l) = 4'00

PÀSS hornogeneity test' Continue analysis'
unequal
be used

Data

NOTE This test requires
but do not differ
as an approxínate

equal. replicate sizes' If they are
grã"irv, ih" HartIeY test maY still
ãest (ãverage df are used) '

¡



,:saugus River
Filé: none

Bartlet,ts test f

Dredge Sedinent Evaluation
iransform: NO TRÀNSFORMÀTION

or homogeneit'Y of variance

CalcuLated B statistic =
Tabl,e Chi-square value =
Table Chi-sguare value =

5. 06
11.34
?.81

( alpha
( alpha

==) df
==) df

=0
=0

. 01)

.0s )

(avgn-1)=
(*groups-1) =

Àverage df used in calculation
Used ior Chi-sguare tabLe value

4.00
3

Data

NOTE:

PÀSS hornogeneitY test at O. O1 l-eve1. Continue analYsis '

replicate sizes the average replicate size is
statistic (see above).If groups have unequal

used to calculate the B

¡
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GRAIN SIZE DISTRIBUTION TEST DATA Test No.: 3

Date: 8-14-9?
Froject No,: lCtO-573-3
Project: SAUGUS RIVER .' MASS.

_=:==:==

Sample Data

Location of Sample:
Sample Description;
USCS CIass¡
AASHTO CIass¡

SAMFLE LOCATÏON II6II

SURFACE "GRAE'' SAHF,LE
Sl'l Li quri d L i mi t:

Plasticity inde>r:

Noteg

Rernarhs: SILTY SAND ËOLOR: Dl'i. BROI^JN TO GREY

Fig. No,: 3

Mechanical Analysis Data

Dry sarnple
Tare
Dry sarnple
Síeve tare

5i eve

and tare=

weight =
method

Initial
46.Stlt

c,. oo
46. 3Õ

*4
*lCI
*20
*4Þ
*7A
* 10c,
* ?C,C}

Wei ght
retai ned

o. t¡(r
o.80
1.6Õ
3.5Cr
6.9Ct
4,50
ó. (:-)Õ

5i eve
tare

(:). 0C,
ö.0t1
(1. Õ('
O. CIC)

c). clc!
Ö. o(l
o.0c,

Fercent
finer

1OCI. C)

9A

47,
72.
62,
49-.7

3
B
3
4
6

94.

Hydrometer Analysis Data

Separat i on si eve i s nurnber 10
Fercent -* 1O based on cornplete sample= 98
Wei ght of hydrorneter samp I e: 46. 3
Cal cutl ated bi ased wei ght= 47 . I
Table of composite correction values:

Ternp, deg C¡ 23.ü ?4.0 ?5.O 26.0
Comp, corr! - 2.4 - 7,7 1.9 t.7

MeniscuË correction Énly= O.5
Specific gravity of golids= ?.68
Specific gravity correction factor= C,.993
Hydrometer type: 151H Ef f ective depth [-=

3

27.O
1.6

L6.294964 C),2ó45 x Rm



EI aps'ed
tirne, rnin

CI.5
1.O
2. Ct

4.O
B.O

15. Ct

30. o
60. o

1?C). O
24Ct. O

1440, O

Temp, Actutal
deg E reading
2ê.8 1.C'?4C)
?6. B 1. O?3CI
3ó.8 1.Cr32C)
1å. B 1.0?1C¡
76.9 1. O195
té.9 1. O180
36.9 1.C)17Ct
26.7 1. CI155
?å.1 1.ö14(l
?ê.o 1.c)130
26.3 1.C)1C)5

Eorrected
readi ng
1. O2t4
1. C)?14
1 . CI?(14
1. C)194
1. Cr179
1. È164
1. O134
1 , (:) 139
1. ö133
1. ö113
1. C,OSB

Di ameter
mm

o. c)55c)
r). c}394
o. o2B3
o. ö?0?
o. ot4ó
CI.0röB
o. crg77
o. 0056
O. C)C¡4()

o. üo?9
o. oc) 13

Fercent
finer
89.8
43.7
81,7
77.7
71'.7
63.7
61.7
85.6
4q.4
^e =

?t^j'LJ. ¡+

K

o. c) 124
o. o1 ?4
o. cr 1?4
r-r. ö 124
rl. c) 124
0, (1114
0. () 1?4
ö. (11 ?4
c). c) 125
(:), 0135
o. ö1t5

Rm

t4. 5
?3. 5
2?.5
?1.5
20.6
18.5
.? E

1ó.0
14. 5
{? E¡'-ì. *J

11.O

E++.
depth
9.4

10. 1

10. s
1 r-). 6
11. O

11.4
7r.7
13. I
12.5
{Fr a

13.4

Fractional Components

z
'A

D7i=

in. =
= 4?.8

o. o?

+3
SI LT

0, C) 7, GRAVEL = O.0 'l SAND
7. ELAY = 83,3

D6O= C¡. Õö7 D5t-r= O. CIO4

5.8

I
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LAø

?ø

8ø

7ø

êø

5ø

4ø

so

2ø

tø

a

¿
a
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E
H
Ë
È

$
H

2øø tøø lø. ø l.a o. I
GRÊIN SIZE - nn

I . aøl

o ¡ a

LL PI Ilzs D¿ø Itsg ø Cc
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\

lli
\

\

lli
\

\
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\

o ø.øø

T'IATERTÊL IIESCRIPTIOH AASHTO
o SURFÊCE "6RÊ8" SÊIYIPLE J CL-l'lL

ProJrct Ho. ! lg0-573-{
ProJrct 3 SAUBUS RIUER r IIASS.
o Locrtlon! SAHPLE LOCATIOH .REF.I

Drtr! A-t4-?2

Frnrrkr!
SILTY CLÊY
COLOR! FlEIl. TO I¡K. EROI,¡N

Fig. No. 4
GRÊIN SIZE IIISTRIEUTION TEST REPORT

ËTRPS OF EHË I HEERS HEI,I EHGLÊHIT



DaLêt 8-74-97
p¡ç¡ ject No.: 1c¡(l-573-4
Frc¡ j ect: SAUGUS RMR r MASS.
=:::= === ========================================================================

Sample Data

¡o.¿rtion o{ Sarnple:
Sample DescriPtion:
USCgf CI ass:
AASHT0 ClasE:

SAMF.LE LOCATION "REF. ''
SURFAEE ''GRAB" SAMFLE
CL-ML Li qr-ri d I i mi t:

Flasticity index:

Notes

p*¡n¿rFlrs: SILTY CLAY COLOR: MED. TCI DH. BRDtdN

Fig- No.: 4

Hechanical Analysis Data

Dry *arnPl e
Tar É
Dry ørmPle
Si ewe tare

si Éve

and tare=

weight =
rnethod

Initial
3,9.40

0. oo
39.4Õ

10
#
*
#
#
*
*
#

4

2a
4a
7â
1CIo
2OCr

hJei ght
retai ned

{'_}. (J(¡

O. ?tl
0.3(1
cr. ?ö
rl.4c!
o.3c,
c¡.30

Si eve
tare

C). OC)

Õ. oo
c¡. clc)
o.0c,
c¡. oo
0. oc)
cl. Õo

Fercent
finer

1 CIC). C,

99.3
99.Ct
98,5
97.3
96.7
q6. ?

_______-i!

Hydrometer Analysis Data

Separ'åti on si eve i E nurnber 1f-)
percênt -* 10 based on cornplete sarnple= ?g.E
Weight o{ hydrometer sample: 39.4
Calcutlated biased weight= 39.å
Table of composite correction valures:

ïefiiP t deg tr: 33, C, ?4. O ?5,0 ?å. ö ?7.O
Êoít9. corr! - ?.4 - 2,3 1.9 L.7 1.6

Meniãcus correction only= O.3
Specific gravity of golids= 2.7
Specific gravity correction factor= O.g8g
Hydrometer type: 151H Effective depth L- t6.?94q64 4.2645 x Rm



SauErus River Dredge Sediment Evaluation
File: none Transform: NO TRÀNSFOR¡'ÍÀTION

GROUP

KRUSKÀL-WÀLLIS ÀNOVA BY RÀNKS TÀBLE 1 OF 2 (p=0.05)
--:-----, 

TRÀNSFORMED MEÀN CÀLCULÀTED IN RÀNK

IDENTIFICÀTION MEÀN ORTGINÀL UNITS SUM

1
2
3
A

Reference Site
Site C

Site D

Site G

24 .400
20.400

7 .000
10.400

24. A00
20. {00

7 .000
10.400

85.000
70.000
16.500
38.500

cal.culated H Value = 16.485 Critical H vaLue Table =

sírr". calc H > Crit H REJECT Ho:ÀlL groups are equal.
7.810

Saugus Ri.ver Dredge Sediment Evaluat'ion
File: none Transform: NO TRÀNSFORMÀTION

DUNNS MUI,TIPLE COMPÀRTSON KRUSKÀI'-WÀLLTS TÀBLE 2 OF 2 (P=O'05)

ROUPG

TRÀNSFORMED

GROUP IDENTTFTCÀTION MEÀN
ORIGINAL

ME.A,N

0000
3 421

3
4
2
1

Site D
Site G

Sit,e C

Reference Site

7 .000
10.400
20.400
24.400

7.000 \
10.400 \
20.400 * . \
24.400 * . \

;-=;;;;il;;;-;;;;;;-i;;:õ------------ . 
-;-"';;;;";;;;

Table ã value (0.05,4) = 2'639 SE = 3'722
ference

I



ff?z tHr,?
fuLq.

4ttr-

Dak

CENED-ED-GL-U

RECORD OF TRANSI{ITTÀL

DATE: 30 Decenber L992

TO: Coastal Engineeri,ng and Sunrey Branch, ATTN:
CENED-ED-DE (Mr. l{eader)

SULTECT: Trans¡nittal of Àddendun for Saugus River, l,lA

l. Enclosed is a summary report for the Eubject project.

.2. The grain sÍze cu¡ives and conplete ten day anphipod
bioassay report were previously subnitted.

3. If you have any guestions concerning this report,
please direct then to lfr. Forrest KnowLes at extension 7793.

Âo.*" t-Å

1"ß- '\

nêYt\( \T'st\
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Report of Environmental Sanpling and Testing

Saugus River, Saugrus Ma

À. Sampling:

The sanpling ef forts were perfol'med by NED Materials
Laboratory pefsonnèl, on ,fune 22 rL992 at nine locations wlthin
saugrus nlvef 1cr, c2, c3t Dl., D2, D3, icl, G?, G3-Figrure EA-2) and
on iune 24,Lgg2 at the l¡fassachusetts Bay Disposal Slte reference
location.

The sanples fron within the river and the reference location
consist,ed of surface grabs. Sediment cores were attenpted at all
nine locations within the river but the botton was too hard. A
Ponar grab sarnpler was used to collect the samples. Positioning of
the wotk boat was acconplíshed through a cornbinat,ion of sextant
readings taken from pernanent shore J,ocations, visual sightings,
and water depths. l{ater depths were detemined by a
lead line. The work boat used at the reference Location r¡as
posÍtioned using lat/lon coordinates provided by Dr. Fredette,
Regulatory Division.

The grabs from within the river sith the same letter
designationlCf rlzrC3) were conposíted in precleaned hígh density
polyethylene pails. The four composites were designated rrCrtrDfr, and
ir6n- and consisted of five gallons each. Five gallons of sedinent
from the reference location was aLso placed in a precleaned high
density polyethylene pail. The sarnple container precleaning, sanple
handliñg, and presenration techniques enployed during collection
and trañsportation all conformed to the EPA/CE t,estlng protocol rr

Guidance ior Perfoming Tests on Dredged lfaterial to be disposed of
in Open l{aterrr, Septenberr1989.

Upon receipt at the tifaterials Laboratory, the Saugius River
composites and reference sedinent were placed in a refrigerator at
34-40 degrees F. They remained ln storage until taken out to be
thoroughly mixed and portions removed for physical testing and
chenicáI -analysis(lf necessary). The renaining material was
returned to thé refrigerator and stored until renoval for shipping
to a contractor for the 10 day anphipod tests. ( See QA revieu for
biological testing)

B. Testingl

1. Physical Testing:

The sediment composites and reference naterial were anal.yzed
where applicable for:

TEST PROCEDI'RE

Ett111O-2-1906, Appendix V withMechanical Analysls



Hydrometer:

Visual CLassification

references to ASTU C136 and ASflt
D422

ASTlrl, D2488

The results of the physlcal tests indicate that the sediment at the
three composite locations is a mixture of dark grey to black ¡nediun
to fine sand and silt/cLay (see enclosed table). At nCH and trDtr the
fines range from 18 to 20t. At [G[ the naterial iE evenly divided
between silt/cray(50t) and sand. The sand portion ln all three
conposites consists nainly of fLne sand(38-6Ot) with medlun sand
ranging from 11-21t). No measurable gravel was found. Coarse sand
amounted to only traces. The sediment from the reference site was
predorninantly nediun to dark brown sitty clay sith a small quantlty
of fine sand and no measurable coarse material or medium sand. Thtóis si¡nilar to previous material taken from this reference area.the sediment taken ln L992 was compared to previous material
colLected in 1982 and 1984 that sas fron locations closest to the
present work ( tC,, and ,Dt, 1982 ì rrc[ 

r 1994) . They were single
stations. The earlier results are considerably finer(51-g2t).
The samples apparently are from localized areas of sitt aÉr all
three replicat,es for each L992 sanple location were nostly sand.
we moved array from the nap positions and found the same type ofmaterial. Also, lt has been at least nine yearsr since sarnplihg was
perforned by NED in these areas. Perhaps the rÍver bottom has been
alt,ered by tidal action, storns, runoff, etc. during that tine
period.

2. Bioassay:

I fufl report of this work vast previousLy submitted. The following
is the QÀ review:

Quality Assurance Revl.ew
Project: Saugus River Bioassay
Date: Dece¡nber 28,L992

A.Sample Handling:

The samples were collected by NED t¡faterials laboratory personnel
using standardized procedures. Appropriate sanple containers andpreself/atÍon techniques were used. proper chain o! custody
procedures were followed.

B. f,aboratory Analysis:

1. Holding Time:

The 6 week maxinum holding tine between sanple colLection andstart of bioassay was met for both the ,tuly I and ,ruly 28 testing.
2. Control Saurple Sunrival:
The testing that commenced on iluly 8, L992 resul.ted in a control



sample anphipod suniival average of 67* which is signlficantly
bãlä" the;inimum of 9ot. Very t{ttte tube bullding was Ln evidence
iãi .try of the sarnples. The cãuse for the departure was detemlned
to be ã bad batch of organÍ.sns. the test was repeated with the
control organism sun¡ivat average of 86.7t with considerable tube
building wnicn is sLightly under the minluum of 9Ot but not
ãiðeeaiñg it as stated ln the laboratory report. _This departure is
acceptabÍe according to Dr. Thonas Fredette, Regulatory Division as
contlol organism surrrivals slightly belor 90t are a common
occurrence based upon the experience of the Corps and other
agencies.

3. Methodology:
Test proõãaures conforning to the- EPA/CE protocol, rr Guidance

for perfolning Tests on Dredged l¡laterial to be Disposed of in open
t{atersrt , September, 1989 were used (known hearafter as rrthe
protocoitt). The exceptions were that NED prefers a flow through
laboratory setup rather than the static systen _des_cribed in the
Protocol ánd five control tanks were used instead of three.

4. Daily Obserr¡ations:
Thä water temperature range and DO requirements were met

throughout the 10 day test. The test sater salinity ranged fron 30
to 34 o/oo which is Ligner than the range of 4e:l? o/oo stated in
the protocol. The ptt rãnged from 7.6 to 8.0 shich ls less than the
7.9 to 9.2 range in the Protocol. None of the departures are
significant.
5. Results:
The surnrival average for the reference sediment was 81.33t. Thís is
acceptable as therê was evidence of considerable tube buildlng bI
in" ärganisms which indicates a healthy environment. Thg anqhlpod
sun¡ivãl averages in the sanples ranged from 23.6*(uDu) to
69.Ot("Ctt). focátion nQr ¡¡r¿s not statisticar.ly different fron the
reference. Locations trDn and trGtr were considerably lower than the
reference in sun¡ival averages. Àccording to the laboratory report
the reason for the hiqh nortalities was due to the presence-of
considerable quantitieå of sand in the sedinent samples-ln which
the particles were sharp and rould be harmful to the _orgall?¡tr?^.
Howeier, this reason is in doubt as the least amount of sand(sOt)
Iras fouira in the sample fron location trGilwhich had only a 34.7t
aver?ge organism sun¡ival. The best survival average vas the sample
from" iocation rrcn which conslsted of about 80t sand. Perhaps there
are other factors that contributed to the mortaLitieE.

6. Assessment of Data:
The 10 day anphÍpod bioassay for Saugus River appears to have

been conductea proÞerly. The data generated appear reasonable and

rrest E. êSr ,ff.

internally consistent.

Quality Assurance Officer
Laboratory testing OPerations
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BOllOX SBDIIEf,l SAXPTE 18ST NESÛTS - PHTSICAL TESTIIIO

g2BB22 STUOUS BIVEN YEAN . 1992 STATE . IA
[aB sEnIAt I0. 100-3?3-1 100-3?3-1 100-373-3
EX}tOBATIOTTO. C D O
BållPÎ,E f0, C0XP(Ct,C2,Cl) COIP(DI,O2,DC) COXP(Ol,g2,Og)
SATPM DEPÎT (F1) SUBFACE SUAFTCB SINFACB
tÂÎIÎUDE l2 2?.03-0?r n 26.90-9ü l2 20.8!-8ôf,
toxolÎt¡DE ?0 58.ô?-?0r ?0 38.03-6{r ?0 38.36-39W
soltf,Dlxo 3 . 0- l l . {' 9.0- I0. 3' 8. 3- 11 . 0'
8ßDUCED SomDIXO(ILr) 0.2-ô.8' 0.8-8.3' ?.1-9.6'
DATE - H0UA 6122:1315-1113 6122z1210-1320 6122z1110-1230
EAlnEn 0 0 0
SBASTAÎE O O O

ÎIDAü STS - XES

100-5?3-{
8EF
2

SUNFACE

t2 22.70X
?0 30.30r
300'

6t|tt92-1"r'-- -" -

3

QUâD - IITX

VIST'AL
CüâSS¡FICATIOI

BY
tt80aaT0ar

SOIL CIâSS/DONIf,
OAAIT SIZE CTAVE.IED
oaarx sIzB cu8vE-0I
gnalx sIzE ctavE-Q3
IOilAL/BIþDAI,
rATEB COTTEXI, T

¡ onavEt
(BETAIf,ED TI US

STD SIEVE)

r coansE strD
(PASS TI US SlD SIEVE
NEÎAIIED IIO SIEVE)

T TEDIT'I SAf,D
(PASS rl0 SIEVE
NETATXED TIO SIEVE}

T FIf,E SAtrD
(PASS rto SIEVE
NEÎAITED I2OO I'S
SlD SIEYE'

T FIXES
(sILl/CtAn PASS

DAn¡( onEY 10
BLACK SITTT
SAf,D
(s$

SI
0.1?00
0.3800
0.1009
¡{
68.7

(l

DANK ONEY 1O

BTACI( SITTT
SA¡ID
(sn

gI
0. 1600
0.3300
0.0Jt8
I

I

DAnX Bnom 10
ONEY SILTY
SAf,D
(s[)

.0?00

.3300

.0230

(l

ll

38

ST

XEDIITT TO

DAnX Bnowlr
sILTr Cilr
(ct-tr)

ct-xr
0.00t0
0 . 0170
(0.001
x
99.0

(l

0
0
0
f,
5 0I8t

(l
_l ti1¡{f

2

20

60

I t (l

(l

{

2l

3?

O SIEVE

t8 2l 30 00
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;Ël apqed
tirne, rnin

15. Ct

15. O
30. o
é0. o

13r1. Ct

?40. o
144C,. O

ActuaI
readi ng
1. OC,BÖ
1. (-)OBQ

1. OCI75
I . Orl70
1. C)C)ó5
1 .006r)
1. CIC)5C}

Corrected
readi ng
1 , CrOås
1.0065
1. C,C)58
1.0053
1. C)C!48
1. 0043
1 . ClC,33

o. c)136
0. CI 12ó
O. Cr1?å
C]. r1126
c). (¡126
c). 01?6
o.c}12ó

E+f .
depth
14. Cr

14.0
14.7
14.3
14. 4
14. 6
14.8

Di ameter
fnm

o.0133
o. o1??
c).0087
rl, o0é?
o. c)044
g. c-rÖJ l
o. fxr13

Percent
finer
14.3
L4.7,
13.2
12,0
1Ct. g
9.6
tt

Tem
deg
2â.
26.
26.
26.
ãt
.¿-J-
ñÊ
d,çJ ¡

?6.

B
a
E}

7
7
6
5

HPr
c

a
2
1

o
B
B
3

Rm

5
5
Cr

5
c)

5
5

Fractionål Components

7.

z
+3in.=
SILT = 6.

O. O 7. GRAVEL = O. CI 7. SAND
7. CLAY = 11.3

8?.3
3

D73=
D3C¡=
Cc=

O.38 DêO=
C,. I 159 D35=

LA. 49?7 Cur =

Ct.21C) D5Ö= O. 173
Ct. 10093 D1C)= C,. ClO346

6Õ.6736

I
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GRAIN SIZE DISTRIBUTION TEST DATA Test No.: 1

Dater 8-14-9?
Froject No. ¡ 100-573-1
Froject: SAUGUS RMR , MASS.

-----:__

Sample Data

Location of Sample:
Sarnple Description:
USCS Class:
AASHT0 Class:

SAMF,LE LOCATION IIC¡I

SURFACE "GRAB'' SAHFLE
5M Liqurid limit:

Flasticity index:

Notes

Rernar l::g:

Fiq. No.:

SILTY SAND COLOR: D},'I. GREY TO BLACH

I

l"lechani cal Anal ysi s Data

Dry sample
Tare
Dry sarnpl e
Sieve tare

Si eve

and tare=

wei ght
method

Initial
68.40

o. CIc)

68.4(l

#4
* lct
#?o
* 4C)

* 7C)

# 1r)O
# 3C¡f-)

Wei 9ht
retai ned

o.00
?. oo
Ë 6/r
*J ¡ ¡LV

8.7ö
11,5ö
1?.6c}
16.4C,

Si eve
tare

ü. C,(:t

0. oo
CI, oc)
0. o0
o. oo
o. oo
(r. ocl

Percent
{iner

1OO. tl¡
q7,I
89.5
7 6,4
59.9
41.5
L7.3

I

Hydrometer Analysis Data

Separation sieve is number 10
Percent -* 10 based on complete sarnple=
hJeight of hydrometer sarnple: 68.4
Calculated biased weight= 7A.3
Table of composite correction values:

97. L

Temp, deg E; 33. Cl 34, C, 25. O ?6. O
Comp. corr t - ?.4 - 2.2 1 .9 t.7

Heni scLts correcti on onl y= ç¡, 5
Specific gravity of solids= 2.6E}
Speci{ic gravity correction factor= C¡.993
Hydrorneter type: 151H Ef f ective depth [-=

?7 .4
1.6

76.794q64 - O.2643 x Rm
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'Ët apeeo
time, min

B.O
15. O

scr. O
6Õ.0

1 3Cr. C,

?4C). O

144C,. C,

Ternp,
deg C
t6.5
26.4
?6. S
?å. 1

35.9
?6. O

36,3

Actural
read i ng
1 . Crr:¡95
I . rì(JE5
1. C)ÖBC)

1. O(175
I . OC!7(l
1. OOó5
1. OC)55

Corrected
readi ng
1. OC)79
1. È068
1, CrC)ás
1, ÐCI58
1.0053
1 ,0048
1. C)C)38

o.{)1?5
r-¡. O t ?é
o. rll3å
ö. o1?6
o. cr12ê
rl. CI 12ê
o.0126

Di arneter
mm

o. o164
o. o1?1
O. CICt8ó
o. c)oé 1

O. C,O44
o. cJo31
o. oc)13

Percent
finer
18.9
16.5
{t 6l-J¡ L

14. C)

7?.7
11.5
9,2

Rm

1

l.: E++.
depth
13, é
13.9
14. O

r4. ?
14.3
t4.4
t4.7

CI. c)

LO
8.5
8.O
7.3
7.O
6.O

Fractional Components

T. + 3 in. =
Z SILT= 7

O.CI Z GRAVEL = Ct.O 7, SAND
7. ELAY = 13.3

79.O
B

D73=
D. I-¡=
Cc=

CI.35 D6ö=
Ö.1c,?o D35=

31 . OC,99 Cut =

O. 194 DSt:r= ().157
c). c)B78Cr DlC)= O. C¡O173

111.8150

a
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ZE I}ISTRIBUTIOH TEST REPORT

ê, e ¿
¿

loø

9ø

8ø

: ! I r !I

OE

T
Ë
t
E
H

7ø

6g

56

4ø

sø

2ø

tø

o
2øø tøø lø. ø l. o ø.1

GRAIN SIZE - nn
-øl .øøl

o a. a t

LL PI Þs Il¿o Ilrø C( C¡¡

il
\

\

\

I
\

\il
\

I a
\Þt

o 81.55 E- t9 g. tó ø.1ø2 9.9878 ø.øø17 51. 91 It1.8

IIATERIAL I}ESCRIPTIOH uscs ÊASHTO

O SURFÊCE .GRÊB* SÊI'IPLE j $t

ProJrct Ho. ! lgB-57S-2
ProJrct ! SAUÊUS RIUER r llASS.
o Locrtlon: SAFIPLE LOCÊTION 'D'

Drtr! e-14-92

Rrnrrk¡!
S¡LTY SâNI¡
COLOR: DK. BREY TO g.âCK

Fig. No. ?
GRAIH SIZE I¡ISTRIEUTION TEST REPORT

ËTRPS TF EHÊ I HEERS - HEI,I EHËLÊHIT
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GRAIN SIZE DISTRIBUTION TEST DATA Test No.: 2

Date:
Froject No.
F roj ect :

8- 1 4-92
10ö-573-t
SAUGUS RMR I MASS.

Sample Data

Location of Sample:
Sample Description:
USCS ClasE:
AASHTO Classr

SAMPLE LCICATION IID¡I

SURFACE "GRAB'' SANFLE
SM Liqurid limit:

Plasticity index ¡

Notes

Rernarhs: SILTY SAND COLOR: Dl'l. GREY TO BLACI{

Fig. No.: 2

Mechanical Analysis Data

Dry sample
Tare
Dry sample
Sieve tare

Si eve

and tare=
Initial

é5.10
o. clo

ê5. lCt

*4
*10
*?0
* 4rl
*7Õ
# 1öO
* ?0c}

wei ght
method

hlei ght
retai ned

o. c)o
1.20
4. BCt

8.4CI
9.5C¡

10.40
L7. LO

Si eve
tare

r_r. fJc,

Cr. rlQ
c'. oo
o. c)0
(]. óCr
tl. O(r
C,. C}C¡

Fercent
finer

1ö(:_). O
98.2
9Cr. B
77.9
63,3
47.3
21.O

--------L
Hydrometer Analysis Data

Separation sieve is nutmber 10
Fercent -# lC¡ based on complete sarnple= 98
tdeight of hydrometer sample: 65. 1

Êal cr-rl ated bi ased wei ght= 66, 3
Table a4 composite correction valutes:

Temp, deg C¡ ?.1. C) 24.ç-t 25. O ?å. C!

tromp. trorr: - 2.4 - ?.2 1.9 1,.7
Meniscus correction only= O.5
Specific gravity of solids= ?.68
Specific gravity correction factor= O.993
Hydrometer type: 151H Ef f ective depth l-=

77.0
L.6

2

16.?949ê,4 0.3645 x Rm



'trIapsÞd
time, rnin

o.3
1,O
3,O
4.O
El. o

15. Ct

30. o
éo. o

1 3C!. C)

240. O
1 440, O

Temp,' Actutal
deg C reading
?ó. B 1. Crl4C)
36.8 1,C'130
16.a 1.c)1clct
36. El 1. q1090

36. I 1. C)ÕB(l
?6.9 1. O(-)7Ö
76.9 1. ()065
26.6 1.0ö60
36. 1 1. OC)55
3é. O 1. ö(150
?6. S 1.0045

Corrected
read i ng
1. C)134
1 . 0104
1. C,C¡84
1,0C,74
1. C)(,64
1.0ö54
1. Crcr4g
1. Crrl44
1. Cr(¡f,B
1.0(133
1. Cxl2B

Di ameter
fittfì

Ct. Õ6?4
0. 0450
Ct. O3?5
o.0332
o. o166
C). ö1??
o. o0B7
o,0c'62
o. c-!c¡44

o. 0c,31
o. c,c!13

Fercent
{iner
41.9
?Êaj'ÈJ. .1,

29.4
?s. c)

31.6
18. r
16. ê
14. B
1?.9
11.2
9.6

t{

o.01?5
o. o125
o. o1?s
c). o 1?5
r-). o 125
0. o 125
CI. o1?5
Cr. O 1?5
c). o126
o. c¡ 1?6
Õ. o126

Rm

14.5
a- eÅ¡l¡ rJ

10.5
9.5
8.5
7.3
7.C,
6.5
6,0
EE

5. Ct

E++.
depth
l.¿ . È,

13. r){= É
¡ *1. ;,

13.8
14. O
14.3
t4.4
14. ê
L4.7
14.8
15. O

Fractional Components

7.+
7.5

3in.= CI.

ILT = 36.1
o '/. GRAVEL = O. CI 7. SAND = 5C).3

7. CLAY = 13.6

cl. 134 D5(J= ö, O75
0. C)33(:,4 D1ç¡= C,. CIOZE9

49,1f,93

D73=
DSCr=
Cc=

o' 33 Dótl¡=
(r. (tf,53 D?5=
3. 8681 Ct-t =

a
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Saugus River Dredge Sediment Evaluation
File:noneTransform:NOTRÀNSFORMÀTION

TUKEY nethod of rnultiple comparisons

GROUP

TRÀNSFORMED
GROUP IDENTIFICÀTIOI,¡ MEÀN

ORIGINÀL
MEÀN

0000
3 421

3
4
2
1

Site D

Site G
Site C

Reference Site

7.000
10. 400
20.400
24.400

7.000 \
10.400 \
20.400 * * \
24.400 * * \

* = significant difference (p=0.05)
Tukey value (4,16) = 4.05

. = no significant difference
s = 1.725

+



Saugrus River Dredge Sediment Evaluation
File: none Transfor¡n: NO TRÀNSFORMATION

WILLIÀÌ.{S TEST (Isotonic regression rnodel) f¡gL,S 1 OF 2

GROUP ORIGTNÀL
MEAN

TRÀNSFORMED
MEAN

24.400
20.400
7.000

10.400

ISOTONIZED
MEAN

24.400
20.400
I .700
8.700

IDENTIFTCÀTION N

5
5
5
5

1
2
3
4

Reference Site
Site C

Site D
Site G

24.400
20. 400

7 .000
10.400

Saugus River Dredge Sediment Evaluation
FiLe: none Transforrn: NO TRANSFORMATION

l{rLLr.âMs rnsr (Isotonic regrression nodel) TÀBLE 2 OF 2

IDENTIFTCÀTTON
ISOTONIZED

MEÀN
cÀLc.

WILLIAMS
srG
P=.05

TÀBLE
WTLLIÀMS

DEGREES OF
FREEDOM

Reference Site
Site C
Sit,e D
Site c

24.400
20 .400
8.700
8 .700

2.27 6
8.931
8.931

*
*
*

L.75
1.83
1.86

k-
þ=
þ=

1,
2,
3,

v= 15
v=16
v=L6

=t
Note:

2.779
df used for table values are approximate when v > 20.

+



Sauþus River Dredge Sedinent EvaLuation
File: none Transform: NO TRÀNSFORMÀTION

KRUSKÀL-WÀLLIS ÀNOVÀ BY RANKS TÀBLE 1 OF 2 lp=0.05)

GROUP IDENTIFICÀTION
MEÀN CÀLCULÀTED IN

ORIGINÀL UNITS

1 Reference Site 24'4OO 24 ' 400

2 site c 2O.4OO 20 ' 400

3 site D ?-o0o 7 '000

- 1 --- ----:1::-:------i3:139-- ---'-9:i99---------
calculated H Value = 16.485 critical H value Table =
since calc H > Crit H REJECT Ho:ÀlÌ groups are equal'

Saugus River Dredge Sediment Evaluation
File: none Transform: NO TRÀNSFORMÀTION

TRÀNSFORMED
MEAN

RÀNK
SUM

85.000
?0.000
16.500
38.500

7.810

DUNNS MUL

GROUP IDENTIFICÀ1IO}¡

TIPI.,E COMPÀRTSON KRUSKÀL-WÀLLIS - TÀBI.¡E 2 OF 2 (P=O'05)

GROUP
ORIGINAI.,

MEÀN
TRÀNSFORMED

MEAN

3
4
2
1

Site D

Site G

Site C

Reference Site

0000
::? 1

\
*\
*\

7.000
10.400
20.400
24.400

7.000
10.400
20.400
24.400

ì;;;;;
2.639 SE = 3.722

* = significant difference
Table q value (0.05'4) =

+



Saugus River Dredge Sedinent Evaluation
FiLe: none Transform: NO TRÀNSFORMÀTION

ÀNOVÀ TABLE

SOURCE DFSSMSF

3 1oo7-350 335'?83 43'467

(Error) 16 123.600 7.725
Between

Within
19 1130.950TotaI

CriticaL F value = 3.24 (0'05'3'16)
Since F > Critica1 F REJECT Ho:All groups equaL

I



Saugtus River Dredge Sedi¡nent Evaluation
Filè: none Transform: NO TRANSFORMÀ

BONFERRONI T-TEST TÀBLE 1 OF 2

TRÀNSFORI.TED

GROUP IDENTIFICÀTTON MEÀN

TION

Ho: Control (Treatment

MEÀN CÀLCULÀTED IN
ORIGINÀL UNITS T STÀT SIG

Bonferroni T table value =

24.400 24 -40O
2O.4Oo 20. 4OO 2 '27 6

?.ooo ?-0oo 9'899 *

1O.4OO 1O-4OO 7 '964 *

2.33 (1 Tailed Value, P=O'05' ¿¡=16'3)

1
2
3
4

Reference Site
Site C

Site D

Site G

Saugus River Dredge Sedinent
File: none Transform:

BONFERRONI T-TEST

Evaluation
NO TRÀNSFORMÀTION

TABLE 2 OF 2 Ho:Control(Treatment

NUf'f OF Minirnum Sig Díff t of DIFFERENCE

REPS tr¡¡ oiic. uNrrs) coNTROr, FROM CONTROL
GROUP ]DENTIFICÀTION

1
2
3
4

Reference Site 5
Site c 5 4'Og4 16'8 4'000

Site D 5 4'Og4 16'8 17'400'

iii: i --: ---!-2?!-------13-1-------11!33

¡
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Saugus River Dredge Sediment Evaluation
File: none Transform: NO TRÀNSFORMÀTION

ÀNOVÀ TÀBLE

DF ss MS F
SOURCE

Between

ïithin (Error)

3

16

1007 .350

123.600

335.783

1 .125

43.467

Tot,al 19 1130 ' 950
_---E---

Critical F value = 3.24 (0'05,3,16)
since F ) critical F REJECT Ho:ÀIl groups equal

o



Saugus River Dredge Sediment EvaLuation
File: none Transform: NO TRÀNSFORMATION

TUKEY method of multiple comparisons

GROUP

TRÀNSFORMED

GROUP IDENTIFICÀTION MEÀN

0000
: !? 1

**\
** \

3
A

2
1

ORIGINAL
MEAN

Site D

Site G

Site C

Reference Site

7 .000
10.400
20.400
24 .400

7 .000
10. ¿00
20.400
24.400

* = significant difference (p=0.05)
Tukey value (4,16) = 4'05

. = no significant difference
s = 1.725

+



Saug¡us River Dredge Sediment EvaLuation
Fíle: none Transform: NO TRÀNSFORMÀTION

!Ír LLrÀMs -i::i-- J::::::i:-::::: :::::-::i:ll----:i:::-1 -::
GROUP ORIGINÀL

MEAN
TRÀNSFORMED ISOTONTZED

MEÀN MEÀNI
5
5
5
5

1
2
3
4

IDENTIFICÀTTON

Reference Site
Site C

Site D

Site G

24 .400
20. 400

7 .000
10.400

24.400
20.400

? .000
10.400

24.400
20.400

8.700
8.700

Sauglus River Dredge Sedi¡nent Evaluation
FiIà: NONE TTANSfOTM: NO TRÀNSFORMÀTTON

I¡ILI,IÀMS Îlgsf (Isotonic regression model) TÀBLE 2 OF 2

IDENTfFICÀTION
rSoToNIzEDcÀLc.SIGTÀBLEDEGREESoF

MEÀN WILLIÀMS P=.05 }¡ILLIÀMS FREEDOM

Reference Site
Site C

Sit,e D

Site G

24.400
20.400
8.700
8.700

2.216
8.931
8.931

lt

*
*

1.?5
1.83
1.86

J¡=
]¡=
þ=

1,
2,
3,

v=16
v=16
v= 16

Note:
2.779

df used for table values are approximate when v > 20.

I


