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Drilling Mud Plumes from Offshore Drilling Operations:

Tmplications for Coral Survival R

E.A. Shinn, J.H. ludson, D.M. Robbin and Carcl K. Lee

Abstract

. Drilling wud plumes from seven different cffshore platferms operéted bﬁ fivq't ’;f

wmajor oll companles were sampled by divers in the northern Gulf of Mexico to
determine amount of suspended solids at different distancs:f??r??fi$?m from_the
source. Each plume was sampled at six downstream ]ocatianﬁcat\deﬁthg rangiﬁg-:_
from 0.1 to 6,5 m ueing 10-liter Nisklimn bottles attached to a horizontal graduated :
100 m-long line. Samples were taken 1, 6, 12, 24, 48, and 96hh:horizontally from'_
the source. Samﬁling was done at aix platforms during ndrmai«d£illing operations, ’
ana one was sampled during a bulk discharge, ¥Five platforms were sampled wiFhout
the operator's knowledge.
Suspended solids in samples taken 1 m from the point of discharge ranged
- from a high of 80 mg/liter to a low of 17 mg/liter with the average from seven
K fi; , Platforms at 3% mg/liter. Six m from the source, the average was 6 mg/liter,
;. ‘reéresenting an average 53~feld dilution over a distance of 5 m. At 96 m, sus- |

pended solids concentration was approximately 1 mp/liter above background, which

averaged 2.07 mg/liter.

. .

The_purﬁoae of sampling was to obtain data for comparison with modified 96~hour.
.bioaasay reéﬁlts of tests performed on Seven species of reef-building corals., Tha..-
 é6ﬁcentrations of whole-used-drilling mud used in the bjloassay tests were equivgleuf5i ﬂ
:‘z?tb 11, 150 and 479 mg/liter soclids. Of the seven species, two (Montastrea aunulaﬂi&.%ﬂ?
" and Agandeds agaaicites) were killed by the 479 mpfliter concentration amd HON: Was'

killed h& the 150 and 11 mg/liter concentrations. The results of the present study ?
;Zg‘f@“ suggest that all seven species of corals could have survived at least 96 hours Iy
| :';ithin 1 m of the discharge pipe and probably much longer as close as 24 m ffom A

'/, the source.
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;ntroductionf
The purpose of this paper 15 to describé and quantify suspended solids in
plﬁmes of drilling mud resulting from the drilling of exploration and production‘r
 wells from offshore platforms in the Gulf of Mexica. Although the results of

the work may be useful in the cvaluation of pollution effects on all marine

organisms, such as Neff ef al. (this volume), the study was targeted specificallélg
on the effects of drilling mud on hermatypic (reef-puilding) corals. The studnytj
"was considered necessary fot several reasons, R
Concern in the United 9tates over the possible effects of ﬁfilling mud on‘
corals was articulated during the early 1970's with the announcement of lease’
Baie numbers 26 and 34, both of which included lease blocks near the Flower
Gardens éoral reef approximately 177 kilometers off the Texas coast. The Flower'g
and Pequegnat, ’
Gardens had been the subject of intensive biological (Bright/ 1974), geological.
‘(Edwards; 1971; Bright and Rezak, 1976), as well as paleontclogical (Poag, 1972)
'Béudies.
~ Soon after the Flower Gardens sale, concern intensified with the MAFLA‘
}(Mississippi, Alabama, Florida) sale number 32 in 1973. The MAFLA sale inéluded.Jf% y
the Florida Yiddlegrounds. Although not a true coral reef, the Florida Midd1e~;:
grounds is the site of both soft and hard coral growth on a pre-existing Tertiary
age 1imestone." Water depth over the coral~populated Middlegrounds is approximitelyﬁ
25 m, whereas the surrounding coral-free bottom lies under approximately 37 m of ”%n
" water. 7
Shortly after the MAFLA sale, concern shifted to the Pacific coast. -Tanner-':
and Cortez Banka were offered for petroleum exploration in lease sale 35 An 1275(
‘ Although coral reefs do not occur along the Pacific coast, Tanner Bank does auppor

coloniea of the jewel coral, Affopora californica. Therefore, the Bureau of Land

(M)
‘Managemengs charged with the responsibillity of protecting corals, required a pre#
“ ;drilling permit survey and insisted Lhat drilling mud and cuttings be barged away
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‘to deeper water. Through negotiations betweep the U.S. Geological Survey's Con-
servation Division and BLM, it was agree& that the company involved (Shell 01l

Company) would be allowed to discharge cuttings and mud at the drill site, pro-

;Iﬁlet. Alaska. Although not a coral area, BLM regulations required a study of
'drilling mud and cuttings discharges. In addition to determining suspended solids o

.1evels at different distances downstream from the platform, as was done in the

effects of drilling muds and cuttings:

- by Texas A & M researchers (Bright and Rezak, 1976).

‘ fo; industry by universities and private consulting firms. Few, however, have

- been specifically related to effects of drilling mud on corals. The first study L

- various drilling mud additives, as well as whole mud, were applied to corals in

- static aquaria tests. Due to problems innherent in closed laboratory systems and ..

! - 3

- b
vided, hewever, that a monitoring study be conducted. *

In 1977 Atlantic Richfield Company drilled a C.0.5.T. Well in Lower Cook

Tanner Bank study, bioassays on [ish eggs, fish {ry, and crabs were also conducted.ﬂf

The above lease sales resulted in 2 number of studles and publications on the.
1) The Flower Gardens sale stipulated a monitoring study, which was conducted f“

2) The MAFLA sale stipulated studies by SUSIO (State University System of

Institute of Oceanography). SUSIO produced three reports (listed in the bibliog-" *‘1ﬁ"{

~ raphy) .

3) The Tanner Bank sale rcsulted in a 1.9 kg publication by Meek and Lindsey‘_AJ*3¥”j

(1978) . The results of that study are summarized in this volume. ' _“ijffﬁ

4) The ARCO €.0:5.T. Well drilling in Cook Inlet, Alaska, resulted in a pub=-

lication of a.hatdbound book by Dames and Moore (1978).

Recently, several expensive but unpublished investigations have been conducted'j*}'; 

to address drill mud effects on corals was by Thompson and Bright (1877), in whigh

the large dosages of speciflc toxic components used, thie results have little ap~

plication to the real world. For this reason, the USGS Conservation Division



*. Florida, The results of the field study are also published in this volume, Seven -.:

. replaced every 24 hours to Ingure that corals were continuously exposed to knowm

L : 4 .;i;fz
sponsored a second study by Thompson. The second program, completed in 1978 and
published in 1979, employed only\wholc uged drilling mud collected from the mud

pit of an offshore platform, where drilling was at a:dépth of 4,200 m.

l(r—~ Thus, material in the form in which it is actually discharged into the environ—fﬁ’

-

ment was utilized. Although laboratory experiments were conducted, probably the

most meaningful tests were carried out in the field on a coral reef off south

species of reef-building corals were placed in small sealed aquaria containing
plastic water pumps to keep test mud in suspension. The tests lasted 96 hours,

and three concentrations of drilling mud were used. The drill mud suspension wasl’

concentrations, ‘
. i,

Three dilutions were prepared (rom a 4.8-ky mud containing 476,000 mg/l solids, |

The test dilutlons were 10,000:1, 3,160:1 and 1,000:1, in addition to controla.

'.jﬁy calculation, these dilutions are equivalent to 47.6, 151 and 476 mg/Z suspended 3_3~“‘”

L .".'u e Setg ¥ 1355’“_”‘;#;:’:#
o ) . A ey S ~ A
_ -scum on the walls of the test aquaria. v e S sl

..one of two tests during exposurc to the highest concentration. The reascn why it -

golids. Actual measurement by millepore filtration (Thompson, personal communica~ o
t;on), however, gave values of 11, 150 and 479 mp/{ solids, the significant dif-
ference being at the higher dilution, (i.e., lower concentration}, The disparity

between calculated and 'meagured concentrations is thought to be caused by a com.

A

+

bination of experimental error and the observed adhesion of material to bacterial -

Ve
d

- R

Thompson's (197%; this volume) studies showed that of the seven common specles

tolend
. LI Y N,

tested, two, Montastrea annularis (massive star coral) and Aganicia agaricites
(lettuce coral), werc killcd at the higher level of suspended solids, i.e., 479
mg/f (=calculated mg/f sulids). No corals were killed at the two lower concentra-. °

tions of 150 and 47.6 mg/t. Acropora ceaviconnis (staghorn coral) was killed in 2

survived one test and nol the other s not coemnletely understoaod, Lo
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Behavioral responses weroe noted in some-porals even at the lowest concentra= -
tion; therefore, the study may be criticized because a no~response level was mnot-
determined. Determining a minimum response level, however, would be difficult,

because even controls often respond erratically during experimental testing, and. f

* time for acute biloassays); therefore, it is difficult to predict long-term effeé;a

from the results of that study. |
In this paper we determine the concentration of suspended éoiids at various

distances from the sourcé so that the concentrations tested by Thompson may be

put into proper perspective.

Methods
DPrilling mud plumes from seven offshore platforms in the northern Gulf ofl. 7
;Msxico were gampled between August 14 and 21, 1979 (Fig. 1). A 50-ft (15.2-m) i:ﬁ,
trawler (M/V SEA ANGEL), chartercd in Miami, was maintained as base ship. Actuai':li;.

sampling was accomplished from a small ocutboard-powered rubber boat carrying divers e

{the authors and a photographcer).

Sampling Method

» ¥
Ayers et af, . S

1 ' L
Previous studies (Meek and Lindsey, 1978; / this volume; Dames and Moore, . ; 'f- i

1978) 1ndichtéd that the maximum rate of dilution takes place very near the point

: of dischargé. Sampling efforts were therefore concentrated close to the vicinity,:j?fj
ofhdischarge. To insure accurate water quality samples, a 100-m-long polyethelene {i
.line was equipped with six c¢lips for attachment of 10-£ Niskin water bottles. Clibgkc
were placed so that when the line was attached to the discharge pipe, Niskid boéflés‘

could be placed precisely at 1, 6, 12, 48, and 96 m from point of discharge. On .

several occasions, additional line was needed for attachment to the platform be-

~eauge dlscharge points were ooldom fn the same tecat fon,  Some discharges flowed

- from hoses several m above Llie wiaior surbace, and others emanated from submarine -
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pipes placed five to seven m below the surfacé. Regardless how the line was at~
.tached, it was always situated so that samples could be taken at the predetermined . .

g}: distances from source, with one notable exception. At the Tenneco platform, West
I\. " .

¥.* * Cameron, Block 643, the combination of discharge location and current direction
. ‘f 4.required tﬁat the premeasured iine be attached to a platfotm member downstream nfl 5
:iijj;; .the discharge point, resulting in sampling locations of 1, 10, 22, 34, 58 and 106 i
zﬁﬂ// * from source. Locations of all discharge points sampled are shown in Figure 2, o

in Figure 2.

The firgst two platforma (Shell/Progress, Mississippi Canyon, Block 311 and

Exxon, Mississippi Canyon, Block 293) were sampled after contacting and obtaining ‘?‘h
pe?mission from the drilling superintendent. ‘The remaining platforms, hﬁwevef,

‘: wére sampled by a "hit-and-run" method without permission of the superintendent,
a ﬁimé-saving move which also removed any possibility that operators might cut

;'off or reduce flow rates,

The hit-and-run method was as follows: the area (Fig. 1) was cruised until
a platform with an operating deilling rig was siphted. Most of the dozens of
platforms encountered were either production platforms without rigs, or production

platforms where tublng was- bEJHE gel’ or some other activity was 1in progress that

did not require drilling mud. Those that were drilling were easy to spot both ~
by the rotating drill pipe and visible mud plume.
N After spotting a drilling operation, the SEA ANGEL would eruise to within a:
' few hundred m of the platform and drop off the outboard-powered rubber boat with:."
3_1ts four-person team. One person took underwater photographs, another attaqhedq-l”‘
E ;the measured sampling line, and the third attached and triggered the six Niskin
ﬁ  bottles. The fourth person operated the rubber boat, picked up divers and Niskin;:n
':bottlea, and took current specd meanurerents nsing o s lamlo propel ler—-type current §

ometer.  The entilre operatlon genc:ially was accompltshed In less than 30 minutes,
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usually before attention of the operators was attracted. Underwater photographa

in Figure 3 show the significant éampling procedures. ‘ =n}“;-“
Weather conditions during the entire periled were ideal. Seas were calm and

wind was variable both in direcrion and velocity. Water currents were tidal and

did not appear to be related to wind speed or dircction.
The combination of calm winds and seas, a pergistent current, and a thermo-
cline at approximately seven m resulted in almost horizontal mud plumes. The.

turbid water was swept away from the source {as shown in Fig. 2) and was never

.observed to sink below seven m, even after traveling several hundréﬂ m,downéufrent.n'

Figure 4 schematically_sﬁéws a typical plume and sampling locations. Cuttings

ware always abserved to settle almost vertically. No attempt was made to collect‘-

puttings. |
Sampling was always directed at the worst case, In other words, the divers A T¥jf'f

Iééarched for the zone of maximum turbidity, then triggered the closure of the |

. 'Niskin bottle., Since. the floating polyethelene line tended to trail out and track _

with the plume, it became a simple matter to push the line and sampling bottles

iﬁto the most turbid part of Lhe plume before triggering the samplers., The dis-

: ;ance from source for each samplec was constant, except for that of the Tenneco ; s

v

;blatforq ment ioned gaéliég.

Shipboard Methods (Filtraticn) ' e
Water samples were returned to the base ship and quickly transferred to col- -T’fw
lapsible clear plastic containers. Later, and always during the same day as -: f»§

‘@ampling, the samples were transferred to a 10-£ plastic pressure cylinder. Afr

‘from a Scuba tank equipped with a regulator set for 30 psi was used to force_ﬁatﬁr‘;:
from the pressure cylinder through a l42-mm-diameter polycarbonate filter withra';
pore diameter of 0.4 um. The citfluent, which was always clear, was collected and
measured with a 1-€ graduated cvlinder, A =¥ portien was gtored for future

Ireference prior to filtration. In practice, fwo to cight £ were filtered to
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seven and eight £. The flltration apparatus was supplied by ECOMAR, and the methods

are the same as those of Meek und Lindsey (1978).

After filtration, the filters with adhering filtrave were folded and stored
in test tubes with screw caps. A control sample, taken upstream of the drilling
mud plume, was also filtered at each platform. The routine was to filter the
samples in sequence from closest to source to most distant from source. The
control was filtered last. The apparatus was rinsed once with sea water betwaen

each sample; thus, there is the possibility of low level contamination which was

not considered significant for a study of this nature., A photograph of the apparatus

-+ in wse 1s shown in Figure 3D.

Laboratory Methods
Filter disks were vacuum-dried in the test tubes and weighed on a precision

balance after removal from the containers. The uverage weight of blank filter

" disks was determined by weighing 10 disks and calculating the average (Table 1).

T@e average welght was 143.6 mg, and the range of variation of the 10 disks was

3;3 mg, or an error of 2.3 percent. The weight of suspended solids in mg/f was

calculated by subtracting the weight of a filter disk from the combined weight of f‘ﬁ""(

" filter disk and filtrate and then dividing the filtrate weight by the volume (in

liters) of.sample filtered. The raw data and results, expressed as mg/f, are

- ghown in Table 2. It should be noted that the fllters and sediment were not

...are included and may explain why our controls are approximately 1 mg heavier thah_”fi,ff

T W . ,'.;'-" .
R TR R PRE A,

+

‘rinsed in distilled water prior to drying and weighing. Thus, some sea salts

previously published control values. : -

Analytical Methods

¥-Ray Diffraction

- diffraction analysis to determine, gualitatively, the mineral content. Each

After weighing, each Fiitcer was cut in half and the material removed for X-ray :

maximize accuracy. Filtrate volume is shown, Jn Table 2. Most samples were between ?“”
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sample was first resuspended in triple-distilled water using an ultra-sonic probe.

The resuspended sediment was then-filtered throﬁgh gilver filters for X-ray dif=-

‘fraction analysis. The following Table (Table 3) Llists the minerals in the approx-

imate order of their concentration In the sample.

SR
Three of the seven series of samples (B, I}, E) and a sample from the Miasissippitj

series were not run for economic reasons. The following Table (Table 4) lists the

~content of barium and chromium. Note that these analyses wete performed

Suspended Solids

on material on the remainiﬁg half of the filter after X-ray analysis. The weight

of material analyzed is provided in Table 4,

Results and Discussion

Table 5 shows current speed and suspended sulids concentration, expressed as
mg/€, both in plume and control samples. Average values for six platforms are

listed at the bottom. The l-m average includes data from all seven platforms.

" The remaining six stations at lenneco, West Cameron, Block 643, also shown on

i Ly e e e
CUNTIALI Pt

contrels contained more suspended solids than the 96-m sample (three out of seven -

Table 5, are not, included in the averages because sampling distances differ from Coe

those of the other six platforms.

Averaging was necessary to produce a consistent profile of downstream dilutiom
because reversals occur in almost all sampling sequences. Reversals\zzzeundoubtedly
induced during sampling due to the visual difficulty of determining the zone of

maximum turbidity. Furthermore, diacharges often pulsated, causing breaks of

clear water within the plumes. Although attempts were made to avoid sampling'sucﬂ

breaks, they nevertheless must nave Influenced filtrate variations. '-"ff-
In addition to the reversals, one should note that the controls were occasiou-,n;“wr‘
ally heavier by oas much as .00 e Althoogn oo 0 ot Lol ly melerstood why some

_ﬁiver were analyzed quantitatively for barium and chromium. The other four ”;fji




_‘km attracted our attention to this platform. A column of mud was flowing from a ‘

10
were heavier than the 96-m sample), several explanations are possible: (1)
plankton tended to avoid the plu$us, thus less plankton are included in the down- . -ﬂ‘ k
gtream samples than in the upstream controls; (2) the fluid portion of mud dis- ;;g

charge was devoid of plankton; or (3) the weight of the filter disks varied by as

much as 3.3 mg (Table 1). Probably the latter factor is the correct gxplanation, L

although all three factors may have contributed to the anomalously high values of : .

the three control samples.

One of the seven platfurms, Exxon/Progress, South Timbalier, Block 172, wag -

discharging bulk drilling fluid when sampled. An enormous plume extending aeveral'?':f
pipe approximately 20 cm in diameter about 3 m above the surface. A petroliferous
odoxr was moted, and a scum which clung to the divers and smeared face masks was
present on the surface along with droplets of oil, which floated to the surface

gseveral m downcurrent along our sampling line. Although the volume of discharge

“ 18 not known, the flow was preat cnough to completely obscure any underwater i\“jf

vigibility beneath and downstream of the platform. Surprisingly, the effluents
were among the lowest measurcod (Table 5). Maximum concentration 1 m from source

was only 17.33 mg/¢ and an even lower value of 7.99 mg/? only 6 m from source. At 3

-

12 m from source, however, concentration i{ncreased to 16.10 mg/2, followed by a

drop to leps.théh B mg/f at 48 m, and another {ncrease to 11.31 ng/f at 96 m. Al- ,f}'

_though it is difficult to explain why concentrations were generally low during "2h7

contaminated with sand and tho: were beims flashed to clean out the sand.

R T
1oy wkanifiiw s Y

this bulk discharge, the presence of reversals may be more easily explained.
There are two explanations: (!) the entire area was so turbid from the discharge - .
that divers could not visually deitect the arcas of maximum concentration, and (2)

the mud pits may have been substuntially diluted with sea water prior to and during

"«

discharge. X-ray diffraction of six samples from this location showed gquartz to

predominate over bavite (Table 33, ‘fhis suppests that the mud pits had become
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One reoccurring observation was the drastic reduction in underwater viaibility l:i :é
;auaed by very low concentraLions:uf suspended solids, Concentrations of only S
lb mg/f 1 m from source reduced visibility to only a few cm. When this water was . . :

- transferred to the clear containers prlor to filtration, however, it appeared

almost as clear as drinking watcr., Mississippi River water provided a:similar
observation. Although the river looked extremely turhid and contained 41 mg/é
"solids, the water appeared reasonably clear when viewed in a 10-£ container om
shipboard. 1t 1s interesting that Mississlippi River water taken near the towﬁ of
Venice, Louisiana, contained approximately twice the suspended solids as that
measured during the bulk dump at Exwon/Progress, South Timhalier, Block 172, but
only about half that observed during normal drilling 1 m from source at Tenneco,
Wegt Cameron, Block 643,

The averaged data from six platforms (Table 5) are belicved to represent tﬂe
average discharge from typical_well drilling operations in the Gulf of Mexico an&
probably elsewhere. Averaging of data from several plumes or repeated sampling ;{‘1 H:
of the same plume are probably the only ways of obtaining a progressive dilution
ptofile. A single series cf samples almest fnvariably contains reversals. The

significant aspect of the dilution preofile (Fig. ) is the five-fold dilution

Ithat occurs over 4 distince of only'S m between the 1- and 6-m sample. TFrom that

point on to_théiQG—m station, however, the rate of dilution taperéﬁ'off at a muchr
.reduced rate. The average concentration at 96 m for six platforms is only 3.58

, mg/€, or 1.58 mg/f above average background. = The data from Tenneco, West Camerun,‘éﬁ;r:ﬁ
Block 643, are also shown in Figure 5 as a dashed line. As pointed out earlier, i“;;:'
these data were not included in the averages (solid line in Fig. 5), because the'.'
sampling dlstances from source were not the same. 1t is interesting to note‘that' VfJf:'“
these values are 24 times less Thompson's (1979: this volume) middle concentratioﬁ

of 151 mg/€ and 75 times less than the highest concentration used in hig bicassays.

. ' 3 30
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Qualitative X-Ray Diffraction Aunalysls

The purpose of the present study was to determine suspended particulate concentra~ .

tion and its relation to sedimentary effects on corals. Thereiore, the results of

chemical analyses presented here are, by necessity, rather superficial. Other authors
in this volume treat the subject much more thoroughly.

The data presented in Tablc 3 for the most part support our observation that, - U

dside from cuttings, there was little separation of mud plume coamponents within 96 m

of gource. We had thought that barite, which has a high specific gravity, might tend’,:}
to separate preferentially fror Lhe plume. 1In only cne case (Exxon, Block 643,‘Missis;';
sippi Canyon) did the barite level decline with distance (Table 3). At this 1ocality,';l:
barife was replaced by quartz at the 96 m location.

'In other serles, such as ac Tenneco, Block 643, West Camercn, and Exxon/Progresa.ixh:’
Block 172, South Timbalier, quartz was the principal ingredient in almost every sampié;
regﬁrﬁless of distance from socurce. The predominance of quartz at the Exxon/Progress if'.
location supports our suggestion that the purpose of the observed bulk discharge was
to clean sand from the mud pits. Another explanation for the high quartz content is . Er'
thaé the well had not yet veached a depth where large amounts of barite are needed.
Normally, barite is not added until the depth of potential geo-pressuring, which might ;i{
cauge blowouts, 1§:reache¢;"1he authers had no way of knowning drilling depth at thel-,ji
time of sémplingfﬁecause of the hit-and-run sampling method. ; o

Calcite was present in many samples (Table 3). The source is probably the calcitav“”;
cement, which is the natural binding agent for many sandstenes In this area. L

Quantitative Emission Spectrography

Quantitative data from three series are shown in Table 4. The data tend to support-

the above contention that there is little separation of mud components by settling.

Except for samples BS and B6 {(Tablu £), there was no siwnifleant reduction of barite -
with distance from source. The miner reduction thet did aceur (s probably the result
. of analytical methed, because the amount oi sample was so Low (dee Table 4).

S

Relatively high levels of chromium were obsgerved in both the B and D series (Tabléﬁ




-4)., Its source 1s probably the ferrochrome
fier. Othexs in this volume point out that
other materials and is therefore relatively

chromium (190 ppm) in the Mississippli River

lignosulfate, which la added as an emulsiw
the chromium is chemically bound up with"}?
insoluble in sea water. The amount of

sample 1s thought to be of natural uriginplf

gince this is within the range for natural clays.

Controls

LY

Barite and quartz, in addition to clay minerals, were present in trace quantities

in all control samples. Although these mineral%qaie normally present in sea water 1n“";

trace quantities, we believe that a combination of contamination and sea water is the“"f

source, The pressure cylinders and tubing used during filtration were rinsed only

once between samples, and sea water was used as the rinsing agent.

Meek (personazl

communication) found barite in control samples using the same equlpment, even though,f‘f

the system was flushed with distillied water.

L] 3 N "\,' .
el #1!!5"'""'

(Text continues on page 14.)
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Environmental Implicalions

The data resulting from this study, except those from the Exxon/Progress‘

« . platform, are thought to represcnt average values tor normal exploratory drilling. -

Although all but one was a production platform, the quantity and composition of

'drilling muds used were probably the game as those used on temporary exploratory

platforms. One location (Exxon/Lugene Igland, Block 315) was indeed an exploratoff';ﬁfifh
"well being drilled from a three-legged jackup rig (see Fig. 2). The values from ..-“:f
this platfofm are in the same range (in fact, are slightly lower) as those in
plumes from production wells (Table 5).
If the average mg/f solids data shown in Table 5 and Figure 5 are compared

with the bioassay results of Thompscn (1979; this volume), it becomes evident that.: ™

the bicassay dosapges were much tovo high to have recalistic application to environ---

mental conditions near drilling operatfons. The average concentration of golids - /. %
l.é from the source was found to be less than the calculated mg/f sollds of ghe :L~ﬁ
léw‘level dose used by Thompson but almost thrce times more if compared with hi; s
measured values. At six m from souree, the averape level of susapended solids was
found to be more than seven times less than the (calculated level of suspended solids)  %
lowest level tested by Thompson. Griffin (1974) found that natural levels of sus- - . . :
ﬁended solids 1513 neéarghore coral drea of the Florlda reef tract reached 5 mg/f
“during Qindy weéther, when bottom sediment was stirred Into suspension by waves.“'
Griffin (personal communication) also measured 40 mg/f solids in a boat wake in ‘tl~ ;i
John Pennekamp State Park off Key Largo, Florida. Three hours later the concentra-’ }}:“
tion had dropped to 14 mg/£. Background values outside the 20-mwide wake were 3 |
mg/f. Thus, suspended solids in the wake of a typlcal tug-and-barge combinationvthfea.‘
hours after . .
/Passage were about twice Lhe aver.ape amount the authors found six m from the dis-.J f.

charge pipe of the offshore drilliog platforms. Such boat wakes can be observed

in the Pennekamp Park arca alang the bulracoasta) Waterway almost every day of the - .

week. It could be also be concluded that the average values of drill mud plumes -

P PP . BT} |
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. lower concentration tests.

:56 m downstream (1.51 wg/L above background) are less than those observed under

' natural windy conditions in coral areas of the Florida reef tract.

‘mg/f). All of the species tested by Thompson except Dichocoenia stokesii showed
_marked behavioral response to the highest dose level (476 mg/£), and two specles,'-

Montastrea annubarnis and Agarnicia agaricited, were killed after 65 hours. At the }:

was sufficient to cause death. Behavieral responses were also noted in the two

{1979; this volume) could survive 96 hours of cxposure as close as 1 m from the d1s-¥»i'
.au:vive indifinitely at the lower levels found farther from the discharge pipe
" has not been determined. If the effect of drilling mud on coral is purely mech~

_anical, rather thén chepical, then its effects should be no different than that . |

“ .veminded that the concentration of natural sediment in natural coral areas of the

"volume) noted the following levels during a controlled dump of 1,000 bbls per hourxt'

1,426,675 mg/f at the source, 32 mg/¢ at 60 m, 51 mg/f at 152 m, 24 mg/L at 376 o, .,

TR R . v
Fgrheeseihen, 0 L : . Lo Co . B AR RO ¥
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Although behavioral effects of corals were noted in Thompson's (1979; this
volume) experiments, i.e., polyp retraction, no corals died in the lower dose con-

centration test, nor were there mortalities at the intermediate dose level (150

same concentration, Acropoaa ceavicornis died in one 96-hour test but not in a

second 96-hour tesat. It would appear that this species was near the borderline if,;’.

between life and death and that some minor variation in experimental procedure

!

- - It seems reasonable to conclude that all the common corals tested by Thompson

-

charge pipe during normal drilling operatlons. Whether or not these corals could

of natural sediméent of similar grain size. Given this condition, the reader is ~-=”'?:Q

. Fiorida Keys (Griffin, 1974) is often several times greater than the amounts O i"&

actually measured in drilling mud plumes 96 m from source.

' The above discussion is addressed only to the conditions aasociated with
normal drilling. DPuring bulk dumping, however, which can occur several time;
during drilling, followcd by o mass dumy ar termination of drilling, suspended

solids levely can greatly cxueed the levels reported Lere, Ayers et af. (this:
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“,and 9 mg/l at 498 m. In their study, background levels were reached at 1,564 m,

Although these are probably the highest levels yet reported, it can be noted that

3 at 60 and 152 m from source, the concentration of suspended solids (32 mg/f and 51 [JJ;'_l

' mg/f, respectively} is necar the lower dose level tested by Thompson (1979), These - i:f |
_levels are also approximately nine times legs than the highest concentration used -Jf: :
by Thompson, in which only two of the seven species tested were killed., The . ﬁfki}

point can be made, therefore, that #ll the species tested by Thompson could easily

gurvive 96 hours 60 m or farther from scurce during a bulk dump. According to '-pEif
Ray and Meek (personzl communicatien), bulk dumps seldom last more than a few Vﬁ@;
hours. Therefore, chronic levels which persist during the cne to four months _ ".iiy
required to drill typical ofishore wells would be mere important to coral survival - :'
than the occasional short-lived bulk discharpes.

This study suffers, as do most other drilling mud studies, from lack of

knowledge concerning the mud's chemical composition. No attempt has been made to

assedd toxicity of dissolved chemicals in the tluid phase of drill mud in this'
study. 1t is asgumed, howover, that dissolved components were present in the mud-.
Qsed by Thompson and that the suspended sollds serve as an index of concentration,
" both of solids and the dissolved phase, an assumption that may not always hold SN J
‘true, In addiéidn,'ﬁepéuae of.che'”hit~and-run" sampling method used, the con- |
ccentration of”sﬁlids in the mud before it entered the environment is not known. -~

- However, because of the crtremelyv high rate of dilution thzat vceurs between one and

elx m from source, it scems certain that even greater dilution occurs before the

plume has traveled 1 m from source, if not within tne dlscharge pipe 1tself.
* Drilling muds prior to discharge generally contain hundreds of thousands of mg/f ~ 0.
suspended solids, or greater, as described by Ayers ef af. (this volume).

Although this study was conducted around plutforms in greater than 60 m of

water, where there were 1o living corals, Lhe quest ion ab eoral swothering never-

‘w ' theless should be discussed. §3 wills were driffed {n shallow water, for example, -

e e B
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" 6 to 15 m and very near or on a coral reef, whﬁt-would'hﬁppen? Would nearby corals :

leyba ;ﬁothered and killed in an accumulation of drilling mud?

. The authors believe that ncarby corals almost directly under a drilling plat-

' form could be smothered by cuttings, but it is very unlikely that these corals cou1d 1

be smothered by drilling mud. Drilling mud, it should be remembered, is vggzﬂfigg-'

.,:)K

.-_ab“'_
'

s grained, much too fine to settlie permanently on a coral reef. Geologists and sedi~
" mentologists agree that coral reefs do not grow in areas where fine-grained sediment

can accumulate and, indeed, the natural sediment is invariably coarse-grained.

' Following Hurricame Donna in the Florida Keys (personal observation; Ball et ak., 1961;}f

Shimm, 1976), carbonate mud from Florida Bay and the inner reef tract produced milky_}g.

. sediment-laden water that flowed seaward anc persisted over the reef tract for sgvetalff“

-;wagks. Similar observations were made during Hurricane Betsy in 1965 by Perkins 5“#‘L

Enos (1968). TFipure & shows lime mud in suspension over Carysfort Reef in the Ke&

L;réa éoral Reef Marine Sanctuary following Hurricane Betsy. The concentration of .

K ;: this éine-grained mud is thought to have been on the order of 50 to 100 mg/L. Griffin:?gi .

(personal communication} has measured over 100 mg/f on the Florida reefs for short '3;"5 f§
periods during winter storms.

" Carbonate mud was temporarily observed to settle and accumulate in reef areas f _,15

wvhere the normal‘sedimen; Wwas very Loarse—grained. Within a few weeks, this sedi- B

ment was resuspended and removed by normal day-to~day wave and tidal currents. In>

their study of coral banding and growth rates, Hudson ¢t af. (1976) did not chaerve iffi:fz

reduction of growth rate of Montasfrea annwlaris for the year in which Hurricane

.+ Douna struck, nor were any growth rate effects observed for any of the other years:
in which hurricanes crossed the Florida reefs, llurricane effects, as noted by Ball f ?’f

et al. (1967) and Shinn (1976), were restricted to physical damage resulting from .:;fj?-ﬁ

direct wave and current forces during the storm when wind velocities often exceeded
175 miles/hour.

These observations indicate thut duving normal day-to~day conditions, fine- =
'Bflined gediment, whether it be nateral carbonate mul or delilling mud, would not

-settle in coral reef areas. only during anoualiy catm periods, deldom lusting.

. |.
. v i
! TR 3 5
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more than a few days, could such rine-grained sediment accumulate, and then 1t
would be quickly removed when normal conditions returned. Such accumulation would
"+  be in the sediment pockets and nct on the live corals, which, because of their
‘ topography, are more current swept.
Because of high energy conditions associated with reef growth, sedimentation_
:of drilling mud is not likely. Hudson (this volume) describes attempts by Texas j'
" A & M researchers to coat M. annutanis with large doses of drilling mud in 3 m '
lof water on 8 Florida reef. A thick slurry of whole drilling mud was repeatedly
applied from a plastic bag held & few cm from the coral surface by a diver. Ob- ,'1
servations (by the senior author) and Hudson {this welume} showed that a combina-
tion of wave-generated currents and the actions of the corals thewselves removed"';

the sediment within ¥ hour.

On the basis of thils study and other observations cited abeve, the authors

contend that aside from local accumulatlon of cuttings, drilling mud from drilling
major ' L
- operations is not a / threat to coral reefs. Indeced, the concentrations we have "' .~

measured appear insignificant compared to the volume of fine-grained sediment put
into suspension by boat traffic and storms in the Florida reef tract. Drilling

mud may have, on_the other hand, a drastic effect on coral reefs if it should con- ,,1‘;”“

tain high levels'of dissolved toxins. This study did not assess the toxicity of ' S

E

the liquid phaée, but it is agsumed that present regulations prevent additiun of

highly toxic biocides and other such ingredients to drilling mud if the mud is to be f
discharged into the water. .

Conclusions

1) Sampling of drilling mud plumes from seven different platforms in the Gulf of

.~

" Mexico vielded suspended soulids concentrations ranging from 10,21 to 79.78 mé/ﬂ

at a location 1l m frum source, to concentrations: ranging from 1.39 to 11.31 mg/é

96 m from source, The average was 31,37 at one m and 6,29 mg/d six m from source.
. The average at 96 m was 3.58 mp/{. Average background level was 2.07 mg/d.

" 2) Maximum dilution ratqd}0ccurrvd within six m of source.

“m! H \\ UPTITRTRTEN . . - . ’ . » P . - ..;‘.a“.,.i.:l ﬁh"ﬂmiﬁi
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3) Assuming that the muds are similar, a comparison of the suspended sclide data

with the experimentzal bioassay data of Thomp90n'(1979) sugpests that all the speciea-.ﬁ:;

-teated could survive 96 heurs within one m of source during normal drilling techniques,ﬂ._ﬂ;

that is, the average concentration at one m of source was 14 times less than the com= . -

centration required to cause mortality in 96 hours. At one platform, the value was ..
only six times less.

_ﬂd) At 96 m from source, the concentration of suspended solids was 132 times less

than that required to cause mortality in 96-hour biocassays using similar mud.
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Unused Filter Disks {(mg)

142.1
14101
144.2
146.0
144.8
146,
146.5
142.0
143.3
143.2
1439.4

Table 1

Range 141.1-146.5 mg
Averaze 147,86 mg

Stangard Deviation 1.9
Variaovee 3.3

95% Confidence Interval 3.8
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Particulate"ﬂ'

' Particulutes ' . )
c:?%iﬁ?' plus Filter Filtrate Patttcuiates Coniizﬁistion(
and_Area Sample Paper (mg) Volume () LG 38,44
'Shell/Progress, A ééa‘? ;'ggg 35:9 10,90
311, Mississippi  AZ 229.5 “oun 60.1 7.56

. Canyon A3 203.7 3‘ 3 63.2 7 96
Ab ~bb.38 i.?i‘q 1n 1 2.31 .
A5 161.7 1.815 ig,d ", =iy T
Ab 157.C 7.905 13.; %-;23 oy
Control 166.5 7.880 12%.8 eriii. i
Trw T3 0] IR A
Mississippi . 7. 2o mh TR
‘ Canyog? B3 157.3 8.000 12'; i,gg .
B4 157.9 7.815 14,0 apr o
35 145.9 7.925 22.3 "5
B 154 .4 7.755 10.8 . ?‘?. v
Control 106.5 7.880 22,9 S5
Exxon/Progress, cl 2?@.} 7.750 122-; 7799
172, South c2 207.5 8.00C 122.5 16.10
Timbalier c3 zgg.é ;-ggg en 7'11
f, 2 . . . *
g; 205.8 7.940 2.2 7.83
cb 233.6 7.945 60,0 li-gs
Control 136.0 7. 860 L2k 7578
Tenneco, 643, D1 430.8 3.000 =S8/.L e g
West Ca;éron D2 408.1 - 7,600 264,53 34,80
o D3 266.7 7,640 1231 16.11
D4 162,50 3.335 18.5 5.55
05 ihi.2 7.590 17.6 7.20
D6 147.6 2,000 4.0 2.00
Control L56.7 7.905 13.1 1.64
Texaco, 313, El 251.2 6,210 107.¢6 17.33
Eugene Island E2 178.9 8.050 35.3 4,38
E3 155.4 8,050 11.3 1.46
Fb 147.0 3.510 3.4 0.97
EST, - . 1820 7.990 18.4 4,81
E6 <1644 8.000 20.8 2,60
Control 163.3 7.900 9.7 2,49
Exxon/Atwood . Tl 224.0 7.920 BO.4 10,20
Oceandic, 315, F2 212.6 7.925 69.3 8.74
Eugene Island F3 2164 7.955 72.8 9.15
F&4 202.5 8.015 58.9 7.35
F5 202.0 7.850 58.4 7.44 :
¥6 159.4 7.945 15.8 1.99 .
Control 160.7 7.880 17.1 2.17
Chevreon, 341, Gl 421.2 7.880 277.6 35.23
Eugene Island G2 '178.4 7.905 34,8 a0
G3 167.8 7.915 24,2 3.06
G 185.9 7.940 42.3 5.33
G5 170,06 7,970 27.0 3.40 ,
c6 1h3.73 7,050 19.7 2.48 :
Control RS B T 4 P 1.64 o
Mississippi 913,04 P RIY 370.3 46.76 .
River -é_

Mase of filter disk = 143.6 mg.

Tahle 2.




A SERIES, SHELL/PRCGRESS, BLOCK 311, MISSISSIPPI CANYQON

- Al (A m

barite

quartz
montmorillonite
mica/illite
kaolinite/chlorite
plagioclase
microcline

calcite

Ad (24 m)

barite

quartz
montmorillonite
mica/illite
kaoclinite/chlorite
microcline
plagioclase
calcite

- Control (Surface)
barite

.calcite

. quartz

. plagioclase

- microcline

kaolinite/chlorite

- mica/illite

" montmorillonite?

B _SERIES, EXXON,

Az (6 )

barite

quartz
montmorilionite
micafillite
kaolinite/chlorite
plagioclase
microcline

calcite

AZ (48 m)

barite

fquartz
kaolinlte/chlorite
wmica/illite
plagioclase
microcline

cialeite

A3 (12 m)

barite

quartz
montmorillionite
mica/illite
kaolinite/chlorite
plagloclase
microcline

caleite (trace) -

A6 (96 m)

barite

quartz

mica/illite
kaolinite/chlorite
plagioclase
calcite

BLOCK 293, MISSISSIPPI CANYON

Bl (1 m) o

. barite "

quartz

- montmorillonite
kaolinite/chlorite

mica/illite

plagloclase

- calcite

microcline

B4 (24 m)

barite

quartz
kaolinite/chlorite
plagloclase
mica/illite
montmorillonite
calcite

microcline

L et i wy ot o

B2 (6 m)

barite

quartz
montmorillonite
micafillite
kaolinite/chlorite
plagicclase
microcline

B5 (48 m)

barite

quartz
kaolintre/chlorite
plapgiovlase
mira/illite
montmorillonite
calvite

wicronel ine

Table 3.

B3 {12 m)

barite

quartz
montmorillonite
kaolinite/chlorite
mica/illite
plagioclasge
caleite

microcline

B6 (96 m)

gquartz

barite S
kaolinite/chlorite
mica/illite
montmori{llonite
calcite
plagioclase
microcline
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B SERIES, EXXON, BLOCK 293, MISSISSIPPI CANYON

. Contyol (Burface)

Control (Surface)

‘quartz ~

barite
mica/illite
kaolinite/cRlorite
montmorillonite
microcline

- plagioclase

calcite?

D SERIES, TENNECQ, BLOCK 643, WEST CAMERON

DL {1 m)

quartz

barite
kaolinite/chlorite
mica/illite
montmorillonite
plaglioclasge
calcite

microcline

I R AT Ty
PR e

D2 (10 m)

cuartz

narite

mica/illite
montmorillonite
kaolinite/fehlorite
plagiioe e
cateite
microcline

Table 3 (continued).,

barite

calcite

quartz

plagioclase

microcline

kaelinite/chlorite

mica/illite

montmorillonite?

¢ SERIES, EXXON/PROCRESS, BLOCK 172, SOUTH TIMBALLER

€l Qm c2 (6 m €3 (12 m

guartz quartz quartz

barite barite barite

montmorilicnite montmorillonite montmorillonite ¥

mica/illite mleafillite kaplinite/chlorite |

kaclinite/e¢hlorite kaolinite/chlorite mica/illite :

plagioclase plagloclase plagioclase ’

micrecline micreocline microcline Lo g

calcite (trace) calcite caleite (trace) - .. :

) H

C4 (24 m) C5 (48 m) Cé (96 m) oy

quartz quarta quartz +
- barite barite barite ¥

montmorillonite mica/illite montmorilionite L
mica/illite kaclinite/chlorite wliecaf/illiite T
"kaolinite/chlorite montmorillonite kaclinite/chlorite : - ‘.

plagioclase plagioclasc plagioclase Soue
microcline microcline microcline ST

calcite calclte calcite Loy

DI (22 m} - .

quartz
harite
montmorillonite

kaolinite/chlorite ..
mica/illite .
plaploclane
caleite
microcline



D SERIES, TENNECD, BLOCK 643, WEST CAMERON

- D4 (34 m)

quartz

barite
kaclinite/chlerite
mica/illite
plagioclase
microcline

calcite (trace)
montmorillonite

Control {Surface)

D5 (58 my

cuartz

varite
kaolinite/chlorite
mica/illite
montmorillonite
plagioclasge
microcline

calcite

D6 (106 m)

-}gcalcite

Control (Surface)

. quartz

barite

" - kaolinite/chleorite

mica/illite
montmorillonite
plagioclase
calcite
microcline

- barite
" kaolinite/chlorite
quartz
plagioclase
microcline
mica/illite
. montmorillonite
.- calcite?
E SERLIES, TEXACO, BLOCK 313, EUGENE ISLAND
D EL (1w 52 (6 m)
- montmorillonite quarez
kaolinite/chlorite barite
©. quartz kaolinite/chlorite
- micafillite mica/illite
barite montmorillonite
plagioclase plagioclase
microcline calcite (trace)
calcite micreocline
E4 (24 m) E5 (48 m)
. kaolinite/chlorite quartz
. mica/illite " barite
quprtz ) plagicclase
barite -7 kaolinite/chlorite
mantmerillonite micafillite
plagioclase montmorillonite
microcline microcline
calelite

Table 3 (continued).

.barite

quartz

barite -
mica/illite .
kaolinite/chlorite .-
montmorillionite
rlagioclase
calcite

microcline

E3 (12 m)
quartz

Lowd o
vdriuc

kaolinite/chlorite
mica/illite
montmorillonite
plagioclase
microcline

calcite (trace}

E6 (96 m)

sl e .
calclLe

quartz LR
kaolinite/chlorite - -~ ' 0.
plagioclase -
nica/illite
microcline
montmorillonite-




MISSISSIPPI RIVER,

.

nuarta

micafillite
nontmorillonite
kaolinite/chlorite
plagioclase
microcline

P

Table 7 (cont inued) .




F _SERIES, EXXON/ATWOOD OCFAKIC, BLOCK 315, KUGENE ISLAND

Fl (1 m)

barite

quartz

calcite
kaolinite/chlorite
plagioclase?
microcline?

¥4 (24 m)

barite
quartz

kaolinite/chlerite

calcite
montmorillonite?

Control {(Surface)

. barite

quartz
plagicclase
microcline

calcite
kaolinite/chlorite
micafillite

" montmerillonite?

F2 (6 m)

barfte

quartz

calecite
kaolinite/chlorite

F5 (48 m)

barite

quartz
kaclinite/chlorlte
caleite
montmorillonite

F3 (12 m)

F6 (96 m)

G SERIES, CHEVRON, BLOCK 341, EUGENE LSLAND

Gl (1L m
quartz
montmorillonite

" kaelinite/chlorite

mica/illite.’,
barite -
plagioclase -,
calcite . °
microcline?

G4 {24 m)

* quartz

montmorillonite
kaclinite/chlorite
mica/illite

barite

calcite
plagioclase
nicrocline

Control (Surface)

"I'ﬁls{dhﬁ. - ,.,ni-"(y q

barite
kaolinite/chlorite
quartz

. calcite

plagloclase
mica/illite

‘microcline?
‘montmorillonite?

G2 (6 m)
quartz
montmorillonite
kaolinite/chlorite
micasillite

~ barite
plagloclase
calecite
microcline

G5 (48 m)

quartz
kaolinite/chlorite
mica/iliite
montmorillonite
plagiocliase
mic¢rocline

caleite

table 3 (eovubkinued),

‘barite

barite

quartz ’
kaolinite/chlorite
micafillite
montmorillonite?
nicroclire?
plagloclase?
calcite

barite

quartz
kaolinitelchlorite
calcite
plagioclase?

G3 (12 m)
montmorillonite
quartz .
kaclinitefchlorite .
micafillite

plagloclasge
calcite
microcline

G6 (96 m)
montmorillonite
kaolinite/chlorite
mica/illite
quartz
barite
plagioclase
calcite
microcline?



o , Welght {mg) of
.Sample BAsC, (%) Cr (ppm) Material Analyzed

Bl 31.0 820 108.1
. B2 23,0 1100 15.8
. B3 15.5 1100 17.8

B4 24.5 460 17.8

BS 9,0 190 19,6

B6 5, 220 5.0

DI 25.0 710C 201.6

D2 12.5 910 190.8

D3 16.0 1100 103.6

D4 8.5 560 14.1

D5 16.0 1100 12.1

Dé 22.0 1200 25.8

Control 14.0 550 4.0 .

F1 7.2 180 91.0 -

E2 . 8.0 180 28.2

E3 T 5.0 220 14.0

E4 3.5 310 6.4

ES 3.1 130 33.6

E6 1.6 90 12.2

Control 9.8 90 12.2
Migsissippi
River L.0 190 253.8

Table &
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.__felationship to Flower Gardens Reef.

* to be modified because of discharge locatfon (see Fig. 2). Black squares show [ 7

A ek e o

i

“pit. The air plume was not sampled, because 1ts contribution to the water columm ﬁ

- measured line. (D) Filtration of samples aboard ship. Sample is pressurized to'

30 psi in two vertical PVC chambers. Pressurized samples pass through filters in

- taken. Control Bample was taken upstream from plume.

‘control value.

* Figure Captions

Pig. 1. Location map showing offshore platforms that were sampled and theirfi

L

Fligure 2. Schematic layout of all seven platforms that were sampled, shoﬁiﬁa ,f-
current direction (indicated by plume di?ection), date and current speed, expressedfz
as cm/sec. An aerial plume was noted at Texaco Platform B, which was caused wheni““
dry drilling mud was pumped with compressed air {rom transport container to mud
was thought to be insignificant compared to the liquid discharge.

Figure 3. (A) Diver attaching line to drilling mud and cuttiﬁgs discharge @
pipe. Measured sampling iine was then attached to line around pipe. (B) Drill mua;ﬁﬂ

discharge during normal drilling. Compare with A and note that cloud of drill mud

is intermittent. (C) Diver with 10-1iter sampler, Note attachment of sampler to' -

N

filter heads. Filtered fluid ls collected in two plastic canisters below filter
heads.

'1 Figure 4. Schematic cross section of a typical sampling operation, showing
sampling line attached to platform member and sampling bottle locations, indicatedzﬁs\ﬂj

by dots on the 11ne and “X‘ " showing distance from the source where samples were

-

Figure 3. Dilution profile. Dark line shows average suspended aoiida from
six platforms. Sampling locatlens shown by large black dots. Dashed line shows

data from Tennecc Platform B, West Cameron, Block 643, where sampling distances had

-~

sampling locations. MNote that although initial values were higher than the average ' -:

Figure 6.




e during normal weather conditions. Note corals around ﬁO-—m-high lighthouse. Photo -
taken in August, 1978, View Iy to'the southwest. (B) Carysfort Reef several daya
Current. View 18 to the east. "
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Toxicity of Drilling Fluids on Corals

Principal Investigator: Eugene A. Shinn
U.S. Geological Survey
Fisher Island Station
Miami Beach, FL 33139

Objective: To determine potential effects of offshore drilling upon coral reefs

During oil- or gas-well drilling, a mixture of water and clays calied drilling mud is circulated
downhole through the drill bit and back to the surface for several operational purposes:

{1) lubricating and cooling the bit, (2) circulating cuttings to the surface for geclogical examination,
(3) forming a supportive wall or mud casing to the wall (generally called a mud cake), and
(4) preventing blowouts.

In recent years, the possible effects of drilling mud discharges during offshore operations have
become an environmental concern. The deposition of drilling mud on corals first became an issue in
the early 1970°s when tracts were leased near a coral-capped salt dome known as the Texas Flower
Gardens. Concern deepened in 1973 when tracts were leased and drilled on and near the Florida
Middlegrounds, a coral-encrusted bedrock feature west of Tampa, Fla. The recent move to establish
the Texas Flower Gardens as a national marine sanctuary has further stimuiated environmental
interest in the possible consequence of using drilling mud near corals.

Over the last few years, the environmental concerns have been the subject of research conducted
by personne! of the Fisher Island Station, and the findings are presented below.

Toxicity of Drill Mud on Corals

Three years ago, Dr. Jack Thompson, then a Ph.D. candidate at Texas A&M University,
performed experimental studies under the principal investigator to develop quantitative information
on mud-coral interaction: Thompson (1979), Thompson and Bright (1980), and Thompson and
others (1980). These experiments were conducted in the Fisher Island Station laboratories of USGS
as well as offshore areas where numerous thriving coral reefs are found.

Seven species of corals were tested employing whole, used drilling mud (mud and cuttings) to
determine the degree of exposure that corals can tolerate. The species chosen represent typical
reef-building corals, some of which are also found at the Texas Flower Gardens.

The study concluded that of the seven species tested, concentrations of 476 mg/l suspended solids
were required 1o kill three of the species during the 96-hr bioassay. Although behavioral effects
were observed (such as polyp retraction), none of the seven species was killed at lower dosages of
150 and 11 mg/t. These findings raised the question, “At what distance from a drilling platform
would these concentrations of suspended solids be found?" In addition, the question was posed,
“Has drilling near a coral reef. such as at the Texas Flower Gardens, caused any negative effects on
coral growth?” To answer the above questions, the principal investigator studied drill mud plumes
from seven offshore platforms in the Gulf of Mexico and investigated past growth rates at the
Flower Gardens Reef using a coral banding technique developed by Hudson and others in 1976.

Coral Banding in Florida and the Texas Flower Gardens

Hudson and Robbin (1980) conducted a two-part study to determine effects of drilling mud on the
massive coral Montastrea annularis. The study involved determination of long-term effects on
growth of this coral following short-term massive doses, and effects on the growth rate of the same
species living at the Texas Flower Gardens Reef 200 km off the Texas coast, where drilling
commenced nearby in 1975 (fig. 70).
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Fioure 70.—Map of Gulf of Mexico showing location of Flower Gardens Reef and offshore

In the Florida study, performed in cooperation with a team of graduate students headed by
Thomas Bright, live corals were dosed by divers four times every 2.5 hours. Drill mud was applied
from a plastic bag in sufficient quantity to form a 2- to 4-mm-thick layer of mud over the living
coral. Effects were monitored on a 24-hour basis using closed circuit underwater television and
photography. All the corals removed the drill mud within 1 hour with the aid of normal wave surge.
All specimens tested survived and were allowed to live on the reef for 6 months, at which time they
were collected and examined in the laboratory. X-ray photographs of the coral, which contains
tree-ringlike bands, showed that the growth rate associated with the period of heavy dosage was
slightly reduced, even though barite (a common ingredijent of drilling mud) was incorporated
within the skeleton to levels as high as 1,200 ppm. Normal barite content 1s approximately 12 ppm.

The second phase of this study was conducted at the Texas Flower Gardens (fig. 71), where 12
large heads of Montastrea annularis in 20 m of water were core drilled. The cores were sliced and
X-radiographs made to examine annual growth bands. Using this technique, measurements could be
made of annua! growth rates since 1900, as well as growth since 1975 when drilling commenced
nearby. The location of wells drilled between 1974 and 1979 is shown in figure 71. In addition,
sampling was possible of coral skeleton laid down during the period of drilling to analyze this
material for barite and chromium. These analyses showed that (1) no change occurred in growth
rate during the year drilling occurred, and (2) barite and chromium levels were no greater than those
found in pre- and post-oil drilling coral bands.
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Ficure 71.—Map of East Flower Garden Bank showing locations of living coral, sampling area, and nearby exploratory
wells drilled between 1974 and 1979

Analysis of the growth bands did show, however, that a sudden reduction in growth rate had
occurred in 1957, the reason for which is unknown. But Richard Rezak of Texas A&M University,
who has been studying the reef under Bureau of Land Management (BLM) funding, suggested salt
dome collapse. Rezak, in a personal communication to the principal investigator, pointed out that
nearly all other salt domes in the areas contain grabens or down-faulted blocks on their ¢rests, a
phenomenon related 1o salt movement or dissolution. Further, an extensive brine seep near the base
of East Flower Gardens Reef has been reported (Bright and others, 1980). Workers on a nearby
Pennzoil platform have reported earth tremors that occassionally shake the platform (Rezak,
personal communications to the principal investigator). The tremors are thought to be caused by
minor faulting related to loss of salt from the dome beneath the coral reef. The reef possibly may
have collapsed several meters in 1957 which lowered the corals to areas of lower light levels,
thereby reducing the rate of growth. This hypothesis is supported by the observation that growth
rates have never returned to pre-1957 levels (see fig. 72).
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Ficure 72.—Graph of average growth rate obtained from cases from 12 living corals

MILLIMETERS

1 Montasirea annularis

Drilling Mud Plume Study

To gain more insight into the concentration of suspended solids contained in drilling mud plumes,
the principal investigator made a study of plumes from seven different platforms in the northern
Gulf of Mexico. (See figure 70 for locations.) The study was conducted by attaching a line to or
near the point of discharge. Water from the densest part of the near-horizontal plumes was collected
in 10-liter bottles almost simultaneously from 1, 6, 12, 24, 48, and 96 m from the source. The
collection operation, shown diagrammatically in figure 73, was usually accomplished in 30 minutes
or less, often without attracting the operators’ attention.

SAMPLING STATIONS

Drilling mud
~*=discharge pipe

X
Control

rill-raud 2>
plume

<@ttmgs % I ‘LLD

Current

Fioure 73.—Schematic drawing of plume sampling technique
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Using air pressure, water samples were passed through a 0.4 mm pore size polycarbonate filter
disk. The material filtered on the disk was later dried in the laboratory, weighed, and the amount
expressed as mg/liter. The average concentration of suspended solids for six plumes is indicated by
the bold line in figure 74. The dashed line shows concentration from the seventh platform, where
the sampling intervals were slightly different.
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FiGUrE 74.—Average of data from six separate plumes

The plumes examined were those that normally occur during exploratory drilling and such plumes
may persist for several months, depending upon the time required to drill a well. Larger plumes
occur several times during the drilling of a well when bulk discharges are necessary to remove sand
from the mud pits or for other reasons. Such “dumps,” which may involve more than 1,000 barrels,
usually last | to 6 hours. Thus, the values reported in our study relate only to the chronic pollution

resulting from exploratory drilling rather than from the more sudden, short-lived, high concentration
bulk discharges.
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The values shown in figure 74 should be compared with the concentrations used by Thompson, as
well as those employed by others in bioassay studies. Apparently, most published studies have
employed unrealistically high concentrations, and their resuits, therefore, may say little about effects
in the real world. For example, note that the concentration found just 1 m from the discharge pipe
was 80 mg/l and that the average was around 24 mg/. Just 6 m from the source, the average value
for six of the plumes was less than 8 mg/l. Between 48 and 96 m from the source, all seven plumes
had been diluted to near background levels, even though the plumes could be seen to be continuing
beyond for as much as 1,000 m.

Therefore, the average concentration just 1 m from the discharge pipe was approximately 14
times less than the concentration required to kill three of the seven species tested by Thompson and
Bright {1980) and Thompson and others (1980). At 96 m from the source, the concentration was
132 times less than that required to cause coral mortality. Apparently, the plumes resuiting from
normat exploratory drilling should have a minor effect on coral growth, even within 100 m of
source. Bulk discharging, however, might have a greater effect, but note that such dumps last only
a few hours, and concentrations within 100 m of the source rarely approach the values thar have
been determined to kill corals in a 4-day test, Thus, even with high-concentration, short-lived
dumps, the duration of impact may be too short to result in mortality, although growth rates might
be temporarily reduced below normal. Corals 100 m from the source would unlikely experience the
kind of extreme dosage that was experimentally applied in the study described by Hudson and
Robbin (1980a). In addition, remember that coral reefs rarely grow in low-energy areas, where
fine-grained drilling mud carbonate sand between coral heads is coarse due to frequent high energy,
and drilling mud has not been able to accumulate there (Meyer and others, 1981).

A reasonable approach to more conclusive assessment to the effects of drilling on coral reefs
would be to study areas where drilling has occurred directly on top of living coral reefs. Such areas
exist in the Far East, such as the Samarang Field off Sarawak {(Borneo) and the Nido and the
Matinloc Fields near Palowan Island in the Philippines. Further studies will be made in such areas.
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