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Table II-1l. Comparison of HCl and EDTA rethods for determining
£ly ash concentration (percent fly ash on a dry weight bas:Ls)

Method Elrama Ash Sludges Mixes

{control) Ccnesville Elrama Cdry C4F3
HC1 96.1 + 0.2 2.8 + 1.0 43.2 + 0.4 48.1 + 1.3 70.9 + 0.2

EDTA 97.9 + 0.2 5.5 + 2.8 53.0 + 0.6 57.5 + 0.4 77.7 + 0.4















tank for sampling (Figure II-2).

To avoid saturation of the seawater in the tanks
with a résultant reduction in leaching rates, the entire
volume of seawater was replaced at 2 week intervals with
filtered seawater from the rroposed Fire Island reef
site. At 2-3 day intervals during the 2 week leachings,

5 ml of seawater were sampled from each tank for calcium
analysis. These samples were taken with acid washed plastic
syringes and filtered through acid washed 0.45pm membrane
filters attached to the syringe. The filt{rates were
acidified and refrigerated immediatelvy.

At the end of the 2 week leaching period, a 100 ml
aliguot of seawater was taken for pH and sulfate analysis,
and immediately frozen. A separate 500 ml filtered aliguot
was taken for dissclved trace metal analysis. The trace
metal samples were immediately acidified to pH 2 with Ultrex
nitric acid and refrigerated. The remainder of the seawater
was discarded and the tanks were rinsed with Q-water and
refilled with filtered seawater. Lliguots of the reef site
seawater were periodically taken for blank analysis to
characterize the elemental ccmposition of this water.

Extreme care was taken in sample handling to insure
a minimum of contamination. Seawater filtration (£illing
and emptying tanks) was carried out by attaching an acid
washed surgical silicone rubber tubing to the source. The
tubing was connected through a Masterflex peristaltic pump

and connected downstream to an acid washed plastic filter

25.


















Table II-4. Average concentrations of major and minor elements and fly ash
in the Elrama and Conesville mixes.

Sample Total co3 Total 50, so4

Mix Fly Ash € s Ca ory, C_ Fe_, Hg_; M _, N, Zn
Type (3} (%) i%) (%) 2} [43] : ug g ug g mg g ug g g g vg g ug g
E2CL 53 3.14 10.4 5.36 11.4 2.4¢ 1.3 1l.9 9.2 6.1 .40 45.1 1.7 19.9
E2C3 3 3.48 1.9 z2.36 3.47 2.91 6.5 13.8 10.4 7.4 .29 31.6 3.1 23.8
cxl 48 0.50 1.20 8.07 20.8 ¢ 12.9 ° 12.4 12.6 8.6 .30 B5.9 7.6 29.7

cac3 71 0.3% 0.65 4.12 10.5 0 B.1 8.8 13.2 7.4 .16 43.0 9.2 25.9








































































































































Table II-11. Leaching rate and predicted lifetime of the blocks
in tank study.

Block Characteristics

Surface Water Calcium Predicted
Mix Dimensions Area Volume Volume Day Leached Lifetime
(cm?) {cm3) (ry . . (%) . (years)
E2C1 (4.6 cm)> 130 97 1 43 5.5 2.6
(6.6 cm)°> 261 287 2 42 4.6 3.1
(9.3 em)> 516 831 4 41 1.5 . 11.0
E2C3 (4.6 em)> 130 97 1 43 13.6 1.1
(6.6 cm)> 261 287 2 42 11.9 1.2
3

(9.3 cm} 516 831 4 41 6.8 1.9
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III. MATERIAL PROPERTIES

-A series of interrelated tests have been devised and
implemented which provide a basis for determining the
ultimate bleock strength from the nondestructive measure-
ments of block properties. Such measurements not only
provide a basis for predicting ultimate block strength, but
they alsc make it possible to monitor the eveolution of block
properties with time, which may provide a basis for life-
time prediction.

A, Test Envircnments

3

Test sample blocks cut from 0.028 m™ coal waste blocks

were divided into sub-groups, pre-tested, and then aged in
different environments.
1. Ambient Conditions

Test blocks to be aged under ambient conditions were
placed in: a)} the Atlantic Ocean at the project site at
a 21 m depth, b) tanks of fresh and seawater at a laboratory
temperature of 20°C, and c) tanks of circulating seawater at
an outside temperature of 4°C.
2. Accelerated Conditions

As part of the testing program, experiments using a
hot bath and a pressure cell were designed to accelerate
the physical and chemical evolution of the blocks. The
results of such tests should aid in predicting lifetime
of the block material in the ocean.

a. Hot bath. A set of tests was carried out on

selected mixes held in freshwater and seawater tanks at















The small blocks were then soaked in either freshwater

or seawater, depending on the intended environment of the
block, for a period of approximately two hours. It was
found that this time was reguired for the blocks to

degass to a point where they could be weighed. Each block
was then weighed again on the kalance pan (WA) and while
suspended in a net in water (Ww). The volume of each block

was calculated from

where O is the density of water. From the yolume (V), the
apparent density ¢A is computed from ¢A = WA/V. A gravi-
metric displacement technique was then used to accurately
monitor the apparent density (PA) and volume (V) of each
test sample even though material was being leost during the
aging process.

We found thét the blocks had a nominal dry weight of
about 1800 g. The variations in densities between the
blocks at each weighing were due to actual differences
between blocks, demonstrating a certain degree of inhomo-
genelity in the0.028m3 blocks. The evcolution of the apparent
densities of each test group is indicated in Figure III-1.
Apparent densities of the test blocks indicate a systematic
increase in density of about 2.2% over a 31 day immersion
period (see also Table III-3). Although the initial
growth in density can be readily attributed to the
uptake of water into pores of the blocks, the continued

increase is more likely due to chemical reaction. The
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error bars shown are attributed to block inhomogeneities
(and represent the statistical spread of the group). The
standard deviation for the apparent density within a

given block mix is typically less than + 0.4%. The error
in the density measurements is less than + 0.1%. In these
tests, the density of test blocks with a 3:1 fly ash:sludge
ratio was about 1% higher than that of 1:1 material and
remained that way over the period of immersion.

The initial density of the  test mixes placed in
seawater was uniformly lower than that of those placed in
freshwater. This feature is significant and is presumed to
be related to chemical processes which occur in the first
few hours of immersion. The subsequent increase in density
was the same, within experimental error, for both seawater
and freshwater immersion.

These results are the opposite of what could be expected
for a model in which the fluid is directly drawn into the
pores of the material. Such a model would suggest an
increase in specific gravity proportional to the specific
gravity of the immersion fluid. Since seawater has a
density about 2% higher than freshwater, the higher density
should have been achieved when the blocks were submerged in
seawater; the opposite was observed. On the other hand, our
observations indicate a rapid uptake of water for about two
hours after initial immersion - after which the rate slows
down by orders of magnitude. If we accept a model in which
the blocks are saturated after 1-2 days, then we must attri-

bute density increases to other mechanisms.







reactions which consumed water, the sample should have
reached a steady state wet density after 1 day immersion in
water for the sample sizes used in this experiment. The
possibility or occurrence of chemical reactions betwéen the
test samples and water must be further investigated.
2. Water Permeability and Absorption

Previous work by Seligman (1978}, and results in
Chapter II of the present report, show that the test samples
of waste block mixes have a low coefficient of permeaﬁility

7 cm sec”l. Due to the results

in the range 1078 to 10”
indicating possible chemical reactions between the block and
water, the exact meaning of permeability is unclear.
Special tests must be developed to take into account the
presence of chemical reactions.

In order to investigate furtherithe water absorption
characteristics of the test samples, an accelerated test
using a pressure cell was performed. Results for the uptake

of water in the test mixes are shown in Table III-4. For

the E2Cl1l and E2C3 mixes, considerable water uptake occurred

within the first one-half hour. For these mixes, the pressure

cell showed large amounts of gas bubbles, The surfaces of
mix E2C3 showed deformation (wrinkle-like) after 24
hours in seawater. In sample E1Cl and E1C3, there were
no visible effects.
3. Compressive Strength
Previous studies (Seligman, 1978; Roethel,personal

communication) used a Riehle Universal Testing Apparatus
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Table III-6.

110,

Compressive strength of test samples aged in a) Flax
Pond Laboratory, b} Fire Island site, and c) pressure
vessel (18 psi)

Compressive Period of Compressive
Mix strength (dry) psi Immersion . strength (wet) psi
- a)ElICI 1067+134 35 days 324
E1C3 1169+164 35 days 172
hiE2Cl 542+88 30 days 395+26 (n=3)
E2C3 588493 30 days 292+58 (n=3)
Cc}EIC1 1067+134 94 hrs 582
E1C3 1169+164 97 hrs 472
24 hrs 381
E2C1 542+88 97 hrs 375
24 hrs 339
E2C3 588493

97 hrs 370



right faces of the samples as shown in the photographs. Again,
their fracture patterns were comparable.
5. Hardness, Erosion,_Dissolution

Tesf blocks showed inhomogeneous spots on their surfaces.
The spots ranged from white to grey to dark grey. Brinnell
hardness tester was used to determine the hardness for each
distinctive spot on the surface. The hardness values ranged
from 12.5 to 75.5, for a 1.6 mm diameter ball and 15 kg
lecad. The hardness values indicated the test samples -to
possess relatively soft substances. However, there was
no correlation between the hardness value and the distinc-
tive spots on the surface.

A surface abrasion test was devised to abrade the
test sample with a glass surface. The surfaces were
maintained wet and the sample weight (about 1.5 kg) was
the sole load on the sample. The sample movement was
maintained at approximately 1 km hr—l. The dry test
samples produced weight losses which were eguivalent to

abrasive material removal rates of about 2.5 x 10—2 mm

day-l. Test samples, which were immersed in seawater

in the pressure cell for 24 hours, resulted in abrasive
material removal rates of about 0.38 mm day_l. This

test represents abrasion at a céntinuous and substained
fashion and, consequently, best represents an accelérated

testing condition for a low velocity {1 km hr-l) range.

Thus, under these removal rates, there is no danger for the

111.








































































Table IV-6. ANOVA of flounder egg bicassays.

Source of
Variation

Coal Mix
Elutriate Conc.

Error

Total

15

12.51
13.15

27.42

53.07

135.

Fs

1.369 ns

1.439 ns
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numbers of fishes, crabs, urchins and other motile animals
inhabited the blocks, frequently browsing on the colonizing
epibenthic.communities.

The observations of successful block colonization in such
different marine environments, strongly suggeéted that the
coal waste blocks represented unoccupied solid substrates

suitable for settlement by larvae and spores. Toadfish,

Opsanus tau, treated the new blocks in Conscience Bay as a
spawning substrate by attaching their fertilized eggs to
the blocks within three weeks of placement.

The surface properties of the fly ash-scrubber siudge
blocks were different from those of the concrete and rock
controls in that the surfaces were texturally finer and also
softer in seawater than the controls. Numerous studies
have established that early life stages of benthic organisms,
when settling, may’be highly selective with respect to the
surface properties of potential substrates. Such settlement
substrate selection could well account for the initial
differences in colonizing épecies ncted on the test blocks
and controls in the Conscience Bay studies. But with time,
the calcareous skeletons of encrusting bryozoa and polycheate
tube worms dominated the sides of blocks, with algae and

hydroids on the tops, sides and corners. With in situ

exposures of longer than about five months, all blocks

were heavily overgrown by colonizers. The communities
























d. Particulate carbon and organic nitrogen.

Samples for particulate carbon and particulate organic

nitrogen determination were collected on 0.3 um porosity

glass fiber filters. The filters were stored frozen until

the analysis could be performed. A Hewlett-Packard CHN
analyzer (Mcdel 185) was used for the analysis. The combustion
temperature was 1140°C, and acetanalide was used as the
standard.

e. Particulate trace metals. Samples for particulafe

metals analysis were collected using 10 litexr Niskin To?
Drop {(PVC) samplers during the October cruise and 5 liter
Go-Flo Niskin (PVC) samplers in December. The water samples
collected during both cruises were filtered onboard the
research vessel using glass fiber filters (0.8 um porosity)
fitted in Swinex filter holders. The filters were frozen
until digestion could be performed in the laboratory. The
digestion was carried out by placing each filter in a 30 ml
polyethylene bottie to which 2.5 ml of a 1:1 concentrated
Ultrex HCl:concentrated Ultrex HN03 solution was added.
After heating at 75°C for four hcours, the leachate was
filtered through a No. 42 Whatman filter, taken up to 10 ml
in a volumetric flask with Q-water, and immediately transferred
to a polyethylene container. The digests were refrigerated
prior to analysis.

2. Results

a. Salinity. During the October cruise, vertical
salinity gradients were very small, usually less than 0.10%

with salinity ranging very near 32.1-32.3%.,.
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During the October cruise, the range in concentrations was
0.44 to 15 mg L7 1. During the December cruise, concentra-
tions of suspended solids ranged between 0.40 and 11 mg 1_1.
The variability in suspendéd solid concentrations was confirmed
by the divers at the project site who reported a definite

patchiness in the turbidity of the water column.

i. Particulate carbon and nitrogen. Concentrations

of surface particulate carbon (Figure VI-1l,a and c¢) and

particulate nitrogen (Figure VI-12,a and ¢} were highest on
the northwest portion of the sampling grid, again suggesting
that Fire Island Inlet is a source for material entering the

project site. The gradient in concentrations decrease seaward.

B. Plankton Abundance,

Distribution and Primary Production
1. Methodology

a. Phytoplankton biomass. Samples for chlcroephyll

analysis were collected from the spigot of the Plunket
system. Chlorecphyll a and phaeophytin a concentrations were
determined by fluorometric methods (Strickland and Parsons,
1972).

b. Phytoplankton species composition. Five hundred ml

samples of water collected at the surface and mid-depths at
several stations were preserved with Lugel's iodine solution
and allowed to settle. The particulates were examined by

microscopy for phytoplankton species composition.
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c. Primary production. Rates of primary production were

measured using the carbon-14 techﬁique (Strickland and Parsons,
1972). Incubations were accomplished during 1000 and 1500 hr
period at two stations. Water samples were collected at depths
equivalent to 100, 60, 40, 16, 5% and 1% of the incident solar
raéiation, IO. Each water sample was incubated for 2-3 hrs in
a dark mounted incubator at a simulated light intensity equiv-
alent to that occurring at the collection depth. The incubator
was supplied with flowing surface water. The extinctionAco—
efficient, k, was measured using a submarine photometerl

d. Zocoplankton. Zooplankton samples were cobtained at

several stations via vertical tows, bottom to surface, using
0.6 m diameter net equipped with 200 mm mesh and a TSK flow
meter.

2. Results and Discussion

a. Phytoplankton. Concentrations of chlorophyll a

measured at the surface at each station during the October
cruise are shown in Figure VI-13. Chlorophyll a measurements
were alsc made at selected depths from the surface to the
bottom at each station. These concentrations were integrated
over the water column depth, and are presented in Figure VI-14.
The patterns taken by the chlorophyll a concentration
iscolines indicate that the spatial distribution of phyto-
plankton was inhomogeneous, with patches occurring at areal
scales several times as large as the station grid sampled.
The surface chlorophyll a gradient decreased by a factor
of 5 from the southwest towards the northeast (Figure VI-13}.
The integrated water column concentration gradient decreased
in a similar direction, but by a factor of approximately

3.5 {Figure VI-14).
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shown in Figures VI-19 and VI-20 for stations 2 and & respec-—
tively. Primary production was 36.87 mgC m—zh—l for stations 2
and 42.53 for station 6.

The depth-distributed and depth-integrated primary
- production rates measured in December are similar to those
observed during the October cruise. The values obtained in
December, however, are probably over-estimates of in situ
rates. The incubation procedure retained phytoplankton,
collected at depth in a turbulent water column, at relatively
constant simulated in situ light intensities for 3 hours.
Ir the water column, the cells were mixed over a depth range
in which they would have experienced a sharp light gradient.
The constant light exposure was a consequence of the procedure
required for those measurements and likely led tco an over-
exposure ¢f the algae to light, when the incubation light
regime is compared to the in situ exposure. This may account
for the near surface suppression of measured photosynthesis.
The algae, which were probably adapted to a low level of
light, may have received sufficient illumination to produce
some photoinhibition.

d. ZooplanXton. Ctenophcocres and scyphomedusea encountered

on the October cruise were abundant at all stations, clogging
the nets and interfering with the guantitative collection

and sub-sampling of the crustaceous zooplankton. Gelatinous
zooplankton can not be guantitatively collected with nets,

nor do they preserve well, but field observations suggest
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Pable VI-3. Relative abundance of non-gelatinous zooplankton.

Zooplankton Station*

species 1 3 8 12
Acartia

tonsa 318 383 221 233
Paracalanus

crassirostris 103 61 131 50
Pseudodiaptomus

coronatus 11 1 0 0
Centropages

typicus 0 0 1 4
Centropages

hamatus 1 4 0 0
Labidocera

aestiva 1 1 2 2
Paracalanus

parvus 1 0 4 0
Temora

longicornis 0 0 0 2
Oithona

similils 3 0 1 0
Farranula

sp. 0 0 0 1
Microstella

norvegica 1 0 0 0
Hyperiid

amphipods 0 0 0 1
Decapod

larvae 0 1 0 0
Cladocera

(Bosmina) 0 0 3 17
Chaetognatha 0
Total enumerated 439 451 363 311

*There are statistically significant differences among the stations 1n
terms of the relative abundances of species listed, as revealed by RxC
test of independence, using the G statistic (Sokal and Rohlf, 1969).

G = 192,95, d.f. = 42 significant at P <.500) Critical value of

2
X42,0.005 = 69.336



Table VI-4. Zooplankton abundance {animals m—3) for the December 1978 cruise, excluding ctenophores.

Taxon Sta. 1 Sta. 3 Sta. 9 Sta. 20 Mean +s. Dev
Copepoda: Acartia clausii 11.7 313.6 24.6 65.2 103.77 + 141.73
Centropages hamatus 0.4 .- 10.2 1.2 1.6 3.35 + 4,59
C. typicus 0.6 - - ~ 0.15 + 0.30
Paracalanus
crassirostris - - 0.2 1.8 0.50 + 0.87
Oithona similis - 2.1 - 1.4 0.87 + 1.05
Microsetella ' '
norvegica - - 0.3 - 0.07 + 0.15
Gammarid
Meroplanktonic
larvae:
Echinopulteus larvae 0.2 41,0 0.3 3.6 11.27 + 19.88
Polychaete larvae 0.2 - 0.3 1.0 0.37 + 0.43
TOTAL 13.2 375.1 27.1 74.8 122,55 + 170.42

"LeT



C. Benthic Community
1. Methodology

a. Sampling. Benthos sampling for baseline data in
the viciniﬁy of the projéct site was carried out over a grid
of grab stations along four transects normal to the Fire
Island shoreline. During the October cruise, 14 grab stations
were sampled, of which four were unsatisfactory. In December,
12 grab stations were sampled with replicates of up to five
samples taken at individual stations on each cruise. Station
depths ranged from 17 m to 22 m over a sea bed of medium to
coarse hard guartz sand, occasionally overlain by a thin
surficial layer of mud. The positions of the benthos
stations are shown in Figure vI-1,

The initial stations in October were sampled using a
0.04m2 Shipek sediment grab, model 8601l. Although the
sampler weighed 130 1lbs., it often failed to properly pene-
trate the hard sand bottom and take an adequate sample.
Subsequently, a heavy 0.1 m2 Smith-McIntyre spring-loaded
grab was employed for the sediment and benthic surveys
because of its superior sampling capabilities on the hard
sand bottom characteristic of the project site. The larger
sediment samples taken with the Smith-McIntyre grab also
provide more benthic organisms per sample.

b. Sample treatment. Each grab sample was washed

successively through two sieve screens, with 2 mm and 1 mm
mesh openings. A washing technique, using a copious water

flow and rapid rotary agitation of the sieves, allowed

198.
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shorter sample processing times on deck, reduced sieve
blockages, and minimized the physical damage to fragile
benthic organisms. All organisms collected on the
sieves were gently washed into storage jars which contained
a few mls of Rose Bengal stain and some crystals of
menthol at a temperature of 0° to 2°C. This process
stained pink only the live animals, facilitating subsequent
sorting, and narcotized them prior to preservation. On
return to the laboratory the same day, sampleg were
fixed with formalin buffered with sodium bicarbonate.
The samples were subsequently transferred to 70% alcchol
for permanent preservation. These procedures considerably
increased efficiency by reducing sample handling and
sorting times, both at sea and in the laboratory, while
preserving the organisms in good condition.
2. Results
a. Fauna. Dominant organisms observed in the grab

samples were the bivalves Tellina agilis and Astarte

castanea, amphipods, Paraphoxus spinosus, Pseudunciocla

obliguua, including the haustorids Protohaustorius

deichmannea, Prothaustorius wigleyi; sand dollars

Echinarachnius parma; starfish, Asterias forbesi; and a

diverse assemblage of some 30 species of polychaetes

commonly including Nephthys picta, N. bucera, Lumbrineris

fragilis, and occasional large colonies of Ampharete
grubei. The results of the sorting and counts for the

benthos stations are summarized generally in Tables VI-5
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the glass bubbles were removed and the nitric acid driven
off. When cool, the remaining salts were dissolved in a
small volume (usually 10-25 ml) of 1 N-BCl. The solution
was analyzed with an atomic absorpticn spectrophotometer for
determination of individual elemental concentrations, as
described in Chapter II, "Composition Mineralogy and Chemical
Behavior of Stabilized FGD Sludge and Fly Ash". Using this
technique for the digestion of organisms, analyses for the
contents of heavy metals have begun on benthic animals

collected during baseline surveys at the Atlantic project

site,
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appeared that such occurrences were of incidental fragments
detached from the reef substrates and carried by water
currents.

The fire Island Reéf appeared to sustain a very
productive biological community, as well as supporting
fish populations of a size to consistently attract sport
fishermen. The reef is more productive than the surround-
ing sea—bed, and the benthic infauna associated with the
reef appears to be of significantly greater biomass than
the benthic fauna over the rest of the project area. It
is anticipated that the large stabilized coal waste blocks
placed at the project demonstration disposal site will
provide surfaces for new biological settlement and over-
growth; will develop equally rich and productive reef
communities, and will support populations of commercially
desirable food fishes.

B. Sonar Surveys

Sonar has long been used to detect fish, usually in
groups or schools in midwater or at the seabed. With
refinements, sonar can be used to distinguish and count
echoes from single fish. A horizontal scanning sonar has
been added to the R/V ONRUST for the underwater sensing
capability. ‘After the large block (1 yd?) reef has been
established, the scanning sonar will be used to maké
repeated surveys from fixed positions. The positioning-
posts, which can be detected with this sonar, will be

driven into the seabed by SCUBA divers for such purposes.




























wished to examine. These tests would confirm the environ-
mental acceptability of the design mixes indicated during
the initial studies and provide pilot scale data on the
cubic yard blocks to follow.

The initial set of Phase I-B blocks was produced in
September and October of 1978, using the Elrama design
mixes. Reports from SUNY indicated that the 9/78 batch
(El) of blocks were of inferior guality, exhibiting poor
compressive strength. (E1 is SUNY's notation for first'
batch of Elrama blocks received.) As Table VIII-4
indicates, the batch of blocks was formulated with coarse,
uncrushed Elrama plant lime and cured under a loocsely
secured tarp. Accordingly, the subsequent E2 (10/78)
batch was manufactured with crushed Elrama plant lime
to what was considered more typical of the particle size
observed in plant gquality control analyses. Blocks were
then cured under éeveral more securely fastened tarps.
Water was sprinkled at regular intervals to prevent block
dehydration. Overall block quality was much improved.
Proctor cylinders were made from the same Poz-0-Tec batches
used in block manufacture, cured 7d438°, and tested for

compressive strength, as shown in Table VIII-5. Strength

was satisfactory, in excess of the 300 psi criteria for both

mixes. However, it should be noted that the strength
values of cylinders cured 7d438° are just approximations
of 28423° strength which is considered more representative

of field conditions.
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flue gas-lime solution reaction. These reaction products
are CaSO3'l/2H20, CaSO4f2H20, and occasiocnal minor amounts
of CaCO3.-'At Elrama, all the fly ash is not removed from
the flue gas prior to the scrubbing process. As a result,
the scrubber sludge and its deﬁatered form, filtercake,
contain not only the reaction products menticned previously,
but the fly ash that was still present in the flue gas.

The mix designs selected by SUNY were expressed as the
ratioc {(dwb) of the weight of fly ash to filtercake.

Thus, a l:1 ratio was interpreted as the ratio of fly ash
to reaction products since filtercake was assumed to be
predominantly reaction products. However, as the analyses
in Table VIII-7 %ndicate, the Elrama filtercake contains an
average of 40% fly ash with a maximum of 65% cbserved in
the filtercake used in the El block formulations. Thus a
1:1 ratioc of fly ash to filtercake turns out to be not

1:1 but a 1.65:0.35 or 4.7:1 ratio for the case of 65%
‘fié;ash.

The mix designs in the column headings, Table VIII-4
and VIII-5, designated as "fly ash:filtercake" are
fieéhnically correct but do not reflect the ratio of fly
ash to reaction products which is given at the bottom of
Table VIII-4 as "true mix design". For convenience sake,
the "true mix design" which is the ratio of fly ash to
reaction products will henceforth be referred to as the fly

ash:sludge ratio. The mix designs not distinguishing the fly






255,

ash content of the sludge will be referred to as the fly
ash:filtercake ratio.

Once the discrepancy between the fly ash to filtercake
ratio and fly ash to sludge ratio was known, it was
necessary to find a utility where fly ash to sludge ratios
of 1:1 and 3:1 could be achieved. That facility was
Conesville where the (predominantly CaSDE-IKZHED} filtercake
contains little, if any, fly ash and as a conseguence the
fly ash:filtercake ratio and the fly ash:sludge ratio were
virtually identical.

At this time, a change in the type of lime was also
being strongly considered. The variability of the quick-
lime in terms nf.its particle size and ease of dispersion
was a source of concern. Accordingly, experiments were
proposed using blocks formulated with high calcium hydrated
lime, a finer, more easily dispersed lime.

The blocks and Proctors manufactured 12/78 (E3, C3) and
1/79%9 (E4,C4) reflect the concerns over the source of utility,
materials, and the type of lime. The 1l:1 (fly ash:filter-
cake) Elrama mixes were prepared with the hydrated lime
to allow comparison to previous blocks made with guicklime.
Quality contreol data in Table VIII-5 for proctors cured
23&?3‘ huggest equal or better strength for a 4% hydrated
limé additive. Additional blocks and proctors were prepared

with Conesville filtercake at 1:1 and 3:1 fly ash to sludge









block reinforcement, one of the areas of interest under block
forming methods.

Tensile strength tests were performed on the two Elrama
design mixes at two lime additive levels. Results shown in
Table VIII-8 indicate distinctly superior strength at the
6% additive level; In addition, significant tensile strength
developed after seven days curing at 23°C with high strength
achieved at 28 days curing. On the basis of these results,
little need was seen for block reinforcement.

The field experiment commenced at Elrama the week of
10/17/78. Primary objectives of the program were to obtain
familiarity with the block molds and compacticon eguipment,
test mold release agents, and evaluate block handling
properties. Testing was to be performed on mixes approximat-
ing the Elrama design mix ratios of 1:1 and 3:1 fly ash:
filtercake, {(dwb).

A total of five cubic yard blocks were formed in the
program, as indicated in Table VIII-8 (see Figures VIII-1-4).
Logistics at the plant limited mix flexibility that week
with the result that 0.73:1 and 2:1 mixes, not 1:1 and 3:1
mixes, were prepared. In actuality, these were not far off
the mark. & 3:1 mix using filtercake at 47.5% solids and
lime at 4.8% would be on the order of 79% solids. Hawever,
cubic foot block production had shown this to be too dry with
water addition required to reach 73% solids, more preferable

for optimum compaction. Thus, while the mix design at 2:1
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set on a pallet. Stripping the mold from the block could
be accomplished in five minutes. Molds stripped rather
cleanly with those sprayed with Symons Magic Kote exhibit-
ing a somewhat cleaner surface than unsprayed molds

and much cleaner surface than molds smeared with grease.
The Symons agent was easily applied to all surfaces with
a spray can in less than a minute. Cleaning of stripped
molds sprayed with Magic Kote could be accomplished in

15 minutes.

Two metheds of block compaction were evaluated, hand
tamping and pneumatic compactor. The pneumatic compactor
was a jackhammer type device powered by air pressure with a
6-inch disc at the bottom. The pneumatic compactor was
tested on Block %1 on Poz-0-Tec of different depths. It
was found to scatter the material, prolonging the compaction
process. In addi;ion, it was heavy and awkward to maneuver.
If the compaction disc were larger and flatter, the
compaction stroke shorter, and the compactor lighter, it
would be more flexible. As it was, it was found unLuitable
for further use.

The hand tamper was simply a long wooden broom handle
attached to a 7-1/2 in square steel plate. It was easier
to maneuver, did not scatter the mix material, and
compacted it to a somewhat greater density than the
pneumatic compactor. Use of the hand tamper on Blocks

$#3 and #4 altered the initially firm Poz~-0-Tec mix material

265.
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The physical testing aspect of the program will accurately
define the day-to-day logistics of block storage, handling
and transport processes in Phase II by determining the strength

{(and hence the curing time) reguired to permit these processes.

































Table IX-3. Cost data (see Table IX-4 for sources).

Stabilization
(including handling) Transportation

281.

Total

Landfill
Workman and Rothfuss
{1978}

Jones, Rossoff, and
Rossi (18976)

Goodwin and Gleason
(1978)

EPA (1977)

Lunt et al. (1977)

Lilley (1976)
(1975}

Duvel et al., (1978)

Ocean dumping

Lunt et al. (1977)
Lilley (1976)
(1975)

Carroll and
Dicker (1979)

$3/ton dry -
$3.08/ton -
- $6.50-8.00/
ton dry
$1-2/ton $1-2/ton
$2.50/ton -
- $4~-5/ten dry
{25 n.m.)
$2-4/ton $1-2/ton
i - $4/ton :

(100 n.m.)

$7.30~11.40/
ton dry

$5.82/ton

$2-4/ton

$12.40/ton dr

$3-6/ton





















It appears from the considerations above that whether
the coal waste is in the form of ash and sludge, or in
blocks, the flexibility and capacity of barging would make
it the preferred choice. The transportation cost would
be about the same, therefore,rfor either form of waste
hauled the same distance.

Loading and unloading costs would be different and
would depend primarily upon the disposal type and
location. With the proposed Arthur Kill plant, for example,
where the guarry is relatively close to the barge docks,

a conveyor system could efficiently transfer ash/sludge
from the barges to the guarry where bulldozers would then
spread the deposited material. But where the barge
discharge facility is at some miles from the landfill
conveyors may be too expensive, and trucking may be re-
guired for transport to the landfill, substantially
increasing transportation costs. However, although it

may appear that when the disposal site is close to the
bafge dock, the disposal of coal waste is more economical,
ultimately the capacity of the quarry capacity will be
exhausted (for the Arthur Kill plant this is projected

as 16 years) so that additional sites will have to be
developed. The likelihood is that future sites would

- require truck transportation from the barge to the disposal
site. 1In such instances, the cost advantage of ash/sludge
waste disposal shrinks appreciably.

The type of disposal site, is, evidentally, of prime

288.
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