




















































































Table 11. Animals found growing on the Phase 1 NIRO test proctors following 
in the sea at the Atlantic test site 21 m deep, during the 

fall season, 1981. 

Branching bryozoan Bugul a turri ta 

Encrusting bryozoan Schizoporella sp. 

Barnacles Balanus crenatus 

Tube worms Polydora socialis 

Sabellaria vulgaris 

Rock crab, juv. Cancer i rroratus 

Starfish Asterias forbesi 
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rapidly increasing the biomass in the colonizing community. A consequence of 
this early biomass production was that although the seaweeds had mainly died 
back to small f~agments by the end of the year when the NIRO proctors were 
retrieved in December 1983, the community remaining was richer in numbers of 
species both of animals and plants and it overgrew block surfaces much more 
extensively than had been found on the (Phase 1) blocks from the C-WARP site at 
21 m depth (below the photic zone). 

Photographs of samples of the Riverside-2 proctor test blocks and of the 
Riverside Briquettes retrieved at the end of December 1983, after 6 months 
marine exposure at the Conscience Bay site, are shown in Figures 8 and 10. The 
proctors were covered over most of their surfaces with encrustations of 
calcareous bryozoans and included calcified tubes of polycheate worms, mainly 
Hydroides dianthus. On the top of blocks there were short attachments and 
fragments of red and green seaweeds but the growths had by then died-back for 

the winter. One or two holes had been cut into one of the Riverside-2 proctors 
by boring clams, Zirfaea crispata, causing minor damage. The Briquettes were 
colonized by the sJme fauna as the proctor cylinders, some were entirely 
covered by sheets of calcareous bryozoan colonies, but other briquettes had no 
bryozoans producing dramatic differences in appearance (Figure 10), although 
tube worms, limpets, crabs, etc. lived on or amongst all of the briquettes 
(Table 12). 

The Dutch-2 proctors retrieved from Conscience Bay had deteriorated badly from 
biological erosion, principally by the boring of clams,'!:._. crispata followed by 
secondary working by small crabs and other organisms. The proctors of Dutch-2 
FGD waste were softer than the Riverside-2 material and biological erosion was 
accompanied by some physical erosion, leading to rounded contours of eroded 
areas (Figure 5). The Dutch-2 proctors were much less overgrown by biological 
communities and it was apparent that, although these blocks had been 
successfully settled by an epifauna, plaques of the encrusting organisms had 
subsequently fallen off or been washed away from the relatively soft surfaces 
of these blocks. This same surficial softening was also responsible for the 
successful settlement and rapid boring of the blocks by the clam, for which the 
Dutch-2 blocks provided an ideal environment. 
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The list of animal and plant species associated with the Phase 2 test proctors 
and the NIRO Briquettes at the test site in Conscience Bay is given in Table 
12. A total of 20 species of invertebrates and 4 species of seaweeds together 
with a number of unidentified microscopic benthic diatoms, were found 
associated with the NIRO spray dryer FGD test materials. The number of 
seaweeds would probably have been larger if the test proctors had been 
retrieved during the autumn, before the winter die-off of algae had taken 
place. These figures for the species richness of the colonizing communities 
growing on the blocks of NIRO FGD waste products are very similar to the 
communities reported growing on coal waste blocks placed at the Conscience Bay 
test site in 1977 (Roethel, Duedall and Woodhead, 1983). In those 
investigations, 19 invertebrate species and 5 species of seaweeds were recorded 
during the first year at the same site. Many of the species recorded on the 
coal waste blocks in the 1977 surveys at the site (Table 13) were also found on 
the NIRO blocks and briquettes in 1983. 

Discussion of Biological Colonization 

There have been few reports concerning the biological conmunities inhabiting 
coal combustion waste materials. Exceptions, which are of particular interest 
to our study, are the investigation of coal waste blocks in Conscience Bay in 
1977-78 (Roethel et~., 1980; 1983), the investigation of coal waste blocks in 
the Atlantic Ocean (Woodhead et~., 1984; Woodhead and Jacobson,~ press), 
and the report of Bamber (1983) on the fauna inhabiting aggregates formed on 
the seabed from fly ash dumped in the North Sea, off Northumberland, U. K. 

The earlier studies on blocks of coal wastes in Conscience Bay (by Roethel et 
~., 1983) are closest to the Phase 2 studies reported here, of course. Many 
of the same species found in the communities associated with the NIRO test 
blocks were found in the investigations in 1977 and 1978 as can be seen from 

comparisons between Tables 12 and 13. The rather limited observations of 
colonization occurring on Phase 1 NIRO blocks, in the Atlantic Ocean, found 
virtually the same communities and similar low rates of colonization as had 
been found during the first 6 months of submergence at the site (and at the 
same time of year) on C-WARP test blocks and on concrete. The North Sea fauna 
on fly ash aggregates reported by Bamber (1983) consisted of 28 species living 
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Table 12. Organisms associated with the NIRO test blocks and briquettes 
in Conscience Bay, Long Island. 

Seaweeds 
Enteromorpha compressa 
Callithamnion seirospermum 
Chaetomoreha sp. 
Unidentified benthic diatoms 

Porifera (sponges) 
Haliclona loosanoffi 
Hal ichondria sp. 

Coelenterata (hydroids) 
Obelia geniculata 
Sertularia sp. 
Halecium sp. 

Annelida (segmented worms) 
Hydroides dianthus 
Lepidonotus squamatus 
Serpula vermicularis 

Anthropoda (crabs, shrimps) 
Palaemonetes vulgaris 
Neomysis americana 
Panoeeus herbsti 
Carcrnus maenas 
Unidentified harpacticoid copepods 

Mollusca (mussels, limpets) 
Acmaea testudinalis 
Zi rfaea en s2ata 
Mytilus edul1s 

Echinodermata (sea stars) 

Bryozoa 

Fishes 
Blackfish, juv. 
Cunner, juv. 

Asteri as forbes i 

Schizoporella unicornis 
Microporella ciliata 
Cryptosula pallasiana 
Bugula turrita 

Tau toga oniti s 
Tautogolabrus adspersus 
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Table 13. Organisms observed on the surfaces of fly ash/ 11 wet 11 FGD sludge 
blocks during 1977 the first year of submersion in Conscience 
Bay (from Roethel ~ 2..l_., 1983). 

Seaweeds 
Codium frafile 
Brxopsis p umosa 
Gr1nellia americana 
Dasia dicellata 
Antithamn1on cruciatum 

Coelenterata (hydroids and anemones) 
Tubularia crocea 
Obelia dichotoma 
Sertularia sp. 
Metridium dianthus 

Annelida (segmented worms) 
Serpula vermicularis 
Nereis arenaceodonta 

Mollusca (snails and bivalves) 

Bryozoa 

Busycon canaliculatum 
Lunatia heros 
Zi rfaea cr1 spa ta 
Crepidula fornicata 
Urosalpinx cinerea 

Schizoporella unicornis 
Membranipora pilosa 
Bugula turrita 

Echinodermata (sea stars and urchins) 
Arbacia punctulata 
Asterias forbesi 

Arthropoda (crabs, shrimps and barnacles) 
Pagurus longicarpus 
Libinia emarginata 
Balanus balanoides 

Fishes 
Blackfish 
Cunner 
Silversides 
Toadfish 
Kill ifish 
Winter flounder 

Tautoga onitis 
Tautosolabrus adspersus 
Menid1a menidia 
Opsanus tau 
Fundulus heteroclitus 
Pseudopleuronectes americanus 
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on, or within the fly ash. The North Sea fauna contains 5 species which re 
common in the fauna associated with C-WARP coal waste test bricks, and 9 genera 
of closely related invertebrates occur in the two faunal assemblages. From 
these several similarities between the marine epifaunal communities commonly 
growing on the NIRO dry FGD materials, on the C-WARP coal wastes, and on fly 
ash aggregates in the North Sea, it is concluded that the NIRO blocks provide a 
substrate for the settlement and growth of marine invertebrate larvae having 
qualities resembling the fixated mixtures of "wet" FGD sludge and fly ash used 
for the C-WARP reef blocks. 

Boring pholad clams, Zirfaea crispata, were very characteristic of all three 
community assemblages associated with coal waste blocks and aggregates, but not 
with concrete. The NIRO test blocks were in the sea for only 6 months and 
Dutch-2 blocks were heavily bored by the clam, l· crispata. We have found 
specimens of this pholad clam at least 3 years old in other coal waste blocks. 
Bamber (1983) reported clams of this species which were 7 years old in North 
Sea aggregates. Bamber suggests that such long residence within the coal 
wastes indicates that the material is not toxic. This conclusion received 
support from elemental analyses of the tissues of]_. crispata taken from within 
coal waste blocks (Roethel et E_J_., 1980; 1983), which showed no accumulation of 
potentially toxic trace elements. In related analyses made on acid digests of 
epifaunal biomass collected from the surfaces of coal waste blocks and from 
natural rocks at the Conscience Bay site, Roethel et 2.l_. (1983) found no 
evidence of elevated levels of potentially toxic trace elements (Cd, Pb, Cu, 
Se, Hg, As, Zn) in the biomass from the epifaunal community growing on the coal 
waste materials. Blocks of coal wastes do not appear to threaten negative 
impacts to the benthic faunas in the sea. 

In the North Sea, Bamber (1983) noted some selective settlement on fly ash by 
cyphonautes larvae of bryozoans. We have also found selective settlement on 
blocks of coal wastes by some invertebrate larvae (for example, the clam, 
Zirphaea crispata, and the polycheate worm, Polydora socialis) when provided a 
choice between coal waste or concrete substrates. Similarly, in freshwaters 
amphipods are found to have strong selection for coal waste substrates 
(Woodhead ~E_l., 1984b). Nevertheless, a majority of organisms colonizing 
coal wastes in the sea, including the NIRO FGD materials, are common to the 
communities colonizing concrete substrates. 
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The similarities between the epifaunas growing on coal combustion waste 
derivatives in the three different marine environments suggests that during 
prolonged submersion in the ocean, stabilized blocks of NIRO FGD residues would 
probably be colonized and overgrown by encrusting epifaunal communities in ways 
similar to the growth of the communities examined quantitatively in the C-WARP 
investigations (Woodhead et~·, 1984a; Woodhead and Jacobson,~ press). It 
is concluded that fixated, consolidated NIRO FGD product cured to hard solid 
blocks provide an acceptable substrate for settlement and growth by communities 
of encrusting invertebrates which are characteristic of other solid coal waste 
and of concrete substrates, and which are characteristic of epifaunal 
communities on artificial fishing reefs in the New York Bight. 

EVALUATION OF SPRAY DRYER FGD PRODUCTS FOR MARINE DISPOSAL 

Dry scrubbing waste products contain fly ash, desulfurization reaction 
products, excess reagents and products of side reactions. For lime-based dry 
scrubbing FGD systems, all components except the fly ash are calcium compounds 
that have relative1y low solubility in water. Although there is wide 

· variability between the products from coal-fired plants in different regions, 
the waste products from lime-based dry FGD systems are generally similar in 
chemical composition to fixated mixtures of fly ash with FGD sludges from wet 
scrubbing systems using lime or limestone (Thompson et~., 1982). We found 
the FGD products supplied by NIRO for marine testing to resemble blocks of wet 
scrubber waste with fly ash mixtures, both mineralogically and in their 
physical properties in our marine testing systems. It is with our wide 
experience investigating a variety of coal combustion waste products in the sea 
that we have assessed the behavior of the blocks of NIRO dry scrubber products 
and their potential acceptability for ocean disposal. 

Fixation of FGD wastes, consolidation and curing to hard solid blocks, is 
central to aquatic disposal systems and the NIRO wastes are very suitable for 
such processing. The dry FGD product is ideal for handling and feeding by 
automated high-speed block production machines and cured block strengths are 
satisfactory for factory handling, stacking, and disposal. Such blocks of FGD 
waste product are more dense than the unprocessed product, surface areas 
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exposed to the environment are reduced by several orders of magnitude and 
permeabilities of the block materials are low, about 10-7 cm/sec. Leaching 
from the blocks in aquatic systems is slow and, in accordance with the U.S. 
Environmental Protection Agency's "Extraction Procedure", the blocks would be 
classified as non-toxic, non-hazardous (Donnelly, et tl·, 1982; Thompson, et 
tl•t 1982). 

In the sea, blocks of all of the dry FGD products tested maintained structural 
integrity and compressive strength over submersion periods from 3 months to 1 
year. In the case of the Riverside-2 blocks, there was a significant increase 
in strength during marine exposure and we have previously found similar 
strengthening by blocks of related coal waste mixtures during protracted 
submersion in the sea. The blocks therefore provide a potentially stable base 
for biological colonization. The settlement and growth of characteristic 
marine organisms on the test proctors closely resembled the colonization 
processes which we have previously measured in detail on other coal waste 
blocks and on concrete. These similarities in colonization were found on 
proctors set out at both the Conscience Bay, Long Island Sound, and the 
Atlantic test-sites. 

Although physical erosion of blocks was slight, biological erosion of the less 
strong Dutch-2 blocks caused considerable deterioration. The damage was due to 
extensive boring by pholad clams, J:... crispata which normally inhabit soft rock 
substrates of slate/clay types of texture; the Dutch-2 blocks provided an ideal 
substrate for these clams. Only one or two clams succeeded in bori ng into the 
harder Riverside blocks, otherwise the Riverside blocks were overgrown by 

epifaunal communities with calcified skeletons, which probably provide some 
"protection" of the blocks from marine environment. 

The problem of boring by the clams is clearly a potentially serious one but it 
is our experience that clams bore into the less strong, softer block ~aterials. 
The hardness and strength of coal waste materials can be modified very 
significantly in accordance with the pozzolanic properties of the fly ash, the 
ratio of wastes in the mix, the types of reaction additives and their 
dispersion, and the curing regime employed. Until these factors which 
contribute importantly to development of block strength have been explored, the 
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fitness of particular FGD wastes to resist bioerosion in the marine environment 
will remain uncertain. However, from our experience, it seems very likely that 
the strength of such materials of Dutch-2 may be improved considerably by 
relatively simple changes in the processing and curing methods. 

These investigations have been limited in their scope and duration,and clearly 
important questions remain regarding behavior and the compatibility of dry FGD 
waste blocks in the sea. The results reported here suggest that consolidated 
blocks of the NIRO FGD residues may have little or no adverse impact in the 
sea; ocean disposal may be a viable option. We make such tentative initial 
assessments from our extensive experience assessing other coal combustion 
wastes in the sea and their similarities in behavior with the dry FGD 
materials. Investigations of longer duration must be made in the sea with a 
range of dry FGD materials from coal-fired power plants. Future plans for 
marine investigations should consider a larger scale of field operations to 
approach industrial disposal conditions. We have much experience in such 
large-scale marine investigations and we have real interests in continuing and 
expanding our coll lborative work with NIRO Atomizer. 
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