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I. Introduction. The need to exploit domestic hydrocarbon reserves and
the desire to protect unique marine environments require agreement on the
methods of assessing potential harm to the environment from oil and gas
operations and on the ways to minimize those effects once Identified. The
Flower Garden Banks coral reefs in the Gulf of Mexico provide an example
of an area where federal agencies agree that a sensitive marine environ
ment can be damaged by oil and gas activities but disagree on the extent
of potential harm and on the methods to reduce It. The disagreement arises
because each of the federal agencies responsible for regulating various
aspects of exploratory oil and gas activities has relied on Its own body
of scientific research. Because the results of that research conflict and

because the authorities of the agencies overlap, their resulting regulations
conflict.

The East and West Flower Garden Banks, lying 120 miles southeast of
Galveston, Texas, comprise one of a series of shelf-edge topographic highs
formed by salt domes in the Gulf of Mexico (fig. 1). They constitute the
northern-most occurrence of reef-building corals in the Gulf (Bright and
Pequegnat 1971*) and support a diverse invertebrate fauna. Further, the
Flower Gardens are an area favored for research into coral reef ecology,
for commercial and sports fishing, and for sports diving (DOC 1979).

Proven reserves of natural gas underlie this region (DOI 1978, 1979).
011 and gas activities were Initiated at the Flower Garden Banks in 1975
(DOI 1978). Since then the Department of Interior agencies have developed
a set of protective measures for operations at the Banks to prevent ad
verse effects upon the sensitive resources of the area.

Concern over the effects of turbid discharges of drilling fluids
during exploration eventually resulted In agreement by the Department of
Interior's Bureau of Land Management (BLH), the Geological Survey (GS),
and the Fish and Wildlife Service (FWS) on a zone of no-actlvity around
the crest of each of the Banks (figs. 2 and 3). BLM, as part of its pre-
leaslng activities under authority of the Outer Continental Shelf Lands Act,
identified these zones and required special biological surveys and other
operational conditions as part of the special stipulations attached to
leases (DOI 1978, 1979) for activities occuring within 3 nautical miles of
the Banks. In addition, GS which oversees operations after leasing included
special monitoring or biological surveys as a condition on permits to drill
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Issued to the oil company lessees.

Subsequently, the Flower Garden Banks have been nominated as a marine
sanctuary under the Marine Protection, Research, and Sanctuaries Act. De
signation would place overall authority for hydrocarbon operations and
other activities in the National Oceanic and Atmospheric Administration
(NOAA) of the Department of Commerce. NOAA, in its proposed regulations
for the marine sanctuary (45 Fed. Reg. 43205, 26 June 1980), also delimits
a no-activity zone for the exclusion of oil and gas activities (figs. 2 and
3) and places a 4 nautical mile boundary from the crest of each reef on the
extent of the sanctuary (fig. 4).

Finally, the Environmental Protection Agency (EPA) has recently issued
National Pollutant Discharge Elimination System (NPDES) permits under the
Clean Water Act to American Natural Gas, Mobil, and Union oil companies for
the discharge of drilling effluents on tracts around the reef (fig. 4).
These permits require conformance to a zone of no-actIvlty defined by EPA
and to other operational conditions.

The conditions and monitoring requirements Imposed by each agency are
based on determinations of the most effective methods to protect the Flower
Garden Banks. The scientific bases for these conditions have been developed
through consultations within and between these agencies for the interpre
tation of research on the fate and effects of effluents from drilling opera
tions. Two processes structure this Incorporation of the scientific informa
tion Into operational controls. Secretarial Order #2974 of the Department
of Interior brings together primarily BLM, GS and FWS for the development
of lease stipulations and the design and analysis of research sponsored by
the Environmental Studies Program of BLM. The National Pollutant Discharge
Elimination System permit program requires, prior to the Issuance of an
NPDES permit by EPA, documentation of the basis for permit conditions, a
review of the draft permit by affected state and federal resource agencies
and the Interested public, and finally, an administrative record supporting
the decision to issue the permit.

The limitations and conditions developed by these agencies for the
exploratory phase of oil and gas operations on the Outer Continental Shelf
(OCS), are intended to minimize the effects of normal operating discharges,
of which, drilling fluids, commonly referred to asdrilling "muds", consti
tute the major effluent of concern. These chemical fluids provide a num
ber of critical functions In the drilling operation, Including lubrication
of the drill bit, blow-out prevention by balancing pressures in the drill
hole, and removal of the ground portion (cuttings) of the formation being
drilled (00C 1976). They are commonly composed of bentonlte or attapulglte
clay, barium sulfate, ferrochrome llgnosulfonate, caustic soda, starches,
and a variety of special additives (IMCO 1980).

Initially, concern centered on the potential clogging of coral polyps
and the attenuation of light reaching the coral caused by these discharges.
Recently, other adverse effects are receiving attention, Including the poten
tial for accumulation and biological transfer of toxic elements associated
with drilling discharges to corals and other reef fauna (Natural Resources
Defense Council 1980). Toxicants within the fluids include cadmium, lead,
and mercury which may occur with barium sulfate, chrome from ferrochrome
llgnosulfonate, biocides, and hydrocarbons from deck washings (Symposium
on the Environmental Fate and Effects of Drilling Fluids and Cuttings 1980).
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Unfortunately, data on the levels of these constituents are limited.
Barium sulfate Is not routinely analyzed for trace metals, and the compo
sition of many of the special additives Is proprietary. Further, muds are
mixed during operations to perform specific functions depending on the
depth of drilling and the formation being drilled. The make-up of the
mud may also be altered by high downhole temperatures and pressures (Carney
and Harris 1975). Thus, no one mud characterizes all drilling discharges.

II. Bureau of Land Management and Geological Survey. Among the conditions
to lessen the effects of these potential toxicants developed by the Depart
ment of Interior agencies under S.O. #2974 consultations are the ban on the
use in the Gulf of Mexico of halogenated phenols as bloeide additives to
drilling fluids (44 Fed. Reg. 33031, 3'July 1979), Initiated because of
FWS concern over the persistence of these compounds In the marine environ
ment (FWS Comments In DOI 1978); the zone of no-actlvtty bounded by the 65
meter isobath around the crest of each Bank (figs. 2 and 3); the require
ment of shunting of drilling discharges to within 10 meters of the ocean
floor from wells drilled In an area 3 nautical miles from the 85 meter Iso
bath (fig. 5); and the monitoring of discharges from wells drilled within
1 nautical mile of the 85 meter isobath (fig. 5). With the exception of
the ban on halogenated compounds, ail these provisions are specified in the
lease stipulations drawn up by BLM, in consultation with GS and FWS.

The effectiveness of these provisions hinges on the combined effect
of restricting operations from the living coral reef (Plplorla. Hontastraea.
Porltes zone) and the algal-sponge. zene(flg.6)and the ability of the nepheloid
layer to concentrate and maintain particles In the layer of suspended parti
cles along the sea floor. This strategy evolved from analyses of reconnais
sance studies (Bright and Rezak 1976, 1978) funded through the Environ
mental Studies Program of BLM and of monitoring programs (CSA 1978a, 1976b;
Gettleson and Laird 1980; HTCS 1976) conducted at the Flower Garden Bonks
and at other hard bottom banks In the Gulf under the requirements of BLM
or GS.

Continued research under the Environmental Studies Program has resulted
In the refinement of the zonatlon previously identified at the West Flower
Garden Bank (Bright and Pequegnat 1974), including detailed mapping of the
boundary between the Plplorla. Hontastraea. Porltes zone and the algal-sponge
zone and of the contacts between the algal-sponge zone, the crinold transi
tion zone, and the soft bottom zone (fig. 6) (Bright and Rezak 1976, 1978).
Similar efforts at the East Flower Garden Bank revealed more complex zona
tlon in the living coral range and the presence of algal-sponge, antipatharlan,
and soft bottom zones (Bright and Rezak 1976, 1978). The depths at which
transitions in these zones occur follow those at the West Flower Garden Bank.
It appears, therefore, that the DOI agencies concluded that shunting of dis
charges to within 10 meters of the ocean floor In waters deeper than 85
meters would result in their deposition in the soft bottom zone and, thus,
away from the coral and algal-sponge zones. BLH research supports this con
clusion in part, but it does not entirely discount the potential of physical
and biological mechanisms for the transport of these releases into the living
coral and algal-sponge zones.

The Environmental Studies Program Investigations also included exami
nation of the stratification of the water masses surrounding the Flower
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Garden Banks. Three years of current meter data indicate that around the
East Flower Garden Bank vertical movement in the water column is Inhibited
in the field of water rotating around the Bank (Bright and Rezak 1978,
HcGrall I960). This research also defines a nepheloid layer formed by a
mass of particles resuspended along the sea floor. The thickness and lateral
persistence of this layer appears variable although It has been Identified
at the East Flower Garden Bank at 95 meters with a thickness of ten meters.
HcGrall (1980) argues that because of the strong vertical stratification In
the water column around the Flower Gardens, shunted discharges Into waters
deeper than 90 meters will be concentrated along the bottom despite disconti
nuities in the nepheloid layer. Further, the absence of quartz particles
among the relatively lighter carbonate sands In the upper regions of the
reef suggests that heavy particles such as barite would not be deposited on
the growing reef (Rezak 1980). Rather, due to the high energy conditions,
they would be washed off the reef and deposited elsewhere.

The heavy constituents of the drilling discharge, primarily barite
and larger particles of the cuttings, when shunted to the bottom, probably
remain In the nepheloid layer and to some degree move along the bottom.
While barite constitutes a significant portion of the discharge by weight,
It represents a smaller contribution by volume than do other components
(Ayer et al. 1980). At the time of release, discharges may reach tempera
tures In excess of 250*F (Carney and Harris 1975). Observations of bulk
discharges of drilling fluids suggest that while the heavier components
sink, the suspended particles rise up forming plumes seen over wide areas
(Gettleson and Laird 1980). These particles then become avallabe for con
centration In the thermocline and are potentially available to organisms
such as zooplankton which migrate through the water column. Storms also pro
vide a mechanism for redistributing particles in normally stratified waters.
Thus, the suspended particles and soluble fractions of discharged drilling
fluids may not be trapped In the nepheloid layer.

Finally, BLM studies have attempted to document changes in the health
of the coral community. Transects taken since 1976 and measuring the per
cent of living coral at the East Flower Garden Bank Indicate that 65% of
the area continues to be composed of living coral (Bright and Rezak 1978).
Conclusions that growth is exceeding mortality, however, are based on sub
jective observations (Bright 1980).

Field monitoring by consultants on behalf of the lessees, provides BLM
with another source of Information for determining the fate of discharges.
Three studies (CSA 1978a, 1978b, MTCS 1976) conducted to satisfy monitoring
requirements in the vicinity of the Flower Gardens Indicate that any accu
mulation of discharges in sediments occurs close to the drilling operation.
Barium, because of Its relative insolubility In seawater, Is the common
tracer used In these studies. Attempts to calculate mass balances of barium
at other hard bottom banks In the Gulf have been unsuccessful because of the
high and variable background levels of barium in the nepheloid layer (CSA 1979).
Further, a radial sampling pattern with greater intensity In the direction
of the reefs was employed In these studies. The sampling grid assumes that
deposition of the discharge follows an exponential decay function. Upon
release, the heavy constituents of the drilling fluid and the cuttings fall
directly to the bottom, and clay particles flocculate Into balls (CSA 1978a,
1978b; Menzle et al, 1980; HTCS 1976). The fates of the suspended particulates
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and the soluble fractions have yet to be determined. The finer grained
portions of the discharged fluids probably are deposited more gradually
but In a clumped fashion as are the heavy constituents. Thus, the radial
pattern is not sensitive to sampling any of these classes of drilling fluid
constituents.

The results of these field monitoring efforts, then, provide no satis
factory answer to questions concerning the fate of drilling discharges. The
sampling grid is only sensitive enough to measure contaminant levels close
to drilling operations. While greater sampling was conducted in the di
rection of the reefs, results Indicated the fate of barium and not other
components of the discharge which may behave differently physically, chemi
cally, or biologically. Absence of understanding of the natural variation
in barium confuses the Interpretation of pre-dri11ing, drilling and post-
drilling measurements of barium levels. Finally, logistical difficulties
make plume tracking often difficult (Gettleson and Laird 1980).

BLH's operational restrictions, therefore, based on the results of
studies under its Environmental Studies Program and of lessees' field moni
toring, rely on observations that heavy components of drilling discharges
do stay near the bottom and that deposition of barium occurs coincident with
the prevailing current at Che time of release. The issue of the fate of the
discharges, however, remains clouded by the shortcomings of monitoring and
Che absence of data on the potential for benthtc organisms, bottom feeding
fish, or species migrating in the water column to be exposed to discharges
and potentially to transfer them. The combination of more detailed hydro-
graphic measurements around each reef and modeling the behavior of the dif
ferent constituents of the discharge using those hydrographic data avoids
the difficulties noted In Investigations described above. Field sampling
may be guided by these predictions and may serve to test hypotheses con
cerning the fate of different portions of the discharge.

III. Environmental Protection Agency. Limitations placed on drilling dis
charges contained in the NPDES permits for the East and West Flower Garden
Banks (TX0059480, TX0076937. TX0071170) Issued in Hay, 1980, define a no-
discharge zone around the crest of each Bank bounded by the 100 meter iso
bath (Part Ml. E.), ban the bulk discharge of drilling fluids but allow
discharges of cuttings and adhering muds in a zone extending 4 nautical miles
from the 100 meter isobath (Part III. F. 1.), require shunting in that zone
to within \10 meters of the bottom (Part III. F. 2.), and require bloassays
on used muds from each stage of the drilling operation (Part III. A.). A
ban is also imposed on the discharge of halogenated compounds (Part III. I.I.).
These permit conditions, set by Region VI (Gulf of Hexico) of EPA reflect
"the lack of quantifiable data on the level of pollutant Input at the Flower
Gardens which will prevent chronic adverse Impacts" (EPA 1980 p.9). Thus,
EPA has concluded that shunting, banning bulk discharges, and extending the
zone of no-activity 15 meters deeper than that of BLH will minimize the ex
posure of biologically active members of the reef community to drilling dis
charges.

The region between 85 and 100 meters Is sparsely populated compared
with higher levels of the Banks (Bright and Rezak 1976, 1978). EPA, how
ever, is particularly concerned that crlnolds in this area may accumulate
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toxicants from discharges as they feed on particulates in the water
column (EPA 1978, 1979). Fish feeding on the crlnolds and then moving to
higher strata on the reefs may transfer toxicants to other organisms. Zoo-
plankton migrating through the water column may also be exposed to discharges
and similarly expose other constituents of the biota. The significance of
this potential exposure route depends on defining levels of effect. Results
of Investigations provide no satisfactory definition of these levels.

The research reviewed by EPA in developing the permit conditions In
cludes primarily bloassay data collected by researchers funded by EPA (Brannon
and Rao 1979, Cantelmo et al. 1979, Tagatz et al. 1978, Tagatz and Tobia 1978),
by the American Petroleum Institute (API) (Thompson and Bright 1977), and
by the Geological Survey (Thompson 1979)- The bloassay test indicates the
concentration at which a toxicant affects some percentage of a population.
The effects measured In bioassays considered by EPA Include mortality (Thomp
son and Bright 1977), behavior (Thompson 1979), bloaccumulation (Cantelmo,
Tagatz, and Rao 1979). and larval settling (Cantelmo et al. 1979, Tagatz
et al. 1978, Tagatz andTobla 1978). Use of bloassay requirements stems from
EPA's reliance on the Limiting Permissible Concentration (LPC) to restrict
the discharge of toxic effluents. The LPC, a measure developed by EPA for
evaluating materials for ocean dumping and for setting effluent limitations,
establishes a maximum permissible concentration which is derived from 96 hour
LC 50 tests conducted on appropriate sensitive marine organisms.

A vast literature (cited in OOC 1976) exists on the acute effects of
drilling discharges tested on a range of organisms. Unfortunately, most of
these tests were conducted using drilling mud which had not been circulated
through the drilling system or constituents of drilling fluids rather than
whole muds. Further, the test organisms were either freshwater organisms
or organisms indigenous to coastal or estuarlne waters and were, therefore,
potentially tolerant to a range of environmental extremes. Further, acute
toxicity bioassays indicate responses only at high doses which are not re
presentative of those which an organism would encounter under natural
conditions.

Bioassays are commonly conducted on adult organisms despite the
greater sensitivity of larval and juvenile stages to drilling discharges
(Brannon and Rao 1979, Conklin et al. 1980, Neff et al. 1980). Different
techniques may also be used to prepare the material to be tested. Results
of tests using mud aqueous and suspended particulate fractions must be com
pared against those employing mixes of whole drilling mud and seawater (Conk
lin et al. I960). Finally, the results of tests measuring sublethal effects
and bloaccumulation differ because of techniques and levels of detail (Conk
lin et al. 1980, McCulloch et al. 1980).

Comparison of two recent studies employing bioassays indicate the
difficulties In using test results to set exposure limits. Using the same
organism, Palaemonetes pugio. a grass shrimp, and whole used drilling fluid,
Conklin et al. (1980) supported by EPA, and Neff et al. (1980) supported by
API, observed different 96 hour LC 50 values (I.e., lethal concentration for
50% of the test populations over a ninety-six hour period). Neff et al. ex
posed zoeae, larvae and adults of P_. pugio to two preparations of different
types of drilling fluids. Two fractions of the drilling mud fluid were
tested: the mud aqueous fraction (HAF) and the suspended particulate phase
(SPP). The HAF was prepared by diluting and mixing the mud in seawater,
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allowing It to settle, and separating the supernatant after 20 hours. The
SPP was prepared following the same procedure but separating the super
natant after only four hours. Tests of the SPP of a high-weight llgno
sulfonate mud resulted In LC 50 values at 11,700 to 13,800 parts per
million (ppm). HAF portions yielded values of 27,500 ppm for chrome llgno
sulfonate, 35,000 ppm for mid-weight chrome llgnosulfonate, and less than
18,000 ppm for high-weight llgnosulfonate when zoeae of P_. pugio were ex
posed to them. Concentrations for adults were higher: 92,400 ppm for chrome
llgnosulfonate, 91,000 for mid-weight llgnosulfonate. Mortalities were
Insignificant for the high-weight llgnosulfonate.

Conklin et al., using static bioassays, tested 18 muds from throughout
a drilling program. Whole used mud was mixed with seawater and then added
to a static bloassay system. None of the muds was found toxic to intermolt
adults at concentrations of 10 and 100 ppm. At 1000 ppm, 96 hour LC 50
tests yielded 30-60% mortalities. One mud test resulted In 100% mortality
at that concentration. Five muds tested on grass shrimp which molted during
the bioassays produced 50% mortalities at ranges from 363 to 739 ppm.

The significant difference in bloassay values resulting from these
two Investigations may be attributed to the use of different techniques
(Conklin's static versus Neff's flow-through), to different preparation of
the drilling fluid (Neff's mud fractions versus Conklin's whole muds), and
to different drilling mud tested. Further, chemical analysis of the muds
was limited. Neff et al. found small amounts of oil, possibly from gllsenlte
In one mud, and of aromatic hydrocarbons from an unidentified source in all
the muds. McCulloch et al. (1980) found relatively high concentrations of
chromium, lead and zinc in the muds tested by Neff et al. Results of bio
availability tests using the Neff muds, however, indicate limited uptake
over short exposures (HcCulioch et al. 1980). Other investigations into
the bioavailability of barite (Brannon and Rao 1979, Conklin et al. 3980)
indicate that metals can be Incorporated in tissue of exposed organisms.
Rao (Comments in Conklin et al. I960) found that the toxicity associated
with the 18 muds tested did not correlate with unusual levels of heavy metals
in the muds. He suggests that toxicity may be due to the action of multiple
components, such as heavy metals and organlcs. In the future, bloassay tests,
if they are to be used as the basis for permit conditions and limitations,
should use reference muds (of known chemical compositions) and employ the
same test procedures (e.g., flow-through 96 hour LC 50 with whole used
dri 11 ing muds) .

Bioassays using corals have also been employed to evaluate the acute
and sublethal effects of drilling discharges (Thompson and Bright 1977,
1980; Thompson 1979; Hudson and Robbin 1980; Krone and Biggs 1980}. Three
species of coral Indigenous to the Flower Garden Banks were exposed to re
latively high doses of whole used drilling mud and to two components of
drilling muds, fresh barite and fresh aquagel (Thompson and Bright 1977).
None of the species was able to clear the used mud, and all succumbed. Simi
lar corals exposed to the two constituents were able to remove them. Flow-
through bioassays testing used drilling mud were conducted on seven species
of coral (Thompson 1979; Thompson and Bright 1980). The bioassays covered
a 96 hour period and measured lethal and sublethal effect at concentrations
of 100, 316, and 1,000 ppm. Three species suffered mortality at 1,000 ppm.
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With the exception of two, all corals showed significant polyp retraction
during exposure to 100 ppm and effects were measured at the lowest con
centration. Polyp retraction results In reduced feeding, photosynthesis
and ability to clear sediments.

Growth studies were conducted on heads of the coral Hontastraea annu

laris (Hudson and Robbtn 1980). Two to 4 mm. of uncirculated drilling
fluid was applied to eight heads of M_. annularis over an eight hour period.
Organisms were sampled six months laTer. Barium levels were higher in
treated heads than in controls and growth was slower. Hudson and Robbin
suggest that increased sedimentation rather than a toxicant in the mud
may be the cause. Cores of twelve heads of M_. annularis analyzed to deter
mine annual growth rates indicated a decline in rates since 1957 (Krone and
Btggs I960). Rather than reflecting the effects of drilling discharges,
the authors suggest that resuspension of bottom sediments, dumping of
chemical wastes, temperature changes, or reduced light levels may be re
sponsible.

Sublethal metabolic responses of the coral, Hadracis decactls. ex
posed to 100 ppm of used drilling mud spiked with 0, 3, and 10 ppm of
ferrochrome llgnosulfonate over a seventeen day period were measured (Krone
and Biggs 1980). Of the twelve corals exposed to drilling fluids, two
died. Four additional coral heads were maintained as corals. During ex
posure, corals exhibited reduction in polyp expansion, extrusion of zoo-
xanthellae, and Increases In bacterial infection. Respiration and excretion
of ammonium Increased In the first week of the experiment and returned to
close to the Initial level the second week. Levels returned to normal after
the test.

These tests Indicate too wide a range of concentrations at which
effects occur to set limits on rates and volumes of discharges. Further,
the toxic agent or agents In the fluids have yet to be identified. Under
actual discharge conditions in a high energy environment, rates of dilution
should be high enough to minimize exposure Of biological communities to
toxic concentrations. Results of field studies (Damesand Moore 1978; Ecomar
1978) Indicate that the levels recorded In these tests would only occur
close to the discharge pipe. While these field studies are frequently cited
in comments on draft discharge permits to support unrestricted discharges,
they cannot be considered conclusive because they do not provide data on
amounts of pre-dtlution of the drilling fluid prior to Its discharge. Thus,
extrapolation from laboratory concentrations to field exposure levels with
existing data Is questionable, especially In an area as hydrodynamically
complex as the Flower Garden Banks.

IV. National Oceanic and Atmospheric Administration. Review and certlfl
ea11onofaTi~pTrTnTtT~iTsl!e77oMryd7oTa7b^ In the vicinity of
the Flower Garden Banks will become the responsibility of NOAA If the Banks
are designated as a marine sanctuary (15 CFR Part 934, proposed at 45 Fed.
Reg. 43205, 26 June I960). The boundary of the sanctuary will extend 4 nm.
from the center of each Bank (fig. 4). Hydrocarbon activities will be ex
cluded from a no-act Ivlty zone the lower depth limit of which Is defined
using the aliquot method (figs. 2' and 3). NOAA's adoption of this method,
used by BLM to map lease tracts, enlarges the zone somewhat beyond the
100 m. Isobath established as the no-dlscharge zone boundary In EPA's per-
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mlt conditions (Part III. E.). Cuttings and adhering muds are to be
shunted to within to m. of the bottom (15 CFR 934.7(b)(1)). Decisions
concerning bulk discharges of muds (15 CFR 934.7(b)(2)) and monitoring
of those discharges (15 CFR 934.7(b)(3)) would be made by the Assistant
Administrator of NOAA on a case-by-base basts after reviewing recommenda
tions of the Flower Gardens Sanctuary Biological Task Force (15 CFR
934.10(d)).

The proposed Sanctuary Task Force would consist of representatives
of the Bureau of Land Management, the Geological Survey, the Fish and
Wildlife Service, the National Marine Fisheries Service and the Environ
mental Protection Agency. The designation of the Flower Gardens as a
marine sanctuary, therefore, provides the potential for the coordination
of research and of standard-setting for oil and gas activities. On the
other hand, it may also set the stage for further differences of agency
opinion on the degree to which restrictions are called for by research
findings.

V. Conclusion. Overlapping Jurisdictions and differing research programs
have resulted In contradictory regulations for hydrocarbon activities at
the East and West Flower Garden Banks. Each of the several federal agencies
involved in developing regulations there also conducts a research program
or requires monitoring at the Banks. Industry users, primarily through
the American Petroleum Institute, also sponsor research on the fate and
effects of drilling discharges. The combination of inconsistent regulations
and conflicting research results provide an opportunity for Industry and
environmental groups to challenge the legitimacy of the regulations. Per
sons responsible for making similar regulatory decisions for activities in
other OCS areas are confronted, therefore, with a confusing precedent.

Resolution of this problem could come from the development of a
research program designed in a way which produces results that are veri
fiable. Instead, laboratory Investigations continue to be conducted using
different techniques and different organisms. In addition to these vari
ables which may be controlled, the composition of muds tested varies from
locality to locality and with depth of drilling. Further, those tests
which produce significant results do not examine the composition of the
mud tested. Thus, the toxicant within drilling mud remains unidentified.
To be useful to the regulatory agencies, laboratory investigations must be
conducted using standardized techniques and include chemical analysis of
the mud being tested.

Field studies are an equally frustrating source of information sup
porting agency decision-making. The hydrodynamics around the Banks are
understood to a limited degree. Monitoring studies have followed only one
component of the mud and have sampled in relatively small areas. If the
current regime around the Banks were elucidated, then it could provide the
basis for modeling the fates of the components of the discharge. With
these data, predictions about the fate of the discharge could be made.
Coupled with information on efforts from laboratory investigations, moni
toring might then focus on sampling for those effects In areas where the
modeling predicts they will occur. Such a research program requires Inter
agency cooperation for laboratory and field Investigations. This cooperation,
In conjunction with hypothesis-testing of fates and effects, would serve
as the foundation for a consistent approach to the regulation of oil and
gas activities at the Flower Garden Banks.

133 J. Spiller; A. Rieser



VI. Acknowledgments. This research was conducted with funds from the
Pew Memorial Trust and the Department of Commerce, NOAA Office of Sea
Grant under Grant /?NA 8OAA-D-O0077, and the Marine Policy and Ocean
Management Program of the Woods Hole Oceanographic Institution.

VII. References.

Ayers, R.C., T.C. Sauer, Jr., R.P. Meek, and G. Bowers. 1980. An environ
mental study to assess the Impact of drilling discharges in the Mid-
Atlantic. I. Quantity and fate of discharges. Sym. Res. Environ. Fate
Effects of Drilling Fluids and Cuttings. 1:382-379.

Brannon, A.C. and K.R. Rao. 1979- Barium, strontium, and calcium levels in
the exoskeleton, hepatopancreas and abdominal muscle of the grass shrimp,
Paleomonetes pugio: Relation to molting and exposure to barite. Comp.
Blochem. Physiol. 63A: 261-274.

Bright, T.J.. I960. Comments. EPA public hearing on NPDES permits at the
East and West Flower Banks. Galveston, Texas. January 29, 1980.

Bright, T.J. and L.H. Pequegnat, eds. 1974. Biota of the West Flower Gar
den Bank, Gulf Publishing Co., 435 pp.

Bright, T.J. and R. Rezak. 1976. A biological and geological reconnais
sance of selected topographical features on the Texas Continental
Shelf. Report to the Bureau of Land Management New Orleans Outer
Continental Shelf Office by College of Geosciences, Texas ASM Univ.
377 pp.

Bright, T.J. and R. Rezak. 1978. South Texas topographic features study.
Report to Bureau of Land Management, New Orleans Outer Continental
Shelf Office by Texas ASM Univ. 772 pp.

Cantelmo, F.R. and M.E. Tagatz, and K.R. Rao. 1979- Effect of barite on
meiofauna In a flow-through experimental system. Mar. Environ. Res.
2:301-310.

Carney, L.L. and L. Harris. 1975. Thermal degradation of drilling mud
additives. Proc. Environmental Aspects of Chemical Use in Well-Drilling
Operations. EPA-560/1-55-004. 203-218.

Conklin, P.J., D.G. Doughtie, K. Ranga Rao. 1980. Effects of barite and
used drilling muds on crustaceans, with particular reference to the
grass shrimp, Palaemonetes pugio. Sym. Res. Environ. Fate and Effects
of Drilling Fluids and Cuttings. 11:912-940.

Continental Shelf Associates. 1978a. Monitoring program for wells #3 and
#4, Lease OCS-G 2759, Block A-389, High Island Area, East Addition,
South Extension near East Flower Garden Bank. I-I II. A Report for
Mobil Oil Corp.

Continental Shelf Associates. 1978b. Honltorlng program for well t\, Lease
OCS-G 3487, Block A-367, High Island Area, East Addition, South Ex
tension near East Flower Garden Bank l-ll. A Report for American Natural
Gas Production Company.

134 J. Spiller; A. Rieser



Continental Shelf Associates. 1979. Monitoring program for Platform "A",
Lease OCS-G 3061, Block A-85, Mustang Island Area, East Addition, near
Baker Bank. 1-111. A report for Continental OH Company.

Dames and Moore. 1978. Drilling fluid dispersion and biological effects
study for the Lower Cook Inlet C.O.S.T. well. A report for Shell
Oil Company.

Department of Commerce. 1979. Draft environmental impact statement pre
pared on the proposed East and West Flower Gardens marine sanctuary.
NOAA Office of Coastal Zone Management.

Department of Interior. 1978. Final environmental Impact statement for
proposed OCS oil and gas lease sale #51. '96 pp.

Department of Interior. 1979- Final environmental Impact statement for
proposed OCS oil and gas lease sale £62 and 62A.

Ecomar. 1978. Tanner Bank mud and cuttings study. A report for Shell
Oil Company. Goleta, Cal. 495 PP.

Environmental Protection Agency (EPA). 1978. Recommendations and sup
porting rationale for NPDES permit conditions for oil and gas ex
ploratory and production activities at the Flower Garden Banks, Gulf
of Mexico Outer Continental Shelf. Ocean Programs Branch. 20 pp.

Environmental Protection Agency (EPA). 1979. Biological transport of
materials in the marine environment. Ocean Programs Branch. 12 pp.

Environmental Protection Agency (EPA), i960. Final permit rationale,
response to comments and minor revisions of draft permits. Region VI.
14 pp.

Gettleson, D.A. and C.E. Laird. 1980. Benthic barium levels in the vici
nity of six drill sites in the Gulf of Mexico. Sym. Res. Environ.
Fate and Effects of Drilling Fluids and Cuttings. 11:739-765.

Hudson, J.H. and D.H. Robbin. I960. Effects of drilling mud on the growth
rate of the reef-building coral, Hontastraea annularis. Sym. Res. Environ.
Fate and Effects of Drilling Fluids and Cuttings. 11:1101-1119.

IKCO. 1980. The basics of drilling fluids. 26 pp.

Krone, H.A. and D.C. Biggs. 1980. Sublethal metabolic responses of the
hermatypic coral Hadracls decactls exposed to drilling mud enriched
with ferrochrome llgnosulfonate. Sym. Res. Environ. Fate and Effects
of Drilling Fluids and Cuttings. 11:1079-1096.

Marine Technical Consulting Services (HTCS). 1976. Ecological assessment
of drilling activities, well #1, Block 584, High Island. Report to
Union Oil Company of California.

McCulloch, W.L. and J.M. Neff, and R.S. Carr. 198O. Bioavailability of
selected metals from used offshore drilling muds to the clam Rang 1a
cuneata and che oyster Crassostrea gigas. Sym. Res. Environ. Fate and
Effects of Drilling Fluids and Cuttings. 11:964-982.

135 J. Spiller; A. Rieser



HcGrall, D. 1980. Comments. EPA hearing on NPDES permits at the East
and West Flower Garden Banks. Galveston, Texas. January 29, 1980.

Menzie, C.A., D. Maurer, W.A. Leathern. I960. An environmental monitoring
study to assess the Impact of drilling discharges in the Mid-Atlantic.
IV. The effects of drilling discharges on the benthic community. Sym.
Res. Environ. Fate and Effects of Drilling Fluids and Cuttings.
11:499-536.

Natural Resources Defense Council, Inc. 1980. Comments on proposed
National Pollutant Discharge Elimination System permits for oil and
gas activities at the Flower Garden Banks. 63 pp.

Neff, J.M., W.L. McCulloch, R.S. Carr, K.A. Retzer. 1980. Comparative
toxicity of four used offshore drilling muds to several species of
marine animals from the Gulf of Mexico. Sym. Res. Environ. Fate
and Effects of Drilling Fluids and Cuttings. 11:866-880.

Offshore Operators Committee. 1976. Environmental aspects of drilling
muds and cuttings from oil and gas extraction operations in offshore
and coastal waters. Sheen Technical Subcommittee. 50 pp.

Rezak, R. 1980. Testimony. EPA public hearing on NPDES permits at the
East and West Flower Garden Banks. Galveston, Texas. January 29, 1980.

Tagatz, M.R., J.M. Ivey, H.K. Lehman, and J.L. Oglesby. 1978. Effects of
llgnosulfonate type drilling mud on development of experimental estu-
arlne macrobenthlc communities. Estuar. and Coastal Mar. Set. N.E.
Gulf Scl. 2:35-42.

Tagatz, M.E. and H. Tobia. 1978. Effect of barite (BaSO*1) on development
of estuartne communities. Estuar. and Coast. Mar. Scl. 7:401-407.

Thompson, J.H. Jr. 1979. Effects of drilling mud on seven species of
reef-bulldlng corals as measured In field and laboratory. Final
Report to the U.S. Geological Survey. 29 pp.

Thompson, J.H. Jr. and T.J. Bright. 1977. Effects of drill mud on sedi
mentary clearing rates of certain hermatypic corals. Proc. 1977 Oil
Spill Conf. American Petroleum Institute Pub. #4284:495-'i98.

Thompson, J.H. Jr. and T.J. Bright. 1980. Effects of an offshore drilling
fluid on selected corals. Sym. Res. Environ. Fate and Effects of
Drilling Fluids and Cuttings. 11:1044-1076.

13° J. Spiller; A. Rieser



THE DESIGN OF A MONITORING PROGRAM IN THE ARCTIC

AND ITS INCORPORATION INTO AN EIS

by

Rosa Hope Meehan

ABSTRACT

A workshop involving scientists, regulatory agencies, and industry was
organized to discuss monitoring of the Prudhoo Bay Waterflood Project,
which is currently the subject of an Environmental Impact Statement.
Located on the North Slope of Alaska, the project will enhance secondary
oil recovery by injecting water into the oil bearing formation. The
water source will be the Beaufort Sea and project design includes an
extended causeway. The major issues in the EIS address the potential
changes to the nearshore environment due to a causeway extension. The
predictions are based on interdisciplinary studies funded through the
Outer Continental Shelf Environmental Assessment Program (OCSEAP) and
organized by the NOAA/OCSEAP Arctic Project Office.

A need to monitor changes resulting from a causeway extension was
identified by agencies and the public early in the EIS process.
However, development of a meaningful monitoring program requires in-
depth understanding of the potentially affected physical and biological
systems. The Arctic Project Office organized a workshop to review the
information required (scientific and project specifications) and to
design a monitoring program. Attendees at the workshop included OCSEAP
and other scientists who had expertise in the project area and represen
tatives of regulatory and review agencies and industry.

Appropriate factors to monitor were outlined at the workshop and subse
quently organized into a monitoring program. Additionally, the extent of
responsibility for monitoring by industry and government agencies was
discussed. The scope of the program outlined was ultimately included
in the Final EIS as a recommended permit stipulation.

U.S. Fish and Wildlife Service

Northern Alaska Ecological Services
Box 20, Federal Building
101 12th Avenue

Fairbanks, Alaska 99701
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Introduction

Resource managers in Alaska face difficulties in evaluating development
projects on the North Slope. Uncertainties about the environmental
impacts, and about the engineering design of the development related
structures, e.g. solid fill docks and offshore structures, hinder
adequate project evaluation. Despite this, the rapid pace of oil
development prohibits lengthy assessment studies, which underscores the
need for expedient assessment of impacts. A partial solution can be
comprehensive interdisciplinary monitoring of projects. In-depth
monitoring can gather information about design criteria as well as
quantify environmental impacts. The design of such a program requires
consideration of a complex array of factors. For a causeway in Prudhoe
Bay (Map 1), a start was made on designing such a program in a workshop
involving scientists, industry, and regulatory and review agencies.

Oil and gas exploration has been conducted on the North Slope of Alaska
since the 1940's. The early efforts began in the National Petroleum
Reserve - Alaska (NPRA) (Map 2) and spread sporadically along the coast.
The first major commercial find was not made until 1968, in what is now
the Prudhoe Bay Field. That find marked the beginning of intensive
development, which now includes an oilfield spread over approximately
100 square miles and the 800 mile long Trans Alaska Pipeline (TAPS).

Since the development of the Prudhoe Bay Field, other large finds of
commercial interest have been made. Production facilities are now being
constructed in the Kuparuk Field, 20 miles west of Prudhoe. The
projected development of this field will spread over approximately 600
square miles. The produced oil will be carried to TAPS via another
pipeline which is currently under construction. The Point Thomson area
is now subject to intensive exploratory drilling and development is
likely within the next five years. It may eventually spread over 60
square miles. Both of these fields and Prudhoe Bay.are in wetlands
adjacent to the coast.

The speculation about actual oil reserves in Alaska has led to extensive
exploratory efforts on the North Slope (Map 2). This effort has been
spurred by the current energy situation. Parts of NPRA will be leased
to private operators by 1982 in an effort to speed up exploration in
that region. (Exploration to date has been conducted under government
contract). A provision of the Alaska National Interest Lands
Conservation Act of 1980 (popularly known earlier as the d-2 legislation)
allows seismic exploration in the Arctic National Wildlife Refuge.
Offshore, high interest has been shown in some of the lease tracts sold
in the December 1979 Federal/State Joint Beaufort Sea Oil and Gas Lease
Sale. A second offshore lease sale in Harrison Bay is planned in 1983.
Exploration in each of these areas will require shore-based support
facilities, which will be located on the coast.

The possibility of a large oil spill is the impact usually associated
with oil development. Often overlooked, yet equally important, is the
impact of the support facilities and personnel required by major de
velopments. Oh the North Slope, the extent of the impacts from the
existing oil development at Prudhoe Bay is not well understood. Some
of the direct impacts, e.g. the extensive alteration of wetland drainage

138 Meehan



1
3

9
M

e
e
h

a
n



<
^>

.

S
IM

P
S

O
N

L
A

G
O

O
N

J
O

N
E

S ^-
IS

L
A

N
D

S

M
A
P

2
—

P
r
e
d
i
c
t
e
d

a
r
e
a

o
f

i
m
p
a
c
t
d
u
e

t
o

t
h
e

P
r
u
d
h
o
e
B
a
y

W
a
t
e
r
f
l
o
o
d

P
r
o
j
e
c
t

d
o
c
k

e
x
t
e
n
s
i
o
n
.

1
4
0

W
A

T
E

R
F

L
O

O
D

E
X

T
E

N
S

IO
N

E
M

E
R

G
E

N
C

Y
E

X
T

E
N

S
IO

N

M
e
e
h
a
n



patterns and the exclusion of caribou from portions of its range, are
becoming clear. The indirect and cumulative impacts on the wildlife
populations remain largely unknown. An understanding of these more
subtle impacts is hampered not only by a lack of baseline data, but by
the extreme natural variation as well.

Beyond masking population impacts, natural variation affects design
criteria of the structures required for support facilities. That the
extremes have been underrated in construction of coastline and offshore

structures has been dramatically shown: a fall storm surge in 1970
deposited supply barges on top of the gravel dock. More recently, a
solid gravel causeway was trimmed from 20 to 16 meters in width and
shortened by 10 meters in a 1979 fall storm. During the same storm,
half of the exploratory gravel island was washed away.

The Prudhoe Bay Watcrflood Project

An upcoming major development project in Prudhoe Bay is the Haterflood
Project, subject of an Environmental Impact Statement (EIS) directed by
the Army Corps of Engineers. Waterflooding is a secondary oil recovery
method in which water is injected into the oil-bearing formation to
maintain high reservoir pressure. A year-round large volume water
source is necessary to accomplish this and the only source for the
Prudhoe Bay field is the Beaufort Sea. The annual 2 m thick sea ice and
the 1.7 m height of the intake structure restrains the intake location
to depths of at least 4 m. The most accessible location meeting these
physical restraints is 1230 meters north of the existing gravel fill
dock, or 2.S miles offshore. A gravel fill causeway extension is planned
as access to the intake structure.

The causeway extension has been the central issue in the review of this

project. Controversy remains over a previous emergency extension of the
existing dock. In 1976 the Seattle to Prudhoe Bay supply barges were
caught in the ice nearly a mile from the dock. After extensive dis
cussions of potential major environmental impacts, emergency permits
were granted to extend the dock out to the barges so that construction
of TAPS would not be delayed. A condition of the permits was that the
applicant monitor impacts of the extension on biological and physical
process of the nearshore area. As a result, several studies to quantify
the potential impacts were conducted.

Despite the effort that went into studying impacts of the dock exten
sion, the results were largely inconclusive. There were no direct or
continuing lines of communication between the regulatory agencies and
the scientists who conducted the studies. As a result, the specific
impacts were not clearly defined and resulted in studies of the general
topic (e.g. fish presence on either side of the causeway) but not the
specific question (Were fish passing freely around the end of the
causeway?). The results and reports from the studies were not available
to the agencies in time to comment on the studies proposed for the
following year.

The potential environmental impacts of the planned causeway extension
relate to its location in the lagoon (Map 2). A dominant feature of
Simpson Lagoon in the summer is the east to west alongshore current.
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Driven by the predominant east to northeast winds, the currents keep the
river discharge flowing along the coast and through the lagoon. As a
result, the lagoon is essentially a river of warm brackish water
(compared to offshore areas) bound by the barrier islands. Anadromous
fish and seaducks congregate in the lagoon to feed during the summer.
Bpibenthic invertebrates, mysids and amphipods, that are carried in the
current through the lagodn are the primary prey of both the fish and the
birds (Figure 1). The epibenthic invertebrate population in the lagoon
is constantly turning over (being carried through by the current) and so
presents an essentially limitless food supply for the predators.
Blockage of this current will potentially lead to colder marine waters
and a decrease in the available prey (decreased epibenthic transport)
in the lagoon as well as disrupting alongshore sediment transport. The
causeway extension may also block or impede alongshore fish movements.

In the formal review of this project (the EIS process) the perceived
impacts were outlined and the national importance of the project was
stressed because waterflooding would increase the field's oil production
by approximately 1 billion barrels. Construction of the project on
schedule, which depended on issuance of the permit (U.S. Army Corps of
Engineers administered Section 10/404 dredge and fill permit as mandated
by the Clean Water Act and the River and Harbor Act of 1899), was
emphasized throughout the process. In the final decision, while the
potential impacts were deemed important, timely issuance of the permit
was considered to be in the public interest. Conducting a comprehensive
monitoring program, however, was a stipulation of the permit. This
monitoring program was to be developed in full consultation with local,
state, and federal agencies with continuing input from the agencies to
prevent further inconclusive studies. The stated intent of the monitor
ing program is to verify and quantify the perceived impacts of this
project and to provide information for review of future similar projects
(another causeway to the west is under discussion).

The importance and value of assessing this project was expressed by the
scientific community as well. A major portion of the information avail
able regarding the marine environment in the project vicinity has come
from the Outer Continental Shelf Environmental Assessment Program
(OCSEAP). This program conducts studies aimed at determining potential
impacts of offshore oil and gas activities in future lease sale areas.
The OCSEAP studies in the Arctic are managed by a university affiliated
group of scientists, the Arctic Project Office (APO). Various studies
in the program managed by the APO considered impacts of a causeway in
the nearshore Beaufort Sea. From the beginning of the EIS process,
these scientists have been interested in the planned causeway extension
as it could provide a test of the predictions made in these studies.

To clearly define the pertinent impacts and to outline ways these could
be studied, the Arctic Project Office organized a workshop. The work
shop design, taken from Adaptive Environmental Assessment (Holling
1978), provided industry, regulatory agencies, and scientists a forum
that allowed direct communication between all parties involved in the
project. The first task of the workshop was to define the problem, i.e.
potential impadts of the project and their relative likelihood and
importance. Information to do this came from all three groups; 1)
industry explaining the project and design limitations, 2) regulatory
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agencies outlining statutory responsibilities and perceived impacts of
the project, and 3) scientists that had conducted research in the project
area presenting their views on the lagoon system and the important
processes. With all the pertinent information presented, the attendees
split into working groups to discuss in detail the specific issues and
how the questions raised could best be answered.

The workshop format was useful in evaluating the project and in setting
a basis for the scope of the monitoring program. Inclusion of all
interested parties allowed a free information exchange among scientists
and between scientists and the agency representatives. The working
groups were able to discuss predicted impacts in depth, clarifying the
information available and the assumptions made in each prediction. This
meant that, with input from both the scientists and the agencies, the
range of impacts could be clearly defined and the type of work needed to
assess these justified. The products of this workshop were better
understanding of the project and its anticipated impacts, and an outline
of the scope of a comprehensive monitoring program.

Conclusions

The importance of monitoring lies far beyond "watch dogging" direct
impacts. Through a comprehensive and interdisciplinary approach,
evaluation of a project can refine the existing knowledge of an area
(verify predictions on the bohavior of a system) and provide a sound
basis for review of future projects. A holistic approach, however, need
not and should not be unduly broad. Through cooperative information
exchange between all interested parties predicted impacts can be clearly
defined and the studies required can be justified. Monitoring programs
designed in this manner are invaluable, particularly in dealing with
fast-paced development where tine is not available prior to construction
to quantify environmental uncertainties.
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