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DEPARTMENT OF THE ARMY
WATERWAYS EXPERIMENT STATION. CORPS OF ENGINEERS

P. 0. BOX 631
VICKSBURG. MISSISSIPPI 39180

IN REPLY REFER TO: WESEV 30 Sept enber 1978

SUBJECT:  Transmittal of Technical Report D 78-43
TO. Al Report Recipients

1. The technical report transmitted herewith represents the results of
Wrk Unit 2D05 of Task 2D, Confined Disposal Area Effluent and Leachate
Control, of the Corps of Engineers' Dredged Material Research Program
(DMRP). Task 2D was a part of the Environnental Inpacts and Criteria
Devel opnent Project (EICDP). This project was, in part, concerned with
establishing a data base and evaluating potential pollution problens
associated with different nodes of dredged material disposal. The work
units in Task 2D dealt nmore specifically with environnental inpacts of
confined land disposal of dredged material.

2. The overall objective of the Wrk Unit 2D05 study was to gather
field data on the quality and quantity of interstitial waters and

| eachates from within, beneath, and down-gradient from four confined
land disposal areas. Initially considerable background information on
each site was obtained from the literature, personal contacts, and from
concise field measurements. Factors deenmed inportant in affecting the
production and conposition of |eachates include: (a) dredged naterial
conposition, (b) conposition of the adjacent and underlying soils,

(c) hydrogeol ogical conditions beneath the site (e.g., groundwater flow
rate and pattern, geological formations encountered, and extent of
groundwater regine), (d) climate, and (e) site-specific conditions
(e.g., chemical and biological activities, soil noisture and precipita-
tion patterns, pH, and Eh).

3. At each of the four field sites, ten sanpling locations were usually
est abl i shed: four locations wthin the disposal area, four off-site
nmonitoring stations down-gradient in the groundwater flow pattern, and
two off-site stations up-gradient in the groundwater flow pattern for
background data. Sedinment and water sanples were initially obtained
from four depths. At locations within the disposal area, two sanpling
horizons were within the old dredged material. Each sanpling station
was hand bored and cored; sediment sanples were collected at horizons
later used for the collection of water sanples. Sanples were obtained
from the unsaturated zone above the local groundwater table with ceranc
cup soil water sanplers, while groundwater sanples were collected from
plastic wellheads. Four sets of water sanples were collected over a
nine-month  period.



WESEV 30 September 1978
SUBJECT:  Transnittal of Technical Report D 78-43

4. The results of the study showed that leachate quality is a function
of the physical and chemical nature of the disposed dredged material,
site-specific hydrogeological patterns, and environmental conditions of
the area surrounding the site (e.g., physical and chemnical nature of the
adjacent soils). In general, the study found that sodium potassium
calcium magnesium  chloride, total organic carbon, alkalinity, and
manganese in leachates from disposal areas may inpact |ocal groundwater,
especially if the water is used for drinking water or agricultural pur-
poses. The data also indicated that |ow concentrations of cadm um
copper, iron, mercury, |lead, zinc, nickel, and phosphate may reach
groundwaters, but the levels should not pose water quality problens.
Iron and manganese appeared to be produced by localized environnental
conditions, and thus their mobility was not considered directly related
to dredged material disposal activities. Certain sites showed |ocalized
high levels of certain contamnants, including nickel, cadmum and
copper. The highest levels for nost trace metals were in off-site
(nonitoring and background) water sanples, collected beneath an acid,
poorly buffered salt marsh habitat. The major contaminants at the
bracki sh water sites appeared to be the salts of nmmjor ions.

5. The data in this publication should be used, in context wth past
and future findings, for determning the inpact of land disposal on
groundwater quality. It is anticipated that these published results
should aid those persons involved with criteria development, groundwater

monitoring, environnental inpact reports, permt prograns, or other
regul atory functions.

JOHN L. CANNON
Col onel, Corps of Engineers
Commander and Director
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SUMMARY

When dredged naterial is disposed of in upland areas, the
water quality inpacts can be divided into two categories; the
di scharge of effluent slurries to surface waters, and the mgration
of | eachates into underlying groundwaters. The purpose of this
study was to evaluate the latter inpact. This field study was
conducted to evaluate the possible degradation of groundwater
quality from confined upland disposal of dredged materi al

Prior to site selection, a literature review and field inves-
tigation of prospective areas were conducted. This information
provided the basis for choosing the four |ocations which best suited
the goals of this study. The four sites selected for field investi-
gation were Gand Haven, Mchigan; Sayreville, New Jersey; Houston
Texas; and Pinto Island, Al abana. All available records pertaining
to each site were exam ned, including: information such as historic,
geographic, topographic and climatol ogical data as well as, regiona
and site-specific hydrol ogi cal data. Addi tional hydrogeol ogi ca
data were obtained in the field study.

A sinmplistic representation of the groundwater hydrol ogy at
each of these case study sites may be seen on Figure 69.

A conprehensive review of sanpling devices and techni ques
was also perfornmed. Vacuum pressure |ysimeters were chosen for
interstitial water sanpling and PVC well points for groundwater
moni t ori ng. In addition, by using specially constructed ABS sanpling
tubes, dredged material and soil sanples were obtained from | ocations
that would provide insight as to both lateral and vertical chenica
and physical stratification. Twenty-six water sanplers were in-
stalled at each site with 12 on-site, 10 off-site, and four directly
beneath the sites. The ratio of lysimeters versus well points at
each locality was determined by the specific hydrogeol ogic frame-
work at the site. Four sampling visits were schedul ed approximately
every three nonths. Sanpling and shipping techniques devel oped for
the study were inplemented during these visits.

The results fromthe analysis of on-site dredged material and
off-site soils in relation to the exanmination of vertical and
lateral differentiations, in general, failed to reveal any systematic



changes. For any particular paranmeter, both increases and decreases
in values occurred in different locations as well as at different
depths within each site. This is nost likely due to the stratifica-
tion caused by intermttent disposal operations.

Results of the particle size analysis of the dredged nateri al
suggested that the material in upland disposal areas is slightly
nore sandy than original bottom sedinments. The reason for the
difference might be due to the fact that finer particles tend to
be carried with effluents to surface receiving waters due to
turbul ence and/or insufficient residence tinme.

Anal ysis of |eachates and groundwaters indicate that potential
adverse water quality inpacts will nost |likely be due to the increases
of chloride, potassium sodium calcium total organic carbon
alkalinity, iron, and manganese. The extent of the potential inpact
was found to be a function of the physiochem cal properties of the
di sposed dredged material, site-specific groundwater hydrogeol ogical
patterns, and environnental conditions of the area surrounding
the site. The field nmonitoring of the case study sites generally
reveal ed very low concentration |evels of cadmium copper, nercury,
| ead, zinc, phosphate, and nickel in downgradient groundwater.

In general, soluble phase sodium potassium and chloride
were shown to have similar behavior. Dilution was the nost inpor-
tant mechani sm affecting the mgration of these ions. Sodi um and
pot assium might also be affected by ion-exchange reactions with
the exchangeable ions held in the soil/dredged material. Al three
ions were shown to have affected the groundwater in at |east one
site.

Sol ubl e phase cal ci um and magnesi um were higher in the on-
site dredged material sanples than the off-site sanples at two
sites, indicating a potential for these two ions to migrate away
from the site. Actual |eaching of these two ions was al so observed
Possi bl e mechani snms regulating the transport of these two ions in-
cluded ion exchange reactions with soil/dredged material, dissolu-
tion of nesquehonite and hydromagnesite for magnesi um

Levels of Toc and alkalinity were observed to have increased
in groundwater bel ow two of the case study sites. The transport of



alkalinity was probably regul ated by biological oxidation and the
di ssol ution/precipitation of calcite.

The sol ubl e phase phosphate concentrations detected in this
study were low, ranging from below the detection limt to a high
of 0.91 mg/1 (as P). The low |level phosphate detected was probably
due to adsorption onto clay particles. Al though one of the case
study sites had a higher phosphate average for the on-site sanples
than the off-site sanples, there was no appreciable difference
anong the groundwater sanples collected directly below the sites,
downgradient fromthe site and upgradient fromthe site.

Wth the exception of manganese and iron, concentrations of
trace metals in the leachate sanples were nostly in the ppb or
sub-ppb ranges. At such a |ow concentration range, solid trans-
formation due to change in the redox condition, precipitation/dis-
solution, conplexation, and adsorption were expected to play dom -
nant roles in regulating their transport.

In general, in an aerobic environment, the stable solids that
control the solubilities of these metal ions are oxides, hydroxides,
carbonates, and silicates. Under reducing conditions, especially in
saline sedinments, nost trace metals may gradually precipitate
as sulfides with very low soluble concentrations in solution.

Adsorption could help account for the low levels of certain
trace nmetals and chlorinated hydrocarbons in the soil/dredged
material interstitial waters. The nost inportant adsorbents
i ncl uded hydrated oxides of iron and manganese, soil organic matter
and various clay mnerals.

Total chlorinated hydrocarbons appeared to exist at higher
levels in the dredged material than in off-site soil sanples.

This could be due to the accunul ation of chlorinated hydrocarbons
fromindustrial/domestic discharges into the waterways. The upper
soi | sanples generally contained higher concentrations of chlori-
nated hydrocarbons than the sanples obtained a few feet bel ow

No soluble chlorinated hydrocarbons were observed in groundwater.
It is expected that the chlorinated hydrocarbons that accunul ated
in the dredged material will not mgrate away fromthe site.

The conmpl exation effect usually accounted for the high levels
of trace netals found in the soil/dredged material interstitial



wat ers. The major ligands responsible for conplexation were
chloride, organic species, hydroxide, carbonate, and sulfate.

The results of this limted study have shown that |eachates
from upl and dredged material disposal areas have caused sone
degradation of underlying groundwaters. Due to the short duration
of this nonitoring effort, this conclusion can only be regarded

as tentative. It is recommended that additional efforts shoul d
be directed to the fornulation of guidelines for site selection.
In order to achieve this goal, it wll be necessary to carry out

| ong-term extensive nonitoring programs on the existing sites.



PREFACE

The work described in this report was performed under Contract
No. DACW39-76-C-0171, entitled, "Physical and Chemi cal Charac-
terization of Dredged Material Sedinents and Leachates in Confined
Land Di sposal Areas," dated Septenber 29, 1976, between the U. s.
Arny Engi neer Waterways Experinent Station (VES), Vicksburg,

M ssissippi, and the University of Southern California, Los Angeles,
California. The research was sponsored by the Environnental

Laboratory (EL), WES, under the Dredged Material Research Program
(DMRP), Work Unit 2D05. The study was part of DMRP Task 2p, "Confined
Di sposal Area Effluent and Leachate Control," of the Environnental

I mpacts and Criteria Devel opnent Project (ElICDP).

This report is the result of field studies designed to
evaluate the effect of the disposal of dredged material in confined
upland areas on the quality of downgradi ent groundwater.

The research was conducted under the supervision of Dr. K Y.
Chen, Professor and Director, Environnental Engineering Program USC.
This report was a basis for the dissertation of K Y. Yu, who
perfornmed nost of the laboratory and data anal ysis.
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This contract was monitored by M. R E. Hoeppel, Research
M crobi ol ogi st of the EL, WES, under the supervision of Dr. R M
Engler, Manager of the EI CDP. Director of the VES during the
period of this study was COL J. L. Cannon, CE. Technical Director
was M. F. R Brown.
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CONVERSI ON FACTORS, U. S. CUSTOMARY TO METRIC (SI)
UNI TS OF MEASUREMENT

U. S. custonmary units of measurement used in this report

can be converted to nmetric (SlI) units as follows:

Mul tiply By To Obtain
acres 4046. 873 square metres
Fahrenheit degrees 5/9% Cel si us degrees or
Kel vi ns
feet 0. 3048 nmetres
gallons (U.S liquid) 3.785412 cubic decinetres
i nches 25.4 mllimetres
mles (US. statute) 1. 609344 Kil onetres
mils 0. 0254 mllinetres

*Toobtain Celsius (C) tenperature readings from Fahrenheit (F) _
readings, use the following formula: € = (5/9)(F -32). To obtain
Kelvin (K) readings, use: K = (5/9)(F - 32) + 273.15.

Vii
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PHYSI CAL AND CHEM CAL CHARACTERI ZATION OF
DREDGED MATERTAL SEDTMENTS AND LEACHATES
- N CONFINED LAND DI SPOSAL AREAS

PART | : | NTRODUCTI ON

Need for Corps Research

1. Sedinments serve as a respository of nuch of the heavy
metal s, pesticides, biostimulants, and other organic and inorganic
waste released into waterways from nmunicipal and industrial waste
di scharge, mining and agriculture activities, and other point and
non-point pollution sources. The physical presence of sediments in
wat erways necessitates dredging of the deposited naterial. It has
been estimated that in recent years the Corps of Engineers alone
has dredged an average of 290 million m3 of sedinents annually
from the Nation's \/vaterways.1 About 65 percent of this is dis-
charged into open-water sites away from shipping channels. The
rest is disposed of on land usually within a dike structure. One
of the mmjor concerns of this activity is the possible degradation
of quality of both surface and groundwaters in the proximty of
t he disposal area.

2. Normally sedinment-bound pollutants are considered to be
chemcally stable and unlikely to be released to the overlying
wat ers. Considering the extremely low levels of trace netals found
in the present-day ocean, despite the continuous input from I|and
sources, it would seem that sedinents are the permanent sink of
trace netals. However, a disturbance in environnental conditions
may result in a shift in equilibrium affecting the nobilization of
chenmical constituents. Open-wat er disposal operations have been
drastically reduced in recent years due to strict water quality
| egi sl ation. This curtailnment is occurring despite the results of
many recent studies 2-5 which indicate that the release of soluble
contam nants during open-water disposal is minimal. It is anti-
cipated that confined land disposal wll be a rapidly expanding
activity.



Probl em Assessnent

3. Little information is available concerning physicochemical

transformations, mgration, and fate of soluble contam nants asso-
ciated with the disposal of dredged sedinents in confined land dis-
posal areas. This lack of scientific data is generating some con-

cern on the possibility of both long- and short-term contam nation
of surface and groundwaters. Mny questions exist regarding the
mgration and transport nechanisns of dredged sedinment |eachates.

4, During dredging operations, sedinent and water are m xed,
transported, and disposed of in open waters, or diked areas or on
uncontained land areas. This process nmay result in the release or
renoval of netals and other toxicants, with the direction of trans-
fer being determined by the redox and chemical conditions existing
at the time. Wen dredged material is disposed on land it is sub-
jected to oxidation by the nmixing with oxygen-rich surface waters.
Repeated oxidation and reduction, induced by air contact with the
influent slurry and repeated wetting and drying of the sedinents
by precipitation, drainage, and evaporation, may pronote a short-
or long-term potential for contaminant mgration in sedinment
| eachat es. A schematic of a representative active disposal site
is shown in Figure 1.

5. Once leachate reaches the zone of saturation, it noves
under the influence of gravity flow Two flow systems influence
the eventual path of the |eachate. One is a local system that
usually involves a fairly short travel distance, following the
local water table contour to the nearest discharge point. However,
some of the water mmy continue to migrate downward and enter the
regional flow system The regional systemis usuallyatgreater
depths, passing under |local discharge points toward mgjor points
of discharge. Therefore, 1leachate originating at a particular site

could result in the pollution of both local and regional water. b
6. Investigations of the generation, conposition, and con-
trol of nunicipal landfill |eachates have been conducted during

recent years, primarily under the sponsorship of the Environnental
Protection Agency. Most of the information generated is not



directly applicable to an understanding of leachate production
from dredged sedinents in confined |and disposal areas because
leachate production mechanisnms and resulting leachate characteris-
tics associated with dredged sedinents are not conparable to those
associated with nunicipal refuse |eachates. Several significant
contributing factors are:

a. The conposition and availability (release)
of soluble constitutents in dredged sedinents
are markedly different from those in nmunicipal

r ef use.

b. The noisture content of dredged material, in nost
cases, is much greater than that of nmunicipal
r ef use.

10

The field capacity and perneability of dredged
sediments and nunicipal refuse are probably
significantly different.

bj ectives of the Study

1. Field studies are needed to determine if |eachates from
dredged naterial present a serious threat to groundwater supplies
or if soil attenuation offers adequate protection. There are
several general factors affecting the conposition of leachate and
its production. The nost inmportant of these are:

a. The dredged material conposition.

b. The climte.

1o

Hydr ogeol ogi cal conditions beneath the site.

|Q_

Site-specific conditions; e.g., chenmcal and
bi ol ogi cal activities, soil noisture, pH, Eh,
and other characteristics.

These factors vary considerably from site to site.

8. The overall objective of this study was to gather field
data on the quality and quantity of interstitial waters and lea-
chates from within and beneath active confined |and disposal areas,
together with background hydrochenical data, to determne the pol-
lution potential of contamnated materials resulting from subsur-
face vertical and horizontal |eaching. Specifically, obj ectives
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To nonitor the leachate and groundwater quality
at four dredged material confined |and disposal
areas on four different occasions over a g-month
peri od. Water samples were to be analyzed for
trace netals, chlorinated hydrocarbons, nutrients,
and ot her paraneters. These data were to be used
to deternmine:

(1) Tine-dependent changes in leachate quality
at different depths.

(2) Effects of soil attenuation of nobile
constituents.

(3) Changes in soil noisture.
(4) Goundwater dilution of |[eachates.

To perform a detailed physical and chemni cal
characterization of dredged sedinent and sub-
soil core samples at all sanpling sites.
These data were to be used to define:

(1) The pollution potential of contam nated
dredged sedinents.

(2) Transport nmechanisns responsible for the
mgration of contam nants.

(3) The nmagnitude and extent of contam nant
mgration from dredged material containment
ar eas.



PART 11: EXPERI MENTAL

Grand Haven, M chigan

Site Description

9. The Gand Haven, Mchigan, site provided an excellent
opportunity for investigating the mgration of |eachates from an
upland disposal area situated in a freshwater hydrologic regine.
Distinctive and pertinent characteristics are listed in Table 1.

10. The dredged nmterial disposal facility at Gand Haven,
Mchigan, is located near the eastern shore of Lake M chigan on
the north banks of the Gand River. The Grand River enpties into
Lake Mchigan approximately 1 nmile downstream  The regional map
(Figure 2) shows the location of the site in relation to the Gand
River and Lake M chigan.

11.  The Gand Haven site covers about 2.4 ha (6 acres) which
have been diked, resulting in a roughly rectangular configuration.
Thenorthernside of the site which measures 168 m (553.8 ft) is
bordered by open land; the east by |and owned by Verplank Coal and
Dock Conpany. The southern edge of 181 m (594 ft) is set back from
the Gand River by about 60.9 m (200 ft). The western edge is off-
set from an area of low relief, referred to as the Sag, by 53.6 m
(176 ft); the area between the site and the Sag is marshland.

12.  The dike which encloses the site is an enbanknent con-
sisting of a core of concrete/asphalt slabs from denolition work
in the area. The dike has measured heights ranging from 45 m
(15 ft) on the southern extremty to 5.4 m (18 ft) along the north
(as neasured December 4, 1976). Additions to the existing berm
were made during April, when newly dredged material was placed in
the fill; dredged material from within the site was draglined for
use in the construction of this addition.

13. Depth of the dredged nmterial, as determ ned during
borings on Decenber 4, 1976, was fairly uniform ranging from 1.8
to 4.2 m(6 to 8 ft). The site map (Figure 3) shows the |ocations
of these corings, labeled MA to M.



14, Dredged nmaterial renoved by the Corps of Engineers from
G and Haven Harbor has been deposited at several disposal sites in
the vicinity. The study site was offered to the Corps by Verplank
Coal and Dock Conpany in 1970. Since the land was in a swanpy area
and of no commercial value in its natural state, the Corps issued
a permt to fill the site; filling has been taking place since
1972 (personal conmunication, 2 November 1976, Ross Kettlenman,
Chief Engineer, Corps of Engineers, Gand Haven Area Ofice).

15, Prior to its filling with dredged material, the site was
characterized by a freshwater marsh flora and fauna: remants are
visible in the strip of land adjacent to the eastern edge of the

1

fill. This area is inundated with water during the spring, when
the snow nelt drains to the harbor.
16. This former degraded marsh will probably be used for in-

dustrial purposes, depending upon zoning ordinances for the area,
when it is filled.
Hydr ol ogi cal Characteri zation
17. Site investigations and information gathered during the
literature search provided a conposite of the total hdyroloqgic
system in the Grand Haven area. Table 2 lists the dates of the
various field trips and the specific hydrological tests conducted
during each visit.
18. The total hydrological system at the Gand Haven case
study site is characterized in ternms of:
a. Cimtological environnment.
b.  Surface waters.
c. Goundwater.
Site-specific field testing and accepted hydrological procedures,
as well as a literature search, were enployed to accurately define
the nature of each of these systens.
d i mat ol ogy
19. Historical climtological data for the region were
obtained from the weather station at the Miskegon County Airport,
approximately 16 km (10 niles) north of Gand Haven. Precipitation,
tenperature, relative humdity, and nmean hourly w nd speed recorded

at this stationduring a 36-yr period, 1931 to 1966, are tabulated



on Table 3.8 A nore detailed day-by-day record of precipitation and
tenperature extrenes, and wind speed are included in Appendix A
the dates upon which field visits occurred are indicated by brackets.
Surface water

20,  Surface water in the imediate vicinity of the Gand
Haven disposal site normally filters through highly pernmeabl e sands
of the area to a near-to-surface perched groundwater table; other
surface waters drain to and accunulate in several drainage ditches,
one being east of the site, which diverts runoff into the Gand
River (Figure 3). Surface drainage flows from the higher elevations
north of the site to the vicinity of the Gand Rver in the south.

21.  Drainage within the diked area of the site flows from
north to south and enpties into the Gand R ver through several
drainage pipes. Dredging and the subsequent |eveling of the dikes
during April of 1977 integrated on-site surface drainage patterns
into the normal patterns for the area (surface runoff entering the
site fromthe north and enptying into either of the drainage
ditches) (Figure 3).

22. The Grand River is a major surface water body and acts as
a discharge area for the shallow groundwaters in the vicinity of the
site. ) The absence of mmjor tidal fluctuations in Lake M chigan,
into which the river flows, suggests that tidal differences would
scarcely affect groundwater gradients. In order to quantify the
degree to which the tide could affect flow patterns, on Novenber
4, 1976, three 3.1-cm (1%-in) metal well points (M4, MB, M) were
installed in a triangular configuration on the perineter of the
site. This trangulation provided the field teamw th a gross under-
standing of the suspected flow patterns at the site. Si x addi tional
wel | points were driven, on-site and off-site, into the shallow
groundwater to further define the flow patterns (Figure 3). All
wel | points were surveyed and absol ute el evations obtained.
Recordings were obtained fromthese wells at various time intervals
to coincide with tidal variations.

23. When the nine well points had been installed and surveyed,
a series of water level readings were taken at each well for
a 7-hr period, measurements were recorded on an hourly basis. An




identical test was conducted on April 6, 1977, to ascertain whether
tidal or elevation differences in the Gand River influenced
groundwater gradients. Measurements on both test days indicated
that the river stage caused no noticeable change in the water |evel
surface; this trend was observed on all five trips in which water
| evel measurenents were taken

25. The effect of wind chop or standing waves in G and Haven
Har bor on groundwater patterns inmmediately adjacent to the river-
banks was not indicated by any of the constructed water table naps.

G oundwat er

26. Characterization of the groundwater flow patterns at
G and Haven was determined by hydrologic investigations in three
areas:
Visual investigation of surface features

Water |evel readings fromthe network of
nine well points and twelve nonitoring wells.

1= 1=

c. An off-site punping test.

27.  An attenpt was made to identify those surface features
whi ch coul d provide signs of groundwater characteristics. The
drainage ditch illustrated in Figure 3 and the designated narsh
areas were studied. The area south of the site on the Harbor River
showed that the Grand River acted as a point of discharge for the
shallow groundwater, suggesting that this groundwater, in the
imediate vicinity of the fill, was flowing towards the Gand R ver.

28.  Phreatophytes with shallow roots were noted at the site
whi ch indicated a shallower depth to the groundwater in the south-
west. The lack of this sanme vegetation in the north suggested
greater groundwater depths in the north and northeast. Surface
vegetation provided an indication as to the nost advantageous areas
for installingthepreviously mentioned netal well points.

29. The well points designated M to M9 (Figure 3) also
acted as nonitoring stations for defining the groundwater flow near
the site. A series of five water |evel readings, corresponding to
the five sanpling visits, were recorded. The results of these
measurenents are portrayed in the water |evel contour maps in
Figures 4 through 8. The first three maps show that the groundwater



flows fromnortheast to shbuthwest; a |ess pronounced gradient within

the fill was due to the deposit of dredged material in April and

was responsible for the change incontours in the last two maps.
Pumping tests

30. A punping test, designed to provide information concerning
the characteristics of the shallow groundwater system was the third
el ement of the hydrol ogical investigation. Both on- and off-site
pumping tests were originally planned buttheon-site tests were
unsuccessful, because the dredged material yielded little water at
a punmping rate of 151 ¢ (40 gal) per minute. Therefore, further
attenpts at an on-site punping test were curtail ed.

31, Of-site punping and nonitoring wells were drilled on
Decenber 4, 1976, and designated MP and MO, respectively. The
| ocation of these wells, situated north of the site to mnimze
any effect on the Harbor River, is shown in Figure 3. Construction
and depth of the wells, as well as the lithology in which the well
screens were placed, are depicted in Figure 9.

32. The off-site punping test was conducted on August 4, 1977;
results are illustrated in Figures 10 and 11. An average coeffi-
cient of transmissibility value of 10,490 gal/ft/day was cal cul ated
fromthe drawdown and recovery curves.

CGeol ogy

33. The geology of the Gand Haven site is presented in terns
of both the regional and site-specific geology in order to present
both the macrogeol ogic and microgeol ogic systens affecting the
site.

Regi onal geol ogy

34, Gand Haven lies within the geologic province known as
the Mchigan Geol ogic Basin, a synclinal depression filled with
Pal eozoi c-aged sedi nents. In the general area around G and Haven,
most of these sedinents consist of |ower M ssissippian fornmations
conposed primarily of sandstone, shale and limestone.l0

35. Figure 12 illustrates the relation of these series to
others in western Mchigan. The glacial drift deposits are
primarily clays, silts, sands, and gravels, extending to a depth
of 60 to 274 m (200 to 900 ft). The Marshall formation (sandstone,




siltstone, and shale) which underlies these glacial deposits is
the nmajor bedrock in the Grand Haven area. In many parts of

M chigan this formation provides a major source of water fromthe
fractured sandstone horizons.

Site geol ogy
36. Site geology is typical of the glacial deposits in this
part of Mchigan. In all the on- and off-site borings, indigenous

soils of fine sand were contiguous to a depth of 6 m (20 ft) where
a dense clay stratum was encountered.

37. On Novenber 4, 1976, this layer of clay was identified
in aresistivity survey using a Wenner spacing configuration.
Figure 13shows the location of the survey profile north of the
site (R1 to R).

38. The soil colum for the Grand Haven area (Figure 13)
shows a typical sequence of fine to coarse sands over the clays.
The clay layer is reportedly several hundred feet thick, as derived

fromnearby well logs and on-site boxing |ogs (Appendix B). The
fence diagramin Figure 14 was constructed fromon- and off-site
well logs and illustrates the uniformclay layer under the site.

Sayreville, New Jersey

Site Description

39. The physical setting at Sayreville, New Jersey, is listed
in Table 4 and. indicates its potential for study in a salt narsh
area with pronounced tidal effects.

40. The dredged material disposal facility near Sayreville,
New Jersey, is located in the eastern part of the state on the
sout hern banks of the Raritan River, which enpties into the Atlantic

Ccean several nmiles to the east. Raritan Bay is approximtely
1.6 km (1 mile) downstreamfromthe site (see Figure 15). The

di sposal site is located at the head of a small peninsuls bordered
by the river.

41, Relief in the imediate vicinity of the site is fairly
level; the site itself is an approximately 17-ha (44-acre) slightly
el evated diked area with a roughly rectangul ar configuration. The
north side of the site (513.7 mor 560 yd) is bordered by the Raritan
River, the west side (596.3 mor 650 yd) by U S. 9, the east side
(348.6 mor 380 yd) by New Jersey H ghway 35, and the south side
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(435.7 mor 475 yd) by a vacant |ot adjacent to Amboy's Drive-In
Theatre.

42.  The dike that encloses the site is an earthen embanknent
approximately 5.1 m (17 ft) high. The outer dinension on Novenber
28, 1976 was 8.2 m (27 ft) fromthe surrounding land to the top of
the berm while the distance fromthe top of the bermto the dredged
material within was 3.0 m( 10 ft) on the sanme date. Depth of the
dredged nmaterial fluctuated between 6.0 m (20 ft) and 7.6 m (25 ft),
as determined by on-site borings on Novenber 2 and 3, 1976 (Figure
16). The material within the enclosure is fairly level, interrupted
only by a snall baffle dike (Figure 17).

43.  Berm height has been increased throughout the life of the
site, most recently in April 1977. There have been intermttent
dredge and fill operations, as well as additions to the dike

44, The Sayreville, New Jersey, disposal site is owned by
National Lead Industries. Their titanium oxide plant, which oper-
ates the site and three other disposal |agoons in the general
vicinity, is located approximatelyO. 8 km( % mile) east of the site
two of the disposal ponds are west of the site (see Figure 16).

45, Before filling, the land was a salt marsh; remants of
these wetlands are still visible to the east and southeast. The
phreatoghyte Phragnmtes communis is the nmajor flora species in the
nmar sh. L

46. The | ow ands east of the case study site are inundated
daily by the 1.5 m (5.0 ft) mean tidal range of the Raritan River,
al though the disposal area itself is free fromthis tidal inundation
as well as frornflooding.“'16
Hydr ol ogi cal Features

47.  The hydrol ogi cal system at Sayreville, New Jersey was
characterized via a series of site investigations using data from
field investigations in conjunction with hydrological infornation
gathered during the background literature search. Table 5 lists
the dates of the various field investigations and the specific
hydrol ogi cal  tests.

48. The results of these investigations are categorized in
terns of three subject areas:

a. Gimtol ogical environnent.
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b. Surface waters.
c. Goundwater.
These sources provided information that accurately defined
the nature of each of the conponents at Sayreville, New Jersey.
Cli mat ol ogy

49, Historical climatological data for the region was ob-
tained fromthe weather station at Newark Airport (approxinately
32 km (20 mles), north of Sayreville (see Table 6). Precipitation,
tenperature, relative humdity, and nean hourly wind speed were
recorded: data are based upon a 36-yr period, from 1931 to 1966.
A nore detailed day-by-day record of the same elenments is included
in Appendix C, the dates of the field visits are indicated by brac-
kets.

Surface water

50. Surface waters are a major influence upon the hydrol ogical
system at Sayreville. Because of the large artificially inperneable
area (e.g., asphalt paving at the nearby theater, roads, etc.), the
majority of the average annual 115 cm (45 in) precipitation in the
imediate vicinity is channeled into drainage ditches that direct
the surface runoff directly into the Raritan River or into the
nearby salt marsh east of the site (Figure 16).

51. Surface water within the diked area of the site flows
fromsouth to north formng shallow ponds in the | ower areas and
finally draining through either of the 2 c¢cm (18 in) discharge pipes
(Figure 17). This phenonenon was observed during field investiga-
tions on Novenmber 4 and 28, 1976. The position of the effluent
pipes inplies that the on-site surface water drainage pattern has
been constant throughout the history of the site.

52.  The Raritan River has a pronounced effect upon the
hydrol ogi cal system of the Sayreville, New Jersey, site. According
to tide tables published by the U. S. Departnent of Commerce, the
mean tidal. range in the vincinity of the site is 1.5 m(5 ft). This
surging of waters through the salt marsh reverses the normal hydrau-
lic gradient through the wetlands in the imediate vicinity of
the river.

53. 1In order to determne the inpact of the tide upon ground-

8
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water flow patterns, three 3.1 cm (1% in) dianeter netal well
points (NJ3, NJ7, and NJ6) were installed in a triangle around
the site and surveyed to relative elevations. Measurenents from
these wells provided the field teamwth the necessary infornation
for a gross understanding of the groundwater flow patterns. Seven
additional well points were driven into the shall ow groundwater

on- and off-site to further define these patterns (Figure 17).

54, \Well points installed on Novermber 2, 1976, along the
northern rimof the site (NJ3, NJ4, NJ5 NJ6, NJ7) were specifically
| ocated to quantify the tidal effect. The top of the well points
and subsequent nonitoring devices were surveyed by SCS personnel
from Reston, Virginia, to provide the field teamwth relative
measurenents for devel oping isopotential water |evel maps. All
surveying was acconplished within a second order of traverse. Al so,
three bench nmarks were located on-site to assist the surveying
during subsequent field visits to the nonitoring/sanpling wells.

55.  On Novenber 11, 1976, a series of water |evel measurenents
fromthis well point network were obtained over the course of 5 hr.
G oundwat er contour maps were then constructed to determnine the
effect of tidal inundations upon groundwater flow patterns. None
of the on-site wells were dramatically affected by the tidal cycle;
the extent to which water levels in the off-site wells were
affected was directly related to the wells proximty to the Raritan
Ri ver. Interference by winds that could have disrupted the tidal
range was not a factor during the neasurenents recorded on Novenber
11, 197615

56. Figures 18 through 23 illustrate the changing configura-
tion of the water |evel contours devel oped from measurenments ob-
tai ned on Novermber 11, 1976. Analysis of these contours provided
the field teamw th the data necessary to determne the optinmm
| ocation of the nonitoring/sanpling wells and punping wells.

G oundwat er

57. Goundwater flow patterns at the Sayreville case study

site were determned by:
a.  Visual investigation of surface features.
b. Water level readings fromthe network of
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well points;
C  An off-site punping test.
The follow ng discussion on groundwater is a result of the field
findings fromthese investigations.

58. On Novenber 2 and 28, 1976, an intensive inspection of
the Sayreville case study site determ ned the surface features which
were, perhaps, indicative of subsurface groundwater contours.

The drainage ditches, marsh areas, baffle dikes, and other features
noted are illustrated in Figure 17. Water was observed seeping
through the earthen daminto the surrounding marsh and/or drai nage
ditches, as illustrated in Figure 24. The cross-sectional area,

| abel ed A;-1 may be seen on the eastern segnent of the site in
Figure 24.

59. Leakage fromthe site was observed along the entire length
of the dike, providing the first indication that the fill acted as
an effluent or recharge source to the surroundi ng groundwaters.
Later, data fromthe on--site wells denonstrated that this seepage
corresponded to water levels within the fill.

60. There were phreatophytes adjacent to the fill and sur-
face manifestations of groundwater seepage near the Raritan River.
Structures that could possibly inmpede the flow of groundwater, road
enbanknents, bridge foundations, etc. were studied and noted. This
prelimnary field survey provided manifestations of possible
groundwat er characteristics.

61. A network of 10 netal well points installed on Novenber
2, 1976, and 10 nonitoring/sanpling wells installed Novenber 28,
1976, provided a conprehensive nonitoring network for identifying
the groundwater flow patterns both on-site and in the inmmediate
vicinity. A series of four water |evel readings were recorded
during field nonitoring visits to the site. The results of these
neasurenents are depicted in the water level contour maps (Figures
25 through 28) for each of the four sampling peri ods. These
readi ngs were obtained on Novenber 28, 1976; and April 6, June 2,
and August 3, 1977. Measurenents were al so obtained on Novenber
2, 1976, but could not be used to construct a contour map, Since
water levels had not stabilized sufficiently for representative
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r eadi ngs. This condition was due primarily to the |lowyielding
characteristics of the clays.

62. The on-site contours of 31.5 m (105 ft) in Figures 27
and 28 were the result of the conplete ponding of the site from recent
dredgi ng. The standing water |evel was conpared to known el evations
of wells within the site in order to provide an approxinate
contour gradient val ue.

63. The water level contours indicated that groundwater pat-
terns in the area were directly controlled by the dewatering at
the disposal site; this recharge source is illustrated in the
stream ines on each contour map which depict a generally radial
flow fromthe site which was consistent throughout the project.

Punpi ng test

64. The third segnent of the hydrol ogical investigation, the
pumping test, was designed to provide information concerning the
shal | ow groundwat er system and data on punping tinme versus consti -
tuent concentration during punping. Locations for the wells were
based upon the extent of the tidal influence upon the groundwater.

65. Well construction, distances, and depths of both on- and
off-site punping and monitoring wells are illustrated in Figures
29 and 30. Efforts to performa punping test on-site were unsuc-
cessful, because both the well and punp becanme cl ogged with dredged
material . The results of the off-site punping perforned on August
4, 1977, are depicted in Figures 31 and 32. Usi ng drawdown and
recovery curves, an average coefficient of transmissibility value
of 8264 Rimlday (7,161 gal/ft/day) was cal cul ated
Geol ogy

66. Ceol ogical characteristics of the Sayreville site are
presented in terms of the regional geologic reginme and site-
specific geology. Regional geology will be presented first, so
an understanding the the geology of the site in relation to the
general area nay be understood.

Regi onal geol ogy

67. The Sayreville site is in Mddlesex County, New Jersey,
which lies in tw physiographic provinces, the Coastal Plain and
Pi edront . The site itself is located within the Coastal Plain
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Province and is characterized by unconsolidated sands, C ays, and
marls of Cretaceous age, with lowangle dips to the southeast
Sediments in the eastern segment of M ddl esex County in the
general vicinity of the site include nonconformties between the
Upper Triassic Newark G oup (predomnantly shales and sandstone
with interbedded volcanics) and the upper Cretaceous Raritan River
formation, conposed predom nantly of unconsolidated sands, clays
and greensand marls. 18 1n several areas, the Pensauken Formation
of Quaternary age is visible, capping the hills south of the site
and exposed in the river valleys. \Were the Raritan River has cut
through the river valley, a formation of alluvium as been deposited
by the neandering river (see Figure 33).

Site geol ogy

68. Site-specific geology follows the general pattern for the
regi onal geology of river valleys. The case study site is in an
area of river deposition at the mouth of Raritan Bay. | ndi genous
soils are derived fromthe flooding of the Raritan River, as well
as nornmal erosional deposits fromthe nearby hills. The resulting
sequences, as depicted in the soil colum in Figure 34, are a series
of interbedded sands, silts and clays; the soil colum was derived
fromboring logs conpiled and indexed in Appendix D. These on- and
off-site borings provided the basis for the fence diagram (Figure
35) that also illustrates the relation of the water levels to on-
and off-site land. A stratum of clay encountered in NJP3 and NJP4
appeared to be a discontinuous |ens.

69. No mmjor surface or subsurface anonalies were seen in the
al luvi al materials. Lack of surface evidence, coupled with the
geological literature, indicate that the general area is seisnically
i nactive.

Houst on, Texas

Site Description

70. The dredged naterial disposal site near Houston, Texas,
was chosen as a case study site because it is characteristic of
a highly contam nated upland di sposal area in a wet, humd environ-
ment . Also it represented an inland site, located about a mle
(1.6 km from the ship channel. Table 7 lists the physica
characteristics identified at the start of the project and confirned
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at a field investigation on Novenber 2, 1976.

71.  The Houston site, known as the Cinton Disposal Site,
is owned and operated by the Galveston District, US. Arny Corps
of Engineers, and is located approximately 8 km (5 niles) east of
Houston, Texas, between Gal ena Park and Pasadena. The |and was
fornmerly marshland (Figure 36). The 226 ha (560 acre) site is
rectangular, approximtely 1,295 m (4,250 ft) by 1,981 m (6,500 ft)
and is roughly bisected by Mercury Road which |inks Gal ena Park
to Pasadena (Figure 37). Surrounding land use is prinarily urban,
al though there is some open land to the east.

72. The dike that encloses the site was constructed of
i ndi genous materials by the Corps and varies from approximately
3.6 to 4.5 m(12 to 15 ft) in height, and 9.1 to 12 m (30 to 40 ft)
in width at the base. Extensive additions were nade to the |evees
in March 1967 when material was added to the outer base of the dike
for erosion control.

73. Only the eastern half of the dinton D sposal Site,
approxi mately 111 ha (275 acres), was studied for this report;
the total site was sinmply too large (226 ha or 560 acres).

74.  The southeastern corner of the study area, approxinately
4.6 to 6.0 m(15 to 20 ft) higher than the rest of the acreage, did
not show the ponding visible el sewhere on visits on Novenber 6 and
Decenber 7, 1976. As determined from on-site borings, the depth of
the dredged material in this section ranged from®6 to 7.6 m (20 to
25 ft). Figure 38 shows the location of the ten corings, |abeled
monitoring devices ( HA - HJ), as well as the two wells (ONPW
and ONON drilled for the on-site punping test.
Hydrol ogi cal Features

75.  Background information pertaining to both regional and
site-specific hydrol ogical features was solicited to augnment the
data collected fromthe specific hydrol ogical studies perforned
as listed in Table 8. The total hydrol ogical system at the
Clinton Disposal Site is described in terns of:
d i mat ol ogi cal environnent.
Surface waters.
G oundwat er characterization.

1= i®

{0
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Qi mat ol ogy
76. Historical climtological data for the region was obtained

fromthe weather station at the Galveston Post O fice, approximtely
40 km (25 miles) south of the site (Table 9). Precipitation, tem
perature, relative hunidity, and mean hourly w nd speed were recorded
at this station for a 36-yr period, 1931 to 1966. A nore detail ed
day- by-day record of precipitation and tenperature may be found in
Appendix E, the dates upon which the field visits took place are
indicated by brackets

Surface water

77. Surface waters in the vicinity of the site drain through
creeks and drai nage channels to the Houston Ship Channel, approx-
imtely 3.2 km (2 mles) to the south. The drainage ditch north
of the site also enpties into this channel (Figure 37).

78. On-site surface drainage from precipitation and dewatering
flows to the northern portion of the site due to nornal topographic
gradients, and subsequently collects in a pond as observed during
sanpling visits. The ponded water flows through a 1.3-m (4% ft)
pi pe into a drainage ditch, which enpties into Hunting Creek 0.8 km
(0.5 mle) east of the site and then into the Houston Ship Channe
(Figure 37).

79.  The Houston Ship Channel is the nearest |arge body of
surface water. Its distance fromthe site and the subsurface nature
of the soils preclude any tidal interference with the on-site
groundwat er.

G oundwat er

80. The groundwater characteristics of the dinton Disposal

Site were determ ned through
a.  Visual investigation of surface features

b. Water level readings fromthe network of well
poi nts and nonitoring wells.

c. On- and off-site punping tests.
8l. On the visits of Novenmber 6 and Decenber 12, 1976, an
effort was nade to identify those surface features which woul d
i ndi cate groundwater characteristics. Both the drainage ditch
and the dike along the northern perineter of the site were studied.
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Shal | ow borings on either side of the ditch indicated that the
surface waters flowi ng eastward were perched upon inperviousclays.

I nspection of the dike at the northern border of the disposal area
exhi bited no seepage fromthe on-site ponded waters; exposed sec-
tions of the soil at road cuts and ditches around the site pro-

vi ded no evidence of springs or seepage. O her visible indications
of near-to-surface groundwater such as phreatophytes (e.g., willows
and salt cedar) were al so studied.

82. Twelve 3,1-cm (1% in) dianmeter nmetal well points were
installed on Novenber 6, 1976, on- and off-site, to identify base-
line groundwater flow patterns and thus provide a conprehensive
shal | ow groundwater nonitoring network; these wells, |abeled H1
through H12, are shown in Figure 3s

83. Although the on-site wells intersected groundwater at
relatively shallow depths (4.5 m or 15 ft), all of the off-site wells
were dry. Mreover, the conmpact nature of the native clays pre-
vented the well points frombeing driven to a depth greater than
6 m (20 ft) at any location. As shown in Figure 38, the well points
labeled H', H8, and H9 were all located within 3.0 m (10 ft) of a
drainage ditch. These wells, which were dry despite their proximty
to the ditches, reinforced the earlier observation that the native
clays provided an effective aquitard to surface infiltration from
the drainage ditches.

84. Goundwater, assumed to be primarily from sediment dis-
posal within the site and precipitation, was detected in each of
the eight on-site well points, the first indication that groundwater
artificially introduced within the fill system was separate from
deeper native aquifers.

g5. Water level contours were devel oped from neasurenents
taken fromthe on-site wells and nonitoring devices illustrated
in Figure 3 The contours followed the general topographical
gradients within the site; the areas of highest hydraulic gradient
corresponded to the vicinity where the dredged material was
punped onto the site, further suggesting that on-site contours
are artifically produced as a result of disposal operations.

86. Water |evel contour maps constructed from readi ngs
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obtained on the dates listed in Table 8 are depicted in Figures
39 through 43.

87.  Subsequent drilling on- and off-site suggested that on-
site groundwater was indeed independent of off-site systems. \ater
levels in on-site versus off-site wells and the results of the
punping test reinforced this conclusion.

88. The dense clays underlying the dredged material, as
observed in the on-site punping and observation wells (ONPW and ONOW
respectively), would act as an effective inperneable barrier and
prevent |arge anounts of on-site water frominfiltrating to the

regi onal groundwater. It was not within the scope of this study to
determine if such clays underlaid the entire dinton D sposal Site.
Punpi ng t est

89. Wells for punping tests were installed on- and off-site.
The previously mentioned on-site wells (ONPWand ONOP in Figure 38)
were drilled 10.6 m (35 ft) deep, with a 3.0 m (10 ft) well screen
(Figure 44). Of-site punping and nmonitoring wells, sinmlarly
| abel ed OFPW and OFMAN were drilled to a depth of 10.6 m (35 £ft)
where a thick layer of sand under artesian pressure was encountered.
A piezonmetric head of 3.0 m (10 ft) was mneasured. Figure 45 illus-
trates the construction of these wells, as well as the |ithol ogy of
the area in whichtheywere placed.

90. Wen a second off-site punmping well (OFPW2) was installed
north of the site, a thin stratum of water-bearing sandy clays was
encountered at a depth of 9.7 to 12.1 m (32 to 40 ft).

91, An on-site punping test failed, because the punp and
hose clogged with dredged material; efforts on Decenber 6, 1976,
and March 25, 1977, were both unsuccessful .

92. A punping test using off-site wells ONPW and ONOP was
perforned on Decenber 7, 1976. Although the water in the wells
was subject to artesian pressure, dewatering took place after only
a few seconds of punping at 151 ¢ (40 gal) per mnute. The time
delay required for the well to become recharged, along with the
rapi d dewatering of the well, resulted in inadequate data. Simlar
results were obtained when a punping test in well OFPW2 was
attenpted, suggesting that the water-yielding sands encountered
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by both off-site wells represented isolated |enses of perneable
deposits, rather than parts of a continuous aquifer. Well 1logs
fromnearby city wells suggested that no nagor aqui fer existed for
several hundred feet bel ow ground surface.1

Ceol ogy

93. Ceologic characteristics of the dinton Disposal Site are
presented in ternms of regional and site-specific geol ogy.

Regi onal geol ogy

94, The Cinton Disposal Site is located in a sector of south-
eastern Texas, which is part of the @il f Coast geosyncline. This
area is typified by reworked sediments which were deposited in the
lowand areas. At depths of several thousand feet, the Beaunont
and Lissie Formations, primarily shales and sandstones, are the
predom nant bedrock formations. 20 The geologic map for this area
(Figure 46) shows the area to have sedinents of Quarternary age
i ncluding both the Beaunont and Lissie Fornations.

Site geol ogy

95. The geol ogical setting at the site is sinmlar to the
general pattern of predom nantly clayey sedinents, which characterize
this @ulf Coast geology. Soils encountered during off-site borings
were essentially tight clays with sone sands. Figure 47 shows a
generalized soil colum for the native soils at the site. This soi
col um was derived from background data and corings perforned by the
field team Boring logs included in Appendix F were used to con-
struct the fence diagram (Figure 48).

96. Boring logs fromwater wells drilled for the nearby city
of Galena Park, approximately 91 m (100 yd) south of the site, indi-
cate that with depth, shale of either the Beaunont or Lissie Forna-
tions beconmes predonminant. This is consistent with the genera
Qul f Coast norphology information gathered during the literature
search for this area.

97. Information fromthe Gulf Coast Subsidence District and
USGS personnel investigating faulting in the region indicate that
no faults appear to lie under the site (personal conmunication,

8 Novenmber 1976, Ed Wagoner, General Manager, Galveston, Coasta
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Subsidence  District). Mreover, the field team saw no signs of
seismc activity in the area of the dinton Disposal Site.

Pinto Island, Al abana

Site description
98.  The dredged material disposal site on Pinto Island,
Al abama (adjacent to Mbile Bay), was sel ected because it conpli -

mented the previously selected |ocations. It represented an island
hydrol ogi ¢ environnent, which was subjected to the disposal of
estuarine dredged material. Site characteristics are given in
Tabl e 10.

99. The 26.3 ha (65 acres) Pinto Island site is |ocated
west of Mdbile, Alabama at the upper terminus of Mbile Bay. A
smal | isthrmus at the northern end of the island connects it to
Bl akel ey Island which, in turn, is connected to Mbile. Figure
49 shows Pinto Island in relation to Mobile, as well as the location
of Mbile in A abana

100. The dredged naterial disposal site at Pinto Island lies
in an area which was fornerly tidal marshland. The surroundi ng
area on the island exhibits little relief, with the highest point
on the island only 4.5 to 6.0 m (15 to 20 ft) above the surrounding
waters of Mbile Bay. The rectangular site consists of 26.3 ha
(65 acres) of enclosed |and which has been used for disposal of
dredged material from Mbile Bay (Figure 49). The site is sur-
rounded on three sides by an earthen dike; the natural difference
in elevation on the east makes a berm unnecessary in this section.
Berm height, as neasured on January 17, 1977, was approximately
2.7 m(9 ft) above the level of the dredged naterial. Dr edgi ng at
the site during March 1977 made the dredged material nearly |evel
with the dike in nost areas.

101. Depth of the dredged naterial as neasured by a series of
on-site corings on January 17, 1977, ranged from4.5 to 5.1 m (15
to 17 ft). Figure 50 shows the |ocation of these corings, |abeled
"monitoring wells".

Hydr ol ogi cal features
102. Hydrol ogical investigations at the Pinto Island disposal
site were conducted on the days listed in Table 11. Specific
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hydrologic tests were performed to conplement or substantiate
previously gathered background information. Table 11 also sunmarizes
the prom nent physical and clinatol ogi cal anonalies observed during
each of the visits.

103. The results of these investigations were categorized into
three subject areas, which, when conbined, characterize the hydro-
| ogi cal systemat the Pinto Island disposal site. They are:

a.  Cimatol ogical environnent.
b. Surface waters.
c. Goundwater characterization
The field testings listed in Table 11 were specifically designed
to develop the information required for defining these conponents.
d i mat ol ogy

104. Historical meteorological data for the Pinto Island dredged
material disposal site, based upon a 30-yr average, 1931 to 1960,
are tabulated in Table 12. Precipitation, tenperature, relative
hum dity and nmean hourly wi nd speeds were recorded at Bates Field,
approxi mately 24 km (15 m) west of the site. A nore detail ed
day- by-day record of precipitation and tenperature was also collected
at Bates Field. This information is included in Appendix G the
dates of field visits are indicated in brackets.

Surface water

105. Surface runoff on Pinto Island drains into Mbile Bay
t hrough several drainage ditches; one located west of the site
enpties into the bay at the southern tip of the island (Figure 50).

106 On-site drainage from precipitation and dewatering at the
di sposal site flows to the eastern portion of the site under nor-
mal hydraulic gradient and, subsequently, ponds as observed during
the four site visits: ponded water drains through a 0.7 m (2% ft)
pi pe at the southeastern corner of the site near the well into
Mobile Bay (Figure s8).

107. The effect of the tidal fluctuations of Mbbile Bay on
surface and groundwater gradients at the site were investigated.
The nean tidal range of 0.33 to 0.45 m (1.1 to 1.5 ££) in Mbile
Bay exerted no neasurable influence upon the nmonitoring wells in-
stalled at the site. 1> Vater level readings in all the wells
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t hroughout several tidal cycles were neasured during field investi-
gations on November 14, 1976, and June 8, 1977; no discernible
differences in static water |evels were observed during either
of these visits, which corresponded roughly to the differences
between the summer and winter tidal cycles.

G oundwat er

108. Goundwater at the Pinto Island site was characterized

through an analysis of the site involving:
Visual investigation of the surface features

VWater |evel readings fromthe network of
wel | points and nonitoring wells.

on- and off-site punping tests.

109. A visit to the site on January 13, 1977, identified
those surface features which could indicate groundwater character-
istics. The drainage ditch west of the site was of special interest,
since the shallow groundwater enptied into it, denonstrating that
the ditch acted as an effluent system A survey of phreatophyt.es
on-site and adjacent to the fill was also made. The dom nant off-
site herbs indentified included Pluchea purpurascens, Aster subul atus,
and Pani cum dichotomflorum Phragmtes communis was the najor
on-site species.

110. To define groundwater flow patterns, a series of twelve
0.3 cm (1% in) diameter PVC well points were installed on- and
off-site on January 14, 1977. A professional engineering conpany
was subcontracted to survey absolute elevations of these wells to
an accuracy of a second-order survey. Bench marks were established
on- and off-site for future use. Once the wells were devel oped and
water |levels stabilized, static water neasurenents were recorded
fromeach of the devices, and water |evel contours devel oped.
Figures 51-54 illustrates the configurationofthesecontours,which
indicate that the groundwater flows roughly in a radial configura-
tion fromthe site to discharge points in Mbile Bay and the drain-
age ditch west of the site. Water |evel elevations, obtained on
subsequent field visits to the site, are shown in Figures 51
through 54; as is apparent, basic streanline patterns remained
constant.

1= I
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Punpi ng t est

111, The third segnment of the hydrol ogical investigation was
a punping test designed to provide information concerning the
characteristics of the shallow groundwater system Both on- and
off-site punping tests were originally planned. However, because
on-site punping tests were not successful at the other three sites
(due to the properties of the dredged naterial), no on-site wells
were placed at Pinto Island.

112. O f-site punping test and nonitoring wells were drilled
on August 2, 1977; Figure 50 shows the location of these wells,
designated omw and ONW (off-site nonitoring and off-site
punping wells, respectively). \Well construction and the
lithology in which the well screens were placed are depicted in
Figure 55.

113. The off-site punmping test was perforned on August 2, 1977
results are presented in Figures 56 and 57. A coefficient of trans-
mssibility value of 13.67 |/mday (11,843 gal/ft/day) was cal cul ated
by averaging the results of the punping and recovery curves.

Geol ogy

114,  Geologic characteristics at the Pinto Island disposal
site are presented in ternms of both regional and site-specific
geol ogy.

Regi onal geol ogy

115,  The Pinto Island dredged material disposal site is |ocated
at the mouth of the Mbile River. Sediments in this part of the
Qul f Coast are primarily recent deposits; those in the vicinity of
Mobi | e are Hol ocene in age. 10 The deposit of these reworked sed-
inments is characteristic of the newy energing geosynclinal area of
the Gulf Coast region. Figure 58 is a portion of a geol ogical map
of the area and shows younger sedinents characteristic of this
portion of the Qulf Coast delta.

Site geol ogy

116.  The geol ogical environnent at Pinto Island is identica
to that of many of the nearby small sand islands in Mbile Bay.
Borings performed to shallow depths, 3.0 m (10 ft) by hand augeri ng,
and off-site borings in excess of 6.0 m (20 ft) displayed prinarily
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sand horizons along with' some sandy silts and clays. Figure 59 is

a typical soil colum devel oped fromthe well logs and visua

i nspection of exposed profiles along the banks of the drainage ditch
to the west of the site. On- and off-site borings, recorded during
the installation of the nmonitoring devices are included in

Appendix H.  These borings provided the subsurface information
needed for construction of the fence diagram (Figure 60) which

shows the nature of the geologic setting.

117. There have been no domestic water wells installed on Pinto
Island, and discussion with operators of several industries on the
island reveal ed that no wells have ever been drilled, since the
domestic and industrial water supplies are piped from Mbile onto
the island.

118, Test wells drilled to 15 m (50 ft) for foundation studies
for Al abama Dry Docks reveal ed brackish water in sands and silts
with poor water-yielding characteristics (personal comunication
1 August 1977, Henry Seawell, geophysicist, Vester J. Thonpson
Consul ting Engi neers, Mbbile, AlabanafIWhile well logs from
Blakely Island, approximately 1.6 km (1 mle) north of Pinto
Island reveal ed similar sequences of sand, silts and clays.

Shi ppi ng and Sanpling Procedures

119. The primary goal of this section was to develop a conpre-
hensi ve sanmpling and shipping system for dredged material, soil
and water sanples so as to obtain representative sanples fromthe
field situation. The system had to be designed to prevent contanina-
tion fromthe sanpling process itself as well as from cheni cal and
m crobi ol ogi cal conversions during the shipping of the sanples from
the field to the |aboratory.

120. Pertinent systems were reviewed and eval uated by the pro-
ject team basic approaches were adapted to accommodate the
variety of site-specific conditions. Soil/dredged material sanpling
devices, groundwater well installation and sanpling methodol ogies,
on-site testing apparatus, as well as sanple preservation and
shi pping techni ques were eval uated and adapted to the subject project.
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121. The literature'review assessed methodol ogi es and products
interns of applicability to:

a. Dredged material/soil sanpling.

b. Interstitial and groundwater sanpling.

c. Soil/dredged material, and groundwater sanpling
~  containers.

d.  Shipping procedures.

e. Ease of well/lysimeter installation, use

— and subsequent sanpling.

f.  Adaptability of sanpling nethods in various

~  environnents.

g. Reliability of sanpling nethods.

h. Degree of maintenance required after installation.

122. Table 13 lists the five general categories for which
net hodol ogi es were considered and the correspondi ng potenti al
systens which were evaluated. The consulted references in Table
12 include know edgeable individuals and reliable literature sources.

123. The data were categorized and assessed in terns of the
previously-nmentioned criteria; the resulting procedures selected
are listed in Table 14. As is apparent in the table, existing
systens were inadequate for this study. Deficiencies were primarily
due to the potential for contam nation (i.e., by trace netals) from
the use of these devices. Specialized equi pment or nethodol ogies
were, therefore, developed for the specific demands of the study.

124. A brief discussion of the rationale used for the selec-
tion of the shipping and sanpling procedures listed in Table 14
follows; an explanation of equi pment designed for use in those
categories where present technol ogies were inadequate is included.

Sanpling Devices and Procedures

Dredged naterial/soil sanpling

125. The sanpling of dredged materials at the four sites as
well as of off-site soils at each |ocation consisted of two steps:

a. Hand coring to the desired depth.
g. Col l ecting the sanple.

Equi prent and procedures had to be highly adaptable to a wide
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range of site-specific conditions and had to function in materials
possessing a w de range of physical properties and conpositions.

126. A variety of devices were evaluated as potential nethods
for coring. Portability and ease of coring were major considerations
Dredged material stability, as well as access into the desired areas
at each site, posed major problens for the utilization of heavy

equi pnent, i.e., drilling rigs. The ability to interchange auger
heads easily in a variety of dredged material was a mmjor advantage.
The bucket and posthold auger heads illustrated in Figure 61 were

chosen to provide the w dest range of coring capabilities; wth
extensions to the auger head, it would be possible to core to a
depth of over 9.1 m (30 ft).

127.  As indicated in Table 14, present techniques for collecting
sanpl es were inadequate. A method for collection of the dredged
material was, therefore, developed by the SCS project team  The
sanpl er configuration, designed for obtaining both dredged naterial
and soil sanples, is illustrated in Figure 62. It consisted of a
0.9 m(3 ft) section of ABS schedule-40 pipe, fitted with a netal
trap valve at the bottom (A in Figure 62); the trap valve was coated
with 1.5 to 2 mm (0.05 to 0.07 in) of abrasive resistant Teflon
(rinsed in ultra-pure distilled water between sanplings). The
pi pe was threaded at the opposite end fromthe trap valve (Figure
623, By connecting the pipe to 1.5 m (5 ft) plastic extension
sections, |ower depths could be reached.

128. The coring proceeded with hand augers. Wen a predeter-

m ned depth was reached, the sanpler was placed in the hole. The
desired dredged material or soil profile was forced into the sanple
tube by driving the sampler into the material, and the entire
assenmbl age was withdrawn fromthe cored hole and capped at both ends
with ABS-threaded caps (see B in Figure 62). Contacts between the
sanpl e tube threads and caps were waxed with nelted paraffin to
prevent possible |eakage. The |abeled tube was inserted into a

4 nm pol yet hyl ene sheath, further ensuring the integrity of the
sample for shipping, and sealed with duct tape at both ends.

129. The sanple tube had been appropriately |abeled, on the
side, listing site designation (code), depth from which the sanple
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was obtained, and sanplin'g date. Another |abel defined the rela-
tionship of the core to thegrounasurface, i.e., which end of the
sanpl e tube was nearest to the surface.

130.  The information on the |abel of the sanple tube was re-
corded on a separate nunbered list; the same nunber was placed upon
the sanple tube. This list acted as a "back-up" systemin the
event that the first |abel on the sanple tube was damaged during
shi pment

131. Deviations from sanpling procedures. Wth only one
relatively mnor change, the above-nentioned sanpling and shipping
procedures were used in the field. At Pinto Island, Al abama, the
soil and dredged material collection nethods designed by scs were
abandoned for a quicker collection approach which did not, however,
conpromi se contamination for expediency; instead of the aABs sanpler
(Figure 62) enployed at the other sites, soil and dredged materi al
were collected with a posthole auger head coated with 1.5 to
2 m| of abrasive-resistant Teflon. The hole was cored to a
depth fromwhich a sanple was to be taken with a bucket auger head;
the head on the auger stemwas then replaced with the Telfon-
coated posthol e auger and the sanples collected and placed in a
soil tube identical to those previously used. The tube was capped,
sealed, and labeled in an identical fashion as on the other three
sites.

132.  The Tefl on-coated posthol e auger head was used only when
a sanple was to be obtained, and was rinsed with distilled water
between sanples. Several additional posthold auger heads were coated
and used, when the Teflon coating on the auger head in use indicated
that the netal head was soon to be exposed. to the soil sanple.

133. This collection nmethod enabl edtwo team menbers to collect
the soil and dredged material sanples, rather than the five or six
required for the earlier nmethod. No other segnment of the soil/
dredged naterial collection process was altered.

134, Field procedures. Specific field. procedures were inple-
mented at each of the four case study sites to facilitate sanmpling
and to minimze sanple contam nation. Wiile nost of these field
procedures dealt with equi pment operations, those devel oped for
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well/lysimeter placements' involved nore than equi pment use.

135, Prior to placenent of any subsurface sanpling device
within or outside of the disposal site, a prelinmnary coring was
made near each selected installation area with the hand auger; depths
of this coring fluctuated, depending upon the site and whether the
hole was within or outside of the disposal area. This prelimnary
coring provided subsurface data which were useful in determining
the exact depth at which each soil/dredged material sanple was to
be obtained, along with the corresponding placenent of the sanpling
devices. A boring log was kept for each of these initial corings.

136. A second coring, to be used for collection of soil sanples
and sanpl e device placenent, was augered Wi thin approximtely
1.5 m(5 ft) of the initial hole, to the depth to which soil sanple
and sanpling device placenment was to occur, based upon the sub-
surface data derived fromthe first coring. This field procedure,
while time consumng, ensured that sanple collection and sanpling
equi pment installation would be at the optimum subsurface |ocations.
Interstitial and groundwater sanpling

137.  Interstitial water. A variety of devices for the collection
of interstitial water was examined;: review of the state-of-the-art.
systems (Table 14) indicated that a pressure vacuum |ysinmeter was

most ideally suited to this task. Therefore, in areas where
interstitial water sanples were required, the pressure-vacuum soil
water lysinmeter illustrated in Figure 63 was install ed.

138. The design for the pressure-vacuum lysineter is based upon
the same principle as that of the porous cup tensionmeters routinely
used by soil scientists for neasuring soil water tension; it is
intended to intercept gravitational water percolating through an
unsaturated zone prior to reaching the zone of saturation. By
placing the lysimeters at various depths in the unsaturated zone,
profiles of the water quality can be obtained.

139. The lysineters used for this study are based upon those
devel oped by Parizek and Lane in 1970 at Pennsylvania State
University, andconsistof a two-bar entry valve porous ceramc cup
attached to the end of a 0.9 m(3 ft) long and 4.8 cm (1.9 in) QD
PVC pipe which is fitted with a rubber stopper at the opposite
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end (Figure 63). Two holes are drilled in the stopper to accommodate
two 0.6 cm (% in) O D polyethylene tubes, one for the evacuation and
pressurization of the lysineter and the other for the collection of

the water sanples. The vacuum or pressure is applied by a hand-oper-
ated, two-way punp, resenbling a bicycle punp (Figure 64); the portable
punp elimnated the need for carrying bulky electrical equipment to
each site. During the study, water was punped to a head of over 6 m
(20 ft).

140. Two lengths of 0.6 cm (% in) OD. ployethylene tubing were
inserted into the holes in the rubber stopper attached to one end of
the lysimeter, the length of tubing determined by the |ysineter
depth in the augered hole. One tube, the vacuumpressure, extended
about 5 cm (2 in) below the stopper, while the other, the discharge
tube, extended to within 1.2 ¢cm (0.5 in) of the bottom of the ceranic
cup. Prior to the sealing of the top of the lysimeter with paraffin,

t he discharge tube was coded with strips of identifying tape to dis-
t.inguish it from the vacuum pressure tube.

141,  Wen nore than one lysineter was installed, bentonite plugs
were placed at the top and bottom of the holes and between the lysi-
meters during backfilling. This helped to elimnate the entry of
surface water and to prevent water from channeling to the sanpling
points by flow ng down the pol yethylene tubing. The porous ceramc cup
in each lysimeter was surrounded by a slurry of wet, fine quartz sand
whi ch ensured hydrol ogical continuity with the saturation zone. The
final installation for a single lysineter is depicted in the |ower
half of Figure 63.

142. After placenent of the lysinmeter, a vacuum was created
through the use of the vacuumpressure punp (Figure 64). One poly-
et hyl ene tube was crinped by pinch clanp, Wwhile a negative pressure of
50 to 85 centibars (15 to 25 in of Hg) was drawn with the hand punp;
the other tube was then clanped to maintain the vacuumwithin the
| ysimeter. This process is illustrated in Figure 65.

143. Water sanples were obtained from the pressure-vacuum
| ysineter by connecting one polyethylene tube to a collection bottle,
and the other tube to the pressure port of the hand punp (Figure 66).
The water collected in the lysineter was forced out of the sanpler
and into 0.264 5 (1 gal) collection bottle. The water
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sample was in turn transferred fromthe collection bottle into

four specially prepared sanple bottles which were |abeled and chilled
prior to shiprment in Styrofoam containers specially built to mni-

m ze mcrobiological activity. A nore detailed discussion of these
bottl es and shipping procedures is contained in |ater sections.

144. G oundwater . Water sanples had to be collected from
various levels in the zone of saturation. Existing systens were
reviewed (Table 13 ); PVC tubing threaded to a plastic well point
proved the nost advantageous. A 3 in. plastic well point, con-
structed of 40-gauge PVC pipe, was selected for collection of the
samples (Figure 67). The well points were slotted with 0.25 nmm
(0.010 in) openings and threaded at one end.

145. Additional lengths of PVC pipe were glued to the well
point creating any length desired for well construction. The well
poi nt and plastic casing were placed in the sanple hole to the re-
quired depth. A gravel pack was backfilled the length of the well
point to facilitate the novenent of water to the well point wth-
out clogging. The size of the gravels used for the gravel pack
varied, depending upon the subsurface soil conditions. Native soils
were conpacted over the gravel pack to either the ground surface
or to a level at which another well point was to be placed wthin
the sanme hole.

146. Each well point was developed with a hand pitcher punp
attached to a length of 1.8 ¢cm (0.75 in) PVC tubing which was
inserted, below the water level, into the well. The punp was
prinmed and punped for 5 to 10 mn.

147. Water sanples were obtained fromthe well points by
lowering a polyethylene tube into the well; one end of this tube
was connected to a collection bottle in which a vacuum was applied
with the previously nmentioned hand punp (Figure 68). Wen a
sufficient anount of water was obtained, it was transferred to four
specially prepared sanple bottles. By switching the input tubing to
the pressure outlet on the punp, pressure was used to transfer the
water fromthe collection bottle into the water sanple bottles.

The water was forced fromthe collection bottle through the sanpling
tube and into a sanple container. To minimze the potential of
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cross-contam nation, the collection bottle and tubing were rinsed
with ultra-pure water between sanpling.

Containers for soil, dredged material, and water sanples
148.  The previously described sanple tubes were al so used as
sanmpl e containers for the dredged naterial and soil; sanple dis-

turbance was nmininmzed by elimnating the transferring of the sanples
into a second container. Analytical tests determ ned both the size
and type of water sanple bottle to be used. Table 15 lists the
bottles selected and their respective sizes.

149.  University of Southern California personnel deternmnned
the appropriate procedures for preparation of containers for water,
dredged material, and soil sanples (Table 16); the tests to be
performed and the elimnation of contamnation potential were two
of the criteria considered.

150. As nmentioned above, pressure-vacuum |ysineters were
selected to sanple interstitial waters. Prior to placenent in the
ground, the lysineters were cleansed through a series of acid soaks
and rinses, described in Table 16 to reduce the contamination po-
tential. QG her equipnent to reduce contanmnation is also |isted
in Table 16. To eliminate cross contamnation, the devices used in
the collection process for interstitial and groundwater were rinsed
between sanples; in the field, distilled water was used to rinse
the equipnent.

Shi ppi ng procedures

151.  Shipping containers in which water, dredged material, and
soil sanples could be packed and transported safely to the Univer-
sity of Southern California were assessed. Revi ew of containers
used for past SCS projects involving cross-country sanple shipping
were studied. The final selections, listed in Table 14 (wooden
boxes and plastic ice chests), appeared to provide the best means
of protecting the sanples during shipnment considering the
followi ng primary concerns:

a. Safety from breakage during handling.
b. Insulative (tenperature capacity of containers).
Pertinent criteria listed earlier were al so considered.
152, \Wboden boxes were constructed to accommodate the ABS tube
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sanpl es containing both' soil and dredged materials. The boxes were
made from1.2 cm (0.5 in) plywood. Five sanple tubes along wth
packed blue ice could be placed in each box. Water sanple bottles
were shipped in plastic ice chests, packed with either ice or blue
ice. Shipping procedures were devel oped to guarantee that sanple
shi pment was routed in the nost expedi ent nmanner

Sanpl e Preparation

153. Upon receipt of dredged material/soil sanmple tubes, the
sanples were stored in a constant tenperature-humdity environnen-
tal chanber at 4°c until sanple preparation procedureswere begun.

154, The sanple tubes were opened at both ends and inmmediately
enptied into a nitrogen-filled polyethyl ene bag where they were
further purged with nitrogen gas to prevent oxidative processes from
occurring. The bagged sanples were then placed into a nitrogen-
filled glove bag where they could be manipulated with relative ease.
Wthin the glove bag, each sanple was nmixed and transferred into
the foll owi ng containers:

a. One-litre plastic bottle with cap (for soil
~  mechani cs studies).

h. Six 20-m plastic containers with caps (one each

= for total organic carbon, pesticides, total acid-
soluble sulfides, total Kjeldahl nitrogen, total
metals, and total phosphorus anal yses).

jo

One 250-m polycarbonate centrifuge bottle with
cap, 30 g (for water-soluble and ammoni um acetate
extractable phase).

d. One 50-m tared glass beaker, 10 g (for percent
T nmoisture content).

155. Al transfers were conducted by using plastic or Teflon
spatulas; at no time was the sanple in contact with glass or netal
The above-listed containers were soaked in 5 percent acid solution
for 24 hours then rinsed with double-distilled water before use.

The sanple containers were appropriately |abeled as to site, depth,
and experinmental purpose and were kept in the environnmental chanber.
Details of each analysis are given in Appendix L.
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156. Attempts to obtain interstitial water from the dredged
material and soil sanples by neans of a hydraulic squeezer and
centrifugation at 10,000 rpm for 1 hour were unsuccessful because
of the low noisture content of nobst sanples.
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PART 111: RESULTS AND DI SCUSSI ON

I ntroduction

157. The four wupland disposal sites chosen for this investi-
gation included freshwater and saline environments. They represen-
ted a wide range of physical characteristics. The sizes of the
sites varied from 2.4 to 111 hectares (6 to 275 acres). The
depths of dredged material rangedafrom5 to 35 ft. Native soil
varied from sand to clay. The inportant physical characteristics
of the sites are summarized in Table 17. Figure69 presents the
pattern of groundwater interaction with disposal sites.

158. Water sanples were collected four tines during a 9-
month period. Sedinents were collected during the first and
| ast sanpling period. It is inperative to mention here that dis-
posal of dredged slurries occurred intermttently in three of the
four nonitored sites during the sanpling periods.

159. It was not possible to collect enough water for all the
anal yses at all |ocations. Priorities for analysis were assigned
as follows:

Trace netals.

Maj or metal ions.
Mercury.

Total organic carbon
Chl ori de.

Al kalinity.

Sul f at e.

Phosphat e.

Chlorinated pesticides.
j. Gl and grease.

160. The sediments in the four nonitored sites contained a
wi de range of industrial and domestic pollution. A total of 26
sampling devices were placed in each site. Figure70 shows the
general position of the sanplers. Note that the relative depth
and distance is not on scale. Twelve of the sanplers were placed
inside the disposal site, at four locations, three different

== 1Q |~1l® |20 |5 »
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depthsat each location. 'Four sanplers were placed directly
beneath the site at the same four locations. Eight sanplers were
pl aced downstream (groundwater flow) fromthe site, at four |oca-
tions and two depths. The renmining two sanplers were placed
upstream (groundwater flow) fromthe site

161. Ideally this would reveal the difference in water guality
between the saturated and unsaturated zone, between the new and old
dredged nmaterial, and also the soil attenuation effect directly
below the site. The parameters measured varied anobng sites as well
as within sites. Attenpts were made to identify the time-dependent
changes in water quality at different depths. Pl ots of concentra-
tions versus depth, and concentration versus tine failed to reveal
any systematic changes. For any paraneter, both increases and
decreases in concentration occurred with time, and random distri bu-
tions were observed in different |ocations of the same site. Simlar
trends were observed in the depth profiles.

162. Based on this observation sanples collected fromthe four
sanpling periods were grouped broadly into:

« BG  Background sanples. Sanples collected from
the background (upstream wells.

o 05: On-site sanples. Al on-site sanples (except
those for the Houston site); four |ocations
at three different depths at each site.

e MV Mnitoring well sanples. Al off-site
(downstream) welTs; four |ocations at
two different depths at each site.

163. It is extrenely difficult to single out a specific trend
or nmechanism for interpreting the results of this study. I nst ead,
attenptswere made to explore the general nature of the systens
based on sanple variations, i.e., nmean and range, pooled from all
samples analyzed. As will be explored in later sections, nost of
the nean values of on-site (OS) group are higher than the nonitoring
wel | (MNand background (BG) group. This could be m sl eading
because of the great variability existing in each site. Student's
"t" test will be used to analyze the significance of these differ-
ences. The r values obtained are the probabilities of having the
difference this large or larger by chance, i.e., |lower p values
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indicate that the differences are statistically nore significant.
For samples conming fromtwo different populations, i.e., the two
vari ances cannot be assumed to be equal (as indicated by the F test),
the P values will be estimated by the special "t" test as outlined
by Davis.67

164. To reflect the groundwater condition, sanples were
grouped into

a.  USs: Under-site sanples. These included
sanples collTected with the four sanpling
devices placed directly below the site.

GWN  Goundwater sanples fromnonitoring wells.
SanFIes from the Tower depth sanpling devices
(bel ow groundwater table).

165. It was expected that the results would be site-specific
since the release and migration of chemical constituents were
expected to be affected by the hydrobi ogeochem cal conditions of
the site. A general discussion of the results of the bulk analysis
of dredged material/soil fromeach site, along with the significance
of the parameters, is presented in the follow ng section. Possi bl e
mechani sns regulating the transport of trace contami nants are
briefly reviewed. The chemnical properties of the water sanples and
the mgration trends of the contam nants, w th enphasis on
groundwater quality, are also discussed in detail.

1o

Characteristics of Dredged Material/ Soi

Particle size distribution

166. The results of the particle size distribution analysis
are given in Appendix |, Tables 11 to 14. The classification of
sedi ment texture was based on the Corps of Engineers, "Triangular
Classification Chart" shown in Figure 71.

167. Particle size distribution is an inportant property
associ ated with confined disposal operations. Coarse-qgrained
dredged material tends to settle rapidly within the site. Fi ner
particles tend to be carried with the effluent to the receiving
waters due to insufficient residence time or turbulence. A decrease
in the relative sand portion in the effluent conpared with influent
was reported by Hoeppel et al. and 1u etal. ~. This wll, of
course, be a function of the original sedinment characteristics,
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Size of site, and rate of'dredged material disposal. Consequently,
it is generally expected that the dredged naterial that settles in

| and disposal sites will be nore sandy thantheoriginal bottom
sedi nents. A horizontal stratification nay also exist with finer
particles settling more closely to the effluent weir. In this study,

all but one sanple contained nore than 50 percent sand, wth nany
made up of nore than 90 percent sand.

168. Sayreville sanples collected for this study were nore
varied than the Pinto Island sanples. Textures ranged from sand
to clay sand. The clay content averaged 20 percent for the on-site
samples, and 24 percent for the native soil away fromthe site; botlh:
are the highest anong the four sites.

169. The Houston site is an isolated aquifer system separated
fromthe regional aquifer by underlying native clay. Al sanples
were collected within the site. A wide range in particle size
di stribution was observed (Table 13).

170. The Grand Haven on-site sanples were not as uniform as the
sanples fromthe other three sites. Two of the on-site |ocations
(MA and MB), which were nmuch nore clayey than the other two (MF
and M3, were closer to the effluent weir. Two of the off-site
sanmpl es showed that the top few feet of the surrounding soil is
clay or silty sand followed in sequence by a layer of sand and cl ay,
a typical aquifer profile.

171. Particle size distribution has a profound effect on the
chenical properties of |eachates produced. Finer particles pro-
vide a larger surface area per unit weight for sorption and exchange
reactions. It is well-known that clay particles have a higher
cation exchange capacity and a higher affinity for organic natter,
trace netals, pesticides, and nutrients. In general, the finer
soi|l textures provided for greater attenuation of trace contam nants.
Moi sture equival ent, bulk
density, hydraulic conductivity

172. The nmoisture equivalent reported in Tables I1 to |4 was
determ ned in accordance with ASTM Designation D 425-69, "Standard
Met hod of Test for Centrifuge Misture Equival ent of Soils. "9 1t
should be noted that this procedure only approxinmates natural per-
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colation, and it cannot be assuned that the centrifuge noisture
equival ent represents the in situ field capacity. 71,72 Many
investigators7l'72 have shown, however, that the noisture equival ent
can be corrected with the actual field capacity for many soils.

173. The field capacity is defined as the snallest value to which
the water content of a soil can be reduced by gravity. 73 In this
study, the Sayreville site had the highest mean noisture equival ent
followed by the G and Haven, Houston, and Pinto Island sites (Table
17). This parallels the trend based on the relative clay contents.

174, Except for the Sayreville sanples, nost sanples had nvis-
ture contents close to or exceeding the noisture equival ent val ues,
suggesting a groundwater recharge situation. The conclusion was
reinforced by field observations. At the time of sanple collection
the surface of the Sayreville site was dry and cracked. Show cover ed
the Grand Haven site, a potential recharging condition. Four inches
of rain was recorded at Pinto Island during the 2 weeks preceding
the sampling. Part of the site was actually ponded. Light drizzle
was reported at the Houston site. The npoisture content was close
to the noisture equivalent in the Houston site.

175. The bulk density (apparent density) is defined as the

wei ght per unit volume of a material, including voids inherent in
the material as tested. This is an inportant paraneter because the
voi d spaces are the pathways in which the solute will travel. The

result of the bulk density analysis are given in Table 11 to 14.

176. Hydraulic conductivity is another paraneter that may
i nfluence the flux of |eachates. Hydraul i c conductivity, also called
the coefficient of perneability, has the unit of velocity, cm/sec,
and reflects the rate of water flow  The significance of this lies
in the fact that slow flow rates through the dredged material or soi
provide |longer reaction times for the interactions of solvent
contam nants and the dredged material/soil particles.

177.  The | aboratory neasured val ues, obtained using the falling
head nethod, are reported in Tables 11 to 14; the statistical
analysis is given in Table 19. A wde range of values covering
five orders of nmmgnitude was observed. This is another indication
of the heterogeneity of the sites.
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Cation exchange capacity'

178. lon exchange is a reversible chenmical reaction that takes
pl ace between ions in a solution in contact with ions held near a
mneral  surface. 74 The total capacity of the mineral to exchange
cations is defined as the cation exchange capacity (CEC), and is
usual |y expressed in meg/100 q dry weight soil.

179.  Mal col m and Kennedy attribute the range of CEC in soils
to: (a) parental material (geology), (b) age of weathering surface
(c) climtic factors, (d) degree of weathering, and (e) conpleteness
of chemnical and physical dispersion. In simpler terns, the CEC is
related to soil texture, type of clay mineral, organic matter con-
tent, pH, and the solid to solute ratio.74-76

180.  Exchange is found to take place faster in fine sedinents,
and fine sedinments have a relatively high CEC carroll’? reported
that, due to the difference in structure and chemical conposition,
clay mnerals have exchange capacity ranges (in megq/100 q) in the
order of halloysite (2 to 10) < kaolinite ( 3 to 15) < glauconite

(11 to 20) < attapulqgite (20 to 30) <illite (10 to 140) < montmoril-

lonite (70 to 100) < vermculite (100 to 150). The order of replace-

abi.lity of the common ions found in clay minerals has been found to
73

be:

. + + + + ++ +4 +4
Li+ < Na° <K <R <cs” and My’ <Ca  <S < Ba''.

181.  Mal col m and Kennedy75 reported a study that denonstrates
the significant contribution of organic matter to the CEC of certain
size fractions of sedinents. The CEC of sand and gravel fractions
were found to range from7 to 16 meq/100 Q; 17.6 meq/100 g for the
fine silt fraction, and 53.6 meg/100 q for the fine clay fraction
Except for the silt fraction, after accounting for the organic
matter, the CEC of the mineral portion was relatively constant at
5.51t0 8.0 meq/100 Q.

182.  Toth and ott’® reported that the organic matter content of
bottom sedi ments is responsible for about 80 percent of the CEC
Their findings on river sedinments, bay sedine'nts, and freshwater
i mpoundnent sedinents indicate that CEC val ues, which ranged from
7 to 100 meq/100 g, were much higher than thoseof soil, which
ranged from1 to 15 meq/100 q. They also reported that the order
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of abundance of three exchangeable trace netals in the sedinments was
Zzn>Cu>Ni. The quantity of exchangeable trace metals was highly
correlated with the anount of organic matter present.

183,  On studying the concentration of five elenments in suspended
mterials in streams, Turekian and. Scott '’ reported that, although
the CEC of the total suspended |oad was higher for the M ssissippi
River and rivers to its west than those to the east, the concentra-
tions of the elements were considerably |ower and the conposition
resenbled that of shale. They concluded that the difference was not
due to the CEC but rather due to a greater anpunt of a nobile
trace netal-rich soil conponentand to higher industrial discharge
in the eastern rivers.

184.  In this study, a w de range of cation exchange capacities
was found (Table 19). In general, the mean values are expected to
reflect relative texture of the samples. As stated before, Pinto
Island sanples were generally the nmost sandy, and they also had the
| owest CEC, an average of 11 meq/100 g. The highest CEC was 51
meq/100 g. That particular sanple contained 14 percent clay, nore
than nmost of the sanples fromthe Pinto Island site.

185. Sayreville sanples had the highest mean CEC of 55 meq/100

g and al so the highest average clay content. Sanpl es from G and
Haven and Houstonwere internmedi ate, again showing the relations
between CEC and particle size distribution. However, Ilinear re-

gression analysis showed that only Sayreville sanples exhibited
a high correlation between CEC and clay content (R = 0.78). This
is probably due to the differencein TOC content and the difference
in clay mneralogy.
pH and Eh

186. pu and Eh are very inportant factorsin regulating the
direction and extent of reactions in dredged material and soil
Eh is a neasure of the availability of electrons or the electro-
cheni cal potential of the system (corrected on the hydrogen
el ectrode). Oxi dation and reduction reactions are defined as
reactions that involve loss or gain of electrons. In general,
oxi dation should result in |ow pH values, and |ow pH val ues
favor the mgration of nmost trace el enents. Redox reactions are
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energy-requiring systens. In natural systens, the energy usually
comes from the deconposition of organic materials. To conplete

the reaction, some substances nust act as electron acceptors. The
el ectron acceptors that exist in disposed dredged material include
oxygen, nitrate, Mn(IV) oxides, Fe(III) oxides/hydroxide, sulfate,
and carbon dioxide. The above are listed in order of their oxidiz-
ing potential. Reduction of carbon dioxide to nethane, the last in
the sequence, seldom occurs because nost of the organic matter

will be oxidized by the other acceptors I|isted.

188. The biological activities result in a changing supply of
organic mtter. Total redox equilibriumis not found in nature. 78-82
Therefore, the Eh measurenments |ack specific thernodynani ¢ meani ng.
They only represent a gross sum of all the sinultaneous redox pair
reactions79'83'85 However , Eh neasurenents will serve the function
of indicating the general redox condition of the systens.

189. Patrick and Mahapatra classified soil (adjusted to a pH

of 7) into four categories:86
a.  idized soil: Eh > +400 nv.
b.  Moderately oxidized soil: +400 to +100 mv.
c. Reduced soil: +100 to -100 mv
d.  Hghly reduced soil:. ~100mv t0 -300mv
190. Pearsvall and I\/brtimar87 reported that products of oxida-
tion (ferric, nitrate, sulfate) were found in soil, nud, and water

with an Eh(at pH of 5) of +350 mv tnd that their reduced counter-
parts (ferrous, ammonia, sulfide) were present in zones below this
val ue. They suggested that the mechanisns regul ating redox poten-
tial in all three types of systems are simlar in nature.

191. As a rough quide to the progress of reduction,
Ponnanper uma conpiled a list of critical potentials observed from
stirred soil suspensions:

Cbser vati on Eh (at pH of 7), mv

Oxygen  (undet ect abl e) +330
Nitrate (undetectable) +220
Manganese (det ect abl e) +200
[ron (detectable) +120
Sul fate (undetect abl e) -150

43



192. For this study, the Eh and pH were neasured by carefully
sticking a platinum and glass electrode into freshly exposed dredqged
material or soil. The results are presented in Tables 15 to 18.

The Pinto Island pH ranged from4.2 to 7.6, with nost values close
to 7. The on-site dredged naterial was slightly nmore acidic than
the off-site soil (means of 6.5 and 7.0, respectively). The Eh
ranged from-232 to +353 mv for the dredged material and -82 to
+368 mv for the soils. Sinmilar ranges of results were found for
other sites.

193.  The wide range of Eh and the relatively snall range of
pH nmeasured were expected. Simlar results for various sedinents
and soils have been extensively reported in the literature. >, 87,89-92
Eh and pH are theoretically related:

_ 0.059 [0 ’
™ x - 0.059 2 pH

Eh=E0
=
wher e [% = activity of oxidized species
[Red = activity of reduced species
n - number of el ectrons invol ved
m = nunber of protons involved
194.  As nmentioned before, Eh is expected to be related to the
organi ¢ matter present. High TOC usually signifies low Eh |evels.

However, the Eh, pH, and TOC data indicate that this relationship
does not always hold true.

195. During dredging operations, the sedinent is mxed with the
overlying oxygen-rich water. It is possible that the sediment-
bound biostinulants will be affected and transformed. Upon disposal
some organic matter will be oxidized by biological activities.

The Eh and pH should often show |ocalized variations within site
sedi nents, depending on the nature and anount of the organic

matter present (e.g., its biological activities), oxygen diffusion
rate, °>7°% and the sedi ment buffering capacity. Eh and pH are the
maj or variables that dictate the extent of nost reactions. It was

not surprising to find highly localized distribution of soluble
species in this study.
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Organic matter and other' grossparaneters

196. The main conponent of organic matter in sedinents is
usually humus, resulting mainly from the biodeconposition of |ignins,
cellulose, and proteins.?3:94 Hunus is primarily conmposed of highly
i nsol ubl e conpl ex macronol ecules, and is believed to be firmy
adsorbed onto clay mnerals. 95,96 Metal ions can form strong ionic
or covalent bonds with hunus by nmeans of different functional groups
(e.g., carbonyl, hydroxyl, anmide and sul fhydryl bonding). These
mechani sns appear to be partially respsssible for the mgration and
accurmul ation of trace metals in soils9 98 and marine sediments. "’

197. Nutrients can be released from the biodegradation of
organic matter in the dredged naterial. Due to its conplexity, it
is inpossible to deternmine the exact nature of the organic matter
A few general parameters were used to characterize its gross pro-
perties.

198. Total organic carbon. The average onsite dredged nmateri al
TOC val ue ranged froma |ow of 0.27 percent for the Houston site to
a high of 3.8 percent for the G and Haven site. The Sayreville off-
site soil TOC was slightly higher than the on-site dredged materi al
(1.9 percent and 1.4 percent respectively). Both Pinto Island and
G and Haven had higher on-site values than the off-site val ues
(0.97 percent and 0.53 percent for the Pinto Island site, 3.8 percent
and 2.5 percent for the Grand Haven site).

199. Total organic carbon (TOC) in dredged material probably
originates fromthe sedinmentati on of biological detritus. Few
sol ubl e organi ¢ conpounds found in natural waters are thermodynam-
ically stable. Deconposition of organic matter depletes the
di ssol ved oxygen and reduces the Eh. In addition to its high
cation exchange capacity, the organic matter in soil also possesses
a high capacity to forminsoluble conplexes with netal ions. There-
fore, high TOC in the sedinment usually signifies a potential for
the immbilization of trace metals through organic natter binding.

200. Nitrogen conpounds. Ammonia and organic nitrogen are
other nutrients which were neasured in this study. The principal
formof nitrogen added to sedinents is organic nitrogen, with
the bulk usually present as biologically protected protein frag-
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ments. Ammonia is nost often formed from the deconposition of
protein (deam nation) by saprophytic bacteria; 102

. . Bacteria .
Protein (Organi ¢ N) ~———— Anmoni a

This process is known to takeplace with or w thout oxygen, ° but
is much faster under aerobic conditions because the nore active
aerobic bacteria deconpose organic matter at an accelerated rate.
However, net release of ammonia is greater in anaerobic conditions
due to slower biological uptake. %0 Amoni a thus tends to
accumul ate under anaerobic conditions. Accurul ation of ammonia in
anaerobi c | ake sediments was observed by Austin and Lee 103 ang hi gh
anmoni a content in deep sea interstitial waters was reported in
sever al studies.104’105

201.  When oxygen is present, ammcnia is further converted into
nitrite and nitrate , nmainly by aerobic nitrifying bacteria. The
domi nant pathway is as follows: 102

5

Ni t r osononas Ni t robact er
NH3 —— NO2

No;

202.  The TKN data are given in Appendix H. The statistics are
sunmari zed in Table 19. The average on-site value ranged from a
| ow of 269 mg/kg for the Pinto Island sanples to ahigh of 3170 mg/kg
for the Sayreville sanples. VWhile there is little |eaching of
organic nitrogen, dredged material may serve as a nitrogen source
for groundwater because of the soluble end-products (ammonia or
nitrate) resulting fromthe biological activities.

203.  Phosphorus  conpounds.  Phosphorus exists in sedinment and
soil in the inorganic and organic form and in valence state from
+5t0 -3. The main transformati on of phosphorus is the rel ease
and nobility of the orthophosphate ion.71 Chang and Jackson106
classified the inorganic phosphate in the soil into four nain
groups: cal ci um phosphat e, al um num phosphate, iron phosphate,
and reductant-sol ubl e phosphate, extractable after the renpval of
the first three forns. The possibility of the fornmation of
al um num phosphate minerals (wavellite and variscite) and iron
mnerals (vivianite and dufrenite) in acid soils has been denon-
strated by Stelly and Pierre.'108 Cal ci um phosphat es exi st
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nmainly as apatite, anapaite, and bushite. 78,108

204. The total phosphorus data are given in Tables 15 to 18
Dredged material fromthe Grand Haven site had a high total phos-
phorus content (average of 1700 ng/kg) followed by Sayreville
(1490mg/kg), Pinto Island (1360 ng/kg) and Houston (1280 mg/kg).
The Sayreville soil sanples were as high as the dredged materi al
(Table 19). Pinto Island and G and Haven soil sanples contained
consi derably | ess total phosphorus.

205. The transfornation of the stable solids is greatly
affected by Eh and pH. Phosphate associates nmainly with iron
and alumnumin acid soils and sediments; calcium phosphate is
predom nant in neutral and al kaline soils. 98, 106 The i nportance
of this in regulating phosphate transport will be explored in
greater detail when discussing the results of the soluble phos-
phate in |eachates.

206, Ol and Gease. The average oil and grease content at
the Sayreville site was higher in the surrounding soil than in the
on-site sedinents, even though on-site averages are higher than
those at the Pinto Island and Grand Haven sites. This is simlar

to the relative distribution of TOC in these sites. The exact
reason for this cannot be assessed by this study. The Sayreville
site is bordered by two heavily used hi ghways. It is possible that

t he exhaust and emission from autonobiles may have contributed to
the observed result. An oil and grease extract can include a great
variety of organic conpounds besides petrol eum derivatives.
Materials which are extractable with petrol eum ether include
gl ycerides, high molecular weight fatty acids, gasoline, oils,
waxes and ot her hydrocarbons. Petrol eum conpounds constitute
the greatest proportion in sedinments fromindustrialized areas.
High oil and grease in the sediment thus usually indicates indus-
trial  pollution. 109 jjowever, there is essentially no information
available on the relationship between such residues and degrada-
tion of water quality.}og'll%he average oil and grease value for
each site is given in Table 19.

207.  Sul fides. The acid-soluble sulfide measured in this
study included hydrogen sulfide and certain netallic sulfides. The
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main source of sulfide in 'sediment interstitial waters is dissolved
sul fate. Ther nodynani ¢ cal cul ations indicate that sulfate is un-
stable in the presence of abundant organic matter and absence of
oxygen. 111 However, the reduction of sulfate to sulfide in natural
systens is known to occur only through biological nediation. 112

The bacteria that carry out this reaction are grouped together
under the common nane "sulfate reducers."” The nost widely distri-
but ed species belong to the Desul fovibrio genus. 112,113 Their

met abolic activities have profound consequences. The end result

of the reduction reaction, as illustrated by the follow ng

general equation, include netal sulfide precipitation, increase in
alkalinity, carbonate precipitation, Eh and pu nodificationt12,114-117

2 CH20 + SO > HS + HCO, + HZO + co2

Ca++ + 2 HCO > CO2 + H2O + Caco3

M S~ + M5

208.  The production of co, can | ower the pH, and the free
sul fide produced will combine with the available nmetallic ion
(M++) to form stable solids.

209. Acid-soluble sulfide was detected in all sanples. The
val ue generally correlated with the TOC and Eh. The highest val ue
was 2357 ng/ kg, found in an off-site Sayreville sample. That
sanmple also had a relatively high TOC (1.7 percent) and | ow Eh
(-168 mv). The lowest value fromthat site was 23 ng/kg, wth
a TCC value of 0.02 percent and an Eh value of 408 nv.

210. The availability (or nobility) of trace netals in soil
were usually directly related to the solubility products of the
metallic  sulfides. 118

M >Fe>Zn>nNi>Cd>pbh>CQ > H
The existence of sulfide in the dredged material/soil sanples
i ndi cated that sulfides could be the controlling solids for nost
trace metals. Due to the low solubility of metallic sulfides,
the metals are expected to be inmmobilized. 118
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Chl orinated hydrocarbons'

211. The chlorinated hydrocarbons neasured include three
forms of PCB's (Aroclor 1242, 1254, 1260) chlorinated pesticides:
op' and pp' isoners of DDT and its analogs DDE and DDD; and
di el drin. Attenpts were nade to determine the concentrations in
the soluble and solid phases. After forty filtered sanples from
different sites and depths showed no detectable soluble species,
no further analyses were made on water sanples.

212. Adsorption onto clay and organic matter nay explain the
fact that no soluble species were detected in this study.
Chlorinated hydrocarbons are very hydrophobic. They tend to cone
out of solution easily and be adsorbed to solid surfaces available
to them 119,1%5)05,[ chlorinated hydrocarbons in the environnent are
adsorbed onto the soil and sediment particles. The transport of
these species is regulated to a large extent by adsorption and
transport with clay and organic matter. 121,122 Lel and et al. 123
reported that the chlorinated hydrocarbons were mostly concentrated
in the upper 2 cm of the sedinent. The clay-sized fraction has
been shown to be able to adsorb muchgreater anmounts of chlorinated
hydrocarbons than sand because finer fractions usually contain both
hi gher organic content and a larger surface area.

213. The conmplete results for the dredged naterial/soil
sanples are presented in Table J1 to J5; ranges, neans, and standard
deviations are given in Table 20. Most sanples contained all the
speci es studi ed. Total DDT ranged from below the detection limt
to 850 ppb. The major form was op' and pp' DDE. A simlar distri-
bution in sediments was reported by Choi and Chen. 119 Aver age
total DDT (Table 20) was highest for the Sayreville site (96 ppb)
followed by Pinto Island (78 ppb), Houston (67 ppb) and Gand
Haven (44 ppb). Average total PCB's ranged from a high of 0.58
ppm for the Sayreville site to a low of 0.14 ppm for the Gand Haven
site. Average dieldrin was found to be highest at Sayreville (2.3
ppb) followed by Gand Haven (1.2 ppb) and Houston and Pinto Island
(both averaged 0.8 ppb) (Table 20).

214, The average total PCB values correlated very well wth
the average total DDT values (R = 0.70). Total PCB's correlate
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fairly well with the percent clay content (R = 0.44). It was
generally expected that soil TOC would correlate with the
chlorinated hydrocarbons. This was not observed in this study.
215. In general, the dredged material contained higher
chlorinated hydrocarbon levels than the off-site soil sanples. No
special trend was found for the distribution of the species in

the on-site dredged material. For the off-site soil sanples,
concentrations of all species decreased with depth. This was
observed in Pinto Island, Sayreville, and Gand Haven. For the

Houston site, all sanples collected were on-site dredged naterial,
and no special trend was found. Since no soluble species were
detected, it is concluded that chlorinated hydrocarbons will not
leach out from dredged material disposal sites.

Trace netal analysis

216. Soil and dredged material sanples were analyzed for
trace netals in the soluble fraction, the exchangeable fraction,
and the gross concentrations. This analysis was perforned
sequentially by shaking with water then ammonium acetate, and
by digestion with strong acids. The detailed results are given
in Table J5 to J8. Attenpts to squeeze out interstitial water
from these sanples failed because of low noisture content.

217. In general, for each sanple,iron was highest in the total
analysis followed by the major ions, Na, K M, and Ca. The con-
centrations of netals followed roughly the order:

Mn > %n > Cu >Pb >N > Hg = Cd

218. In the soluble and exchangeable fractions, no particular
concentration trends were found other than for manganese. The
mejor ions in the soluble phase generally ranked:

Na > K> M > Ca > Fe > M
in the soluble phase and

Ca >M > Na > K> M
in the exchangeabl e phase.

219. No apparent relations were found in these soil anal yses
and the subsequent analyses of water sanples. This result is not
surprising since bulk analysis is not a good indicator for poten-
tial availability. Dependi ng upon the chem cal phase of the
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species, metals may be totally unavailable (e.g., they may exist in
the crystal structure of the soil particles) or readily available
(in solution or adsorbed onto the particles).

220. Also, the results confirmed the highly dynamc, conplex
nature of the soil-dredged material system The sanpl es excavated
fromthe sites may not represent the actual site conditions after
el apsed tine.

Characteristics of Leachates/Interstitial Waters

CGeneral considerations

221. The conposition of the dredged material and interstitial
wat er (|l eachate) at a disposal site is highly dependent on the
dredgi ng and di sposal practice. The ambient water quality and
the sedinent characteristics play an inportant role because the
dredged slurry is mainly conposed of the water overlying the
dredging site sedinments. 68 The sediment-water ratio and time
of contact affect the exchange of cheni cal species.125'130 Vari a-
tion of sedinent interstitial water conposition with depth has been
extensively  reported. 131-135 Thus, depth of dredging is also an
inportant factor.

222. Chenmical constituents usually are enriched in the inter-
stitial waters of sedinents. 135-138  concentration gradients with
depth have been observed, and the diffusion of ions along the
gradi ent has been suggested as one of the mechanisms for the
transport of the ions,139'142 After dredging and di sposal
this stratification is disrupted. [Instead, an uneven distribution
of high constituent concentrations could develop in the disposa
site.

223. The size of the site and the quantity and frequency of
dredgi ngal so affect the fate of pollutants. Recent reports on
the influent/effluent studies of certain upland dredged materi al
di sposal sites have shown that |arger ponded sites generally re-
tain nmore polluted sedinents. 69,110,111,143  This characteristic
is the result of the site providing longer settling tinmes for
renoval of the finer particles. It is well-known that small parti-
cles have greater affinities for trace netals and organic
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mmtter, 2069,144,145

224.  Another factor that influences the leachate conposition
is the repeated drying and wetting of site sedinments due to evap-
oration, drainage, and precipitation. 146 In a literature reviewtl0
it was shown that drying of taconite tailings prior to a |eaching
test caused a release of copper fromthe tailings which did not
occur if the tailings were naintained in their wet conditions prior
to the | eaching test.

225.  Merz and Stone poi nted out that solid waste disposa
sites are usually aerobic near the surface and becone nore anaero-
bic towards the bottom However, w thin unsaturated zones, traces
of oxygen are often present so that zones or pockets of anaerobic
and aerobic deconposition may exist side by side at any depth.

226.  Lu®* and Tu and Chen*® reported that sulfide is usually
the controlling solid for nost netals in the reducing environnent and
and that oxides and hydroxides are the controlling solids in the
oxidizing environment. The solubility of oxides and hydroxides
is in general much higher than that of their sulfide counterparts.
Thus, the oxidizing forms of nost metals are generally nore nobile
than their reduced forns.

Factors affecting the mgration
of constituents through dredged material and soi

227. If there were no attenuation or enrichnment nechanisns,
contanminants could tend to percolate from sedi ments under varying
envi ronnental conditions and eventually end up in the sea or remain

147

totally unavailable. However, soil is a highly conplex, dynamc
system Recent studies on leachates fromsanitary landfills indi-
cate that, due to certain properties of the soil, transport of

contanminants can be retarded. Nonuniform environnents in the

ground can devel op pockets of varying constituent nobilities.
228. Soil and dredged material have very simlar characteris-

tics. The following is a list of factors that would affect the

mgration of constituents in soil and dredged mat erial : 193156

Soil texture.

pH.

Oxi dation-reduction

149- 152

10 1o
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Dilution.

Il on exchange.

Adsor pti on.
Solubility/complexation.
Di f fusi on.

. Biological effects.

229. Soil texture. The inportance of soil texture, pH, Eh, and
ion exchange was discussed in the previous section. Soil texture
may play a governing role in the nigration of trace contam nants.
Many attenuation mechanisnms involve solid surfaces. The finer

Tl B R L=

the particle, the greater the available surface, and the greater
the potential for attenuation by these nechanisms. \Water flow may
also be retarded in areas possessing high clay contents, thereby
allowing greater reaction tine between the soluble and solid
phases.

230. Redox and pH. ©pH affects the stability of solid mnerals
and precipitates. Changes in redox conditions may change the

controlling solids. In general, oxidation results in low pH, and
reduction increases pH val ues. Mgration of trace contanminants is
usual ly favored in low-pH environments.

231. Dilution is a sinmple mechanism Dilution can occur either
from percolation of surface drainage and precipitation or from the
contam nant reaching the groundwater table. This is the only
i nportant mechanism for the attenuation of chloride ions. 83, 157
Dilution also plays an inportant role in regulating other nmajor
ion concentrations, especially sodium and potassium

232.  Sorption. Adsorption is a very inportant mechanism for
the renoval of many soluble netals. Krauskopf 158 proposed that this
is the possible control mechanism for regulating concentrations
of zn, Cu, Pb, Cd, Hg, Ag, and M in seawater. Cays, soil organic
matter, and iron and manganese oxides and hydroxi des are excellent
adsorbents for nany trace constituents. 158- 162

233. Organic matter and clay minerals account for nost of the
i on exchange character of soils. Both ion exchange and adsorption
are surface phenonmena. Very often, it is inpossible to distinguish
between the two types of reactions. lon exchange reactions are
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governed by the law of mass action. Since the trace netals
such as Cu and Cd are much lower in concentration than the ngjor
ions such as Ca'  and Na®. it is generally assuned that ion
exchange is nore inportant for najor ions; however, adsorption
and exchange reactions may also be inportant in regulating trace
metal concentrations.

234. Solubility and conplexation. The solubility effect governs

each soluble species through its solubility constant. If the

solubility of the species exceeds the solubility produce, KS ,

precipitation will tend to occur. This may be inportant for ca*t
++

and My .

235. For nost trace metals, it is necessary to consider the
conpl exation effect in addition to the solubility calculation. Most
trace nmetals are known to exist in various conplexes wth soluble

i norganic and organic |igands. In general, conplexation increases
the soluble netal concentration. However, soil organic matter also
has a great affinity for formng conplexes with trace netals. In the
latter case, trace metals will be imobilized. The solubility and

conpl exation effects can be expressed by the equations bel ow
236. The concentration of netal ions as governed by the
solubility of the solid Mpxqis gi ven by

1/2
( : Mqu

[Ntl. ) pSp q [Xf]q

YM Y:{

wher e [Mf:] = concentration of free netal ions

[Xf]_ concentration of free anions

Y = ion activity coefficient
Ksp = solubility product
p, g = pcsitive integers

237. Due to the conplexation effect, the concentration of
the conplexed species is given by
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m n .
'Y YL (1)

m . n
i = ) i M L(l)
[lvm L), MB (1) [f] [ f} i,

The total netal concentration can then be derived from
k j

M = M + m T T M L (i)
] = g o om ok [

. m n
k i n YM YL(i

m
= [m pooTo8 (i) M L(1) BT
{ a_ R gt o [.f} [ f] yM L)

wher e M, = total metaiconcentration
i = ligand species

i = total nunmber of |igands
th

L) = free concentration of | I'igand
n,m = conposition of the conplex M L(1)
K = Nunber of ligands (li) coordinated wth M
3(1)nm= overal | formation constant of conplex M L(i),

238. Biological effects. Biological activities may pronote a
change of pH (e.g., production of co,), change in redox condition
(e.g., reduction of sulfate to sulfide), mneralizing of trace
nmetals and nutrients, andnodificationof organic natter. In short,
all of the previous nechanisns discussed can be affected.

239, Diffusion is the net novenent of soluble species from
a region of high to one of |low concentration. This is known to be
a very slow process,142 but could be an inportant mechanismif the
flow rate is small.

M gration of Contaminants and Nutrients in
Confined Land Disposal Areas
240. The concentration of constituents in leachate/intersti-
tial water is highly influenced by the factors discussed in the
previous section. Soil and dredged material have very simlar
characteristics. Factors that cause attenuation in one system may
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have neutral or even opposite effect in other systems. Because of
this, concentration profiles are sel dom honogeneous, and the profiles
Wi ll be different for different elements.

241. A discussion of the results based on each individual para-
meter is presented in this section. The relative concentration of
the on-site leachate and off-site interstitial water was established
for each parameter through a statistical analysis of variance. This
helps to identify the pollution potential of the parameters. The
extent of contamination will be discussed by conparing the back-
ground groundwat er sanples, groundwater directly below the site
and groundwater in the vicinity of the disposal site (off-site
nonitoring stations).

Total dissolved solids

242.  Theoretically, since every solution exists in an el ec-
trically neutral state, the sum of the cations (positively charged
ions) expressed in meq/100 g should be bal anced by the sum of the
anions (negatively charged ions) expressed in the same unit. 1In
this study, the mmjor cations neasured were sodium potassium
calcium and magnesium the nmjor anions analyzed were chloride,
sulfate, and alkalinity. The total concentrations (sum of anions
and cations) ranged froma few to about 600 meq/1. Figure 72
shows the relationship between the cations and anions and the total
cation concentration. Assuming the above ions constitute the bulk
of the charge balance, the difference between the cations and anions
was bel ow 10 percent of the total cation concentration in nost
sanpl es. This is an acceptable experimental error considering that,
besi des anal ytical error, sone ions such as NHZ and No; wer e not
measur ed. These ions have been shown to exist in concentrations
as high as a few hundred mg/1 in various interstitial waters 88, 105
and in groundwater. 87

243.  The major ions also contribute the bulk of tota
di ssol ved solids (TDS), the concentrations of which are shown in
Table 21. Table 22 sums up the averages of the major ions from
each site. Anmpbng the sites, the on-site sanples closely reflect
the salinity of the dredged area. A conparison of the three
averages for each site shows that the off-site sanples were | ower
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than the on-site sanples but the background sanples were |owest

of the three. This suggests an increase of TDS caused by | eaching
from the site. This will be explored further in the discussion of
each indivi dual paraneter.

Chl oride

244. The on-site chloride concentration ranged from an average
of 167 mg/1 for the Grand Haven site to 8333 mg/1 for the Sayreville
site, typical values for freshwater and brackish water systens.

Both the Pinto Island and Sayreville sites showed significantly

hi gher concentrations for the on-site sanples (Table 22), indicating
the salinity level of the overlying water of the dredging site.

The Houston sanples had concentrations between those of the above
two sites. For the Grand Haven site, due to the relatively w de
spread of concentration, the differences between the two sets of
sanpl es are not statistically significant (P = 0.65), i.e., there

is a 65 percent chance that the two sets of sanples will have
simlar chloride concentrations.

245.  The observed ranking anong the sites was expected. The
dredged material disposed of at the Sayreville, Houston, and Pinto
Island sites was from estuarine environnents. The dredged materi al
was thus expected to have a higher chloride content than the off-
site soil sanples. Gand Haven is in the Great Lakes area. Both
the dredged naterial and the surrounding soils are in a freshwater
envi ronnent . The differences in chloride concentration, if there
were any, should therefore have been snall

246. The on-site Sayreville sanples exhibited a general pattern
showing an initial decrease then increase in concentration with
time. About 14.5 in. of precipitation in the area was recorded for
the 3 nonths between the first and the second sanpling periods.

The dilution effect of the rainfall probably accounts for the
relatively low chloride concentration obtained for the second set
of samples (Table X2). The sharp increase for the third. set was
no doubt due to dredging activities that started i mediately
before the sanpling period.

247, Similar trends were observed for the Pinto Island site
It isinterestingto note that the sanples obtained after dredging
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(second set) were actually |ower than the ones obtained before

dr edgi ng. Again, this could be due to a dilution effect from
precipitation. Mre than 3 in. of rain fell in the 3-week period
before the second sanpling date. Another possible explanation is
the location of dredging. As discussed before, predredging water
quality is very inportant when considering the on-site intersti-
tial water characteristics. If the dredging occurred farther up-
streamfromthe channel, i.e., farther away from the brackish

wat er conpared to the last dredging site, the salinity should
decrease.

248. The groundwater chloride concentrations are summarized in
Table 23. The general pattern for the chloride concentration was
low levels in the background (BG sanples, peaking in sanples under
the site (US), then decreasing as the groundwater migrated to the
monitoring wells (Gw).

249.  This pattern is supported by the statistics given in Table
23. Considering all the factors previously discussed, dilution is
the only plausible attenuation mechanism affecting the migration of
chloride ions.153'157 It is reasonable to propose that chloride
| eached into the groundwater table below the sites during leachate
mgration through the unsaturated zone. It was subsequently di-
luted by mixing with | ess saline groundwater. The nonitoring well
sanpl es were higher in chloride than the background but |ower than
the sanples fromunder the site. This shows chloride was also
mgrating laterally fromthe site. Pinto Island provides the best
evidence for this as the nonitoring well groundwater was shown
to be consistently higher in chloride content than the interstitial
water a few feet above it (Table K4).

250. At the Sayreville site, the average values also had a
ranking simlar to the Pinto Island sanples, i.e., groundwater sanples
under the site were higher than the downstream nonitoring sanples
which in turn were higher than the background groundwater sanpl es.
However, in the nonitoring well |ocations, sone of the soil inter-
stitial waters were shown to have higher chloride than the ground-
wat er sanples directly below them This is in contrast to the
trend observed in the Pinto Island site. Thus it appears that the
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lateral migration is not as obvious in Sayreville. Yet, a
reconnai ssance survey indicated that the nmonitoring wells were

i nundated by the 1.5 m (5 ft) tidal range of the Raritan River.
This probably disrupted the levels separating groundwater and
interstitial water. Chloride retained in the upper |ocations my
be further concentrated through evaporation.

251.  In conclusion, dredged material in the Pinto Island and
Sayreville sites contained higher soluble chloride than the natural
surroundi ngs of the disposal sites. Chloride was observed to
leach from the sites, and nmigrate away fromthe sites. In the
Gand Haven site, no chloride |eaching was observed. This is
probably due to the fact that both the dredged material and the
di sposal site are in a freshwater system
Sodi um and potassi um

252.  Sodi umandpot assi um have very similar chemnical properties.
A linear regression analysis on their means reaffirned that the
two metal ions were highly correlated (R = 0.84). The highest
sodi um concentration was found in the Sayreville site and averaged
4310 mg/1. The next highest nean val ue was 2690 mg/l for the
Houston site. Pinto Island, with an average of 1485 mg/1l, ranked
next . Gand Haven, being in a freshwater environment, ranked | ast
with an average of 110 mg/1. This reflected the salinity of the
dredged material .

253. Both sodium and potassium are known to form very sol uble
conpounds. The solid forns that exist in the natural environments
are nostly conmplex primary and secondary minerals such as K-feldspars,
K-micas, Na-feldspars, and Na-nontnorillonite. 8 The di ssol ution
of these mnerals usually leads to the formation of another
mneral, i.e., incongruent dissolution, and the dissolution rates
are also very slow 8 Thus, dissolution/precipitation reactions
are expected to have an insignificant effect on the migration of
sodium and potassium

254. As indicated by the low P values, both sodium and potas-
sium were higher in the on-site sanples than in the off-site
sanpl es (Table 22), suggesting a |eaching potential. Neither
sodi um nor potassiumis regarded as a hazardous contamnant in
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low concentrations. However, high levels can nmake drinking water
unpal atable, limt the use of water for agriculture, and pronote
degradation of the structure of aerable soils. The transport of
these two ions serves as an indicator of the rate of leachate
mgration. It has been reported that suspended clay ninerals, after
being transported by river to the marine environment, exchange
magnesi um and sodi um for cal cium and potassi um 161,162 The evj-
dence provided in these studies was an increase in Na®t to k* and
Cat++ to Myg++ ratios. Both Pinto Island and Sayreville dredged
material sanples had higher interstitial water salinities than

the surrounding native soil. The raio of Na® to k¥ was indeed
found to be higher for the on-site than the off-site sanples

(31.2 and 11.7 for Pinto Island, 28.6 and 16.8 for Sayreville).
The ratios in the exchangeabl e phase were found to be 2.0 and 0. 33
for Pinto Island and 2.9 and 1.3 for Sayreville. Ther ef or e,
exchange between sodium and potassim may affect the migration of
these two ions. However, it was expected that, in conparison to
dilution effects, exchange nechanisnms would. only play a minor

role at these two sites. This is especially true for the fresh-
wat er Grand Haven site, where the average ratio of Na® to k¥ was
very simlar for the on-site and the off-site sanples. Again,
this is probably due to the relatively low salinity concentrations
in all sanples.

255.  The concentration pattern at Houston was quite varied.
Certain spots would show an increase in concentration with tine
or depth, while an opposite trend would be found at another spot.
In short, the pattern was very random  This was probably a result
of ion exchange and the repeated drying and wetting due to preci-
pitation and evaporation (resulting in downward salt novenent with
the gravitational water and upward novenent with the capillary
wat er).

256. Based on the sanples analyzed, it is concluded that sodium
behavior was simlar to that of potassium and chloride. Dr edged
material contained higher soluble sodium and potassium than the
off-site nonitoring sanples, thus establishing a |eaching potential.
Both ions were observed to |each fromthe sites. Possible mechan-
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isms controlling the migration of these two ions included dilution
and ion exchange with dilution the dom nant mechanism.
Cal ci um and nagnesi um

257. The averages and ranges for the cal cium concentrations
are given in Table 22. For the on-site sanples, Houston had the
hi ghest average concentration (428 ppn), followed in order by
Sayreville (386 ppm) , Gand Haven (356 ppnm) , and Pinto Island
(140 ppm). For the Pinto Island and Sayreville disposal sites,
val ues of off-site sanples were only about half of those of on-site
sanpl es. The averages for the on- and off-site Grand Haven sanpl es
were quite close: 356 ppm and 321 ppm respectively. Student's
"t" test results suggested that the differences were significant for
the Sayreville and Pinto Island sites (p < 0.01). For the Gand
Haven site, a p value of 0.35 was obtained, meani.ngthat there was
a 65 percent chance that the on-site sanples were higher than the
off-site sanples. Since on-site sanples were higher, there was a
potential for calciumto mgrate away fromthe sites.

258. Aconparison of the sanples underneath the site with the
off-site nonitoring well and background sanples indicated that the
under-site sanples were statistically higher than the other two
groups, suggesting either a calcium|leaching front or dissolution
of cal cium solids underneath the disposal sites. In the Grand
Haven site, the nonitoring well sanples were higher than the
sanpl es beneath the site (Table 22). This result was probably
due to dissolution of calcium carbonate.

259. Concentrations of nagnesium correlate fairly well wth
cal cium The level of nmagnesium was found to be higher in the
on-site than the off-site samples from Pinto |sland, Sayreville,
and Gand Haven, suggesting a leaching potential. Conparing the
averages anong the sites indicates that the magnesi um concentration
followed the order of seawater > brackish water > freshwater. The
average seawater magnesi um concentration has been reported to be
1296 mg/1, and the average river water concentration has been re-
ported to be 9 mg/l.78 The Sayreville site, which had highest
relative sedinent interstitial water salinity values, also
showed t he highest average magnesium concentration of 728 mg/1.
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Houston, next in relative 'salinity, had the second highest average,
394 mg/1; Pinto Island, a lowsalinity site, had an average of
174 mg/1; and Gand Haven, a freshwater site, had an average of
71 mg/1.

260.  Possible mechanisnms controlling the transport of calcium
and magnesi um i ncl uded dilution, precipitation/dissolution, and
ion exchange. Conparing the results with those for K, Na, and
Ccl, it is evident that dilution cannot solely account for the ob-
served results. Drever163 consi dered several clay mineral trans-
formati ons and syntheses as mechanisnms for the renpval of mangesi um
in the ocean. Possible reactions included:

a.  Transformation involving major chan%Fs in the clay
Iﬁ}tipe, such as the conversion of kaolinite to
chlorite:

Alzsi O, (OH)

+2
i +
505 + sio, + 5 My 7H,0

4 2

+
= Mg Al,Si,0, (OH)g + 10H.

1=

Transformation involving only the interlayer
ositions such as "upgrading the degraded
attices," i.e., restoring ions lost due to

weat heri ng.

c. Synthesis of other clay mnerals.

However, these reactions were expected to play an uninportant role
in the present study due to the very lengthy tine frane involved
in nmost clay mineral transformations.

261. The transport of nmagnesi um was probably regul ated by the
solubility of sinple solids such as brucite (Mg (OH) ,) , magnesite
(MgCO3), nesquehoni te (MgCO3-3H20), hydr omagnesi te (Mg4(CO3)3
(OH) , 3H,0) . and dolomite (CaMg(CO,),). An activity ratio diagram

for the hydroxide and carbonate solids is shown in Figure 73. At
-5-4

pH <7.2, nesquehonite (Kgp, = 10 ) is expected to be the control-
ling solid. FrompH 7.2 to 9.7 hydromagnesite (Rgp = 1072975y will
be the controlling solid. At pH 9.7and above brucite (Ksp = 10"11'6)

becones the stable solid. Myst anal yzed sanpl es were bel ow pH 8.
Thus, the solubilities of nesquehonite and hydromagnesite may regu-
| ate nost of the magnesium nobility and transport.
262. Calciumis known to form stable carbonate and sulfate solids
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in sedinents. The solubil'ity constants for the two common solids

are:
~-8-3

Calcite CaCo

3 Ksp 10

-4-6
4 Ksp 10

Gypsum Caso

Many of the Sayreville sanples had very low pH (3 to 5), with | ow
carbonate and high sulfate concentrations (7 X10_3M). It is

possi ble that calcium sulfate was the major controlling solid for
the concentrations in many Sayreville sanples, while calcium carbo-
nate was the controlling solid for other sanples. Figure 74 is

an activity ratio diagramfor the two solids. It was constructed
assum ng C, = 10°2 M and soz = 107%*%M. It is seen that calcium
sul fate only becomes the controlling solid when pH is bel ow 3.5.
The following tabulation is a conpilation of the observed cal ci um
ranges and the predicted concentrations, assumng that calcium
carbonate solubility is the controlling mechani sm

Observed (mg/1) Pr edi ct ed
Sayreville 50 to 620 200 to 2000
Pinto Island 25 to 440 20 to 2000
Houst on 205 to 1020 20 to 2000
Grand Haven 80 to 610 20 to 2000

The observed data were within the range calculated fromthe calcite
solubility, suggesting that this was the nmajor controlling mechani sm
263. oOneother possible mechanism affecting the migration of

calciumis ion exchange with magnesium  As previously discussed
for the Pinto Island and Sayreville sites, interstitial water and
dredged material sanples contained nuch higher calcium concentrations
than the off-site sanples. As the leachate percolated away from
the site, magnesium may have exchanged with the calciumions held
by soil particles:

Mgt? + Soil - Cca = cat? + Soil - My

The average Mg+2/Ca+2 rati o changed from 1.25 for the on-site Pinto

sl and sanples to 0.53 for the off-site sanples. The change in the
Mg+2/Ca+2 ratio between seawater and river water had been suggested
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as evidence for the preferential ion exchange reaction between
the two ionst93,194,198 The exchange effect (Mg+2/Ca+2 ratio)

is not as evident in the other sites. The reason for this is not
known.

264. In conclusion,it appeared that soluble cal cium was
higher in the on-site dredged material sanples than the off-site
soil sanples for the Sayreville and Pinto Island sites. The
mgration is controlled by ion exchange and the dissolution of
calcite if pHis greater than 3.5 gypsumif puis less than 3.5.
Based on the sanpl es anal yzed, cal cium appeared to have |eached
fromthe Pinto Island and Sayreville sites.

265.  Sol ubl e magnesi um concentration was shown to be higher
in the on-site sanples than the off-site sanples (true in three
case study sites) i.e., a leaching potential was established.

Actual |eaching of magnesium was observed in three sites. This
was indicated by conparing the groundwater sanples bel ow the
sites with the groundwater sanples downstream fromthe sites and
sampl es upstreamfromthe sites. Possi bl e mechani sns control ling
the mgration of magnesium included dissolution of magnesi um
solids such as nesquehonite and hydromagnesite and ion exchange.
Al kalinity and TOC

266. A wide range of alkalinity was registered in this study.
Anong the nonitored sites, the average alkalinity value was in
decreasing order, Houston (1092 mg/1), Grand Haven (589 mg/1),
Pinto Island (446 mg/1), and Sayreville (196 mg/1). For individual
sanples, the values ranged fromnil to close to 2000 mg/1.

267. Many of the sanmples with negligible alkalinity were from
the Sayreville site. Alkalinity is a nmeasure of the acid neutrali-
zation capacity and is determned by titration with acid down to
a pH of 4.3 to 4.5. Many of the Sayreville off-site and background
sanpl es had pH | evels below 5. This accounts for the low alkalinity
values for that site.

268. Alkalinity was found to be higher in on-site sanples than
off-site sanples fromthe Pinto Island and Grand Haven sites (Table
22), suggesting a leaching potential for these two sites. A com
pari son of the sanples collected beneath the two sites with back-
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ground and off-site sanples, showed that for both the Pinto Island
and the Grand Haven sites, the average values were in decreasing
order: under-site, off-site nonitoring well,and background. This
suggests that an alkalinity leaching front had arrived at the
under-site locations and was diluted as it travel ed downstream
(groundwater) away from the site. By conparing the on-site and
off-site nonitoring well sanples, an attenuation of 48 percent
(from 446 to 230 mg/1) was registered at the Pinto Island site,
and an attenuation of 45 percent (from 589 to 326 mg/1) was
obt ai ned at the Grand Haven site.

269. In most natural waters, alkalinity is due mainly to
carbonate and bicarbonate ions and is defined as:

Alk = [Hco;jl + 2 [co';] + [OH—] - [H+]
As will be discussed in the later sections, the carbonate concen-
tration is very inportant because carbonate solids are believed
to be the controlling solids for nmost netals in an oxidizing
envi ronment .

270. Mechani snms controlling the levels and transport of
alkalinity include dissolution of carbonate solids, weathering
reactions, and oxidation-reduction reactions. Wathering reactions
were probably too slow to explain the findings in this study. Di s-
solution of solids such as calcite and hydronmagnesite was expected
to play an inportant role and this will be discussed in |ater
sections.

271. Bi ol ogical activities also play a dominant role. The
oxi dation of organic matter during sulfate reduction changes
alkalinity levels:

2 CH,0 + 80, ——H;s + 2HOQ
Brooks, Presley, and Kaplan postulated that in narine sedinents
this is followed by another reaction:114

ca*? + mcoT = caco, + H+

3 3
This controls the cal cium concentration and buffers the pH.
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272.  In this study, TOC appeared to be highly correlated with
alkalinity anong the sites (R = 0.86), another indication that bio-
| ogi cal action mght affect alkalinity. Like alkalinity, TOC was
potentially leachable fromthe Pinto Island and Grand Haven sites
(Table 22;. For these two sites, the sanples collected from under-
neath the sites were higher in TOC than the off-site nonitoring well
samples, which in turn were higher than the background sanples. This
trend was simlar to that of alkalinity. A TOC attenuation of 27
percent was noted for the Pinto Island site, and a 63 percent atten-
uation was observed at the Grand Haven site

273.  For the Sayreville site, the TOC | evel was higher in the
off-site than the on-site samples. This is probably due to the
fact that the off-site area is in part a salt marsh. The decay of
vegetation serves as the source for the TOC. It is well known that
organic nmatter formsstable conplexes with many trace nmetals. The
high TCC content may in part account for the higher trace netal
levels in many off-site sanples at Sayreville. The oxidation of
organic matter by sulfate, as previously discussed, nmay also ex-
plain the relatively low pH found in the vicinity sediments. Low
pH al so favors the dissolution of nost trace netals.

274.  To sum up, alkalinity and TOC were observed to be
higher in the on-site than the off-site Pinto Island and Gand
Haven sanples. Both were shown to have |eached to the groundwater
below the sites. The transport of alkalinity is probably regulated
by dissolution of calcite and biological oxidation. For the
Sayreville site both soluble TOC and alkalinity were higher in the
off-site soil sanples than the on-site dredged material sanples.

The reason for this is not clear. It may be due to the decay of
vegetation since the vicinity of the site was fornerly a salt marsh.
Phosphat e

275.  The distribution of phosphate is dependent on a highly
conpl ex and dynamic system In a literature review, Patrick and
Mahapatra cited that phosphate availability under subnerged
conditions was governed mainly by the form and solubility of iron
phosphate  conpounds. In a reducing environnent, iron is converted
fromthe ferric to the ferrous state, and phosphate is rel eased.

66



[f alum num abounds, phosphate will be reprecipitated as al um num
phosphat e. The phosphate |evels detected in this study were
fairly low, ranging from below the detection linit to a high of
0.91 ppm There was no apparent correlation between the soluble
phosphate and total phosphate concentrations. Only the Pinto
Island site showed a higher on-site average than the off-site
average (0.1 to 0.03 ppm respectively).

276. stumm and Leckie plotted the phosphate solubility of
vari ous solids versus pH.165 The following is a summary of the
phosphate concentration basedon ferric phosphate (dufrenite) and
cal ci um phosphate (apatite) solubility:

ol Ferric-POX4 Apatite-PO4

3 1a=34 M= 12 ppm

4 107> M= 0.31 ppm

5 1a=5-2 M= 0.20 ppm

6 107> M= 031 ppm

7 10—5-4 M= 0.12 ppm
8 -7-2 M= 0.002 ppm

10

277. At low pH, the predicted value is much higher than the
observed values. Sayreville background sanples were very acidic,
with pH ranging from2.8 to 7.2. Soluble phosphate ranged from 0
to 0.11 ppm  The highest soluble phosphate concentration was in a
sanpl e which had the highest pH (7.2). This was probably due to |ess
phosphat e adsorption by clay nminerals, since phosphate adsorption is
favored by |ow pH.78’ At other pH values, the predicted con-
centrations of ferric iron phosphate and cal ci um phosphate together
with adsorption onto clay minerals may have accounted for the phos-
phate content detected.

278.  In conclusion, soluble phosphate was at very |ow |evels.
Only the Pinto Island site showed a |eaching potential (0.1 ppm
on-site versus 0.03 ppmoff-site). Actual |eaching was not
observed. Phosphate can be ruled out as a potential water quality
probl em
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Trace netals

279. Wth the exception of iron and nanganese, concentrations
of trace netals in the leachate sanples were nostly in the ppb
or sub ppb range. At such |ow concentrations, precipitation/
dissolution, conplexation, and adsorption are expected to play dom
inant roles in regulating their transport.

280. In general, in an aerobic environnent, the stable solids
that control the solubilities of these netals are oxides, hydroxides,
or carbonates. Under reducing conditions, nost trace netals may
gradual Iy precipitate as sulfides clue to the generally much | ower
solubilities of these sulfides.

281. Acid-soluble sulfide was detected in all of the dredged
material and soil sanples. However, although hydrogen sul fide could
be snelled in a few of the water sanples during sanpling, no free
sul fide was detected in the water sanples. The threshold of snell
for hydrogen sulfide nmay be as | ow as 10-9 moles/|, or a few ppb.
It is possible that hydrogen sulfide did exist in the sanples but
was bel ow the detection limts for the methods used (el ectrode
and net hyl ene bl ue photonetric nethod).

282. The low sulfide concentrations could have resulted from
either of two nethods. The first possibility is that the free
sul fide was oxidized by oxygen which diffused into the sanples
during collection. Water sanples were collected either from well
points or suction |ysineters. It is highly probable that traces
of oxygen could have diffused into the water inside the sanpling
devi ces. Attempts to inprove this condition by flushing the sanples
with nitrogen were dropped because of the inaccessibilities of the
sanmpling locations and the difficulties in carrying the nitrogen
t anks.

283. The second possibility is that the sulfide concentrations
were below the detection linmts for the nmethods used. Although
[ arge amounts of free sulfide (H25+Hs' + s ) could be produced from
the reduction of sulfate by organic nmatter, the concentration
remaining in solution nmight be small due to the formation of netal-
lic sulfides, mainly Fes and Fes,.

284. Both possibilities are equally probable. The metal sul-

78
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fide solubilities are orders of magnitude |ower than those for
metal carbonates, hydroxides, or oxides. Although existing in un-

detectabl e concentrations, sulfide could still play a governing
role at extrenely |ow concentrations. The follow ng cal cul ati on,
based on the solubility products of cadmum illustrates the

inportance of sulfides.
285.  The solubility product for cdas is 10 and Cd CO, is
10'13'69‘ The ratio of the sulfide ion concentration and carbonate

ion concentration is given by:

-26. 96

-26,96
(k_ ) cds 10 g B
R = __§P__ = - @@ = 10 13.27
(Ksp) CdCO3 10—13.69

286. If Ris greater than 10-13-27 . cds becomes the controlling

solid, and vice versa. The carbonate concentration is usually about
107> to 107 M. Therefore, if s~ is greater than 10°20-27 ¢

10"18'27M, cds will be the controlling solid for cadm um

287. (oviously, it is not yet possible to detect sulfide at
such low concentrations. However, Wwe can estimate the conditions
under which sulfide solids become inmportant. Consider the follow ng
equations:

2- + - log K
1/8 50,°7 + 5/4 H' + e = 1/BH,S  + % Hy0 . -
1/8 1,5 (aq) = 1/8 S~ + 1/8H" -0.88
1/8 HS = 1/8 S=+ 1/8 Ht -1.75

Combi ning the three equations gives:

2—
4

en® = 2.303 Xt |og K = 0.059 log K

1/8 SO + H+ +e =1/8 5= + % HO 2.49

= 0.147 V at 25°C ~
Eh = En® + 0.059 |og [504

1

*K's obtained fromref. 78 and 118.

7 1/8
] 0.059 pH
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= 0.147 + 0.059 {1/8 | og {so4=} - pH} + 0.007 ps”

287. In this studythe sulfate ion concentration ranged from
10718 to 10732 and nost pH values were within the range of 5 to 8.
This makes the second termto the right of the equation roughly
equal -0.306 to -0.496 and

Eh = -0.160 to -0.350 + 0.007 ps_
where ps. = -log [si

Eh = redox potential in Volts

For cd, cds beconmes dom nant when [51 is greater than 1072027

or ps = 20.27
Eh = -0.160 to -0.350 + 0.007 X (+20.27)

= -0.018 to -0.208

288. Choosing the upper limt, cadmiumin any sanple with Eh
bel ow -18nV may be controlled by the solubility of cds. Stumm and
Morgan estimated that for sanples that give a sulfide odor, the
partial pressure of H,S is between 10'2 to 1078 atm or the hydr ogen
sul fide (#,5) concentration is around 107% to 107%m.78  For sanples
with Eh below - 18nV and pH = 5, hydrogen sulfide is given by

[HZ s} = [iJz—[S:]

1 %
K, =107’
K; - 10714
_ 0% (0720727
) Lo-21
= 1079727 =5

The value is very close to that estimated by Stunm and Morgan, 8

and is a plausible valuebecause only some sanples had a H,S
snel | .
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289. In an oxidizing environment, nost trace metals could be
controlled by the solubility of the metal carbonate solid:

MOO3 = M2+ co,
The free netal concentration is given by:

K
M+2 _ sp

[cog]

pM = pKSp t+ log Cy + log a,

total carbonate concentration

= [HZCO3:‘ + [Hco;] + [coz }

+2 +2
0y = H + H + 1
KlKZ K2

wher e Ct

[EEN

Kyr K, = first and second di ssociation constants of H.,CO 10'63

- 27737
and10o° "<, respectively.

290. No direct measuremnent of C, was performed.  However,
total carbonate concentration can be estimated from alkalinity and
total inorganic carbon data. At K; < pH < K,, Cg is roughly equal
to alkalinity since the majority of the carbonate species exist as
bi carbonate ions. At |ower pH values, especially when alkalinity
approaches 0, the carbonic acid (H,CO,) concentration is expected
to increase. TIC measures at | ow pH val ues ranged from bel ow
the detection linmt (5 mg/l) to 20 mg/1. It is reasonable to assune
Cy ranged from 10°3°° rrgl es to 10'1'5 nmoles, wth nost sanples in
t he nei ghborhood of 10 “ noles (corresponds to 500 mg/1 al kalinity).
291. Based on C and the previously derived equation derived
before, the range of free nmetal concentrations can then be esti-
mated. Using the Kep listed in Table 24 and assuming C_ = 1035
and 1010 moles, the free metal concentration expected in this
study is given by:
cd = 10.1 or 12.1 + log a,
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+2

pCu = 6 or 8 + log a2

FJFe+2 = 6.9 or 8.9 + log a2
PMn+2 = 5.7 o0r 7.7 + log a2
FJNi +2 = 4.7 or 6.7 + log a2
Ppb+2 = 9.8 o0r 11.8 + log a2
PZn+2 = 7.2 or 9.2 + log a2

Figures 75 and 76 are graphic presentations of the expected netal
ranges using pH as the master variabl e. The diagrans are construc-
ted by assumng:

dlog, = 0 at pH > K

dpH

1 at K, < pE < _K
p p
= 2 at pH < _K

Cadmi um

292.  Sol ubl e cadm um concentrations were usually the |owest
anong all nmetals analyzed. The on-site water sanples averaged 0.8
ppb for the Grand Haven site to a high of 58 ppb for the Sayreville
site. The highest concentration was 200 ppb in a Sayreville
| eachate. Many of the Sayreville samples were in the 100-ppb
range. Sanples from other sites were relatively uniform and
were in the low or sub-ppb range. The spread for these sanples
was so small that a difference of 0.6 ppb between the on- and
off-site Grand Haven sanples was shown to be statistically signi-
ficant. In this case, the off-site average was higher than that
of the on-site water sanples (Table 22).

293. Considering the groundwater conditions (Table 23), the
Grand Haven site background and nonitoring well waters had slightly
hi gher concentrations than the water sanples obtained directly
beneath the disposal area (averages of 1.4 and 0.92 ppb conpared
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to 0.79 ppb). For the Pinto Island sanples, one high concentration
(46 ppb) was detected in a second set under-site sanple. The rest
were all about 1 ppb. Hem 70 reported that the nedian concentra-
tion of cadmiumin 726 sanples of water taken fromrivers and |akes
of the United States was a little below 1 ppb. The | ow concentra-
tion range found in the Grand Haven and Pinto Island sanples indi-
cates that cadmi um woul d pose no potential threat to deterioration
of the groundwater quality.

294.  The highest cadm um concentrations were found in the
Sayreville sanples. One of the nonitoring wells (NJF 2) had a
concentration of about 100 ppb throughout the study (Table X2).

The two background wells (NJI and NJJ) also showed consistently high
values.  The local groundwater flow was a radial pattern flow ng

away fromthe site (Figure 69). It was difficult to select a good
background well to reflect the inmpact of the |eaching of cadmi um from
dredged material. The distribution of cadm um was probably regu-

lated by the local environnental conditions, especially the Eh and
PH.

295.  Krauskopf 158 calculated that seawater is undersaturated
with respect to cadmium He suggested that precipitation as cadnm um
sulfide is a possible control mechanismin sone |ocalized reducing
environnments where the free sulfide concentrations are high. /5
di scussed above, cadmi um sulfide precipitation probably occurred if
the Eh values were below -18 mv. The follow ng tabulation shows
the range of cadnmium concentrations observed in sanples with Eh
above -18 mv and sanples with Eh bel ow -18 mv:

Site Sanpl es Bel ow -18 mv Sanpl es Above -18 mv
Sayreville 1to 8 ppb 1 to 204 ppb
Pinto Island 1.2 to 4 ppb <1 to 46 ppb
G and Haven < 1 ppb <l1to 4 ppb
Houst on 1 to 102 ppb 1l to 8 ppb

It appears that soluble phase cadm um was higher under nore oxidi-
zing conditions (above -18 mv) where cadm um carbonate is the

controlling solid. 167, 168 The cadmi um concentration is given by:
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[co?] [?0?}

296. In the reduc .ng environnent, where cadmiumsulfide is
the stable solid, cadnmium concentration is given by:

ot Kep _ 10726.96

s 51
Dependi ng on the sulfide concentration, cadm um can exist in the
range fromthe high ppb level to ten orders of magnitude | ower.
297. Cadmiumis known to form stable soluble conplexes with
various ligands, and Lu and Chen,148 suggested that chloride is

the nmost inportant ligand in seawater. The total cadm um concen-
tration measured woul d be:

— 3 -2 -3
cd, = cdg {1+B1 (C-) + B, (C1 )" +By(Cl)
-4 -5 -6
+ B, @)? + By (@) + By (c1D)®)
Wiere X cds . - .
cd, = SP_. in the reducing environnent
(s7)
KgpnCACOy S _
and = S 2 in the oxidizing environnent
=)
(CO3
298. As discussed previously, cadm um sulfide probably becones
dom nant when Psz_ is smaller than 20, or S, is smaller than 9

Figure 77 is a distribution diagram of the sulfide species assuning
S = 9. Referring to Fiqures 75 and 77, the free cadn um concen-
tration range, under either sulfide or carbonate solids control

is calculated for each site to be as foll ows:
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cdco Control

Site _pH _Range cds Control
Sayreville 3to7 45 x 107% to 1.8 X 10° ppb 0.7 ppb to 1.1 X 10 ppm
Pinto Island 4.8 to 8.2 1.8 X 107> to 3.5 ppb 1.1 ppb to 7.1 x 102 ppm
Grand Haven 58 to 7.7 3.5 x 107> to 0.06 ppb 7.1 ppb t0 4.5 ppm
Houst on 5.4 to 7.8 3.5 X 107 to 0.28 ppb 5.6 ppb to 35 ppm

299.  In an oxidizing environment the predicted values were close

to the observed values for sanples with high pH. The reverse was
true for the reducing environment where the predicted val ues ranged
from0.06 to 3.5 ppb for sanples having pH values from3 to 5.8.

At the other end of the pH scale the observed val ues were several
orders of magnitude |ower than the theoretical values.

300. Jenne159 proposed that cadm um coprecipitates with iron
and manganese when the latter two are oxidized. Adsorption on clay
mnerals and organic natter may be another inmmobilizing mechanism
It was suggested that in soils, clay mnerals and organic matter
are the mmjor conponents involved in adsorptive reactions. 1,172
Both nechanisns are likely to reduce the cadm um concentration in
an oxi di zi ng environnent.

301.  In summary, there was a potential for cadmum to |each
fromthe Pinto Island and the Sayreville site. However, no actual
| eaching was observed. It appeared that cadm um transport was re-

gulated to a great extent by the controlling solids and by adsorp-
tion onto clay minerals. The average cadm um concentration was
very low It is concluded that soluble cadm um from di ked dredged
material disposal practice poses no threat to groundwater quality.
Copper

302. A wide range of copper concentrations was found at the
Sayreville site. The on-site water sanples ranged from 3 ppb to
3 ppm and averaged 231 ppb. The four nonitoring wells, which were
located froma few to about 100 maway fromthe site, provided water
sanples with a slightly higher average concentration of 500 ppb and
a wider range (1 ppb to 6.1 ppn. The two background wells were
| ocated about 700 m (NJI) and 1500 m (NJJ) away from the Sayreville
site. Both background wells had relatively high copper concentra-
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tions. The copper concentration of these two wells averaged 2.6 ppm
during the 9-month study.

303. Many of the groundwater samples at Sayreville had copper
in the ppm range. The highest value, 11.4 ppm, was found for a
background well sample (NJJ). The highest concentration in a moni-
toring well sample was 6.1 ppm, found in NJF. The highest under-
site sample was only 2 ppm, found in NJD. All these values were
from the third set of samples, which were collected after new dis-
posal activities had resumed at this site. One month later, NJJ
and NJF samples decreased to 330 and 492 ppb, repsectively. No
sample was collected from NJD during that period.

304. Due to the high concentrations found in the background
and monitoring wells, it was not possible to assess the copper
leaching potential at this site. As discussed before, the ground-
water pattern of the Sayreville site is a complex radial flow system.
This makes it very difficult to locatea true background well,
Locations too close to the site might be already affected by the
leachates. Locations too far away from the site might be influenced
by pollution sources other than the dredged material disposal site.
For example, the National Lead Industries, which manufactures many
inorganic and organic chemicals, discharges its industrial waste
in the vicinity. The impact of this on the local groundwater quality
is not known.

305. The locations with high copper levels (NJJ, NJI, and NJF)
had very low pH values (3 to 4) and high Eh. It has been suggested
that in the oxidizing environment soluble copper is probably
regulated by carbonate hydroxyl solids such as malachite (Cu, €O,

(OH)Z).llS’173 The other important copper solids include copper
hydroxide (Cu(OH)Z) and copper carbonate (CuCOB). At pH 3, the
ion ratio 1is given by the following eguations:
x - Ksp CuloH), - 107277 [OH'] _ 107t
! 5 [coz]% [co=] g
Ksp [CUZCO3 (OH) 2)] 3 3
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=L
K CuCo (Co,) =
R, = —F : = 1071 = 3
L -2
Ksp[CuCO3 (oH) 21 (oH )
= 10%2 (cog) c

0-14

It is reasonable to assume co. to be between 1 to 10_16 M which

3
corresponds to a carbonic acid (Hzco3) concentration of 107> to
10734y, By substituting these nunbers into the equations for R;

Ry mal achite (Cu2CO3(OH)2) appears to be the logical controlling
solid in the above systens. Carbonate and hydroxi de solids become
unstabl e under acidic pH conditions. Likewise, as pH increases,
sol ubl e phase copper is expected to decrease. This probably par-
tially accounts for the high soluble copper concentrations found in
the Sayreville sanples. The pH was generally higher for the fourth
set of data than for the third set, and the copper showed a corres-
ponding decrease.

306. However, fromsinple solubility calculations, copper should
exi st in concentrations orders of nagnitude higher than the observed
val ues:

L
K__? | -16.6
cut? = SP = 2T = 2 X10° ppm
[on—][coz]% (OH) (CO3=)%
Copper is known to form stable conplexes with chloride, hydroxide
and other inorganic and organic |igands. Though not yet very well

understood, the soluble organic conplexes are believed to bind the
mejority of soluble copper. The majority of the soluble copper
species are positively chargedlm'175 and are strongly adsorbed by
clay mnerals. 138,167,175 Lindsay173 posed the follow ng equation
to explain the high copper concentrations in sone soils:

cut 1+ soil = cu-soil + 2x"
The K val ue was found to be 10'3'2‘ 176 the copper concentration is
given by:
cut? = 1032 (H+)2
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At pH 3, the copper concentration is calculated to be 99 ppm nuch
lower than the predicted value fromthe solubility of malachite.
307. Jennel®? proposed that iron and manganese oxi des provide
large surface areas for sorption reactions with copper. It is also
known that copper chelates strongly with humic substances. 177 A
conbi nation of these mechani snms probably governs the transport of
copper in the oxidized environnment.
308. Copper sulfide is expected to be the controlling solid
in the reducing environments. The solubility product for this
solid is very low Assuming [sz] to be 20, the copper concentra-
tion is given by:

K 0-36.4

c +& _ Ep _1 s _ 10-16.4M
S 10 -
- -7
= 2 X 10 ' ppb

309. The following is a tabulation of the ranges of soluble
copper concentrations, arranged according to oxidizing and reducing
condi tions:

i di zi ng, Reduci ng,
Site pH Range Cuco, Control Cus Control
Sayreville 3to7 1 ppb to 11.4 ppm 1 to 145 ppb
Pinto Island 4.8 to 8.2 1 to 345 ppb 2 to 24 ppb
Houst on 5.8 to 7.7 5 to 165 ppb 4 to 13 ppb
G and Haven 5.4 to 7.8 1 to 63 ppb 2 to 7 ppb
The copper concentration is generally nuch lower in a reducing en-
vironment than in an oxidizing environnent. The observed val ues are
still much higher than the predicted val ues.

310. Conpl exation wthother |igands can solubilize copper to
a much higher total concentration than that cal culated from copper
sulfide solubility. Copper is known to form highly stable conplexes
with soluble inorganic and organic nolecules. The formation con-
stants of copper with common |iqgands, such as chloride, hydroxide,
and sulfate, have been extensively tabulated in the literature. 78,179
However, these conplexes are not expected to increase the copper
concentration by nore than 100 fol d.

78



311. The only likely candidates for conpeting |igands are or-
ganic rmolecules. As reflected by the formation constants, copper
organi ¢ conpl exes are much nore stable than the inorganic conplexes.
For exanple, as conpiled by Lu and Chen,148 the log formation constant
for Cu-histidine is 11.71 as conmpared with 1.58 for cuc1*?.

Lerman and Childs180 found log B for nitrilotriacetates (NTA) to be
13.  The nature of soluble organics in natural waters is not very
well  known. It is generally believed that copper is strongly

conpl exed with organic matter, and this is expected to play an im
portant role in regulating the transport of copper.l73'181'182

312.  Copper was found to be higher in the Pinto Island and
G and Haven on-site sanples than in the off-site sanples (Table 22).
Monitoring the water quality in the groundwater table indicated that
at the Pinto Island site, the wells underneath the site provided
sanples with the highest concentration, possibly due to |eaching
fromthe dredged naterial in the site. The downgradient monitoring
wells had a | ower average concentration (10 ppb) but were statis-
tically higher than the background wells (Table 23). This suggests
that copper mght have migrated to the monitoring wells fromon-site
sour ces. Due to the various attenuation nmechani sns di scussed, the
average concentration decreased from 41 ppb in sanpl es obtained
from beneath the site to 10 ppb for the nmonitoring well sanples.

313.  For the Grand Haven site, the background sanples were
simlar in soluble copper concentration to the sanples collected
underneath the site (12 and 15 ppb, respectively), suggesting that
either copper was not |eached out or was greatly attenuated as
it left the site.

314.  In summary, leaching effects could not be established for
the sayreville site due to the high background concentrations. Both
t he background and the downstream sanples were higher than the on-
site sanples. This is probably due to the formation of organic
conpl exes. The off-site sanples were shown to have higher TCC
than the on-site sanpl es.

315. Leaching was observed at the Pinto Island site. However,
the concentration was so low that it posed no deterioration threat

to the groundwater quality.
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Ni cke

316. Among the trace netals anal yzed, other than iron and
manganese, the nickel concentration was usually the highest. This
is in accordance with the relatively higher solubility products
of the nickel controlling solids: 10°8-2 for wNico, and 10'18'5 for
a Nis, and 107257 for vNiS. ’

317. In the vicinity of the Sayreville site, nmost sanples were
in the hundred ppb range. The average off-site sanple concentration
was 237 ppb, and the average on-site sanple concentration was 420
ppb. Both numbers were highest anong the case study sites. Bot h
the Grand Haven and Pinto Island sites also had higher on-site
averages than the off-site averages: 128 and 27 ppb for Grand Haven,
42 and 10 ppb for Pinto Island. In most natural processes, species
mgrate from zones of high concentration to | ow concentration areas.
Thus there is a potential that nickel may migrate to the groundwater
from the disposal sites.

318. The nickel data for groundwater sanples from each site
are sumarized in Table 23. At Pinto Island, nickel increased from
4.3 ppb in background water sanples to 40 ppb in water collected
beneath the site, and then decreased to 11 ppb for water in the
off-site monitoring wells. Theunder-site sanples average of 40 ppb
was as high as the on-site average of 42 ppb, suggesting that
groundwater directly below the site was affected. During horizonta
mgration of leachate (away fromthe site), nickel was reduced by
75 percent due to various attenuation mechani sns.

319. In the immediate vicinity of the Sayreville site, nickel
decreased from an average of 420 ppb for the on-site sanples to
an average of 325 ppb for the sanples collected beneath the site,
an average decrease of 22 percent (Tables 22, 23). Ni ckel was
further attenuated down gradient to an average of 237 ppb, a net
average reduction of 44 percent.

320. The highest nickel depletion was obtained at the G and
Haven site. Due to the high background concentration, the extent
of leaching could not be established. However, by conparing the on-
site average in Table 22 with the under-site and nonitoring well
averages in Table 23, it can be seen nickel decreased from 128 ppb
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for the on-site sanples to 65 ppb for the under-site sanples. The
downgradi ent off-site nmonitoring sanples averaged 22 ppb, a tota
reduction of 83 percent over on-site val ues.

321. The nickel mgration was probably controlled by a number
of nechanisnms. As the dredged material was disposed of, nickel
was probably transformed from nickel sulfide into nickel carbonate
due to the change in the redox conditions, resulting in nore nicke
rel ease . Wakeman183 reported an increase in nickel during dredging
and open-water disposal in San Francisco Bay. An increase in the
carbonate phase coupled with a decrease in the sulfide and organic
phases has been observed in influent-effluent sanples from dredged

mat eri al di sposal sites. 69, 144
322. In an oxidizing environnment, the nickel concentration
shoul d be controlled by NiCO3, andi tstheoretical concentration is
gi ven by:
K -8.2
Eﬁ] = SP = 10 = 37 ppmto 4300 ppm

[co?] [cog]

Ni ckel also forns stable conplexes with chloride, carbonate, and
ot her inorganic and organic |igands. Chen and Rohatgi184 suggest ed
that the initial release of nickel from suspended particulates
upon disposal into the ocean is due to the formation of soluble
chloride conpl exes. Compl exation with soluble organic |igands
can further increase the theoretical soluble nickel concentration,
which is already orders of maqgnitude higher than the observed
val ues (Table X1 to K4).

323. Sol ubl e nickel was probably adsorbed by iron and nmanganese

185 showed t hat

oxi des in oxidizing environments. Pronina et al.
ni ckel can be scavenged from seawater by naturally occurring
hydr oxi des of iron and manganese. Goldberg186 reported that nicke
is linearly related to the manganese content in Pacific Ocean
ferrugi nous sedi nent s. The scavengi ng effect of iron and manganese
has al so been reported by many ot her authors. 2, 5, 158, 159
324. In a reducing environnent, nickel sulfide will be the
controlling solid. The ion ratio suggested that sulfide would

be the controlling solid when pS  reached 16 for (NiS)a
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o= (KS )} oNiSs 10-10.5
R = L = P—_ T8 2 =
[coﬂ (Kgp) NiCOs
or
LS (K__) yNiS 107227 Lo-17-5
R = ko ' EYSIX
[ (K ) NiCO,

As discussed in the cadnium section, if one chooses pS to be 20
free N could be controlled by (Nis)y, this is given by:

(K )y | -25.7
[Ni++] - —se - O_T 64 ppb
[s] 10 —

This concentration is remarkably close to the observed nickel val ues.

325.  In summary, soluble phase nickel was found to exist at
relatively high levels in both the dredged material and soil
interstitial waters at the Sayreville site. A few of the sanples
exceeded the NAS Marine Water Quality Standard of 1000 u.g/1. Due
to the high concentration found in the background sanples, the ex-
tent of |eaching cannot be established. It was deduced fromthe
conmparison of the on-site, under-site and nonitoring well sanples,
that nickel was |eached fromthe site. Ni ckel was al so observed
to have | eached fromthe Pinto Island and Grand Haven sites. The
concencentrations were greatly attenuated as they traveled away
from the sites. However, due to the |ow concentration, nickel is
not anticipated to pose any threat to the groundwater quality at
these two sites.

Lead

326.  Although lead exists everywhere in the environment, it
is extrenely insoluble in water. Kopp and Kroner187 surveyed
876 surface water sanples and found a concentration range of 2 to
140 ppb with a nean of 23 ppb lead. About 10 percent of their
sampl es exceeded 10 ppb

327. of the sanples analyzed for in this study, |ead existed
only in mnute quantities. The concentrations ranged froma | ow
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of below 1 ppb, found for all four sites, to a high of 80 ppb,
found in two Houston sanples. Most sanples were bel ow 10 ppb.

For the Grand haven site, 46 of the 60 sanples were below 1 ppb
Only 4 of the 306 samples (fromall four sites) exceeded the
50-ug/1 drinking water limt set up by Epa, 188-191 Conpared to
sources tested in Kopp and Kroner's study, it appears that dredged
material disposal sites pose no danger to the groundwater quality.

328. Lead, like other trace netals, goes through different
solids transformations if the redox condition is changed.
Wakeman'®3 reported an increase of lead during dredging operations

in San Francisco Bay. However, windom® found no appr eci abl e changes
in water quality during and after dredging activities near the
Intracoastal Waterway in Ceorgia.

329. Lead carbonate has been suggested as the controlling
solid in oxidizing marine environments. 192 In this study, due to
the low pH and high sulfate concentration in certain sanples, |ead
sulfate may have been the controlling solid (e.g., Sayreville).
Maj or | ead conpl exes include carbonate, sulfate, hydroxide and
chloride,l48'l92 An activity ratio diagramfor lead sulfate,
lead carbonate, and |ead hydroxide is given in Figure 78. Sul fate
was assumed to be 10°2°Mand the total carbon concentration to
be 1073*3M. It is seen that bel ow pH 6, lead sulfate is the
controlling solid. FrompH 6 to 11.5, |ead carbonate is the
controlling solid: |ead hydroxide becones inportant only when pH
exceeds 11.5, which was not detected in any of the sanples anal yzed.
It was calculated for this study, that, due to the ratio of sulfate
to carbonate, the free |ead concentration ranges would be sinilar,
regardl ess of whether |ead carbonate or lead sulfate was the
controlling solid. The follow ng tabulation gives the range of
sol ubl e I ead under oxidizing conditions for each site and the
theoretical calculations that took into account the controlling
solid and liqgand conplexes with sulfate, carbonate, bicarbonate,
and chloride:
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Theoretical Calculation

QCtual PbCO, as Control solidg,
- ange 3 -13. 30
Site pH Range Lead K =10 °%
o
Sayreville 3to7 1 to 50 ppb 1.3 to 2 x 10’ ppb
Pinto Island 4.8 to 8.2 <1 to 7 ppb 6.3 to 1.6 X 10° ppb
Houst on 5.8 to 7.7 <1 to 80 ppb 20 to 2 x 10% ppb

Gand Haven 5.4 to 7.8 <1 to 30 ppb

330. The theoretical values are close to the observed val ues at
high pa. Lead adsorbs strongly with clay mnerals. Adsorption of
netals on clay minerals was reported to occur in the followi ng order:
cutts et nitts cott >Zn+f Adsorption by clay, iron, and.
manganese oxi des probably accounted for the |ow | ead content found
in this study.

331.  In summary, soluble lead was found to be in very |low con-
centration. No | eaching was observed in any sites and no |eaching
potential was found in any sites. It is concluded that dike dis-
posal of dredged material will not significantly increase the
soluble lead |l evel in groundwater.

Zinc

332. Zinc is a fairly abundant elenent. Unlike nost other
trace nmetals, snall amunts of zinc are essential to life. A
large quantity of zinc is used industrially, and this has a signi-
ficant inpact on the distribution of zinc in the environnent.

Lazarus et aI.193 reported an average concentration of 107 ppb

zinc in rainfall collected at 32 points in the United States from
Septenber 1966 to January 1967. Hem170 surveyed 726 filtered water
sampl es taken fromrivers and lakes in the United States and found
the medi an concentration of zinc to be close to 20 ppb, 203 con-
siderably less than the average val ue reported by Lazarus.

333. In this study, Sayreville had the highest average sol uble
zinc concentrations of 4.16 ppmin sanples fromthe nmonitoring wells,
2.44 ppmfor the on-site dredged material. interstitial water sanples,
and 3.8 ppmfor the background well water. Gand Haven, being
the least industrialized of the four sites, had the |owest soluble
zinc average, 0.053 ppmfor the nonitoring well sanples, 0.058 ppm
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for the on-site sanples, and 0.176 ppm w the background well

wat er. Hem 70 suqgests that industrial discharge of zinc aerosols
could be the major source of zinc in rainfall in the northeastern
United States. Conparing the data of Lazarus et al. 193 and Hem 170
it is possible that rainfall could be a source of zinc in the above
sites. One other possibility for the higher off-site and background
concentrations, conpared to those of the on-site Sayreville sanples,
is the close proximty of the entire nonitored area to two heavily
used hi ghways (New Jersey Highway 35 and U S. H ghway 9). Lagerwerff
and Specht172 have shown that zinc, |ead, cadm um nickel, and

| ead concentrations increase in soil and vegetation adjacent to

hi ghways.

334. Pinto Island is the only site that showed a potential for
zinc leaching fromthe site. The on-site average soluble zinc
concentration was 0.6 ppm The off-site nmonitoring well sanples
contained 0.072 ppm soluble zinc (Table 22).

335. The average zinc concentration decreased from 0.60 ppm
in the on-site dredged naterial water sanples to 0.41 ppm for the
groundwat er sanpl es underneath the site and to 0.073 ppm for the
off-site monitoring well sanples. A total decrease of 88 percent
was achieved. From a conparison of background, under-site, and
monitoring well averages, it appears that the monitoring wells had
been affected (Tables 22 and 23).

336. Like other trace netals, a number of nechanisns probably
attenuate zinc as it mgrates fromthe disposal site to the
surrounding soils. These include dilution, biological effects,
solids transformation, conplexation and adsorption. Adsorption
appeared to be the nmost inportant factor. 173,182,193

337. Lindsay and Norvell194 proposed a zinc-soil system
't 4 soil = ZzZn-soil + amt
in which the zinc concentratjon is given by:
2
zntt = 10° Hj:

At pH 6, the zinc concentration is calculated to be 0.063 ppm
about five orders of magnitude |ess than the predicted val ues
from sol ubility considerations, and is much closer to the observed
val ues fromthis study.
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338.  To sum up, at the Sayreville and Grand Haven sites, soluble
phase zinc concentrations were lower in the on-site dredged naterial
than in the surrounding native soils. Only the Pinto Island site
reflected a |eaching potential. The average for the on-site
Pinto Island sanple was 0.61 ppm  The EPA drinking water
standard for zinc is 5 ppm  Thus, it is concluded that zinc wll
not be a problemat the sites studied.

Iron

339. lron is one of the nmobst abundant elenents or metals in
the earth's crust, having an average concentration of 56,000 ppm
In soils and sedinments, iron concentrations range froma few
t housand ppmto several percent. 126,195 Simlar concentration
ranges were found in the soil and dredged material sanples collected
for this study (Tables J5 to J%).

340. Although iron is ubiquitous in nature, its availability
is usually low  Mst of the iron either exists as part of mnera
crystal structures or as an oxide coating on the surfaces of parti-
des 153,196 5 tpig study, less than 1 percent of the totalironwas
found to exist in the water-soluble and exchangeable fractions.

341. In the interstitial soil water and |eachates, average
iron concentrations ranged froma |ow of 54 ppb for the Pinto Island
samples to a high of 3.5 ppmfor the Sayreville sanples. The
statistics for the other sites are given in Table 22. In general,
the concentrations correlated well with redox potential and pH.
Sayreville sanples had relatively low Eh and pH. These conditions
are known to favor mobilization of iron. 196-198 Pinto Island and
G and Haven sanples had higher Eh and pH values and, consequently,
lower iron concentrations.

342, Student's "t" tests showed that the differences in iron
concentrations between the on-/off-site Sayreville sanples, and
between the on-/off-site Pinto Island sanples were statistically
insignificant (p value of > 0.9 and 0.45, respectively). An
average on-site sanple was higher than the average off-site sanple
at Grand Haven by 29 ppb, creatingal eaching potential. However
except for the Sayreville sanples, all were below the 0.3 ppm
drinking water limt set up by Epa, 188-191

179
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343.  Iron solubility is very sensitive to Eh and pH. Gotoh
and Patrick!®® and Ganbrel1 et al. 17 denonstrated that, in water-
| ogged soil and sedinments at a fixed pH, an increase in soluble
iron is associated with a decrease in redox potential. At a fixed
redox potential, an increase in soluble iron is associated with a
decrease in pH. Lul?8 proposed that iron is transforned during a
change from reducing conditions to aerobic conditions through the
following stages:

FeS —>FeCO3 —Fe (OH) 3" Fe OOH —--Fe203

The wi de range of soluble iron concentrations found in this study
was probably due largely to the various localized conditions signi-
fied by different controlling solids. However, sinple solubility
calculations predict a nuch |lower concentration than the observed
val ues. Organi c conplexation is the nmost |ikely candidate to account
for the gap. 182, 200

344, A few spots of high iron concentration were found at sone
nonitoring stations at Sayreville. For the first sanpling period,
sanpl es from background well (NJJ) contained 2500 ppm which gradual |y
decreased to 0.17 ppmduring later sanpling periods. One of the
off-site wells (NJG1l) also had a high concentration (71 ppn) in the
first sanple set, which later decreased to 0.1 ppm  Another back-
ground well (NJI) decreased from39 ppmto 0.3 ppm An on-site
sampl e (NJA3) and an under-site groundwater sanple (NJB4) exhibited
simlar trends. An increase in pH in these sanples was also recorded
(NJJ increased from3 to 7.2, NJG1 increased from3 to 6.4, and NJI
increased from3 to 4.6).

345. The low pH and high soluble iron levels in the sedinents
at Sayreville were probably caused by the oxidation of pyrite to
sulfate in the poorly buffered sedinments. As air infiltrates soil
the oxidation of sulfide to sulfate proceeds as a two-stage process,
resulting in an acidic soil solution:

++ =
2FeS, + 70, + 2H,0 — 2Fe + 4sd, + ag?

are*t + 0, + 10H,0 —4Fe (OH) ; + gut
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The oxidation process seens plausible since the high iron |levels
measured during the first sampling could be due to the inclusion of
fine particulate ferric hydroxide colloids or ferrous organic

conpl exes. The oxidation process is a very rapid reaction. However,
if conplexed with organic matter, the oxidation of ferrous to ferric
ion could be delayed by days or even nonths. 200

346.  In conclusion, iron transport was highly influenced by
the eEh-pH of the environnent, solid transfornation and conpl exation
Soluble iron levels in the dredged material were either conparable
to the surrounding environnent (the Sayreville and Pinto |sland
sites), or were |ow conmpared with the EPA drinking water standards
(the Pinto Island and Grand Haven sites). It is concluded that
di ked di sposal of dredged material will pose no groundwater iron
probl em
Manganese

347. Manganese was the nost soluble element anobng the trace
metals studied. Qut of the nore than 300 sanpl es anal yzed
only a few were below 0.05 mg/1, the drinking water linmit set up
by EPA 188-191 On-site averages for dredged naterial water sanples
were 1.2 ppmfor the Gand Haven site, 6.4 ppmfor the Sayreville
site, 9.2 ppmfor the Pinto Island site, and 12.3 ppmfor the
Houston site (Table 22). Average off-site leachate sanples were
also at the ppmlevel and ranged froma low of 1.2 ppmfor the
Pinto Island site to a high of 7.4 ppmfor the Sayreville site
(Table 22). The highest individual analysis was 68 ppm and the
| owest was 0.5 ppb; both sanples were found in the Pinto Island
vicinity.

348. The chem cal behavior of manganese is quite simlar to
that of iron. Like iron, nanganese is alnost ubiquitous in soils
and sedinents, the solubility is highly dependent on the redox
potential and pH. As discussed before, both the redox potential
and pH are highly site-specific. Al t hough the chemistry and
m neral ogy of npbst nmanganese solids is not well understood, it is
general ly considered that, under reducing conditions, nanganese
will exist as sulfides or silicates. Car bonat e, hydroxide, and
oxide solids tend to formas the redox potential is raised.
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Thesol ubility of each solid is unique, and manganese is generally
more soluble than its iron counterpart. Thus, the w de range of
sol ubl e manganese observed and the nonsignificant difference
between the on-/off-site New Jersey and Grand Haven sanples were

expect ed. In general, high soluble manganese concentrations were
associated with low Eh or high pH. Iron usually precipitates at
a lower Eh and/or pH than manganese. It is possible that the

case study sites had Eh/pH conditions that pronoted the fornation of
manganese carbonate, which is generally favored by reducing condi-
tions and high pH. However, iron may have still existed in the very
poorly soluble oxidized form Fe(III).

349.  Assuning manganese carbonate as the controlling solid, the
free manganese concentration is given in Figure 76. It ranged from
a few ppmto several thousand ppm  Manganese also forns stable
conpl exes with chloride, bicarbonate and sone sol uble organic nole-
cul es. This will increase the total soluble manganese concentration.
Sorption with clay minerals or soil organic matter probably brings
the concentration to the observed range.168

350. The inmportance of iron and manganese oxides in regulating
the transport of trace metals has been nmentioned in other sections.
In the reduced form neither iron normanganese is an effective trace
metal  scavenger. As the conditions beconme nore oxidizing, iron and
manganese may eventually be oxidized to ferric oxide and manganese
di oxi de. This oxidation could occur when reduced sedinments are
dredged, mxed with overlying oxygen-rich water, and disposed in
an upland disposal site where atnospheric oxygen has a better chance
for infiltration. These solids are characterized by high surface
areas and are effective in scavenging other heavy metals from
sol ution. 186,197 Freshly precipitated oxides and hydroxi des

seemto be nore effective in scavenging trace metals. 186
351. In conclusion, anpbng the trace netals anal yzed nanganese
was found to be the nost sol uble el enent. Most sanpl es exceeded the

EPA drinking water standard of 0.05 mg/l1. Manganese nmigration was
controlled to a large extent by the Eh-pH of the surrounding en-
vironment . This woul d make nmanganese a potential groundwater

probl em
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Mer cury

352.  Mercury concentration in the sanples was determnmined by the
cold vapor nmethod. Conpared to the other netals analyzed, the nercury
was relatively nore uniformin distribution, nostly in the sub-ppb
range. Average on-site concentrations ranged from 0.34 ppb for
Pinto Island and Sayreville to 0.48 ppb for Houston. The highest
concentration detected was 3 ppb, found at Houston. This is
slightly higher than the 2 ppb drinking water standard set up by
EPA‘188-191 Neverthel ess, of the 200 sanples collected fromthe
four sites, only 2 exceeded this limt. This range is comparable
to the findings of the U S. Geol ogical Survey which reported
<0.1to 6 ppb mercury for selected streans in the U s 202 ¢ s
thus concluded that nercury should not pose any danger if the ground-
water is to be used for drinking purposes.

353, The solids controlling the solubility of nercury are
mercury sulfide (Hgs) in the reduced environnent and mercury
hydr oxi de (Hg(OH)z) in the oxidized environment. The solubility
product constants of these two solids are 107239 and 10'25'4,
respectively. These are about 10 to 20 orders of magnitude | ower
than the solubility of the controlling solids of other trace netals
in the corresponding redox environnents. The free nercury level is
given by:
_l0-53'9 o 10725.4
5 1
Assunming a total sulfide concentration of 10 °M the follow ng tabu-
++

Hgf =

lation summarizes the theoretical values of free Hg at various
pH | evel s:
PH Hg (OH) , Control, ppb Hgs Control, ppb
3 8.24 X 10° 10721-6
4 8.24 X 10° 19723-6
5 8. 24 197235
6 8.24 X 1072 lo-27.6
7 8.24 X 107° 107296
8 8.24 X 107° 107316
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354. Mercury forms stable conplexes with hydroxide, chloride,
and other inorganic and organic |igands. The stability constants
for hydroxide conpl exes have been reported to be

log g, = 10.8, log 8, = 22.4, log 8, = 1021-63 78

The contribution of this ligand alone to the total nercury concen-
tration will be:

[Hg+ Total = Hgf{ By [OH:] + By [OH] 2 B, [OH_JB }

Thus, [ﬁg+f]total will be increased nore than two orders of magni-
tude if the pH increases by one unit.

355. Organic ligands are expected to increase the solubility
of mercury even further. Fuller153 stated that, for the nobst part,
mercury attenuation or nmovenent in soil must relate to organic carbon
or sulfur chemstry, either separately or together as humic sub-
stances containing sulfur. Lu115 and nisk'18 conpi led information
on the solubility of several trace netals. The stability constant
of Hg(II) - EDTA was reported to be 1021'8, and logg 1 and logg
of Hg(II) - cysteine were reported to be 46.2 and 20.7, respec-
tively.

356. It is inpossible to assess the exact effect of soluble
organics on metal concentrations because the nature of the organic
conpounds in natural waters is not yet fully understood. Nevert he-
| ess, based on the thernodynanmic data on the synthetic organic
molecules, it is expected that the metal concentrations will be in-
creased by many orders of nmagnitude conpared to the solubility pro-
duct constants of the controlling solids.

357. Conplexation with soil organic matter and adsorption
onto inorganic sediment fractions may account for the |ow mercury
concentrations detected in this study. Jenne®>? proposed that
the adsorption of nercury, in the form of nercury-chloride com
pl exes, onto hydrous oxides or iron and manganese may be the con-

2

trolling mechanismin seawater. The scavenging effect of nanganese
oxi des on nercury was al so studied by Lockwood and Chen 203 and
Krauskopf . Both reports indicate that adsorption onto hydrous

oxi des of manganese is an inportant factor regulating soluble
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mercury levels. Lindberg and Harris204 found that mercury was re-

| eased from resuspended near shore sediments. A peak of 1.6 ppb was
observed which decreased to 0.2 ppb. Mercury may be released during
dredging operations. ) Upon disposal on upland sites, it is expected
that mercury will be imobilized by the organic matter and/or
scavenged by manganese and iron oxides.

358. In summary, soluble mercury |evels observed were generally
in the sub-ppb range. The on-site dredged naterial nercury levels
were simlar to the off-site soil nercury levels. Hence, there was
no | eaching potential in the study sites. Adsorption was probably
the greatest attenuation mechanismin reducing the mercury |evels.

It is concluded that diked disposal of dredged material wll not
make nercury a groundwater problem
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PART V.  CONCLUSI ONS AND RECOMVENDATI ONS

359. Analytical results of the field leachate study indicate
that upland dredged material disposal should be a carefully control-
led practice. Under certain conditions, |eachates from upland
di sposal areas may degrade underlying site groundwaters. It has
been denonstrated that potential adverse water quality inpacts will
nost likely be due to the increases of chloride, potassium sodium
calcium total organic carbon , alkalinity, iron, and nanganese
The extent of the potential inpact was found to be functions of the
physi ochemical properties of the disposed dredged material, site-
specific groundwater hydrogeol ogical patterns, and environnmenta
conditions of the area surrounding the site. The field nonitoring
of the case study sites revealed | ow concentration levels of cadm um
copper, mercury, lead, zinc, phosphate, and nickel nmay reach ground-
waters; however, concentrations of these constituents were detected
at levels that should not pose water quality problens.

360. Results of the bulk sedinent analysis of dredged naterial
and soil were simlar fromeach of the case study sites. Thi s was
not the case, however, with soluble and exchangeabl e fracti ons,

i ndicating bulk analysis is probably not a suitable tool for eval-
uating upland dredged naterial disposal. In general, the exam na-
tion of vertical and lateral differentiations of dredged material
within each of the case study sites failed to reveal any systematic
changes. For any particular paranmeter, both increases and decreases
in values occurred at different |ocations as well as at different
depths within each site. Results of the particle size analysis of
the dredged naterial suggested that the naterial in upland disposa
areas is slightly nore sandy than original bottom sedi nents. The
reason for the difference mght be due to the fact that finer par-
ticles tend to be carried with effluents to receiving waters due

to insufficient residence time and/or turbul ence.

361. In analysis of the interstitial water of the dredged
material at each of the case study sites, no soluble chlorinated
hydr ocar bons/ pesticides were detected. It is likely that these

contanminants will probably not migrate from upland dredged materi al
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disposal areas. However, this was not the case for many other
paraneters. Concentrations in the soluble phase of the water sanples
obtai ned from groundwaters bel ow and downgradi ent from the case
study sites showed that chloride, sodium and potassium could pose
problens to water quality. The dilution effect was found to be the
maj or nmechani sm whi ch controlled concentration of these constituents
in leachates. 1on exchange was also found to regul ate sodi um and
potassium levels. High levels of chloride in the |eachates from
sites containing saline dredged material may present water quality
probl ens shoul d | eachates and/or inpacted groundwaters be discharged
to freshwater environments.

362. Analytical results fromthe field study indicate that both
saline and freshwater upland dredged naterial disposal sites can in-
crease the concentrations of calcium and magnesium in underlying
site groundwaters. It was found that the concentration of calcium
was controlled by ion exchange and dissolution of calcite. The
possi bl e controlling mechanisms for magnesium migration were dis-
sol ution of magnesium solids and ion exchange. The increase of
hardness (nostly for calcium and magnesium, will reduce the
utility of water for many beneficial uses.

363, Alkalinity levels in leachates were found to be increased
possi bly due to dissolution of calcite, as well as biological action.
TOC exhibited trends in nobility that were simlar to alkalinity.
Levels of TOC in |eachates were affected by biological action and
interactions with clay mnerals. Hgh levels of TOC in |eachates
pose many unknown effects. TOC in |eachates nay serve to nobilize
trace metals fromunderlying site soils.

364. It can be concluded fromdata of trace nmetals that only
manganese and possibly iron should pose water quality problens in
upl and dredged material disposal. Levels of the two constituents
in on-site leachate sanpl es and downgradi ent groundwater sanples
often exceeded EPA drinking water standards by a wide margin. Bot h
iron and manganese levels were related to Eh and puH val ues of the
various water sanples. Eh and pu of the surrounding site environ-
ment, solid transformation, and conplexation with organic matter
all affect the soluble concentrations of iron and manganese.
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365. Analytical results indicated that phosphate, cadm um
copper, lead, nickel, nercury, and zinc should not pose potenti al
probl enms for groundwater as a result of upland dredged materi al
di sposal . The controlling nechanisns for phosphate and many of
the trace netals was adsorption. Conplexation and precipitation/
dissolution also played a role in regulating these trace netal
concentrations in | eachates. Fromthese results, it is felt that
native soils in areas to be devel oped as dredged material disposal
sites should have high sorptive capacities. This will help mnimze
the trace nmetal nobilization problens.

366. From the preceding discussion, it can be seen that leach-
ates from upland dredged material disposal could have caused degrada-
tion of local groundwaters at the case study sites evaluated in
this study. Upland dredged material should be a carefully control-
led practice. In light of this, it is recormended that topics to
be persued are as foll ows:

e chronol ogical extension of field leachate study
at case study sites.

==determ nation of the physical area of influence
of the leachate plume from actual case study sites

e nonitoring of groundwaters surrounding existing
confined disposal sites.

«=instigation of |eaching studies over extensive
time periods.
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TABLE 13
SHI PPI NG/ SAMPLI NG CATEGORI ES AND
POTENTI AL METHODOLOG ES EVALUATED

CGeneral Categories Potential Methodol ogi es (Ref.)

A, Dredged Material Sanpling

1. Coring Post hole digger (22,23,30)
Hand auger (22,23,25,30)
Power auger (23,24,25,26,50)
Truck nounted drilling rig (28,34,

35,59)

Hydraul i ¢ porta-sampler(22,61)
Water jetting (29, 36, 50, 57, 56)
Excavation (50)

2. Collection Deni son sanpler (22,49,50,62)
Osterberg piston sanpler (22, 49
50,58)

Hand piston sanpler (22,49,50,62)
Post hol e auger (49,65)
Split tube sanpler (49,61,62)
Sand pumpsanpl er (34,48,61)
Split-spoon wth trap valve(22,36,
61,62)

B. Background Soil Sanpling

1. Coring Post hol e digger (22,50)
Hand auger (22,25,50)
Power auger (23,24,26,50)
Truck nounted drilling rig (28, 34,
35,49)
Hydraulic porta-sanpler (22,61)
Excavation (50)

2. Collection Deni son sanpler (22,49,60,62)
Csterberg piston sanpler (49,60,62)
Hand piston sanpler (22,47,60,62)
Post hol e auger (49,65)
Split tube sanpler (22,49,61,62)
Sand punp sanpler (24,48,61)
Split spoon with trap valve (22

36,61,62)
C. Interstitial and G oundwater
Sanmpling
1. Interstitial Pressure/vacuum | ysi meter (27,34,38,
39,43,46,63)
(Conti nued)
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TABLE 13. (Continued)

General Categories Pot enti al Met hodol ogi es (Ref.)
C. Interstitial and G oundwater Soi | water sampler (52,55,56)
Sampling (cont'd) Hand vacuum punp (40,51,64)
I Interstitial Water Gas driven vacuum punp (43,44,51,64)
El ectric vacuum pump (43, 44, 51,64,
67)
2. Groundwat er PVC wel | point (27,34,37,42,47,55

56

PVC) well with screen (27,37,45,55)

Metal well point(37, 45,55)

Pitcher pump (32,52,55)

Johnson portable sampler (30,31,32,
33,53)

Bailing method (48,54,55,64)

Pressure/ vacuum system (64,67)

Gas driven vacuuni pressure

Purrp (43,44,51)
El ectric vacuum pump (43,44,51, 64,

67)
D. Sanple Containers for
Soils, Dredged Materials
and \Water
1. Selection
Soils G ass containers/bottles
Plastic bottles
Gab bags
Soil tubes (PVC netal)
Dredged Materi al Gab bags
Soil  tubes

Plastic bottles
G ass containers

Water sanpl es d ass bottles
Plastic bottles
2. Preparation Acid wash
Ri nsing

E.  Shipping Procedures
1. Soils Air freight routing
Shi ppi ng boxes (Styrofoam
wooden ice chests, etc.)

(Conti nued)
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TABLE 13. (Concl uded)

General Categories

Potential Methodol ogi es (Ref.)

E. Shipping Procedures {(con'd)

2. \Water Air freight routings
Ice chests
St yr of oam boxes
Wooden boxes
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TABLE 14.
SELECTED SHI PPI NG AND SAMPLI NG METHCDOLOG ES

Ceneral Categories Potential Methodol ogi es
A. Dredged Material Sanpling

1. Coring Hand Augers

2. Collection Present techniques inadequate
B. Soil Sanpling

1. Coring Hand augers

2. Collection Present techni ques inadequate
C. Interstitial and G oundwater

Sampling

1. Interstitial Pressure/vacuum |ysi neter

2. Groundwater PVC wel | point
D. Sanple Containers for Soil/

Dredged Materi al
1. Selection

Soils
Dredged Materi al
Wat er Sanpl es

2. Preparation

Soil's

Dredged Materi al
Wat er Sanpl es

Col | ection devices

& Water

3. Shipping

Soi |
Water

Present techniques inadequate
Present techni ques inadequate
d ass/ plastic

Aci d wash
followed with
distilled water
rinse

Air freight plastic sanple
tubes in wooden boxes, air
freight sanple bottles in

i ce chest and cardboard, styro-
foamlined boxes
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TABLE 15.

SAMPLE CONTAI NERS AND PREPARATI ON

Wat er Sanpl es ]
Preparation Test
Si ze Mat eri al Procedures Per f or med
250 m2 Pol vet hvl ene Soaked in 5 per- Trace netals
bottle cent HI\O3 for
24 hr rinsed
with ultra-pure
wat er
125 m2 Pol yet hyl ene Ri nsed several Sul fides
bottle times with dis-
tilled water;
5ml of zinc
acet at e added
for fixation
500 m2 d ass bottle Ri nsed twice M scel | aneous
in distilled constituents
wat er
Dredged Material
.9mX 7 cm ABS Acid rinse
(3' X3")ID with 7 percent
Tube HCl. Rinsed
twice with
distilled water
Soil  Sanples
.9mX 7 cm ABS Sames as for
(3' X3") ID dredged materials
Tube
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TABLE 16.

PREPARATI ON OF FI ELD EQUI PVENT

|tem

Function

Preparation Procedures

Pressure/ vacuum
lysi meter

Pressure/ vacuum
| ysi nmeter tubing

PVC wel | points
dass water
col l ection

Pol yet hyl ene
tubi ng

Col | ects intersti-
tial water

Sanpl e water drawn
t hrough tubes from
lysineter into
collection bottle

G oundwat er col-
lection
Water coll ected

from subsruf ace
devices into this
bottle

Water drawn through
tubing into glass
collection bottle

Saoked in 5 percent HCl
solution for 14 hr,
rinsed twice with dis-
tilled water: once with
ultra-pure

Sanes as for |ysineter
preparation

Rinsed twice with dis-
tilled water

Soaked in 5 percent HC1
solution; rinsed twce
with distilled water
and once with ultra-
pure water

Sane as for

. l'ysimeter
preparation
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TABLE 19.  STATI STI CAL CHARACTER OF
DREDGED MATERI AL/ SO L SAMPLES

Site and Nunmber of St andard
Par amet er Location Sampl es Range Mean Devi ati on
G and Haven BG 1 6.8
0s 12 4.7-8.0 6.7 0.9
MW 7 4.6-7.4 6.5 1.0
Sayreville BG 21 7.3
0s 10 5.7-.76 6.8 0.8
Mw 7 6.0-7.5 6.6 0.6
pH
Houst on BG 26 6.3-7.2 6.7 0.4
Pinto Island BG 1 7.6
0s 12 5.1-7.2 6.5 0.8
Mw 9 6.4-7.6 7.0 0.4
G and Haven BG 21 185
0S 12 -249-+290
Mw 8 177-4253
Sayreville BG 1 350
0s 11 -360-+284
Eh, mv Mw 7 -260-+346
Houst on 0s 26 ~254-+102
Pinto |slandBG 1 +214
0s 12 -232-4353
Mw 9 - 82-+368
G and Haven BG 2 [-2 1.5
0S 12 8- 84 42 27
Mw 8 |-58 19 19
Sayreville BG 2 6-61 33
0s 12 7-77 55 25
Cation Mw 8 9- 66 47 18
exchange
capacity Houst on oS 26 1.9-21 14 11
meqg/100 ¢
Pinto |slandBG 1 1.8
0s 12 0.54-51 11 18
Mw 9 0.45-29 8.9 11
(Conti nued)
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TABLE 19. (Continued)

Site and Nunber  of St andard
Par amet er Locati on Sanpl es Range Mean Devi ati on
Gand Haven BG 2 456- 481 469
0s 12 279-3891 1747
Mw 8 122-1759 766 870
Sayreville BG 2 224-2961 1592
Gl and 0s 12 247-5460 2327 1650
Mw 8 400- 5252 3070 1679
gr ease,
mg/kg Houst on 0s 26 169- 4505 1131 1116
Pinto Island BG 1 555
0s 12 351-4370 1358 2109
Mw 9 382-938 512 169
Gand Haven BG 2 405-721 536
0s 12 272-5078 1718 1478
Mw 8 135- 2028 923 642
Gand Haven BG 2 405-721 563
0s 12 272-5078 1718 1478
Mw 8 135- 2028 923 642
Sayreville BG 2 1580- 1642 1611
Tot al 0s 12 395-2336 1490 787
Mw 8 202- 3493 1662 1245
phosphor us,
mg/kg Houst on 08 26 379- 3142 1281 864
Pinto Island BG 1 555
0s 12 351-4370 1358 2109
Mw 9 382-938 512 169
Grand Haven BG 2 3-7 5
0s 12 8- 86 43 33
Mw 8 2-72 24 31
Sayreville BG 2 5- 58 32
0s 12 4-83 65 22
Moi st ur e “ Mw 8 45- 87 74 14
equi val ent
(percent) Houst on 0s 26 6- 38 20 9
Pinto Island BG 1 3
0s 12 3-38 14 13
Mw 9 3-47 16 16
(Conti nued)
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TABLE 1% . (Continued)

Site and Number  of St andard
Par amet er Location Sampl es Range Mean Deviation
G and Haven A 2 0.23-0-61 0.42
B 12 0.60-11.3 3.8 3.3
C 8 0.01-8.5 2.5 3.3
Sayreville A 2 048-1.4 0.94
B 12 0.02-2.8 1.4 0.95
Tot al C 8
organic
carbon Houst on B 26 0.01-1.1 0.27 0. 27
(percent)
Pinto Island A 1 0.63
B 12 0.22-2.71 0.97 0.71
C 9 0.08-.085 0.53 0.31
Grand Haven A 2 72-160 116
B 12 918-5481 2586 1689
c 8 504- 5808 2890 2385
Sayreville A 2 411-7686 4345
B 12 1883-4911 3170 1004
Tot al C 8 1188-3800 2630 1005
Kj el dahl
ni trogen, Houst on B 26 51-1033 363 262
mg/kqg .
PintoIsland A 1 134
B 12 38-963 269 284
C 9 80-522 222 156
G and Haven A 2 -19 9.8
B 12 7-200 53 52
C 8 5-33 18 11
Sayreville A 2 15- 67 41
Acid- B 12 33-445 169 128
sol ubl e C 8 - 2357 551 815
sulfide, o6t 0n B 26 12- 670 100 151
mg/kg
Pinto Island A 1 9
B 12 4-144 35 41
C 9 2- 147 22 47
(Conti nued)
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TABLE 19. (Concl uded)

Site and Number  of St andard
Paramet er Location Sampl es Range Mean Devi ati on
G and Haven BG 2 1.6-1.7 1.7
0s 12 1.5-2.2 1.7 0.21
Mw a 1.3-2.0 1.7 0.23
Sayreville BG 2
Bul k 0s 12 1.2-1.9 1.6 0.20
density, Mw a 1.3-1.8 1.5 0.18
gm/c.c. Houst on 0s 26 1.6-2.2 1.9 0.14
Pinto Island BG 1
0s 12 1.3-2.1 1.7 0.25
Mw 9 1-4-2.1 1.8 0.21
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TABLE 21.

CONCENTRATION OF TOTAL DI SSOLVED SQLI DS

SI TE LOCATI ON TDS, mg/1l
Pinto Island Backgr ound 274
On-Site 6182
Of-Site 1164
Sayreville Backgr ound 4388
On-Site 17027
Of-Site 5417
G and Haven Backgr ound 848
On-Site 1866
Of-Site 1675
Houst on On-site 9973
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TABLE 24. | MPORTANT SOLUBfLI’I‘Y PRODUCTS (Ksp) OF TRACE METALS*
Met al i de Hydr oxi de Car bonat e Sul fide chloride Phosphat e Silcate
cd (1) 13.6 13.6 26.1
ca(1D) 5 26 8.32 2.94 6.25 (CaHOP,) 3.7 (casioy)
(calcite), 26 (Caq(POy) ;) 52.3**
a. 22 1.14 (CaH2 (PO4) 2) {(anorthite),
(argoni&e) ’ 6.4 (CaHPO, (HZO) 2) 585 (Ca-mont
16.7 40.9 (Ca.H(PO.).) morillonite)
(dol oni te) ’ 4 473
44.6 (casoH(po4)3)
120.8 (CalO(PO4)6'F2)
cu(1r) 20.4 18.6 9.63 35.2 31.7
(CuCO3) ’
33.2 (Cu2
Coq (O )
Fe(I1) 15.3 10.2 16.9 (FeS) 33.3 18.9%x
FellITl) 80** 39.3 18.2 25.8
(Fe,04) (Fe;8,)
Pb(IT} 15. 4 16.1 13.1 26.6 4.79 43.5, 12.6*%
(PbO) 18.8 (PhHPO )
(Pb3 (OH) 3
(€O,) 2)
Nacin) 9.2 4.9 4.44%% 28.4 (Mg, (PO,),)
(active) (magnesite), (Mgc12
11.6 .
(b i ( 5.4 i (Hy0) ), 12.6*%* (mgNH, (PO,))
rucite) nesquehonite), T 13.2%% (MgNH,PO, (H.0)
16.7 4747276
M
(Mgca (CO,) 5 Kacts 5.0%* (MgHPO, (H,0) 4
372 (H,0) 4)
(Conti nued)
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TABLE 24. (Conti nued)
Met al Oxi de Hydr oxi de Car bonat e Sul fide Phosphat e Silcate
Mn(II) 0.92%% 12.7 9.3 12.9 22 13.2%%
(crystaline),
15.7
(precipita-
tated)
Hg (IT) 25,7%% 25.4 52.2
(meta-
ci nnabar)
53.6
(ci nnabar)
K(I) -4.11 76%%*
(orthoclase)
124%%
(muscovite)
Na (1) 40.6**
(albite)
294**
(Na-montmor
Ni(11) 14.81 18.5(a) illonite)
(fresh) 25.7(8)
17.31
(aged)
Zn(II) 15.7 (Amor- 10.8 25.2 36.7 21.03%*
phous), (sphal-
16 (Anmor- erite),
phous, 22.8
aged), 16.9 (wurzite),
(cryst. aged) 22.1 (pre-

ci pitated)
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PINCH CLAMP
CLOSED

(PRESS. VAC.
ACCESS TUBE)

Figure65 . Application of vacuum within
pressure-vacuum lysimeter
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Pl NCH CLAMP
OPEN
(PRESS. VAC.

ACCESS TUBE ) PINCH CLAMP
LN o
(D1 SCHARGE
\ ACCESS TUBE)
PRESSURE i
PORT COLLECTED

:[ | ‘QQ‘JE?E,
|

//

SOIL WATER SAMPLE

Figure 66. Collection of interstitial water
from pressure-vacuum lysimeter
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Additional ———=
Lengths

Threaded
Coupling

:

T T

ISERIERE RS

= o
L]

Well <<
Point

——-Slots .01"

y e 2 4
T ITTTV

T

T

T

A

Hard Plastic Tip

Figure 67. Plastic well point
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GROUND SURFACE

COLLECTION .
BOTTLE

/\}Y

WATER

7T

PLASTIC WELL POINT

-
—
=4
=

it

TN AR

Figure 68.

Procedure for collecting water
from groundwater wells
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ON-SITE
WELL

Dike

BACKGROUND
WELL

Groundwater

Flow -- == =

o0 — LYSIMETER LOCATION

Figure 70. General

DREDGED
AATERIAL

-— —
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Figure 74. Activity patio diagram for calcium solids
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Figure 75. Solubility of Cd, Cu, Fe, Pb carbonates
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APPENDIX A: CLIMATOLOGICAL DATA, GRAND HAVEN,
MICHIGAN, CASE STUDY SITE

Al



A4

Sept. 1976

Temp.
Max.
Min.
Prec.

Oct. 1976

Temp .
Max .
Min.
Prec.

_Nov. 1976

Tenp.
Max.
Min.
Prec.
Dec. 1976
Temp.
Max.
Min.
Prec.
Jan., 1977
Temp.
Max.
Min.
Prec.

68
48
.18

73
40

49
22

69
4)

78
47

77
54

80
48

72
59

77
54

n
51

66

.24

74
44

51

.41

47
.09

37
30

.05

42
34

a7
37

22
12

19

A2

13
.04

26

.10

29
20

24
15
.07

24

12

25
4

32

.30

78
61

55
39

38

.01

26

.01

18

.02

MUSKEGON COUNTY AIRPORT CLIMATOLOGICAL

82
62

52
36

33
21

18

.07

20

.23

73
51

.57

55
40

45
29

36

.03

-8

.04

67
47

59
38

40
27

A2

39
15

15

14

75
SR

64
36

29

18

14

.07

77
5¢

[T
w

35

13

30

.02

10

.09

13

VA

54

61
45

38
33

28

.02

24

16

75
59

61
N

37
30

37
28

24

.01

62
51

61
46

40
18

36
22

19

.07 1

66
53

a7
36

.07

45
26

33
23

7%
57

45
30

44
37

.04

36
29

1

.08

73
49

.06

45
23

48
36

37
17

.02

23
10

74
48

40

.02

47
29

LA
34

.06

23
14

DATA

20

62
44

45
33

40
28

34
15

.03

24
10

21

60
43

.08

43
36

36

.04

21
n

.01

25
19

22

55
3

43
37

31

.02

29
21

10

22
15

23

56
34

49
29

.03

26
12

26

.06

24

63
30

a5
38
.03

35
.07

36
12
.02

29
25

25 26 27 28 29

65
35

.19

48
3

.03

51
28

36
25

.07

29
20

57
46

LY
26

63

.22

N
14

.10

27

.30

65
43

40
22

36

W3R

23
13

15

.21

58
30

47

22

05

22

A3,

15

.44

64
54

51
42

16

a2

N W

30

20
"
.05

1"

.23



MUSKEGON COUNTY AIRPORT CLIMATOLOGICAL DATA (Continued)

1 2 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3

Feb. 1977
Temp .
Max. 24 27 27 264 14 15 17 18 32 38 38 42 33 30 16 15 27 33 28 24 26 38 44 44 33 30 27 28
Min, 17 15 23 14 9 -7 6 5 15 15 26 23 29 15 ~ -5 -}V 25 20 12 -1 26 32 30 28 24 2v 17
Prec. .04 .04 .02 ~ 06 .20 .10 .00 L., .20 .19 .0Y .16 .01
March 1977
Temp .
Max. 25 32 38 39 34 32 35 57 57 59 70 67 4f 47 1 44 A7 33 38 38 4) 40 35 36 S0 63 62 60 S9 S8 42
Min. A 9 27 34 31 30 27 34 34 33 4 At s a0 327 29 15 29 31 27 24 24 23 31 46 45 49 41 2¢
Prec. 9 .87 ae g+ 03 .09 .47 .18 .06 .12 .58 .44 .07 .}
April 1977
Temp.
Max. 65 64 50 48 35 33 48 (34 50 75 70 66 66 71 73 81 78 76 70 70 63 70 56 59 57 68 55 S5 62
Min, 24 35 32 34 29 24 28 |21 2V 42 52 49 41 44 45 54 51 56 57 49 47 47 39 41 34 41 37 29 34
Prec. .04 .22 .25 .14 .04 .04 .01 .02 .46 .22 A5 12
May 1977
Tesp. -
Max. 68 70 72 67 69 70 59 62 53 58 62 71 74 76 84 85 84 75 85 88 88 88 79 84 88 85 81 85 81 |8 73
Min. 41 47 40 52 55 45 35 32 32 33 31 41 53 54 51 60 59 57 60 57 63 63 61 58 60 55 SV 53 54 |57 57
Prec. .42 .03 .19 .87
June 1977
Temp .
Max. 59 66 66 81 74 65 60 62 62 66 63 64 71 76 76 Bl 83 75 75 68 75 B2 78 77 B0 8 85 80 74 74
Min. 49 46 38 48 60 48 44 46 41 39 56 52 49 54 652 55 58 &5 55 54 46 46 55 63 59 52 58 64 59 S8

Prec. .06 .75 .02 .04 .04 .30 .03 e .02 .02 12 .36 .64




(A4

1 2 3

July 1977

Tewp.

Max. 72 77 718

Min. 54 53 63

Prec. .43 .
Aug. 1977

Terp.

Max. 75 75 718

Min. 62 60 58

Prec. .06

274,

&5
72

A

A2

79

.01

82
64

82
67

75
67

77
68

MUSKEGON

77

N

81
62

77
66

.45

84
59

78
65

COUNTY AIRPORT CLIMATOLOGICAL

82
64

70
62

82
69

74
48

13

80
57

79

.36

14

92

88
73

78
a9

84
70

.09

77
63

.08

17

84

.16

Al
49

77

.89

58
47

DATA (Continued)

19 20

89
72

Al
46

87
76

73
44

21

84

A7

68
55

.08

83
56

74
46

22

81
61

23 24 2%

74
62
0

70
46

77

74
43

26

27

28 29

30

75
50

80

0

77
46

88
74

53
67

86

.33

75
65

.38

75

.31

81
62

76
53




APPENDIX B: Wwri. 1.0OGS, GRAND HAVEN,
MICHIGAN, CASE STUDY SITE
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SCS ENGINEENS |  JoPi_DREDGED MATERTAL STUDY/GRAND HAVEN, MICH.
S1CANNS CONNAD ANU SUHMIDT . .
COMSULTING ENOINEENS. INC Investigator: R, Morrison/K. Yu_ o
oL 113009 sbas Date: 12/4/76
914 L0~ BLACK BOVLEVARD LONG BELACKH CALITORNIA 00T R1g: S — 4" Land bUCket auger
Existing Elevation: 585,2
Well No: _MA {onsite)
[ =4
o
@~
£L —
-+ 0
o [
3138 Material Description Remarks
VT Dredged material Fine sands Aerobic
2 - 0 ' "
3 |- ! " " " Anaerobic
4T Av A " Water encountered "
! 5 " " Dredged material/ "
[ s0il interface
'ﬁ n " H
| 6 ‘L - Sand
7 " " n "
8 " " ' “
P9 -i_ " Bottom of hole "
i
L0
1 |
. I
[ A
|
e
1
13
14
15
] -
!
16 i
|
!
17 J
I _ U e




= SCS LNGINLLIG | YeUi _DREDGED_MATERJAL STUDY/GRAND HAVEN, MICH.

S ANNA CONIAD ANt) BCIBS0T

CONSULTING LNOINEEN3, INC. Investiyator:__ R, Morrison/K. Yu e
YL 13428 weu Ddte:___ - ]2L]_L_76
4914 LORG BECH BOULLVARD, LORT BEACH !.A\uon-unooovl Rig:”__ B _»4_{| Hand bucket auger
L Existing Elevation: 585 0
Well No: M8 Tonsite]
[~
C
@
= — -
- 0 o
a E o : .
3188 Material Description l Remarks
1| o Dredged material Sand and silts Aerobic
2 - u b " " H
3 - " " " " Anaerobic
4 - H " " H
-L
5 - . " Water encountered
[ 6 Dredged material/
=T ‘ soil interface
o -
7 " " vand
pe 55 “
8 -— Bottom of hole
-
]
!
10
—
N
|
!
12
t
{13 !
14
R 1
[
15 ‘
— — - _._.__‘ - —
16
17 L

B3



| 505 LHGINLLIG vob. DREDGED MATERIAL STUDY/GRAND HAVEN, MICH.
e TING NN G Investigator:___R, Morrison/K. Yu

TEC 213a26 a0 Ua te :w, _—}_21 ALLS
8014 L0m0 BLACH BOUL T VARD. LONG BEACH tA\uo--«ADoobll Rig:_ . e 49,"_ Hand bucket auger
1 Existing Elevation: 584.0
Well No: MC
|~
(=]
Q -
£ —
) 1 o
[=9 & o .
S1 85 Material Description Remarks
-~ Brochipod shells
1 Sand Fine sands present
2 " L1 1" " "
T
3 " 1 " " H
4 64 Water cncountered " "
5 m " "
L
' - " n "
| 6
7 - Bottom of hole " "
8
oS '
]
!
; 10
I
¥
N
|
! 12
I
[ 13
f
14
15
16
17

B4




S5CH ENGINLLNG Vo DREDGED. MATERIAL_STUDRY/GRAND HAVEN, MICH.
SILANNIY CONNAD ANL) SUHMIDT

CONSULTING LNOINEEN, ING. Investigator:___ R Marrison/K. Yu_ . _ . ._____
TEL 2136020 v0sd Date . 12/4/176.
481064/ BEATH BOULLVARD, LOHQ BEACH. CALITORNIA $O8D7 Rig: 4" Hand bucket auger

Existing Elevation: 585.3
Well No: MO {gffsitel

Depth
Sample
Location

Material Description Remarks

Sand Sand

—
J
1

2 "

3 |4 43 Water encountered

4 Sand clay

5 " "

6 L Bottom of hole

10

1

B5



SCS ENGINEERS

QILANNS, CONNAD AND SCHMIDT
CONSULTING ENCINEENS, INC.

TEL 3137426 S84

4074 L0nG BLACK BOULEYARD, LONO BEACH, CALI OANIA §O80T

Job: DREDGED MATERIAL STUDY/GRAND

HAVEN, MICH.

Investigator:_R. Morrison/K. Yu

Date: 12/5/76

Rig: 4" Hand bucket auger

Existing Elevation: 586.2

Well No: ME {offsite)

Depth

Sample

Location

Material

Description

Remarks

—

Sands

Fine to medium sands

Gastropod shells

Water encountered

—1-

Bottom of hole

10

1

12

13

14

15

16

B6




SCS ENGINEENS Job: DREDGED DISPOSAL STUDY/GRAND HAVEN, MICH.

B10ANNS, CONNAD AND SCHMIDT

CONSULTING ENQINEENS, INC. Investigator: R. MORRISON/K. YU
[ T Date: 12/5/76
Rig: 4" Hand bucket auger

014,00 BLACH BOUAEVARD, LONG BECCH, CALITOAMIA §O0OT

Existing Elevation:  589.0
Well No: MF Toffsite)

Depth
Sample
Location

Material Description Remarks

)

Sand Fine sands

2 " " " Shell fragments

7 " Bottom of hole

10

n

12

13

15

16

17

B7



SCS ENGINEERS

BYLARNS, CONNAD AND SCHMIODT

Job: DREDGED MATERIAL STUDY/GRAND HAVEM, MICH

E CONSULTING ENOINEERS, IN . Investigator: R. MOTHSO”/K-A Yu -
(L I ITRY Date: 12/5/76
4074 1LOnG BLACK BOULEVARD, LONG BEACH. CALIFOANIA ROROT Rig: 4 " hand bUCkEt auQer
' Existing Elevation:  589.7
Well No: MG {onsTte]
[ =4
(=]
Q-
£ -
3 [N, ]
ol E O . P
3188 Material Description Remarks
11T Dredged material Well sorred sand Aerobic
2 " n n " n L]
3| = " " Clayey sand Anaerobic
4 n " 1l 1] H
5 - y . Dredged material/soil

interface "

F=re

1
w
o
>
O

Water encountered "

1

Bottom of hole "

10

n

12

13

14

15

16

17

B8



5CS ENGINEERS Job:

DREDGED MATERIAL STUDY/HAVEN, MICH.

STLANNS, CONAAD ANU SUNMIDT

CONSULTING ENOINEEN. ING. Investigator: R. Morrison/K. Yu .
‘ T 3137620 00a4 Da te: 12/5/76
8014 LONO BEACH BOULEVARD, LONO BEACH CALIFORNIA 90407 R]g 4" Hand bucket auger
- Existing Elevation: 589.7
Well No: MH {onsite]
[ =4
(=]
@ -
= | — 4
- Qo
al| E v . . :
S 88 Material Description Remarks
10T Dredged material | Sandv clay Aerobic
o e .
2 i n L
3 g u " Anaerobic
4 19 " Water encountered "
| s 1T~ Interface dredaed "
l - Sand material and soil
i 6 " Sand "
7 T ! Sand "
8 "L___ " Bottom of fill "
—
I 9
|
!
10
1 S
1
|
ST
ll
| 13 !
14
P15
16
17

B9




SCS ENGINEERS

BULARKNS CONNAD AND SUNMIDT

Job: DREDGED MATERIAL STUDY/GRAND HAVEN, MICH.

CONSULTING ENDINEERS. INC lnvcstigntor: R. MOT‘I"iﬂJL’I;‘AK. AYU o
TEL 2137020 bes Datez__ ]2/5/76
A%0 1O BEACH Cav1F ORI boRT Rig: 4" Hand bucket auger
7.\0\0-00\!5 POLEVARD LONG BE&OH T O Existing E]evation: 585.5
Well No: MI"{Offsite - background well,
| =
o
@ -
= —
- [= W3]
a E b4 . . .
ala38 Material Description Remarks
] Sand Fine to medium sand
2 " Fine to medium sand
3 " Fine to medium sand
4 VA " Water encountered
t
i 5 " Some gravels present
| 6
! ' >ome gravels present
7 " Some gravels present
8 —_ " Bottom of hole
—
L9 |
i |
i |
o0
L
[ I
!
e
t
[ 13
14
15
16
17
4o I . - _

B10O



SCS ENGINEERS

S1EANNS CONNAD AND SCHMIDT
CONSULTING ENOINEENS, INC

Job:

DREDGED MATERIAL STUDY/GRAND

HAVEN, MICH.

Investigator: R. Morrison/K. Yu

1L 11320 0eee Date: 1275778
8014 LOND BEACH BOULEVARD LOWG BEACH CALIFONNIA $OSOT R1g 1 4" Hand bucket auger
Existing Elevation: ---
Well No: MJ {offsite - background well]
[ =4
(=]
Qe
£ —
- [o NN, ]
(=N E o 3 .
SRS Material Description Remarks
! Sand Fine sands
2 _ <X . Water encountered
3 " Fine sancs
4 ; Fine sands
:L 5 1= " Bottom of hole
L6
7
8
L
t
!
©10
i
t1N
l -
|
12
!
I3 |
14
|
15
16
17

B11l




S5CS LHGINLENS
Q10ARIG CONIMAN AN 3 HIDT
CONSULTING (NOINEEN], INC.

TEL 2937420 base

€013 10RO BYACKH ROULTVARD LONQ BEACH CALITDANIA #0801

Investigator:___ R, Morrison/K. Yu __
Date: 12,4476

Jub:__DREDGED. MATERIAL STUDY/GRAND HAVEN, MICH.

Rig: 6" _Truck mounted auger
Existing Elevation:
Well No: MP {offsite pumping welTl;

Denth

Sample

Location

Material

Description

Remarks

—

Sand

Light brown, fine
sands

Easy Drilling

Water cncountered

12

13

Fine to medium grained

Well screen
installed 15'-20"'

14

Coarse sands

Coarse + medium grained
sands

B12



SCS LNGINLENS vul: DREDGED MATERJAL STUDY/GRAND HAVEN, MICH.

SILANND COMNAD AN 3C1MIDT

CONSULTING LHOWELRD, INC, Investigator: R. Morrisoon/¥. Yy _ _ __ _
1L 1130028 0ess D‘?tez___ 12/4/76
2014 100 DY ACH SOULEYARD LOMO BEACH, CALY DA Suss! R‘g,:____. o e -i_ﬁ."_lmﬁk:mmwﬂﬁr___
Existing Elevation:
Well No: MP [nffsite pumping welll)
[ =
(o]
Q
=4 —a
-~ Qo
a E O )
31388 Material Description Remarks
More resistance
18 Sand Coarse in drilling
19 Clay Light grey/tight
20 " " "
2] " H "
! 22 H n "
-
{ 23 " " 1]
24 [ " "
25 n " "
) 26 " " " !
t
S, . . .
L
! 28 n " "
I
. 29 " " "
!
" " " "
30 !
3] " L1] "
32 " " "
33 " " "
8 f " ‘ Bottom ¢f hole
- i
B13



SCY ENGINLLNS
11 AN CONNAD Ant) B IIMIDT
COMSULTING ENGINEEND INC

Jub: DREDGER_MATERIAL SIUDY/GRAND HAVEN, MICH.

Investigator:__R. Morrison/K. Yu

TEL 293470 0eas Ddte:_ 12/4[;6
0914 .00 B ACH PO VARD LONO BEACH CALIS OANIA $0407 Rig:___, . ,,,”'6»_“ Truck-mounted auger
i Existing Elevation:
Well No: MO [offsite monitoring well)
i [ =
(=]
@ -
L | — e
+ amc
[« E O ) i .
21 a8 Material Description Remarks
Light brown, fine
L Sand sands Easy drilling
2 "
3 "
4
52 R

|

‘[ 5 - " Water encountered

L6 "

7 u
8 "
9 "

!

: ]0 "

it

[ B "

|

! 12 "

. Well screen
13 " Fine to medifum grained | installed 15'-20"'
14 Sand Coarse sands
15 " n "

]6 »" " "
17 ! Coarse + medium grained
D . - Sands“-

B14



e s

7
[:553§§ 5CS ENGINLEENS Job: DREDGED MATERJAL STUDNY/GRAND MAVEN MICH.

S1CARNT, CONIAD AND SCHMID! R ., .
CONSULTING ENQINEENS, ING Investigator: R. Morrison/K. Yy

L 13vereena Bate: 12/4/16

#4014 LONG B ACK BOVLEVARD, L OO BEACH, CALISOANIA 80407 R.‘g.: — ‘i" Truck—mn_un!gd auger
Existing Elevation:

Well Ne: MO {offsite monitoring well)

Depth
Sample
Location

Material Description Remarks

More resistance
18 Sand Coarse in drilling

19 Clay ‘ Light grey/tight

2 0 u " "

2'] " 1l i

22 "

2 3 HaT " »”

25 " “ "

26 " "

27 " N "

T

29 "

30 » " ]

3] " " n

32

33

4) —_—" Bottom of hole

B15



APPENDIX C: CLIMATOLOGICAL DATA,
SAYREVILLE, NEW JERSEY, CASE STUDY SITE

Cl



NEWARK ATRPORT CLIMATOLOGICAL DATA

(4]

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Sept. 1976

Temp.

Max. 83 71 72 76 83 74 81 88 77 75 74 82 BY 89 77 74 78 80 B2 B2 69 67 76 68 67 69 15 69 68 63
Min. 56 60 54 54 60 53 52 63 64 56 50 S4 62 63 66 69 70 66 64 61 56 43 44 55 48 55 66 49 43 5]
Prec. .18 .48 110 .15 .05 21 .22
Oct. 1976

Temp.

Max. 60 63 66 73 62 €9 73 75 76 60 58 62 71 60 73 63 50 51 51 64 64 51 54 53 57 54 42 45 59 57 60
Min. 65 56 58 54 57 60 63 49 45 40 38 44 47 41 46 44 36 30 48 44 38 36 44 51 33 29 29 33 38 46 49
Prec. .18 .02 .26 ,02 .01 .04 .95 2.1 .18 .22 .22 .07
Nov, 1976

Temp.

Max, 46 |51 54 61 53 40 383 48|44 42 41|48 46 47 48 53 58 46 44 40 A0 39 39 |61 61 57 47} 27
Min. 34129 & 35 37 27 ¢3 3633 31 27)29 28 30 28 38 37 37 31 32 31 28 27 [30 S0 46 24] 16
Prec. .24 .02 .25

Dec. 1976

Temp. .

Max. 30 41 22 33 39 43 56 34 3) 47 45 42 41 32 47 A5 40 41 46 47 39 30 39 32 36 36 24 26 3N 20 21
Min, 15 17 9 19 23 24 34 15 15 29 34 35 1! 11 29 32 32 29 24 35 17 17 24 22 21 20 16 18 18 8 14
Prec. .01 113 .14 .05 .26 110029 .00 .15 .02

Jan. 1977

Temp .

Max, 27 36 30 38 32 32 33 28 29 41 23 19 22 26 33 25 7 11 26 35 27 21 29 31 37 33 30 45 13 19 21
Min. 13 22 18 25 20 20 21 18 18 20 14 12 7 18 17 -5 -2 -) 3 14 17 13 13 17 24 20 19 12 0 9 8

Prec. 21 .06 .66 41,00 .09 .06 .03 .02




0
w

7

8

NEWARK ATRPORT CLIMATOLOGICAL DATA (Continued)

9

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3
Feb. 1977
Temp.
Max, 27 31 35 36 35 20 29 35 37 43 53 49 49 44 39 29 26 24 41 35 32 47 55 51 58 &5 55 49
Min. 17 19 20 31 13 7 12 ¥4 14 29 30 36 37 37 26 16 14 16 29 31 21 18 36 35 42 37 37 133
Prec. 10 .02 .24 .03 .16 202 .02 A7
March 1977
Temp.
, Max, 45 45 55 57 63 54 45 52 67 69 71 60 57 58 59 61 61 39 47 42 54 48 40 I8 44 55 62 47 80 84 70
+ Min, 28 26 30 40 43 38 36 34 38 45 45 43 47 49 47 42 37 32 30 33 35 38 36 25 24 32 35 42 4] 58 47
Prec. 129 .02 1.04 .0 .51 e 2.60 .08
. Apri) 1977
Temp.
Max. 59 49 68 49 51152 48 46146 60 53 90 86 73 70 70 69 75 74 €) 76 85 78 S0 58 51 60 70 60 69
Min. 40 42 48 39 39|36 31 30|26 33 45 48 58 51 45 45 48 45 50 49 50 59 50 44 44 46 46 43 38 45
Prec. .97 .01 .62 .73 .02 1107 .01 .50 .04
. May 1977
Temp.
Max. 73 71 73 61 66 87 75 68 46 61 70 78 79 73 74 B 90 90 71 81 82 80 80 86 84 84 85 91 76 68 74
Min. 46 54 54 50 51 53 53 40 37 44 47 43 55 51 49 50 59 68 56 55 63 62 62 66 69 65 58 65 S4 54 53
Prec. .02 .21 .52 .02 .08 .05 .32 .13
June 1977
Temp.
Max, 73186 72 82183 68 68 69 61 66 75 BO 79 76 82 77 82 88 85 85 77 80 78 77 8O0 84 81 84 90 87
Min. 61163 57 54165 54 53 50 56 53 59 62 66 63 65 65 63 68 73 63 61 59 61 61 65 68 68 67 71 68
Prec. .19 01 .28 .06 2.1 .6




48]

NEWARK AIRPORT CLIMATOLOGICAL DATA (Continued)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

July 1977

Temp.

Max. 85 B4 82 90 90 85 78 90 8 81 78 78 92 91 93 97 99 98 100 90 102 88 85 90
Min, 72 68 62 66 74 71 68 70 72 70 69 70 73 73 71 72 77 15 718 75 18 68 61 67
Prec. .03 .03 .62 .02 .59

Aug. 1977

Temp.

Max. 84 84|74 87 92 92 89|89 83 86 90 85 79 76 B2 B} B3 76 76 77 74 83 80 80
Min. 69 66|68 70 72 74 7475 71 N 72 74 6] 71 68 68 69 61 58 62 56 65 64 63
Prec. .51 .35 .21 .05 11,0113 .01 .06 .8 .16 RE .6 .2




APPENDIX D: WELL LOGS, SAYREVILLE,
NEW JERSEY, CASE STUDY SITE
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494 LONG BEACH BOULEVARD, LOMG BEACH. CALIFORNIA $OS0T

SCS ENGINEERS

STEANNS, CONRAD AND SCHMIOT
CONSULTING ENGINEERS, INC,

TEL: B13/428-9044

Job: Dredged Material Study/Sayreville, N.J.

Investigator: R. Morrison/D. Bauer

Date:_November 29, 1976

Rig: 4" Hend Buc
Existing Elevation: 107.93

Well Not _ NJA (onsite)

Depth

Sample
Ltocation

Material

Description Remarks

—

Dredged Material

Brownish silts Aerobic

Some clays lenses

" Anaerohic

10

Water encountered

1N

Dark grey silts/some
fine sands

Bottom of fil]

D2



SCS ENGINEERS Job: Dredged Material Study/Sayreville, N.J.
SCONSUATING ENOEERS, NG Investigator: R. Morrison/0. Bauer
THL 3r3re2e sead Date: November 29L 1976
ra L ACH BOULEVARD, LONG BEACH, CALIF ORNIA 30801 ng: 4" Hand Bucket Auger
e s Existing Elevation: 107 g3
Hell No: NJA {onsite)
[ =4
(~]
Q -
£ — 3
- 0o o
5|88 :
S18S Material Description Remarks
8 Extremely permeab]
1 | Gravels Unsorted coarse gravels water flowing into
Y
20 " Bottom of hole
21
22
23
24
25
! 26‘
)
; 27
i*
! 28
L
|29
|
T
! 30
31
32
33
34
35

D3
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(:ﬁ SCS ENGINEERS

SIEANNS, CONRAD AND SCHMIDT
CONSULTING ENQINEERY ING

ALISERAR L R ]

4914 LOMG BYACH BOULEVARD. (OO BEACH, CALIS ORNIA 60807

Job: Dredged Macerials St”d¥/5112511119- N.J.

Investigator:__R.

Date: November 29, 1976

Morrison/D. Bauer

Rig:_4" Hard Rucket Auger

Existing Elevation:

106.0

Well No:

NJB (onsite}

Depth

Sample
Location

Material

Description

Remarks

—

Dredged Material

S$iTts and mottTed
clays

Aerobic

Greyish silts

[
|
|
|
|

;Anaerobic

|
i
1
|
{

10

Water encountered

11

Clays with fine sands

12

13

i
Bottom of fill

14

Gravels

Coarse, unsorted gravetl

Fragements of N¢g
s Brunswick shale

15

"

Bottom of hole

17

D4
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E{J SCS ENGINEERS
B1LANKY CONRAD AND SCHMIDT

CONSULTING ENGINEERS. INC

Job:_Dredged Materials Study/Sayreville, N.J.

Investigutor: R. Morrison/D. Bauer

L i3vare veas Date: November 28, 1976
8014 LO0 PLACH SONEVARD LONG BEACH. CALIF OMmia s08D T ng. :_._.~ . ,4,.._I, H a nd B u C ke t Au ge r
i Existing Elevation:105.3 (relative)
Well No: NJC Tonsite well]
| - r 1
o | |
QU '
- — i i ‘
e a o !
gl 58 , L 1
I B I Material Description Remarks !
- - —_ C e e |
) | Greyish silts with : t
Dredged Material | some fine sand © Aerobic
2 n " " ‘
3 T " n " :
4 i ' ;
i More clays . Anaerobic :
5 | ’ . . i
6 " " i i
e —
B I
; 7 " " |
I
I .. .. |
i i 1
‘ 9" " " l
10 " n !
|
1 i " " [ !
| i
12 ) " " ‘
j !
‘ : |
13 " i " 1 |
) |
14 ——-;-7—- ! Water encountered : J'
— |
15 | " | ‘
: f T i
6 i ; | Bottom of fill : 1
17 i i Fragments of New |
Coarse gravels and Brunswick shale J
I Sand with gravels | unconsolidated sands apparent in gravels.

DS



GO LHGINLE T aus: Dredged Materials Study/Sayreville, N.J.
‘--’ ML ) . . - N - . . A —

@10 A0 (oAl RnIO T s E

CONBULTING (HQINI EA3, INC Investigator: R. Morrison/D. Bauer

1L B s Date: November 28, 1976

y - M
#6016 L0NG BYACH BOULEVARD LOWQ MEACH Caiit OAN/a $0a0T R]g 4" Hand Bucket Auger

Existing Elevation:105.3 (relative)

well No: NJC {onsite well)

Depth
Sample
Location

Material Description Remarks

l

Coarse gravels Well-rounded gravels

—
[o0]

+

—
[V
F_____.
4

20 Bottom of hole

23

R

24

25

26

27

28

N U VI TOSR S

S S

29

30 |

31

32

33

34

35

D6



SCS ENGINEERS

BTEANNS COMRAD AND SCHMIOT
@ COMSULTING ENQINEERS. INC.

THL 21374280044

4014 LOw3 BLACH BOULEYARD LOMG BEACH, CALIF ORNiL §OSST

Job: Dredged Material Study/Sayreville, N.J.

Investigator:_R. Morrison/D. Bauer
Date:

—_ _MNovemher 28, 1976
Rig: 4" Hand Bucket Auger
Existing Elevation:112.4 (relative)

Well No: NJD (onsite)
[ =4
(=]
Q -
Slas
o E U .
3138 Material Description Remarks
. " Greyish silts;
Oredged Matertals clays >20% Aerobic
2 " ! Increasing % of clay "
|
3 " . Anaerobic
Lenses of fine ;
4 " sand encountered j "
! 5 _L " L]
!
1 6 n L]
F
l 7 " "
e . .
I p—
9 | ! " "
10 " * "
(N b I A
\ - " Bottom of fill "
T, i~ |
" Water encountered i
] L_E ICoarse gravels and finq Fragments of New
3 | == ! sands w/ gravels to medium sands lBrunswick shale
; ‘ T ODSETrvVeEd.
14 1—1 " ! " i L]
; }
s ! " | ) t .
| |
16 | —— | | |
. { Bottom of hole l
1 | |
17 ‘ { i
J i |

D7
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SCS ENGINEERS

BTEANNS CONRAO AND SCHMIOT
CONSULTING ENOQINEERS, INC

Job: Dredged Materfals Study/Sayreville, N.J.

TIL 3020 doas

4014 .0%G PLACH BOULIVARD LOWG BEACH. CaLtF ORmra 0007

Investigator: - Morrison/D. Bauer
Date: November 29, 19767

Rig:

an

Hand Bucket Auger

Existing Elevation:108 (relative)

Well No:
c | T
(=]
QU e~
£ |- | !
> g i
2l EQ : |
8188 Material # Description Remarks
i Plant roots or (
! Bog | decomposed vegetation |
2 | — | Mottled grey silt/
Silts with sands ' fine sand
. Tight:
3 Clay Dark grey clay " hard ¢rilling
4 — FClay Water encountered
5 " Reddish/grey clay
‘\ 6 L} l "
N ; |
| —_ | Bottom of hole
| |
9 @
]
10 ‘
11 |
i
i
|
12 |
. T
B 13 i 1
f ‘
i ]4 i
l :
) ]
i | )
! ! ' '
foe ! :
. 1 4 :

T

D8



— SCS ENGINEERS
BTEANRNS CONRAD AND SLHMIDT
@ CONSULT NG ENGINEENS NG

Job: Dredged Material Study/Sayreville, N.J.
D. Bauer/W. Hutchinson

Investigator:

L poavere sear Date: _ ~ November 29, 1976
814 LOMG BY AL BUVLEN ARL | OmG BEACH LA.-»o-mAmLI R“«_‘: . 4" Hand Bucket Auger
Existing Elevation: L0 (relative) o
well No: NIF {offsite
S —— R
< ! ;
(=] ; v
I U: l j i
21l | | |
i 8lys Material ‘ Description : Remarks l
}Decorﬁposed roots and :
1 Bog 'vegetation; greyish sil‘t |
; |
2 Sand Fine reddish sands :
r 3 ‘?" i “ Coarse sands
L———‘—‘Y‘A -— J
booa " l
— ;
i : A Resistance
5 ; ‘Sand/gravels (Coarse sands/gravels “in drillin
. ! . g
T 4_7_' Water encountered ! ‘
T "WeTT vounded gravels —
7 L Im’th fine sands .
4 | !
! l '
8 : " j " ‘
g |—— ! ]
" " !
— | :
10 _1___ " "Bottom of hole ;
T ~+—
11 i
?. 5
12 ;
|
T
13 ‘
r -
P14 ‘5
— ‘
s | |
} 4 +
r 1 1
16 | ‘ :
. Bl ;
! R
oV |
L] o I

D9



SCS ENGINEEHS Job: Dredged Material Study/S_a_x_r;gy_i_H&,____N._J_.

e o we' | Investigator; D+ Bauver/R. Gilbert
L sraerssens Date: Novemper 29, 1976 777
a4 o0 B BOULLVARD O BEACH C 18 OAei 90807 Rig: 4" Hand Bucket Auger .
[ Existing Elevation:
Well No: NJG [offsite)
| c i l T
i - ]
\ e 20 l [
| - ] e o i
g1 58| ; ‘ ‘
]‘t S S Material ; Description ; Remarks
T | o "~ Decomposed roots |
’ 1 Bog land vegetation '
! |
[ ) "Fine grained T
[~ | Sand "yellowish sand
3 " #
]
4 IAvE lwater encountered :
1- T !
5 " . :
? 1
6 " | Fine to medium sands .
r 7 ! !
! 7 T " J |
{ !
r 8 1] J
i ; B !
— "
|
R— !
10 ! ; " I gottom of hole |
— e e — ;
N !
; \
I R
| ‘
12 | 5
1 T
13 |
— T
| e | |
" T $
SR T ‘ .
L | Bt
1 T -
16 | 5 ‘ 1
| ; ; ‘
T t t +
17 j ‘ ‘
i ) —_— 4 — S

D10



SCS ENGINEERS

STEAANS CONRAD AND SCHMIOT

Job: Dredged Material Study/Sayreville, N,J,

COMSULTING ENOINEEAS. INC Investigator: R. Morrison/R. G,,ilbert
TG pere.omas Date: November 29, 1976
#0156 LOWG BAACH SOULEVARD LOMD BLACH. CALISORNIA $O8S! Rig:__- —e --v4,i. Hand BUCket Auger
i Existing Elevation: 102.1
Well No: NJH Toffsite]
= i i
[=]
Q -~
Sia%n
2158
alid&s Material I Description Remarks
I 1
| Roots, decomposed !
L Bog | vegetation, fine sands
"Fine grained
2 Sands | yellowish sand «]
3 _L " "
1
4 " " ' ;
‘ |
5 —— " " b !
| R4 ‘
6 | Water encountered [
Pea-size gravels with |
7 Gravels/sand fine grained sand
8 | . Bottom of hole
1 -
.9
| i
10 ‘
N
’ ‘
12 N
1 d
| |
i 14 ;
Iy |
16
17

D11



SCS ENGINEERS Job: Dredged Material Study/Sayreville, N.J,

S ConBA T Emr s, WG Investigator: W. Hutchinson/R, Gilbert
ROV

. rerseues Date: emver—29, 1976 -
0014 LONG 4 ACH BOAEVARD LOmE BEACH CALISORNA $008 1 Rig:_ . A" H_a—n_d Bucket Auger
i Existing Elevatign:
Well No: NI toaTkground-werH) ——————
c I
\ o
i | e
s — -
- [o ..}
58
S 88 Material Description Remarks

Roots, decomposed
Bog "vegetation/fine sands
fine grained

2 Sand yellowish sand ‘Ha]]s sloughing 1r4

—

! 4 3 Water encountered

1

3
!
|

. |

5 - " ;

- |

6 Sand/gravels . Some gravels present {

7 . Bottom of hole (

10

1

12

13 |

14

15

17 l

D12



SCS ENGINEERS
STEANNT COMRAC ANO SCHMIOT

§ CONMSNTING ENGINEERS, INC

Job: Dredged Material Study/Sayreville, N.J

Investigator:_W. Hutchinson/R. Gilbert _

feL 1r3er.onas Date: November 29, 1976
44 Lm0 PR ACH BOLEYARD 1O BACH, CaLi ORRIA B0t Rig: __ 4" Hand Bucket Awger
| Existing Elevation:
Well No: NJJ {backqround well)
c
o
@ -
x* — )
- a
[~% E VL
3188 Material Description Remarks
Roots, decomposed
1 Bog vegetation/fine sands
2 ] Fine grained
Sand I yellowish sands
3 T [ ‘ n
4 "Ty' water encountered
R D I
! Pea gravels present
! 6 Sands/gravels in small amounts
7 A Bottom of hole
8
I
P 0 ’ ! ~
” | |
]
11 ‘
{
l 12
: 13 f
14
115
16 1
17 A

D13



5CS ENGINEEKNS JOD:.MEdgadJA.L&LLAJ;.SLuM.SaymHHf.._hl.i.
§7EARNS. CONRAD AND SCHMIOT . .
CONSULTING ENGINEERS, INC. Investigator:_R. Morrison/K. Yu

L nvar e Date:_ November 29, 1976 o

BTl pater Ratary ———
xisting evat on: _

Well No: _OFMW _ “ToFff JT_MDJJ_W_ID__’____

0814 LO%0 BLACH SOLEVAND LONG BEACH, CALIFORNIA §080T

=
(=]
Q) e
£ | o—
al £9
2| &8 Material Description Remarks
1 Roots and decomposed
Bog ! vegetation Easy drilling
1
2 | Unsorted coarse
I Gravels gravels "
3 " " "
4 1 1t "
l .
) 5 2 " Water encountered
P
i 6 I " "
7 " H
8 I " "
h 9\ :
: Sand Yellowish fine sand [
iL 10 1 Clay Light colored clay
!
n R "
BRY:
I " "
| ]3 " | L]
14 1 " Dark clay; very tight
15 " "
]6 1 n ”
17
i e |

D14



5CS ENGINEENS Job: Dredged Materdials Study/Sayreville, N.J

BIEANNS, COMIAD AN SCHMIODT

CONSULTING ENOINEERS, INC. Investigator: R. Morrison/K. Yy
o s Date:_November 29, 1976
v " an0.4 v Rig:_ 10" Water Rotary
914 LORO PRACH BOVLIVARD. LONG SLACKH, CALIPORena EX‘St{ngT]evation:’ . > -

Well No: 0FMY {(gffsite pumping w

[ =4
(=]
Q) o=
£ —
*> (<N, -
(=% E U
3188 Material Description Remarks
18 1 Clay Dark clay
19 " ’ L
20 1 Sand Fine grained sand
2 " Coarse sand
2 Coarse gravels with
! 2 1 Gravels/sand sand
|
23
24 Gravels; well rounded; More resistence
1 Gravels pebble size during drilling
25 "
26 | |\
f* 7
i 2 " Coarse gravels "
{ 28 Screen fnstalled !
L47 1 " " from 25 to 35'
l 29 n "
= |
301 " " Pebbles of glacor:
3 " | ;
32 Fragments of New
1 " " Brunswick shale
33 " "
34 [ n
35
E:j_ " Bottom of hole

D15



SCS ENGINEERS Job: Dredged Materials Study/Sayreville, N.J.

STEANNS CONRAD ANO SCHMIOT

CONSULTING ENGINEERS, INC. Investigator: R. Morrison/K. Yu e
NN Date: November 28, 1976
41 LONG 4 ACH BOULEVARD, LORG BEACH, CALIFORNIA 90607 Rig: 10" Water Rotary

Existing Elevation: 104 .8 (relative)
Well No:NJP3 (offsite observation weTV]

[
o
Q -
S|k
| E8
3188 Material Description Remarks
1 Decomposed roots and
Bog vegetation
Toarse gravels with
2 1 Gravels medium to coarse sands
3 " 1]
4 " "
5 -—v- " Water encountered
6 I " "
7 n H
8 Medium grained; light
1 Sands yellow sand
i 9‘ n J‘
: !
i 10 1 Clay Light grey clay
L1
]2 1 L}
]3 "
14
I "
15 " Dark grey Very tight
]6 1 " "
17
i
.

D16



SCS ENGINEERS Job: Dredged Materials Study/Sayreville, N.J.

BTEANNS. CONNAD ANO SCHMIOT

CONSULTING ENOINEENS, ING. Investigator:_R. Morrison/K. Yu
L B s Date:_November 29, 1976
2014 LONG PAACK SOULEVARD LONG BEACH. CALIS OANIA $0807 Rig: 10" Water Rotary

Existing Elevation:__104.8 (relatiye)
Well No:NJP3 (offsite observation well)

=
(=]
Q
e | —a
- o™
o E O
2188 Material Description Remarks
18
] (Clay Dark grey
]9 " ‘ "
20 1 Sand Fine sands; yellowed
21 "
22 ) " Medium grained
23 "
24 "
25 1 " Koarse gqrained
26‘ .\
27 " 4" screen
28 "
: 1
| 29 4" well screen
L " jnstalled from 25+
I 30 Nery coarse gravels with
Gravel/sands L fine sands
Loarse gravels; pebbles
31 Gravels size Glauconate viable
32 1
33 Fragments of New
8runswick shale
34
35
1 — Bottom of hole

D17



4014 ,5#Q 1 ACH BOULIVARD, LONG BLACH, CALIFORNMIA 0407

SCS ENGINEERS
BIEANNS CONIAD AN SCHMIOT
CONSULTING ENQINEENS, INC.

T 31374280844

Job: Dredged Material Study/Savreyille, N.J.

Investigator: R. Morrison/K. Yu

Date: November 29, 1976

Rig: T0T™ Wa*ter Rotary Rig

Existing Elevation: 104, {relative)

Well No: NJP4 (offsite observation well)

[ =
o
Q
o= — e
P o™
o E v . N : k
138 Material Description Remarks
1 Bog Desarayisg roots and
Coarse gravels with
2 1 Gravels medium to coarse sands
3 " "
4 n o
5 JSZ' . Water engoyntered
6 I by n
7 " "
3 Medium grained; light
1 Sands vellow sand
l 9 "
'.F
; 10 1 Clay Light grey clay
!! . "
11
12 1 "
v 13 i
14 I "
15 " Dark grey Very tight
16 1 : i
17
A}
1

D18




SCS ENGINEERS Job: Dredged Material Study/Sayreville, N.J.

L onan TG ENOEERS, TG Investigator: R- Morrison/k. Yu
TRC 21304200040 Date: November 29, 1976
“ PO IVA A BLA LITORNLA $OSOT Rig: 1o‘r Nater Rotary Riq
wiemomacn ORI Existing Elevation: JUA8. (relative)
Well No: HJP4 {offsite pumping well)
c I
(=]
25
Slan
ol & o . .
21388 Material Description Remarks
18 I Clay Dark grey
19 " "
20 1 Sand Fine sands; yellowed
21
22 " B Medium grained
— I
23 "
24 g
25 1 " Coarse grained
26 "
27 " | 4" screen
]
! 28 1 "
L
o 4" well screen
‘1 29 " installed from 25-35'
: Very coarse gravels with
b39 Gravel/sands J‘fine sands
rC arse gravels; pebbles
N Gravels J‘s?ze 9 P Glauconate viable
!
32 1 |
33 Fragments of New
Brunswick shale
34
35 J I j— Bottom of hole |

D19



APPENDIX E: CLIMATOLOGICAL DATA,
HOUSTON, TEXAS, CASE STUDY SITE

El



HOUSTON INTERCONTINENTAL AIRPORT CLIMATOLOGICAL DATA

1 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3

Sept. 1976

Temp.

Max. 95 88 92 93 93 92 92 91 93 8% B2 8 91 83 89 90 88 88 KBS 77 B2 82 ¥4 B6 88 39 85 80 78 82
Min. 69 68 68 71 70 68 70 71 6% 6] 58 60 65 69 67 68 68 66 68 62 55 55 56 62 64 62 68 64 60 54
Prec. 1.77 .06 .05 .05 .01 .42 .50 2.6 .52 .13 .18

Oct. 1976

Temp.

Max. 85 84 85 B6 78 74 73 S8 72 8 82 B8 B8O B! 76 €9 68 72 71 61 67 70 Bl 69 62 67 58 53 58 67 68
Min. 63 55 56 66 60 52 47 44 40 44 49 S50 54 51 53 S5 45 41 42 36 33 44 63 6) 55 49 48 45 46 41 &)
Prec. 7 .06 .15 187 .13 .40 1.96 .20 .89
Nov. 1976

Terp.

Max. 67 70 75 73 67|77 78 65177 78 80 50 42 41 52 46 63 52 55 73 67 60 S8 67 68 80 63 39 43 63
Min. 47 38 38 44 37132 42 42142 55 47 42 34 36 36 39 41 44 49 54 44 33 34 50 52 63 39 26 22 19
Prec. .29 .10 .04 .42 .33 .88 .08 .22 .04 .65

Dec. 1976

Temp.

Max. 53 5 63 67 65 66 50 63 51 53 68 66 GB 65 68 47 &) 60 64 61 61 65 70 68 J2 40
Min. 28 32 29 31 51 M 41 49 43 45 40 40 45 SB 34 2% 39 35 30 45 3) 35 41 30 40 25
Prec. 1 .47 1.03 .66 .54 .15 1.2% .24 .02 .08 .01 .59

Jan, 1977

Tenp.

Max, 43 39 44 54 58 53 56 55 56 44 45 52 57 51 59 43 44 40 47 61 65 51 54 59 61 62 77 73 S50 43 53
Min. 32 31 34 41 46 40 31 42 20 18 20 39 43 34 33 27 22 24 18 22 27 33 46 34 2% 37 43 35 28 35 1}

Prec. .01 .81 .29 .09 .12 .10 .18 A7 .10 .78 .02




1 2 3

Feb. 1977

Temp.

Max. 46 57 59
Min, 31 32
Prec. .01 .01 .43
March 1977

Temp.

Max. 0 67 N
Min. 34 55 61
Prec. .01 .6}
April 1977

Temp.

Max. 77 76 81
Nin, 52 69 69
Prec. .02 .03
Mey 1977

Tomp.

Max. 83 87 84
Nin. 63 64 59
Prec. .10
June 1977

Temp.

Max. 92 93 96
Min, 67 64 64

Prec.

72
45
.33

85
67

62
35

55
47

0

69
44

82
65

98
65

78
40

59
42

70
33

82
47

85
65

;

HOUSTON INTERCONTINENTAL AIRMORT CLIMATOLOGICAL DATA (Continued)

60
38

72
35

80
47

87
65

68 56
34 50
122

64 74
1

81 83
a4 4

B4 84

95 94
61 65

72

.02

Al
46

81
60

83
56

65
50

73
43

80
59

69
38

82
4z

79
58

84
62

14

72
36

73
4z

15 16 17

58
35

83
59

79
67

85
62

64
30

75
63

71
59

.18

85
64

90
74

73
43

79
65

79
56

86
06

91
n

18

17
48

85
62

64
55

85
63

93
n

19 20 21 22 23

69
49

84
54

83

.29

85
69

94
n

69
N

75
42

74
62
26

83
66

.69

92
72

75
35

78
57

78
62

79
64

92
75

73
5%

79
54

92
75

77

.01

n

.25

85
66

92
12

83
43

69

.0

78
55

85
60

82
72

84
49

25

70
44

27 28 29 30

63
33

66
56

0.

70
62

76
53

e

77
62

86
60

92
74

80
46

85
62

93
72

85
65

90
Al

78
45

83
63

9
[

83
63

18
64

.25

93
65

93
74

3

6

0%

9¢
ot



July 1917
Tewp.

Min.
Prec.

hug. 1977
Terp.

Mn:
Prec.

96
72

93 95
12 66

99 100
73 70

97
69

98
Al

93
70

89

.0

92

.05

91

A3

92
69

97
74

HOUSTON INTERCONTINENTAL AIRPORT CLIMATOLOGICAL DATA ({Continued)

93
70

97
73

96
69

92
7

98
12

11

90
7

92

12

97
72

92
.3

13

98
67

93
.2

14

94
N

89
A

15

98

16

93
69

95

17

91
7

.0

95

18

93
n

82

.09

19

92
70

90
1.6

20

87
73

94
73

21

95
n

93
74

22 23 24

94
n

93
75

93
76

25 26 27 28 29 30 ?

95
n

92
74

95

03

9N

91
74

92
74

87 91 9
2 15 73
5

94 95
77N

9¢

7:



APPENDIX F: WELL LOGS, HOUSTON, TEXAS
CASF STUDY SITF

F1



(EEQ SCS ENGINEERS | Job:_Dredged Material Study /Houston,Texas
oL ROEERS, I Investigator:_ R. Morrison/D. Myers .
WL £ sen g¢te:_12j3/76
ve sacn VARG, LO%O BUACKH, CAL I ORNiA 90007 g: 4" an d_.a_u
e 10w ouacy oo = Existing Elevation: 44.8
Well No: KA _
[ =4
(=]
Q)
o~ — 4D
= ES
8|88 Material Description Remarks
1 -
Dredged Materjal Clay Aerobic¢
2 "
3 | ) ’
- _ e Blackish Anaerobic
4 "
5 4 "
= = Water Encountered
| 6 _
" Light brown ¢lay
7 L
8 "
9
— " Clay
i ]0 " "
Y ) )
IL ]
A Vi ~ "
£ “
]3 " "
14 W .
15
" fine sand
16 [ Clay
17




5CS ENGINEERS

GVLARNE. COMNAD Asel) SCHIMIO T
CONBUATING ENOME LIRS, WC.

T 107400 S0t

B9 UDWE 84 ACH POAEVARD . LONG BLACK, CALIF OANIA DOSET

Job: Dredfed Materia] Study/Houstan

Texas

Investigator: R. Morrison/D, Myers

Date: 12/3/76

Rig: 4" Hand Bucket Ayger

Existing Elevation: 44,8

Well No: HA

Location

Material

Description Remarks

o | Depth

l"‘ Sample

Bottom of hole

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35




(=X

SCS ENGINEERS
BITANNS CONRAD ANO SCHMIOT
CONSULTING ENQINEENS, INC.

TEL 2137408 P0as

016 LOWG SLACK BONEYIAD LONG BEACKH CALIS ORNA BONeT

Depth

Sample
Location

Material

Job: Dredged Materia] Study/Houston,Texas

Investigator:_R, Morriison/D, Myers

Date:_12/3/7¢%

Rig:

" Hand Bucket Ayger

Existing Elevation: 48.8

Well No: HB

Description

Remarks

-—

Dredged Material

Clay

Aergbic

~n

Anaerobic

Water encountered

Black clay

Sand clay

10

1

Very difficult

12

coving through

13

material

14

Clay

15

16

17




5CS ENGINEERS Job: Dredged Materfal Study/Houston Texas

BI1EAANT CONNAD ANT) SCHMIOT
CONSULTING ENQINEENS, INC. Investigator:R. Morrison/D, Myers

O 21028 904d Date: 12/3/76

0014 LO=0 BLACH # IAEVARD, LONG BEACH, CALIP ORira 04007 Rig. 4" Hand Bucket Auger

Existing Elevation: 48,8

Well No: HB

Material Descriptivn Remarks

| Sample
}| Location

c | Depth

" Clays

19

20

i
—

21 1 Bottom of haole

22

23

24

25

26

27

28

29

30

K

32

33

34

35




Eﬁ SCS ENGINEERS Job: Dredged Material Stdy/Houston,Texas
BIEANMS, CONRAD AND SCHMIOT

X CONSULTING ENQINEENS, INC. Investigator: R, Morrison/D. Myers -
L 13/420. 0004 Date 2 12/3/76
0014 LOM0 P4 ACH BOULLVARG, £ 003 BEACH, CALI OANIA $0807 Rig: A" Hand_Bucket Auger
Existing Elevation: 48.8
Well Noiyg
c
o
Q) v
P -4 —t
> Qg
a. E o
8|88 Material Description Remarks
1
Dredged Material Clay aerobic
T " "
3
" anaerobic
4
+ " Water engounterad sylfide odor
5
" present
6
" Sandy clay
7 - .
8 n
9
10 |~
11
» Drilling
12 "
Clay extremely
13
! difficult
14 {71
15
16 _
17 | L.




SCS ENGINEERS

BTEANNS, CONNAD AND SCHMIDT
COMIULYING ENOINEERS, INC.

TEL M)/ i20-900t

4016 LORE L aCH BOLTVARD, LONG BEACH, CALIFORNIA $0807

Job: Dredged Materia) Stdv/Houston

lpyas

Iavestigator: B. Morrison/p

Myers

Date: 12/3/76

Rig: _4"Hand Bucket Auger
Existing Elevation: 48.8

Well No: HC

Sample
location

Material

Description

Remarks

© | Depth

Dredged Material

Llay

20 | -

21

Bottom of hole

22

23

24

25

26

27

28

2%

30

3

32

33

34

35

7




(ag SCS ENGINEERS Job: Dredged Material Study/Houston,Texas
BTEANNS, CONRAD ANOD SCHMIDT

CONSULTING ENOINEERS, IhC. Investigator:R. Morrison/D. Myers
THU 21370000004 Date:lﬂ]/]ﬁ
0910 LONG 84 ACH BOULIVARD. LONG BEACH, CALIFON A 80097 R’g: 4" Hand Bucket Auger
i Existing Elevation:44.9
Well No: Hp
=
P
L ~—
B |l'aw
al go
3185 Material Description _ Remarks
1
Dredqed Material Fine sands aerobic
2 —
. n "
3 " "
4
‘ﬂ' " Water encountered
5 ] wle
" anaerohic
6 n
7 L ad
Sand clay
8
A
9 ey "
10 .
11 .
Clay
12 .
13 "
14 | r
Sand clay
15 "
16
Clay
17
i

8



SCS ENGINEENS Job: Dredged Materia] Study/Houston, 1€xas

BIEANNI, COMIIAD AND SCHMIDT .
CONSULTIND THOINEENS, INC. Investigator: _R. Morrison/D, Myers

[ YR Date:_12/3/76

0014 1,050 $4ACH BOULEVARD, LONO Bt 4CH, CALITORNIA 90807 ng: 4" Hand Bucket Auger

Existing Elevation: 44.9

Well No: yp

Depth
Sample
Location

Material Description Remarks

18 Dredged Material Clay

19

20 | ~

2l Bottom of hole

22

23

24

25

26

27

28

.-

29

30

31

33

34

35

L




a SCS ENGINEENS Job: Dredged Ma terial Stydy/Houston,Texas

BT AMSeS CONNAD AN SCHAMDT

y CONIURTING ENOINE ER3. INC Investigator:__R. Morrison/D, Myers o
TEL 2137020 000 Dqt(‘: 12{3j7§
S914L0n0 PLACH BOULEVARD, LOND BEACH. CALN ORN(A $ONOT R’g: 4 "Han_d BUCket AUQEI‘
Existing Elevation:
Well No: HE
c
o
Q
< —
- Qo
a E QL .
a|l8s Material Description Remarks
1
Dredged Material Sand Aerobic
2
3 2
1 Water encountered
4 H
5
L “ Anaerobic
|
6 S S
' o Black clay
7 T
8 "
S = " Fine sand
10 ——
Bottom of hole
1
12
{13
14
+
15 ’
16
17




(_E?;a 5CS ENGINEERS Job: Dredged Material Study/Houston.Jexas
' OB TG SONEERS, NG, Investigator:_R. Morrison/D. Myers
- g?te _1_21u75
- ACH BOULEVARD, LONG BEACH, CALIS ORNIA 90007 g: and _Bucket Aunar
== - = = Existing E]evatlon
Well No:
[ =4
o
Q -
£ —-
-~ [N ]
[=% E O
ai88 Material Description Remarks
1 .
Dredged Materjal Sand
—_
3 ~4
Water encountered
4
Hole sloughing
5 | ==
Sand in
6
7
Sand clay
8 —
9 —_—
Bottom of hole
i |
1Y
IL_._
i N
! 12
L
13
14
15
16
17
I S B . e L




SCS ENGINEERS

BIEANRNS CONNAD ANO SUIIMIDT
CONIULTING ENOINEERS. INC

TEL 313420 Seas

€914 1070 BEACH BOILEVARD. LONG BE2CH CALI1SOANIL Bed”

Job: Dredged D1§posa1 Study/Houston,Texas

Investigator: R. Morrison/D. Myers

Date:_ 12/73/7¢€

Rig: 4" Mand Bucket Auger

Eristing Elevation:

well he HG

Depth

Sample

Material

Location

Description

Remarks

-

Dredged Material

Aerobic

Anaerobic

-

Water encouyntered

Bottom of hole

o Sty e o

10

n

12

g —————

13

14

15

16

17




5

#4914 LONG BAATH BUULEVARD, LOND B4 aCH, CALIFOMNIA 5080

SCS ENGINEERS
BTLANNS CONRAD AsID) 3L+ 1MIDT
CONBULTING ENGINBENS. INC.

L PV ARG Soad

Job:

Existing Elevation:
Well No: -

Dredged Material Study/Houston,Texgs

Investigator:_E, Morrison/D. Myers_.___
Date: _12/3/76 . __

Rig:_ 4" wand Buc' <t Auger

HH

Depth

Sample

Location

Material

T

Description

—

Remarks

—

Dredgeg Maltrial .

Send .

Aerobig

Sand blackish

Anaerobic

Water incountered

L

Sand

Hole sloughing

in

Bottom of hole

10

——1

n

12

13

14

16

17

[RUIPRNE - 8

F17




( .
[E—-_Eg SCS ENGINEERS Job:__Dredged Material Study/Houston,Iexa

@ CONBULTING ENOmEENS, e Investigator: _R. Morrison/D., Myers .
YL 13z ana Date:_ 12/3/76
e sACH VARD, LONO BLACH, CAL I ORNIA $OSOT R.Ig. 4_",J1And .BU,SJQCI AUQEL
Lo somo a1 acn pownt O L CALIP RN EXiS{Tng Flovation:
Well No: HI
i [ =4
]
@ '~
£ —
Lo d .o
[=8 £ o .
8185 Material Description Remarks
! Dredged Material Sand Aerobic
2 " "
3 "
" Anaerobic
4 "
! Blackish
5 T ' [ m
6 47,
-t Water encountered
7
" sand
8 -L— "
9 Ll
10T .
}__ Bottom of hole
R
%
'1 12
13
ey
14
15
16
17
A ] S R ]

Fli



CONSULTING ENOINEENS, INC.

[:Eg SCS ENGINLLIS
BIEANNS CONNAD AND SC1imi0!

#0914 L0%0 B ALH BOWNE

TEL 212/420 0044

VARG, LOMG BEACH. CALITORMIA POAST

Job: predged Material Study/Houston,Texas

Investigator:_R, Morrison/P. Myers -

Date: 12/3/76 I
Rig: 4" Hard Bucket Auger

Existing Elevation:

Well No: HJ

Depth
Sample
Location

Material

Description Remarks

-—

Dredged Material

Sand aerobic

anaerohic

10

Bottom of hole

1

13

14

15

16

17

F15




(EEQ SCS ENGINEERS Job:_predged Material Study/Houston,Texas
STTANMYS. CONNAD AND SCHMIDT

‘ CONSULTING ENGINEENS. INC Investigator: R, Morrison/D, Myers .
UL J1/ 4200044 Da te: 12] 4/]6
0034 LOG $1ACH BOVAEVARD, LONG B1ACH, CALI O%WIA 90041 Rig: 12" Bucket Ayger

Existing Elevation: 49,3'
Well No: ONPW (onsitel).

[ =4
[=}
Q s~
& —
+ o
[~% E U R
sS85 Material Description Remarks
L Dredged Material Very fine Aerobic
Light brown clay Anaerobic
3
Blackish clays Sylfide smelj
4 "
" Present
5 " n
6 " "
I R v
Dredged Material MHWater encountered
8
" Blackish Material
9
" ——— et 8lughing into |
1 10 . ] " hole
|
|1
L Dredged Material "
|
]
| 2 sands
13
Oredged Material
14
" Light grey clay
15
"
]6 "
17
do . U S R

F16



@ SCS ENGINEERS Job:_ Dredge Material Study/Houston Texas

SITARNS CONNAD AN( SCHMIOT

CONSULTING ENGINEENS, INC. Investigotor:_R. Morrfson/D. Myers
YEL iy e20.0800 Date:_12/4/76
016,070 BV ACH BONEVARD, LOND BEACH, CALIFOARIA B0S0T R{ g: 12’ Bucket Auger

Existing Elevation: 49 3'

Well No:QNPW (onsite)

Sample
Location

Materia) Description Remarks

© | Depth

19 Clay Blackish

20

21

22

23

24
Spojl/snil interface

25 Clay with gravels Well

26\ sand/clay Mottled clays ' screened from

27 o ’ . 25'to 30’ with

28 Sand/clay . 4. _ ! 4" PVC casing with

29 1) " " .904l| screen

30 T— Bottom of hole

31

32

33

34

35

_-Lw oA e b - 4_._-_.,_--.,._.,L*.,v._-._w e

R



SCS ENGINEERS

BTEANNS CONNAD AND SCHMIDT
CONSULTING ENGINEENS, INC,

TEL 2137420 pesa

#0138 ,0n0 PRACKH BOVLEVARD LONO BEACKH. CALIFORNIA §0A0T

Job: _Dredged Material Study/Houston,Texas

Investigator:_R. Morrison/D. Myers

Date: 12/4/76

Rig: 12" Bucket Auger

Existing Elevation: 49,2

Well No: _ONOW __(onsite)

Depth
Sample
Location

Material

Description Remarks

—

Topsoil

Aerobig

Dredged Material

Light brown ¢clay

Blackish clays Sulfide

small present

Clays Anaergbic

Water encountered

Dredged Material

Light qrey clay

9 [}

10 "

11

12 "

13

14

15

16

17




SCS ENGINEERS

BIEANNS, CONRAD AND) SCHMIDT
COMSULTING ENQINEENS, INC.

Job: Dredged Material Study/Houston Texas

Investigators_R. Morrison/D. Myers

T NVATE peae Date: 12&/76
1 ORNIA boseT R1g: 12" Bycket Auger
#9180 LONG BY ALK FOLEIVARD LONO PIACH, CAL Ex’{st{ng E1evat‘ion: 49’2
Well No: ONOW _ (onsite )
H
eles
al £
38188 Material Description Remarks
]8 [} L1}
]g " n
20 " H
21 1"
gt
22 1 "
23
"
24 Clays with/qrayels|Spoil/soil interface Wall screened
Coarse gravels grey
25 Clay with/sands clays L from 25' to 30°'
Mottled clays with/fine
26 " sands with 2" cosing
27 ’ with.004"
28 " scéreen
29
30 1T Bottom of hole
3) |
32
33
34
35




(ag SCS ENGINEERS | Jobi_Dredged Materfal Study/Houston,Texas .
BIEANNS COMNAD AND 3CHMIDT

( CONSULTING ENGINEENS, ING Investigator:_R. Morrison/D. Myers .
U 293600 e Date: 12/4/76
0914 L0w0 $1ACH BOULIVARD, LOWA BEACH, CALIPOANIA 80807 Rig:_12" Bucket Auger

Existing Elevation: 33.4'
Well No: 0-FPW-T (offsite]

Depth
Sample
Location

Material Description Remarks

-—

Silts Light grey

Clay Dark brown VYery tight

Clay with/sand Mottled clays

With fine sands

10

1 Red, pink, white,grey,

Clay clays Very tight

12

13

14

15

16 Clay with/sand Mottled clay with

17

fine sands

F20



14
lﬂ 5CS ENGINEERS Job: DOredgqed Matertal Study/Houston,Texas

SILANNT, CONNAD ANT) SCHMIDT

CONSULTING ENQINEERS, INC. Investigator: R, Morrif{son/D. Myers
(e Date:__12/4/76
6016 LONG B3 ACH BOULIVARD, LONG BT ACK, CALIIORNIA 90487 R1g: 12" Bucket Auger

Existing Elevation:_33.4

Well No: g_fpy-1 (nffsite)

Sample
Location

Material Description Remarks

-—

@ | Depth

19 Reddish clays with grey
Clay streaks

20 Light grey clays

21 "

22

2 3 " " "

24

25

26‘ TMottled clays with

7 :
2 Clay with/urayel Coarse grayels

28 e

Water encountered

29

30 Well screened

3 flay with/gravel " " from 30 to 35°

32 " " with 4" PYC

33 ‘ " cpsing with

34 " " 009" slotting

35

LC]ay Bottom of hole




(=

SCS ENGINEERS

SIEANNS CONNAD AND SCHMIDT
CONSULTING ENQINEENS, INC.

TEL 21620 9083

#0161,000 SLACH BOVLEVARD, LOND Bt 400, Cav 10 OANIA 20891

Jobi_Nredged Material Study/Houston,Texas

Investigator:__ R, Morrison/D. Myers -
Date;_ 12/4/76 -

Rig: 12" Bucket Auger

Existing Elevation:
Well No: _ O -FPW-2 [affsite)

Depth

Sample

location

Material

Description Remarks

Topsoi]

Clay

Reddish

Dark brown

Dark brown

10

1

12

~Light brown

"

13

14

Mottled

15

16

V7

Sand clay

| Fine yonds and ¢ley . L . .



=

916 LO~E BV ACH BOA VARG, LONG BEACK, CALI ORmIA 10007

SCS ENGINEERS

SI1LANMS, COMNNAD AN SCHMIOT
CONSAATING EHOINEENS, INC.

TOL P13/ 000 0644

Job: Dredge Material Study/Houston,Texas

Investigator:_R. Morrison/D, Myers

Date:_12/4/76

Rig:_12"Bucket Auger

Existing Elevation:

Well No: O-FPW-2 (gffsite)

Sample

Location

Material

Description Remarks

o | Depth

Sandy clay

Clay with/fine sands

19

20

21

22

23

Clay with gravels | ~ g9ravel . .

White clay with/coarse

24

25

26

27

28

29

30

31

32

33

34

35

v o ——— e o o e——————



SCH LHGINLILNG

BHEANHY CIMatALY AN % i b

!

. _Drecged Material Study/Houston,Texas

ot
D
jay

CONTULTING (HUINE 113, INC Investigator: R, Morrison/D. Mayers
YL 21300 e D‘]tcz 12/4/76
#4010 (0nG BLACH BOVREVARD LONG BUACH, CALI Onmia Dotat R19: 12" Bucket Auger
L Existing Elevation:
Well No: o.fpy.2 (offsite)
- —_ . e e
o
Q e~
£ — 4
- am
[~% E U
3138 Material Description Remarks
36 Clay Red, pink, white Artesian
YA
7 Water encountered
| 138 Sand clay Coarse gravel with clay
29
40 T Bottom of hole
41
42
A3
44
b \
!
45
I
!
48
47 ;
|48
49
50
51 B
|
82| ‘
|
Lsal J_ |



f !
§CS ENGINEENS Job: Dredged Material Study/Houston  Jexas

; BICARNI, CONILAD AMI) SCHMIOT R
@ CONSULTING ENOINEENS. NG Investigaotor:_R, Morriison/N., Myers
.J

Date:_ 12/4/7€
Rig: 12" Buaket Auger

TRL B1)/a20 00es

16 LORG BLACH PO IVAAD, LOMA BEALKH, CALIPORMIA $o4

Existing Elevation: 33.4
Well NOo:_ OFMW (offsite)

€
o
Q
F - —a
5|83
a&188 Material Description Remarks
18
19 Reddish clays with grey
Clay streaks
20 " Light grey clays
21 _u n "
22 " " "
23 " " L)
24 1] " n
25 " " "
26 Mottled clays with.
27 , |
“ Clay with/gyravel Coprse gravels ;
I
28 "y ) " Water encountered
29 " " L] ‘
30 " " Well screened
3 C1ay with/qrave) " " from 30 to 35'
32 L " " with 4" PYC
33 " " casing with
4 n "
3 ,009" s$lotting
35
FClay Bottom of hole

[N



((ag SCS ENGINEERS Job: Dredged Materfal Study/Houston,Texas

@ LCONBATING EMONELAS, NG, Investigator:_R. Morrison/D. Myers .
TEL 210/e20- 0044 Date: 12/4/76
0814 L0m0 BLACK BOVAEVARD, (OO BEACH, CALIP ORN1A 8036 R1g' 12 Bucket Auger

Existing Elevation: 33.4'

Well No: ___ orMv T (oFfsiie]

3
Q)
- —
- ac
a | Eu
8185 Material Description Remarks
1
S11ts Light grey
2
3
4
5
Clay Dark brown Very tight
6
7
8
Clay with/sand Mottled clays
9 With fine sands %
10
1 Red, pink, white,grey,
Clay clays _ . Very tight
12
13
14
15
16
Cley with/sand Mottled clay with
17
fine sands




APPENDIX G: CLIMATOLOGICAL DATA,
PINTO ISLAND, ALABAMA, CASE STUDY SITE
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i

CLIMATOLOGICAL DATA FOR BATES FIELD, MOBILL, ALABAMA (Continued)

6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3
: Feb, 1977
" Tewp.
Max. 44 58 52 53 56 5S4 56 S8 67 67 7V 1 69 73 59 S0 6% 7V 72 60 64 72 It 72 76 19 70 59
Min. 26 30 47 A4 37 28 31 31 38 36 4) 57 44 3y 38 28 327 53 49 33 32 44 58 53 52 38 43 36
Prec. 75 .01 .01 .49 .60
March 1977
Temp.
Max. 65 65 67 69 56 50 61 66 68 67 69 70 76 79 75 80 74 83 Bz 77 8 71 70 66 (74 75 76 73| 80 82 74
Min, 35 40 55 53 48 A7 40 35 37 54 60 52 47 46 59 60 55 70 70 61 64 51 40 48 |5Y 54 66 61| 72 71 58
Prec. 1.03 .54 .2 21,02 .99 .01 13 5 .07 1.27].02 .02 .48
'f Aprin 1977
Temp.
Max, 80 B0 B2 79 63 73 79 84 83 BO 8! B) B2 B B2 B4 B4 B2 B4 78 75 75 81 71 75 72 71 80 81 83
Min. 58 71 72 58 4B 41 45 55 55 53 53 56 55 53 57 61 64 64 64 65 61 66 62 57 54 47 49 57 58 56
frec. 0t 32 .01 .46 1.93
1]
May 1977
Temp.
Max. 82 71 79 82 83 83 86 89 B84 81 82 82 B85 B4 B6 88 86 B7 B89 91 8BS 87 88 87 86 84 B3 90 89 95 93
Min, 69 70 67 64 66 67 66 68 66 53 64 64 61 63 64 65 64 63 64 65 65 66 66 67 64 67 67 67 I 74 68
Prec. 271 .24 .18 .08 .42 .10 .12 .43 .20 .10 .72
June 1977
Temp.
Max, 92 90 96 96 94|94 84 B5{90 95 95 94 B89 91 93 94 90 91 93 93 96 94 94 97 96 94 95 89 92 95
Min, 68 67 NN N 71|73 68 60(66 70 75 74 75 74 74 72 75 75 74 74 15 16 17 11 18 18 15 171 15 14
Prec. 63 .0t .24 .30 .03 .05
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CLIMATOLOGICAL DATA FOR

BATES FIELD, MOBILE, ALABAMA (Continued)

1 2 3 4 5 6 7 8 9104 1213
C uly 1977
Temp.
Max, 97 97 93 95 92 94 95 94 91 B4 87 90 92 95
Min. 76 72 72 75 76 15 17 18 71 10 72 12 13 13
Prec. .21 .0l .20 13 15 .31 14 .21
' Aug. V977
i Tesp.
Max, 91 90 84187 92 92 94 94 94 89 90 90 92 W
Min. 76 75 74|75 76 15 76 17 78 15 75 16 16 7]
Prac. 3 14 A .02 .02 .2 .07 .02 .01

14

93
74

89

17

18

19

20

21

22

23

24

25

26

27

28

29

30

N

94
75

92
.02

84

.02 .

91

a6

86
7%

91

.01

87
75

90

.56

92
76

9N
0

93
76

90

79

95
7

87

.24

93
79

87
77

9
78

76

BRH

89
78

89
17

90
76

91

.03

91

89

.09

9
18

89

.02

93
18
4

90
16

94
76

91
76




APPENDIX H: WELL LOGS, PINTO ISLAND,
ALABAMA, CASE STUDY SITE

H1
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SCS ENGINEERS

BILANND, CONNAD AN SCHMOT
COMBULTING ENGINEENS, INC.

TEL R1/008-9004

@916 LO=G 0% 4CH BOUALVARD, LONO BEaC, CALIFOANIA 20097

Job: Dredged Material Study/Pinto Island

Investigator: R, Morrison/T. Boston

Date: 1/17/77

Rig: 4* hand ayqger

Existing Elevation: 24.57

Well No: PI-A
o8
S| B8k
§ §§ Material Description Remarks
1 Dredged material Sand
2 Dredged material Sand
31 T Dredged materiat Sand
4 Dredged material Sand
I :_DTg'E;ed material Water encountered
6 Dredged material Sand
7 _L Dredged material Sand
8 Dredged material Sand
9 T | Dredged material Sand
10 Dredged material Sand
n Dredged material Sand
12 —l_ | Dredged material Sand
13 Dredged material Sand
14 Dredged material Sand
15 Dredged material Sand
16 -1 | Sand - Dredged matgria)/soﬂ interfare
17 Sand Dredged material/soil 1nterfaLe

H2



[==%] S5CS ENGINEERS

BTLANNI. COMNNAD ALY SCHAMIOT
COMNIULTING ENQINEENY, INC.

TEL 233/428-0004

0916 4D~G SR ACK BOWNLEVARD, LONO BEACH, CALIFOANIA BOASY

(Continued)

Job: Dredged Materfal Study/Pinto Island

Investigator:_R, Morrison/T. Boston

Date: 1/17/77

Rig: 4" hand  auger

Existing Elevation:_ 24.57

Well No: PT-A
=
O
<5
] B3
o (8]
sS85 Material Description Remarks
18 Sand Dredged material/soil interfjce
19 _L Sand

Dredged material/sofl interfice

Bottom of hole

H3




8CS ENGINEENS Job:  Dredged Material Study/Pinto Island

1,
SITANND, COMNAD AND SCHAMODT

X CONIULTING ENQINEENS, INC. Investigator: R, Morrison/T. Boston
T F1/420-0004 Date:” ]7/77 .

Rig: 4" hand suqer

8914 LO=G A ACH BOREVARG, LONG BEACH, CALIF Oamia Soeet

Existing Elevation: 18.52

Well No: PI-B
v
= ~
=]
25
2|83
al83 Material Description Remarks
1 1TV Dredged material Fine sand Aerobic
2 Dredged material Fine sand
3 = Dredged material Fine sand
4 T Dredged material Fine sand
5 Dredged material Fine sand
A v,
6 - Dredged material Water encountered
7 ~] bredged material Water encountered
8 Dredged matérial Water encountered
—
9 . Dredged mate Water encountered
10 Dredged material ' Water encountered
n Dredged material Water encountered
12 T Dredged material Water encountered
13 Dredged material Water encountered
14 Oredged material ‘ Water encountered
15 |7 7| Dredged material Water encountered
16 Sand Dredged material/soil interfade
17 Sand Dredged material/sofl interfade

H4



==%] SCS ENGINEERS

SILARNST, COMNAD AN SCHMIOT
COMIULTING ENOINEENS, INC.
L H1/ 4300000

APV 4LORG LACH BOREVARD, LONA BEADH, CMITORNA $084T

Job:  Dredged Material Study/Pinto Island

Investigator:_ R. Morrison/T. Boston

Date:11/17/77

Rig: 4" hand _auger

Exfsting Elevation: 18,52

(Continued) Well No: PI-B
=
o
[ T2
i =4 — 4
4+ E-N
&l 58
alds Material Description Remarks
18 __L Sand Dredged material/soil interfice
19 Bottom of hole

H5



018 L0~G P ACH BOULEVARD, LOMD BEACH, CALIF ORMNIA $0407

SCS ENGINEERS

SILANND, CONNAD ANG) SCHMIDT
CONSULTING ENQINEENS, INC.

TEL 13/ 420-00ad

Job:  Dredged Material Study/Pinto Island

Investigator: R, Morrison/T. Boston

Date: 1/17/77

Rig: 4" hand ayqe

.
Existing Elevation: 18.88
PT-C

Well No:
=
Q
Q o
£ —
+ Qo
al Eu
3Si38 Material Description Remarks
1 Dredged material Fine sand
2 -1 | Dredged material Fine sand
3 Dredged material Fine sand
4 Dredged material Fine sand
5 =~ | Dredged material Fine sand
6 Dredged material Fine sand -
—-d——l
7 Dredged material Water encountered
8 Dredged material Hater encountered
9 Dredged material Water encountered
10 - Dredged matertal - Water encountered
N Dredged material Water encountered
‘12 T Dredged material Water encountered
13 Dredged material Water encountered
14 Dredged material Water encountered
15 |7 T|0redged material Water encountered
16 Sand Dredged material/soil interfate
17 Sand Dredged material/soil interfafe

H6




Job: Dredged Material Study/Pinto Island

f[==%] SCS ENGINEENS

BILANND, COMNAD ANE) SCHMIOT . .
CONBULTING ENOINEENS, INC. Investigator:_ R. Morrison/T. Boston

TR 213/ 0200004 Date: 1/17{‘77d
» ALJ-LLIFY TT1 24 Rig: " an auqer
oA I e Existing Elevation: 18.88,
(Continued) Well No: PI-C
=
o
@
2183
S|a3 Material Description Remarks
18 ._l_ Sand Dredged material/soil interfpce
19 —4-Sand Bottom of hole

H7



g_ﬂ‘ SCS ENGINEENS

BILARND, CONNAD AN SCHMIOT
iy CONBULTING ENGINEENS, INC.

TEL JI428-0000

4814 LOWO BAACH SOALVARD, LOWG BEACH, CALIFONIA BOsST

Job:  Dredged Material Study/Pinto [sland

Investigator: R, Morrison/T, Boston

Date: 1/17/77

Rig: dvbucket  auger

Existing Elevation: 24.57

Well No: PI-D
[ =
o
Q) e
- —
L s 0
a| Eo . )
a1 88 Material Description Remarks
1 “T | Dredged material Sand
2 Dredged material Sand
3 - Dredged material Sand
4 Dredged material Sand
5 | T | vreaged material Sand
6 Dredged material Sand
7 Dredged material Sand
8 | T | Dredged material Sand {
P I v,
9 Dredged material Water encountered
10 Dredged material Water encountered
1 Dredged material Water encountered
12 Dredged material Water encountered

13 “T |Oredged material

Water encountered

14 Dredged material Water encountered
15 Dradged material __lMater encoun£ered
16 — Dredged material Dredged material/soil interface
17 T Dredged material Dredged material/soil interfece

H8




@.’l SCS ENGINEENS Job: Dredjed Material Study/Pinto Jsland

BILAAND, CONNAD ANt SCHMDT

CONSULTING ENQINEENS, INC hlVQStiQGtOY‘: R, f‘QY‘Y‘iSOﬂ/LBOSY.On
TRL 21320200000 Date: ]/]7/77
- NACH POVALVARD, LO®G Bt HWORMIA SONST Rig: 4” BUCFEt Qu Qr
et s Existing Elevation: 24.57
(Continued) Kell No- PI-D
=
L]
QO
- -— 4
N |
8|88 Material Description Remarks
18 I Dredged material Dredged material/soil 1n:er."£ce
19 Dredged materfal Dredged material/sofl interfpce
20 —+Dredged material Bottom of hole

H9




@ SCS ENGINEENS

STLANND, COMIAD ANT) SCHMIODT!
COMIULTING ENOINEENS, INC.

L 313/420-0004

016 U0NG 81 ACH SOALYARD, LONG BEACH, CALI Ofseta DOSST

Job: Dredged Material Study/Pinto Island

Investigator:_R, Morrison/T. Boston
Date: 1/17/77 .

Rig:_ 4" "bucket auger

Existing Elevation:14.90

H10

Well No: PI-E
=
L]
a
- ~—a
=l &3
S 88 Material Description Remarks
1 — | Sand Fine to med.
2 4 Sand¥ Hater encountered
3 —— | Sand Hater encountered
4 T {sand Water encountered
5 Sand Water encountered
6 —L Sand Water encountered
7 e Bottom of hole
8
9
10
n
12
13
14
15
16 |
17



@ SCS ENGINEERS | 9oV:__Dredged Moterial Study/Pinto Island

SILARND, CONRAD Awt) SC1IMIOT .
3 CONSULTING ENOINECNS. INC. Investigator: R, Morrison/J. Boston

UL 31374300004 Date: 1 ]7/77

Rig: 4" hand auger

G918 OGS PLACH BONEVARG, LONG BEACH, CALIWORMIA 0ee?

Existing Elevation: 14-97

Well No: PI-F
o
S188 Material Description Remarks
T | =T | Sand Fine to med.
2 Sand Fine to med.
3 | <1 sand Fine to med.
4 Sand Fine to med.
.5 [ ‘_ga—my Water encountered
6 - Clay Reddish clay
7 Clay Reddish clay
8 -~ Clay Reddish clay
9 e Bottom of hele
10
n
12
13
14
15
16
17 a

H1l1



$814 L0~ BRALN BONLVARD, LORO REACH, CALISORMIA SO0OT

S
gﬂl_ SCS ENGINEERS

SILANNI, CONNAD AND SCIIMIOT

CONIULTING ENOINEENS, INC.

BEIL IVAT8-peas

Job:  Dredged Material Study/Pinto [sland

Investigator: R, Morrison/T. Boston

Date: 1/17/77

R]g . &vbucket auqger

Existing Elevation:

Well No: PI-G

5
5ok
§ E § Material Description Remarks
1 Sand Fine
2 _]f" Sand Fine
3 Sand Fine
4 Clay Reddish Very tight
5 - Clay Reddish
6 Sand Fine
7 Sand Fine
8 T Clay Fine
9 -'_Cﬁyv Hater encountered
10 Clay Hater encountered
1 | == |Clay Water encountered
12 —1Clay Bottom of hole
13
14
15
16
17

H12



Eﬁ SCS ENGINEERS | 9obi__Dredged Material Study/Pinto Jsland

SIEANND, CONNAD ANG) SCHMIOT . .
: CONSULTING ENGINEENS, INC. Investigator:__R, Morrison/I. Boston

TRL 2137028 0000 Date: 1 ]7/77

Rig: 4" bucket auger

4910 LO0 PLACH BOWVLEYARD, LOHO REACH, CALIFGRNIA OS0!

Existing Elevalion: 12-29

Well No: PI-H
=
O
[ TR
P = ——
+ [N
(=% E O .
al838 Material Description Remarks
1 Sand Fine sands
2 —1— | Sand Fine sands
3 Sand Fine sands
4 Sand Coarser sands
5 —- Sand Coarser sands
6 | | I|sand Coarser sands
7 Sand Coarser sands
8 Sand Water ercountered
9 - Sand
10 —_— ' Bottom of hole
N
2
13
14
15
16
17

H1l3



’gg:] SCS ENGINEERS Job: Dredged Material Study/Pinto Island

@ e riog thomttna et Investigator: R, Morrison/I. Boston
b THL 13/e20 000t Date: 1 ]7/77 .

Rig: 4" bucket ayger _ _

#9148 LO"0 BLACH BOULEVARD. LONO READH, CALIFOANIA #0eaT

Existing Elevation: 12-29

Well No: PI-1

[ =4
[=]
Q) -

-3 — <
o [=Nr..}
ol Ev .
Sl&8 Material Description Remarks
1 Sand Fine sands
2 Sand Fine sands
3 Sand Medium grained
4 Sand Medium grained
5 Sand Fine sands
6 | T |sand Fine sands
7 ] Sang jater encountered
8 Sand plater encountered
Y - Sand jlater encountered
10 —— ' "Bottom of hole
N
12
13
14
15
16
17

H14



1=+

014 4,0MA PLACKH BOREVARD, LOHG BEACH, CALIFORNIA S044T

SCS ENGINEENS

SILANNSI, CONKAD ANG SLIHIMOT
CONMSULTING ENOINEENS, INC.

TIL HIVirs-dead

Job: Dredged Material Study/Pinto Island

Investigator: R, Morrison/I. Boston

Date: 1/17/77

R‘ig: 4v bucket auger

Existing Elevation: 10-70

Well No: PI-J
§
5|ae
§ .§§ Material Description Remarks
1 Sand Fine sands
2 Sand Fine sands
3 —{_ Sand Fine sands
4 Sand Fine sands
5 Sand Fine sands
6 _——-Sand—-—Y Water encountered
7 Sand
8 ——t-Sand Bottom of hole
9
10
n
12
13
14
15
16
17
B R, - e

H15




5CS ENGINEERS Job: Dredged Material Study/Pinto Jsland

BTLANS CONRAD ANt) SCHMIOT
CONSULTING ENGINEENS, ING. Investigator: R, NMorrison/I. Boston

TEL 2137420 0048 Date: &/]/77

Rig: 6" cable tool..

4916 40O DL ACH BOUREIVARD, LONO BEACH, CALIFOAMNIA BAseT

Existing Elevation:  16.7

Well No: PI1-OPW

[ =3
o
Q)
£ —
|l E5
3185 Material Description Remarks
1 Sand Fine grained
2 Sand Fine grained
3 Sand Fine grained
4 Sand Fine grained
5 Clay Reddish lense Tight
6 Clay
7 Sand
8 __S'zd Water encountered
9 . Sand
10 Sand
1, Sand Water encountered
12 Clay Reddish lense
13 Clay Reddish lense
14 Sand Fine sands
15 Sand Well screen
16 Sand Placed from
17 Sand 15'-20"

H16



f==%] .5CS ENGINEERS
BSTLARNI, CONNAD Ar1) SCHIMMDT
E CONSULTING ENOINEENS, INC.

TRU PIN426-0004

49164070 S2ACKH DOLEVARD, LONA BRACK, CALIF O A Daes?

voo? Uredged Material otuay/rinto istanag

Investiqotor:_R. Morrison/T. Boston

Date: 8/1/77
Rig: 6" cable t

Existing Elevation:

Well No: PI-OPW

(Contihnued)
| =4
o
o
8 'é‘.é
[= 9 [9]
3188 Material Description Remarks
18 Sand
19 Sand
r{ I Bottom of hole

H17




5CS ENGINEERS voo: Uredged Materiai STUOy/VrIntQ jsiang

SILARND, CONNAD AN SCHMIDT
@ CONSULTING ANOINECRS, INC. Investiqator 77;2 . Horrison/T. Boston

FE 20310200008 Date:

Rfg:_~ 16" cable tonl

0916 LO=0 $1 4CH BOAEIVARD, LONO BEACKH, CALIE QA $008T

Existing Elevation: 17.80

Well No: PI-OMW

i

188

alas Materia) Description Remarks
1 Sand Fine sands

2 Fine sands

3 . Clay Reddish

4 Sénd " | Medium grained

5 Sand Medium grained

6 | sand Medium grained

7 | Sand Medium grained

8 -J Sand Medium grained

9 —-sand Water encountered
10 Sand ' 4 Water encountered

" Clay Reddish
12 Sand Fine grained‘

13 Sa'nd' Fine grained

14 Sand Fine grained

15 Sand Fine grafined Mell screen
16 Sand Fine grained Placed from
17 Sand Fine grained 15'-20"

H18



.5CS ENGINEENS

SILANND, COMNRAD At SCHMIOT
N CONULTING ENOINEENS, INC

TR MV a210-0044

€918 LOWO A ACH POAEVARD, LONO BEACH, CALIS QA A $0047

oo Uredged Material >LUUy/rInto §siana

Invcstigator: R. Norrison/I. Roston
Date:  8/1/77

Rig: "16" cable too]

Existing Elevation:_17.80

Well No: PI-OMW

(Continﬁed)
€=

Py
2|28
188 Material Description : Remarks

18 Sand fine grained

19 Sand
20 - Bottom of hole

H19




APPENDIX I: SOIL AND DREDGED MATERIAL
PHYSTICAL AND CHEMICAL CHARACTERISTICS

Il
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TABLE 11
PHYSICAL CHARACTERISTICS OF DREDGED MATERIAL AND SOILS: GRAND HAVEN, MICHIGAN,SITE

Particle Size Distribution
Moisture Bulk Moisture
Sand Siit Clay Permeability fquivalent Density Content
2 X 1 Texture cm/sec p3 gm/c.c. X
" 70 10 20 | clay 1.2 x 1078 82 1.6 54
sand -6
M2 16 14 10 silty 6.7 x 10 60 1.7 §3
sand 6
MAY " 8 18 silty 3.9 x 107 14 2.2 43
sand .6
MAL 72 8 20 silty 1.0 X 10 13 1.8 42
sand 6
)] 63 13 26 clay 1.8 x 107 13 1.8 42
sand -6
B2 65 7 18 silty 1.3 x 10 85 1.6 52
sand -6
m3 9N 4 7 sand 3.6 X 10 27 1.6 35
" 9 2 4 | sand 1.6 x 1074 n 1.8 24
K 63 17 20 | sty g x10® 72 1.3 a6
sand 1
MC2 99 <) <1 sand 5 x 107" 3 1.8 12
Wi 67 12 21 | cray 6.6 x 10°° 72 1.5 50
sand .4
M2 96 2 2 sand 4 x 10 6 2.0 23
1 86 7 7 sand 2.4 x 1073 . 28 1.7 28
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TABLE 1V ({Concluded)

Particle Size Oistribution

Moisture Bulk Moisture
Sample Sand Silt Clay Permeability Equivalent Density Content
Code 3 1 13 Texture cm/sec X gm/c.c. x
M2 98 1 1 | sand 5.2 X 1073 2 1.6 10
W1 90 s 6 | sand 3.0 % 107? 9 1.6 7
w2 92 2 6 | sand & x10°° 13 1.8 18
%) 95 2 3| sand 2.8 x 107° 8 1.9 28
7] 92 1 7| sand 1.1 x 107 10 1.7 26
" 84 5 N | send 7.8 X 1073 19 2.0 k)
G2 Y 5 N | sand 6.2 X 1075 30 1.8 3
) n 15 12 | shiy 2.4 x 107° 78 1.6 28

sand

) % 2 8| sand 6.6 x 1074 6 1.6 38
1 97 1 2| sand 8.9 x 107 3 1.9 16
"2 99 <1 A sand 6.1 x107? 2 1.5 18
) 99 < a | sand 1.4 x 1073 3 1.6 14
n 97 1 2 | sand 9.1 x 107 7 1.7 10
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Thevs

PHYSICAL CHARACTERISTICS Of DREDGED MATERIAL AND SOILS: SAYREVILLE, N.J. SITE

Particle Size Distribution
Moisture Bulk Moisture

Sample Sand st Clay Permeabilfty Equivalent Density Content

Code % 3 1 Texture cm/sec X gm/c.c. b 3

NIAT 7] 10 18 | silty 1.0 x 1078 76 1.2 49
sand -6

MIA2 69 9 22 silty 2.8 X 10 82 1.7 48
sand .6

MIA3 75 9 16 silty 4.4 X 10 56 1.6 38
sand .5

MM 93 3 s sand 1.1 %10 " 2.2 13

nJB1 64 10 26 | clay 9.8 x 1078 78 1.9 48
sand -6

NIB2 73 7 20 | clay 3.6 X 10 72 1.7 49
sand

B3 68 9 23 | clay 2.5 x 1077 83 1.8 52
sand 6

NJIB4 89 3 8 sand 3.2 x 107 3 1.9 N

nCY 60 n 29 | clay 6.3 x 1078 61 1.7 45
sand -6

ne2 60 n 29 | clay 4.5 X 10 76 1.7 48
sand -6

nC3 89 4 7 sand 5.4 X 10 49 1.7 39

nC4 95 2 3 | sand 1.1 x 1073 5 1.6 13

MDY 67 8 25 | clay 1.3 x10°6 83 1.3 48
sand




SI

TABLE 12 {Concluded)

Particle Sfze Distribution
Mofsture Bulk Moisture

Sample Sand St Clay Permeability Equivalent Density Content

Code 3 )3 ] Texture cm/sec, ¥ _gm/c.c. ]

NJD2 7 6 1 | sty 1.2 x 1076 57 1.6 27
sand -5

NID3 96 2 2 | sand 2.1 %10 4 1.6 n

N4 97 1 2 | sand 1.4 x 1073 8 2.1 n

MEY 67 9 a | snity 3.0 x w8 7 1.4 45
sand -6

nE2 63 n 26 | silty 1.0 X 10 66 1.8 53
sand -6

NIF1 57 10 33 | sandy 1.0 X 10 78 1.3 0
clay

NIF2 64 9 27 | oy 3.2 x 1077 85 1.4 56
sand -6

MG n 7 22 | clay 1.2 %10 85 1.3 kY]
sand -6

G2 78 6 15 | stity 2.0 10 68 1.6 f
sand

MK 62 n 27 | clay 1.4 x 107 as 1.6 as
sand .6

NOH2 57 13 30| sandy 3.6 X 10 87 1.3 43

M1 ] 1 2 | San 7.3 %1070 5 1.7 a9

" 62 9 20 | cray 4.5 x 1073 58 1.3 16
sand |
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TABLE 13

PHYSICAL CHARACTERISTICS OF DREDGED MATERIAL AND SOILS: HOUSTON SITE
Particle Size Distribution

Sample Sand St Clay Permeability {ﬁtti‘;;:t DE:l?ty H&":::;:
Code 4 3 13 Texture cm/sec % gm/c.c. 1
HAY 78 7 15 | ity 8.8 x 107’ 25 1.9 26
HA2 77 n n | sty 9.2 x 1077 24 1.9 26
HA3 &8 5 10 | sand 7.7 x 1077 27 1.8 26
HAY 86 5 9 | sand 9.3 x 1078 35 1.7 25
181 7’ 7 15 | stity 8,9 x 107° 18 1.9 2
182 85 10 P 1.5 x 1076 16 1.8 20
K83 78 7 15 | sty 9.1 x 1078 2 2.0 22
Ha4 8 n 8 | iend 1.2 x 107 20 1.9 2
w 8 6 13 | sand 5.3 x 1077 15 2.1 ¥
2 86 4 10 | sand 6.0 x 108 P2 1.8 ¥
3 i3 12 10 | sty 5.2 x 1078 33 2.2 2
Heh ] 1 10 EESZ 2.1 x 1078 38 2.0 33
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TABLE 13 (Concluded)

Particle Size Distribtuion

Moisture Bulk Moisture
Sample Sand S11t Clay Permeability Equivalent Density Content
Code £ b4 13 Texture cm/sec 13 gm/c.c b3
ol 81 6 13 | sand 3.5 x 1070 14 1.7 26
02 83 6 13 | sand 2.9 x10°% 8 1.8 18
103 86 5 3 | sond 1.7 x107° 27 2.1 25
HO4 82 6 12 | sand 2.7 x 10°% 6 1.6 19
HE 82 6 12 | sand 2.9 x 1077 8 1.8 16
HE2 65 n 24 | clay 1.3 x 1078 20 1.8 ”
sand -4
HF1 82 6 14 | sand 2.1 %10 7 2.0 16
HF2 n 9 20 | clay 2.9 x 1076 18 1.8 7
sand -6
61 70 9 21 | elay 2.2x 10 2 1.9 20
sand -6
He2 60 13 21 | clay 4.2 x10 27 1.9 21
sand -6
H{ 81 [ 13 sand 3.6 X 10 10 1.8 17
w2 ) n 2 | cray 1.5 x 1078 14 1.8 22
M 86 5 9 | sand 4.6 x 1076 22 2.0 18
W 68 10 22 | clay 5.7 x 1070 21 2.0 18

sand
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TABLE 14

PHYSICAL CHARACTERISTICS OF DREDGED MATERIAL AND SOILS: PINTO ISLAND SITE

Particle Sfze Distribution | Mofsture Bulk Moisture
Sample Sand Silt Clay Permeability | Equivalent Density Content
Code b3 13 )3 Texture cm/sec 3 gm/c.c. 3
PAY 80 6 1 sty 2.8 x 1078 38 2.0 a
sand -4
PA2 98 1 1| sand 2.4 X 10 3 1.6 16
PA3 9% 1 3 | sand 2.1 x 1078 15 1 21
PAY 95 2 3 | sand 8.2 x 1070 14 1.9 19
P81 97 ; 2 | sand 7.2 x 107° 6 1.3 13
P2 95 2 3 | sand 3.2 x 108 13 1.9 19
P83 99 A A |sand 3.0 x 1074 3 2.1 20
[T 99 a A |send 1.4 x 1074 4 2.0 16
P 90 3 7 | sand 2.1 x 1078 9 2.0 16
) 82 9 9 |sand 3.4 x 1076 3 1.4 29
PC3 94 2 4 | sand 8.6 x 1077 27 1.8 27
PCA 95 3 2 | sand 1.2 x 1070 n 2.0 22
(] 97 ] 2 | sand 8.1 x107° 3 1.6 12
D2 9% 1 3 sand 7.1 x 1072 n 1.9 16
(%) % 1 1 sand 6.6 x 107° 5 2.0 13
PO4 98 1 1 sand 6.5 X 1070 8 1.9 19




61

TABLE 14 (Concluded)

Particle Size Distribution
Moisture 8ulk Moisture
Sample Sand Sit Clay Permeability Equivalent Densfity Content
Code 3 1 1 Texture cm/sec % gm/c.c. 3
tEY 9 1 2 sand 1.8 x 107° 8 1.9 19
PE2 38 22 40 sandy 5.4 x 107 a7 1.6 30
: clay
PRl 96 2 12 sand .2 x107° 6 ia 14
f
PF2 96 13 sand 4.0 x 1073 3 2.1 16
P61 97 T 2 sand 1.2 x 1078 10 1.8 i
PG2 92 4 . sand 3.1 x 1076 3 1.9 19
PH 97 ) 2 sand 7.0 x 1075 a 1.4 16
PH2 9 2 2 sand 9.0 x 1079 6 1.6 12
Pl 69 n 20 siity 8.0 x 107 22 1.8 18
sand
P 98 1 1 sand 3.6 x 10°° 3 1.6 16




0TI

CHEMICAL CHARACTERISTICS OF DREDGED MATERIAL AND SOILS:

TABLE 15

GRAND HAVEN, MICHIGAN,SITE

Sample £h CEC T0C N4, -N S;g:{;;gn T°§?1r§33d'm So%;‘l’e s ;gct::;horu: g:-l.:.
Code | ph | mv |meg/i00gm | 3 nd/kg mg/kg | m/kg mg/kg | mg/kg mg/ kg
mi | es |22 | e 6.2 N 1512 1512 52 148 2891
m2 |65 | 97| 69 .3 ND 918 98 o 272 2293
m3 |70 Jes | 2 0.6 ND n m ? 4094 219
M4 5.1 248 25 2.6 ND 418 418 3 962 240
M1 7.3 252 n 4.7 ND 5241 5241 36 1029 2352
w2 | 5.3 |es | 7 6.6 | 29 5185 5481 200 691 2423
M83 8.0 [-249 48 1.2 40 2306 2346 35 5078 4675
M84 6.8 90 23 1.7 18 582 600 21 876 240
M1 7.0 177 26 6.5 38 5770 5808 13 2028 2479
nc2 7.4 262 2 0.01 n 493 504 7 507 F41)
o | s.e |12 | 2 8.5 88 5058 5146 5 1024 122
w2 |es [10] 25 0.4 ND 877 877 12 s 268
[ 3] 7.0 17% 68 3.4 ND 2012 2012 13 694 1759
ME2 -- - 1 o.N ND 592 592 18 600 420
—— I o de A ]
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TABLE 15 (Concluded)

Sample Eh CEC T0C MM, -N gv{gig;gn To:‘:lrg::‘dam So?ﬁt’;‘\’e s P&:;:\orus G?‘llS:
Code | p | mv [meg/Toogm | 5 | mofkg | “mo/kg mg/kg ma/kg | ma/kg ma/kg
L2} 7.4 107 10 1.3 ND 652 652 3 1260 39
M2 6.9 254 8 0.38 ND 183 183 49 852 670
[, ] 7.0 189 29 0.18 9 1537 1546 24 439 914
L} - .- ' 2 1.6 ND 403 403 17 852 353
MG 4,7 255 13 5.2 ND 1166 1166 25 1396 972
MG2 6.8 290 39 11.3 ND 2147 2147 17 2041 944
"3 7.0 161 32 3.7 ND 2937 2917 64 2317 1206
"G4 6.8 | -100 49 6.4 ND 3821 3821 32 1014 481
7.2 253 4 0.13 ND 81 81 n 1724 237
M2 4.6 181 16 1.2 Ly 41 41 28 672 630
"L L - 2 0.61 16 144 160 19 405 456
ﬂi 6.8 185 1 0.23 NO 72 72 6 Il 431




Z1I

TABLE 16
CHEMICAL CHARACTERISTICS OF DREDGED MATERIAL AND SOILS:

SAYREVILLE, N.J.,SITE

Sample Eh CEC TOC | NH,-N 8:2:253,1 m;mg;l:m Ssﬁlgle s P:\g:;:aorus g:la:o
Code pH mY_ ] meq/100gm % mg}kg my/ kg mg/ kg mg/kg mg/ kg mg/kg
NJAY - - 73 1.8 9N 4820 4911 99 2917 2200
NIA2 .- 256 66 1.6 275 2480 2755 129 2366 22V
NJAY 7.1 221 42 0.58 223 1660 1883 326 395 1617
NIAS 5.8 284 n 0.34 64 508 572 n 1212 415
LA ) 8.7 247 76 1.7 12 4420 4432 276 1778 5460
nB2 6.4 172 60 2.8 125 3680 3805 n 182 2910
LA K] 7.3 37 84 2.0 125 2660 2785 144 1802 2982
L3,.1) 8.0 | -287 21 0.46 9 -- .- 516 64 1909
LA[9) 7.6 |-90 52 1.7 96 1960 2056 33 1236 358
NJC2 6.9 | -207 7 2.7 k] 2730 2768 1362 1024 4085
NG 7.2 | -258 1) 0.18 ND n n 49 1n 288
LAY ) 6.9 | -0 -- 0.22 ND 253 253 99 34 808
L3 6.4 | .218 73 1.2 332 3400 3732 445 2144 2999
NJD2 7.3 1o 29 0.22 221 2350 257 109 1030 1583
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TABLE 16 (Concluded)

Sample Eh cee. TOC | MH.-N g?g:g;:n Tot:«}ttg;l:ah‘So%g?e s" P:\g:;::orus g:':u:o
Code | pM | m¥ | meq/100gm | % | molkg mg/kg. ma/kg ™M.kg mg/kg ma/kg |
N3 5.7 | ~3% 7 0.02 9 140 149 177 1678 247
D4 6.4 | 408 -- 0.02] 21 113 135 23 1235 278
RIEY 6.0 | -167 66 1.7 132 2100 2232 2357 4 400
NIE2 7.2 | -158 53 1.5 85 1103 1188 1149 202 3180
L0 6.1 | -250 9 1.7 106 3300 3406 136 1942 2605
NP2 -} .- 4 1.9 29 3000 2N 30 237 48N
(3] 6.8 166 60 2.2 258 3260 3518 216 2164 5252
nJg2 6.5 | -152 61 2.0 164 1380 1444 293 2810 4247
NI 7.5 | 348 30 2.4 - -- 3800 40 2036 2151
nH2 6.4 | -260 35 -- -- -- 1140 169 3493 1313
L2 S % I L) 6 0.48f 33 378 an 15 1580 24
| M .. e 6 1.4 67 7800 7867 67 1642 2961
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o

Sevple en | cec T0C | MHy-n
Cde | pH | mv | meq/100gm| 5 |mgfig |
HAY 67 {11 2.4 0.751 36
m2 | 7.1 |83 6.2 0.47| Mo
M3 | 7.3 (a2 1.9 0.31| M
W | e |-60 2.2 0.2 | 3
8} 6.5 |- 76 2.8 0.2 | wo
w2 | 6.4 |-215 4 0.1 5
w3 |69 | 128 9.5 0.03] 14
e |66 | o ¥ 0.00{ w0
HCl 67 [-253 43 0.04 ND
[~ 6.1 202 38 0.08 8
#C3 6.6 107 20 0.14 12
67 | 5 9 Y or | ¥
HOY 6.6 |17 36 0.2 ND
w2 | 6.8 | 200 1.6 0.6 | -

TABLE 17

CHEMICAL CHARACTERISTICS OF DREDGED MATERIAL AND SOTLS:

e ey

Organic
Nitrogen

_mgfkg ]
833

733
345
421
104
783
133
643
280
245
149
513
426
545

HOUSTON SITE

Total Kjeldahl
Nitrogen
869
733
356
474
104
788
147
643
280
253
m
550
426
5‘5

____mg/kg

Acid Total 011 &
Soluble S Phosphorus Grease
__Mmg/kg ma/kg g/ kg

18 691 3778
267 2765 246
12 534 4505
1] 17 1587
18 428 21N
23 2289 966
90 2223 169
60 297¢ 180
53 3142 2431
44 1594 451
155 170 526
457 1234 524
22 1070 2645
23 1060 652
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TABLE 17 (Concluded)

Sample Eh CEC TOC NH, -N ngigégn Tot;}tﬁglgah‘l 52‘1::::1e s" P:\g:;:\orus g:—la:e
Code pH myV_| meq/100gm 13 mg;kg mg/kg mg/kq mq/kq mg/ kg mg/kg
#D3 6.7 34 22 0.4 - 299 299 40 431 959
HD4 74 M2 4.8 0.2 ND 80 80 79 379 664
e 1.2 89 n 0.3 ND 173 173 2 568 1202
- HE2 6.8 109 n 0.78 ND 58 58 37 850 862
HF1 6.7 78 14 0.19 27 151 178 21 2400 948
HF2 6.65| - 55 13 0.29 ND 526 526 a8 617 649
61 6.7 -1n 12 0.13 Nu 933 933 73 1908 1165
HG2 6.8 125 16 1 ND 117 n? 22 817 1065
L8] 6.3 65 8.0 o.n 36 156 192 166 487 407
HH2 6.5 | -254 14 0.14 1.7 207 224 a1 £96 173
H1 6.6 63 2 0.12 ND 268 268 29 1501 245
H 64] - 68 n 0. W 51 51 34 48?2 33
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CHEMICAL CHARACTERISTICS OF DREDGED MATERIAL AND SOIL:

TABLE I8

PINTO ISLAND SITE

Sl | LT T ] W | Hresen™ | Selubte s | phospharus | Srase

ma/kg mg/kg ma/kg mg/kg mg/k
PAY 6.1 177 1 -1 ND 963 963 8 1080 345
PA2 7.2 -232 0.38 0.65 ND 80 80 19 374 520
PA3 6.9 -220 0.7% 0.44 7 174 191 19 404 2047
PAL 6.6 =172 n 0.18 ND 259 259 13 706 170
P81 7.0 251 0.58 0.34 ND 87 87 24 502 n
P82 5.2 353 0.76 0.87 70 343 413 50 421 281
PB3 6.3 -250 2.1 0.69 ND 59 59 34 744 168
PB4 6.7 -179 0.3 0.66 ND 79 79 23 976 248
PC1 5.1 340 3.7 2.n ND 106 106 S1 498 464
Pc2 71 -149 45 0.83 5¢ 55% 608 78 7200 202
PC3 79 =165 22 0.47 20 408 428 44 35 1464
PCA 7.2 -4 0.82 0.22 ND 221 221 20 4370 496
M 5.8 250 2.2 0.44 ND 79 79 5 N9 478
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TABLE 18 ({Concluded)

—A_‘qﬁ—;qanlc Total Kjeldahl | Actd . Total 0f1 &
Sample Eh CEC T0C | NH -N Nitrogen Nitrogen Soludble $ Phosphorus | Grease
Code | pH | mv mea/100am | 3 | mgjkg mq/kg mg/kg na/hg ma/kg | mg/kg
PD2 6.8 230 0.54 1.79 ND 173 173 7 385 213
PD3 6.9 -258 2.7 0.83 NO 38 38 12 4020 1065
PD4 7.0 =189 1.7 0.46 35 124 159 10 17 585
PEY 7.2 120 29 0.25 ND 130 130 12 542 423
PE2 6.9 - 82 27 0.85 51 an 5§22 147 938 925
PF1 1.6 220 5.4 0.59 ND 80 80 6 520 380
PF2 7.2 220 1.8 0.83 63 225 288 2 465 252
PGl A 300 7.7 0.79 NO 112 12 8 $03 340
P62 6.4 29 0.65 0.62 62 250 312 6 455 734
PH1 6.5 274 0.45 0.68 ND 91 91 4 400 LYAl
PH2 6.9 199 2.6 0.10 ND 103 103 7 382 179
14 6.5 368 5.5 0.08 ND 362 362 9 409 290
P 7.6 214 1.8 0.63 KD 134 134 9 555 210




APPENDIX J: SOIL AND DREDGED MATERIAL
PESTICIDE AND METALS ANALYSES
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TABLE i

SOIL AND DREDGED MATERIAL PSSTICIDES: GRAND HAVEN, MICHIGAN, SITE

(a1} units are mg/kg)
Sample op' pp' op' pp' op' pp' Total PC8 PCB PCB Total
Code DDE DOE 00D 00D oot DT (il 1242 1254 1260 PCB Dieldrin
MAY 9.5 27.0| 8.0 6.5 | -- -- 61.0 0.11 0.16 0.031 | 0.30 0.09
MA2 14.3 23.0 | 4.0 10.0 | 3.0 4.0 58.0 0.05 0.02 0.002 | 0.072 3.3
MA3 1.2 40| 1.3 2.1 ] 4.0 1.3 13.9 0.002 | 0.03 0.006 | 0.038 2.0
MA4 - -- .- - - .- - . - - - 2.5
M2 13.0 21) 1.3 2.2 1.0 8.3 69.9 0.05 0.14 0.042 | 0.23 1.2
MB2 9.3 4.0 4. 10.3 | 6.0 40 57.9 0.07 0.14 0.041 | 0.2 0.9
me3 4.2 4.6 | 1.4 8.0 4.2 4.0 36.4 0.04 0.08 0.02 | 0.14 0.9
MB4 . - -- - . . - .- - - - 1.8
MCY 2.3 3.0 2.3 3.0 9.0 | 1.5 20.1 0.007 | 0.13 0.04 | 0.18 1.6
Mc2 0.5 0.8 0.7 0.5 | 0.5 2.0 4.0 - 0.006 | 0.002 | 0.008 1.0
MDY 10.0 19.0{ 3.2 3.2 6.4 | 2.2 54.0 0.023 | 0.13 c.04 | 0193 3.7
MD2 3.0 4.0 0.5 0.5| 0.5 0.8 9.3 0.007 | 0103 0.002 | 0.039 2.0
MEY 6.0 36.0| 9.0 21| 3.0 4.2 60.3 0.008 | 0.06 0.02 | 0.088 0.5
ME2 40 | 26,0 -- -- -- -- 30.0 0.013 | 0.03 0.008 | 0.051 0.4
MF1 1.5 5.0 0.4 2.0 | .25 4.0 15.4 -- - -- -- 0.4
MF2 2.0 | 5.0 - -- - -- 7.0 0.01 0.02 0.006 | 0.046 0.4
MF3 0.9 6.0 0.3 0.8 1.2 2.0 n.2 0.01 0.04 0.01 | 0.06 0.5
M) 1.2 | 13.0 1.2 4.0 5.0 1.3 3.7 0.02 0.08 0.02 | 0.12 0.6
MG2 5.0 8.0 1.0 2.3 4.0 6.0 26.3 0.014 | 0.03 0.01 | 0.054 0.5
MG3 n.4 |n2.0 1.0 3.5 4.0 | .o | 430 0.0 0.2 0.05 | 0.26 2.4
MG4 10.0 | 18.0 3.0 6.0 4.0 3.0 44,0 0.05 0.1 0.03 |o0.18 0.5
M 0.8 3.0 0.2 0.4 0.2 1.1 5.7 0.005 | 0.002 | 0.0002| 0.0072 0.6
Ml 1.0 5.0 1.4 7.0 0.7 1.2 16.3 0.02 0.1 0.00 {o0.13 0.2
LN 0.5 3.0 0.7 4.0 0.4 0.8 5.8 0.02 0.1 0.001 | 0.3 0.2
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TABLE J2

SOIL AND DREDGED MATERIAL PESTICIDES:

SAYREVILLE, NEW JERSEY, SITE

(all units are mg/kq)

, : .
Sample op' pp’ op' i pp' : op' 1 pp';‘ Total PCB pce PCB TOTAL 1
Code | DOE  ODE DO | DD | OOT | DOT i OO 1242 | 128 : 1260  PCB | Dieldrin
j | ; I ‘

WAL (137 3200 ; 8.0 |80 |[14.0 i 6.2 | 8.9 010 | 001 | 00N o022 |23

WAz | 230 40 80 |57 | es 23 | @8 1 0.05 | 0.07 | 0.007 0127 |14

NAS | 21 2.9 33 | 5. 2.0 1 0.9 | 15.89 © 0.01 | 0.02 | 0.002  0.032 | 1.6

v o 009l o | o | oose v | ves o - -- S 1.3

wel  |23.0 440 360 [es.c [23.0 113.0 [200 022 | 092 | 0.0 .o4s1 | 1.2

NJBZ | 39.0 67.0 | 40.0 | 67.0 [12.0 - 5.4 |230.4  0.36 | 0.14 | 0.00  0.51 | 4.3

me3  [10.4 150 | 57 | 88 | 1.7 0 0.8 | 42.5 | 008 0.06 | 0.006 ' 0.145 | 2.0

MBS | 6.4 1.4 | 0.5 | 1. ’ 5.2 i 4.0 | 19.6 . 0.04 | 0.08 | 0.008 0.128 | 1.8

WE [10.0 0 2.0 | 3.0 | 6.0 | 2.6 { 1.2 4.8 03 0.6 | 0.06 1.3 | 1.8

nC2 (10.0 150 | 40 | 7.4 | 6.3 | 45| 472 1.0 14 toen T2zt |oaa

Mes L es o127y 1.6 | 3.0 l 1.6 1] 285 0.2 0.23 | 0.0z 045 | 1.5

(1 - -- -- .- E - e - -- -- ! - S

MOt 3.0 770 [ 122 | 222 {150 100 | 1ea 022 ) 0.2 | 0.05 047 | 5.0

ND2 - 43.0 87.0 | 24.0 | 47.0 E 20.0 ' 17.0 | 202.0 0.3 | 0.5 | 0.05 0.1 ; 2.8

MD3 30 20 35l 4d | 22 38 8.8 0.01 | 0.0 [ 0.002  0.022 i 1.5

MDA - - -- - -- -- .- -- -- - -- e

MET  105.0 , 217.0 | 77.0 | 9.0 |79.0 « 56.0 i 622.0 0.3 0.2 } 002 052 | 8

WEZ 124 - 200 4.0 | 7.0 | 41 30! 506 0.01 | 0.02 | 0.004 0.0 0.3

WPl 6.0 72.0 19.0 | 39.0 |12.0 - 13.0 | 216.0 0.6 | 0.78 L 0.078 1.008 2.3

WPz 74 88 | 61 | 52 | 60 92| a2 0.3 o.08 | 0.004  0.074 ' 1.4

NIG1 0.0 122.0 | 31.0 | 63.0 (14.0 ' 27.0 i WO 0.06 | 01 | 0.03 019 2.0

MGZ  16.0 2.0 6.3 | 10.0 | 5.0 8.0 i £9.3  0.01 ﬁ 0.03 | 0.00  0.05 3.4

WKL 49.0 500 14.0 | 21.0 | 5.8 1.0 140.9 0.2 0.35  0.03  0.64 2.4

RH2 4.0 36.0 7.3 | 4.6 igz.z . | - - - - 18

W1 6.0 40 42 | 53 ‘45 62 2300 0.0 00 0000 0.0 '0.7

Ko 0.78 ©0.08 1.7 | 2.8 078 0.2 ©.34 -- - -- - 02
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TABLE J3

CHLORINATED PESTICIDES IN SOIL AND DREDGED MATERIALS: ON, TEXAS, SITE
(a1 units are mg/ka)

Sample op' pp' op' pp’ op’ pp' Total PCB PCB PCB Total
Code DDE DDE DDD poD Dot DoT a1y} 1242 1254 1260 PCB Dieldrin

HAY 78.0 198.0 | 246 36.2 249 44.0 851.2 | 1.5 1.06 0.32 2.88 3.5
HAZ - -- -- -~ .- - -- -- -- -- - --
HA3 23.0 36.2 2.1 2.0 5.0 2.0 70.3 1 0.22 o 0.05 0.37 4.0

HA4 8.2 14.2 13.4 3.0 n.o 4.0 §3.81 0.04 0.01 0.001 | C.051 0.8

Wl | -- - -- - -- - - -- -- - - -

HB2 4.0 8.0 1.5) 1.8 1) 2.2 | 86| 0. 0.02 | 0.008| 0.038 | 0.3
HB3 71 10.0] 1.0] 2.0 2.5 2.0 | 24.6( 0.0 0.03 | o0.00 { 0.05 | 1.4
wea |46.0 | 72.0| 8.0 s.2| 10.0] 5.0 | 146.2] 0.2 0.1 0.03 | 0.33 | 4.2
HC 1.1 7.0 0.5] 2.2 0.4) 1.2 | .9 002 | -- -- 0.02 | 0.4
HC2 6.0 | 24.0f o0.2] 0.5 0.4 0.4 | 31.2] 0.0 0.04 | 0.00 | 0.06 | 0.2
HC3 5.4 700 43| 7.0 s1| 4.0 | 32.8| 0.05s | o0.08 | 0.00 0.0 | 0.2
wea || 22.0| 6.2] 3.0 8.0 3. 58.3] 0.14 | o0.07 | o0.02 | 0.23 | 2.9
HDY 3.0 7] 13| 2.2 1.2| 2.8 | 5.2 -- 0.01 0.002 [ 0.012 | 0.4
HD2 2.0 s.ol o.4f 0.8 0.3| o8 9.3 -- 0.01 0.002 [ 0.012 | 0.3
HD3 - | - -- - -- -- - -- -- -- -- --

W4 | -- -- .- - - - - - -- - -- --

HE - -- - - - - .- -- - - -- --
K2 | -- -- - - -- -- - - -- - - --
HF1 - - - - -- -- - - - -- -- --
W2 | -- - - - -- - -- -- -- - -- --
W) | - - -- - -- .- -- - .- - -- --
W62 | -- - - - - .- -

HH1 31.0| 57.4 4.

o
-~
o
[
o
o
(=]
-
—
o
L
[=4
>
w
o
~N
o
(=
w
o
2~
=]
o
o

HH2 5.3 7.2 6.2 7.4 3.4 6.2 35,71 0.08 0.05 0.005| 0.135 04

HI - -- - . -- .

K -- -- - - -- -- -
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CHLORINATED PESTICIDES

IN SOIL AND DREDGED MATERIAL:

TABLE J4

(a11 units are mg/kq)

PINTO ISLAND, ALABAMA, SITE

Sample op’ pp' op' pp' op' pp' Total PC8 PCB PCB Total
Code DDE DDE DOD DDD Dot Dot poo | 1242 1254 1260 | PCB Dieldrin
PAY 8.0 1.0 2.0 5.1 1.4 3.0 30.9 0.03 0.7 0.2 0.93 .-
PA2 6.0 |101.0 3.0 4.0 3.0 2.0 119.0 0.0 0.012} 0.004 | 0.026 -
PA3 5.0 7.0 0.5 3.0 2.0 4.0 21.5 0.005 0.007 0.002 | 0.014 -~
PA4 6.0 9.0 2.0 4.0 2.3 4.0 27.3 0.01 0.02 0.005 | 0.035 --
P81 3.0 74 0.9 3.6 30 2.3 39.8 -- 0.02 0.002 | 0.022 2.2
~ P82 6.3 7.3 0.6 30 2.1 2.0 21.5 0.015] 0.04 0.004 | 0.059 1.8
PB3 2.0 5.6 -- -- 0.5 4.0 121 -- 0.03 0.003 ] 0.033 2.0
PB4 1.4 3.0 -- 1.0 -- 4.2 10.0 0.0 0.01 0.001 | 0.0 1.2
PQ1 5.0 6.0 5.0 14.0 3.0 14.0 47.0 -- 0.14 0.014 | 0.154 0.43
PC2 3.2 7.0 2.2 6.7 2.3 5.0 26.5 -- 0.01 0.001 | o0.011 0.4
PC3 4.0 9.0 5.0 12.0 4.0 | 4.0 28.0 -- 0.08 0.013| 0.063 2.2
PCA 3.0 9.0 2.3 4.7 3.3 2.4 24.7 .- 0.08 0.02 0.10 2.6
P01 17.3 | 20.0 7.3 | 28.2 3.2 5.0 57,02t 0.02 0.24 0.07 0.33 0.4
PD2 77.5 |260.0 - -- 37.0 |138.0 512.5 0.9 1.4 0.4 2.7 0.2
PD3 2.2 3.6 0.4 1.8 1.4 1.2 10.6 0.006 0.012 0.001}| 0.019 0.2
P04 3.0 6.4 0.6 0.8 0.2 0.6 11.6 -- 0.02 0.007 | 0.027 0.4
PE1 1.7 4.3 -- -- -- - 6.0 0.02 a.002{ o0.022) -~ --
PE2 19.0 | 21.0 1.6 4.0 1.1 23.0 69.7 0.006 0.012 0.001| o.ot2y -
PFl 0.7 0.9 -- -- .- -- 1.6 - 0.02 0.002} 0.022 --
PF2 -- - - -- -- -- -- -- - -- - -
PGY - 1.4 -- -- -- -- 1.4 -- - -- .- -
PG2 - 4.4 - - -- -- 4.4 -- -- -- - -
PH1 .- 1.4 .- - - -- 1.4 -- 0.022 0.002 | 0.024 .-
PH2 -- 1.4 .- .- - -- 1.4 .- .- - -- .-
Pl 3.0 4.2 0.6 - 0.5 1.5 9.8 -- .- -- - 0.6
Py - 0.8 - -- -- -- 0.8 - -- -- .- 0.4
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SOTL AND DRIDGED MATERIA, ~i "4 AN AN R TORERAN L STTE (11 units are mg/kg)

" a "o "
2;‘;“ Total So'l‘::h Exchangeable Total So?fa:ln Exchangeable Tota) S:’:,:bh Exchangeable Total s:ﬁm Exchangeable
Ml 187 12,70 96.94 12480 157 300 1345 12.602 124.81 151.6 .82 2.06
MA2 - 40.09 120.27 -- 120 F£1 - .38 34.07 - .24 4.09
M3 9618 22,08 38.59 18451 16 91 38 .85 17.64 33.67 . 066 617
e 894 21,68 36.08 17570 :36 102 38 .36 18.04 17.4 .05 ]
L1l .- 35.2) 96.88 -- 123 351 .- 405 26,42 .- .23 2.09
"2 19y 7.9 74.39 728% 92 262 631 1.64 24,79 70.8 217 1.4
"l 13 20,27 74.93 5547 47 228 356 304 8.108 50 a4 959
L 1} 18128 20.78 .94 409 6 62 184 A7 4.98 25.% .07 .07%
9] 9483 67.58 185.79 nay 202 260 650 3.5% 7.64 188 37 .M
%4 1970 3.1 18.71 1908 3 61 65.7 .30 2.81 4.49 087 ..
1 10098 49.4) 148.2) 13090 .- k] 610 X ] 4.28 178 I3 ] 2.9
g 6029 .18 n.as 3542 22 6 105 A0 2.50 9.57 027 256
L 4] 11260 1.89 41.62 %N 59 152 358 .26 2.8% 70.8 0 945
"2 8682 1.9% 1.98 21 n 20 75.4 .08 1.90 3.28 035 13
L2 72%9 3.738 18.67 3787 19 27 1L} 448 4.015 22.8 .084 877
w2 .- .803 8.0 .- n 44 .- 1.003 4.9 .- 072 1.58
2] 9724 12.4 4,112 8176 ? 72 176 .35 20.15 54.9 .082 .082
we 6368 o .- 2765 .- .- 79.8 .- - 3.76 -- .-
L 1] 8178 17.48 40.79 3770 k1] 138 185 .59 J.26 18.3 4 1.212
ne2 7352 6.73% 20.205 8627 67 98 364 .35 417 72 A3 1.30
[ ) 15712 - - 13159 - .- u2 -- .- m - -
"4 §582 “u.n .25 1374 n 209 200 2.92% 3.0 n.e AH 188
"t 6821 4.724 4724 297 1 )] 20.4 .089 1.09 2.59 .081 014
LY 8224 1.238 6.18 193 2 8 25.% 065 3 1.53 .06 .59

S e M ———g—




Le

TAbit N fContiaged)

ts cd o Cu T-_ Fe

(S‘;zh Total Exchangeable S:f:b!e Total fachangeable snl::hle Total Exchangeable 5::{3[,‘, Total Exchangeable :‘Z’TUN'
L\ sn 399.9 812 123 0.24 . 508 m .28 072 24960 666 0.24
m2 .- 300.7 1403 .- <.020 1.62 .- .06 1.042 .- 5 0.8
L 4332) 9.3 380 1.924 0.22 297 211 .022 .28 ma 2N 0.2%
] 39250 64.9 498 J.A54 .050 Sl 22.6 .08 .75 12508 548 o.n
L 1} . 281.9 669 .- <,008 1218 | -- 0.26 1.100 .- 246 0.0
B2 3 181.2 an 30.2 «,006 874 120 .08 .25 16695 .24 0.02
2] 40106 175.7 514 KAk 0.13 .486 50 047 .69 12800 mn 0.04
.4 20134 79.0 M 1.48 <,004 .049 1.3 .09 .004 6537 3.2 on
L 4] 1 489.8 126 19.58 <017 2.63 175.6 182 1.665 22825 1.06 0.1%
w2 404) 1.4 425 1.63 <.006 R} J.2 .018 278 2368 A 0.02
[ 4] 61617 278.8 1186 5.14 0.16 .22 149.6 .23 .79 20570 1.2% 0.4
|- ".? 368 e <.008 3 6.78 016 0.89 4898 200 0.08
[ 4]} 19704 172.4 440 4.0 .008 1.82 66.% .07 1.106 11942 . 0.01
K2 4287 .7 298 o.n 004 .05 2.06 063 024 2984 353 0.001
L] 14623 130.7 616 4.42 018 V008 | 24.2 046 .98 5260 .803 -
w2 - 2.4 498 o .008 JgJ .. .008 .008 .- 23 -
g} 1818 4. 255 5.57 004 037 26.7 .016 4 7058 2.4 .-
we 4643 e - 0.10 -- .. .. .- - 310 - -
) 11682 163.2 420 .n . 006 1.4 10.9 108 .86 “un . 0.0
%2 28057 195, 458 0.3 .007 g2 n.s .013 .188 975} .- 0.01
2] 46056 . . 5.4 .- .- 149 -- .- 4730 . -
L 5067 199.6 798 4.7 .o .055 n.z .022 .on 4294 . 0.28
L] s 7.8 142 o.N 014 a7 1.76 014 .005 1650 4.1 0.02
n 24 ] 6.2 ” 0.40 006 108 1.42 052 .00} 134 259 0.00%




Sepn e Tadeg

”n [ In L]

Sesple "0 H,0 H,0 "0

Code Total!  Soludble  Exchangeable | Tota) Soluble Exchangeable Total soluble fxchangeable Total Soluble  Exchangeadle
" M.y e A28 932 302.9% 96.94 o .48 7.5 0.92 .- --
m2 .. 0 301 .. 400,92 60.14 . Al 24,51 0.4 - .-
~ 0.6 008 .083 N 21,87 38.59 7.3 .088 463 0.29 . -
"~ .6 007 018 5658 368,02 72.16 53.6 .064 1.58 0.1} -- -
n) 00 4009 097 - 132.12 52.85 - 108 8.54 0.80 - -
LB 109 008 .062 4553 92.98 49,59 26 108 6.82 1.00 - -
"~ "6 008 101 978 61.57 27.03 m .189 “n 0.42 .- -
e we .00 .008 8665 66.50 20.78 0.5 0.45 487 0.05 - -
m; " 07 068 2951 506.7 13.78 488 .2 18.58 1.46 - -
e [B4] ,008 028 210 2.8 6.287 12.9 .07% 5.88 0.0 .- -
m " 11 066 4395 15,29 296,46 482 J165 13,505 0.94 .- ..
[ 1] 7.8 .006 018 436 35,676 17.84 184 .08 3.6 0.48 - -
"2 3.0 .00 0.20 1798 N 3.974 1.6 .26 397 - - -
L 4] ns  .oo 140 4103 18,678 9.339 2.6 .09 4,08 0.03 - -
w2 - 018 . 064 .. 16,06 6.02 - 056 5.29 0.25 -- --
3 200 .00 ,004 an 16.48 2 148 .107 R 0.40 - -
e .66 - . 652 - .- .68 .- - - -- --
[ 1] 1.4 0116 .070 “urn 46,62 u.97 10) 22 1.8 0.16 -

2 16.§ 0087 00 4651 74,08 20,208 109 Jg07 3.%0 0.0 .-

") n.¢ . - A .- - 569 . - 0.88 -

©e u.e .on a2 248 88,66 2.7 80.7 75 1.44 0.15 -

4] .23 008 019 215 9.48 2.3% 0.17 A 4724 .- .-

n .20 00 012 2158 6.18 2.32 0.1 54 556 - .




[ 7%

SOHL AND BREDGEL MATERTAL METALYS  SAYREYTILE, NEw JERSEY, W] TE
{all units are mg/kg)

Ca Ce Cu Fe
Sewple 0 H,0 1,0 H,0
Code Total Soluble  Exchangeable Total Soluble txchangeadle Total Sotuble [xchangeable Tota) Sotuble Exchangeable
MY ur n 400 n 0,061 0.27 402 0.264 9.66 84360 0.24 0.0%
A2 un 133 2% 6 0.0 0.29 262 0.103 1.22 51123 o 0.19
A . 152 3% m 0.010 0.18 166 0.032 0.065 46086  2).8 0.26
NM 17 (3] 20 93 0.051 0.3 66 0.579 1.94 21937 0.12 0.54
L)) ne m 328 7 0.012 L 399 0.082 17.0 55938 0.34 I
L4 e [ 692 4 0.202 0.32 M6 0.606 0.5M 54691 32.0 128
a3 ] e [ 3] ? 0.014 0.85 m 0.099 0.079 Isase [}13 30
] - " no 5 0.00) 0.03 1) 0.01% 0,005 a4 320 128 -
[ }.4] 187 108 m 26 0.036 6.61 0s 0.107 0.138 $3250 2.8 0.22
ne2 - 17 650 . 0.046 0.28 - 0.260 0.01% . 464 40
(=] o 1" 820 ¢ 0.02) 0.4 97 0.020 0.033 163200 867 H1
A L) n 184 ? 0.00) 0.23 29 0.020 0.705 03184 e 0.009
w0 1884 158 62 8 0.013 0.82 248 0.04 0.026 32407 8.1 4
we | 1o m [ 0.01 0.1 238 0.036 0.013 50726 80.7 )
%3 1 328 » 208 1 0.01 0.084 54 0.022 1.48 19062 0.02 0.02
[ L] m - - 2 - -- 80 . - 31608 . .
wel .. 78 590 1 0.078 0.0% 105 0.93 0.015 34544 161 [
nE2 .. [ 1{} 2 0.01% 0.0z 7% 0.03 0.007 54536 1.7 0.30
W) 1140 385 8 0.029 0.58 m 0.65 0.1% 66079 3.8 H
WF2 108 ] [} 4 0.042 0.5% 125 1.02 3.0 69538 .8 0.4%
(X1 1208 280 138 ’ 0.444 -- 193 10.1 6.4 12651 3.94 0.08
w2 1nm 2 - [ 0.010 0.95 174 0.063 - 51081 $4.03 -
Lo 2 s - ? 0.01 - 151 1.02 .- 56730 n.07 -
e | 88 » 1H H 0.012 0.2 64 0.12 0.18 41265 25.23 17
wi % 1 H 0.3 0.020 0.03 6.34 0.4 0.005% 4238 2.8 0.10
L - 3 " - 0.230 0.23 -- 283 0.194 - 3182 0.4%




TABLE J6 (Continued)

(] Na In [
Sample "0 1,0 H,0 H,0
Code Total  Soludle  (Exchangesble| Total  Soluble  Ixchanges'le | Tota)  Soluble  Exchangesble | Tota)l  Soluble  Exchangeadls
A m 0.01 0.20 11050 401 V586 2 0.244 9.0 3.3 . .e
A2 m 0.00 0.08 mse e toa7 389 0.308 23 3.8 - -
'm mn 0.0 (B} ”m? 3288 607 29 0.477 1% ()] - -
(3] ] 0.006 0.05 3720 808 n 159 10,6 1.0 1.3 . .-
L) 200 0.00 0.64 15103 6254 2336 a“s 0.106 1.2 3.8 o .
o2 tro 0.0¢ 0.2 10938 “un 1097 219 0.548 2.74 2.9
) 70 0.02 0.24 10096 8940 1188 (15! 0.458 .92 39 . -
Lo (3] 0.008 0.06 3646 2400 500 182 0.12% 0.60 1.3 - -
[N ] 0.01 0.16 11838 4015 1102 402 0.3 %] 2.8 - .
u& o 0.0 2,08 .- 603% 1149 - 0 216 30.0 4.0 . .
ey 8 0.0 0.14 3528 21 679 uy 0.135 1.0 4.0 - -
wer { s com 0.0 10 m us 8 0.028 0.14 0.6 - .
l)l 1 0.08 0.28 9074 5155 1057 298 0.502 13.0 3.9 . -
woz | 220 0.008 0.04 7960 2629 611 200 0.734 0.018 3.7 - -
[ L n 0.008 0.04 N 450 161 ] 0.095 1.% 0.2 - -
ot ? e . 3266 - - 69 0.0) .- 0.1 . -
»e) m 0.03 0.02 10082 2098 57 m 5.69 18,8 4.00 - .
we2 n 0.0 0.10 11504 3094 840 162 0.18 0.00? 6.7 B .
[ 4] 0w 0.1 0.19 7628 Q23 808 187 0.404 12.0 4.2 - -
wF2 1 0.0 0.14 5762 10 6 218 0.522 28.0 47 - .
w61 1”8 0.009 0.16 9087 838 197 340 86 20 [R] .- -
wez | 200 0.4 . 8364 1N .- 369 0.196 32.0 4.4 - -
L1 )] m .0 .. $200 (314 16 215 12 1.5 0.0% - -
e | s 00 0.10 10 1520 ™ 104 0.108 5.89 0.8 - -
LU I I ) 0.008 0.10 82 50 5 13} 2.8 0.015 0.08 - -
Wl e 0w o« 0 . Y 60 3.8 .- 0.3 .- .-




< ntaien A et AP AR

TAHE it Lond Tuaed
e P - . e 2 e
3 " W M. L]l T

Semple 0 "0 M0 "0

Code Tota) Soluble Exchongeadle Total Saluble fachangeable Total Soluhle Exchangeadls Total Soluble Exchangeadle -
A nn n ™ 5960 19 930 296 L} 2 63 0.2% 0.Nn
A2 wn §7 6% 613% 208 600 290 60 [ 52 0.2 0.46
RIAY | 1678 w s8% 4532 F4R 660 162 ot 50 43 0.1? 063
M 3306 108 ? 282% 108 240 149 16 4 4 0.45 022
’s | Voo [ ] 849 $50 236 880 217 0 16 52 0.87 0N
w1 418 866 8157 230 980 k1LY 1 16 a“" 0.17 053
N8 | 16828 495 89! 5097 396 1000 FE)) 6 32 67 0.24 1.08
[} ] $209 218 308 1459 100 400 1042 f 3 29 0.09 0.43
L 4] “un n? (1] 4704 12% .- kLY [ 20 59 0.1% 0.%9
2 - 1o 6% .- 309 1350 P N 14 -- 0.v7 0%
RX3 | e 200 %09 1289 218 606 [ iowe 4 12 29 0.17 0.88
nxa 32 ” e 549 51 165 20 0. 3 10 0.03 0.21
am 22 2 740 4382 264 910 249 1 » 36 1.07 0.82
o 073 L] »0 3200 122 300 25% 4 6 36 0.14 0.4%
w3 o [} 3] 1483 45 0 104 4 ? 10 0.06 0.29
[ ] "y .. . 1189 .. .- 108 .. - 12 .- .-
R | Y2% ] 844 8454 Nno 320 258 | 26 26 o.n 0.44
we2 112 ”»e (3} 8970 147 560 15) 2 16 4 0.06 0.1
wn 11906 270 n2 4108 134 6HO 274 120 8 30 0.28 0.86
wr2 @08 [H " 4669 13 H 259 ) [] 0 0.27 0.17
w61 | 11760 43 3% 3459 197 160 1wy Ytk 13 35 3.05 0.9}
a2 e ALH -- 3803 206 -- 25 0. -- n D.1% --
o (111} 131} m 3593 102 2R% 47 4 38 0.58 02
L8 g 4292 180 oan 2806 108 £00 s ¥ n 46 0.4 0.62
i a3 18 10 & 12 . Y | o . 1,78 0.02
["11] . n (%] e 193 140 j . - - . 0.14
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TAR

SOl AND DREDGEL MATERIAL

METALS :  HOUSTON, TEXAS, SITH
Element Ca ppm Mg  ppm K_ppm Na ppm
Sample
Code A B [ s] A B < Db A B C o A B C D
AA-1 - 368 ~= - -- 265 -- 23 - -~ -~ 1025 -- --
HA-2 276 230 205 205 270 15°¢ i i S PP 13 28 J8 1260 725 650 800
HA-3 418 300 330 300 254 Sk Il i [T 3 50 62 1410 1025 1100 1400
HA-4 420 263 370 330 260 18, ERR ' I 200 61 68 1410 950 1200 1600
HB-1 - 455 580 -- - 520 427 -- -- 16 58 - -- 2125 --
HB-~2 916 432 750 275 384 358 425 187 180 63 84 34 2290 2400 2650 1100
HB-3 1020 522 790 450 3l 433 42¢ 463 4l 82 101 99 2090 2750 2750 2900
HB-4 791 420 470 390 640 525 475 784 377 143 135 184 4030 w500 3500 4850
He-1 - -- - -- - -- - -- - - - -- - -- - -
HC-2 622 462 540 445 360 300 345 4806 500 4?2 7 162 2130 1600 1670 4100
HC-3 524 450 455 350 420 345 355 469 559 63 80 125 2170 2300 2305 3200
HC-4 752 460 455 400 532 B45 555 688 638 135 184 166 3560 3625 4300 4200
RD-1 - 312 500 .- -- 445 440 -- -- 90 91 -- -- 2500 2200 --
HD=2 884 600 750 400 356 322 410 421 509 63 BS 77 1920 1750 1850 2300
HD=3 791 350 430 430 372 499 420 442 479 65 80 74 2200 2225 2250 2400
HD-4 739 570 750 460 400 378 435 483 511 68 98 90 2291 2525 2500 2600
HE-1 - 332 245 -- -- 377 365 -- -- 49 75 -- -- 2650 2800 --
HE-2 - 314 245 -- -- 375 360 -- -- 51 80 -- - 2750 2800 -
Hr-1 360 304 275 365 332 295 325 421 500 50 80 90 2590 2580 2750 3200
HP-2 %0 295 274 430 J44 295 330 431 480 48 #1 103 2900 2525 2500 3200
HG-1 - 218 -- 395 -- 282 -~ 413 -- 41 - 115 - 2100 - 2600
HG-2 156 218 == 440 330 280 -- 448 480 80 - 118 2130 1998 - 2700
HH-1 - 275 - - - 320 -- - -- M __ .- -—- 2415 - --
HH~2 171 285 245 380 408 432 410 484 563 47 68 74 2500 2325 2200 2700
H1 152 348 455 395 452 418 45% 464 610 56 88 79 2510 2530 2800 2800
HJ -- 3558 330 305 -- 425 425 443 -- 59 80 66 -- 2825 2100 2800
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TARLE J7 (Continued)
Element Mn  ppm Fe  ppm Cu_ ppb in
Sample
Code A B [o D A B C D A B [ D A B (o D
HA-1 -~ 3.2 -- - - .004 - -- -- 36 - -- -- .006 -- -
HA=2 3.7 3.6 2.3 0.2 0.27 .003 007 L0225 0 25 [} 7 6.11 1.20 -- 0.34
HA=3 3.6 5.3 3.2 0.9 0.33 . 004 017 .075 0 27 6 [} 0.14 .013 -- 0.06
HA~4 1.6 4.4 3.s 1.7 0.30 .008 040 .038 o 13 3 ¢ 0.09  .026 -- 0.2¢
HB-1 - 11.6 2.0 - -- .004 004 - -- 72 24 -- -- .017 -- --
HB-2 22.% 16.0 3.6 4.3 0.3% . 002 -- 030 0 102 s 5 0.14 -~ - 0.03
HB=3 25.0 11.8 12.2 3.8 0.30 . 046 .065 .038 o 101 6 13 0.16 005 - 0.29
HB-4 13.2 7.% 5.4 4.6 0.43 .019 .057 045 0 165 6 9 6.11  .019 -- 0.03
AC=-1 - - - - - -- — - - - - - - - - -
HC-2 .7 10.0 8.5 5.2 0.35 . 006 013 .070 0 67 10 9 0.11  .085 -- 0.0%
HC-3 7.9 11.0 9.4 6.8 0.22 .0l .005 .038 0 73 5 9 6.08 .077 - 0.03
HC-4 9.0 7.6 5.6 2.9 0.35 .127 710 .045 0 79 6 7 0.12  .002 -- 0.02
HD-1 - 5.8 11.4 - -- .003 005 - -- 58 15 -- .- .022 -- --
HD-2 19.% 19.3 21.2 0.2 0.43 .006 005 028 0 88 ? 6 0.11  .026 -- 0
HD-3 24.8 43.8 30.0 15.5 0.35 012 005 0w | o 43 ] 10 0.11  .009 -- 0.02
HD-4 27.0 21.7 18.7 12.1 0.43 .750 036 - i 77 5 9 0.11  .100 -- 0.0s
HE-1 - 5.2 8.2 - -- .01 L) -- - 59 B - - .00% - -
HE~2 - 1.7 10.3 - -- . 005 .010 -- -- 54 6 - 00 . 004 - --
HF=1 18.0 13.% 12.5 2.3 0.35 . 004 .010  1.100 20 48 6 10 0.19 .019 -- 0.04
HF-2 18.4 1B.0 16.0 4.7 .035 .006 .015 .030 30 42 4 13 0.14 .008 -- 0.04
HG-1 - 22.8 - 0.7 -- 700S -- .038 -- 21 - 10 -- .080 -- --
HG-2 6.6 13.7 - 5.5 0.31 .700 - .030 20 a1 3 10 0.10 .039 -- 0.06
HH~1 -- 10.0 -- -- - .008 - - - 37 - - - .080 - -
HH~2 33.0 47.% 39.2 42.0 0.30 .004 - .038 20 4 3 10 6.10  ,039 .- 0.06
H1 2.7 23.8 21.0 5.1 0,30 .55 .050 20 58 5 4 0.08 012 -- 0.07
K - 30.0 19.0 5.5 -- .003 016 .070 -- 56 6 8 -- .01 -- 0.02




(Continued)

TABLE J7
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TABLE J7

{Continued)

Element pH Eh my Sulfate, mg/l Chloride, mg/1
Sample

Code A B C C o] A C 4] A B [of D
RA~1 - 6.83 - -- - -- -- - - - - -
BA-2 6.76 6,33 6.7 -60 -69 575 165 - 3179 2229 1198 --
HA-3 6.97 6.26 6.5 -40 - 2.4 184 24 250 2970 2293 2004 2571
HA~-4 7.18 6.85 6.7 +60 -45 137 170 - 2970 .- 2188 2772
HB-1 Sl 7.09 7.4 -30 - -- 555 - -- - 4221 -
HB-2 6.90 6.46 6.5 +90 20 144 75 80 5628 4844 5159 2215
BB-3 6.87 6.94 6.7 +200 190 168 200 10 5263 5408 5471 4965
HB~-4 7.08 6.46 6.3 +30 25 21 - 1.5 89613 8612 6201 8794
nc-1 - - -- - -- -- -- - 144 - - -- -
HC-2 7.19 6.34 7.0 .- +20 -100 300 225 - 4334 3768 259S 37176
HC-3 7.23 6.69 - -- -- -~ 69 140 48 6410 4716 4481 5443
RC-4 7.10 6.90 7.5 -~ -40 -10 100 2. 5.5 1 7452 7556 8233 7681
BD-1 - 7.24 6.6 -- +80 - -- 525 -- -- =-- 4794 -
HD-2 7.13 6.085 8.0 - 4210 350 55 380 31 5054 4460 4513 4998
HD-3 7.22 6.20 6.8 - +50 50 28) 420 425 5419 5380 4585 5065
HD-4 7.09 6.19 7.% .- =100 +70 283 245 475 5367 5075 4898 %321
HE-1 -- 6.77 7.3 -- - +50 -- -- -- -- -- -- 4690 --
HE-2 -- 6.62 6.4 e.1 +100 15 -- 330 415 -- -- 4481 5221
HrP-1 7.53 6.15 6.4 7.2 +150 10 - 420 88 - 5257 4950 5699
HP-2 7.24 6.47 7.1 8.1 -10 35 -- 200 238 - 5993 5106 --
nG-1 - 7.10 - 7.4 - ~5 - - 1388 - 4511 - 4341
BG-21 7.08 7.03 - 8.2 -- s7 - - 918 -- 4203 - 4319
HA-1 -— 6.37 - 7.4 - 5 - - 1075 - - - 556
nH-2 6.98 6.21 6.0 7.5 460 65 - 1000 700 - 5023 4168 4486
nt 7.54 6.88 6.8 6.8 +50 k1 - 4950 250 - 4767 4950 5042
By - 6.92 6.2 7.6 +20 58 - 180 357 - - - 5009
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TARLE 7 {(Contanued)

Element Alkalinity, mg/1 . _.TOC, mg/l . N TIC, mg/l

Bample N

Code A B [ D A 1] C D A B c D A B [of b
AA-1 -a - - - - - - - - . - - -— - - -
HA=2 707 %59 256 -- 30 45 150 -- 200 110 60 - 230 185 210 -
HA-3| 1700 - 1229 747 110 40 760 240 270 150 260 190 3so 190 1020 430
HA-4 | 1300 - 943 1049 120 -- 630 315 260 -~ 2490 245 380 - 870 560
HB-1 - -~ 408 -- -- -- 245 - - -- 110 -- - - 385 -
HB-2 972 1606 1800 465 100 70 1070 90 210 450 400 110 1o 420 1470 200
#p-3| 1392 1967 1517 1017 70 110 920 315 270 430 3o 245 340 540 1250 560
HB-4 | 2056 2169 2275 2294 260 200 11%0 540 240 530 530 540 600 730 1720 1080
ne=1 -— - - - - - -— — - - - - - - - -
HC-2| 1108 713 874 738 110 30 620 600 250 150 200 480 360 180 820 1080
HC-3 | 1732 1078 1152 738 110 40 745 420 400 190 255 290 510 730 1000 710
HC-4 | 1800 238% 2270 2280 260 100 370 230 380 510 540 170 640 610 910 400
RD-1 - - 557 - -- -- 400 -- - -- 110 -- -- -- 510 -
HD-2 .- 691 250 406 40 30 180 150 100 170 60 110 140 200 240 260
HD-3 828 1179 797 85% 10 55 575 270 130 275 200 200 200 330 775 470
D4 | 1182 1676 1625 92] 200 130 1090 330 220 320 350 210 500 450 1440 540
wE-1 -- -~ 626 -- .- -- 410 -- - -- 160 -- -- -- 570 --
HE~2 - - 768 667 - - 555 220 - - 180 140 - bt 135 340
nr-1 - 792 696 1020 - 45 485 350 - 205 165 210 -- 250 650 560
ur-2 - 761 1003 870 - 30 630 230 - 260 240 210 - 230 870 500
RG-1 - 616 - 604 .- 40 - 230 - 1.0 - 110 - 200 - 340
HG-1 - 57 - 1077 -- 35 - 355 -~ 125 - 245 - 160 - 600
me-1 -= - -- 556 ~- -- -- 170 -- -- -- 130 -- -- -- 100
HH-2 - 1un 1061 929 - 40 695 290 - 250 255 210 .- 290 9350 500
"1 - 1082 898 1035 - 100 620 365 - 90 210 235 -- 130 830 600
BJ -- - 614 790 - - 400 230 -— -- 160 200 -- - 360 430

o



TABLLE J7

(Concluded)

Element Phosphate ppm

Sample

Code A B C D
HA-1 - - - -
HA-2 0.019 -- 0.01 -
HA-3 0.054 - 0.10 -
HA-4 0.023 -- 0 0.075
HB-1 -- - 0.32 -—
HB-2 0.099 - 0.36 -
HB-3 0.012 -- 0 0.04
HB-4 - - 0.2 0.42
HC-1 - - - -
HC-2 0.128 - 0.03 0.14
HC-3 - - 0.06 0.91
HC-4 0.59 - 0.55 0.335
HD-1 - - - -
HD-2 0.011 - 0.02 -
HD-3 0.054 - 0 0.1
HD-4 0.015 - 0.11 0.04
HE-1 -- - -
HE-2 - - - -
HF=-1 - - 0.01 0.035
HF=-2 -— - 0.22 0
HG-1 - -- - -—
HG=-2 - - - 0.570
HH-1 - - - -
HH-2 - - 0.02 0.09
HI -- - 0 0.065
HJ -- - - 0.065

J17




810

SOTL AND DRIDGED MATERIRY ME3oe VNG aEahis ALAAMA L STTE (Al units are mg/kg)

Sample " 0 " H0 i " Ho " "0

Code Total Exchangeable Soluble Total Exchangeable Soluble Total Exchangeable Soluble | Total Exchangeable Soluble
PAL 93905 §76.7 192.2 5499.0 1507 80 253.80 12001 2.400 38.070 0.104 0.120
PA2 1043.7 17.6 23.5 397, 54 9 168.98 9.4 0.112 | 4.622) 0.059 0.050
[1X] " me.s 118.9 %A 1179.0 261 29 222,10 16.5 0.542 | 8. 7115 0.042 €.042
PM 2848.2 103.8 107.9 1090.8 18 36 : 242.40 17.8 0.133 ; 6.7872 0.042 0.013
()] 1964.8 5610 5610 706.10 nez 12 é 184.2 18.6 0.134 1 4.2365 0.045 0.078
P82 24414 1337 9618 88.92 295 92 125.2 30.5 8.000 b 5.5714 0.138 0.368
' ill 1004.7 52.5 9.5 395.97 168 m 100.47 16.0 8.00 : 5.4963 0.110 0.074
Pl; 1276.6 1.2 63.6 545.01 23 92 | 88.380 9.3 4.242 || 4.5663 0.092 0.028
Pl 3292.8 7.9 5.1 635. 4 4 : 164 .64 3.3 3.136 i 6.7032 019 0.044
PC2. 6446.7 404.8 116.2 2593.5 774 8 o 214.89 21.5 0.352 i 14.598 0.039 0.352
£C3 4060.0 162.3 59.8 1957.5 350 12 . 304.50 46.8 0.743 l 9.2800 0.068 o.m
1% u73.8| . 66.4 55.0 937 ¢ 174 9 ‘ 227.85 1.96 . 170810 0.039 0.14
val’; 1. 8177 6.92 4.5 21445 22 7 } 193.51 2.4 0.273 ] 73,220 o018 0.010
r2 | ezl - - 40432 - - 3.88 . - | 180,68 - -

m 2103.3 18.1 13.8 893.33 61 n l 79.660 2.3 0.036 1| 9.5592 0.086 0.058
P04 3607.5 21&.0 na 1924.0 480 it { 81.770 15 0.036 || 9.0428 0.026 0.093
PEl I onen.e 18.0 16.2 §35.60 67 n 4,350 1.1 0N 3.6256 0.099 0.036
PE2 10488 $83.77 121.7 4457.4 mz N 393.30 0,04 1.368 17.97 0.100 0.192
PF1 | 1844 13.4 2.0 434.28 42 48 49.350 1.0 0.000 6.5142 0.027 0.007
PF2 849,80 1.8 2.0 121.40 4 4 30,350 0.2 0.004 i 2.7315 0.03 0.016
P61 2887.8 2.4 9.2 98.00 18 80 43,750 0.27 0.063 . 3.7628 0.0 0.082
P62 3867.4 142.6 92.7 m.s 535 ] 63.40 0.2 3.6 6.2766 0.078 0.449
PH) 188.0| -- -- 396.48 | -- - | 1.6 202 - -

PH2 1477.5 20.2 121 22,0 t 69 6 © 53.190 82.1 0.174 2.9550 0.016 0.065
41 5198.4 9.4 3.12 1N0.0 n 3 ! $4.720 0.69 0.234 5.472 0.041 0.022
P 521.80 3.3 1.0 247.68 9 1 46.080 2.6 0.007 0.8640 0.026 0.030




oLP

TABLE J8 (Contfinued)

sample Co H,0 Ca 1,0 Cu Hy0 fe 1,0
Code Tota) Exchangeable Soluble || Total Exchangeable Soluble Total Exchangeable Soluble Total Exchangeable Soluble
PAY - 1032 25 135.36 3.2 3.2 67.680 0.032 0.136 38323 2.965 6.3
PA2 .- mn " 14.910 8.8 2.4 8.4450 0.047 0.141 || 33448 0.059 6.5
PAY .- 370 8 65.500 0.0 0.8 16.375 .- 0.029 || 11594 0.048 6.9
PM .- A0? 20 5.4 2.1 0.2 39,6960 0.017 2,025 )t 12726 1.702 .2,
(4] - - 689 15 24.560 7.8 2.8 4.9120 0.034 0.017 |} 12894 0.017 19.7
pB2 - 363 83 62.600 12.9 2.8 8.7640 0.10 0.180 {{ 11268 0.005 1.3
P83 - 252 48 35.460 4.7 1.6 8.2740 0.373 0.037 || 6678.3 0.001 1.9
4.1 - 156 47 39.280 2.8 1.4 8.3470 0.389 0.014 || 5892.0 0.014 1.2
L R B 176 15 70.560 17.9 2.4 104.08 15.4 0.520 || 8996.4 0.020 0.6
Pe2 - . 878 2 14,820 1.8 7.4 6.6690 0.025 0.338 || 28899 0.081 28.)
PCl, - 544 ? 72.500 3.4 1.4 74,675 0.026 0.196 || 14500 0.047 66.4
PC, - ‘450 n 52,080 .- .. 27.993 .- .- 7616.7 0,086 262
PB’ Lad ‘283 17 78.450 13.2 0.6 N72.15 10.0 0.045 || 5753.0 0.017 0.9
PO2 L o - 180.88 .- -~ 2718.77 -~ .- 92036 - .-
m‘- ‘ oo 2y 12 68.280 6.8 0.% 14,794 0.144 0.023 |} 14623 0.014 0.14
D4 .- 410 16 62.530 1.0 1.0 14.430 0.000 0.042 || 15392 0.026 1.3
PEY - - 3% 26 53.560 27.9 0.9 4.5320 0.324 0.045 || 4532.0 0.027 14.8
PEZ,' e- 1246 1 157.32 0.0 15.5 19.228 0.046 1.295 ) 25958 1.641 4.8
PF1 r o 393 29 $8.700 12.4 0 6.9090 0.077 0.120 | 987.00 0.013 1 0.67
2 e 2% 3 36.420 8.2 1.4 3.6420 0.074 0.0081] 3217.1 0.023 0.9
Pﬁ? e Lad .B8s a7 61,250 5.1 a 3.5000 0.047 0.082 || 6125.0 0.016 3.3
PG2 - 1030 [ 57.060 5.7 - 5.072 0.078 .- 25740 .n 8.9
PH) - - - 14,160 - -- 2.8320 .- .- 3634.4 .. -
PH2 00 : 320 4 23.640 4.4 1.6 3.5460 0.052 0.032 || 3959.7 0.077 5.2
41 - .60 4 47.880 3 1.6 8.8920 0.022 0.013 | 11833 0.041 0.2
(] -- t44 16 28,800 1.6 0.7 2,8800 0.001 0.007 || 3340.8 0.026 1.7




TABLE J8 (Concluded)

Pb

Na

In H

- sCo.d:h Total Exchangeable So:'u:h Total Exchangeable So.:s:le Total Exchangeable Szfgble Total Exchangut:e S:ﬂbh
94.752 0.064 0.328 }i7021.8 1562.0 3044 14.67 0.48 0.032 |} 2.21 .- -
3.0317 0.015 0.153 {;369.98 29.4 90 10.437 0.23 0.059 |[j 0.16 -- --
5.3055 0.016 0.07% [11768.5 178.% 1001 53.710 0.08 0.017 |} 0.33 -- .-
6.3630 0.021 0.075 {]1696.8 161.9 1029 73.932 0.75 0.008 || 0.60 -- -
4.2980 0.017 0.034 ||42.980 39.2 129 14.736 0.18 0.067 || 0.40 .- -
8.3258 0.037 0.203 |[1627.6 322.7 847 24.414 3.09 1.708 || 0.49 -- -
" " 15.987 ) 0.73% 0.215 1595.7 128.6 336 18.321 .2 0.021 0.45 .- --
: ] 12.422 0.460 0.035 ||1325.7 53.0 157 35.352 1.27 0.021 ]| 1.55 - -
Mv ﬁ.m 1.928 0.016 705.60 6.75 67 ' 51,744 4.13 1.9 0.32 .- -
pc2 §.0388 0.07 0.341 2000.7 792.0 217 34,827 c.n 2.182 0.11 .- --
Lores | teres 0.724 0.461 [{1160.0 1213 243 91.350 1.37 0.103 |{ 2.58 - --
ek 84,630 0.785 - 716.10 4.7 542 54.449 0.94 -- 1.90 - --
T | 7as0 0.027 0.028 ||s41.40 1.7 3.5 |l 81.065 3.42 0.024 || 1.32 - -
c,:‘, 2 185.20 - -- 1649.2 - -- 212.80 -- .- 2.32 - -
e 8.3972 0.135 0.063 ||206.00 6.3 45 21.424 8.65 0.081 |} 0.59 - --
PE2 13.023 0.027 0.438 |[4544.8 1213.0 186 | 98,762 0.45 4.925 |{1.02 -- --
E m 7.5012 0.075 0.027 |]730.38 13.4 1.7 15.792 0.26 0.027 || 0.57 -- --
PF2 4.9167 0.070 0.012 [|127.47 3.9 1.2 7.2840 0.20 0.023 |} 0.43 -- --
[43] 3.237% 0.047 0.059 297.50 1.8 i 8 9.§250 0.27 0.118 0.02 .- --
PG2 18.386 0.005 0.083 [|564.26 wa s 20.922 0.50 1.283 |} 0.56 -- --
M 3.7288 - o= 273.76 .- - 12.744 0.04 0.033 0.04 -- --
! Pi 8.7552 0.019 0.001 677.16 1.6 3 25.308 [(A k) 0.025 .n - .-
[ &) 2,0160 0.001 0.020 149,76 0.7 6.6 8.6400 0.13 0.026 0.14 -- -




APPENDIX K: LEACHATE/INTERSTITIAL WATER ANALYSES

Kl



LEACHATE/INTERSTITIAL WATER:

TABLE K}

GRAND HAVEN, MICHIGAN SITE

Semol Cs, mg/1 cd, mg/) Cu, my/}
Code | ' c 3 A [ e ¢ 0 A1 ® c 0
) - - f 0] - . .| oos] - . - e .
"2 P B T+ - -l erl - . - s | -
M3 el - | o | s o] = A 24 N S Y
[y 24! - | 10| Wo 1 - | 06| o5 22 . 3| se
ol e - | &0 Mo . - | o8l os . - |w 2
.2 . - . . - . s : . . . .
1] 30| - | a0 42 1 - | o8| o5 1 - s | s
i o ! - | 170! 3es 1 Sl osl s 1 R T 1
1 - a3 | a80 ) 420 - bost el oa -l {m ] g
"2 - s67 ! 460 | 370 - o5 09| . o3l | 7
) - {37 | 201 2% -] o7 08l 2 -l w0 |25 ]
%3 - | s | 170 23 -1 03| a9l o5 -1 s o] 2
") - | 290 | 250 | 320 | 08| o8] . 7 s |
"2 - | @] 220 30 - | os| 09| o S 1 9
" S -l - . - | o6 0.4 - - 18]
"2 < | - | a0 a0 . - el . - || w
3 e} < {0} - N I A X - | .
w4 <l - | a0 480 " -] e] o2 . . 3| »

A o Decesber 1, 1976; 8 = April 8, 1977; € « May 30, 1977; D » August 5, 1972
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TABLE K1 (Continued)

Ca, mg/1 Cd, mg/1 Cu, m/1

Sample . e .

Code A B c 0 A ] c 0 A 8 ¢ D
() - - - - . - - - - - - -
MG2 - - 380 | 350 - - 1.0 | 0.5 - - L] 2
MG3 200 - 490 - 0.2 - 0.8 - 18 - 4 -
G4 170 - 480 | 330 0.1 - 0.9 1 2 - 5 4
Lol . 273 | 140 | 320 - 0.3] 0.8] 0.5 - 3 H 3
L . 250 | 320§ 30 - 0.7} 08 2 - 12 3 9
M 1m - 560 - 0.3 (08¢ 0.9 - 22 n 9 -
L 37 - - 70 1 0.9 - 4 7 2 - 9




TABLE K1 (Continued)

Fe, mg/1 Hg, mg/1 K, mg/1
Sample
Code A B c D A B ¢ D A ] ¢
A ) - - 6 - . - o] - - - | 3
ooy m2 - - 56 - - - 0.1 - - 28
Tde - MA3 210 - - 1 25 0.6 - - 0.4 110 - -
s e M 170 - N, 1 ND - 0.3 - 110 - 26
” ) - - 7 a8 -1 o4l 03 - AT
"2 - - - - - - - - - - -
83 310 - 4 ] 0.2 - 0.4 0.4 80 - 25
M4 830 - 17 | 6 0.2 - 1.0 0.8 48 - 15
") 19 34 | 16 . 07! 06| 0.4 . 8 30
Mc2 - 27 7 0w 09| 0.3] 0.6 - 6 20
m - 12 4 ! 198 - 0 0.6l 0.3 - 7 28
M02 - 19 40 7 - 0.1 0.6 | 0.8 - 8 14
(.3 - 18 10 17 - 6.9 0.5]| 0.1 10 13 8
"2 - 7 2 45 - 0.2 0.4 01 - 9 12 12
#r - - 6 18 - - 05| 0.8 - - 4 5
¥F2 - - ND 37 - - 0.7 0.1 - - 7 -
w3 - - 6 . - - 0.5 - - - 7 -
MFd - - 1 37 - - 0.5 | 0. - -1 7 7




1P,

TABLE !

o e e e e

Jdontinund,

Sample Fe, mg/1 Hg, mg/} X, mg/)

Code A 8 c 0 A B ¢ D A B c )
"Gl - - - - - - - 0.01 - - - s
G2 - - - 6 - - 0.4 - - 13 .
MG3 240 . 2 - 0.2 - 0.7 | 0.3 67 - 13 28
"G4 24C . 6 64 0.1 - 0.8 | 0.7 61 - 14 -
" - 23 26 23 - - 0.2 | 0.2 - 4 1 9
"2 - 7 4 25 - 0.6 | 0.3 - 1 7 6
i 320 8 34 - 0.3 |o.8{ 0.4 - 39 4 n -
" 240 | 180 - 158 0.6 | 1.1 - 0.6 17 5 - 3

|
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Sample
Code

Ml
MA2

MA4
MB1
M83
Ml
M2

01
M02

mel
ME2

MF1
MF2
MF3
L 2]

47
60

47
20

Ma.

/

i

-

|

mq/ 1

70
80

g9
70

80
70

90
65

70
35

40
35

60
60

45

T

e
93

72

93
85

75
59

38
16

54
54
70
59

TARBLE 1)

A
8
1
.6
Lo
1.

1

{Cont inupd)

[CX)

-~
@™~

[ ]

~o

NyngU
| D
P
SR [ -
- 38
w0 4:
ND 93 36
- 160 93
B 37 87
- 25 59
92 42 61
77 EX] 25
50 27 22
32 15 6
kY4 25 17
29 12 9
- 190 | 342
- 152 | 317
- 45 -
- 18 2
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TABLE K1 tirontinued)

— —_— - e e -
Mg, mg/1 Mn, ppm Ni, mg/1
Samp\e I T R ] o T YTTTTTTIUTTTT ’—J
Code A B C d A i ( [ b A B8 [
— ; , "

MG - - ’ - - - - . 0.68 - - -

MG2 - - 70 88 - - 1 3.2 - - - 108

MGl 59 - 80 - 2.6 - 0.92 { 0.76 130 - 55

MG4 60 - 75 72 i 2.7 - .04 | - 190 - 60

M - 25 15 38 2.8 0.004( 0.15 - 14 n

M2 - 13 35 36 0.03] 3.64 | 0.097 - 7 9

Ml 38 47 75 - 2.8 2.8 5.9 - 120 | 319 412 -

LY 9 8 - 8 0.1 0.01 - 0.047 150 20 - 0




8i

TAREE Y

{Continued)

Pb, ma/1 Na, mg/1 n, 71}
sample (S - . J S O <. e g
Code A B [ D A B C D ; A B o D
MAY - - <1 } - - - 1100 - - - 20 -
MA2 - - <1 - - - 100 - - - 5 -
MA3 3 - - 0 < 790 - - "o 80 - - 3
MA4 3 - L3 I Y 680 - 84 60 14 - 0. 3
"1 - - 3 <1 - - 75 - - - 10 8
m82 - - - - - - - - - - - -
MB3 1 - <1 < 75 - 72 42 70 - 7 1
MB4 1 - <1 <1 80 - 45 85 22 - 18 1
[ 1] - < 3 A - 35 68 72 - 94 25 350
Mc2 - <1 <1 <1 - Kl LY) 55 - 126 13 12
M1 - <1 2 <1 - 40 500 85 - 66 7 100
MD2 - < <1 < - 39 75 48 - 54 25 2
") - <1 <1 1 - 22 43 55 - m 21 12
ME2 - < <1 <1 - 27 45 55 - 16 4 4
.2l - - <] < - - 52 55 - - 4 100
MF2 - - ie) 1l - - 55 75 - - 230 5
"F3 - - A <1 - - 48 - - - 17 -
MF4 - - 1 2 - - 48 70 - - 8 70
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TARLE XY (Tontinued)
Pb, mg/1 Na, mq/1 In, mg/1

Sample

Code A B C D A 3 C D A B C D
MG1 - - - - - - - - - - - -
MG2 - - <1 <1 - - 108 45 - - 67 1
M3 1 - 13! - 32 - 55 - 40 - 6 -
M4 1 - <1 <1 3 - 60 40 50 - 22 1
M1 - <1 < <1 - 12 7 35 - 76 27 2
M2 - <1 <} <1 - 6 23 25 - 106 15 3
MI 1 <} <1 - 10 15 20 - 640 131 180 -
L] 2 <1 - 1 9 12 - 10 40 36 - 30
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TABLE K1 {Continued)

Sample ‘pﬁ R ‘[Ah', ,’“Y PR § 5,94' mg/1
Code A 3 c 0 A B [ c I 0 Al B c 0
o

MAT - - - : - - - - - - - -
MAZ - - - - ; - - - - - - 526 -
MA3 7.7 - - 6.7 - - - 300 - - 838
MAS 7 - - 6.8 - - - 140 6 - 525 10
) - - - - - - - - - - - 100
me2 - - - - - - - - - - - -
M3 7. - - 6.5 - - - 183 - - 800 650
M4 7.2 - - 6.6 - - - 146 323 - 430 450
)l 7.5 - 6.8 - 85 - 160 - 1220{ - 175
2 - 7.0 61 - 39 - 190 - 1550| 1700 475
o3 - 6.8 - - \ - |- - - 551 363 425
M2 - 6.7 - - | - 2 - . - ' 490 136 425
[ 3] - 6.8 - 6.1 - | -3 . 33 - . 375 73
M2 - 6.7 - 6.4 - | -e4 - 17 -0 - - 1325
a2 - - - 6.1 - - - 200 - - 750 525
MF2 - - - 6.0 - - - 4 - - 750 -
wF3 - - - 5.8 - - - 300 - - 600 | 1000
mF4 - - - 6.3 - - - 90 - - 525 463
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TABLE KY (Continued)

pH Eh, my 504. mg/1

Sample —

Code A B | ¢ 0 A B c 0 A B c D
R R R ) I A ST
mG2 . T . - . - . . . 990
MG3 6.8 | - - . - - - - Wl - s -
[t 69| - . . - - - : 9| < s ] e

t

" - { 70| - - - | -0 - . « | 1900 | 1562 | -
"2 -tz . . R T - - - 200 | 192 | o938
n 68 6.2 | - . -] o2 . , . | 00| - .
W 67 73] - | 65 - | .15 . 70 39| o | 3| so
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TABLE X1 {Continued)

Sample AN Ak, mg/1 T0C, mg/1

Code A 8 c 0 A ) ¢ D A 8 [ c D
MAY - - - - - - 614 - - - 260 | -
M2 - - 133 - - - 960 - - - 610 -
MA3 1000 | - - 165 681 - - | s 815 - - 150
MA4 1051 - | 1| 88 - - 577 | 1245 200 - 370 -
M81 - - - 187 - - - 593 - - - 175
MB2 - - - - - - - - - - - -
M3 168 | - w2 | 7 180 - 485 | 935 35 - 290 | 210
¥B4 168 | - 64 69 264 - 518 | 963 50 | - 280 | 160
M - | 104 - 237 - 200 mo | 3 - 50 | 23 | 40
MC2 - | 08| 90| 122 - 180 | 276 | 536 - 50 | 135 | 130
M1 « | s | o139 ] - 471 | 365 | 154 - 130 | - -
M2 - 99 | 64 | 122 - lan| 38| 382 - 70 | 160 | -
MEY - 67| 6| 90 - {392 | 39| 2s5 - 110 | 160 | 85
M2 ND w09 ] s3| n2 - 1569 | 230 | 228 - 105 | 115 55
¥F1 - - sg | 48 - - -] 23 - - 48 -
MF2 - - 74 - - - - - - - |20 } -
k] - - 93 37 - - 4901 217 - - 245 | -
W4 18] - 78 | 165 - - 466 1009 - - 235 | 290




TABLE K1 (Continued)

c1, mg/1 Ak, mg/1 T0C, mg/1

Sample R

Code A B ¢ D A 8 c 0 A B ¢ )
MG - - - | s - . . - - - - .
G2 - - 6 | - - - | e8| 138 - - 350 220
MG3 8| - 741 85 nerj - | s | - 95 | - 250| -
MG4 9| - | - nzo | - | a6 | 4 ] - as| -
M - 18| | - - e | e - - 20 4| -
M2 <l e} sl ow; - 1w | aos | e - 0] 0] -
M - ol af - - | s00] ns| - - | s | 3| .
] - | wal aa| 74 #f 3| ] 9 | 35 3s{ 30
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TABLE K 1 (Continued)

1C, mg/1 TIC, mg/d P, mg/1
s.m‘. c mg/ mg *
Code A ] c ] A B c ] A ] c D
()] - - 420 - - - 160 - - - - -
MA2 - - 860 - - - 250 - - - 0.0 -
MA3 955 - - 230 140 - - 80 0.005 | - - 0.07
M4 340 - 520 - 140 - 150 - 0.021 | - 0 ND
m - - - 300 - - - 125 - . . .
mMa2 - - - - - - - - - - - -
MB3 100 - 410 | 410 65 - 120 | 200 - - 0.015] 0.01
MB4 130 - 380 | 390 80 - 100 | 230 - - 0.01 | 0.005
1 - 110 25 80 - 60 2 40 - 0,15 | - ND
Mc2 - 100 | 195 | 250 - 50 20 | 120 - - N0 | 0.36
M1 - 255 - - - 125 - 50 - 0.02 | 0.0 -
Mo2 - 160 | 250 0 0 90 90 | 10 - NO }0.025]0.01
MET - 210 | 240 | 135 - 100 80 50 - ND | 0.00 -
M2 - 230 | 180 90 - 125 65 kL) - 0.003} - -
M1 - - 60 - - - 12 65 - - - ND
MF2 . - 310 - - - 100 - - - 0.03 -
MF3 - - 365 - - - 120 55 - - - 0
M4 - - 340 | 500 - - 105 210 - - 0.02 |0.8




ST

TABLE K1 (Concluded)

Somple C, mg/1 TIC, mg/1 P, mg/1

Code A 8 ¢ D A 8 ¢ 0 A B c )
1 - - - - - - - . - . -
[ - - | s00 | 400 - - 1150 | 180 - - - | o.2
MG3 us{ - a0 | - 2%0| - {120 ]| - - - |ow02| -
M4 0 - 335 | - s - | 100 | 165 - - |o.o5] wo
" - 701 951 - - 50 | 55 | - - w |-0l o0
M2 - 70 | 220 | - - a0 | 80 | s0 - | 0.0 Jo.02! wp
M - | 250 | 480 | - 20| ns || - - | o.007{0.03]| -
w s0f 35 [ 50 | 55 - | 15| 25 - | o0.03 0.01




TABLE K2
LEACHATE/INTERSTITIAL WATER: SAYREVILLE, NEW JERSEY, SITE

Ca, mg/1 cd, va/? Cu, mg/1
A B c ] A B c D A B C ]
- 390 410 - - 104 82 - - 800 118 -
- 308 360 { 300 - 5 47 9 - 400 | 258 93
101 228 340 - 1 3 53 - 2 29 65 -
98| 228 340 - 2 1 51 9 2 400 42 -
- 563 530 200 - 204 83 8 350 64 270
- 470 - 250 - 166 56 4 - 3000 36 220
- 446 380 250 - - 100 5 - 29 38 376
319 353 - 100 1 1 - 2 23 3 - 135
- 553 540 - - 154 39 - - 62 32 -
- 544 540 50 - 129 6 5 - 14 10 45
2n 573 440 - 1 179 5 - 21 - 47 -
292 6701 500 - 1 129 7 - 20 82 16 -
- 398 | 450 350 - 104 46 69 - 150 46 32
- 427 420 350 - 1 9 7 - 9 1 58
- 390 390 - - 17 23 - - 50 650 -
560 437 390 - 52 5 n - 240 61 | 2050 -
119 754 240 200 1 0.1 ] 16 20 1 17 18
0] 367 240 150 0 - 7 1 60 1 1 n
38 157 70 75 2 2 8 9 30 112 145 49
- 68 40 16 - 154 109 92 - 4600 | 6100 492

A = November 28, 1976; B = April 6, 1977; C = June 2, 1977; D = Auqust 5, 1977.



TABLE K2 (Continued)

L Ca, mg/1 Cd, wo/1 Cu, mg/1

; Semple

. Code A B c D A 8 c D A B c ]

o NG Mm | 320 - 80 10 3 4| 28 790§ 250 15 20

vy NG2 1521 367 15 | 100 4 1 - 2 20 54 - -
[ Aag] 40 19 250 54 1 ] 1 21 - 37 8 40
NJH2 - 27 20 N - 2 10 | 135 - 99| 191 | 786
ni 2 16| 140 3 11 104 67 5 20 | 2100 | 3100 | 1320
(AN 10 .6 10 27 0.1 5 69 | 147 60 | 2600 | 1400 | 330
v




g
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TABLE K2 (Continued) :

Fe, mg/1 _'_H_g. wg/1 K,  mg/1
A e |¢ ) Al ¢ o A B c D
m | o0.044f 0.006]| - -1 01 foor | - | es| 29| -
- | 0.015] 0.22 |0.046 Sl oo o2 loa - 2| 280 2m
49.6 | 0,056 0,144 | - o.o|] o4 [100 |- g6l | 62| 27| -
‘0,39 0.038] 0,082 | - 0.2 o8 |o4 859 | 13| 296 -
- | o.019} 0.007 | 0.006 0 0.04 | 0.02 - | 208 259) 2
- | oi152| 0.018 | 0005 | o0.26 {000 {013 - | e2| 23| 266
- | o106 0.20 |o0.085 0.48 (0.5 |0.31 - | 1] 259 108
724 | 0.073] - lo.0es o] oo | - Jo9 959 209 - | 198
RIC) - | o.18] 0.076 | - -1 o 0.2 | - | 2] ;| -
W02 - | 0l102| 0.008 | 0.100 oo 0.9 | - 69| 22| 20| -
nc3 0.40 | 0.023| 0lon | - 01| o 0.9 | - 769 | 232| 243| -
nNCA 0.35 | o0.081| 0,020 - 03] 0.3 [o - 790 | 279 198 -
301 - | o.017{ 0,128} 0.106 - | cogfo |oo -1 w2 | vea| 23
#J02 . - wr |ol2z0 - e : - | sa| rs| 228
n03 - {oosshar |- -1 o.08 Jo : S 2| o -
KID4 220 | 0.025[63.6 | - 0| o2 |1e | - 68| 99| 83| -
) 0.3 0.89 | 0.040 | 0.021 0.1] o.56 [0.03 o0.12 680 | 20| 198 206
- NJE2 o.24| - |ol016{0.03 0.0 o068 |03 |ons ar| 15| so| ‘38
MR 6.1 | 0.139} 0.162 | 0.212 0.2] 0.6 [1.3 |o.8 a;s| 8| ns| no
KIF2 . - | o174 |o0.220 1 09 o3 o7 : 18| 28| 43
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TABLE K2 (Continued)

Fe, mgl Hg, ug/1 K, wg/1

Sarple

Code A B c D A B8 9 D A B o
NG) 7.6 n.29 - 0.096 0.1 0.28 |} ND - 480 54 90
NJG2 13.8 - 0.004{ 0.110 0.2 0.48 - - 650 75 -
I 1.6 0.058 0.024| 0.144 0.1 0.4 RD - 219 61 184
NIK2 - 0.027 0.004| 0.062 - 0 ND ND - 12 20
N1 38.8 - 5.9 0.288 0.1 0.32 | ND 0.03 29 8 37
N 2500 - FBS 0.166 0.0 0.32 |0.2 0.05 923 1 <1
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TABLE K 2 (Continued)

g, m/1 Mn, ma/l N, ug/l
Sample
Code A 8 c 0 A B c 0 A 8 C D

!

NIAY - | 88| 820 - - | 28 50 - - | st0| 208 | -
NJA2 - | oo | 760 | a0 -l 3| 4|12 - 1 730 180 | na
NJA3 560 | 629 | 840 | - 551 2.2 | 5.0 - 100 { 420 | 77 | -
NIAd 552 | 6v6 | 90 | - a9 | 2.2) 36 - 631 420! ms | -
N8 -1 7190 | 780 | 700 - | 8.4 9.0 4.0 - | 80| 378 |
NJB2 - o7aa | - 700 -l 75 73] 89 - | B0 | 305 | 80
NJB3 - | 734 | 600 | 360 - ] 83| 40 - | 30| aa5 | 14
NJB4 681 720 - | 440 54| 2.3 - 1.3 100 | a2 | - 30
101 - 986 | 1020 | - - | 69 s8] - - | se0| 226 | -
nC2 - | 1080 | 1000 | 195 - | 621 6.4 07 - | 730 | 153 | 108
NIC3 a0 L roso | ev0 | - 2.6 | 60| 86| - ; 8o | voa0 | 186 | -
nJCA 468 | 1050 | 700 | - 3.9 5.9 95| . wo | 80 | 135 | -
D) - | e22| no| e | s sz 2.6 .| soo| sos | 270
nJ02 - | 762 | 650 | 700 Sl osal| 72 {n - | 1200 | 526 | 270
NJDI - 664 690 n . 4.8 7.8 - - 650 290 -
NJDA 448 594 670 0 . 1.7 Yoy 9N - 510 810 304 -
WIE 396 | 734 | 580 | 600 271 27 17| 2.8 390 | 490 | 45 7
NJE2 293 | 370 90| 60 a3 U oz 90 | 340 | 62 8




T

TABLE ¥ 2 (Continued)

Mg, mg/1 Mn, mg/1 Ni, ug/1

Sample

Code A B ¢ D A B ¢ D A B o D
NIF] 259 | 398 | 140 | 175 6.6 1. 0.91 | 0.5 140 570 | 104 28
NJF2 - 29 50 | 110 - 2.0 1.9 | - 490 | 355 134
NJGT n 314 160 165 22.2 8] 4.1 ] 4.0 920 | 420 | 142 37
NJG2 504 | 440 - 190 15.6 1 111 - 3.5 460 | 450 - 75
NJHI 12 68 | 550 85 1.2 7.3 1 a5 1n.7 150 - 50 54
NIHZ - 20 15 15 - 20 3.3 9.7 - 40 | N9 163
NJ1 16 35 [ 120 4 2.3 7.8 | 14.0 | 0.5 80 | 420 | 370 100
LA} 362 a0 | 140 70 36,7 2.6 | 2.6 |10.5 1790 | 340} 628 | 390
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ta' le
TABLE K2 (Continued

Na, mq/i Zn, mg/1

Sample - : SR S

Code A B C n A 6§ ¢ 0 A ! 8 o 0
NJA] - 16 7 - - 3456 | 5400 - - 1 2.22 | 5.06 -
NJA2 - 27 9 - - 4444 | 5000 - - 2.38 | 3.28 {0.34
NJA3 34 12 13 - 3730 | 3838 | 5800 - 0.32: 0.59 [ 2.48 -
NJAS 33 7 1 - 3940 3535 | 6700 - 0.37. 1.6 1.24 -
%81 - 28 7 1 - 3300 ! 50001 6400 - 5,811 4,96 | 0.12
NJB2 - 27 5 1 - 3737 | 5000| 6400 - 6.48 | 4,08 | 0.90
NJB3 - 10 9 4 - 3256 | 4600 | 4000 - 0.18 | 5.04 | 0.62
NJg4 34 16 - 5 4200 2970 -- 4600 0.15] 0.141} - 0.14
NCY - 39 9 - - 2856 | 5000 - - 4.55 | 2.38 -
NJC2 - 13 8 6 - 3456 | 5400| 2000 - 0.185 0.72 | 0.34
NJC3 k) n 12 - 3390 ( 5858 . 5400 3700 0.20; 3.80| 0.66 -
LM o) 3 19 n - 29801 4256 1 4700 - 0.151 4.6} 0.79 -
NJD1 - 15 " 3 - 2900 | 4300| 6800 - 4.47 | 3.60 | 1.36
NJD2 - 18 1 3 - 3200 | 4300| 6400 - 3.87 [ 1.32 -
NJD3 - 15 15 - - 2640 | 4300 . - 3.27 ) 2.96 -
NJD4 17 22 14 - 33001 2770 | 4600 - 2.38; 1.41 ) 1.82 -
NJED 21 14 12 - 3000] 3440 | 4600 5400 0.22 0.01% 0.005{ 0.08
NIE2 12 2 4 k) 1670 900 700 500 0.,14] 0,200 0.002} 0.30
NIFY 13 1 n 10 2000} 1640 { 2000 2300 0.22{ 0.74}] 0.59 | 0.18
NJF2 - 1 2 5 121 300 1000 - 77.3 10.8 3.96
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TABLE K2 (Continued)

Pb, ugN Na, mg/1 In, mg/1
Smple R St A
Code A B C ] A B C D A 8 C D

-1

NIG1 20 2 8 6 1050 640 | 1700 | 1500 8.568 11,93 { 0.64 { 0.58
NJG2 16 - - 6 2670 | 1000 - 1300 3.97 12,23 - 0.10
HIHY 50 2 14 5 1100 600 4300 900 - 0.032] 0.004} 1,08
NJIH2 - 1 <1 2 - 32 103 30 0.06 | 0.8) 1.58 | 4.40
N1 20 2 6 32 70 55.11 1000 25 0.23 | 5.0 6.9 0.40
N 10 7 4 16 790 220 |1700 300 0.98 | 1.63 | 7.6 7.36




v

TABLE k2 {Continued

1, mg/1 Alk., mg/1 T0C, mg/1

Sample i B

Code A B o D A # ¢ D A 8 c D
NJAY - 7433| 9294 - - 16 77 - - 39 25 -
NJA2 - 7581 - - - 9 24 - - kil 15 -
NJA3 - 6408 | 11520 - - 132 235 - - 60 180 -
NJAL 7817 | 59461 12188 - 72 167 338 - 15 90 220 -
MJBT - 65621 9405 11131 - 18 154 - - 15 90 100
NJB2 - 6562| 8793{ 11243 - 4 ki 672 - 20 35 90
NJB3 - 6049| 9072 - - 7 139 382 - 30 92 90
NJBA 9328 | 7690| 8237 9072 344 5§72 816 - 390 230 490 350
N - 98931 10797 - - 132 365 - - 60 180 60
NJC2 - 9612 10686] 3673 - 506 533 191 - 205 280 120
NJC3 B025 | 9355] 10352 - 794 57 444 493 180 29 260 -
NJCA 8129 | 93041 8682 - 612 48 566 - 285 36 280 -
¥J01 - 4768] 73461 10129 - 106 240 130 - 55 140 75
NJD2 - 64591 7402| 8916 - 57 24 40 - 35 27 36
§J03 - 4511] 8682 - - 70 24 - - 45 32 -
NJID4 6931 | 4819| 8793 - ND 70 ND - 25 40 35 -
NJET §732 | - 9752 - 700 | 1276 | 1430 - 550 460 780 -
NIE2 - 1876) 1224 790 - 343 216 100 0 150 165 60
MIFY - - 3728] 2896 - 40 20 160 - 52 96 155
NIF2 - 2020f 2059} 178) - ND ND 50 - 17 15 47
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TABLE K2 (Continued)

cl, mg/1 Alk., mg/} TOC, mg/)

Sample .

Code A B c D A B o D A B8 c 0

W6) 1668 - - 1781 ND 57 178 - 10 20 120 -

W62 - AL - - - ND - - - 18 - -

“m 2189 938 | 2560 | 1224 300 70 336 130 170 35 295 80
RIH2 - 61 143 69 - 20 10 10 - n 1 7
w1 168 138 - 107 ND ND ND 10 25 9 12 4
N 1407 70 - 534 ND ND ND 10 90 ND 12 9




FR TABLE K2 (Continued)

. E pH Eh, mv S04+ mg/1
. Sample
s Code A 8 ¢ 0 A B c D A B c D
i N ‘:z‘lJM - 5.2 5.6 5.5 - 285 62 80 - 2750 | 2800 -
= NJA2 - 5.6 1 5.1 - - 182 | 200 - - 3050 | 2700 | -
[ NJA3 6.3 6.1 6.2 - - 140 15 - - 2750 | 2550 -
n NJA4 6.2 6.1 6.2 - - 100 -40 - 1801 { 2750 | 2200 -
L% - MJBY - 5.7 5.1 5.7 - 365 310 250 - 3300 | 3600 | 1800
g NJB2 - 6.0 5.3 5.3 - 190 100 190 - 4000 | 3300 | 1763
[ 8]:k] - 6.3 5.8 6.2 - 140 -20 110 - 3300 | 2375 | 1150
NJB4 6.3 6.4 5.9 6.7 - -100 | -180 120 1836 | 1800 | 1350 925
NJCT - 6.3, 5.4 - - 260 n - - 4213 1 2900 | -
NIC2 - 6.3 6.5 6.5 - 270 -60 55 - 2375 - anl
NC3 6.8 6.2 5.9 5.7 - 350 =90 120 843 | 4000 - 1775
N)CA 6.7 6.3 5.9 - - 290 -44 - 980 | 3700 { 2200 -
NIDY - 7.3 5.2 6.0 - 230 14 4 - 2450 | 3250 | 2800
MD2 - 7.7 5.4 5.3 - 315 -4 13v - 3150 | 3100 | 3500
NJD3 - 6.3 5.2 - - 46 -16 T - 2750 | 3100 -
ND4 4.1 6.7 5.3 - - 130 -6 - 2589 | 2750 | 2400 -
NET 6.6 6.0 5.6 7.2 - «75 ~90 - 1Y) 450 38 -
NJE2 6.4 6.4 6.3 6.8 - 160 -61 230 - 1400 825 825
[Nl 5.8 6.4 5.8 6.4 - -52 | 120 14 - 700 400 350
MF2 5.6 4,2 5.3 - 150 180 90 * - 600 275 288
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b 2

TABLE K2 (Continued)

pH Eh, mv ' $0,, mg/1

Sample et e i | Rt =4

Code Al s ¢ 0 A 8 ¢ D A 8 ¢ 0
06! 3.0] 4.7 55 e, - 2| 80| a2 3239 | 1600 | 900 | -
nG2 5.6 | 4.6 | a8/ 5.6 - |20 | s | o S laeoo | - -
(2] 65| 63| 6.0 5.8 - | -s0 |ono | 170 440 | 500 | 288 | 525
NIH2 < | s8] 64 55 - | 200 120 ] 180 - 450 | 225 | 325
w1 3.0 a3 ) 2.8 a6 - | 20| 10| 320 500 | 600 | - 75
(%X 30| 28| 34 72 - | 210 | 220 320 6600 | 8500 | 5100 | 1100




TABLE K2 (Continued)

TIC,mg/1 ¢, mg/1 P, mo/1
Sample
: Code A B ¢ 0 A B ¢ D A B c 0
o KAl - nl ) - - so| ss| - - |- tw! -
- NIA2 - 9! 25| - - 40 | 40 | - - - W | -
A NAI - 40| 40 - - 100 | 220 - - - - -
P-4 WAL 4] 5| 10| - 55| 145 | 320 [ - 0.006 | - M | -
el - 00 35| 190 - 25 | 125 | 2% - |o.04 | x0 | 0.07
. NJB2 - 5| 20| 1o - 25 | 55 | 200 - - KD | 0.065
p NJB3 - 0 28| 9% - 40 | 120 | 180 - 0.009 NO | 0.02
NJB4 110 180 190 450 500 410 680 800 0.004 | - NO 0.01
NG - 40 90 - - 100 270 - - - ND -
M2 - | 150 10| s0 - | 35 | 390 | 10 - - ND | 0.04
NJC3 2000 11| 00| 170 380 40 | 360 | 290 -,019 |0.013 {0.01 | 0.01
Nicd 65 4| 20| - 430 | 50 | 400 | - 0.011 |0.003 {0.02 | -
x01 - 8| 53| 55 - 9 | 190 | 130 - - NO | 0.025
~NJD2 - 10 3 4 - 45 30 40 - - 0.02 0.07
NJD3 - 40 8| - - 85 | 40 | - - 10.004 | 0.015| -
MDA 25( 40/ 10| - sof 80 | 45 | - 0.008| - K | -
(N3] 200 340{ 360| - 750 | 800 | 1140 | - 0.19 | - o0 | -
MJE2 - | 120f eo| 40 - | 2v0 [ 225 | 100 - Jo.or | N | w0
MIF) - 18 4 5 - 70 | 100 | 160 - - N0 | 0.03
WIF2 0 1 5 3 - 8! 20 | 50 - 0.037| N0 | 0.01
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TABLE K2 {Concluded)

TIC, mg/1 TC, mg/1 P, mg/1
Sample

Code A R ¢ n A R LD A B ¢ ]
"6 20| 20f 40| - 30| 40| 0! - 0.047| - ND | 0.39
NJG2 - ND - - - 18 - - - - - -
NHY 90| 30| 8| 50 260 65 380] 130 0.006| - 0.01] 0.01
MH2 - 1 2 3 . 12 3 | 10 - o007 - | o0.00
w1 30 1 3 1.5 55| 10f 5] 10 | - |o0.02]| o
(XY 20| N 8 6 Mo | w| 20 10 0.043| 0,007 - | o.M




HA-1
HA-2
HA-3
HA-4

HB-1
HB-2
HB-3
HB-4

HC-1
HC-2
HC-3
HC-4

HD-1
HD-2
HD-3
HD-4

HE-1
HE-2

HF-1
HF-2

HG-1

HG-2

HH-1
HH-2

HI
HJ

TABLE K3
LEACHATE/INTERSTITIAL WATEK:

Element
%A

HOUSTON, TEXAS, SITE

CA, mg/1 Mg, mg/1l
B C D A B C D
-— 368 - -—— -——— 265 - -—--
276 230 205 205 270 155 100 131
418 300 330 300 254 218 195 237
420 263 370 330 260 182 215 285
--- | 455| 580 | --- --- 1! 520 | 427 | ---
916 432 750 275 384 358 425 187
1,020 522 790 450 381 433 420 463
791 420 470 390 640 525 475 784
622 462 540 445 360 300 345 480
524 450 455 350 420 345 355 469 -
752 460 455 400 532 845 585 688
- 312 500 -——— -—- 445 440 -—-
884 600 750 400 356 322 410 421
791 350 430 430 372 499 420 442
739 570 750 460 400 378 435 483
-—- 332 245 -—= - 377 365 ——-
- 314 245 -_— - 375 360 -——-
360 304 275 365 332 295 325 421
390 295 275 430 344 295 330 431
—m= | 218| --- | 395 ——— | 282 | -—-| 413
156 218 - 440 330 280 - 448
- 275 - —-——— -——= 320 ——- —-—=
171 285 245 380 408 432 410 484
152 348 455 395 452 418 455 464
—— 355 330 305 ——— 425 425 443
A — Sampling data 12/1
B — Sampling date 3/25
C — Sampling date 6/12
D — Sampling date 7/3

(Continued)

K30

No sample available




TABLE K3. (Continued)

Element K, mg/l Na, mg/1
Sample A B C D A B C D
HA-1 - 23 —~—— -— ——— 1025 —— -——-
HA-2 322 13 28 38 1210 725 650 800
HA-3 343 23 50 62 1410 1025 1100 | 1400
HA-4 329 20 61 68 1410 950| 1200 | 1600
HB-1 ——— 36 58 —— —_—— 2125 1750 -
HB-2 480 63 84 34 2290 2400| 2650 } 1100
HB-3 480 82 101 99 2090 2750] 2750 | 2900
HB-4 677 143 135 184 4030 4500 3500 {4850
HC-1 ——— —_——— - —-—— - -——— - -
HC-2 500 42 57 162 2130 1600( 1670 | 4100
HC-3 559 63 80 125 2090 2300} 2325 |3200
HC-4 638 135 184 166 3560 3625 4300 | 4200-
HD-1 - 90 91 ——— ——— 2500 ] 2200 —-——
HD-2 509 63 85 77 1920 | 1750 | 1850 |2300
HD-3 479 65 80 © 74 2200 2225] 2250 {2400
HD-4 511 63 98 90 2291 2525| 2500 2600
HE-1 —— 49 75 - -— 2650 { 2800 -
HE-2 —-— 51 80 - -—— 2750 | 2800 -—-
BF-1 500 50 80 90 2590 2580 2750 13200
HF=-2 480 48 81 103 2900 2525} 2500 |3200
HG-1 _— 41 |--- | 115 --- | 2100| --- |2600
HG-2 . 480 80 ——— 118 2130 1998 --- 12700
HH-1 -——- * 42 - ~— -—- 2415 —_—— -——-
HH-2 563 47 68 74 2500 23251 2200 |2700
HI 610 56 88 79 2510 2530 | 2800 {2800
HJ —-——— 59 80 66 -— 2825 | 2300 2800
A Sampling date 12/1
B Sampling date 3/25
C Sampling date 6/12
D Sampling date 7/3

No sample available

(Continued)
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TABLE K3 (Continued)

Element Mn, mg/1 Fe, mg/1

Sample A B C D A B C D
HA-1 _— 3.2 _——— — --— [.004 —— -——
HA-2 3.7 3.6 2.3 0.2 0.27 [.003 .007 | 0.0225
HA-3 3.6 5.3 3.2 0.9 0.33 |.004 .017 [ 0.075
HA-4 3.6 4.4 3.5 1.7 0.30 |.008 .040 | 0.038
H-1 ---] 11.6 2.0 —— --= {.004 .004 ——
HB-2 22.5] 16.0 3.6 4.3 0.35 |.002 --=-10.030
HB-3 25,0 11,8 }|12.2 3.8 0.30 {.046 .065 ; 0.038
HB-4 13.2 7.5 5.4 4.6 0.43 {.019 .057 | 0.045
HC-1 S [ . — ] - T
HC=-2 9.7] 10.0 8.5 5.2 0.35 |.006 .013 0.070
HC-3 7.8(1 11.0 9.4 6.8 0.32 1.014 .005 1| 0.038
HC-4 9.0 7.6 5.6 2.9 0.35 |.127 .057 | 0.045
HD-1 -— 5.5 [11.4 _— --- 1.003 005 -—-
HD-2 19.5¢ 19.3 |21.2 0.2 0.43 |.006 .005] 0.028
HD-3 24.8} 43.8 | 30.0 | 15.5 0.35 {.012 .005 ] 0.038
HD-4 27.0] 21.7 {18.7 [ 12.1 0.43 |.750 .036 -———
HE-1 —_—— 3.2 8.3 _—— -~ ].011 . 004 -——
HE-2 —— 3.7 |10.3 _—— --= {.005 .010 ——
HF-1 18.0| 13.5 |12.5 2.3 0.35 |.004 .010} 1.100
HF=-2 18.4) 18.0 {16.0 4.7 0.35 |.006 .015] 0.030
HG-1 -—=1 22.8 —— 0.7 --—- |.005 ---1 0.038
HG-2 6.6 13.7 -——— 5.5 0.31 {.007 ---| 0.030
HH-1 --=-110.0 -— —— --- 1.008 - -—
HH~-2 33.0 47.5 |39.2 | 42.0 0.30 |.004 ---10.038
HI 3.7 23.8 |21.0 5.1 0.30 |.058 .55 0.050
HJ --~1 30.0 {19.0 5.5 -~= |.003 .016 | 0.070

A — Sampling date 12/1
B — Sampling date 3/25
C — Sampling date 6/12
D — Sampling date 7/3

— No sample available

(Continued)
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i TABLE ¥3. (Continued)
w Cu 4 Ug:‘/l Zn 1 mg/l
Sample A B C D A B C D
7

HA-1 -- 36 - - -—- |.006 | -- --
HA~2 10 25 8 7 0.11 |1.20 -- 0.34
HA-3 10 27 6 ° 0.14 [.013 -- 0.06
HA-4 10 33 2 4 .09 |.026 -= 0.24
HB-1 10 72 24 - —— |.017 | -- -
HB-2 10 102 5 5 0.14 - -- 0.03
HB-3 10 101 € 13 0.26 |.005 - 0.29
HB-4 20 | 165 r 6 91|l 0.21 }{.019 | --| 0.03
HC-1 - -—— - -- -—— - - -
HC-2 10 67 10 9 0.11 |.085 - 0.05
HC-3 20 73 5 9 0.08 |.077 - 0.03
HC~4 20 79 6 7 0.12 |.002 - 0.02
HD=-1 -- 58 15 - --=- 1.022 - -=
HD-2 20 88 7 6 0.11 }{.026 - 0
HD-3 10 43 4 10 0.11 {.009 - 0.02
HD-4 10 77 5 9 0.11 .100 - 0.05
HE-1 -— 59 S - --- | .005 - --
EE-2 - 43 - --— | .004 - -
HF-1 20 48 g 10 0.19 1.019 - 0.04
HF-2 30 42 4 13 0.14 {.008 -- 0.04
HG-1 - 21 - 10 --- 1.010 - 0.04
HG=2 20 24 - 5 0.24 §.004 - 0.02
HH-1 -- 37 -- - --- | .080 | -- --
HH-2 20 41 3 10 1.10 {.039 -- 0.06
HI 20 58 5 1 0.08 | .012 -- 0.07
BJ -- 56 6 8 --- ].011 -- 0.02

A Sampling date 12/

B Sampling date 3/25

c Sampling datec 6/12

D Sampling date 7/3

No sample available

(Continued)
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TABLE K3.

(Continued)

No sample available
(Continucd)

K34

~\\\§iifiij~ ca, ma/l Ni, mg/1
Sanple A B c D A B C D
HA-1 ——- 0.4 - -—- - 5 - -
HA-2 1.0 0.4 0.3 0.7 47 3 8 10
HA-3 1.0 0.3 0.4 0.5 6 3 9 8
HA-4 1.0 0.8 0.3 1.2 10 4 7 7
‘HB-1 - 0.4 0.6 —~——— - 9 14 -
"'HB-2 1.0 0.7 0.1 0.8 7 4 4 8
HB-3 1.0 0.8 0.2 1.3 9 2 5 19
HB-4 1.0 0.9 0.2 0.7 .18 4 5 17
HC-1 -—— - -—— — - -~ -- -—
HC-2 1.0 1.0 0.2 2.0 14 77 9 10
HC-3 1.0 | 0.3 ) 0.2 1.3 ] 13 3 8 11
HC-4 1.0 0.4 0.4 1.C 5 5 7 10
HD~-1 - 1.2 1.2 -——— -——— 3 52 -
HD-2 1.0 0.5 0.3 0.6 1.0 8 7 8
HD-3 1.0 3.2 0.2 0.8 8 3 3 19
HD-4 1.0 0.4 0.4 1.8 6 5 4 23
HE-1 - 1.2 0.2 —_— - 4 18 -
HE-2 -—- 1.0 0.8 - —-— 4 15 -
HF-1 2.0 0.8 0.2 0.8 10 6 11 30
HF~-2 6.0 0.8 0.2 1.3 23 6 12 22
HG~1 -—— 0.7 -—- -—= - 5 - 20
HG-2 8.0 0.7 - 1.0 11 8 - 10
HH-1 —— 0.9 -— -——— - 6 -- --
HH-2 1.0 1.4 0.4 1.0 83 8 19 22
HI 1.0 0.6 0.2 1.0 46 9 12 17
HJ - 2.4 0.2 1.0y =--- 12 11 19
A Sampling date 12/1
B Sampling date 3/25
C Sampling date 6/12
D Sampling date 7/3




TABLE K3. (Continued)

w pH Eh, mVv
Sample A B C D A C D
HA-1 - 6.83| -—-- ——— —— - - -——-
HA-2 6.76( 6.33| 6.7 6.5 - - -60 -69
HA-3 6.7%9] 6.26| 6.5 6.2 -——- - -40 -2.4
HA~4 7.18] 6.85| 6.7 7.3 - - +60 -45
HB-1 -— 7.98( 7.4 - - - +30 -——-
EB-2 6.90| 6.46| 6.5 5.9 -—- - +90 20
HB-3 6.87] 6.94] 6.7 6.4 - - +200 190
HB-4 7.08! 6.461 6.3 6.5 - - +30 25
HC-1 -- - -——— -- -——- - - -
HC-2 7.19¢ 6.34] 7.0 7.3 —-—— - +20 -100
HC-3 7.23| 6.691 —~-- —— - - —-—— ——
EC-4 7.10} 6.90( 7.5 5.6 - - -40 -10
HD-1 -- 7.24] 6.6 --- -—— - +80 -——-
HD~-2 7.13] 6.85( 8.0 5.6 —— - +210 350
HD-3 7.22) 6.20f 6.8 5.8 - - +50 50
HD~-4 7.90( 6.39; 7.5 5.6 - - ~100 +70
HE-1 -- 6.77| 7.3 -——- - - +50 —-—-
HE-2 - 6.62| ¢£.4 8.1 - - +100 15
HF-1 7.53] 6.15; vuv.4 7.2 - - +150 10
HF-2 7.24) 6.471 7.1 8.1 - - -1i0 35
HG-1 - | 7.100 == | 7.4 -— | - —— -5
HG-2 7.05) 7.03; -- §.2 - - - 57
HH-1 -- 6.37( -—-- 7.4 -—— - 5
HH-2 6.98| 6.21( 6.8 7.5 - ~ +60 65
HI 7.54) 6.88| 6.8 6.8 - - +50 30
HJ -- 6.92f 6.2 7.6 - - +20 58

A Sampling date 12/1

B Sampling date 3/25

C - Sampling date 6/12

D Sampling date 7/3

No sample available

(Continued)
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TABLE K3. (Continued)

Element Pb, ug/1 Hag, ug/1

Sample A B z D A B C
HA-1 -- 2.4 - - - 0 -
HA-2 80.0 1.9 1.5 6 0.06 -— 0.90
HA-3 80.0 2.8 2.8 7 0.22 1.20 [ 0.05
HA-4 70.0 2.6 2.2 5 0.06 0.90 | 0.36
HB-1 - 4.9 2.0 - - 0 0.33
HB-2 160. 8.7 3.0 3 1.24 1.30 10.20
HB-3 120. 8.9 2.4 3 1.10 0
HB-4 280. 5.5 2.4 5 0.06 0.53 | 0.10
HC-~1 - - - - - - -
HC-~2 21.0 1.3 2.1 3 0.30 2.40 1 0.13
HC=~3 20.0 5.0 1.4 4 0.07 0.35 0
HC-4 20.0 6.2 1.5 4 0.23 1.10 | 0.85
HD-1 -- 0.7 2.3 -- -- 4.65 0
HD-2 130. 1.0 1.8 ] 0.11 10.8 0
dD-3 200. 0.6 2.0 1 0.22 1.10 0
HD-4 210. 0.3 1.2 2 0.20 1.85 0
HE-~1 -- 6.2 1.3 - - 0.20 --
HE-2 - 1.0 1.2 - - 1.10 0
HF-1 200. 7.0 1.5 1 0.10 0.14 | 0.C5
HF-2 240. 7.1 1.6 1 0.10 0.80 0
HG-1 - 5.5 - 1 - 0.07 --
HG-2 180. 4.8 - 1 0.08 0.20 -—
HH-1 - 5.4 -—- - - - -
HH~-2 170. 4.0 1.5 3 0.08 0.32 0
HI 120. 4.3 1.9 1 0.19 G 0
HJ - 5.4 1.0 2 -= 0 0.05

N Sampling date 1271

B - Sampling datc 372

C Sampling date ¢,712

D Sampling dato 7.3

No sample aveilabice

(Continued)
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TABLE K3. (Continued)

Element Sulfate mg/1 Chloride, mg/1l
Sample A B C D A B C D
HA-1 S S ISR U I [N (U (N
HA-2 575 675 165 ——— 3179 2229 |1198 | —=~-
HA-3 184 600 24 250 2970 12293 | 2084 | 2571
HA-4 137 - 170 - 2970 |---- 12188 2772
HB-1 -~ | === | 555 | ~--- T Eeere 4221 | —=--
HB-2 144 43 75 80 5628 {4844 {5159 | 2215
HB-3 168 75 200 10 5263 [5408 | 5471 | 4965
HB-4 21 55 > 1.5 £963 |8612 | 6201 | 8794
HC-1 T I T I B e I
HC-2 300 385 225 - 4334 |3768 | 3595 | 3776
HC-3 69 290 140 4.8 6410 (4716 | 4481 | 5443
HC-4 100 50 2.5 5.5 7452 | 7556 {8233 | 7681
HD-1 e | ==~ | 525 | -—- e == 4794 | ———-
HD-2 55 160 380 31 5.54 [4460 |4533 | 4998
HD-3 283 (1900 420 425 5419 |5380 | 4585 | 5065
HD-4 283 280 245 475 5367 {5075 | 4898 | 5321
HE-1 ——— - 250 - === j~=—= 14690 | =~~~
HE-2 - -——— 330 475 ~—== | ~-~- 14481 | 5221
HF-1 —-——— 305 420 88 -—--- 15357 | 4950 | 5699
HF -2 - 650 200 238 -=-=- 15993 | 5106 | ——-~
HG-1 ——— 750 --~ {1388 === | 4511 | ~—-- | 4341
HG-2 —— 988 ——— 938 ~-== 14203 | =~~~ ] 4319
HH-1 -—- - --- Q075 === | ==== | ~=—== 1 4664
HH-2 —-—— 813 11000 700 -——— 15023 | 4168 | 4486
| i

HI ——- 11100 | 490 | 250 |4 ---- |4767 {4950 | 5042
HJ —— —-—— 330 357 ——-= | ==~== | ==-= 15009

A — Sampling date 12/1

B — Sampling date 3/25

C - Sampling date 6/12

D — Sampling date 7/3

— No sample available

{Continucd)
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Sample A

HA-1
HA-2
HA-3
HA-4

HB-1
HB-2
HB--3
HB-4

HC-1

TABLE K3. (Continued)
Alk, mg/1 TOC, mg/l

B C D A B C D
707 559 256 - 30 45 150 ———
1300 ---11229 747 110 40 760 240
1300 -—= 943 ) 1049 120 -—--=-1 630 315
-—— ——— 408 -— ——— ——— 245 ———
972 | 1606 | 1800 465 100 70 ]1070 90
1392 [ 1967 | 1517 | 1-~17 70 110 920 315
2056 | 2169 | 2275 | 2294 260 200 |[1190 540
1108 713 874 738 110 30 620 600
1732 {1078 | 1152 738 110 40 745 420
1800 | 2385 | 2270 2280 260 100 370 230
——— ——— 557 -——- -—- -—- 400 -
- 691 250 496 40 30 180 150
828 { 1179 797 855 10 55 575 270
1152 | 1676 | 1625 923 280 130 {1090 330
——e | —e— 626 —-- ~—= | === | 410 | ---
-—- - 768 667 ——— —— 555 220
—-—— 792 696 | 1020 - 45 485 350
- 761 | 1003 870 ——— 30 630 290
-—- 616 -—— 604 —— 40 -—- 230
- 757 -==1 1077 -—— 35 ——— 355
—— - - 556 ——— - —-——— 170
--- {1131 | 1061 929 ——— 40 695 290
-=- 11052 8981 1035 - 100 620 365
——— -—— 614 790 - - 400 230

A — Sampling date 12/1

B — Sampling date 3,/25

C — Sampling date 6/12

D — Sampling date 7/3

No sample available

(Continued)
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TADLE 3. (Continued)

Element TIC, mg/1l Total Carbon, mg/1

Sample A B C D A _B C D
HA-1 -—- - -—- —_— - - - ———
HA-2 200 11- 60 —— 230 155 210 -
HA-3 270 150 260 190 380 190 1020 430
HA-4 260 -——- 240 245 380 - 870 560
HB-~1 - —_—— 110 - - ——— 355 -
HB-2 210 350 400 110 310 420 1470 200
HB-3 270 430 330 245 340 540 1250 560
HB-4 240 530 530 540 600 730 1720 1080
HC-1 - - - -—- ——— - - - ——
HC-2 250 150 200 480 360 180 820 1080
HC-3 400 190 255 290 510 230 1000 710
HC-4 380 510 540 170 640 610 910 400
HD-1 - - 100 -——- ——— - 510 A,
HD-2 100 170 60 1190 140 200 240 260
HD-3 190 275 200 200 200 330 775 470
HD-4 220 320 350 210 500 450 1440 540
HE-1 - - 160 -—— ——— —— 570 -
HE-2 - - 180 140 - - 735 340
HF-1 - 2-5 165 210 ——- 250 650 560
HF-2 - 200 240 210 -—= 230 870 500
HG~1 —— 100 —-—— 110 - 200 —-—— 340
HG-2 - 125 —_——— 245 - 160 —— 600
HH-1 -—- -—— -—— 130 - - - 300
HH-2 -— 250 255 210 —— 290 950 500
HI -——- 90 210 235 - 190 830 600

" HJ - —— 160 200 —-——— ——— 560 430

— Sampling date 12/1
Sampling date 3/25
— Sampling date 6/12
— Sampling date 7/3

- No samble available

U0Owy
!

(Continued)
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TABLE K3.

Element

Sample

HAa-1
HA-2
HA-3
HA-4

HB-1
HB-2
HB-3
HB-4

HC-1
HC-2
HC-3
HC-4

HD-1
HD-2
HD-3
HD-4

HE-1
HE-2

HF-1
HF-2

HG-1
HG-2

HH-1
HH-2

HI
HJ

0.019
0.054
0.023

0.099
0.012

0.128

0.59

0.011
0.054
0.015

K40

o0w>
|

(Concluded)

Phosphate, mg/1

Sampling date

D

0.075

0.04
0.42

0.14
0.91
0.335

0.570
0.09

0.065
0.065

12/1

Sampling date 3/25

Sampling date
Sampling date

6/25
7/3

No sample available
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TABLE K4
LEACHATE/INTERSTITIAL WATER:

PINTO

ISLAND, ALABAMA, SITE

Ca, mg/1 Mg, mg/1 K, mg/1

Sample

Code A ] C D A 8 ¢ ] A B - C D
PA) - - 86 166 - 75 79 18 -- 52 64 75
PA2 340 70 51 278 489 124 101 465 210 7 80 14
PA3 us 120 170 302 480 312 317 503 200 129 169 181
PM 350 125 150 278 470 300 296 378 200 130 154 161
P81 - 78 - 263 - 103 - 212 - N - 96
PB2 375 156 124 - 500 287 178 - 200 91 1z -
P83 430 165 136 - 950 287 178 - 330 92 112 -
PB4 345 245 93 198 550 487 N7 252 200 140 112 106
) 9 30 68 - 20 10 22 - 8 6 21 -
PC2 R 38 25 164 40 52 26 174 20 36 4 73
PC3 63 67 I 2% 120 105 73 282 a4 52 66 88
17 63 65 3B 150 120 144 73 182 40 53 65 75
PDY - \ 69 126 189 - 25 26 47 - 7 12 25
PD2 £7 78 101 198 18 22 26 42 10 23 30 58
P03 s 109 157 - 40 N0 192 - 19 53 122 -
PD4 29 167 157 320 12 131 143 218 17 52 12 106

A = January 17, 1977; B = March 26, 1977; C = June 7, 1977; D = Auqust 1, 1977




TABLE K4 (Continued)

Ca, mg/1 Mg, mg/1 K, mg/}
Sample
Code A 8 C D A B o D A 8 [ ]
PEY 110 162 181 - 74 105 109 - 30 17 52 -
PE2 150 - 157 166 93 118 123 140 48 3 56 75
[ 4] %) $6 20 - 13 9 8 - 4 180 4 -
PF2 100 53 45 - 17 10 15 - 7. 165 27 -
P6) - - 4 - - - 8 - - - 13 -
G2 - 26 8 - 4 9 6 - 10 9 15 -
Ll 87 - 15 - 15 - 16 - 10 - 6 -
P2 59 84 68 81 22 20 2 20 3 15 18 20
Pl 56 45 61 - 9 15 k) - 8 10 3 -
PJ 65 21 - 81 2 1 - 40 2 1 - 3
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TABLE K4 (Continued)

Sample N2, my/1 Mn, mg/1 Fe, mg/1

Code A B c 0 A 8 c D A ] C 0
PAY - 900 546 1061 . 2.82 1.6 6.2 - 230 25 i
PA2 4500 1450 1144 221 25.3 3,76 2.6 15.6 15 68 165 3
PA3 3900 3250 2596 3136 24,4 4,16 5.3 14,4 7 65 67 12
PM 3700 3200 2266 2653 3.2 6.50 2.8 9.8 7 120 20 4
() .. 700 - 1485 - 2.70 -- 0.066 - 28 - 12
P82 8800 2400 1936 - 68.1 21.0 19.5 - 5 99 55 -
pe3 8250 2400 1892 - 68.2 20.0 14,0 - 4 8 30 -
P84 6800 3950 1826 1888 53.6 27.0 12.3 104 4 16 25 210
P 95 37 196 - 0.8 0.70 1.3 - 800 13! 12 -
PC2 §53 750 440 2211 2.1 2.24 2.3 6.4 1 16 25 13
PC3 1000 1150 836 1364 2.1 2.8} 1.5 10 n 14 10 3
PCA 1155 1250 836 1212 0.5 2.88 1.0 4.2 10 k1] 12 5
m . 19 52 134 - 1.43 0.6 0.62 -- 180 2 2
P02 40 54 66 81 1.4 0,41 0.5 1.4 12 10 ? ]
PD3 101 2500 1298 .- 0.6 1.17 2.3 - ? 13 ] -
PDA 20 2200 1100 1040 0.4 2.2 3.2 8. 3 3 5 4




TABLE K4 (Continued)

Sample Na, mg/1 Mo, mg/1 fe, mg/l

Code A B c D A B [ D A ] C D

[43] 315 15 364 - 2.0 5.13 5.0 - 4 15 5 -

PE2 495 300 408 1010 4.5 3.00 4.3 4.4 260 51 15 340
PRl 6 7 24 - 0.3 0.018 O.b - 3 8 17 -

PF2 40 40 41 - 0.2 0.006 0. - 2 10 55 -

. P61 - - 96 - - - 0.1 - - - 170 -

P62 25 93 00 - 0.07 0.053 0.1 - 520 285 95 -

PHY 40 - 18 - 0.03 - 0.1 - 9 - 90 -

PH2 178 2 124 121 0.02 0.001 0.1 0.49 5 10 5 6
Pl 87 100 150 - 0.95 0.25 0.8 - 5 26 20 -

PJ 8 5 - 30 0.07 0.0005 - 0.01 15 70 - 29




TABLE K4 (Continued)

Cu, mg/1 In, mg/1
A 8 c 0 A 8 c
-« 246 0.5 6 - 0.13  0.004 0.08) - 1,0 4.0
3% 28 28 16 0.17 0.06 0.012 0.012 0.5 0.9 0.7
4 D 8 16 0.07 ©0.06 0.902 0.015 0.5 0.8 0.4
§3 31 13 29 0.20 0.02 0.006 0.006 0.5 1.0 0.5
- M5 . 14 - 0.65 - 0 2.0 0.
2 153 20 1 2.60 3.22  0.095 2.6 10.2 -
£ 1 28 - 2.30 1,95  0.403 2.6 9.0 0
58 88 35 24 2.10 3.51  0.141 3.4 4.6 4
75 149 160 - 0.47 0.81 .273 2.8 0
3% 134 8 16 0.16 0.15  0.042 0.4 0.8
C 40 25 13 10 0.13  0.07  0.008 0.2 0.4
28 43 13 25 0.10  0.06  0.012 0.1 2
e M) 287 19 - .73 L4 - 3
18 23 3 | 0.7 0.31  0.18) 1.6 3
3 60 1 - 0.17 0.12  0.055 0.2 -
2 1 13 5 0.0 0.07 0.18) 0.1 0




TABLE X4 (Continued)

Cu, mg/1 In, mg/1 cd, w9/l
A B c D A B c D A 8 ¢ D
w17 - 0.22 0.048 0.011 - 0.1 1.2 0.05 -
A 19 33 30 0.07 0.185 0.019 0.103 5.3 1.1  0.05 0.05
%6 9 1 - 0.10 0.064 0.039 - 0.4 1.0 0.05 -
, 6 4 1 - 0.03 0,053 0.010 ND 0.1 1.2 0.05 -
. - 38 - - - . - - - 0.03 -
9 288 12 - 0.09 0.160 0.019 - 01 1.4 0.02 -
~ 6 - 3 - 0.06 - 0.007 - 05 - 0.02 -
7 2 1 n 0.05 0.062 0.008 0.06 0.1 1.1  0.05 0.05
4 41 1 - 0.4 0.073 0.0012 - 0.5 1.2 003 -
(2] 1 - 2 0.03 0.022 - 0.021 0.5 1.2 - 0.0




TABLE X4 (Continued)

N, 1 H 1 Pb, A
Sample ve/ Ho 09/ ¥9/
 Code A 8 [+ D A B o D A B [+ D
PA1 - 17 N 10 - 0.6 -- .- - 2.3 04 3
PA2 27 5 18 9 1.1 0.1 -- -- 2 6.35 0.1 0.5
PAI 20 4 18 20 1.1 0.6 - . 2 4.3 0. 0.1
PM N 4 22 10 1.0 0.0 -- .- 2 1.4 0.0 0.0
P81 - 15 - 8 - 0.3 -- -- - 1.8 - 3
P82 300 170 51 - 0. 0.2 - - 1 1.4 ] -
P83 270 75 40 - 0.9 0.2 -- -- 1 1.0 § -
PB4 210 210 29 23 0.5 0.0 - - 1 0.6 0. 2
L] 17 23 68 - 0.5 0.0 -- -- 1000 3 5 -
PCc2 15 5§ 13 n 0.4 0.0 -- .- ND 1.1 5 3
PC3 13 2 ‘5 5 0.2 0.0 -- -- 3.8 1.4 1
PC4 n 3 9 17 0.2 0.5 -- -- 2.9 1.8 2 1
PD1 - 26 55 93 - 0.2 - .- - 3.3 4 2
PD2 U 15 9 50 0.2 0.2 - .- 0.8 0.7 2 1
P03 19 4 7 - 0.2 0.0 . .. 0.y 0.9 1 ND
PD4 1 7 85 23 0.3 0.0 -- - 0.0 3.7 0. 3
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TABLE K4 (Continued)

Sample N, v9/) e o ___”_“qu_/r] Pb, w9/l
Code A 8 o D A i r ] A ] ¢
PE1 21 5 15 - 0.4 0.0 -- -- ? 0.1 0.0
PE2 27 M n 40 0.6 0.2 -- -- 3 0.9 2
PF1 n 2 4 - 0.1 0.0 -- .- 0.5 0.6 0.3
PF2 n 2 5 - 0.1 0.0 -- .- 0.1 1.0 2
PG) .. - 7 .- -- .- .- -- -- .- 4
P62 n 3 4 - 0.3 0.5 -- .- 5 2.7 2
Ll 15 - 2 - 0.8 .- -- -- k] -- 3
PH2 27 3 n 3 0.3 0.5 .- -- 2 0. 3
4] 19 2 4 - 0.3 0 .- - 0.5 0.0 0.3
PJ n 2 - 0 0.2 0.0 .- -- 0.5 0.9 -
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TABLE K4 (Continued)

Semple pH th, my Sulfate, mg/1

Code 8 8 C D A ] c 1]
PA) 7.1 7.9 6.4 - 140 100 90 - - 567 250
PA2 7.4 7.2 6.8 - 14 190 100 1887 900 370 1050
PA3 7.7 8.0 5.5 - 130 -20 170 2176 1140 1275 1504
PM 7.3 6.7 6.7 - 190 180 63 2850 1150 310 1000
L) 7.4 6.7 6. - 140 300 80 -- -- 1200 =«
PB2 6.5 7.3 - - 250 240 - 2208 1200 850 -
PB3 6.3 7.2 - - 150 140 - 2288 1100 1030 -
PB4 6.2 7.4 5. - 300 150 -31 2368 1800 782 925
PCY 5.9 7.3 - - 310 240 - - - 400 -
PC2 7.4 7.1 6.4 - 200 250 80 - - 170 -
PC3 7.5 6.8 5.6 - 130 250 90 186 550 313 350
PCA 7.6 6.3 6.7 - 190 40 130 282 450 103 250
Ll 4.8 7.5 6.2 - 390 360 3 - - 450 550
P02 7.4 7.0 6.7 - 65 150 50 - - 490 700
P03 7.5 7.1 - - 260 160 0 181 - 360 -
PD4 7.2 7.9 5. - 120 90 120 131 1400 760 1763
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TABLE K4 {Continued)

Sample ik JEhymv o Sulfate, mg/l
Code A B [ D A b ¢ o A B c 0
Pl 7.5 6.8 7.4 - - -83 90 - 820 1100 690 -
PE2 7.3 6.7 7.2 6.6 - -3 100 58 800 1300 765 875
PF1 - 7.9 7.3 - - 110 250 - - - 8 -
PF2 8.1 7.2 7.4 - - 120 270 - 60 148 130 -
P61 - - 7.2 - - - 230 - - - - -
P62 7.3 1.3 6.8 - - 250 210 - 180 - - -
P - . 7.2 - . . 230 - R - - -
PH2 8.2 7.4 7.1 6.8 - 150 260 110 145 75 90 40
Pl - 7.7 7. 5.7 - 140 150 240 - 75 265 516
PJ 8.2 7.6 - 6.1 - 210 - 90 1K) 50 - 35
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TABLE X 4 (Continued)

Sample Chloride, mg/1 Alk., mg/} T0C, mg/1

Code A B C [} A B c D A B c D
PAT - - 845 1948 - - 317 485 : - - 65 180
PA2 6358 1615 2127 3913 517 484 461 638 ] 35 [13 70 195
PA3 6514 4794 4690 5916 an 1052 1066 963 5 1o 120 310
PM 6462 4533 3819 4686 400 977 R26 T3 ND 85 90 240
P81 - - 2793 - - - 422 - - - 45 -

PB2 9641 4221 3460 - 10 163 394 - 50 45 45 -

PB3 9797 4229 3152 - 207 185 394 - 20 65 55 -

PB4 9224 6097 3050 3406 189 185 408 393 5 60 45 150
Pl - - s - - - 3 . - - 0 -

PC2 - - 589 - - - 2 - - - 35 -

PC3 1355 1355 999 2538 814 735 610 576 30 215 60 160
PCA 1355 1511 948 2148 845 823 634 581 - 140 55 160
PO - - 93 12% - - - 125 - - 9 20
PD2 - - 82 130 - - 48 37 - - 20 22
PD3 165 - 2229 - 70 - 298 - 25 - 0 -
PD4 16 B85 2024 173 45 304 250 205 30 45 30 50




TABLE K4 {Continued)

Somple Chioride, mg/1 Mk, mg/1 T0C, mg/)
Code A B C ) A B ¢ 0 A B c
L3 269 165 458 - 121 136 32 - 20 % 30 -
PE2 625 258 550 1153 233 - 366 479 10 45 30 2385
al - - u - - . 8 - - - 0 -
“PF2 w6 77 - 178 66 7 - - 30 2 -
* PG " 85 - - - 9 - - - 7 -
P62 2 - - - 6 - - . 20 - .
. . - - - - - - - - - "n .
“PH2 80 82 103 154 361 189 307 364 - 30 15 110
1 - 72 119 106 - 154 165 257 - 55 20 85
3 29 15 - a8 ne 40 - 120 - 0 - 20
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TABLE K 4 (Continued)

€Sy

¥

Total Inorganic Carbon, mg/) Total Carbon, mg/1 Phosphate, mg/)
Sample
Code A [} ¢ [} A 8 3 D A 8 )
i)l - - 75 110 - - 140 290 - - - -
PA2 125 135 100 165 160 180 170 360 0.083 - 0.07 0.06
*PA3 110 280 240 230 115 390 360 540 0.042 - 0.16 0.13
™M 90 270 190 190 90 355 280 430 0.010 - 0.09 0.07
h B - - 100 - - - 15 - - - 0.02 -
P82 30 5 105 - 80 110 160 - - - 0.02 -
83 60 55 95 - 80 120 150 - 0.007 - 0.02 -
P84 - 60 60 105 1o 65 120 150 260 0.015 - - 0.5
) - - 10 - - - 20 - - - -
pc2 - - 70 - - - 105 - - 0.00 -
"3 190 195 140 150 220 430 200 310 0.061 - 0.10 0.15
3 7 - 220 150 150 ° - 360 205 310 0.026 - 0.06 0.12
m - - 2 K} - - n 55 - - 0.01 -
P02 - - 5 8 - - 25 30 - - - -
P03 20 - 60 ND 45 - 90 - 0.002 - - -
D4 10 75 50 50 40 120 80 100 0.005 - - 0.07




TABLE K4 (Concluded)

“Sample Tota) Inorganic Carbon, mg/} Total Carbon, mg/1 Phosphate, mg/1
Code A B c 1 A B ¢ D A 8 c D
PEY 30 45 65 - 50 80 95 - 0.038 - 0.0 -
PE2 65 55 70 165 75 100 100 400 0.007 - 0.02 -

“ PF1 - - 20 - - - 30 - - - 0.01 -
PF2 - 20 18 - 35 - - - 0.018 - - -
P61 - - 18 - - - 55 - - - - -
PG2 15 - - - 35 - - - 0.018 - - -
PH1 - - 27 - - - 40 - - - - -
PH2 - 110 75 90 - 140 90 200 0.012 - 0.09

kel ” - 4 50 55 . 95 70 140 0.002 - -  0.08

- ” - 10 - 30 - 20 - 50 0.004 - - 0.08

B ’




APPENDIX L: ANALYTICAL PROCEDURES

Core Sediment Samples

Carbon--total organic carbon (TOC)

l. Weigh about 5 g of sediment sample in a 150-ml beaker.
Adjust pH below 2 to remove carbonates?0 by adding 1:1 HCl1l; then
bubble N2 through the sample for about 10 minutes. Dry the
sample in the same beaker for 24 hours in the temperature range
of 70° to 100°c. Weigh a portion of this dried sample, about
0.5 to 1 g into a special Leco TOC crucible. Determine TOC content
using a Leco TC-12 automatic carbon determinator.
0il and grease '

2. Determine oil and grease content by extracting a known
weight of sediment with petroleum ether.206 After the phase sep-
aration, transfer the extract to a flask of known weight. Then
evaporate the extract in an oil bath at 70°C until a constant
weight is obtained. Use the relationship

residue, g 6

oil and grease, mg/kg = dried welght, g X 10 (L)

Chlorinated hydrocarbons (chlorinated pesticides and PCB's)

3. The overall method includes sample extraction, cleanup
and separation, and identification of chlorinated hydrocarbons in
accordance with the published literature§5'207-2%%e details are
described below.

4. Extraction. Weigh 10 g of wet sediment in a 500-ml Erlen-
meyer flask with a ground-glass stopper and also weigh another
10 g of sediment to determine moisutre content. Add 250 ml of
acetonitrile (pesticide quality, Mallinkrodtt) to the flask and
shake for 1 hour on a gyratory shaker. Store the sample in a
lgﬁnstant temperature chamber (14 ¥ 2°C) overnight. Shake the
'sémple again for 2 hours and filter through 5 g of celite (celite
545, Sargent Welch) media on Whatman No. 4 filter paper under
a mild vacuum. At this time, add another 100 ml of acetonitrile

to avoid the possible loss of chlorinated hydrocarbons on the

Ll



flask wall, celite, or residue. Then transfer the filtrate to a
500-ml Kuderna-Danish concentrator and concentrate to 5 ml on a
water bath. Transfer the concentrated extract (filtrate) to a
1000-ml separatory funnel containing 200 ml of double-distilled
water and 10 ml of saturated aqueous NaCl. Use 80 ml of petroleum
ether (pesticide quality) to clean the concentrator and add to the
separatory funnel. Hand-shake the funnel for 5 minutes and then
keep still until a clea:r separation of phases occurs. Drain the
aqueous phase (bottom layer) into andther separatory funnel con-
taining 80 ml of petfoleum ether for the second extraction. After
the third extraction, discard the aqueous phase and collect all
petroleum ether extracts into a Kuderna-Danish concentrator. After
the petroleum ether extract is concentrated to approximately 5 ml,
elute it on the prepared activated florsil column. (It should be
noted that since sulfur is present in large amounts in every sedi-
ment every extract should be treated with mercury to remove sulfur
before injection into the gas chromatograph.)

5. Florosil column elution. Pack a chromatographic tube

(450 by 28 mm) having a removable frittered glass and teflon stop-
cock with 15 g of activated florosil (60/100 mesh, G.C. grade) and
top it with 15 g of anhydrous sodium sulfate. Elute first with
175 ml of zero percent ethyl ether (EE)*, next with 100 ml of 6
percent EE, and finally with 150 ml of 15 percent EE. During
elution, control the flow rate with the stopcock and maintain at
approximately 2 ml per minute. (With this florosil column
elution, PCB's and most of the DDE are recovered in zero percent EE,
most organochlorine compounds in 6 percent EE, and endrin and
dieldrin in 15 percent EE.) Concentrate the eluted sample again and
measure the exact volume.

6. Identification and quantification. The purities of

standard solutions of chlorinated hydrocarbons should be more than
99 percent. Use DDT series standards manufactured by Supelco and
PCB standards and dieldrin standards manufactured by Monsanto and

* Zero percent EE = 0 percent (by volume) ethyl ether + 100 percent
petroleum ether; 6 percent EE = 6 percent ethyl ether + 94 per-
cent petroleum ether; and 15 percent EE = 6 percent ethyl ether
+ 85 percent petroleum ether.
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and Shell, respectively. Also use a Hewlett-Packard research gas
éhromatograph model 5750 equipped with a Ni63 electron capture
detector. Pack the column (1220 by 4 mm) with 5 percent QF-1
(chromosorb W-HP, 80/100 mesh, Sargent Welch) and use the carrier
gas consisting of 95 percent argon and 5 percent methane.

7. Perform preliminary sample injections to evaluate the
need for further concentration or dilution of the samples.

8. Identify the sample components by comparing the reten-
tion times of unknown peaks to the known peaks of reference
standard solutions. Quantify these components by comparing the peak
height of the identified component to the peaks of the component
in the reference standard solution. 1In addition to a single-com-
ponent reference standard solutions, prepared multicomponent
solutions with different concentration and component combinations.
{This is done mainly to solve the problem of quantification of
components with close retention times, like o, p' DDD and o, p'
DDT, or p, p' DDT in 6 percent EE-eluted sawuples.

9. Extraction efficiency. The recovery efficiencies ob-

tained at the Univeﬁsétg of Southern California and those given
in the literature21 '21 are compared in Table Ll.
TABLE L1l

Recovery Efficiency of Chlorinated Hydrocarbons
From Marine Sediments

Recovery Efficiency, percent
Chen 119 Goerlit22

Pesticide ' and Choi and Law*°1%woo1son?1>
p.p' DDE 86-94 97.1-99.5 96
o,p' DDE 81-91 -
p.,p' DDD 87-97 97.6-100 97
p,p' DDT 85-99 -
p,p' DDT . 86-94 97.2-100 89
o,p' DDT 85-98 90
Dieldrin 85-94 - 91
PCB's 93-102 - -

¥Average values for p, p' and o,p'.



Acid-soluble sulfides

10. Use a titrimetric method206 for sulfide determination.
(A 1-litre reaction flask and two 250-ml absorption flasks are
necessary.) The procedure is as follows:

a. Measure 5 ml zinc acetate and 95 ml distilled water
into each of the two absorption flasks. Connect the
reaction flask and two absorption flasks in a series
and purge the system with N, gas at least 2 minutes.
Transfer about 5 g of sedim&nt into the reaction
flask and add 500 ml of distilled water with complete
mixing.

b. Acidify the sample with 10 ml of concentrated H 50,
and replace the prepared 2-hole stopper tightly.

Pass N2 through the sample for 1 hour.

c. Add 10 ml of iodine solution and 2.5 ml concentrated
HCl to each of the absorption flasks; stopper and
shake to mix thoroughly.

d. Transfer the contents of both flasks to a 500-ml flask
and backtitrate with 0.025N sodium thiosulfate
titrant using a starch solution as indicator. Run
a blank using the same reagents. Use the relationship

(iodine, ml - Na25203, ml)

dry weight, g

£ 872, ma, kg X 400 (L2)
Nitrogen

11. Analyze both organic and ammonium nitorgen according
to Standard Methods.206 Briefly, place a 1.5-g sample in a Kjel-
dahl flask. Add 180 ml distilled water and 15 ml phosphate buffer
solution. Distill into a flask containing 30 ml boric acid until
120 ml is collected. Titrate the solution with 0.02N H280 to

4
determine the ammonia nitrogen content. Add 30 ml digestion reagent

to *the remaining portion and heat under a hood for about 30 minutes.
Cool and dilute to 180 ml. Titrate with sodium hydroxide-sodium
thiosulfate reagent. Distill and collect 120 ml of distillate into
a flask containing 30 ml boric acid. Titrate with 0.02N H2504 to
. determine the organic nitrogen content. Carry a blank determinatior

on distilled water and reagents. Use the relatioship

L4



(a - b) C X 14,000

N, mg/kg = dry weight, g (L3)
where a = amount of sto4 solution used for sample, ml
b = amount of sto4 solution used Zor blank, ml
¢ = normality of sto4 solution

Phosphorus

12. The total phosphorus analysis includes acid digestion?06
Place about 1 g of well-mixed sample into a Teflon beaker. Treat
it with 4 to 5 drops of HF, 5 ml HNO,, and 3 ml HClO4 solutiocn.
Digest the mixture on a hot plate until the solution is almost
' dry. Cool and add 20 ml of distilled water then centrifuge the
digested sample. Collect the supernatant in a 250-ml Teflon beaker.
Adjust the pH to 0.2 to 0.3 with 6N HNO, then pass the supernatant
through a cation exchange resin, such as ANGC-243 (manufactured
by Ionac Chemical Co.) and collect the eluate in a beaker, adjusting
the flow rate to no greater than 5 ml per minute. After passing
the 1iquid through the column three times, neutralize the solution
with 6N NaOH and 6N HNO, to a pH of 7. Dilute the solution to
exactly 200 ml. Regenerate the ion exchange resin with 1:1 HC1l
and wash with distilled water.

13. Pipet 50 ml of digested sample. A&d 2.0 ml molybdate
acid solution and mix by swirling. Add 2.0 ml suflonic acid solu-
tion and mix again. After exactly 5 minutes, measure the absor-
bance versus the blank at a wavelength of 690 mu. Prepare a
calibration curve by using a suitable volume of standard
phosphate solution.

Trace metals

14. Core sediment ' amples. Use a Perkin Elmer model 305B

x@hd a Perkin Elmer model 60 atomic absorption spectrophotometer,
each equipped with a flewe and graphite étomizer (HGA 2100) and
Deuterium Arc background corrector, for the metals analysis. The
HGA direct injection technique, as outlined in "Analytical Methods
for AA Spectroscopy Using the HGA Graphite Furnace" provided by

wil
&
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Perkin Elmer, can be used with the Deuterium Arc background corrector
to measure trace metal concentrations raﬁging from a few ug/l to
several hundred ug/1. Concentrations ranging from several hundred
ug/1l to the ppm range can be determined with the flame atomizer.
Dilution with deionized distilled water is necessary for certain
samples in order to decrease the concentrations to a suitable working
range. Tables L2 and L3 summarize the operating conditions, sensi-
tivities, and working ranges for the flame and HGA atomizer for the
metals analysis. Mercury was determined by the cold vapor method.
15. Ammonium acetate extractable elements (Ca, Mg, Na, K,
Mn, 2n, Fe, C4, Hg, Pb, Cu, Ni). Transfer a well-mixed subsample
of a,sedimentzl6 to a tared 250-ml polycarbonate centrifuge bottle
undetr a nitrogen atmosphere inside a glove bag. Add oxygen-free,
~ double-distilled water to the bottle to obtain a sediment (water
~ratio 1:5). Take another sample to determine the moisture content
and percent solids. Seal the centrifugeébottles then shake for 90
minutes. Separate the soluble phase via centrifugation and vacuum

filtration through 0.45-pym membrane filters in a glove bage under
nitrogen.
16. Add 1.0 N ammonium acetate (deaerated) solution to the
.entire residue from above to obtain a 1:6 sediment-to-~extract ratio
based on the original sample weight. Complete this step in a glove
bag under a nitrogen atmosphere. Shake the sealed centrifuge
" bottles for 90 minutes on a mechanical shaker. Separate the
exchangeabhle phase via centrifugation and oxygen-free vacuum fil~-
tration through a 0.05~um membrane filter. Acidify the solution to
a pH 0of 1 to 2 for trace metals analysis. '
| 17. Total acid-digestable elements (Ca, Mg, Na, K, Mn, 2n,
,Lg’fe, ¢4, Hg, Pb, Cu, Ni). 216
;x? metals (except Hg) will be digested by concentrations of HF,
N HN03 and HCIO3 until clear solution at 175°C in Teflon beaker (with
Meflon cover). Spectrophotometers (Models 305B and 460) will be
,‘iéd for the analysis of metals. Both flame and heated graphite
atomizers (HGA 2100) will be used for total sample analysis. The

EYe I

¢hdice of an atomizer is dependent on the suitable linear range

Solid sample for the determination of
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18. Trace metals except mercury. Determinre the moisture
content of about 1 g of wet sediment. Weigh the sediment into
a Teflon beaker. Digest the sample with 6 ml HNO3, 4 ml HF, and
3 ml HClO4 in a covered Teflon beaker at approximately 175%c.

After evaporation to about 2 ml, dilute the sample to a fixed volume
and centrifuge, if necessary, to eliminate solids.

19. Mercury. Weigh about 5 g of well-mixed sample into a
Erlenmeyer flask and treat with 20 ml co?centrated HNO3 and 15 ml
of 2 percent KMnO4. . Seal the flask and heat in a constant
temperature water bath at 70°C for 12 hours. Allow the flask to cool
and then centrifuge the digested sample. Collect the supernatant in
& 100-ml volumetric flask and dilute to the etched mark.

/Particle size distribution

20. Pretreat the sediment sample with 30 percent nzoz to
remove organic matter using 6 mg/l of sodium hexametaphosphate
(NaPO3)6 (J. T. Baker Chemical Co.) solution as a dispersing
agent. After wet-seiving the sample using a U. S. Standard No.
230 sieve, analyze the particles of the %ine fraction (<65 um)
in accordance with the pipette method.zl-'7
Cation exchange capacity

21. Determine the cation exchange capacity using the
sodium saturation metheds described in Methods of Soil Analysis.
Bulk density.

22. Determine the bulk density using the core method as
described in Methods of Soil Analysis, Part 1.217
Hydraulic conductivity

23. Hydraulic conductivity (coefficient of permeability) is
defined as the rate of discharge of water under laminar flow
conditions through a unit cross-sectional area of a porous media
;¥'~under a unit hydraulic gradient at a temperature of 20%¢. The
falling head method is generally used for relatively impervious
solls, such as fine sand, clay, and silttwhere the flow rate is very
small (10-4cm/sec). A laboratory designed permemeater, (Figure
L1l) using the falling head method, is used for this analysis.
Calculate the hydraulic conductivity as

L7



= (L4)
Ath
Where Q = quantity of water discharge
L = distance between manometers
A = cross-sectional area of porous medic
t = total time of discharge
h = headloss between manometers

The K values are standardized to K5 00c by the use of a viscosity
correction table. 218 :

Percent moisture

24. Determine the percent moisutre of sediment samples in
accordance with (ASTM)EDesignation D 2216-51, "Standard Method of
Laboratory Determination of Moisture Content of Soils."216 (This
procedure expresses thre moisture content as a percentage of the
weight of water in a given mass of soil to the weight of the solid
particles. The moisture content is determined by drying in a
drying oven at 100 t 5%,

Moisture-holding capacity

25, The moisture-holding capacity is defined as the smallest
value to which the water content of a soil can be reduced by
gravity.73 Determine the moisture-holding capacity (moisture
equivalent) in accordance with ASTM Designation D 425-69, "Standard
Method of Test for Centrifuge Moisture Equivalent of Soils."70
(The general procedure involves the determination of the moisture
content of a soil after it has been saturated with water and then
centrifuged in a Gooch crucible for 1 hour at 1000 g's. It should
be noted that this procedure only approximates natural percolation
" and it cannot be assumed that the centrifuge moisture equivalent
’represents the in situ field capacity. 71,72 Many investigators
‘have shown, however, that the mositure equivalent can be correlated
with the actual field capacity for many soil samples. 219-224
" Interstitial soil-water samples (less than 0.45 um)

Carbon total and inorganic 225
., 26. Use a Beckman Model 915A total organic carbon analyzer

AT
TN EEsg
b
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TABLE LZ
Operating Conditions for the Flame Atomizer on the Perkin Elmer 3058
Atomic Absorption Spectrophotometer

Wave- Suitable
length Oxidant and Flame Sensitivity working Range
nnq 811t Fuel Condition ppm Ppm

227.7 4 Alr acetylene Oxidizing-lean blue 0.025 0.02% -2
324.0 4 . . 0.09 0.09-3
ur.2 3 . . 0.12 0.12-8
278.5 !

- 278.8 3 " . 0.05S 0.0%%-3

279.1

230.0 4 . . 0.1% 0.1%5-8
224 4 - . 0.5 0.5-20
212.6 4 . . 0.018 0.018-1
213.6(vis) 4 . Reducing-rich yellow 1 1-20
284.4(uv) 4 . . 1 1-40
Baission = 4 . oxidizing-lean bl | 1-30
297.1(vis) ng-iean blue

" Pmission: ‘ » ] 1 1-8

385.5(vis)




TABLE L3}
Operating Conditions for HGA Direct Injection Method

Back- Sam- Drying Charring Atomizing Sensi~
lanpi. _ Wave- qround_ ple ‘Tgﬁb Time emp | Time Temp | Time vity
brckoa | Bve |20 | ane[rme | x| % [mee | ¢ | wee | % | ueo

(o] 228,00V 4 w/ 5050 115 20-50 300 30 1500 7 1.3
Cu 324,70V 4 2/0 - " - 950 . 2550 - 30
Te 248,30V 3 v/ - " " 125¢C " 2400 . 13
" Mn 279,.5uv 3 w/ " v " 1100 " 2400 - L}
§ N 231.2uv 3 w/ " . " 1200 " 2550 . 100
& P 20335V 4 worwo * - . 550 * 2000 * 20
n 213,90V 4 w/ " . " 500 . 2000 d 0.3




to determine:

a. Total carbon (organic carbon plus carbon in

carbonates). ‘

b. 1Inorganic (i.e., carbonate) cafbon.
For determination of total organic carbon (TOC), perform two analy-
ses on successive identical samples; the desired quantity is the
difference between the two values obtained. (Both analyses are
based on conversion of sample carbon into carbon dioxide for
measurement by the nondispersive infrared analyzer. The basic
model 915A total organic carbon analyzer consistes of two inter-
connected units: a sample-inject/furnace module and a model 865
nondispersive infrared analyzer. For a carrier-—gas/oxidizer, the
.Bystem required a maximum of 300 cc per @inute of clean, pressurized,
guitably requlated air or oxygen (ultrapure grade or equivalent).
Results of analyses register as peaks on a stripchart recorder.
A Beckman 10-in potentiometric recorder is used. The ranges of
the model 915A TOC analyzer are 0 to 5 and 0 to 4090 ppm. It
can achieve sensitivity better than 0 to 5 ppm. Repeatability
is %2 percent of full scale from 50 to 4000 ppm and tg percent

- Of full scale at 5 ppm.

0il and grease

27. Determine 0il and grease using the mechod described in
paragraph 2.206
Chlorinated hydrocarbons

28. Use the method of analysis outlined in paragraph 3-9,
(The volume or sample used will range from 250 to 750 ml depending
on concentration of chlorinated hydrocarbons.)
Total sulfides
‘ 29. Use an Orion Sulfide Ion Electrode (Model 94- .6) with
'faLCorning portable pH/mV meter to determine the total sulfides.
* Sulfates ’
&% 30. Determine sulfates using the turbidimetric method des-
'cribed in Standard Methods.
" Phosphorus
31. Determine orthophosphate using the aminonaptholsulfonic
" acid methoa’®®

o o
A

L1l



Soluble metals

32. Use the method described in paragraph 17.
Chlorides

33. Determine the levels of chloride ions using a titrimetric
method with mercuric nitrate as titrant at a pH of 2.3 to 2.8 in the

presence of diphenyl-carbazone indicator. 206

Alkalinity
34. Determine alkalinity using the indicator method. Acidify
the sample and then back titrate with NaOH using phenolphthalein
. 206
as the indicator.
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