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EXECUTIVE SUMMARY
: Entmduutmn

Potentlaé humcm hezith and envnranmenta! imp&ms from discharges of produced
“water to the Guif-of Mexico are of concerit to regulators at the State and Federal
levels, the pubiic, ‘environmental intérest groups and industry. Current and
proposed regulations require a zero discharge limit for coastal facilities, based
primarily on studies in low energy, poorly flushed environments. However,
produced water discharges in coastal Louisiana include a number of open bay -
sites, where potential human health and environmental impacts are likely to be
smalier than those demonstrated for low energy canal environments, but greater
‘than the minirnal impacts associated with offshore discharges.

Additional data and assessments are riesded 10 support risk managers at the
State and Federai levels in the development of regulations that protect human
health and the environment without unnecsssary cost to the economic welfare of
the region and the nation. This project supports the Natural Gas and O#f
Initiative objectives_ to: . '

improve ccordmatton on environmental research

streamline State and Federal regulation;

enhance State, and Federal regulatory decision making capabmty,
enhance dialogue through mdustryigovernmentlpubhc partnersths and
work wnth States and Native American Tribes.

& @ & 4 o

This report is part of a series of studies of health and ecological risks from
discharges. of produced water-to the Guif of Mexico, supported by the United
States Department of Energy (USDOE). These assessments are coordinated
with a field study managed by USDOE, titled “Environmental and Economic
Assessment of Discharges from Guif of Mexico Reglon Qil and Gas Operations”
(USDOE Field Study).

Human heaith and ecological risk assessments for produced water discharges to
open bays in Louisiana were done to support risk managers in developing
regulations for discharges of produced water to coastal open bays. The human
health and ecological risk assessments were done in a tiered approach. The
initial human health and ecological risk assessments consist of conservative
screening analyses meant to identify potentially important contaminants and to
eliminate others from further consideration. Mcre quantitative assessments were
done for contaminants identified in the screening analysis as being of potential
concern.

Data used in the assessment are from two rnajor sources:




U
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o Data collected in the ongoing USDOE field study; and

« Data abstracted from the Louisiana Department of Environmental Quality
(LDEQ) permit files for open bay sites in Louisiana that pian to continue to
discharge produced water until January, 1997.

Risk Assessment

Risk assessment can be defined as the process of estimating magnitudes and
orobabilities of potential adverse sffects on human health or the environment. .-
Risk management involves the political, economic and social decisions and
sctions taken to accept, mitigate, or control potential risks. Risk assessments

*provide risk managers with the scientific information needed to batance the

degree of risk permitted against competing risks and the cost of risk reduction.

The United States Environmental Protection Agency (USEPA) currently

considers excess individual lifetime cancer mortality risks less than 1 x 10 {one
in ten thousand) 1o 1 X 10 (one in one million) to be acceptable (Federal ’
Register, 1981). No similar standard “acceptable risk” value is available for {oxi¢

effects — estimated doses or intakes are usually compared to a chemical specific

refarence dose to determine if toxic effects are expected.

A tiered approach to-human health and ecological risk assessment is lagical and
cost-effective. in a tiered approach, the initial analysis is a conservative {1.e.
warst case) screening step, designed to eliminate from further analyses

" contaminants and pathways that are not of concern in terms of petential impacts

to human heaith or ecological values. Furiher analyses are unnecessary when
use of conservative modeis and assumptions yield estimated risks that are small
(i.e. individual lifetime fatal cancer risk iess than 1 x 10 ° or no toxic effects
‘predicted). fa conservative analysis suggests that risks are high, a more:
detailed, comprehensive and realistic assessment is nerfermed. '

e state-of-the-science in risk assessment Uses 3 probabilistic approach that
explicitly considers uncertainties and variability in assumptions, data and resuits.
-probabilities of effects, and uncertainties are explicitly considerad in boin the
analysis and the expression of its result. ' . - '
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tazard and Reeepﬁes’ Identification

any contaminants in produced water have Known or suspected human heaith
and or ecological effects at high exposures. Contaminants of special concemn
inciuda: toxic metals such as lead, mercury and cadmium; potentially toxic
organic compounds such as phenci and PAHs; and known or suspecied
carcinogens such as benzene and radionuclides.

ingestion of contaminated fish is expected {o be the most imporiant exposure
route for peopig, because many of the contaminants found in produced water are
known 1o accumulate in edible fish and shellfish. The important receptors for

radium discharged in produced water are. recreational fishermen and their

famities. The primary route of exposure was assumed to be ingestion of finfish,
because mast sea‘ood taken near platforms by recreational f" shermen are finfish
rather than me!rusks or crustaci-:fan‘= ‘

Potentla! ecological receptors for centammante in produced water include
recreationally and commercially important fish and shelifish species, benthic
invertebrates living ciose to the platforms, and threatened and endangered
spacies living in cpen Louisiana bays. - Potentially smportant exposure pauhwaye
includa direct exposure in water or sediment, and ingestion in food, water o
sedimeint. :

Risk ‘A;s'sesement' Approach

The overali approach was to use available data and modeling analysas for .

continuing open bay discharges, in a tiered assessment of human health and |
ecological risk. The initial analys;s consisted of conservative screening
assessments meant to identify contaminants of potential concern. More
guantitative, probabilistic risk assessments were performed for contammants
identmed in the screenmg anaiyses

'The data thet form the: bases of the risk assessments presented here mciude

. Date coliected in ihe ongomg USDOE field study:

' — PAH and metal concentrations in sedlment near two open bay
discharges;
-- radium concentrations in edible biota near two open bay dlscharges
-- radionuclides in the effluent of two open bay discharges; and
— fish ingestion rates for recreational fishermen and their families.
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-Steimie & Assacsates Inc. were subcontracted by CSA to perform the two tasks
- relevant tothe risk assessments presented here (Tasks 4, 6). Available
'pr=larmnary resuits were used in the current analysis.

s Data abstracted from LDEQ permit files for.open bay sites in Louisiana that
plan to continue to discharge produced water until January, 1997:

-~ location, depth and discharge rate data;
— data describing chemical concentrations in the effiuents; -

— data describing radionuclide concentrations in the efﬂuents
- -~ results of toxicity testing on effluents.

The modéiing analyses used the USEPA CORMIX mode! (Doneker and Jirka,

1920) and Louisiana’s mixing zones (acute: 50 fest; chronic and human heaith;- -

200 feet). These distances imply a risk management decision abott the

- “acceptable” location for enwrcnmentai lmpacts and were used in the curr ent
risk assessment. ' o -

USDOE Field Study ‘Preuminary Data
Background

Risk assessments are coordinated with a USDOE project titled Envs ronmenta

~--and Economic Assessment of Bischarges from Gulf of Mexico Regicn i and

Gas Operations” (referred to as the “USDOE Field Study”). Continenta! Shalf

. Associates, Inc. (CSA) was contracted to conduct the field study. The study -
. includes 4 technical tasks, two of which are relevant: to the risk assgissment

pre,«senied here:

o s Task4- Monitoring of the Recovery of Impacted Wetland and Cpen Bay

Produced Water Dasc":.:..r g Sites in Coastal Louisiana and 7T exas] ard

o Task 6 - Syrithesis of Seafcod Catch, Dlsfnbmaon and Consump ior:
Patterns in the Guif of Mexico. Reg:on .
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USNOE Dpen Bay Sites

The emphasis in the study of coastal sites is an assessment of the recovery of .
these sites from any impact from produced water discharges. Daia were
collected prior to the termination of discharge at three sites {including the two

- open bay siles discussed here), and several times after the discharge was

terminated; ‘The dafa used in the current rigk-asgessmants ware limited to those '

coliected before termination of the discharges. The open b&y study sites were

located at Delacroix Isiand and Bay de Chene.

The D,élacﬁfoix Island Oil and Gas Field, iocated approximately 5.5 miles |
southeast of Delacroix, Louisiana, has beerin production since the first well was
drillad iri the field in 1940, The area is part of @ subsiding delta, which results in

‘broken marsh and numerous small water bodies with few large open bays.. The

tank battery studied (Tank Battery #1) is locatad in approximately 4.6 feet (1.5
m) of water and discharges approximately 2, 000 bbilday. The Deiacroix Island -
sife is not located in a compietely open bay, but was used in the assessment .
presented in this report with the understanding that irnpacts at the site may over- -
estimate impacls f om true open bay dtschargﬂs :

The Bay de Chene Field is located approximately 13 mil'es'norihwest of Grand -
Isle, Louisiana and is part of the Barataria Basin. The field has been in constant

“production since the first well was drilled in 1942. The tark battery studied .

{Tank Battery #5) is located in Hackberry Bay, a large open bay typical of the
Baratana system. The discharge is located in about 7.5 feet (2.3 m) of waier
and dlscharges approximately 4,000 bbilday

Concentrations of radlonucijdes were measured in discharges. Radium
concentrations were measured in tissues of fish and shellfish at reference
stations and the discharge stations Sedzment PAH and metal concentrations
were aiso available. . : L

Both pre~- and post-te’rmination‘ benthos were collected at the study sites, and
oreliminary data are available. The study (Muliro et &/., 1985; 1996) found
depressed numbers of species and individuals at and near the discharge during
the pre-termination sampling, suggesting an impact cn the benthos between 0
and 100 meters from the piatform.

Fishermien Survev

Commer01al fishermen (including oystermen) and recreat:onai fishermen were -
surveyed by personal interview from May through November 1993 to determine .
categories of seafood taken over the previous three months, types of license(s)
held, and informaticn on the number, gender and ages of individuals in the
household and their seafood tonsumption habits. Respondents were also



interviewed about locations fished, estimated distances from oilfield structures,
and species caught (Steimie & Associates, Inc., 1895). '

in this preliminary assessment, ingestion rates for recreational fishermen of fish
caught near coastal platforms were derived from the reported data on meals per

- week. The data reported for meals per week had an arithmetic mean of 1.8, a

standard deviation of 1.3, and a range of 0 to 15. A lognormal distribution of
meals per week was used in calculating ingestion rates {g/d) of fish.

Characterization of Continuing Dischérges‘

Louisiana Regulations (Title 33, Maré:h 20, 1991) requifed termination of ali

- produced water discharges to natural or man-made water bodies located in

intermediate, brackish or saline marsh areas after January 1, 1995, unless tne
discharge (s) have been authorized in an approved schedule for eilmsnatier or
affluent limitation compliance. A variance through January, 1987 was granted

(12/16/94) for permitted discharges located in open waters and at least 1. mile

from any shoreline in Chandeieur Sound, Breton Sound, Barataria Bay,
Caminada Bay, Timbaiier Bay, Terrebonne Bay, East Cote Blanche Bay, West
Cote Blanche Bay or Vermillion Bay. -LDEQ identified produced water

- discharges in open bay areas that may qualify for this variance.

information critical to an assessment of the environmental impact from &
produced water discharge inciudes the depth of the platform and the rate of
discharge. Water depths ranged from 4 to 18 feet with a mean of 8.1 feet (1.2 -
5.5 m; mean: 2.8 m). Discharge rates ranged from 1 to 37,113 bbl/day (mzan:
4 527 bbilday)

Chamical contaminants and radionuclides measured in open bay produced
water discharges were abstracted from LDEQ permit files. Data describing
efﬂuent toxscity tests were also abstracted from. LDEQ permit files. .

ane US‘EPAsunace water gransport mode! CQRMIX {Doneker and Jirka, . 280;

was used to estimate the dilution expected 50 and 200 feet from open bay
discharges (DFsp and DFaop v). Eight feet {2.44 m) was chosen to represerit
the assumed depth of the receiving water body for continuing open bay
discharges in Louisiana. A range of discharge rates was modeled to cover the
range of discharge rates for oper: hay sites. The following erpirical
relationships were derived from the modeling results:
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For discharge rates < 5000 bbild
DFsor= 10633 *{DISCHARGE RAT E)"”w (R=0.997)
DFa00 & = 46303 * (DISCHARGE RATE) %% (R=0.9997)

Far discharge rates > 5000 bbi/d

DFz00 = 36061 * (DISCHARGE RATE) "™ (R=0.9997)

These empirical relationships were applied o distributions of discharge rates for
open bay discharges to produce distributions of dilution factors for 50 and 200
feet.. The dilution factor distributions wers alsc used to develop distributions of
percent effiuent expected in the water column at 50 and 200 feet.

Human Health Risk Assessment for Radium

Screening and probabilistic human health risk assessments were done for- open
bay radium discharges in Louisiana.

in the conservative screening analysis, estimated risks for the ingestion of
radium in fishes exceeded 1 x 10° in all cases. Estimated cancer risks for fish
sampled at reference stations at Delacroix Island and Bay de Chene (pre-
termination data) were similar to those for ingestion of fish caught near the -
discharges. Maximum predicted screening-level risks were greater than 1x *O 3
for the modeled continuing discharges.

These resuits are from a conservative, screening level assessment, and do not
represent best estimates of risk associated with radium discharged by open bay
platforms. They do, however, suggest the need for a more detailed, probablhstlc
assessment. _ .

A probabilistic risk assessment was done using distributions of: radium
concentrations in fish (from field sampling and modeling); fish ingestion rates
(from USDOE fishermen survey); and risk factors for cancer mortality.

The S5th percentile individual lifetime fatal cancer risks for both DOE study sites
{Delacroix Island and Bay de Chene) were less than 1 x 10°. The 95th _
percentile individual lifetime fatal cancer risk for continuing open bay discharges
was 4.3 x 10°, in good agreement with the DOE study site results.

These results suggest that the ingestion of radiumn in fish, caught near open bay
produced water platforms, does not present an important risk to human heaith.
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Ecological Risk Assessment for Radionuclides

This assessment used concentrations of radionuclides measured in the effluent
at the two USDOE study sites, and radium concentrations reported in permit files

~for continuing open bay discharges, to assess potential ecological effects from

racionuclides discharged in produced water. Worst-case water concentrations
were predicted using a dilution factor that was similar to the most conservative

- factor derived from modeling analyses. Predicted water concentrations were

compared {o screening dose-rate factors developed by the International Atomic
Energy Agency (JAEA, 1988) that relate exposure of an erganism to the
concentration of each radionuclide in the water in which the organism lives.
Estimated doses were compared to reference dose rates suggested by IAEA
(1988). :

None of the predicted doses to aquatlc animals exceeded ihe range of 0.1-24
mSv/d that IAEA (1988) associated with a potential for only minor effects on
individual animals. Because of the conservative nature of this initiai analysis, it

- - can be concluded that no effects on aquatic animals from radionuclides

discharged in produced water tc open bays in Louisiana are expected.
Humaﬁ Health Risk Assessment for Chemical Contaminants

A human health risk assessment screen was done for metals and organic

compounds measured in continuing open bay dlscharges This analysis
followed the USEPA approach to estimating risks from toxic materials and

carcinogens by applying RfD (reference dose) and slope factor vaiuss io
estimates of chemical intake rates (USEPA, 1989). Predicted water
concentrations were also-compared {o human health water quahty u’;’[u‘ia
developed by USEPA and the State of Louisiana.

Arsenic, chromtu'n copper, sn!ver "aephthaiene toluene and xylenes were
siiminated from further consideration.  This screemng step identified antim er‘y, '

-benzene, cadmium, lead, mercury, nickel, zinc and phenol as c‘cntdn"mar‘: s of

potentiai concern.

- More realistic and guantitative assessments were performed for contaminants
- ldentified in this screening analysis. The results show that intakes of

contaminants discharged ic open.bays in produced water pose a negiigible
hazard to human health.

The potentially ’:oxit: cortaminants examined {(antimony, cadmium, mercury,

nicke!, zinc and phenol; lead was analyzed separately) all had low risks of toxic

effecta The only contaminant that margmaﬂy exceaded its oral RfD value was
dmium. .



Becaiise of the concern for lead exposure to children, and the curren* betief that
the dose-response function for lead exposure does not have a threshold, lead
was analyzed in a separate probabilistic risk assessment. Risk from ingastion of
lead in fish caught near platforms only slightly exceaded risks from bac,kground
intake of iead and was similar to risks from ingestion of lead in fish caught in khe
Gulf of Mexico but not near platforms.

For benzene (the only potential carcinagen of concern), the predicied
distribution of values for increental individual lifetime risk of cancer mortaiaty
had & mean value of 1.6 x 10 and a 85th percentile value of 7.4 x 10°. This is
within the range accepted by USEPA (1 X 10%t0 1 x 10, Federal Register,
1991).

These analyses used several conseryative assumptions. The first assumption
was that all the fish spend ali of their time living and feeding within the plume,
although they probably spend only a fraction of time within a plume. The
predicted concentrations represent vaiues at the midline of the plume at 200 feet
from the discharge. These values were generated by a modei that
underestimates dilution (Smith et al,, 1993). it was also assumed that ail the fish
eaten by a person were captured at the midline of a plume, while people may eat
fish from several sources. Although contaminant concentrations in water should
increase with decreasing distances from a discharge, bioaccumulation in fish
would be offset by expected reduced residence of fish within the smaller plume
voiumes.

Ecological Risk Assessment for Chemical Contaminants and Effluent

Three ecological risk assessments were performed:
o a screening assessment of chemical toxicity to benthic baota
e an assessment of potential toxicity of individual produced water
components to fish and crustaceans in the water column; and
e an assessment of whole effluent toxicity to fish and crustaceans.

Screening Assessment Of Sediment Toxicity

Sediment metal and PAH concentrations measured at the USDOE study sites
(pre-termination data) were compared to proposed sediment quality criteria
(ERM: Effects Range Median; ERL: Effects Range Low; Long et al., 1995).

None of the measured concentrations of metais in sediment samples exceeded
their respective ERM values. in general, measured sediment concentrations
were below the ERL, with the exception of arsenic and nickel. Each of these
metals exceeded its ERL value in samples from at least one reference site, and
each discharge site. There was no clear pattern of concentration with distance
from a discharge.
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With the exception of acenaphthene, individual and total FAH concentrations
exceeded ERL criteria at, and 100 m from the discharge at Delacroix island.
Acenaphthene concentrations exceeded the ERL values at the discharge, 100,
300 and 500 m sample sites. Neither individual nor total PAH concentrations in
sediment samples from Delacroix Island exceeded ERM criteria.

Individual and total PAH concentrations exceeded ERL criteria at the discharge
site, and 100 m and 300 m from the discharge at Bay de Chene. Individual and
total PAH concentrations in samples from the discharge site exceeded ERM
criteria. | '

In preliminary results of the benthos sampling performed at the USDOE siudy
sites, depressed numbers of individuals and numbers of species were found cnly
at distances less than 100 m from the discharges (Mulino et al., 1995; 1996).
Although comparisons of PAH concentrations to sediment criteria were generally
consistent with the results of benthos observations, they could not explain
differences between the benthic biota at the two study sites. Mulino et a/.,

(1985; 1996) attributed the more severe impacts at Delacroix Isiand (smaller
discharge) to hydrologic influences on salinity and oxygen content of the water.

These results are preliminary, and cannot be applied to all other open bay |
discharge sites with much confidence, but the discharge rates and depths of the
Bay de Chene and Delacroix island study sites are comparable (discharge rates
are on high end of distribution) to those that are continuing to discharge.

Assessment Of Potential Toxicity OFf Individual Contaminants in The Water
Column '

Concentrations of contaminants in plumes were predicted from worsi-case
measurements in continuing open bay discharges (LDEQ permit fiies). These

- water column concentrations were compared to USEPA and Louisiana water

guality criteria.

in this screening analysis, predicted water concentrations exceeded acute watsr
quality standards for copper, lead, nickel, silver and zinc. Chonic water quality

- criteria were exceeded for antimony, cadmium, copper, lead, mercury, nickel,

silver, zinc and phenol. Arsenic, chromium, benzene, naphthalene and ‘iomen'_e
werg aliminated from further consideration.

A quantiiative risk assessment was done for contaminants not eliminated by the

initlal screen. Distributions of predicted chemical concentrations were compared
to acute and chronic toxicity criteria for marine biota.
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None of the predicted chemical concentrations {81 200 i) exveeded their
respective acute toxicity criteriz. Antimony, phenol, snd zine concentrations did

niot exceed any of their respective chronic toxicity criteria. Less than five percent
of the concenitrations of cadmium, copper, lead, nickel and silver, at 200 ft, are

expected to resuit in chronic toxicity to biota. More than $0% of the predicted
concentrations of mercury are expected to he beiow its chronic toxicity criterion.
Since these ali represent midline values for the plumes, the expectation would
ba that envircnmental impacts of the indivicual chemicals would be limited.

Assessment Of Whole Efffuent Toxicity

-Standard laboratory test organisms, a shrimplike mysid crustacean (Mysidopsis
“bahia ) and the sheepshead minnow (Cyprinodan variegalus), were used in

toxicity tests reported in LDEQ permits. Predicted water column concentrations
of effluents were compared with reportad results of acute and chronic toxicity

~ tests on diluted effluent samples.” For the results of each type of toxicity test,

data were expressed in the same way as the pradicted water column
concentrations: as percent sffluent.

For discharges reportéd to the LDEGQ, modeled relationships between discharge
(flow) rates and dilution factors were used to estimate concentrations of effluents
at 50 m and 200 m from discharges. _ -

Acute toxicity test data consisted of mortality responses, expressed as an
effiuent median lethal concentration for an exposure duration of 96 hrs (96-hr
LCy,). or the effiuent concentration which resuits in the mortality of 50% of the
test organisms in a 96-hr exposure period. Acute toxicity ratios {AHQ) were
caiculated between the estimated percent effluent at 50 ft and 200 ft from the
discharge and the available ¢orresponding LC,, values (M. bahia; C. variegatus)
for each platform). Ratios of one or greater indicate potential lethality.

At 50 ft, 15% of the modeled effluent concentrations exceeded their respective
LCso values for M. bahia, and 5% exceeded their respective LCsy vaiues for C.
variegatus. A 200 ft, 15% of the modeled effluent concentrations exceeded their
respective LCs; value for M. bahia and 2.5% exceeded their respective LCs
value for C. variegatus. The results suggest a potential for lethal effects for
some discharges at 50 and at 200 feet.

Chronic toxicity ratios were caleulated for the esiimated percent effluent at 200 ft
and the availabie corresponding chronic NOEL values for survival and growth
inhibition. Ratios greater than one suggest a potential for toxic effects.

At 200 ft, 37% of the modeled effluent con_centr‘atioris exceed their respective
survival NOEL values for M. bahia, and 19% exceed their respective survival
NOEL value for C. variegatus. -At 200 ft, 39% of the modeled effluent
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concentrations exceeded their respective growth-inhibition NOEL values for M.
bahia, and 18% exceeded their respective growth-inhibition NOEL values for C.
variegatus. Approximately two times more of the predicted effiuent
concentrations exceeded chronic NOEL values (both survivatl and growth-
inhibition) for M. bahia than for C. variegatus. :

The results suggest a potential for chronic effects within 200 feet of some

discharges. These results should be taken only as an indicator of potential
toxicity. The percent effiuent values exceeded their respective NOEL vaiues by

~ smail amounts.

Since the percent effluent values compared to the NOEL in this analysis
represent the concentrations at the midline of the piume at 200 #t from the

“discharges, an organism would have to live totally in the plume, within 200 ft of

the discharges for at least the period of the chronic test to be affected. This is
unlikely because the piume is a relatively small fraction of the volume of water
within 200 ft of a platform. That volume, in turn, is a smali fraction of the body of
water in which the discharge occurs. Therefore, major effects to iocal
populations or to the ecoiogy of the reg|on around open bay discharges is nct
expected

Conciusions

The tiered approach to risk assessment is a cost-effective way to provice .
information needed to make risk management decisions, This screening
assessment for human heaith and ecological risks from open bay produced
water discharges in Louisiana sliminated a number of contaminants from further
consideration. More quant!tati\re assessments were performed on contaminants
of potential concern.

Human health risks from radium in produced water appear to be small.

 Ecological risks from radium and other radionuclides in produced water also

appear to be smalt.

- Intakes of chemical contaminants in fish caught near open bay produced water

discharges are expected io posed a negligible foxic hazard or carcinegenic risk.

Potantial impacts to banihic biota and fish and crustaceans in the water columin
are possible for some discharges withinn the 200 ft mixing zone. Parmanent
gdamage to populations of organisms and ecosystems are not expected, because

mixing zones represent relatively smali volumes and animals are not expecied to
remain continuously in the piume
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1.1 Problem

Produced water discharged to coastal waters in Louisiana can contain a number
of contaminants, including organic compounds, matals and radienuclides. Many
of these contaminants are texic {6 marine organisms at high concentrations.
Most contaminants discharged in produced water occur naturally in the geologic
reservoir along with the ofl and gas.” Biocides or other chemicals that may be
toxic to aquatic organisms are added to some effluents.

Potential human health and environmental impacts from discharges of produced
water {o the Guif of Mexico are of concamn to regulators at the State and Federal
~ lgvels, the public, environmental interest groups and industry. This area
supports economically important commercial and recreational fisheries, unigue,
socially- vaiued ecosystems, and several endangerad and threatened species:

In offshore and other high energy environments, produced water is diiuted so
rapidly that contaminants cannot be detected in the water column or sediment
even a few meters from the outfail. Effects on marine life are likely to be

- minimai.. in shallower, low energy coastal canai environments, contaminants
were detected in water, sediment and organisms severai hundred meters from
the discharge. Effects on benthic organisms in shallow coastal settings and ¢n
organisms in the biofouling mat close to discharge points have been .
documented (Boesch and Rabalais, 1989; Gallaway ef al,, 1981).

Current and proposed regulations require a zero discharge limit for coastal
facilities, based primarily on studies in low energy, poorly flushed environments.
However, produced water discharges in coastal Louisiana include a number of
open bay sites, where potential human heaith and environmentai impacts are-
likely to be smaller than those demonstrated for low energy canal environments
but greater than the minimal impacts associated with offshore discharges.

Additionat data and assessments are needed to support risk managers at the
State and Federal levels in the development of regulations that protect human
heaith and the environment without unnecessary cost to the economic welfare of
the region and the nation. . ‘ '




1.2 This Report

The United States Department of Energy (USDOQE) has a program of research in
the environmental aspects of oil and gas extraction. This program includes a
project titled “Environmental and Economic Assessment of Discharges from Guif
of Mexico Region Qil and Gas Operations” (here called the USDOE field study).
Part of this project involves a comprehensive sampling and analysis program for
offshore and coastal platforms in the Gulf of Mexico. This sampling project will
characterize the environmental impacts associated with the discharge of
naturaily occurring radicactive materials (NORM), metals and organics in
produced water

. This report is part of a series of studies of the health and ecoldgic:al risks from

discharges of produced water to the Guif of Mexico, supported by the USDOE.

These assessments are being coordinated with the field study described above,

using the collected data to perform human health and ecoiogical risk
assessments. These assessments will provide input to regulators in the
development of guidelines and permits, and to industry in the development and
use of approprzate discharge pract:ces

This 'projec:t suppoﬁs the Natfural Gas and Oil Initiative objectives io:

- improve coordination on environmental research:
streamline State and Federal regulation;
enhance State, and Federal regulatory decision making capability: ,
enhance dialogue through industry/governmentipublic partnerships; and
_ work with States and Native American Tribes.

This report presents human hea[th and ecological risk assessments for produced
water discharges to open bays in Louisiana. The risk assessments were done to

- support risk managers in developing regulations for discharges of produced

water to coastal open bays. The human health and ecological risk assessments’
ara presented in a tiered approach. The initial human health and ecciogical risk
assessments consist of conservative screening analyses meant to identify
potentially important contaminants, and to eliminate others from further
consideration. More quantitative assessments were done for contaminants
identifiad, in the screening analvsis, as baing of potential conicem.

Data used in the assessment are from two major sources:

e Data cclléciwd in the ongoing USDOE field study:

- contaminant concentrations in water, sedment and edibie biota at two
coastal discharges _
- ingestion rates for recraational fisherman
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» Data abstracted from the Louisiana Department of Environmental Quality
{LDEQ) permit files for open bay sites in Louisiana that plan to continue to
discharge producad water until January, 1997:

-~ location, depth and discharge rate data
-- chemical and radionuclide concentrations in the affluents’
- —results of effluent toxicity testing

Section 2 gives an overview of human heaith and ecological risk assessmenit, {6
help put the analyses presented here in perspective. Section 3 provides the
hazard assessment portion of the risk assessment, and identifies the important
receplors and pathways of concern. Section 3 also outlines the approach taken
to the risk assessments presentad in the rest of the report. The remaining
sections (4 through 8) present the human health and ecological risk

.. assessments for discharges of produced water to open bays in Louisiana. -




2 RISK ASSESSMENT-CVERVIEW
2.1 Risk Assessment and Risk Management

Risk assessment can be defined as the process of estimating magnitudes and
probabiiities of potential adverse effects on human health or the environment.
Risk management involves the political, economic and social decisions and
actions taken to accept, mitigate, or control potential risks. Risk assessments
provide risk managers with the scientific information needed to balance the
degree of risk permitted against competing risks and the cost of risk reduction.

A risk assessment should be performed independently of risk management, but
the needs and concerns of risk managers should be considered in the design of
the risk assessment to ensure that the results are relevant, useable, and

- understandable to risk managers.

2.2 Human Health Risk Asses'sme'nt.' -

v

A health riskaésessment for an environmentai pollutant describes the discharge

of the contaminant, its transport and fate in the environment, and the resulting
human exposure. Human-health risks are then calculated based on data and
models that relate expesures to health effects.

The most commonly used framework for human health risk assessmerit includes
the foliowing four phases (NRC, 1983): ‘ :

» Hazard identification:

e Dose-response essessment:
s« Exposure assessment: and
e Risk characterization.

Hazard identification ihvoives-'the'use of exposure and effects data from the
taboratory and the fieid to determine whether the agent of concern can cause ‘
health effects and to identify what those effects are (NRC, 1983),

Dose-response assessment characterizes the relationship between adminisierad _
dose and the incidence of an adverse effect. Dose-respornise information is
usuaily derived from animal toxicology studies or from clinical studies or
epidemiology studies of people exposed at high levels, Assumptions must be
made about the comparability of the response in laboratory animals io that of
numans. Statistical methods are usually necessary to extrapolate the dose-
response function from high experimental doses to the generally much lowsr
doses in the human population.
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Exposure assessment estimates the magnitude, frequency and duration of
exposure, and characterizes subgroups of the human populations subjsct to
- different levels of exposure. This phase includes sstimating the source term,
fate and transport of the contaminant(s) of concern, and subsequent human
exposure.

Risk characterization integrates the resuits of the previous phases, estimates the
incidence of an adverse human heslth effect under conditions defirned in the
axposure assessment, and describes the uncertainties in the data and
assumptions. Human health risks are described as the probability of an adverse
heaith effect (e.g., cancer death or toxic effect} in an individuai of an exposed
population {(individual risk), or the number of heaith effects expected in the
popuiation (population risk) during a given time interval.

The United States Environmental Protectlon Agency (USEPA) currently
considers excess individual lifetime cancer mortality risks less than 1 x 10™ (one
in ten thousand) to 1 x 10® (one in one million) to be acceptable (Federal
Register, 1991). USEPA recently proposed standards for radionuclides in
drinking water that the agency considers to be associated with an individual
lifetime cancer fatality risk of 1 x 10 (Federa! Register, 1991). No similar
-standard “acceptable risk” value is available for toxic effects - estimated ,
doses or intakes are usually compared to a chemical specific reference dose to
determine if toxic effects are expected.

2.3 Ecoiogical Risk Assessment

Early environmentai decision-making was based on qualitative descriptions of
effects of pollutant discharges on organisms and the environment, with some
reliance on the assumption that protection of human health would ensure
adequate protection of the environment. Current information and environmental
regulations suggest a need for a risk-based approach to decision-making for
environmental protection. :

With some modifications, and addition of important uncertainties, the general
paradigm for human health risk assessment is now being applied to estimation of
risks to the environment. The field is new and definitions are not standardized.
For the purposes of this report, “environmental risk assessment” refers to an
assessment of the risks to man from contaminants in the environment (air, water,
soil or food). “Ecological risk assessment” refers to an assessment of risks to
the natural environment (Suter, 1993). The receptors or values of concern in an
ecological risk assessment may range from individual organisms to entire
ecosystems and fundamental ecological processes.

Because of the number of different species in a community and the complexity of
inter-species interactions and-basic ecological processes, the level of



organization for which the assessment is performed can vary widely (individual,
population, community, ecosystem), and the potential endpoints for the
assessment are many (death, acute or chronic toxicity, reproductive or
developmental effects, disruption of basic processes). USEPA (1992) proposed
a framework for ecological risk assessment that includes three phases:

« Problem formulation; -
e Analysis (expesure and effects assessment); and
e Risk characterization.

The problem formulation phase identifies the factors to be considered in the
assessment, and determines the scope and objectives of the analysis. This -
phase includes the preliminary data gathering and conceptual development
needed to define the problem. Specific steps in the problem formulation phase
include planning, identification of stressor characteristics, description of the
ecosystem potentially at risk, identification of potential ecological effects,
endpoint selection, and development of a conceptua! mode! for the assessment.

In exposure assessment, environmental concentrations of the contaminant are
described, and exposure of the organisms and ecosystems of concern are
estimated. The exposure assessment estimates the transport of the contaminant
through the environment, including its transformation and uptake by organisms.

in effects assessment, a dose-response relationship between exposure and
effects is developed. An effects assessment determines the relationship

between exposure to the contaminant and effects on the measurement endpoint.

An effects assessment is usually based on extrapolating results of toxicity
studies on standard individual test organisms to effects on individuals of other
species, populations, communities and ecosystems.

Risk characterization integrates the estimates of exposure and dose-response
relationships developed in the analysis phase to produce an estimate of the rigk
to the identified assessment endpoint.

2.4 Tiered Approach

A tiered approach to human health and ecological risk assessment is |ogical and
cost-effective. in a tiered approach, the iriitial analysis is a conservative (i.e.
worst case) screening step, designed to eliminate from further analyses
contaminants and pathways that are not of concern in terms of potential impacts
to human health or ecological values. Further analyses are unnecessary when
use of conservative models and assumptions yield estimated risks that are small
(.e. individual lifetime fatal caricer risk less than 1 x 10 ™ or no toxic effects
predicted). If a conservative analysis suggests that risks are high, a more
detailed, comprehensive and realistic assessment is performed.



Ecological risk assessments may be more qualitative than human health
assessments because of the many sources of uncertainty in assessing risks to
ecological vaiues (USEPA, 1992).

2.5 Probabilistic Analysis and Uncertairity

The current appiication of the National Research Council risk assessment
paradigm (NRC, 1983) to estimation of human health and ecological risk
requires explicit description of uncertainties in assumptions, models and
parameters, and incorporation of these uncertainties into a final expression of
risk. Untii recently, the common practice in risk assessment was to use

_conservative assumptions in a “worst case” analysis rather than to estimate

uncertainty. This approach: obscures recognition of the degree of conservatism
and the uncertainties in risk estimates; allows for improbable scenarios and
results; and ignores the potentiaily excessive costs of decisions made based on
conservative assumptions (Burmaster ef al., 1990; Paustenbach ef a/., 1991},

As discussed above (Section 2.4), a conservative, screening level assessment is
an appropriate first step in an assessment. A more quantitative and realistic
analysis can be performed when the threshold established in the screening
process is exceeded. The state-of-the-science in risk assessment uses a
prebabilistic approach that explicitly considers uncertainties and variability in
assumptions, data and results. Probabilities of effects, and uncertainties are
expilicitly considered in both the analysis and the expression of its result.

A commonly used tool in probabilistic, quantitative risk assessment is Monte
Carlo analysis. In a Monte Carlo analysis, a sample from the distribution of an
input parameter is placed into a simulation to interact in a model with samples
from other input parameters. The frequency of sampling within an independent
variabie depends on the relative frequency of a value in the frequency
distribution (Paustenbach et al,, 1991). '




3 HAZARD ASSESSMENT AND RISK ASSESSMENT APPROACH
3.1 Background and Overall Approach

Screening-level assessments were performed to identify potentially important
contaminants and ecological receptors, and to eliminate others from further
consideration. Based on the results of this preliminary analysis, more
quantitative risk assessments were done for specific contaminants.

Two sources of data were used in the risk assessments: data collected in the
USDOE field study and data abstracted from LDEQ permit files. These data sets
and associated modeling analyses were used to assess potential human health
and ecological risks associated with continuing open bay discharges of
produced water in Louisiana.

This section:

+ presents the hazargd identification step for the human health and ecological
risk assessments;

¢ briefly describes the data and modeling analyses used in the risk
assessments presented in this report (given in detail in sections 4 and 5
and Appendices A and B); and

+ outlines the approach used in the human health and ecoioglcal risk -
assessments (presented in sections 6 through 9).

- 3.2 Mazard and Receptor identification

Hazard identification involves the use of exposure and effects data from the
laboratory and field fo deteriine whether the agent of concern can cause health
effects and to identify what those effects are (NRC, 1983). In the context of this
report, hazard identification includes: identification of contaminants of potential
concern in produced water, identification.of important human receptors and
exposure pathways, and a description of potantially important ecological effects
and receptors.

3.2.1 Centaminants |

Many contaminants in produced water have known cr suspected human heaith -
and or ecclogical effects at high expesures. Contaminants of special concern
include: toxic metals such as lead, mercury and cadmium; potentially toxic
organic compounds such as phenol and PAHS; and known or suspected
carcinogens such as benzene and radionuclides.
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Radionuclides

Radionuclides known to occur in praduced water above hackground surface
water concentrations include 22%Ra, #*Ra, and Y°Pb. Other decay products of
radium (C'Po, 2*Th, #?Ra) may also be expacied in produced water,

The health sffects of radionuclides can be aitributed to their radicactive
emissions. The alpha, beta and gamma radiation reieased by the decay of
ragionuclides cause lonization of cellular components which may result in the
mutation or death of affected celis.

~ Current practics in radiation protection is to assume there is.a cancer risk
- - associated with even very small doses of radiation. Risi factors are derived
" from epidemioiogical data and exirapolated down to low doses to describe the

cancer risk associated with small exposures. See Appendix C for 2 more
detailed discussion.

Most of the available studies of the effects of radiation on aquatic organisms are

concerned with the induction of deterministic, somatic effects. These effects
include increases in mertality and pathophysiological, developmental and

reproductive effects. There is little information available concerning induction of

cancer and genetic effects, although a few studies of stochastic genetic effects
in organisms are available (Anderson and Harrison, 1986).

The National Council on Radiation Protection and Measurements (NCRP) and
the International Atomic Energy Agency {(IAEA) reviewed the literature on the
effects of ionizing radiation on aquatic organisms, and suggested reference

levels that would protect aquatic populations (NCRP, 1591; IAEA, 1988). Effects

on aquatic organisms are discussed in more detail in Appendix C. -

Chemical Contaminants

USEPA publishes cancer slope factors, reference doses or other estimates in
the IRIS data base (Integrated Risk Information System) and water quality
criteria for many of the contaminants commonly found in produced water. As a
first level screen, chemical contaminants with published water quality criteria,
stope factors and reference doses were included in the analysis. Published
reference values suggest a potential concern for human health effects.

Most chemical contaminants discharged in produced water present a potential
human health hazard because of toxicity associated with ingestion in fish and
shellfish. A few of the chemical contaminants found in produced water are
suspected or known human carcinogens including benzene and arsenic.

Ak et 4 e T




Effects on aquatic organisms may be associated with a number of contaminants
found in produced water discharges. Water and sediment toxicity studies, and
water quality criteria are available for a few contaminants suggesting reasonabie
concein for potential ecological effects. Toxicity testing of produced water
effluents using standard laboratory test animals has shown a range of acute
LCsos and NOELSs, again suggesting the potential for concern about effects to
fish and shelifish species.

Effects on sediment communities have also been demonstrated (Armstrong et
al., 1977; Rabalais et a/., 1991), but the relationship between effects on number
of species and individuals and chemical contaminants in sediments were site
specific and not consistent across all studies. These studies suggest a potential
for toxic effects to benthic communities living close to platforms.

3.2.2 Exposure Pathways and Receptors

Ingestion of contaminated fish is expected to be the most important exposure
route for people, because many of the contaminants found in produced water are
known to accumulate in fish and shellfish. The important receptors for radium
discharged in produced water are recreational fishermen and their families.
Recreational fishermen are important receptors because they may fish close to a
piatform, return often to the same fishing spot, and ingest a large percentage of
fish caught near a platform. Mollusks and crustaceans are commerciaily
important in the Gulf of Mexico, but most of the seafood caught near platforms
by recreational fishermen are fish.

There may be some commercial fishing near coaétal platforms but the amount of

fish and shellfish impacted by contaminants discharged in produced water will
be small because of the dilution with distance from a platform. Commercially
caught fishes are marketed widely, raking the prediction of an individual's
consumption from a single source difficult (USEPA, 19380). Because the catch of
sports fishermen is not diluted in this way, they represent the population most
vulnerable to expesure by consumption of contaminated fishes from one location
{(USEPA, 1990). Some sports fishermen may sell or give away the fish they
catch, but an analysis of their consumption and risk will result in a more
conservative estimate of risk than an assessment of risk for the general public.
Recreational fishermen may aiso include commercial fishermen whe fish near
offshore platforms and eat some of their cafch.

Potential ecological receptors for contaminants in produced water include
recreationaily and commercially important fish and shellfish species, benthic
invertebrates living close te the platforms, and threatened and endangered
species living in open Louisiana bays. Potentially important exposure pathways
include direct exposure in water or sediment, and ingestion in food, water or
sediment.



3.3 Risk Assessment Approach

The overall approach was to use available data and modeling analyses for
cortinuing open bay discharges, ina tiered assessment of human health and
scological risk. The initial analysis consisted of conservative screening
assessments meant to identify contaminants of potential concern. More
guantitative, probabilistic risk assessments were performed for contaminants
identified in the screening analyses.

3.3.1 Data and Modeling Analyses:

“The data that form the bases of the screening and probabilistic risk assessmenits

presented here include:
o Data collected in the ongoing USDOE field study:

- PAH and metal concentrations in sediment near two open bay
discharges; _

-- radium concentrations in edible bicta near two open bay discharges;

-- radionuclides in the effluent of two open bay discharges; and

- fish ingestion rates for recreational fishermen and their families.

e Data abstracted from LDEQ permit'fi'les for open bay sites in Louisiana
that plan to continue to discharge produced water until January, 1997:

- location, depth and discharge rate data;
- — chemical and radium cancentrations in the effluents; and
— results of toxicity testing on effiuents.

Data and modeling analyses that form the basis of the risk assessments are
described in detail in sections 4 and 5. Section 4 describes the USDOE field
study. Preliminary results of sampling conducted at the two coastal sites in
Louisiana are summarized. The results of the survey of recreationai fishermen
in Louisiana are described and a distribution of fish ingestion rates derived.
These data were used in the risk assessments presented in sections 6 through
9.

Secticn 5 summarizes the data abstracted from the LDEQ permit files for
assumed continuing open bay discharges in Louisiana. Discharge rates and
platform depths are summarized. Available chemical and radionuclide effluent
data are described. Data summarizing acute and chronic toxicity studies are
also presented. A surface water transport model was used to estimate dilution
factors with distance from the discharge, and this modeling analysis is
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presented. These data and modeling results were used in the risk assessments
given in sections 6 through ©.

3.3.2 Human Health and Ecological RiSk Assessments

Human health and ecological risk assessments are presented separately. Risk
assessments for radium and other radionuclides in produced water are
pressnted separately from assessments for chemical contaminants.

The state of Louisiana has identified a standard acute mixing zone of 50 feet,
and a standard chronic and human health zone of 200 feet from produced water
discharges. These distances imply a risk management decision about the

“acceptable” iocation for environmental |mpacts These distances were used in
the current risk assessment.

| Human Health Risk Assessment for Radium
Screening and probabilistic human health risk assessments were done for open
bay discharges of radium in Louisiana.

A screening assessment was performed using worst-case estimates of:
concentrations in fish, ingestion rates, and dose-response factors to determine

- the need for 2 more quantitative analysis. Based on the results of these
analyses, a probabilistic risk assessment was done using distributions of: radium
concentrations in fish (from field sampling and modeling); fish ingestion rates
{from USDOE fishermen survey); and risk factors.

Ecological Risk Assessment for Radionuclides

This assessment used concentrations of radionuclides measured in the effluent
at the two USDOE study sites, and radiurn concentrations reporied in permit files
for continuing open bay discharges. Worst-case water concentrations were
predicted using a dilution factor derived from the modeling analyses presented
in section 5. Predicted water concentrations were compared o screening dose-
rate factors developed by IAEA {1888) . These douse-rate factors relate the
radiation exposure to an organism to a unit concentration of the radionuclide in
the water in which the organism: iives. Estimated doses were compared o
reference doss rates suggested by IAEA (1868).

Human Health Risk Assessment for Chemical Contaminants

A screening human health risk assessmeant was done for metals and organic
compounds measured in continuing open bay discharges. This analysis
followed the USEPA approach o estimating risks from toxic materials and
carcinogens by applying RiD (reference dose) and slope factor values to
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gstimates of chemical intake rates (USEFPA, 198%9a). Predicted water
concenirations were also compared to USEFPA and Louisizna human heaith
water quality criteria.

For contaminants that were identified as being of potential concern in the
scresning analysis, a more quantitative risk assessment was performed, using
distributions of contaminant concenirations in the discharges.
Ecological Risk Assessment for Chemical Contaminants and Efffuent
Three assessments were performed in the ecologicai risk assessment:
1. Screening assessment of sediment toxicity: sediment metal and PAH
concentrations measured at the LJSDOE study sites were compared to
proposed sediment quality criteria.

2. Assessment of potential toxicity of individua! contaminants in the water

coiumn:  Worst-case predicted water column concentrations of contaminants

- measured in continuing open bay effluents (LDEQ permit files) were.
compared to USEPA and Louisiana water quality criteria. A more quantitative
analysis was done for contaminants identified in the screening ana!y51s as
being of potential concern.

3. Assessment of effluent toxicity: Predicted water column concentrations of
effluent were compared to results of acute and chronic toxicity tests
performed in the laboratory with standard test organisms.

Section 6 presents the screeping and probabilistic risk assessments for the
human health effects of radium. Section 7 gives the screening assessment for
ecological effects of radium and other radicnuclides. Section 8 presents the
screening risk assessment for the human health effects from metals and organic
contaminants. The risk assessments for the ecological effects of individual
produced water contaminants and effects associated with the total effluent are
presented in section 9.
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4 USDOE FIELD STUDY PRELIMINARY DATA
4.1 Background

This report is part of a series of studies of the human health and ecological risks

 associated with discharges of produced water to the Gulf of Mexico supported by
'USDOE. These risk assessments are coordinated with a USDOE project fitled '

“Environmental and Economic Assessment of Discharges from Gulf of Mexico
Region Oil and Gas Operations” (referred to as the “USDOE Fieid Study”).

Continental Shelf Associates, Inc. (CSA) was contracted to conduct the fieid
study. The objective of the project is to increase the base of scientific
knowledge concerning the following topics:

o The fate and environmental effects of contaminants found in produced
water; ‘
» The econormic impacts of proposed regulations on offshore oil and gas
producers of the Gulf of Mexico region; and .
« The catch, consumption, and human use patterns of seafocd species
collected from coastal and cffshore waters of the Gulf of Mexico.

The study includes 4 technical tasks, two of which are relevant to the Eisk

assessments presented here:

»  Monitoring of the Recovery of impacted Wetiand and Open Bay Produced
Water Discharge Sites in Coastal Louisiana and Texas (Task 4}); and
o Synthesis of Seafood Catch, Distribution and Consumption Patterns in the
" Gulf of Mexico Region (Task 8). S ' :

Steimie & Associates, Inc. were subcontracted by CSA to perform the two tasks
(Tasks 4, 6) relevant to these risk assessments. Preliminary resulis from Tasks
4 and & are available, and were used in the current analyses. The following
sections summarize the preliminary data available fram the Task 4 and Task 6
work, and derive or summarize the data used in subsequent sections of the
report. :

4.2 Open Bay Sites

The data and descriptions of the study sites were abstracied from materal
provided by Steimie & Asscciates, inc. The emphasis in the study of coastal
sites is an assessment of the recovery of these sites from any impact from
produced water discharges. Daia were collected prier to the termination of
discharge at three sites (including ihe two open bay sites discussad here), and
several times after the discharge was terminated. The preliminary data
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“presanted in this section are limited to those collected before termination of the
discharges.

4,2.1 Site Descriptions
| Delacroix island

The Delacroix Island Qi and Gas Field located approximately 5.5 miles
southeast of Delacroix, Louisiana, has been in production since the first weli was
drilled in the field in 1940. The area is part of a subsiding delta, which resuits in
broken marsh and numerous small water bodies with a few large open bays.

The tank battery studied (Tank Battery #1) is located in approximately 4.9 feet
{1.5 m) of water. The Delacroix Isiand site is not located in a completely open
bay, but will be used in the assessment presented in this report with the
understanding that the impacts from the site may over-est:mate impacts from
true open bay discharges.

Salinities in the Delacroix Field vary widely between seasons and years, with
late summer/fall salinities being the most stable. Spring salinities are the lowest
axperienced during the year due to the influence of the Mississippi River. The
influence of the Mississippi River is particularly noticeable in this area because
of the proximity of the Caernarvon Diversion.

The bottom substrate in arsas of subsiding marsh like the Delacroix island area
varies from soft, fine grained sediments in open water to old root mat which is
firmer and may persist for many years.

The Delacroix Island area is typical of many brackish habitats in Louisiana
inshore waters in that its inhabitants are eurytolerant opportunistic species.
Commercially important species in this area include the American Oyster
(Crassostrea virginica), the blue crab (Callinectes sapidus), brown shrimp
(Penaeus aztecus) and white shrimp (Penaeus seliferus).

The area around the Delacroix Field is marginal for oysters, although during
some years oyster crops can be successful. Crabs are harvested extensively
year round. Commercial and recreational shrimping is conducted in this area.
Recreational and commercial finfishing is also popular. Red drum or redfish
(Sciaenops ocellatus) and speckled trout (Cynoscion nebulosus) are the most
prized species in inshore areas. Both of these species are most available in the
late fall and winter months. Flounder (Paralicthys lethostigma) are most
abundant in the fall months and Croaker (Micropogonias undulatus), spot
(Leiostomus xanthurus), sand seatrout (Cynoscion arenarius), black drum
(Pogonias cromis) and sheepshead (Archosargus probatocephalus) are fished -
inshore year round.
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Bay de Chene | .

The Bay de Chene Field is located approximately 13 miles northwest of Grand
Isle, Louisiana and is part of the Barataria Basin. The field has been in constant
production since the first well was drilled in 1942. The tank battery studied
(Tank Battery #5) is located in Hackberry Bay, a large open bay typical of the
Barataria system. The discharge is located in about 7.5 feet (2.3 m) of water. '

Salinities in the Bay de Chene Field vary during the year with the lowest
salinities occurring when the Mississippi influences the area. The bottom
substrate in most open water areas is soft fine grain sediments. Portions of the
bay have been altered by the planting of Rangia shell by the Louisiana Wildlife
and Fisheries for oyster culture One of these planted areas on the west side of
the bay was chosen as a reference site because no drilling was aliowed on sheli
planting sites. a

The Bay de Chene habitat is mesochaline (5 to 18 ppt) most of the year, and the

organisms that characterize this habitat are eutyhaline and opportunistic.

Commercially harvestéd species are identical to those harvested at Dslacroix.
The American Oyster (C. virginica) is cultivated on numerous leases in the area.

‘Blue crab (C. sapidus) are harvested year round. Brown (P. azfecus) and white

(P. setiferus) shrimp are harvested commercially-and recreationally.

Recraational and commercial finfishing -are also conducted in this area. Red
drum or redfish {S. ocellatus) and speckied trout (C. nebuilosus) are the most
prized species in inshore areas. Both of these species are most availabla inihe
iate fall and winter months. Flounder (P. lethostigma) are most abundant in the
fall months and croaker (Micropogonias undulatus), spot {Lefostomus
xanthurus), sand seatrout (C. arenarius), black drum (P. cromis) and
sheepshead (A. probatocephalus) are fished inshore year round.

4.2.2 Discharge and Samp!ing_ Information

Delacroix Island Tank Battery #1

. Discharge rates in LDEQ files (Discharge Monitoring Reports) for 1990-1982

average 1,741 bblid for this site. At the time of termination (April 1993) the
volume of produced water fluctuated between 1,964 and 1,978 bbl/d for the
period 26 March to 19 April 1993, when there were 11 wells in production.
Discharge volumes from 19 to 25 March ranged from 2,246 tc 2, 256 bbl/d, with
12 wells in production.

Sampling at the Delacroix Isiand study site was conducted acsording to the
station layout shown in Figure 4-1. Biota were collected using otter trawls, gill



nets and crab traps at the two reference stations {R1 and R2) and the discharge
station. Only species of commercial or recreational importance were retained.
Animals were placed on ice and frozen within 12 hours of collection.

Bay de Chene Tank Battery #5
The LDEQ data base shows a one-time sampling record of 3,666 bbl/d. This

discharge terminated on 15 October 1993. At the time of the pre-termination
survey, data provided by Texaco indicated that the discharge was for four wells,

- with a discharge volume of 3,825 bbi/d.

Sampling at the Bay de Chene study site was conducted according to the statior
layout in Figure 4-Z. Biota were collected using otter trawls, gill nets and crab
traps at the two reference stations and the discharge station. Only species of
commercial or recreational importance were retained. Animals were placed on
ice and frozen within 12 hours of collection.

4.2.3 Radionuclides in Water and Biota

Average concentrations of radlonucludes in the discharges are given in
Table 4-1. Maximum concentrations of ?°Ra and *°Ra measured in croaker,
spot, sea trout, blue crab and shrimp at the discharge and highest of the
reference stations for each snte are given in Table 4-2. Preliminary results of
tissue analyses for ?’Ra and **Ra are given in Appendix A.

Tabie 4-1. Concentrations of radionucﬁdes measured in discharge at Delacroix
Island and Bay de Chene study sites.

A

Radionuclide Delacroix Island - Bay de Chene
(pCiM) (pCilY)
“Upp 60.3 _ 78.0
“pg <2.0 <1.1
““Ra 162.5 o 218.5
““Ra 317.5 2645
““Th 15.0 20.5
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Figure 4-2. Bay De Chene Field Tank Battery #5 sampling locations.
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Table 4-2. Maximum radium concentrations measured in biota from the

Delacroix Island and Bay de Chene study sites (pCi/g) (pre-termination
samples). :

Delacroix Island Bay de Chene
Discharge ] Reference Discharge Reference

“’Ra Ra Ra | ®Ra | ®Ra Ra | ®Ra | “Ra
croaker 0.025 0.037 0.018 | 0.112 0.024 0.094 0.032 0.05
spot 0.005 0.027 0.002 0.076 0.034 0.086 0.029 0.042
sea trout . NS NS NS NS 0.021 0.159 0.016 0.036
biue crab 0.013 0.032 0.025 0.08 0.023 0.059 0.024 0.01
shrimp NS NS NS NS 0.011 0.026 0.027 0.124

NS = no sample
4.2.4 Chemicals in Sediment

Preliminary results of the chemical analyses (PAHs and metals) of sediments are
given in Appendix A. ' ”

4.2.5 Benthos Sampling

Both pre- and post-termination benthos were collected at the study sites, and
preliminary data are available. The study (Mulino et al., 1995; 1996) found
depressed numbers of species and individuals at and near the discharge during
the pre-termination sampling, suggesting an impact on the benthos between 0
and 100 meters from the piatform. : |

4.3 Fishermen Survey
4.3.1 Survey and Overall Results

The following material and data frorn the fishermen survey were abstracted from
Steimle & Associates, Inc.(1 995).

Commercial fishermen {including oystermen) and recreationa! fishermen were
surveyed by personal interview from May through November 1993 to determine
categories of seafood taken over the previous three months, types of license(s)
held, and information on the number, gender-and ages of individuals in the
household and their seafood consumption habits. Respondents were aiso
interviewed about iocations fished, estimated distances from oilfield structures,
and species caught. :

To determine the distribution of the catch, all fishermen were asked to estimate
Ry species the percentage sold, the percentage given away 1o others, and the
percentage kept for persona! consumption. Fishermen were also asked to
estimate the frequency of seafood consumption and cooking methods employed.

0



Processing piants and wholesaiers in Texas and Louisiana were surveyed to
detarmineg their sources of seafood {i.e. in-state vs. oui-cf-staig), and the origin
of the seafood sold (i.e. fishing zones and ports of commaercial fishermen). Site
surveys of seafood retailers were conducted to determine the types of sheilfish
and saltwater finfish sold, the paris of the seafood seld, and the types of
prepared seafood sold. Restaurant surveys asked respondents about the
source, quantities and method of pfeparauon of seafood sold/served by this
restaurant.

Finfishing was the most popular form of recreational fishing {85%) with most
fishermen possessing an in-state license (92%). The majority of respondents
fished from a private boat inshore (62%), often near an oilfield structure, and
most commonly caught speckled sea trout and red snapper.

On average, fishermen reported keeping 80% of the finfish; 97% of the blue crab
cateh; and 83% of shrimp for personal consumption. They reported serving
seafood 1.8 times per week on average. Their preference was to consume the
meat only from the fish over 80% cf the time, and the most popular cooking
method was frying (30%).

4.3.2 Estimation of Intake Rates

Variables needed for the human healith risk assessment include those that
coniribute to an estimate of the ingestion rate of fish caught near (less than
1,000 fi; 300 m) a coastal piatform in Louisiana. Data collected by the survey
(Steimle & Assaciates, Inc., 1995) include the following:

amount of fish caught per trip-

number of seafood eaters in fishermen’s fam[!y
number of trips near structures

number of trips inshore vs. offshore

fraction of catch kept

number of days since last seafood meal
number of times per week fish served

e & &8 0 0 © &

In this assessment, ingestion rates for recreational fishermen of fish caught near
coastal platforms were derived from the reported data on meals per week
(Figure 4-3). The original data set contained a single value of 22 meals/week
that was excluded as an outlier. A lognormal distribution was assumed for
meals/week {arithmetic mean of 1.8, a standard deviation of 1.3, and a range of
O to 18).
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i Figure 4-3. Number of times per week recreationally caught fish served.
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The ingestion rate distribution for recreational fishermen and their families was
derived as follows: '

7 __ MxMS .
Feh T 7d x week ™ (4.1)

where:

lien = derived ingestion rate (g/d)

M = meals per week ‘ A

MS = meal size (150 g/meal, USEPA, 1989a).

The resulting lognormal distribution (Table 4-3) was used to estimate exposures
to recreational fishermen and their families. For some contaminants (lead in
particular), the subpopulations with highest susceptibility to adverse heaith
effects are infants and young chiidren. USEPA (1990) reported data for intake
rates of seafood by the population consuming seafood, obtained in a survey
conducted over a period of one year (1973-1874). For juveniles (C-9 years of
age), the rate of seafood ingestion was approximately 43% that of the general
population. The intake rate distribution derived for recreational fishermen and

| their families was muitiplied by a factor of 0.43 to estimate the rate of juveniie

i - ingestion of fish (Table 4-3).




Table 4-3. Derived lognormal 'intake distributions for fish caught near open bay

platforms,
Intake (g/day)
Recreationail f : Children
Fishermen and '
Families '
mean 38.4 16.6
riedian 31.5 13.8
standard deviation 264 11.6
| minimum 3.3 1.3
1 maximum 228.8 115.7
G5th percentile 89.5 38.5
23




$§ CHARACTERIZATION OF CONTINUING DISCHARGES
5.1 identification Of Continuing Discharges

Louisiana regulations (Title 33, March 20, 1991) required the termination of all
produced water discharges to natural or man-made water bodies located in
intermediate, brackish or saline marsh areas after January 1, 1995, unless the
discharge (s) were authorized in an approved schedule for elimination or effiuent
limitation compliance. A variance through January, 1997 was granted (12/16/94)
for permitted discharges located in open waters at ieast 1 mile from any
shoreline in Chandeleur Sound, Breton Sound, Barataria Bay, Caminada Bay,
Timbalier Bay, Terrebonne Bay, East Cote Blanche Bay, West Cote Blanche
Bay or Vermillion Bay.

The Louisiana Department of Environmental Quality (LDEQ) identified produced
water discharges in open bay areas (Table B-1 in Appendix B) that may qualify
for this variance.

In August, 1984, a telephone survey of the operators was conducted to

- determine if they would take advantage of an extension of the phase-out rule for

coastal Louisiana produced water discharges. Most operators indicated that
they would continue to discharge through 1997 if allowed. Discharges that
planned re-injection or had been shut-in were not included in the current
assessment (Table B-1, Appendix B}. Some operators could not say what
company policy would be if an extension were granted. These discharges were
assumed to continue discharging, aithough they may have since been '
terminated. Therefore, the list of continuing open bay discharges used in the
current assessment may include wells that are no longer active.

Figure 5-1 shows the locations of the assumed active discharges in open
Louisiana bays. More detailed maps are given in Appendix B.

5.2 Characterization Of Dischafges

&.2.1 Data Sources

Data describing the assumed ccntimiing discharges listed in Table B-1
(Appendix B) and showri in Figure 5-1 were abstracted from LDEQ permit files.

Table B-2 in Appendix B summarizes the date avaiiable for each discharge. A-
few permit files were net available.
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5.2.2 Depths and Discharge Rates

information critical to an assessment of the environmental impact from a
produced water discharge incliudes the depth of the platform and the rate of
discharge. Higher rates of discharge in shaliower waters can be expected to
have more impact in terms of both human health and ecological effects than

smaller discharges in deeper waters where dilution is greater.

Table 5-1 summarizes the data for platform depths and discharge rates. The
total discharge rate data set is described in Table 5-1. High (>5,000 bbl/d) and
low (<5,000 bbl/d) discharge rates (Table 5-1) were described as lognormal
distributions (Figure 5-2). Figure 5-3 shows the distribution of platform depths in
the data set. Table B-2 in Appendix B gives the depth and discharge rate for
each discharge point included in the analysis.

Table 5-1. Platform depths and discharge rates.

Depth Discharge Rate (bbl/d}
{feet) g ‘
All dischages < 5,000 > 5,000
number 29 82 46 16
mean _ 8.1 4,527 989 13,865
standard deviation 2.3 7,166 1,249 7,991
{ minimum % ' 1 1 5,364
“maximum 18 37,113 4814 37,113

Note that the two coastai sites in the USDOE study are reascnabiy
representative of these discharges, falling on the high end of the distribution for

“low discharge rates, and the low end of water dep_ths {2,000 and 4,000 bbi/day,

5 and 7.5 feet).
5.2.3 Contaminants in the Effiuent

Chemical contaminants measured in open bay produced water discharges and
reported in LDEQ permit files are surmnmarized in Table 5-2. Data abstracted

from LDEQ permit files for each discharge site are given in Appendix B, Table B- -~

3. These data are for contaminants that were above the detection limit only, and
overestimate the mean concentration in the data set. These data are the most
current measurement data for each discharge. These data are uncertain
because many permits have more than one discharge, and it was often difficult
to relate the chemicai concentration data to the correct discharge point. They
are also uncertain becausse concentrations change over time, and a single
sample may be of limited valus. I

Radium concentrations measurad in: the discharges are given in Table B4 in
Appendix B, and are summarized in Tabie 5-3. This data set suggests no clear
relationship between “*Ra and “’Ra concenirations in the effluent (Figure 5-4).



Figure 5-2. Lognormal Tests: discharge rates of continuing open bay |
discharges, A, 1 to 5,000 bbl/day (r = 0.8049); B, >5,000 bbl/day (r = 0.8514).
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Figure 5-3. Depths of platforms, continuing open bay discharges.
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Table 5-2. Contaminant concentrations (pg/L) in open bay produced water
discharges in Louisiana {for contaminants reported above detection limits).

count | minimum | maximum mean std dev
METALS
Antimony 7 11.85 20100 5595.91 8479.477
Arsenic 11 6.8 498.5 - T4.74 136.76
Cadmium 8 0.93 500 231.19 202.57
Chromium (VI) B 85 200 83.49 70.09
Copper 11 10 7490 288.37 157.93
Lead 7 35.36 820000 104263 202839
Mercury 4 0.007 27 7.08 11.26
Nickel .7 57.90 2840 1013.86 1062.08
Selenium 3 11.00 84 £3.00 34,79
Silver 5 1.30 400 143,32 160.08
Thallium 4 248.39 3700 1904.74 1535.71
Zing 12 31.09 6375 1217.10 2102.85
ORGANICS
Benzene _ 12 1D 9550 1813.23 2690.15
Bis (2-ethylhexyl) phthalate] 6 45 80 59.67 12.40
Naphthaiene _ , 5 10 118 57.42 41.685
Phenol 13 24 12000 1557.86 3144.72
Toluene 12 16 2800 831.62 D44 .56
Xyienes 8 7 862 183.30 265.84
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Table 5-3. Radium concentrations (pCi/l) in open bay discharges.

ZZSRa H‘R&.
number _ _ 47 : 47
mean ' - 181.4 250.0
-standard deviation 122.4 : » 163.6
minimurr 0.0 0.0
maximum 592 0 - 560.0

Figure. 5-4. Relationship between 262a and “®Ra concentrations in effiuents.
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5.2.4 Effluent Toxicity

Toxicity tests are useful tools becau'se they can directly measure potential
1 i - aquatic effects. This is particularly true in the case of complex effluents, such as
o produced water, where a broad range of toxicants can be present at low levels.

Toxicity data were available in LDEQ permit files for 58 assumed continuing
! discharge sites. Data were available for acute toxicity tests (96-hr {.Csp) on M.
v ‘bahia (a shrimplike mysid crustacean) and Cyprinodon variegatus (sheepshead
B minnow); 7-day chronic growth and survival NOEL tests on the same two

Lo species; and fecundity studies on M. bahia. The acute LCs, data and NOEL
- growth and survival data are summarized in Tables 5-4 and 5-5. '

i These data are uncertain because many permits have more than one discharge,
= | " ~and it was often difficult to relate the toxicity data to the correct discharge point.
| They are also uncertain because concentrations change over time, and a smgle _
‘ l 3'; .. sample may be of limited value. "

Table 5-4 Results (percent effluent) of acute toxmlty (LCsp) tests, Mysidopsis
bahia and Cyprinodon variegatus.

: Mysidopsis bahia Cyprinodon variegatus
N 41 39

mean - 9.5 \ 24.4

median - 7.9 - 18.5

standard deviation 110 ' 38.2

minimum 0.2 2.4

maximum - 71.2 250

§| Table 5-5. Results (NOEL, growth and survival, percent effluent) of chronic
:§i5 toxicity tests.

Mysidopsis bahia Cyprindon variegatus
survival . growth survival growthn
| N a3 | a2 41 39
- mean ' ' 2.9 40 7.1 9.0
|- median 2.2 36 6.9 7.5
o standard deviation 29 35 57 6.9
minimum 4x10” 0.1 0.2 0.2
| maximurm - 11.4 12.1 19.1 . 252




8.3 Transport Modeling

The USEPA surface water transport model CORMIX 2.1 (Cornell Mixing Zone
Expert Sysiem Model; Doneker and Jirka, 1990 was used to estimate the
dilution expected at 50 and 200 feet from open bay discharges. The CORMIX
model may be used for the prediction of aqueous toxic or conventional pollutant
discharges tc surface water bodies. lts major emphasis is on prediction of plume
geometry and diiution within an initiai mixing zone, but the model aiso predicts
plume behavior at larger distances (Bouchard ef al., 1885). The current version
allows simulation of submerged cr surface, single and multiport discharges.
CORMIX has been used by USEPA in rulemaking for produced water
discharges. ' :

Table 5-6 summarizes the input parameters used in the analysis. A depth of 8
feet (2.44 m) was chosen to represent the assumed continuing open bay '
discharges in Louisiana (see Figure 5-3). A range of discharge rates was
modeled (Table 5-7) to cover the range of discharge rates for the open bay
discharges (see Figure 5-2).

Because of the shallow depth, the model was run using an unstratified scenario
with a surface and bottom water density of 1005 kg/m®. These values were
derived from temperature and salinity data published in literature reviewed bx‘
USEPA (USEPA, 1995a). A produced water discharge density of 1020 kg/m
was derived from USEPA’s review of produced water sffluent density estimates,
and an ambient velocity of 0.05 m/s was used (USEPA, 1985a).

CORMIX forces a submerged single port discharge to be in the bottom /3 of the
water column. The model was run with the discharge pipe pointing straight up
from the lower 1/3 of the water column. This is unrealistic for produced water
discharges, because they are normally released on or ciose to the surface. Qur
decision to run the model with this discrepancy was based on the assumption
that differences in dilution rates resulting from a discharge pointing up at the

‘surface or down toward the bottom in a shallow bay environment would be

negligible.

To test this assumption, sensitivity runs using altered input parameters were run
to “fool” the model into simulating a more accurate scenario. The model can be
adjusted to make the projections more accurate by creating a mirror image using
a stratified water column and inverting the ambient densities (Avanti
Corporation, 1993). Specifically, the depth was increased from 2.44 m o0 3.44
m, the discharge pipe was placed at 2.44 m with the theta angle at 90°, pointing
straight up (i.e., a mirror image of effluent being discharged directly onto the
surface). To complete this mirror imaging, the effluent had to be changed from a
negatively buoyant plume (i.e., surface to bottom) to one with a positive
buoyancy. The water column data was modeled as stratified with surface
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density at 1018 kg/mg® and the bottom density at 1020.15 kg/mg®. The
discharge density was then reduced to 970 km/m®. The resulting scenario was
modeling a plume traveling the entire depth of the receiving environment from
the bottom to the surface, simulating the same characteristics as g surface
discharge of a negatively buoyant effluent. Resuits of this sensitivity analysis
indicated that differences in predicted dilution rates are negligible. The diiution
factor for a worst case scenario of 37,500 bbl/day discharge at 200 ft is 13.8 as

O [ B

S S

opposed to 12.0 for the unaltered input parameters.

Table 5-6. CORMIX input parameters.

DISCHARGE PARAMETERS

-‘%35 AMBIENT PARAMETERS

‘:'h!i ‘
i | cross section unbounded
£ average depth 2.44 m

b depth at discharge 2.44m
ambient velocity 0.05 m/s
Darcy-Weisbach friction factor 0.0524
Manning's friction factor 0.03

wind velocity 2mis
stratification type unstratified
1 surface density 1005 kg/m®
i bottom density | 1005 kg/m®

discharge description

submerged single port

nearest bank

left

distance to bank 11608.76 m
b ort diameter 0.127m
i port cross-section area 0.0126m"°

discharge flow rate

106 - 37,500 bbl/day

discharge port height

08m

vertical discharge angle 90 degrees
horizontal discharge angle 0 degrees
discharge density 1020 kg/m®
i density difference -15 kg/m”
1 buoyant acceleration -0.1464 m/s*
, discharge concentration 100 percent
‘ surface heat exchange coeff. Cmifs
coefficient of decay Om/s




CORMIX uses a 13 step procedure to determme the flow category of a
discharge. CORMIX classified the flow as “NV5" for discharge rates between
7,500 bbl/day and 37,500 bbl/day, and as “NV2” for discharge rates up to 5000
bbliday. Both of these classifications show that the model treated the discharge
as a negatively buoyant discharge in a uniform amibient layer. Class NV2 has an
extremely strong negative buoyancy causing upstream spreading and does not
have layer or surface interaction. Class NV5 has an interaction and unstable
discharge configuration with vertical mixing and recirculation zones. After
determining the flow classification CORMIX selects an aigorithm that best
represents the discharge scenario (Doneker and Jirka, 1980). The NVS
aigorithm did not predict dilutions at 50 feet from the discharge.

Results are presented in terms of the expected dilution factor in the plume at 50
and 200 feet (Table 5-7) where :

DF (dilution factor} = Concentration in Effluent / Concentration in Water

These data (Table 5-7) were used to derive emps: ical relatlonshlps netween
discharge rates and dilution factors {Figure 5-5):

For discharge rates < 5000 bblld
DFson= 10633 * (DISCHARGE RATE)"”‘67 (R=0.997)
DF 200 ¢ = 46303 * (DISCHARGE RATE) %% (R=0.9997}

For discharge rates > 5000 bbl/d
DF 200 1 = 36061 * (DISCHARGE RATE) 762 (R =0.9997)

In modeling the dilution factors at 200 ft, CORMIX automatically switched from .
the NV2 to the NVS algorithm, ‘at release rates greater than 5000 bbi/d.

Tabie 5-7 shows that there is a 100% increase in DF g # in the transition from
5000 bbi/d to 7500 bbl/d. The DF3q9 # derived from hypothetical release rates
between >5000 and <7500 bbl/d were not a gocd fit to the empirical relationship
derived from the NV5 algorithm results, An attempt to fit these release rates to
the relationship derived from the NV2 algorithm aiso yielded a poor fit. Only
three of the assumed continuing open bay discharges (Appendix B, Table B-2)
fell into this transition (5365 bbl/d; 6800 bbl/d, 7368 bbl/d). In the risk analysis, -
we opted to use DFzqp # values derived by the NV5 algorithm for these
discharges, with the assumption that any overestimates of dilution would be
offset by the conservatism of the CORMIX model.
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Table 5-7. Estimates of dilution factors in the plume at 50 and 200 feet.

Discharge Rate Dilution Factor CORMIX Flow
Class
{bbl/d) . 50 feet’ 200 feet

1 14661 33539 NV2
3 6561.6 76824 NvV2
5 3514.6 22471 NV2
10 2385.5 10016 NVv2
25 771.30 6294.3 NV2
50 350 3002.7 NV2
100 168.3 ' 1135.5 Nv2
200 85.2 435.4 NV2
500 36.0 127.5 NV2
1000 19.7 53.4 NV2
2000 11.4 24.4 NV2
3000 9.4 17.3 NV2
4000 11.2 17.9 NV2
5000 13.0 19.1 NVZ2
7500 - 41.0 NV5
10000 - 32.3 NV5

12500 - 27.1 NV5 -
15000 - . 235 NVS
22500 - 17.3 NV5
37500 - 12.0 NV5

NV5 does not predict a dilution factor at 50 feet.

While low discharge rates (1 and 3 bbl/d) yieided good fits to the empirical

relationship derived for DF 5 1t , they yielded poor fits to relationship derived for

DFog0 . Therefore, DFagg g for 1 and 3 bbl/d was calculated using the
relationship derived for 5 to 5000 bbl/d.

The empirical relationships were applied to the distribution of discharge rates for
the open bay discharges (Table 5-1) to produce a distribution of dilution factors
for 50 and 200 feet (Table 5-8). The dilution factor distributions were also used
to develop a distributicn of percent effiuent expected in the water column at 50

and 200 feet (Table 5-8).
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Tabie §-8. Dilution factors and effluent concenirations (percent effluent) in the
piume for open bay discharges.

50 feet

200 feet
< 5000 bbi/d - <5000 bbl/d > 5000 bbi/d

Dilution | Percent | Dilution | Percent | Dilution | Percent

Factor | Effluent | Factor | Effluent | Factor | Effluent
mean 537.7 - 0.03 - 198.1 0.01 30.1 0.04
median 74.4 0.02 207.0 0.01 29.1 0.03
standard dev. 998.1 0.04 3035.2 0.02 11.4 0.02
minimum 85 | 0.0002 19.4 0.0001 11.9 0.02
maximum 4102.6 G.12 16378.0 0.05 5.2 0.08
85th percentile | 2451.0 0.10 9431.0 0.04 477 0.07
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Figure 5-5. Relationships between discharge rates and model-derived
= ditution factors in the plume at 50 and 200 feet from discharges:
A and B, NV2 algorithms; C, NV5 algorithm.
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& HUMAN HEALTH RISK ASSESSMENT FOR RADIUM
6.1 introduction and Approach

Radium may be accumulated by aquatic organisms, and there is a potential
hurnar health risk associated with the ingestion of radium in fish and shellfish
caught near open bay produced water discharges. Screening and quantitative
probabilistic human heaith risk assessments were done for open-bay radium
discharges in Louisiana.

The two data sets used in this risk assessment were:

s measured concentrations of **Ra and **Ra in finfish and crustaceans
{pCilg) caught near the discharge at the Delacroix Island and Bay de
Chene study sites {pre-termination data; section 4); and

» measured concentrations of “*Ra and *®Ra in 47 continuing open bay
discharges (pCif/l, section 5).

8.2 Screening Assessment

§.2.1 Concentrations in Edible Seafocd

Biota Near USDOE Open Bay Stbdy Sites

Biota were collected in Spring 1993 from two USDOE study platform locations
(Delacroix Island, Bay de Chene) and two reference stations for each platform.

Screening assessments were done on radium measured in these bicta.

Only one value for each isotope was available for each species sampled from

_each site at Delacroix Island (Table 6-1). For each isotope in each species, the

value of the concentration at the discharge site and the higher of the two
reference site values were used in the screening analysis. Multiple samples
were taken for each species in the study at Bay de Chene. The highest
concentrations of radium detected in each species at each site (Table 6-1) were
used in the screening analysis.
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Table 6-1. Maximum radium concentrations measured in biota at Delacroix
Isiand and Bay de Chene Study Sites (pCi/g).

Delacroix Istand Bay de Chene
Discharge Reference Discharge Reference

“Ra | ™Ra | “Ra | ®Ra | “Ra *Ra | 2Ra | “Ra
croaker 0.025 0.037 | 0.018 | 0.112 { 0.024 0.094 0.032 0.05
spot 0.005 0.027 | 0.002 | 0076 | 0.034 0.088 0.029 0.042
sea trout ‘NS NS NS NS 0.021 0.158 G.016 0.038
blue crab 0.013 '| 0.032 | 0.025 0.09 0.023 0.059 0.024 0.01
shrimp NS NS NS NS 0.011 0.026 0.027 0.124

NS = no sample

Fish Near Continuing Discharges

Mean and maximum radium concentrations from the data set for continuing open
bay discharges were used to estimate water concentrations in the plume at 200
feet (Table 6-2). A conservative dilution factor of 20 was chosen to estimate
worst-case water concentrations. A dilution factor of 20 was chosen to estimate
worst-case concentrations because it yields concentrations similar to the worst-

case concentrations predicted by the CORMIX model (section §) at 50 and 200

feet from the discharge. A conservative bioaccumulation factor of 100 (IAEA,
1982) was used {o calculate concentrations of radium in edible fish:

u

CF =( BAF xCW }x
1,000g

(8.1)

where: : o

CF= radium concentration in fish (pCi/g)
BAF = bioaccumulation factor (100}

CW = radium concentration in water (pCifl)

Estimated concentrations in edible fish for mean and maximum radium discharge
concentrations are given in Table 8-2. The estimated concentrations in fish
(Table 6-2) are based on a series of conservative models and assumptions and
are significantly higher than radium concentrations measured in field studies
(e.g. Table 6-1). ‘

6.2.2 Exposure Assessment
The screening analyses used a conservative value of 70 years as the exposure

period. A conservative ingestion rate of 132 g/d was used (USEPA 198%a; 95th
percentile value). Exposure was calculated for *°Ra and **°Ra separately as:
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R

fpo =1 fish X [Ra} fishes

where;

e = radium intake rate (pCi/d)

leen= intake rate of fish (132 g/d)

[Ra],.. = conceniration of radium in fishes (pCilg)

Table 8-2. Screening analysis; estimated water and fish concentrations 200 feet
from continuing open bay discharges.

(6.2)

“Water

., Effluent Fish
: {pCi/l) {nCi/l) {pCi/g)
Ra
mean 161.4 EX:] 1.0
maximum 592 - 296 3.0
““Ra
meaan 250 12,5 1.3
maxirmnum 560 - 28 2.8

6.2.3 Dose-response Assessment

- USEPA (Federal Register, 1991) uses risk factors of 4.4 x 10° for ?®Ra and

3.8 x 10 for ®°Ra (individual lifetime fatal cancer risk per pCi/t of drinking
water), assuming an intake rate of 2 I/d of drinking water. These risk factors can
be converted to units of individual iifetime fatal cancer risk per pCi/d by dividing
by 2, resulting in unit risk factors of 2.2 x 10 for **Ra and 1.9 x 10° for 2®Ra
(per pCifd). These unit risk factors were used in the screening analyses.

6.2.4 Risk Characterization

Individual lifetime fatal cancer risks were calculated separately for 2*Ra and
®*Ra and then summed. Individual lifetime risk of cancer mortality (ILR) was
calculated as: : : :

ILR =1, x RF | (6.3)

where:

ILR = individual incremental lifetime fatal cancer risk
lra = radium intake rate (pCi/d)
RF = risk factor (risk per pCi/d, 70 year exposure period)
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6.2.5 Restults

Results of the screening risk assessments for radium measured at the Delacroix

Island and Bay de Chene study sites, and for the continuing open bay

discharges are given in Table 6-3.

Table 6-3. Screening human health risk assessment for Delacroix island and
Bay de Chene study sites, and modeled continuing discharges; individual
lifetime fatal cancer risk.

Delacroix Island Bay de Chene Modeled Discharges
Species Discharge | Reference | Discharge | Reference | Mean Maximum
croaker [16x10° [3.3x10° [8.0x10° [21x10° |- -
spot 82x10° [20x10° T31x10° [18x10° |- -
seatrout | NS NS 46x107 [1.4x10° |- -
bluecrab [1.2x107 [3.0x10° [22x10° [84x10° |-~
shrimp NS NS 9.7x10° [39x10° |- --
fish - - - - 62x10"| 16x10°

NS=no sample

Estimated risks in the screening analysis for the ingestion of radium in fishes
exceed 1 x 10° in all cases. Note that estimated cancer risks from eating
seafood sampled at reference stations at Delacroix island and Bay de Chene are
simiiar to those for ingestion of seafood caught near the discharges (pre- '
termination). - '

For the modeled continuing discharges, maximum predicted risks are greater
than 1 x 10°. These results do not represent reasonable estimates of risk
because of the conservative nature of the screening level assessment,
suggesting a need for a more detailed, probabilistic assessment. This
quantitative assessment is presented in the following section.

il 6.3 Probabilistic Assessment

L 6.3.1 Exposure Assessment

| i, 6.3.1.1 Concenirations in Edible Fish

USDOE Open Bay Sites

Preliminary data on concentrations of radium in muscle from fishes sampled at

the discharge sites were assured to conservatively represent the
concentrations in edible flesh of all fishes caught by recreational fishermen.
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Distributions for radium concentrations in finfish at Delacroix !siand and Bay de
Cheane were derived for the probabilistic human health risk assessment At
Delacroix {sland, only ong groaker and one spot were sampled. Thereforg the
concentrations (pCi/g) of Ra (0.005, 0.025) and the concentrations of Ra
0.027, 0.037) were used to represent the concentration of radium in fish, with
equal probabilities for the values from the two species.

For the three species of finfish sampled (croaker, spot and seatrout) at the Bay
de Chene discharge, the range of all values of Rain %scie could not be
distinguished from a normal distribution, while those for  Ra fit a lognormai
distribution. The combined values for Ra concentrations were assumed to be
a normal distribution, averaging 0.015 pCi/g (range, 0.004 to 0.034). For ““Ra
the combined values were assumed to be a lognormal distribution averaging -
£.067 pCi/g (range, 0.018 to 0.159).

Continuing Discharges

Radium concentrations in edible fish were estimated for an assumed
continuation of open bay discharges in Louisiana in two steps.

In the first step, the distribution of radium water concentrations in the piume was
estimated by modifying the distribution of **Ra and *®Ra concentrations
reported for the open bay discharges (Table £-3) by a distribution of dilution
factors derived for the plume at 200 feet using the CORMIX model {section 5;
Table 5-8).

Radium concentrations in fish (in the plume at 200 feet) were then derived
applying the bioaccumulation factor method in equation (6.1).

A BAF distribution based on data collected in coastal Louisiana (Meinhoid and
Hamiiton, 1992) was used to estimate radium concentrations in fish. This
distribution is lognormal, has a range of 2 to 100, a mean of 30.4 and a standard
deviation of 28. Table 6-4 gives the estimated distributions for radium
concentrations in fish. These values over-estimate the concentration of radium
in fish near open bay platforms because they use concentrations predicted in the
piume, not average concentration in the water column.
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Table 6-4. Estimated radium concentrations inwater and fish in modeled plumes
200 feet from open bay discharges. -

Water Concentration {pCi/l) Fish Concentration AECiIg)
®Ra ZRa ZBRa Ra
mean 56 x 10" 6.7 x 107 1.5x 10 1.9 x 10™
median 2.4 x107 3.0x 10”7 52x10° 6.4 x10"
std. dev 9.8x10" 1.1 33x10” 4.2 x 107
85th percentile 2.1 2.5 6.1 x 10~ 7.6 x10°

Fish Away From Platforms

For comparison, risks from ingestion of fish caught away from platforms in the
Gulf of Mexico were estimated. Radium concentrations in fish not associated
with platforms were assumed to be uniformly distributed, with a range of O to
0.01 pCi/g (Meinhold ef al., 1995).

6.3.1.2 Ingestion Rates

Ingestion rates for recreational fishermen and their families were derived in
section 4.3.2. The derived distribution of intake rates was iognormal, had a
mean vaiue of 38.4 g/d, a median value of 31.5, a standard deviation of 26.4 and
a 95th percentile value of 89.5.

6.3.1.3 Exposure Period

Exposure periods (i.e. number of years fishermen catches and eats fish ciose to ,
a open bay produced water discharge) may vary from several vears to a large
part of a lifetime. The probabilistic risk assessment assumed that the exposure
period for recreational fishermen ranged from 5 to 65 years, and was described
by a triangular distribution with the most frequent value set at 20 years.

6.3.1.4 Calculation of Radium Exposure

Daily mRa and mRa intake rates during the exposure period were caiculated by
using the distributions described above, in equation (5.2)

5.3.2 Dose Response Assessment

Current practice in radiation protection is to assume there is a cancer risk
associated with even small doses of radiation. Risk factors are derived from
epidemiological data and extrapolated down to low doses to describe the cancer
risk associated with small exposures. Appendix C summarizes the basic
concepts in radiation protection applicable to risk assessment, discusses in
detail the USEPA risk factors for radium and derives the distribution for the
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cancer mortality risk factors used in the probabilistic assessment presented here
(Table 6-5).

Table §-5. Risk factor distribution for 2°Ra and **Ra (logrormal distributions;
individual lifetime fatal cancer risk per pCi/day).

““Ra ““Ra
mean ~ 15x10° 1.0x10°
standard deviation 9.0x 10" 1.4x 10"
lower 90% confidence limit 9.4 x 10" _ 47x10"
upper 80% confidence limit 2.2x10° 1.9 x 10"

6.3.3 Risk Characterization

This section presents the risk characterization analysis for the ingestion of
radium in fishes harvested near offshore produced water outfalls in the Gulf of
Mexico. The risk characterization step includes the calcuiation of individual
lifetime fatal cancer risk. The risk factor for the exposure period (5 - 65 years for
recreational fishermen) was modified by adding 10 years to account for radium
retention (see Appendix C): '

(EP+10 )xURF,u

RF(EP)= Ty

(6.4)

where:

RF(EP) = risk factor as a function of exposure period EP (lifetime risk per
pCi/day) )

EP = exposure period (years)’

URF o = USEPA unit risk factor for lifetime exposure (Ilfetlme risk per pCifday)

Individual lifetime fatal cancer risks were calculated as:

IIR=1I,, x RF (EP) (6.5)
wherea;

ILR = individual lifetime fatal cancer risk

Ire = average daily radium intake during the expaosure period (pGCi/day)

Individual lifetime risks were calculated separately for 2°Ra and ***Ra and then
summed.
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6.3.4 Results and Discussion -

Results of the probabilistic risk assessment for radium in fishes at Delacroix
Island and Bay de Chene (pre-termination) are given in Table 6-6. The 95th
percentile lifetime fatal cancer risks for both sites were less than 1 x 10°.

Results from the modeling analysis of continuing open bay discharges in
Louisiana are aiso presented in Table 6-6. The 95th percentile lifetime fatal
cancer risk was 4.3 x 10°. Assumed background concentrations of radium in
fish yielded a 95th percentile value of 3.2 x 10*.

The resuits from the two study sites are in good agreement with the results of the
modeling analysis. These results suggest that ingestion of radium in fish caught
near open bay produced water platforms does not present an important risk to
human heaith.

There are a number of uncertainties associated with this analysis, including:

e uncertainty due to limited data describing radium concentrations in
animals at USDOE study sites;

* uncertainty in modeling of radium dilution and b|oaccumulat|on for
continuing discharges;

e uncertainty in ingestion rate distribution; and
uncertainty in radium dose-response function.

These uncertainties are considered in the probabilistic risk assessment by
describing each of the relevant variables as a distribution in the Monte Carlo
analysis. The results based on modeling continuing discharges overestimate
risk from radium ingestion because of the conservatism of the CORMIX dilution
model (see section 5.3), assumptions used in its application (e.g. all radium
remains in solution), and the use of modeied plume concentrations at 200 feet to
estimate expcsure.
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Table 6-6. Probabilistic risk assessment for radium in fishes: individuai lifetime

fatai cancer risk.

SITE Individual Lifetime Fzizi Cancer Risk
mean median std. 5th 85th

= deviation : percentile | percentile
Delacroix Island | 2.1 x10° | 1.3x10° | 27x10° | 24x10° [66x10°
Bay de Chene 2.0x10° {11x10° 133x10° [1.4x16° |6.7x10°
Continiuing 1.1x10° 125x107 [34x10° |1E6x10° |4.3x10°
Discharges . '
Background 8.7x10” [42x10” [1.4x10° |44x10° |32 xi0°

' risk is for ingestion of fish, living in the plurne 200 faet from the discharges.
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7 ECOLOGICAL RISK ASSESSMEN:I' FOR RADIONUCLIDES
7.4 Background and Approach

An aquatic organism may be irradiated externally by radionuclides in water and
sediment, and internally by radionuclides taken into the body by ingestion or
direct absorption. Most incorporated radionuclides are differentially distributed
among the organs and tissues of the organism. Radium, for example, tends to
accumulate in bone, skin and exoskeleton.

Exposure to ionizing radiation can result in injury at the molecutar, cellular and
whole body levels. Most of the available studies of the effacts of radiation on
aquatic organisms are concerned with the induction of deterministic, somatic
effects. These effects include increases in mortality and pathophysiological,
developmental and reproductive effects. There is little information available
concerning induction of cancer and genetic effects, although a few studies of
stochastic genetic effects in organisms are available (Anderson and Harrison,
1986).

Appendix C reviews the terminology and units used in radiation protection, and
summarizes the data available that describes the effects of radiation exposure
on aquatic animais.

The National Council on Radiation Protection and Measurements recently
reviewed the literature on the effects of ionizing radiation on aquatic organisms.
NCRP (1991) suggested a reference dose rate to protect aguatic populations of
10 mGy/d. NCRP also suggested a detailed assessment if an initial analysis
results in an estimated dose rate above 2.4 mGy/d . ‘

IAEA (1988) suggested similar reference dose rates where effects on aguaitic
biota would be minimal. IAEA (1988) concluded that;

» increased mortaiity is expected above 10 mSv/hr (240 mSv/d);

o reduced reproductive success may occur between 1 and 10 mSv/hr (24-
240 mSv/d);

e some somatic effects which would be eliminated by natural selection could
occur between 0.004 and 1 mSv/hr (0.1-24 mSv/d); and

o no adverse effects are expected below background levels of 0.004 mSv/hr
(0.1 mSv/d).

IAEA (1988) deveioped dose conversion factors that relate exposure to an
organism to a unit concentration of a radionuclide in the water in which the
organism lives (Table 7-1). These dose conversion factors are based on models
using assumptions concerning the bicaccumulation factor, K4, and the sizes and
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-shapes of the animals (IAEA, 1988). These factors are useful for screening

purposes.

Table 7-1. IAEA dose conversion factors (mSv/hr per Bq)ma).

ORGANISM RADIONUCLIDE

®Ra BRa LT Mpg 267
FISH ‘ .
bathypelagic 138x 100 [1.62x107 | 4.96x10° [1.22x10" 12.21x10"
benthic 1.45x10" |3.83x10° §.00x 10> 1.22x107 [1.26x107 |
MOLLUSKS 285x10" |441x10% |851x10° |[610x10* |160x10°
CRUSTACEANS :
large, bathypelagic | 2.77 x10° | 2.82x10° | 246x10” [305x10~ [3.68x10"
large, benthic 354x10° | 4.03x10° | 1.82x10° 3.05x10° | 1.52x10°
small, bathypelagic | 2.76 x10° | 1.86x10° | 1.67x10” | 1.83x10” [3.68x10~
small, benthic 370x10° [4.76x10° {6.14x10° 183x10° |[512x10°

The IAEA screening dose-rate factors were used in a conservative screening
analysis to identify the potential for ecological effects from radium and other
radionuclides discharged in produced water to Louisiana open bays.

The data sets available for the analysis were:

« measured concentrations of 2°Ra, 2*Ra' *'°Pb, *'°Po and ***Th in the
discharge at Delacroix Island and Bay de Chene Study Sites (section 4).

o measured concentrations of °Ra and *Ra in 47 continuing open bay
discharges (section 5).

A dilution factor of 20 was applied to the concentrations of radionuclides
measured in these effluents. A dilution factor of 20 was chosen to estimate
worst-case concentrations because it yields more conservative concentrations
than those predicted by the CORMIX madel (section 5) at 50 and 200 feet from
the discharge. The resulting water concentrations (in the piume at 200 feet from
the discharge) were used to estimate the dose to aquatic animals using the IAEA
dose conversion factors.

7.2 USDOE Open Bay Sites

Concentrations of radionuclides measured in the effluent at the Delacroix island
and Bay de Chene study sites are given in Table 7-2. A conservative dilution
factor of 20 was applied to these concentrations to estimate worst-case radium
concentrations 200 feet from open bay discharges (Table 7-2). The IAEA dose
conversion factors were applied to these estimated water concentrations, and
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the total dose to agquatic organisms calculated (Table 7-3). No estimated doses
exceeded the IAEA (1988) range of 0.1-24 mSv/d associated with the potential
for anly minor effects on individual animals.

Table 7-2. Screening-level concentrations of radionuclides predicted for 200
feet at the Delacroix Isiand and Bay de Chene study sites.

Radionuclide Delacroix Island Bay de Chene
Discharge Water Conc. Discharge Water Conc.
(pCift) {pCilt) (pCin) {pCi/l)
““Pb 60.3 30 78.0 3.9
“"Po <2.0* <0.1 <1.1* <0.06
Ra 162.5 8.1 218.5 10.9
““Ra 317.5 15.9 264.5 13.2
“Th 15.0 0.8 20.5 1.0

*iower limit of detection values were used in the analyses |

Table 7-3. Screening level dose estimates for Delacroix Island and Bay de
Chene study sites (mSv/d). :

ORGANISM - Delacroix island Bay de Chene
FISH

bathypelagic 1.2 1.5
benthic 2.0 2.6
MOLLUSKS 3.5 48
CRUSTACEANS

large, bathypelagic : 0.7 0.8
large, benthic ‘ 1.7 ‘ 2.0
small, bathypelagic : 3.0 | - 3.6
small, benthic _ - 58 7.2

7.3 Continuing Discharges

Radium concentrations measured in 47 open bay discharges are given in
Appendix B, and are summarized in Table 5-3. Mean and maximum
concentrations are given in Table 7-4. A conservative dilution factor of 20 was
applied to these concentrations to estimate worst-case radium concentrations
200 feet from open bay discharges (Table 7-4). A dilution factor of 20 was
chosen to estimate worst-case concentrations because it yields more
conservative concentrations than these predicted by the CORMIX modei
(section 5) at 200 feet from the discharge.
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Mean and maximum doses calculated using the IAEA dose rate conversion
factors (Table 7-1) are given in Table 7-5. No estimated doses exceeded the
JAEA (1988) range of 0.1-24 mSv/d associated with the potential for only minor
effects on individual animais.

Table 7-4. Screening-level concentrations of radionuclides predicted for water
200 feet from open bay discharges.

Radionuclide Discharge Water Conc.
{pCifl)
mean (pCi/l) maximum {(pCi/i) | mean (pCi/l} | maximum {pCi/1}

““Ra 191.4 5020 9.6 29.6
“®Ra 250.0 _ 560.0 - 125 28.0

Table 7-5. Screening level dose estimates for radium in continuing open bay
discharges (mSv/d).

ORGANISM Dose rate (mSv/d)

- mean : ) maximum
FISH _
bathypelagic 1.2 3.6
benthic 1.3 3.9
MOLLUSKS ‘ 2.5 7.6
CRUSTACEANS :
large, bathypelagic . Q02 - 0.7
large, benthic . 0.4 1.0
small, bathypelagic ) 0.2 0.7
small, benthic 0.4 1.1

7.4 Discussion

In this simple conservative screening analyses, doses to aquatic animals did not
exceed the range associated with only minor effects of individuai crganisms
(IAEA, 1988). No effects are expected to be found in aguatic animals in open
bays in Louisiana, because of the conservative screening analysis yielded
worst-case estimates of exposure.
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8 HUMAN HEALTH RISK ASSESSMENT FOR METALS AND ORGANICS

8.1 Introduction and Approach

A screening human health risk assessment was done (section 8.2) for metals
and organic compounds measured in continuing open bay discharges (section
5). This analysis followed the USEPA approach to estimating risks from toxic
materials and carcinogens by applying RfD (reference dose) and slope factor
values to conservative estimates of chemical intake rates (USEPA, 1989a).
Conservative predictions of water concentrations were also compared toc USEPA
and Louisiana human health surface water criteria.

A second level assessment {section 8.3) using a probabilistic approach was
done for contaminants that the initial screening analysis suggested may be of
potential concern. A separate probabilistic risk assessment was done for lead
(section B.4). -

8.2 Screening Assessment
8.2.1 Concentrations in Water and Fish

Concentrations in the effluent for continuing open bay discharges were .
described by the data abstracted from LDEQ permit files (Table 5-2}. These
data overestimate average concentrations because only contaminants detected
in the effluent above the reported detection limit are given.

A conservative dilution factor of 20 was chosen to estimate worst-case water
contaminants concentrations in the plume 200 feet from the discharge. Most
contaminants were assumed to remain in solution. Dissolved fractions of
copper, lead and zinc were assumed to be 0.88, 0.38 and 0.59, respectively
(USEPA, 1995a). - :

In this assessment, contaminants were assessed only if they were reported
above detection limits in more than two of the LDEQ permit files; and if toxicity
data were available in IRIS or other USEPA literature. Worst-case mean ard
maximum chemical contaminant concentrations in effiuents and in water at 200
feet are given in Tabie 8-1.

Conservative, generic bicaccumulation factors {Strenge and Peterson, 1989);
were used fo caiculate concentrations of contaminarits in edible fish {Table 8-1};

(¥
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CF={ BAFxCW )x—8_ ' 8.1)
1,000g

where:

CF = contaminant concentration in fish (ng/g)

BAF = bioaccumuiation factor (I/kg)

CW = contaminant concentration in water {ug/i)

Estimated concentrations in edible fish for worst-case mean and maximum
contaminant discharge concentrations are given in Table 8-1.

Table 8-1. Estimated worst-case mean and maximum cor{taminant
concentrations in the effluent, in the plume 200 faet from tha discharge, and in
edible fish. ‘

Contaminant | Effiuent (ug/1) | Diss.” | Concentration in [BAF**) Concentration
Fract. | Water at 200 feet | (/K@) | in Fish (pg/a)
: (pa/l}
max mean max mean max mean
Antimony 20100; 5595.9 1 1005 = 279.8] 1 1.0 0.3
Arsenic 498.5 74.8 1| 24925 a7 1 0.02] 0.004
Cadmium 500; 231.2 1 25 11.8] 200 5 2.3
Chromium (V1) 200 835 - 1 10 4.2 20 0.2 0.1
Copper 710; 288.4 0.88 31.2 12.7 50 1.6 0.8
Lead 825000; 104263 0.38] 15751 1881] 100 1575 1988.1
Mercury . 27 7.4 1 1.356 0.4] 2.0E5 270 70.8
Nickel 28401 1013.8] 1 142 50.717 100 14.2 5.1
Silver 400 143.3 L 200 7.2 2.3 .05 0.02
Zinc 6375 1217.1] _ 0.59 188.1 35.9/2.0E3| 37611 71.8
Benzene 9550| 1813.2 1 477.5 90.7] 24.1 11.5 2.2
Naphthaiene 118 £7.4 1 5.9 2.9 168 1.0 0.5
Phenol 12000 1557.9 K 600 77.9] 757} 4.5 0.6
Toluene 2800 8316 1 140 416/ 68.9 9.8 2.9
Xylenes 862 1i83.3 1 43.1| - 9.2 177 7.6 1.6

* dissolved fraction {USEPA, 1995a)
*bioaccumulation factors (Strenge and Peterson, 1989)

8.2.2 Risk Factors

Risk factors (slope factors for carcinogens and reference doses (RfD) for
toxicants) were obtained from the USEPA IRIS data base (April, 1995) and other
sources. Table 8-2 summarizes these vaiues.
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Reference Dose

The RfD (chronic reference dose) is "an active estimate (with uncertainty
spanning perhaps an order of magnitude or greater) of a daily exposure levei for
the human population, including sensitive subpopulations, that is likely to be
without an appreciable risk of deleterious effects during a lifetime. Chronic RfDs
are specifically developed to be protective ..." (USEPA 1988a).

il Each RfD includes uncertainty factors (UFs). Depending on the derivation of the
' RfD, uncertainty factors can inflate the RfD by up to 10,000 times. Therefore, an
estimated exposure that exceeds an RfD for a particular contaminant may or
may not exceed a threshold for toxicity. RfDs for many of the chemicals
i commonly found in produced water discharges are highly uncertain, as shown in
Ir Table 8-2. |

RfDs undergoing review at USEPA are not available in IRIS. At the time of this
analysis, current RfD’s were not available for copper, mercury, lead and
naphthalene, all contaminants with potential toxic effects. Estimates were
available for mercury and naphthalene in HEAST (1891). These reference
doses are interim values and have not been formally verified by USEPA.

No RfDs are available for lead or copper. Screening level estimates were
derived for these contaminants as described below.

3 Copper: , ‘ _
o current maximum contaminant level goal for drinking water is 1.3 mg/
i _ assume based on 2 I/day water intake
1
I

assume 70 kg aduit
RfD = 0.04 mg/kg-day

Lead:
s current data suggest effects at a blood level concentration of 10 pg/d
(Carlisle and Wade, 1932)
s slope of 0.04 ug PbidL blood per ug/day in diet (Carlisle and Wade, 1982)
« assume 70 kg aduit
» RID =36 x 10° mg/kg-day
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Table 8-2. RfDs, uncertainty factors (U), slope factors and human healih water
quality criteria.

Contaminant RfD Confidence| U | Weight | Slope Factor Human Health
{myg/kg-day) of risk per Criteria For Fish
Evidence| mg/kg-day Ingestion{pg/i)
USEPA IL.LDEQ
Antimony . 4.00 x 10™ Low 1000 — — 4,50 x 10° -
Arsenic 3.00x 10" | Medium 3 A 5.00x10° [1.75x10° -
Cadmium 1.00 x 107 High 10 | B{™™ - - -
Chromium (Vi) | 5.00 x 107 Low 5001 A - — --
Copper* 4.00 x 10° - - D - --
Lead* 3.60 x 10~ - — B2 — — -
Mercury** 3.00 x 107 - - D - 1.46 x 10" -
Nickel 2.00 x 10™ Medium | 300 - - 1.00 x 10° -
Silver 5.00 x 10” Low 3 D - - --
Zinc 3.00 x 10" Medium 3 D - - -
Benzene - - - A 2.90 x 10° |4.00x10° 12,5
Naphthalene™ | 4.00 x 10~ - -~ D - - -
Phenol 6.00 x 10”' Low 100 D - - 50
Toluene 2.00x 107 Medium [1000 D - 424 x10° 6,93 x10°
Xylenes 2.00 Medium 100 D -- - -

* no RD available in IRIS, screening values derived in text
=* no RfD available in RIS, screening values from HEAST (1991)
=+ evidence is for inhalation carcincgenesis only

Hazard Quotients

For noncarcinogenic toxicity'risk characterization of individual contaminants,
USEPA (1989a) uses a hazard quotient (HQ), “the ratio of a single substance
exposure level over predicted a specified time period (e.g. subchronic) to &
reference dose for that substance derived from a similar exposure period”. In
this report the HQ concept is extended to utilize any comparabie reference
standard for human health or ecological risks. Such standards include RfDs and
human health water quality criteria. The term HQ is reserved for the ratio
derived using the RfD; WHQ (water quality criteria hazard quotient) is the ratio
of the predicted water concentration to the USEPA human health water quality
criteria for the contaminant.

Slope Factor

A slope factor is "a plausibie upper-bound estimate of the probability of a
response per unit intake of a chemical over a lifetime. The slope factor is used
in risk assessments to estimate an upper-bound (italics added) lifetime
probability of an individual developing cancer as a result of a lifetime exposure
to a level of a particular carcinogen” (USEPA, 1989a). The upper bound is
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usually the upper 95th percent limit of the slope of a calculated dose-response
curve. "In some cases siope factors based on human dose-response data are
based on the "best" estimate instead of the upper 95 percent confidence limits"
(USEPA, 198%a) Each USEPA siope factor is accompanied by a weight-of
evidence classification, a "...system for characterizing the extent to which the
available data indicate that an agent is a human carcinogen” (USEPA, 198%a).
The weight of evidence classification used by USEPA is as follows:

A Human carcinogen .

B1 Probable human carcinogen based on iimited human data

B2 Probable human carcinogen based on sufficient evidence in animals only
C Possible human carcinogen

D Not classifiable as to human carcinogenicity

£ Evidence of noncarcinogenicity in human beings

8.2.3 Exposure Assumptions

The screening analyses used a conservative value of 70 years as the duration of
exposure, to reflect an assumption of a lifetime exposure. A conservative
ingestion rate of 132 g/d was used (USEPA 1989a; 95th percentile value), aiong
with an exposure frequency of 365 d/year. An assumed body weight of 70 kg for
adults was used in the analysis (USEPA, 1890). Intakes were averaged over a
70 year lifetime. '

8.2.4 Exposure Assessment and Risk Characterization

Intake rates for contarminants in finfish caught near coastal open bay platforms
were calculated following USEPA methods developed for the assessment of
Superfund sites (USEPA, 1988a).

_{CFx 1, xF xEF xED )
(BW x AT ).

{(8.2)
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whare:

| = intake rate (mg/kg-d)

CF = concentration in finfish (mg/kg)

lesn = ingestion rate (0.132 kg/d; USEPA, 1989a)

F = fraction of fish from contaminated source (1.0)

EF = exposure frequency (365 dfyear; USEPA, 198%9a)

ED = exposure duration (70 years; USEPA; 18882a)

AT = averaging time (70 years x 365 d/year; USEPA, 1989a)
- BW = body weight (70 kg; USEPA, 18889a)

The risks associated with the ingestion of contaminants in finfish caught near
coastal open bay platforms were calculated following EPA methods developed
for assessments at Superfund sites (UUSEPA, 1989a).

Toxicity
HQ=— (8.3)

where:

HQ = hazard quotient

| = intake rate {(mg/kg-d)

RfD= reference dose (mg/kg-d)

Hazard quotients greater than one suggest a potentiai for chronic toxic effects.
Carcinogenicity
IR=IxSF (8.4)

where:

IR = individual incremental lifetime fatal cancer risk

| = intake rate (mg/kg-d)

SF = slope factor (risk per mg/kg-d, 70 year exposure period)

8.2.5 Water Quality Criteria

Worst-case mean and maximum predicted water concentrations at 200 feet from
the discharge were compared to USEPA and LDEQ water quality criteria for
human heaith (for fish ingestion; Table 8-2). A WHQ {predicted water
concentration/water quality criteria] was caiculated for each contaminant.

Where WHQs are greater than one, this conservative screening analysis
predicts that the human health water quality will be exceeded.
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8.2.6 Screening Analysis Results .

Results of the screening risk assessment for the continuing open bay discharges
in Louisiana are given in Tables 8-3 and 8-4.

Arsenic, chromium, copper, silver, naphthalene, toluene and xylenes were
eliminated from further consideration. Contaminants with screening hazard
quotients greater than one were antimony, cadmium, lead, mercu , Nickel, and
zinc. Screening cancer risk estimates for benzene exceed 1 x 107 Benzene is
the only carcinogen of potential concern. Contaminants that exceeded human
health water quality criteria in the screening analysis were: mercury, nickel,
benzene and phenol. -

Major uncertainties and conservative assumptions in this screening assessment |

~included:

use of worst-case water concentrations; |

use of average chemical concentrations that excluded zero values;

use of conservative ingestion rates and exposure periods:

use of generic bioaccumulation factors; and :

use of uncertain reference doses that either include large safety factors or
are not verified by USEPA (lead, mercury, antimony, nickel).

A more realistic and quantitative assessment was performed for contaminants
identified in this screening analysis (section 8.3). Because of the concern for
lead exposure to children, and the current belief that the dose-response function
for lead exposure does not have a threshold, lead was analyzed in a separate
probabilistic risk assessment (section 8.4).

8.3 Quantitative Analysis for Antimony, Cadmium, Mercury, Nickel, Zinc,
Benzene and Phenol

For chemicals not eliminated by the scregning assessments, distributions of
concentrations in produced water discharges were developed from permit data
(Table 8-5). Values for chemicals that were not detected were assigned one-haif
the reported detection limit value. Each chemical, except cadmium and copper,
was assigned a lognormal distribution, after a log probability piot of the
frequency of measured values vielded a linear fit (Layton ef al., 1987). Cadmium
was assigned a custom distribution that matched the relative frequencies of the
values in the available data set.



Table 8-3. Hazard quotients (HQ") and cancer risk estimates (shaded values
exceed a HQ of 1.0 or an individual lifetime fatal cancer risk of 1 x 10,

Contaminant THQ' Individua! Lifetime
Fatal Cancer Risk
maximenm mean maximum: mean

Antimony

Arsenic 2.4 x10° 3.5x10"
Cadmium

Chromium (V1)) 0.07 0.03 - -
Copper 0.07" 0.03 - : -

Lead

- -—

Mercury
Nickel

Siiver
Zinc

Benzene - -

Naphthalene 0.5 - 0.2

Phenoi _ -0.01 0.002 - -

Toluene 01 0.03 - -

Xylenes 0.01 0.002 - . -
HQ = Intake Rate/RfD :

Table 8-4. Water Quality Criteria Hazard Quotients (WHQ") at 200 feet (shaded
values exceed a ratio of 1.0).

Contaminant Louisiana Criteria , USEPA Criteria
maximum © mean maximum mean

Antimony - " -- 0.02 0.006
Arsenic - - - -
Cadmium - - - -
Chromium (V1) - - - -
Copper - ' -
Lead -- -
Mercury - ‘ -
Nickel - -
Silver - ' - - -
Zin¢ - - - —

Benzene
Naphthalene
Phenol
Toluene 0.002 0.0006 3.3x10" 8.1 x 10"
Xylenes - - -~ -
TWHQ = predicted concentration at 200 feet / water quality criteria for human heaith
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Table 8-5. Distributions of concentrationé of contaminant (ug/l) found in
discharges from open bay platforms.

Chemical Distribution Mean SD Minimum Maximum
Antimony L.ognormal 3192.8 68268.3 11.8 20,100
Cadmium Custom 217.9 235.6 0.0015 540
Mercury Lognormai 4.3 111 0.0005 41
Nickel Lognormal 569.1 947.9 20 2,480
Zing Lognormal 1465.3 2768.3 2.5 10,800
Benzene Lognormal 1315.5 1909.6 2.5 5,420
Phenol Lognormal 1257.3 2743.4 ) 12,000

These distributions were used with the relationships derived from results of
CORMIX modeling to obtain distributions of the concentrations of each
contaminant at 200 feet in the plume (Table 8-6; see section 5-3). Each
chemical was assumed to be totaily soluble in ‘water except for zinc which was
assumed tc have a fractional solubility of 0.59.

Table 8-6. Predicted concentrations of contaminants (pg/l) in plumes, at 200
feet from discharges of produced waters.

Chemical Mean sD Minimum Maximum
Antimony 1.8 2.2 : 0.02 13.4
Cadmium 0.5 1.3 9.2x10° 13.2
Mercury 0.01 0.03 3.6x10° 0.6
Nickel 1.4 3.3 3.9x10” 52.2
Zinc 0.5 0.4 0.007 4.2
Benzene 32 7.6 0.01 117.7
Phenol 33 9.7 0.01 170.9

- These concentrations were used in a probabilistic analyses of potential human

health effects. Exposure of humans was assumed to be from eating 100% of
their recreationally caught fish intake as fish caught in a plume, within 200 feet
cf a discharge.

The distribution of concentrations of a contaminant in fish (CF, Tabie 8-7) was
calculated by applying the distribution for contaminant concentrations in watar,
and the bioaccumulation factors given in Table 8-1 to equation (8.1).
The distribution of exposure (mg/kg-d) to humans by ingestion of fish caught in
the plume was calculated using the parameter distributions ang values from
Table 8-8 in Equation (8.2).



Tabie 8-7 Predicted concentrations of chemicals {mg/kg) in finfishes, assumed
to live in plumes, within 200 feet of discharges of produced waters.

Chemical Mean sSD Minimum Maximum
Antimony 1.8 x10° 2.2x%10" 2.4 x10° 1.3 x 10
Cadmiumi 0.1 0.3 18x10° 2.6
Mercury 2.0x10" 8.5x107" 7.2%x10" 1.2 x16™
Nickel 0.14 0.05 3.9x10" 52
Zinc 1.5 x 10" 1.9x 10" 2.4 x10° 1.3x107
Benzene 0.08 0.18 12x10" 2.8
Phenol 2.5x10* 7.3x10™ 8.4x1i0” 1.3

Table 8-8. Parameters used in the exposure caiculations.

Parameter

Value or Distribution

CF concentration in fish {mg/kg)

calculated from equation 8.1 and
Table 8-7.

fien fish ingestion rate (kgld}

lognormal, mean; 38.4; sd: 26.4,
range: 3.3-228.6 (section 5)

F fraction of fish from contaminated source

1.0

ED exposure duration (v)

Triangular: most frequent 20;
range & 1o 85

EF exposure frequency (d/y)

365 d/y (USEPA, 1989a)

BW body weight (kg)

Age-weighted lognormal: mean 58,
5D 14 (McKone and Daniels, 1981).

AT averaging time (d)

ED (y) x 385 (d/y)
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The HQ (ratio of the predicted range of exposures to the RfD (Table 8-3) was
caicuiated for each contaminant (with the exception of benzens) and the
percent probability of exceeding the RfD was determined.

Table 8-9. Probability that the HQ (from ingestion of fish caught within 200 ft
of a produced water discharge) exceeds 1.0.

Contaminant RfD Mean Maximum %p (HQ) > 1
{mg/kg-d) HQ HQ

Antimony 4 x10" 3x10° 5 x 10~ 0
Cadmium 1x10”° 0.08 . 3.0 1.4
Mercury 3x 107 7 x 107 4 %107 0
Nickel 2x10” 5x10” 0.16 0

Zinc 2x 107 3x 107 4 %107 0
Phenol 6 x 10" 3x10° 1x107 0

The resuits show that intakes of chemical contaminants, by eating fish, pose a

negligible toxic hazard to human health, when the contaminants are considered
individually. The only chemical that marginally exceeded its oral RD value was
cadmium (Figure 8-1).

For benzene, the slope factor (2.9 x 102) from USEPA's IRIS was multiplied by
the predicted range of exposures to yield a distribution of Yalues forincrgmental
individual lifetime rigk of cancer mortality: mean, 1.6 x 10 ; SD, 3.9x 10 ; 95th
percentile, 7.4 x 10 (Figure 8-2). This is within the range considered
acceptabie by USEPA (1 x 10° to 1 x 10% Federal Register, 1991).

These analyses used several conservative assumptions. The first assumption
was that all the fish spend all of their time living and feeding within the piume,
although they probably spend only a fraction of time within a plume. The
predicted concentrations represent values at the midiine of the plume 200 feet
from the discharge. These values were generated by a modei that
conservatively underestimates dilution (Smith ef al., 1993). It was aiso assumed
that all the fish eaten by a person were captured at the midline of a plume, whiie
people may eat fish from several sources. Altholuigh contaminant concentrations
in water shouid increase with decreasing distances from a discharge,
bioaccumulation in fish wouid be offset by expected reduced residence of fish
within the smaller plume voiumes.



Figure 8-1. Hazard quotient (HQ) for chronic oral exposure to cadiium.

Cadmium Intake:Chronic Toxicity Criterion

817

.
T

Prubability
' 8

15
00 f[ean = 008 ,  P(HQ> 1) = 0.014
0.00 0.50 1.06 1.50 2.00

Figure 8-2. Incremental individual lifetime risk of cancer from benzene
intake by ingesting fish (right marker on x axis is at the 95th percentile).

Incremental individual Lifetime Cancer Risk (Benzene)

454

w
-~

-~ A P — s

1 IllIMean=1.639~6 l
| GO . LT L, & - . v
B8x10°10  10x10°5 2.0x10"5 3.0x10°% 40 x 105

Probability
. N

—_
N

T T T

T




8.4 Probabilistic Risk Assessment for Lead
8.4.1 Concentrations in Watér

Measured concentrations of lead in'open bay produced water discharges,
reported in LDEQ permit files, are summarized in Table 8-10. The largest lead
concentration reported in permit files (800,000 ug/l) was several orders of
magnitude larger than maximum values reported in other studies (Stephenson,
1992, Middleditch, 1984) and was not included in the data set for the risk
assessment. Many of the lead concentrations in produced water were reported
as “less than (<)" the detection limit.. The detection limit for lead ranged from 50
to 125 ug/l. These values were replaced by one-half the value of the reported
detectlon limit.

To estimate ambient water concentrations, the distribution of lead concentrations
reported for open bay discharges was modified by the distribution of dilution
factors (DFs). Thirty-eight percent of lead was-assumed to remain in solution -
based on caiculations performed by LDEQ (USEPA, 1995a). Table 8-10 gives
estimated lead concentrations in the water column at 200 feet.

8.4.2 Concentrations in Fish
8.4.2.1 Fish Near Platforms

A distribution for a isad BAF was deveioped from published estimates. ina
report prepared for USEPA, Avanti Corporation (1993) cited a range of 10 to 160
for bioaccumulation of lead. |AEA (1982) presented a default BAF of 300 for
lead in seawater. A triangular distribution for BAF of lead ranging from 10 to
300, with a most likely value of 100 was used in this analysis.

Lead concentrations in fish near produced water discharges (Table 8-10) were
estimated using the bioaccumulation factor (BAF) method in aquation (8.1 ).

Table 8-10. Lsad concentrations in open bay produced water discharges, and

estimated concentrations in water and fish in the plume at 200 feet.

Effluent’ Ambient Water* Fish®
mean 546.8 0.53 ‘ .07
sd deviation 834.5 1.14 G117
minimum 250 . 0.0 00
maximum 2,600 12.9 1.85

'Measured in effluent: pg/i
“Modeled concentrations in water: Lof
*Modeled concentrations in fish: ug/g



8.4.2.2 Fish Away From Plaiformis

For comparison, concentrations of lead in fish caught in the Gulf of Mexico away
from platforms (and associated health risks) were estimated. Distributions of
jead in fish not associated with platforms were derived from measured
caoncentrations of lead in whole fishes at two Environmental Monitoring and
Assessment Program (EMAP) sites on the coast of Louisiana (USEPA, 1995b).
These measurements may under- or overestimate background concentrations
because the samples were of whole fish rather than edible filiets.
Concentrations in fish caught away from platforms were assumed to be
lognormally distributed with an arithmetic mean value of 0.05 ng/g (standard
deviation: 0.06; range: 0.01 - 0.28). Although the data used in deriving this
distribution have been funded wholly or in part by the USEPA through its EMAP-
Estuaries Program, it has not been subjected to Agency review, and therefore
does not necessarily reflect the views of the Agency and no official endorsement
should be inferred.

8.4.3 intake
8.4.3.1 Background Intake

Lead is ubiquitous in the environment, and children, in particular, are exposed to
lead through a number of pathways. Sources of lead exposure to children
include food, drinking water, air, soil and dust. Exposures from specific sources
are added to background exposures experienced by children and increase the
probability of exceeding blood lead levels of concern identified by USEPA. This
analysis assumed age-specific background intakes for children ages one-half to
7 years, as described in USEPA (1984).

8.4.3.2 Recreational Fishing
Lead intake was estimated for children eating fish caught either near platforms,

or away from platforms. Distributions of lead intake in recreationaily caught fish
were calculated as:

Tpy =14 % [I'i‘b]ﬁm;r (8.5)
where:
les = lead intake (png/day)

lisn = intake of fish (g/day) for children of recreational fishermen (section 5)
[Pb]..... = concentration of lead in fish (ug/g)
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Intake estimates were divided into groups (15 groups for fish caught near
piatforms, 13 groups for fish caught away from piatforms) and the midpoint of the
intake range for each group was used to represent the intake of lead ingested in
recreationally caught fish. Daily lead ingestion rates in food were calculated for
each year of life to age 7 by adding the background intake for that age (USEPA,
1994) to the estimated intake from recreationally caught fish. This approach
stightly overestimates lead intake in food because recreationally caught fish
would actually replace a small amount of lead in fish and meat obtained from
other sources.

8.4.4 Dose-Response Assessment

Lead exposure can affect a number of systems, including the brain,
hematopoietic system, cardiovascular system and the developing fetus (Derosa
et al., 1991). Extensive data are available to link low-level lead exposure of
young children to deficits in neurobehavioral-cognitive performance (Rosen,
1895). Federal agsncies and advisory groups ‘including USEPA (USEPA, 1886},
have defined a level of concern for children as a blood lead level 210 ng/d!
{Rosen, 1985; USEPA, 1994). USEPA has developed a biokinetic/uptake model
for lead (UBK Model; USEPA, 1994) that relates intake in food, air, water and
soil to the probability of exceeding a blood lead level of 10 pg/dl (BL>10). This
analysis used this probability as the metric for risk from ingestion of lead in fish.

8.4.5 Risk Characterization

The UBK model {(USEPA, 1984) was used to estimate the biood lead
concentration and the probability of BL>10 for each ievel of intake of
recreationally caught fish. All other UBK model parameters reflected USEPA
(1994) estimates of average background intakes.

Blood lead levels were estimated for two age groups: age 1-2 years when they
are at their maximum leve! for a given intake; and averaged over age O to 7
vears. Figure 8-3 shows the reiationship between the intake of lead in
recreationally caught fish and the probability of BL>10. For comparison,
background intakes of iead are associated with a probability of BL>1Q of 1.56%
for age D-7 years and of 4.42% for age 1-2 years.

The total risk (that is, the probability that BL>10 across all predicted intake rates)
was calculated as:

TP =3 P {1} x P(BL >101,,) (8.6)



where: -

TP = total probability (%) of exceeding a blood lead level of 10 pg/dl

P (I=) = probability (%) of a given lead intake in recreationally caught fish
F(BL>10 | Ipp) = probability (%) of exceeding a blood lead level of 10 ug/d for a
given intake of lead in fish

8.4.6 Results

Table 8-11 shows the total probability of BL>10 for fish caught near platforms,
fish caught away from platforms and background intakes. Risk from ingestion of
fish caught near from platforms only slightly exceeded risks from background
intake of lead and was similar to these associated with ingestion of fish caught

- away from platforms in the Guif of Mexico. Because of the conservatisms

embedded in the analysis (assumptions concerning “less than” effluent

- concentrations, underestimate of dilution at low discharges rates) the risk from

ingestion of lead discharged from open bay discharges in Louisiana appears to
be small.

Table 8-11. T'dtal probability (%) of exceeding a blood lead level of 10 pg/di.

' . 0-7 years 1-2 years
Fish Near Platforms 2.3 4.8
Fish Away From Platforms 2.0 4.8
Background : 1.6 4.4
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Figure 8-3. Relationship between intake of lead in recreationally caught fish
and probability of exceeding 10 ug/d! blood lead for two age groups.
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g ECOLOGICAL RISK ASSESSMENT FOR METALS, ORGANICS
AND TOTAL EFFLUENT

9.4 Introduction and Approach

Three screening analyses were used to identify potential ecolcgical effects and
important receptors:

1. Sediment toxicity - Sediment metal and PAH concentrations measured at
the Delacroix Island and Bay de Chene USDOE study sites (pre-
termination data, section 4) were compared tc proposed sediment
quality criteria.

2. Potential toxicity of individual contaminants in the water column - Worst-
case predicted water column concentrations of contaminants measured
in continuing open bay effluents (LDEQ permit files, section 5) were
compared to USEPA and Louisiana water quality criteria.

3. Total effluent toxicity - Predicted water column concentrations of effiuent
were compared to results of acute and chronic toxicity tests performed
in the laboratory with standard test organisms (LDEQ permit files,
section 5).

¢.2 Sediment Toxicity - USDOE Open Bay Sites

Marine environments containing high levels of (multiple) contaminants may be
associated with adverse effects on biota. However, no direct causal relationship
has been established between a contaminant and a biological effect in a marine
environment. Therefore, sediment quality criteria rely on prudent use of the best
information available and empirical data (E.V.S. Consultants, 1990).

A screening ecological risk assessment was performed, using preliminary
data that describe concentrations of heavy metals and PAHs in sediment
cores taken at sampling stations at the Delacroix Isiand and Bay de Chene
USDOE study sites (Appendix A). These data were compared to sediment
quality criteria (Table 9-1) developed for contaminants in marine and
estuarine sediments (Long et al., 1995). These criteria are based on specific
levels of probability of toxicological effects described in a biological effects
database (BEDS) for contaminant concentrations in marine and estuarine
sediments. The criteria were recently updated, but remain generally
consistent with those previously reported (Long and Morgan, 1990).

BEDS includes a wide variety of adverse biological effects and information

derived from all the types of measurements described above. Concentrations in
each study included in BEDS were assigned an effects/no effects descriptor, and
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ascending orders of concentration were assigned parcentile values to describe
the distributions. The lower tenth percentile level was identified as the Effects
Range Low (ERL) value, and the fiftieth percentile was identified the Effects
Range Median (ERM) value. Measured sediment values below the ERL value of
a contaminant represent a minimal effects range, where effects "would rarely be
observed". Concentrations at and above the ERL vaiue, but less than the ERM
value, "represent a possible-effects range within which effects would
occasionally occur”. Concentrations at or above the ERM value "represent a
probable effects range within which effects would frequently occur" (Long et al.,
1995).

Table 9-1 Proposed sediment _quality criteria (from Long et al., 1995).

Sediment Quality Criteria
Contaminant ERL' ERM?
Metals (ppm)” (ppm)’
Arsenic 8.2 70
Cadmium 1.2 9.6
Chromium 81 370
Copper 34 270
Lead 46.7 218
Mercury 0.15 Q.71
Nickel 20.9 51.6
Silver 1.0 3.7
Zinc 150 410
Organics {ppb)” {ppb)°
Total PCBs 22.7 180
Total PAH 4022 44792
Acenaphthene 16 500
Acenaphthylens 44 640
Anthracene 85.3 1100
Fluorene 19 540
2-Methylnaphthalene 70 670
Naphthalene 160 2100
Phenanthrene 240 1500
Low Molec. Weight-PAH 552 3160
Benzo(a)anthracene 261 1600
Benzo{a)pyrens 430 1600
Chrysene 384 2800
Dibenzo(a,h)anthracene 63.4 260
Fluoranihene 800 5100
Pyrene 665 2600
High Molec. Weight-PAH 1700 9600

ERL: effects range low
2 ERM: effects range median
? dry weight
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Table 9-2 shows the results of the screening assessment for metals in sediment,
and Tables 9-3, 4 and 5 show the results of PAH analyses. None of the
measured concentrations of metals in sediment samples axceeded their
respective ERM value. In general, measured sediment concentrations were
below the ERL (minimal effects range), with.the exception of arsenic and nickel.
Each of these metals exceeded its ERL value in sampies from at least one
reference station, and both discharges. Excess arsenic was detected up to 500
m from the Bay de Chene discharge (Table 8-2). Excess nickel was detected up
to 500 m from the Delacroix Island discharge, and up to 1,000 m from the Bay de
Chene dischargs. There was no clear pattern of concentration with distance
from a discharge. '

‘Table 9-2. Measured metai concentrations that exceed ERL sediment

criteria {Long et al., 1985), at sampling stations (O to 5 cm depth) around
the Delacroix Islands and Bay de Chene study sites.

As {ppm) Ni{ppm)
ERL 8.2 _ 20.8
Delacroix lsland’
R1 ' 4.7 251
R2 : 3.6 20.0*
Discharge 10.7 227
100NV ‘ 23.0
300NW 226
100NE ‘ : 21.7
300NE : ' 21.6
500NE . ' 22.6
Bay de Chene’® ‘
R1i 8.7 20.6*
R2 7.5% 21
Discharge _ 11.0* 24.2"
100NW : 10.4* 28.2*
300NW 13.9 25.7
S500NW - 8.7 ' 23.9
100SW 253
3008w 22.8
1000SW ' 22.9
100NE 26.0
"sample locations, distance from discharge in meters; R = reference

*mean value
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Table 9-3. Sediment samples from the Delacroix Island area that exceed ERL

values (Long et al., 1995) for total and individual PAH concentrations.

Contaminant ERL Measured Location Sediment
Cepth
{(ppb dry weight) (ppd dry {cm)
weight)
Total PAH 4,022 9,406 Discharge Bto S
8,143 Discharge 2010 25
20,065 Discharge Oto 5
6,913 Discharge 3510 40
9,142 Discharge Qtos
16,401 Discharge 2010 25
6,056 100 m NW Oto 5
Acenaphthene 16 22 Discharge Oto 5
‘ 130 Discharge 2010 25
41 Discharge 3510 40
50 Discharge Oto S
64 Discharge 20 to 25
180 Discharge 35 to 40
24 Discharge Oto 5
280 Discharge 2010 25
18 Discharge 3510 40
a8 100 m NW Dio S
180 300 m NW Oto 5
68 500 m NW 0to 5
210 100 m NE Do s
71 300 m NE Oto S
140 500 m NE Clob
Anthracene 85 150 Discharge 2010 25
: 200 100 m NW Oto5
Fluorene 19 53 Discharge Do 5
83 Discharge 2010 25
100 Discharge Dto 5
48 Discharge 2010 25
58 Discharge 3510 40
50 Discharge o5
76 Discharge 2010 25
Naphthalene 160 160 Discharge Oto 5
200 Discharge Oto 5
160 Dischame Qo d
260 Reference 1 35 to 40
Benzo(a)anthracene 261 320 Discharge 2010 25
350 Discharge 3510 40
1,000 Discharge - 2010 25
350 100 m NW Oio 5
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Table 9-2. (cont.}

Contaminant ERL Measured Lecation Sediment
' Depth
{ppl dry weight} {ppb dry (cmj
weight) .
Benzo(a)pyrene 430 470 Discharge 20tc 25
Chrysene 384 470 Discharge 20to 25
1,200 Discharge 2010 25
Dibenzo(a,h)anthracene 63 67 Discharge 20to 25
Fiuoranthene 600 1,000 Discharge 2010 25
' 620 Discharge 35 to 40
1,400 Discharge 3510 40
3,500 Discharge 20t0 25
900 100 m NW Oto5
Pyrene 865 2,200 Discharge 20t0 25
: 880 -_Discharge 3510 40
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Table 9-4. Sediment samples from the Bay-de Chene area that exceeded ERL

values (Long et al., 1995) for total and individual PAH concentrations.

Contaminant ERL Measured Location Depth
(ppb dry {ppb dry (cm)
weight) weight)

Total PAH 4022 23723 Discharge Qto 5
18003 Discharge 20 to 25
35369 Discharge 351040
162152 Discharge Oto s
28980 Discharge 2010 25
48963 Discharge 3510 40
32179 Discharge Oto5
31482 Discharge 2010 25
43358 Discharge 351040
6336 300 m NE Oto §
§370 100 m NW 0te s
4075 300 m NW 0o §
11577 100 m NE Oto 5
Acenaphthene 16 180 Discharge Oto s
‘ ‘ 69 Discharge _ 2010 25
99 Discharge 35 1o 40
210 Discharge_ 0105
71 Discharge 2010 25
140 Discharge 3510 40
250 Discharge Ot08§
110 Discharge 20t0 25
140 Discharge 351c 40
48 100 m NE Oto
20 300 m NE O0to s
Anthracene 85.3 250 Discharge Ot b
150 Discharge . 2010 25
160 Discharge 35 10 40
1000 Discharge Oto5
300 Discharge 201025
220 Discharge 35 to 40
470 Discharge OtoS
210 Discharge 20 to 25
180 Discharge 3510 40
86 100 m NE ODio5
Fluorene 18 230 Discharge Jio5
130 Discharge 2010 25
240 Discharge 35to 40
390 Discharge Oto 5
150 _Discharge 2010 25
350 Discharge 3510 40
340 Discharge Dto 5
210 Discharge 201025
320 Discharge 3510 40
22 100 m NW Oto 5
33 300 m NW Ctob
87 100 m NE 00§
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Table 8-4. (cont.)

Contaminant ERL Measured Locatien Depth
{ppb dry {ppb dry (cm)
: weight) weight)
Naphthaiene 160 160 Discharge Qto S
Phenanihrene 240 890 Discharge Oto S
300 Discharge 20t0 25
600 Discharge 35 to 40
1800 Discharge Oto5
370 Discharge 20t0 25
880 Discharge 3510 40
1400 Discharge Dto 5
430 Discharge 20 t0 25
680 Discharge 3510 40
250 100 m NE Oto§
260 300 m NE Qto 5
Benzo(a)anthracene 261 960 Discharge 0t05
470 Discharge 2010 25
330 Discharge 35 1o 40
12000 Discharge Oto5
780 Discharge 20t0 25
490 Discharge 35 to 40
1400 Discharge 0t0$
760 Discharge 2010 25
340 100 m NE Do 5
350 300 m NE Oto 5
Benzo(a)pyrene 430 850 Discharge Oto &
9000 Discharge Oto 5
530 Discharge 20 to 25
1200 Discharge Oto §
650 Discharge 20to 25
Chrysene 384 1000 Discharge Otod
600 Discharge 20 to 25
470 Discharge 35 to 40
11000 Discharge 0io S
750 Discharge 20 to 25
800 Discharge 35 to 40
1300 Discharge Qto 5
820 Discharge 20 t0 25
470 100 m NE Oto 5
Dibenzo(a,h)anthracene 63.4 150 Discharge ODto 5
78 Discharge 2010 25
1700 Discharge O0ta5
85 Discharge 20 to 25
83 Discharge 35 to 40
210 Discharge Oto s
130 Discharge 2010 25
70 100 m NE Oto s
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Table 9-4 (cont.) .

Contaminant ERL Measured Location Depth
(ppb dry (ppb dry (cm)
weight) weight)

Fiuoranthene 600 2100 Discharge ODtod

1000 Discharge 20 to 25
780 Discharge 35 to 40
8100 Discharge Qto 8
1300 Discharge 20 10 25
1200 Discharge 35 10 40
2700 Discharge Oto 5
1700 Discharge 20 to 25
800 Discharge 35 to 40
910 100 m NE Qto s
650 300 m NE Oto
Pyrene 665 1500 Discharge Qto 5
810 Discharge 2010 25
6100 Discharge Qtob
840 Discharge 2010 25
960 Discharge 3510 40
1800 Discharge Otc §
1300 Discharge 2010 25
730 100 m NE Dto 5
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With the exception of acenaphthiane, individual and totai PAH concentrations
sxceeded ERL criteria at, and 100 m from the dischargs at Delacroix island
(Table 8-3). Acenaphthene concenirations exceeded the ERL values at the
discharge, 100, 300 and 500 m stations. Neither individual nor total PAH
conceritrations in sediment sampies from Delacroix Island exceeded ERM

criteria.

individual and total PAH concentrations exceeded ERL criteria at the dischargs,
and 100 m and 300 m from the discharge at Bay de Chene (Table 9-4).
individua! and total PAH concentrations in samples from the discharge sediment

exceeded ERM criteria (Table 9-5).

Tabie 9-5.. PAH concentrati‘ons in marine sediments (dry weight} at Bay de
Chene that exceed ERM concentrations.

TEF e =

ERM Measured Location Sediment Depth
Contaminant {ppb) {ppb) (cm)
Total PAH 44792  162.152] Discharge Qs
49,963 | Discharge 3510 40

Benzo(a)anthracene 1,600 12,000 'Discharjgte Oto &
Benzo{ajpyrene 1,600 9,000{ Discharge Oto 5
Chrysene _ 2,800 11,000 Discharge Oto %
Dibenzo(g,h)anthracene 260 1,700 Discharge ' Qo5
Fiuoranthene 5,100 8,100! Discharge Dics
Pyrene ' 2,600 §,100{ Discharge Qio 6
| High Molecuiar Weight PAH 8,600 47,900 | Discharge Qto S

The field studies showed depression of numbers of species (amphipod,
gastropod, bivalve, and polychaetes) and/or individuals at less than 100 m from
the discharges (Mulino et al., 1995; 1996). The pre-termination benthic effects
were greater at the Delacroix Island discharge station than at the comparable
Bay de Chene station. Mulino et al. (1995; 1996) explained this on the basis of
hydrology of the environment. Although the Delacroix discharge was '
approximately half that at Bay de Chene, there was less opportunity for turbuient
mixing and dilution of the discharge because the Delacroix environment was
semi-enclosed. It was suggested that the Delacroix discharge was more likely to
produce a hypersaline nonoxygenated layer on the bottom, as supported by data
on the chiorinity of pore water from the 2 sites.

Mulinc et a/. (1996) did a stepwise multiple regression analysis to look for
correlations of PAH concentrations at the stations with benthic biota data.
Fluoranthene at Bay de Chene was the only PAH, of those exceeding the criteria
values in Tables 9-3 and 94, that showed a negative correlation with the benthic
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data. Dibenzothiophene was the only other PAH that exhibited a (negative)
correlation with the benthic biota data.

These results cannot be applied to ali other open bay discharge sites with much
confidence, but the pre-termination discharge rates and depths of the Bay de
Chene and Delacroix Island study sites are comparable (discharge rates are on
the high end of distribution) to those that are continuing to discharge (see
section 5). Screening criteria for the individual chemicals in this case can only
indicate potential ecological problems, while field surveys present the effects on
biota of the total set of conditions at the time of sampling. Nevertheless, there is.
good general agreement between the results of the screening assessment with
the observations of the field surveys.

9.3 Toxicity of Individual Produced Water Components - Continuing Open
Bay Discharges :

9.3.1 Screening Analysis

A screening analysis was performed for potential toxic effects from individual

contaminants in plumes from continuing open bay discharges. Average and
worst-case concentrations of contaminants measured in the discharges (LDEQ
permit files) were used to predict water column concentrations. The predicted
concenirations were then compared to USEPA and Louisiana water quality

criteria.

Concentrations in the discharges were described by data abstracted from LDEQ
permit files (section 5). These data contain only values for contaminants
detected in the effluent above the reported detection limit, and therefore
overestimate average concentrations.

In this preliminary assessment, contaminants were assessed only if: they were
reported above detection limits in more than two of the LDEQ permit files; and
water quality criteria were available. Mean and maximum chemical contaminant
concentrations in the data set for continuing open bay discharges were diluted
by a factor of 20 to estimate water concentrations in a plume (Table 9-8). A
dilution factor of 20 was chosen to estimate worst-case concentrations because
it yields more conservative concentrations than those predicted by the CORMIX
model (section 5) at 50 and 200 feet from the discharge. Although most
contaminants were assumed to remain totally in solution, dissolved fractions of
copper. lead and zinc were assumed to be 0.88, 0.38 and 0.59, respectively
(USEPA, 1995a).

Louisiana and USEPA water quality criteria (Table 9-6) were compared to the
predicted water concentrations. Ratios were caiculated for each contaminant by
dividing the concentration predicted in water by the contaminant's acute and
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chronic water guality criteria. These ratios are here called the Acute Hazard
quotient (AHQ) and Chronic Hazard Quotients (CHQ), respectively. Hazard
quotients greater than 1 suggest a potential for toxic effects. Results are given
it Tables 9-7 and 9-8. Acute criteria were used as standards for LDEQ's
mandated toxicity determinations at 50 feet, while chronic criteria were used as
standards for LDEQ's mandated determinations at 200 feet.

Table 8-8. Screening concentrations of chemicals at 50 feet (acute) and 200
feet (chronic) from open bay discharges, and water quality criteria.

Contaminant Predicted Acute Water - Chronic Water
Concentration (pg/l} | Quality Criteria {pg/l) | Quality Criteria (ug/l)
mean maximum | LDEQ USEPA LDEQ USEPA
Antimony 278.8 1005 - 1500 - 500
Arsenic _ 37 249 69 69 36 38
Cadmium 11.6 25.0 45,6 43 10 9.3
Chromium (V1) 4.2 10.0 1100 1100 50 50
Copper 12.7 31.2 437 2.9 4.37 —
Lead 1981.0 15751 220 140 8.5 56
Mercury 0.4 14 2.1 2.1 0.025 0.025
Nickel 50.7 142 75 75 8.3 8.3
Silver 7.2 20.0 - 7.2 - 0.92
Zinc 359 188.1 o5 25 86 86
Benzene 0.7 477.5 2700 5100 1350 700
Naphthalene 3.0 5.9 - 2300 - —
Phenal 77.9 600 580 5800 2%0 -—
Toluene 416 140 950 6300 475 5000

Worst-case predicted water concentrations exceeded acute water quality criteria
for copper, lead, nickel, silver and zinc (Table 8-7). The mean concentration of
copper exceeded acute criteria approximately 3 to 4 fold, while the maximum
concentration exceeded these criteria by 7 to 11 fold. The mean concentration
of lead was approximately one order of magnitude higher than acute criteria,
while the maximum concentration was approximately seventy times to slightly
more than one order of magnitude higher than acute criteria. Acute criteria
values were exceeded two fold by the predicted maximum concentrations of
nicke! and zinc. Mean and maximum siiver concentrations were 2 and 3 times
higher than the USEPA acute criterion. Only the maximum concentration of
phenol equaled LDEQ's acute criterion value (one order of magnitude lower than
that of USEPA).
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Table 9-7. Screening-level Acute Hazard Quotients (AHQ): predicted

concentrations at 50 feet/ acute water quality criteria (shaded values are those
that exceed 1).

AHQ based on LDEQ Water AHQ based on USEPA Water

Contaminant Quality Criteria Quality Criteria
mean maximum mean maximum

Antimony - - 0.2 0.7
Arsenic 0.1 0.4 0.1 04
Cadmium 0.3 0.6 0.3 0.6
Chromium {V!) 0.004 0.01 0.004
Copper G T Y kg
Lead S8 718 e B
Mercury 0.2 0.6 0.2
Nickel 0.7 i by 0.7 5
Silver ~ — g
Zinc 0.4 e 0.4
Benzene 0.03 0.2 0.02
Naphthalene - - 0.001
Phenol 0.1 1.0 0.01
Toluene 0.04 0.2 0.01

Table 9-8. Screening-level Chronic Hazard Quotients (CHQ): predicted
concentrations at 200 feet / acute water quality criteria (shaded values are those
that exceed 1).

CHQ based on LDEQ Water
Quality Criteria
mean maximum

Contaminant CHQ based on USEPA
Water Quality Criteria

meaan maximum

Antimony
Arsenic
Cadmium
Chromium (Vi)
Copper

Lead

Mercury SN
Nickel S
Silver
Zinc
Benzene
Naphthalene —
Phenol b o
Toluene 0.1 { 0.3 |

SRR S T
e i

0.03
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Chronic water quality criteria were exceeded by predicted concentrations of
antimony, cadmium, mercury, and the contaminants that exceeded acute toxicity
criteria. The maximum concentration of antimony was twice the USEPA's
chronic toxicity criterion. Mean and maximum concentrations of cadmium were
approximately 1 and 3 times the water quality criteria of both USEPA and LDEQ.
LDEQ's acute toxicity criterion is the only available value for copper, and that
criterion was exceeded by predicted mean and maximum concentrations by
approximately 3 and 7 times. Lead concentrations exceeded chronic criteria
values frorm more than 2 to more than 3 orders of magnitude. USEPA and LDEQ
use the same chronic toxicity criteria for each of mercury, nickel, and zinc.
Predicted mean and maximum concentrations of mercury respectively exceeded
the chronic toxicity criterion by 14 and 54 times. Predicted mean and maximum
concentrations of nickel exceeded the chronic toxicity criterion by 6 and 17 times
respectively. The predicted maximum concentration of zinc was approximately
twice the chronic toxicity criterion. Phenol was the only organic chemical to
exceed LDEQ's chronic toxicity criterion; by a factor of two at the predicted
maximum concentration.

Because of the conservative nature of this screening analysis, no important
effect on aquatic biota can be assumed. Major uncertainties and conservative
assumptions in this screening assessment included: -

use of worst-case water concentrations;

use of average chemical concentrations that excluded zero values; and
simple comparison to water quality criteria with no reference to specific
receptors or end-points of concern in open Louisiana bays.

These analyses serve to eiiminate contaminants that do not warrant further time
and attention. Arsenic, chromium, benzene, naphthalene and toluene were
eliminated from further consideration. Chronic and/or acute chronic water quality
criteria were exceeded for antimony, cadmium, copper, lead, mercury, nickel,
silver, zinc and phenol.

Contaminants that exceeded chronic water quality criteria (AHQ or CHQ greater
than 1) were assessed in a quantitative risk assessment.

9.3.2 Quantitative Risk Assessment

For contaminants not eliminated by the initial screening assessment, permit data
(Table 9-9) were used to develop distributions of concentrations in produced
water discharges. Contaminants that were not detected were assigned one-half
the reported detection limit value. Each contaminant, except cadmium and
copper, was assigned a lognormal distribution, after a log probability piot of the
frequency of measured values fit a straight line (Layton et al., 1987). Cadmium
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and copper were assigned custom distributions that matched the relative
frequencies of their respective values.

Table 8-9. Distributions of concentrations of contaminants (ug/l) found in
discharges from open bay platforms. :

Contaminant | Distribution Mean SD Minimum Maximum
Antimony Lognormal 3182.6 6268.3 11.8 20,100
Cadmium Custom - 217.9 2356 0.0015 540
Copper Custom 227.8 208 5 710
Lead Lognormal . 546.8 934.4 25 2600
Mercury Lognormal 4.3 11.1 0.0005 41
Nickel Lognormal 559.1 947.9 20 2,480
Silver Lognomal 88.8 118 5 400
Zinc Lognormal 1465.3 2768.3 2.5 10,800
Phenol Lognormal 1267.3 27434 5 12,000

These distributions were used with the relationships established by the CORMIX
algorithms to obtain concentrations of each chemical at 200 feet in the plume
(see section 5-3). The concentrations at 200 feet (Table 9-10) accounted for
fractional solubility of each chemical in water (Table 8-1); 1 for all chemicals,
with the exception of: 0.88 for copper; 0.38 for lead; and 0.59 for zinc. The
assessment was performed for 200 ft because this is the chronic mixing zone
under LDEQ's regulations, and because of limitations on the ability of CORMIX
to generate concentrations at the edge of the acute mixing zone (see section 5).

The distributions of predicted chemical concentrations were then used in
probabilistic analyses of potential toxicity to biota. These distributions were
compared to the lowest of the LDEQ and USEPA acute and chronic toxicity
criteria for marine biota (Table 8-6). The comparisons were expressed as ratios
(Table 8-11). None of the predicted chemical concentrations (200 ft) exceeded
their respective acute toxicity criteria. :

Antimony, phenol, and zinc concentrations did not exceed any of their respective
chronic toxicity criteria. With the exception of mercury, none exceeded chronic
toxicity criteria by an order of magnitude (Table 9-11). The distributions of ratios
were then used to determine the probabilities of exceeding the criteria values
(Table 8-12, Figure 9-1).
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Table 9-10. Predicted concentrations of contaminants (ugh) in plumes, at 200
feet from discharges of prodiced waters.

Contaminant Mean 8D Minknum Maximum
Antimony 1.8 22 0.02 13.4
Cadmium 0.5 1.3 92x 10" 13.2
Copper 0.5 1.2 1.0x 10" 12.6
lead 0.5 1.1 2.0x 03 12.9
Mercury 0.01 0.032 3.6x10° 0.6
Nickei 1.4 a3 3.9x10° 2.2
Silver 0.2 05 28x10° 7.5
Zinc 0.5 0.4 . 0.007 4.2
Phenol 3.3 87 0.01 170.0

Table 8-11. Chronic Toxicity Hazard Quotients (CHQ) ratios of contaminant
concentrations to water quality criteria for chronic toxicity.

Contaminant Average CHQ Median CHQ SO Maximum
Antimony 1.3 x 107 4.1 x {0~ 3.3x10” 5.8 x 10"
Cadmium 0.06 0.01 0.14 1.42
Copper 0.12 - 0.03 0.27 3.11
Lead 0.12 0.04 (.26 2.93
Mercuty 0.40 0.01 1.29 23.20
Nickel 0.16 . 0.06 0.40 6.29
Silver 0.24 0.10 0.54 8.17
Zinc 5.8 x 10™ 3.1x10° 7.3x 107 4.9x10™
Phenol 1.1 x 10 3.3x10° 3.3x10% 5.9 x 10"

Table 9-12. Contaminants with concentrations at 200 feet that were > chronic
toxicity criteria for marine organisms, and percent probability of exceeding those

criteria.
Contaminant %p(CHQ) >1
Cadmium 0.7
Copper 1.5
Lead 1.8
Mercury 9.3
Nickei 2.1
Silver 4.8
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Figure 9-1. Distribution of chronic hazrd quotients (CHQ) for

contaminants that have a CHQ > 1
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il The predicted values in Table 9-9 represent modeled concentrations of

| ' chemicals that would be found at midlines of plumes at 200 ft (~61 m) from
discharges of produced water. None of the discharges included in the mode!
yielded concentrations that exceeded acute toxicity criteria at 200 feet. With the
o exception of mercury, less than five percent of the concentrations of each
; . contaminant, at 200 ft, are expected to result in chronic toxicity to biota. More
] than 90% of the predicted concentrations of mercury are expected to be below
| its chronic toxicity criterion.

| i : Physical-chemical properties are not accounted for and it is assumed that

Ik components of produced water discharges stay in solution in their plumes, and
| ‘ ; are freely available to biota. For example, predicted lead concentrations in the
g water column appear to most greatly exceed acute and chronic toxicity criteria.
[ Under the ordinarily alkaline conditions of briny waters, such as those that might
o be found i open bays, lead would be expected to form insoluble salts and
complexes that tend to precipitate. Thus, metals might not be readily be
available to biota in the water. Since these all represent midline values for the
plumes, the expectation would be that environmental impacts of the individual
chemicals would be limited. However, produced waters are complex mixtures of
contaminants that may have a range of interactions from no toxicity to high .
toxicity. Therefore, the next step was an analysis of actual toxicity testing of
diluted whole effluents from produced water discharges (section 9.4).

9.3.3 Relationships between the Screening and Probabilistic Assessments
of Individual Components

in the screening assessment, a total of nine individual chemicals exceeded
chronic toxicity criteria at 200 ft. Lead, mercury, nickel and silver exceeded one
or more of the criteria by at least one order of magnitude. In the quantitative
assessment, these chemicals had a 1.8% to 9.2% probability of exceeding at
least one chronic criterion. Cadmium and copper exceeded one or more chronic
toxicity criteria by iess than an order of magnitude in the screening assessment,
and respectively had a 0.7% and 1.5% probability of exceeding at least one
criterion in the quantitative assessment. in the screening results, antimony, zinc,
and phenol exceeded at least one chronic criterion approximately two fold, but
did not exceed any criteria in the probabilistic assessment. This suggests that
cadmium, copper, iead, mercury, nickel and silver may serve as sentineis for
potential toxicity of produced water effluents.
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9.4 Toxicity of Whole Effluents -- Continuing Open Bay Discharges

Toxicity tests are useful analytical tools because they can directly measure
potential aquatic effects. This is particularly true in the case of complex
effluents, such as produced water, where a broad range of toxicants can be
present at low levels.
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Toxicity test data in LDEQ permit files for assumed continuing discharge sites
are summarized in section 5 {Tables 5-4 and 5-5). These data are uncertain
because many permits have more than one discharge point, and it was often
difficult to correctly match discharge points and toxicity data. These data are
aiso uncertain because both discharge rates and toxicity are likely to change
over time.

The estimated distribution of percent effluent expected at 50 ft (~ 15 m; LDEQ
acute standard mixing zone) and 200 feet (~ 61 m; LDEQ chronic mixing zone)
for the continuing discharges in open bays is given in Table 5-8. For flow rates
reported to the LDEQ, previously described relationships between discharge
(flow) rates and dilution factors (section 5.3) were used to estimate
concentrations of effluents at 50 m and 260 m from discharges (Table 9-13).

Standard laboratory test organisms, a shrimplike crustacean (Mysidopsis bahia)
and the sheepshead minnow (Cyprinodon variegatus), were used in toxicity tests
that were reported in LDEQ permits. Predicted water column concentrations of
effluents were compared with reported results of acute and chronic toxicity tests
on diluted effluent samples. Toxicity test data were expressed in the same way
as the predicted water column concentrations: as percent effluent.

Produced water test procedures usually measure mortality responses, with
results of acute tests expressed as an effluent median lethal concentration for an
exposure duration of 96 hrs (96-hr LC,;), or the effluent concentration which
resuits in the mortality of 50% of the test organisms in a 96-hr exposure period.
Acute toxicity ratios (AHQ) were calculated between the estimated percent
effluent at 50 ft and 200 ft from the discharge and the available corresponding
LC,, values (M. bahia; C. variegatus) for each discharge (Tables 9-14, 8-15).
Ratios of one or greater indicate potential lethality to each species. Fewer data
points were used in this analysis than are reported in Table 5-4 because only
discharges with discharge rates less than or equal to 5,000 bbl/d could be used
to predict water concentrations at 50 feet (see section 5.3).

At 50 ft, 17% of the modeled effluent concentrations exceeded their respective
LCso values for M. bahia, and 6% exceeded their respective LCso values for C.
vanegatus (Table 8-14). At 200 ft, 15% of the modeled effluent concentrations
exceeded their respective L Cso value for M. bahia and 3% exceeded their
respective LCs vaiue for C. variegatus (Table 9-15). These results suggest a
potential for lethal effects for some discharges at 50 and at 200 feet.

The data in tables 9-14 and 9-15 suggest either a specific component, or group
of components in the effluent from platform 2072 is responsibie for the toxicity to
C. variegatus; or that the fish used were especially sensitive. The AHQ at 200 ft
is relatively high, without any comparable toxicity to the usually mare sensitive
M. bahia. This is further supperted by the CHQ results.
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Table 9-13. Estimated effluent dilutions and concentrations at open bay
discharges near the Louisiana coast (BPD = barrels per day) .

Platform Site! Flow Rate Dilution % Effluent Dilution % Effluent
BPD at S0 ft at 50 ft at 200 ft at 200 ft

2856 3 4102.6 D0.0244 16378.0 0.0081
3023 34 3680.8 0.0272 145493 0.0069
2479 10 1444.8 0.0682 5243.6 0.0191
10 1444.8 0.0692 52436 0.0t
2857 10 1444 .8 0.0692 52436 0.0191
10 1444 .8 0.0692 524386 0.0191
3032 25 652.9 0.1532 2203.9 0.0454
30 557.4 G.1794 1854.7 0.0539
30 557.4 0.1754 1854.7 0.0538
41 4252 0.2352 1380.2 0.0725
1870 48 364.3 0.2745 1166.1 0.08538
117 171.3 0.5837 511.9 0.1954
2915 130 156.4 0.6395 463.3 0.2158
2816 140 146.6 0.681¢9 431.8 0.2315
2881 204 105.8 0.9451 302.5 0.3306
220 99 1 1.0090 281.7 0.3550
489 496 2.0165 132.3 0.7558
2816 510 47.8 2.0914 1271 0.7865
600 41.5 2.4078 108.0 0.8172
514 40,7 2.4564 106.7 0.9374
701 36.3 2.7554 94 1 1.0626
729 35.1 2.8505 80.7 1.1027
802 323 3.0964 82.9 1.206%
1103 24.5 4.0816 651.3 1.83186
1201 . 22.8 4.3942 56.5 1.7684
2065 14.2 7.0294 33.9 2.9528
2084 2484 i2.1 8.2502 28.4 3.5167
2485 12.1 8.2531 28.4 3.5180
2825 2910 10.6 9.4636 245 4.0847
2898 3000 10.3 9.7168 238 4.2041
3017 10.2 9.7645 | 23.7 4.2267
3720 8.5 11.7086 19.4 51529
2523 5364 ~- RS 52.0 1.8218
2860 6800 - -- 43.4 2.3024
2872 83686 - - 37.1 2.6962
1901 10123 -- - 321 31175

2859 10807 - - 30.5 32767
11500 - - 289.1 3.4355
3063 115060 - - 29.1 3.4355
2142 12076 -- - 28.0 3.5658
20077 - - 19.0 5.2520
2072 20250 - - 18.9 5.2865
2504 37113 - - 1.8 £.3883
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Table §-i4. Effluents > LT at 50 ft from discharges, and ratios of their

concentrations to their respective LC, values for each species .

Platform Discharge Ratic of Efluent Concentration to LCsp

__{Bbl/d) ‘ ‘

Mysidopsis Cyprinodon

bahis’ variegatus”
2816 _ 140 3.4 -
2084 802 4.4 -
: 2084 2,484 5.2 1.8
2825 2,910 1.007 —
: 2898 3,000 1.2 1.6

* only discharges < 5,000 bbi/d
" *Percent effluent
% Cq resuits available for 30 discharges
3 s, tesults available for 32 discharges

Tabie 9-15. Effluents 2 LC,, at 200 fi from discharges, énd ratios of their
concentrations to their respective LG, values for each species.

Platformy Discharge Ratio of Effluent Concentration to LCs
(bbi/d)

Mysidposis ' ' Cyprinodon
| . bahia” : variegatus”
| 2816 140 , . 1.2 --

L 2084 ‘ 802 . 1.7 -
2084 2,484 ‘ 2.2 —
1901 10,123 1.7 f -
2859 10,807 3.0 -
2072 20,250 - 2.2
2504 37113 2.9 . ‘ -

tPercent effluent
1Percent effluent
2| Gy, results availabie for 41 discharges
3\ Cep results available for 39 discharges

Chronic toxicity ratios were calculated for the estimated percent effluent at 200 ft
and the available corresponding chronic NOEL values for survival and growth
inhibition. Ratios greater than one suggest a potential for toxic effects. Results
of these ratio tests are shown in Tables 8-16 and 9-17.

At 200 ft. 37% of the modeled effluent concentrations exceed their respective
survival NOEL values for M. bahia, and 20% exceed their respective survival
NOEL value for C. variegatus (Table 9-16). At 200 ft, 38% of the modeled
effluent concentrations exceeded their respective growth-inhibition NOEL values
for M. bahia, and 18% exceeded their respective growth-inhibition NOEL values
for C. variegatus (Table 9-17)."
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i The results suggest a potential for chronic effects within 200 feet of some
: discharges. All the AHQs and CHQs were determined to be lognormal
distributions, as exempiified by the linsarity of the piot in Figure 8-2.

Table 9-16. Survival ratios greater‘than one (percent efﬂueht at 200 feel/
percent effluent NOEL).

Platform Discharge Survival Ratio:

‘ ! . (bbl/d) percent effluent/NOEL,
E‘ - Mysidopsis' Cyprinodon®
o bahia variegatus
2816 140 5.8 15 -
e 2816 614 6.7 -
'"?‘;i 2084 701 ' - 1.2
‘ Nt - 2084 802 8.4 --
‘ [ ’i 2084 1,201 - 1.4
Sl 2084 2,484 12.6 -
2881 2,485 3.2 ~
2825 2,910 1.7 --
2898 3,000 6.7 2.1
2084 : am7 ' - 1.5
2084 3,720 1.7 ‘ 1.7
2523 5,364 1.1 -
1901 10,123 5.0 -
2859 ~ 10,807 3.3 -
1901 11,500 ' 6.9 --
3063 11,500 - 1.4
2142 - 12,076 1.4 -
1901 ' 20,077 5.2 -=
2072 20,250 - 4.8
2504 37113 5.1 --

'survival test results available for 43 discharges
“survival test results available for 41 discharges.

A ratio of one was exceed for AHQ and CHQ values by at least two times greater
percent of tests on M. bahia than on C. variegatus.

These results should be taken only as an indicator of potential toxicity. The
percent effluent values exceeded their respective LCs, and NOEL values by

4 small amounts. Controlled fabcratory conditions of the toxicity tests, and the
conservative CORMIX modeling constraints, do not reproduce the variable

) ' chemical and physical conditions of the open bay environment. Under natural

ik conditions, effluent components probably vary in the water column. Therefore, it
HE is likely that comparisons of percent effluent (at 50 or 200 fest) with percent
effluent acute or chronic toxicity values yielded foxisity ratios that are

it overestimates.
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Table 8-17. Growth-inhibition ratios greater than one (percent effluent at 200
fest/ percent effluent NOEL). '

Platform Discharge Growth Inhibition Ratio:

{bbi/d) percent effluent/NOEL
Mysidopsis Cyprinodon
- | bahia' variegatus’
2815 140 33 ' 1.5
2816 614 3.5 -
2084 802 , 6.4 -
2881 1,103 1.8 -
2084 2,484 1.6 -
2898 3,000 6.7 2.1
2084 3,017 1.5 1.5
- 2084 3,720 34 1.7
2523 : 5,364 1.1 --
2860 6,800 1.2 -
1901 10,123 5.0 -
2859 10,807 3.3 -
1801 11,500 6.9 -
3063 11,500 - 1.4
2142 12,076 1.4 1.4
1801 20,077 10.5 -
2072 20,2580 - 4.8
2504 37113 1.3 -

survival test results available for 42 discharges
Zgurvival test results available for 39 discharges.

Sincs the percent effluent values compared to the NOELs in this analysis
represent the concentrations at the midline of the plume at 200 ft from the
discharges, an organism would have to live totally in the plume, within 200 ft of
the discharges for at least the period of the chronic test to be affected. This is
unlikely because the plume is a relatively small fraction of the volume of water
within 200 ft of a platform. That.volume, in turn, is a smail fraction of the body of
water in which the discharge occurs. Therefore, major impacts to local
populations or to the ecology of the region around open bay discharges are not
expected.

The estimates of toxicity to biota are highly uncertain because of the previously
described variability in natural conditions versus the controlled conditions of
laboratory tests. It is also difficult to sort out the uncertainty associated with the
estimation of individual effluent concentrations because of the limitations of the
conservative CORMIX model (section 5-3). '

Sensitivity analyses were done to see the effects of lowering all effluent
concentrations at 50 and 200 ft by 20% (Table 8-18).
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Figure 9-2. Logarithmic distribution of ratios between % effluent concentrations
and the LOEL % effluent concentrations for inhibition of growth in Mysidopsis
bahia in produced waters from Louisiana open bay platforms.
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Table 2-18. Sensitivity of results to 20 percent reduictions of ali effluent
concentrations, or when discharges equai or exceed 5000 bbl/d. Values are
percentage of effluent concentration values that equal or exceed respective

toxicity assay results.

Qrganism .& Analy-si's LCsp (50 ft) Survival {200 ft} Growth Inhibition
_ ' {200 11}

Mvsidopsis bahia

{Effluent] . 17 37 38

{Effluent x 0.8} 10 33 33
Cyprinodon variegatus

[Effluent] =] 20 18

[Effluent x 0.8) 6 17 18

TWenty percent reductions in effluent concentrations produced varying
reductions in toxicity parameters (Table 9-18. 1 versus 2; 3 versus 4).

Although the effluent concentration estimates may be uncertain, the findings of
potential toxicity up to 200 ft from the discharges agree with field observations of
reduced numbers of benthic species and individual animals within 100 m of -
discharges in open bays off the coast of Louisiana (Mulino ef al., 1995)

Regression methods were used ta look for linear, exponential, logarithmic or
power relationships for the following sets of data:

« between estimated concentrations at 50 and 200 ft from each discharge
and the respective LD5Q values (acute toxicity) for each discharge;,
s between LD5s( values (acute) and their respective NOEL values (chrenic);
between NOEL vaiues for survival and NOEL values for growth inhibition;
« between estimated effluent concentrations at 50 and 200 ft and their
respective acute and chronic ratios;
between acute and chronic ratios at 50 and 200 ft
relationships between data for M. bahia and data for C. variegatus.

No significant relationships (R > .75) were detected, except between NOEL
values for survival and NOEL values for growth inhibition, as demonstrated in
Figure 9-3. The absence of relationships may arise from several sources:

o over-estimates of effluent concentrations for low discharge rates, as
described above;

¢ gualitative and guantitative variability in the toxic components of the
effluents; .

¢ interspecific and intraspecific differences in response to toxicity of the
effluents.
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8.5 Discussion

Comparison of the results of the analyses of toxicology testing of whole
effiuents, and the results of the analyses of individual components of produced
waters, suggest that individual component analyses are not -enough to explain
the toxicity of produced water effluents in the water column. These analyses,
the screening study of sediment components, and the field observations on
benthic animals indicate that there is a potential for detrimental effects on open
bay biota within LDEQ's chronic mixing zone (200 feet from the discharge).
Permanent damage to regional populations of organism and ecosystems are not
expected, because mixing zones represent relatively small volumes, in bodies of
water with greater energy than previously studied coastal waters (e.g., canals;
Boesch and Rabalais, 1989; St. Pe’, 1850).
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- Figuraﬁg-”&. NQOEL {as percent effluent) for growih inhibition as a power function

of the NOEL for survival of. Cyprinodon variegatus exposed to produced waters
from Louisiana open bay platforms.
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10 SUMMARY AND CONCLUSIONS

A tiered risk assessment approach was used for human health and ecological
risks. Screening-level assessments identified potentially important contaminants
and eliminated others from further consideration. Based on the results of these
preliminary analyses, additional probabilistic risk assessments were done for the
human health and ecological risks of contaminants that were identified as being
of potential concern.

10.1 Human Health Risk Assessmsnt for Radium

Screening and probabilistic human heaith risk assessments were done for open
bay radium discharges in Louisiana. In the conservative screening analysis,
estimated risks for ingestion of radium in fishes exceeded 1 x 10° in all cases.
These results are from a conservative, screening level assessment, and do not
represent best estimates of risk associated with radium discharged by open bay -
platforms. They do, however, suggest the need for a more detailed, probabilistic
assessment.

A probabilistic risk assessment was done using distributions of: radium
concentrations in fish; rates of ingestion of fish by recreational fishermen and
their families; and risk factors. The 95th percentile individual lifetime fatal
cancer risks for both DOE study sites (Delacroix Island and Bay de Chene) were
less than 1 x 10°. The 95th percentile individual lifetime fatal cancer risk for
continuing open bay discharges was 4.3 x 10, in good agreement with the DOE
study site results.

These results suggest that the ingestion of radium in fish near open bay
produced water platforms does not present an important risk to human health.

10.2 Ecological Risk Assessment for Radionuclides

In a simple screening analysis, none of the predicied doses to aquatic animals
from radionuclides in produced water discharges exceeded the IAEA range
associated with only potential minor effects on individual animals. Because of
the conservative nature of this initiai analysis, it can be concluded that no effects
on aquatic animals from radionuciides discharged in produced water io open
bays in Louisiana are expected.

10.3 Human Health Risk Assessment for Chemical Contaminants
A screening human health risk assessment was done for metals and organic

compounds measured in continuing open bay discharges. This analysis
followed the USEPA approach to estimating risks from toxic materials and



carcinogens by applying RfD (reference dose) and siope factor vaiues to
sstimates of chemical intaks rates (USEPA, 1989). Predicted water
concentrations were also compared to USEPA and Louisiana human health
water guality criteria.

Arsenic, chromium, copper, silver, naphthalene, toluene and xylenes were
eliminated from further consideration. Contaminants of potential concern
identified in this screening step inciuded antimony, benzene, cadmium, lead,
mercury, nickel, zinc and phenol.

A more realistic and quantitative assessment was performed for contaminants
identified in this screening analysis. The results show that intakes of
contaminants discharged tc open bays in produced water pose a negligible
hazard to human health.

The potentially toxic contaminants examined {antimony, cadmium, mercury, _
nickel, zinc and phenol; lead was analyzed separately) all had low risks of toxic
effects. The only contaminant that marginally exceeded its oral RfD value was
cadmium.

Because of the concern for lead exposure to children, and the current belief that
the dose-respense function for lead exposure does not have a threshold, lead
was analyzed in a separate probabilistic risk assessment. Risk from ingestion of
lead in fish caught near platforms only slightly exceeded risks from background
intake of lead and was similar to risks from ingestion of lead in fish caught in the
Gulf of Mexico but not near platforms.

For benzene, the predicted distribution of values for incremental ingividual
lifetime risk of carcinogenic rmortality had a mean value of 1.6 x 10 and a 95th
percentile value of 7.4 x 10®. This is within the range considered acceptable by
USEPA (1 x 10® to 1 x 10™, Federal Register, 1991). -

10.4 Ecological Risk Assessment for Chemical Contaminants and Total
Effluent ‘ |

Three ecological risk assessments were performed: a screening assessment of
chemical toxicity to benthic biota; an assessment of potentiai toxicity of individual
produced water components to fish and crustaceans in the water column; and an
assessment of whole effluent toxicity to fish and crustaceans.

Screening Assessment Of Sediment Toxicity

Sediment metal and PAH concentrations measured at USDOE study sites (data
collected before termination of discharges) were compared to proposed
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sediment quality criteria (ERM: Effects Range Median; ERL: Effects Range Low;
Long et al., 1985).

None of the measured concentrations of metals in sediment samples exceeded
their respective ERM values. In general, measured sediment concentrations
were below the ERL, with the exception of arsenic and nickel. Each of these
metals exceeded its ERL value in samples from at least one reference site, and
each discharge site. There was no clear pattern of concentration with distance
from a discharge.

With the exception of acenaphthene, individual and total PAH concentrations
excesded ERL criteria at, and 100 m from the discharge at Delacroix Island.
Acenaphthene concentrations exceeded the ERL values at the discharge, 100,
300 and 500 m sample sites. Neither individual nor total PAH concentrations in
sediment samples from Delacroix Island exceeded ERM criteria.

individual and total PAH concentrations exceeded ERL criteria at the discharge
site, and 100 m and 300 m from the discharge at Bay de Chene. Individual and
total PAH concentrations in samples from the discharge site exceeded ERM
criteria.

in preliminary results of the benthes sampling performed at the USDOE study
sites Mulino et al (1995; 1996) depressed numbers of individuals and numbers
of species were found only at distances less than 100 m from the discharges.
Although comparisons of PAH concentrations to criteria were generally
consisterit with the results of benthos observations, they could not explain
differences between the benthic biota at the two study sites. Mulino ef a/.,
(1996) attributed the more severe impacts at Delacroix Island {smalier
discharge) to hydrologic influences on salinity and oxygen content of the water.

S "These results are preliminary, and cannot be applied to all other open bay

ﬁ i-"‘ i discharge sites with much confidence, but the discharge rates and depths of the
: Bay de Chene and Delacroix Istand study sites are comparable (discharge rates

are on high end of distribution) to those that are continuing to discharge.

. i Assessment Of Potentiai Toxicity Of Individual Contaminants in The Water
‘ Column

Worst-case predicted water column concentrations of contaminants measured in
continuing open bay effluents (LDEQ permit files) were compared to USEPA and
Louisiana water quality criteria.

Worst-case predicted water concentrations exceeded acute water quality
standards for copper, iead, nickel, silver and zinc. Chronic water quality criteria
were exceeded for antimony, cadmium, copper, iead, mercury, nickel, silver, zinc
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and phenol. Contaminants eliminated from further consideration included
arsenic, chromium, benzene, naphthalene and toluene.

For contaminants not eliminated by the initial screening assessment, a
quantitative risk assessment was done. Distributions of predicted chemical
concentrations were compared to acute and chronic toxicity criteria for maririe
biota.

None of the predicted chemical concentrations (200 ft) exceeded their respective _
acute toxicity criteria. Antimony, phenol, and zinc concentrations did not exceed ,'
any of their respective chronic toxicity criteria. Less than five percent of the
concentrations of cadmium, copper, lead, nickel and silver, at 200 ft, are
expected to result in chronic toxicity to biota. More than 90% of the predicted
concentrations of mercury are expected to be below its chronic toxicity criterion.
Since these all represent midiine values for the plumes, the expectation wouid
be that environmental impacts of the individua! chemicals would be limited.

Assessment Of Effluent Toxicity

Standard laboratory test organisms, an amphipod (Mysidopsis bahia } and the
sheepshead minnow (Cyprinodon variegatus), were used in toxicity tests that
were reported in LDEQ permits. Predicted water column concentrations of
effluents were compared with reported resulits of acute and chronic toxicity tests
on diluted effluent samples. For the results of each type of toxicity test, data
were expressed in the same way as the predicted water column concentrations:
as percent effluent.

For discharges reported to the LDEQ, modeled relationships between discharge
(flow) rates and dilution factors were used to estimate concentrations of effluents
at 50 m and 200 m from discharges.

Acute toxicity ratios (AHQ) were calculated between the estimated percent
offluent at 50 ft and 200 ft from the discharge and the available corresponding
LC,, values for each platform. Ratios of one or greater indicate potential
lethality to each species.

At 50 ft, 17% of the modeled effluent concentrations exceeded their respective
LCs values for M. bahia, and 6% exceeded their respective LCso values for C.
variegatus. At 200 fi, 15% of the modeled effluent concentrations exceeded their
respective LCso value for M. bahia and 3%, exceeded their respective LCso value
for C. variegatus. The results suggest a potential for lethal effects for some
discharges at 50 and at 200 feet.
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Chronic toxicity ratios were calculated for the estimated percent effluent at 200 ft
and the available corresponding chronic NOEL values for survival and growth
inhibition. Ratios greater than one suggest a potential for toxic effects.

At 200 ft, 37% of the modeled effiuent concentrations exceed their respective
survival NOEL values for M. bahia, and 20% exceed their respective survival
NOEL value for C. variegatus. At 200 ft, 38% of the modeled effluent
concentrations exceeded their respective growth-inhibition NOEL values for M.
bahia, and 18% exceeded their respective growth-inhibition NOEL vaiues for C.
variegatus. Approximately two times more of the predicted effluent
concentrations exceeded chronic NOEL values (both survival and growth-
inhibition) for M. bahia than for C. variegatus.

The results suggest a potential for chronic effects within 200 feet of some
discharges. These results should be taken only as an indicator of potential
toxicity. The percent effluent values exceeded their respective NOEL values by

- small amounts.

Since the percent effluent values compared to the NOEL in this analysis
represent the concentrations at the midline of the plume at 200 ft from the
discharges, an organism would have to live totally in the plume, within 200 ft of
the discharges for at least the period of the chronic test to be affected. This is
unlikely because the plume is a relatively smali fraction of the volume of water
within 200 ft of a platform. That volume, in turn, is a small fraction of the body of
water in which the discharge occurs. Therefore, major effects to local
populations or to the ecology of the region around open bay discharges is not
expected.

10.5 Conclusions

The tiered approach to risk assessment is a cost-effective way to provide
information needed to make risk management decisions. This screening
assessment for human health and ecological risks from open bay produced
water discharges in Louisiana eliminated a number of contaminants from further
consideration. More quantitative assessments were performed on contaminants
of potential concemn.

Human health risks from radium in produced water appear {o be smali.
Ecological risks from radium and other radionuclides in produced water also
appear to be small.

intakes of chemical contaminants in fish caught near open bay produced water

discharges are expected {o posed a negligible toxic hazard or carcinogenic risk
to peaople.
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Potential impacts to benthic biota and fish and crustaceans in the water column
are possible for some discharges within the 200 ft mixing zone. Permanent
damage to populations of organisms and ecosystems are not expected, becatise
mixing zones represent relatively small volumes and animals are not expected to
remain continuously in the plume.
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USDOE OPEN BAY SITES: PRELIMINARY DATA
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Table A-2. Codes used to identify organic compounds in sediment.

Analvte

Naphthalene
C1-Naphthalene
Ca-Naphthalene
C3-Naphthalene -
C4-Naphthalene

Acenaphthylene
Acenaphthene
Biphenyl

Fluorene

C1-Fluorene
C»-Fluorene
C3-Fluorene

Dibenzothiophene

Cj-Dibenzothiophene
Cp-Dibenzothiophene
C3-Dibenzothiophene

Phenanthrene

Anthracene _
C1-Phenanthrene/Anthracene
Co-Phenanthrene/Anthracene
C3-Phenanthrene/Anthracene
Ca-Phenanthrene/Anthracene

Fluoranthene

Pyrene
Cl-Fluoranthene/Pyrene
Ca-Finoranthene/Pyrene
C3-Fluoranthenec/Pyrene

Chrysene

Ci-Chrysene
Co-Chrysene
C3-Chrysene
Ca-Chrysene

Benzofa]anthracene
Benzof[b]fluoranthene
Benzo{k]fluoranthene
Benzo[ajpyrene

Code Analyte

CON Benzo[e]pyrene
CIN Perylene

C2ZN Indeno]l,2,3¢,d]pyrene

C3N Dibenzo{a,hjanthracenc
CaN Benzofg,h,ijperylene

ACEY
ACE
BIP

COF
CIF
C2F
C3F

COD Y
CiD
C2p
C3D

COP
COA
C1P/A
CoP/A
C3P/A
C4P/A

Flant

CiF/P
CoF/p
C3F/p

cocC
CiC
c2c
C3C
C4C

BAA
BBF
BKE
BAP

i10

.
o

BEP
PER

BGP
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APPENDIX B

CHARACTERIZATION OF CONTINUING OPEN BAY DISCHARGES
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Table B-1. Open Bay Discharge Permits Identified by LDEQ (ordered
alphabetically by operator, permits may be for more than one discharge, permits
in bold removed from further consideration).

Permit Number | Company Fieid Comment’
2901 Aviva Breton Sound 31 LC
2134 Cailon Offshore Pet. Chandeleur Sound 25 1 1. G

| 1934 — Célion Offshofe F’e‘t.i - Main Paés 35 — l,ic —
2860 Callon Offshore Pet. Black Bay |, C
2859 Callon Offshore Pet. East Black‘Bay' ' I C
2142 Callon Offshore Pet.. North Black Bay I, C

1 2672 Callon Offshore Pet. - Southeast Black Bay I, C
1904 Callon Offshore Pet. 1 West Black Bay L C
5023 Clovelly (LL&E) | Chandeleur Sound 51 ,C
2952 Columbia Materials ' Breton Sound 20 i, C
4208 Dsvon Breton Sound 3(_3 NI
3014 Energy Dev. Corp. Main Pass 49 I, C
2827 Energy Dev. Corp. Breton Sound 1 |, C7
2747 | Exxon ‘ Lake Raccburci I, N
2732 Exxon Lake Sand I, N
3320 Greenhili Petroleum Timbalier Bay i, C
2072 Guifland (Grasso) Main Pass 35 , C
2995 Hubco Expioration Saturday Isiand |, C
3002 Hubco Exploration SE Saturday iIsland I, C
2704 Hunt Petroleum Caillou Island 1, C
2809 Kerr-McGee Breton Sound 36 I, N
2810 Kerr-McGee Breton Sound 32 I, C
2618 Kerr-McGee - Breton Sound 20 I, C

127

R —



3063 Laurel Operating West Black Bay LC
3072 LL&E (Nerco) East Lake Sand [, C
1856 Pennzoil Quarantine Bay [,C
1902 Pennzoil -(Amoco) Redfish Point I, N
2856 Pogo Breton Sound 2 i, C
2857 Pogo Breton Sound 23 . C

| 2479 Qunitana Timbalier Bay l,C
1898 Samedan Braton Sound 17 LN
1870 Scana Chandeleur Sound 51 1, C
2072 Slam Resources Main Pass 35 NI
2915 Snyder Qil Char%deuler Sound 71 [ NI

| 2084 ‘ Texaco T ] Caillou istand I, C?

12818 - Texaco. : ‘ Lake Baire - ,C7?
2881 Texaco ' Lake Pelio 1,C?
2504 Texaco _ West Cote Blanche L, C?

’ Bay

2523 Taxaco Cote Blanche Island i, C?
3030 Texaco Queen Bess island 1, C7
2825 Texaco Rabbit Island [ C?
1866 ' - ,Te>-<0i| _ Main Pass 4 NI
3032 Texoil L Chandeleur Sound 71 i, C
2273 '7 Torch Operating : Chandeleur Sound 52 1, C
2915 Torch Operating Chandeleur Sound 71 [, C
2898 Unocal Caillou Istand I,C
" Results of interview, | = interviewed, NI = not interviewed, C= will continue to discharge if
allowed, C?= not sure about continuing to discharge, N= plan to reinject or P&A and will nct
continue to discharge.
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Table B-2. Location, receiving water body, depth, discharge rates and other
data available for assumed continuing open bay discharges in Louisiana

(ordered by receiving water body).

Pemnit Latitude Lengitude Receiving |AverageDischarge| Data' |[Comments
No. Water Body | Depth Rate
{ft) {bbl/day)

2825 |29 26" 53" g1 38" 12" Atchafaiaya 2,910 TxN

Bay
3002 |29 24"35.081 |89 54" 21.470" Barataria Bay 8 2017(x Cx -
1901 |29 35 51" 89 32' 25" Black Bay 7 10,123iTCN
1801 129 35' 12" 893213 Black Bay 7 20,077TCN
1901 [29 35' 40" 89 34' 10" Black Bay 8 11,500|TCN
2672 |29 32' 42.918" |89 29" 10.609" Black Bay 7 8,366{T x N
2880 {29 34'0.7" 89 30' 45" Black Bay 6,800{TCN
3063 [29 35' 40" 89 34" 10 Black Bay 8 11,500iT x x
2072 |29 27" 3.403" |89 24' 11.464 Breton Sound 8 17.500{x C N
2618 [29 34' 41.4" 89 07' 00" Breton Sound 22.500[x x N
2858 . Breton Sound AT C x
2857 {29 35'31.251" |89 01' 53.993" .  {Breion Sound 10|Txx
2857 129 35 6.121" |89 00" 4.795" Breton Sound 10[T x x
2904 Breton Sound 200)x x x Permit not

: " |Available
2901 Breton Sound 87B(x x % Permit Not
Available

2952 |29 37°4.813" BB 4' 12.891" Breton Sound 18 223Ix x N
1870 |29 46' 32" 89 15' pg" Chandeleur 49T CN

Sound
2273 {20 45'08.65" 189 12' 29.31" Chandeieur XxCx

' Sound

2915 |29 42' 1g" 89 24' 23" Chandeleur B 130[TCN

Sound
3023 (29 46’ 21" 8g 16' 52" Chandeleur 10 34{TCx

sound
3032 |29 42' 15.824" |BQ 24' 23.062" Chandeleur 10 25TCN

sound
3032 [29 41' 46.466" |89 23' 48.018" Chandeieur 10 25TCN

sound
2859 [29 33' 45.179" |89 26' 27.147" E. Biack Bay 10,807|T C x
2816 {28 12' 50" 90 29" 20" Jacko Bay 600|T x x
2816 |29 12' 10" g0 28' 10" Jacko Bay 220|T x x
2816 129 12" 50" 90 28" QO Jacko Bay 614|T x x
2818 {29 12' 00" 80 28’ 50" Jacko Bay 117|7T x x
2816 |28 13" 00" S0 30" 50" Jacko Bay int. Txx
2816 |29 19' 50" 80 30" 10" Jacko Bay 30|T x x
2816 {29 12' Q0" 90 29' 50" Jacko Bay int TXXx
2816 |29 13" 0O" 90-28' 40" Lake Barre 510(T x x
2881 [25 06" 20" 90 39" 10" Lake Pelto 7291T x x
2881 |29 05' 20" 80 38' 30" Lake Pelto 1,103{T x x
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2881 ({29 06" 10" 90 38' 40" Lake Pelto 489|T x x
2881 |29 05' 00" 90 39' 80" Lake Pelto 2,485|T x x
] : 1866 [29-41'31.2° 89-22'0.2" Main Pass TxN
i ’ 2072 Main Pass 20,250{xCN
: 2134 |29 46' 26" B9 17 27" Main Pass XXX Permit not
available
2134 {29 49' 35" 89 19' 58" Main Pass X X X Permit not
- available
2014 Main Pass Ofx x x Permit not
- avaitable
2142 |29 38' 12.03" {89 33' 33.64" North Black 12,076]TC N
. Bay
1856 |29 25' 09" 89 30' 49" Quarantine 10 15,000iT C x
Bay
2995 |29 10' 43.943" |90 46' 30.170" Salt Bay 8 X X X
2881 [29 05' 207 90 40' 50" Terrebanne 204|T x N
Bay
2084 |28 08' 50" 90 29' 00" Terrebonne 10 2,484|T x N
Bay
2084 |29 05' 30" 80 30' 40" Terrebonne 10 3017[TxN
Bay ’
2084 {29 07" 10" a0 30' 10" Terrebonne 10 3,720(T x N
Bay
2084 [2¢ 07 20" 28 31" 10" Terrebonne TxN
Bay
2084 29 D&’ 00" 20 25' 50" Terrebonne 10 41T XN
‘ » Bay
2084 |29 04’ 00" 90 28' 40" Terrebonne 10 TO0UT x N
Bay
2704 |29 05'28.283 |90 32 17.027" Terrebonne B 524|xx N
Bay
2816 |28 11' 20" 20 29' 00" Terrebonne 30T x x
Bay
2816 {29 22' 30" 90 30' 50" Terrebonne 140[T x x
Bay
2898 {29 D4’ 25" 90 24' 207 Terrebonne 4 3,0001TC N
. Bay
2898 {29 07 50" 90 29' 50" Terrebonne TCN
Bay
2898 {29 06' 00" 90 28’ 40" Terrebonne 10 617]TC N
Bay
2479 Timbailier Bay {0lTCN
2816 [2912' 00" 90 26" 50" Timbailier Bay 10[T x %
2898 {29 04" 20" 80 25' 30" “{Timbailier Bay TCN
3320 |29 05" 29" g0 18' 30" Timbailier Bay 4 744 xx N
3320 (290 04' 12" 90 18' 30" Timbailier Bay 3,873[TCN
3320 {29 04" 33" 80 17" 10" Timbailier Bay 4,914iIx x N
3320 |28 04' 37" 90 19' 2" Timbailier Bay 7.368x x N
3320 |29 04' 17 90 19' 25" Timbailier Bay . 1,680x x N
2084 |29 06' 20" 90 27 30” Timbaler Bay 10 1,201 T x N
2084 |20 07 Q0" a0 26' 40" Timbalier Bay TxM
2084 |28 06’ 10" 90 28 50" Timbalier Bay TxN




28 05' 20"

2084 ag 27' 0" Timbalier Bay | TxN
2084 29 05" 22" 80 25' 567 Timbalier Bay TxN
2084 {29 07' 00" 80 32' 40" Tirmbalier Bay 10 802(7T x N
2084 |29 05' 207 90 27' 0" Timbalier Bay 10 2,126(TxN
2084 |29 08' 00" ap.27' 40" Timbalier Bay 10 2,065 TxN
2084 |29 068" 50" 180 27' 50" Timbpalier Bay 10 586[T x N
2084 |28 06" 18" g0 27' 58" Timbalier Bay [ TxN
2504 (29 41' 047 a1 47" 59" West Cote 10 37113 T XN
Blanche Bay
2523 (29 43'10° 91 42' 00" West Cote 7 5,364]TC N
Blanche Bay
2523 |29 43' 48" 91 41° 35" West Cote TCN
Blanche Bay
1934 14,443|x X X Permit not
available
2827 1xxx
2915 XXX Permit not
available
3072 XXX MNo Data in
Permit Fiie
4206 XXX Permit Not
Available

' Availabie Data T= toxicity data; C= chemicai data; N= NORM data
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Table B-4. Radium concentrations in open bay produced water discharges in
Louisiana (ordered by receiving water body).

Pemit No. Ra Ra
ecim | (pcin)

1866 23 2
1870 738 108.0
1901 256 367
1902 178 - |245
2072 | 240 273
2084 TankBat2 181 282
2084 Tank Bat 4 65.2 169.2
2084 2 [TankBaté 308 368

; 2084 Tank Bat 7 87.1 61.4

2084 Tank Bat 8 156 81.4

: 2084 TankBat9 _ |273 424

2084 TankBat10 |72 265

2084 Tank Bat 11 114 171

2084 Tank Bat 14 (117 208

5084 Tank Bat 15 [247 |28t

; 2084 Tank Bat 17 [146 283

‘ | 2084 Tank Bat 18 [50.2 56.3

| 2084 Tank Bat 18 272 353
2084 Tank Bat 20 380 558
2084 Tank Bat2i |31 483
2084 Tank Bat 22 89.2 125
2084 Tank Bat23 |68 471

| 2084 Tank Bat 24 |131 225.0

2142 277.0 3410

- 2479 39 2

- 2504 108 149

2523 TB#3 207 326

i 2503 TB#1 128 206

g 2618 201 289

2672 2770 34701

g 5704 127 - 400
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501
41.9

109
307
472

545.0

389

160

15

188
265

272,
402
361
560

436
120

527

194.0
173
280

224

0.0

290

52

592
198
290
284
303
333

TB#2
TB#3
TB#4
TB#S5
TB#1

2825
2860

2881

2881

2881

2881

2881

2898

2915

2915

2962
- 3032

3320
3320.
3320
3320
3320
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APPENDIX C

RADIONUCLIDE EFFECTS

.1 Quantities and Units

Traditional units in radiation dose measurements (i.e. Ci, rad, rem) are being
replaced by the International System (8!} of units (Bg, Gy, Sv). The names and
units (traditional and St} for activity, absorbed dose and dose equivalent are
given in Table C-1. Prefixes commonly applied {o these units are given in Table
C-2.

Table C-1. Radiological names and units.

Quantity Traditiona!' _ S ‘ Conversion
Name Unit Name - Unit

activity curie (C)) 3.7x 107 | becquerel (Bgy | 1 dis/sec | 1Bq= _
disi/sec 2.7x 10" Ci

absorbed rad {rad) 100 erg/gm gray (Gy) 1 kg 1 Gy = 100 rad

dose . :

equivalent rem (rem) 100 erg/gm sieveri (Sv) 1 .J/kg 18v=100rem

dose

Tabie C-2. Prefixes used in radiation protection.

pico (p) 1077
nano (n) 10~
" micro {u ) 10°
milli (m) 1107
kilo (k) 10°
mega (M) 10°
giga (G) 10°
tera (T) 10'*

Radicactivity is quantified in terms of the number of spontaneous energy
emitting transformations per unit time — a quantity known as activity. An
example of a transformation is the decay of a radium 226 nucleus into a radon
222 nucleus, an alpha particle and gamma rays. The unit of activity has
historically been the curie (Ci). One curie is equal to 3.7 x 10'° disintegrations
per second. In the S system; the basic unit of activity has been redefined as
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one disintegration per second, known as the becquere!l (Bg). One curie is equal
to 3.7 x 10" Bq. |

The biological effects of exposure to a radionuclide are related to the absorbed
dose and dose rate. The absorbed dose is a measure of the energy imparted to
matter. An absorbed dose of 100 erg/gram is called 1 rad. In the S| system of
units, the unit of absorbed dose is the Gray (Gy, 1 Joule/kilogram). An absorbed
dose of 1 rad is equal to 0.01 Gy (1 Gy = 100 rads).

The probability of stochastic effects (i.e. cancer and genetic effects) depends not
only on the absorbed dose, but also on the type and energy of the radiation
causing the dose and on the organs or tissues irradiated. Factors have been
developed by the International Commission on Radiological Protection (ICRP,
1981) to account for these relationships in humans.

Radiation weighting factors are used to account for the differences in relative
biological effectiveness (RBE) of different radiations. In the past these
differences were accounted for by use of qualify factors. The radiation weighting
factor for gamma radiation (y ) and beta (B ) particles has been assigned a value
of 1. The weighting factor for alpha (a ) particles is set to 20. The absorbed
dose modified by the weighting factor is calied the equivalent dose and is
expressed in units of Joules per kilogram with the name Sievert (Sv) given to 1
Joule/kg. The traditional unit is the rem (see Table C-1). One Sievert is equal 0
4100 rem. :

Tissue weighting factors are used to account for differences in the sensitivity to
cancer induction of different human tissues and organs. A tissue weighting

‘factor represents the relative contribution of that organ or tissue to the total

effects resulting from uniform irradiation of the whole body. These factors are
given in ICRP (1891). The equivalent dose weighted by these tissue weighting
factors is referred to as the effective dose. For a uniform, whole body exposure,
the equivalent and effective doses have the same value, and are both expressed
in units of Sieverts (Sv).

The limited data for the relative biological effectiveness of various radiation
types in man indicate that the RBE can be expected to be similar for agquatic
organisms, (Woodhead, 1984), because the soft tissues of man and cther
organisms are generally similar in terms of water content and basic cell structure
(IAEA, 1988). IAEA (1988) suggested that it is reasonable to apply the same
quality factors (now radiation weighting factors) derived for humans o doses
received by aquatic organisms. There are no parallel tissue weighting factors
for aquatic organisms, and the usual approach to estimating doses to aquatic
animals to assume that the dose is averaged over the whole body of the
organism. NCRP (1991) suggests this approach is reasonable, as long as the
average whole body exposurs is representative of the dose to the gonads.
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NCRP also suggests that it may be useful to estimate the dose to the most
highly exposed tissue (NCRP, 1991). '

C.2 Human Health Effects From Radium Ingestion
C.2.1 Carcinogenicity of Radium

The healith effects of radium can be attributed {o the radioactive emissions of the
radium isotopes and their daughters. The aipha, beta and gamma radiation

" released by the decay of radium and its daughters cause ionization of cellular

compornients which may result in the mutation or death of affected ceils.

Most of the information concerning the heaith effects of radium come from
studies of two groups of people: radium dial painters who ingested radium paint
and patients wheo were injected with radium-224 for treatment of spinal arthritis
and tuberculosis of the bone (NAS, 1988). The primary data come from studies
of radium dial painters {Rowland et ai., 1978, 1983). Radium body burdens were
measured in the dial painters and were used to caiculate lifetime intake.

In these studies, ingestion of “**Ra resulted in bone cancers (osteosarcomas)
and cancers of the linings of the cranial sinuses (head carcinomas). ingestion of
*8pa resulted in bone cancers. The dose-response function for bone cancer
induced by ingestion of “°Ra or **Ra is purely quadratic, with no excess
cancers at lower doses. From a practical point of view, the dose-response
function exhibits a threshold at a dose tc the skeleton that is well above the
worst environmental exposures that have been documented.

" “The data for head cércinoma's*can'ﬂt either a linear or guadratic function. These — — — -

carcinomas are attributed to radon-222, a daughter of “’Ra. No excess head
carcinomas are associated with “°Ra. The half-life of its daughter product,
radon-224, is too short to aflow migration to and accumulation in cranial sinuses.

C.2.2 USEPA Risk Factors for Radium

Current practice in radiation protection is to assume there is a cancer risk
associated with even small doses of radiation. Risk factors are derived from
epidemiological data and extrapolated down to low doses to describe the cancer
risk associated with small exposures.

The Science Advisory Board (SAB) has recommended that the USEPA use the
epidemiological evidence for bone and head cancers in radium dial painters to
derive risk factors for radium (SAB, 1991). The evidence for radium-induction of
other soft-tissue cancers is equivocal (Stebbings ef al., 1984).
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USEPA derived radium risk factors using the. RADRISK model, based on
effective dose eqguivalents given in ICRP (1977), modified to account for the
specific metabolic behaviors of radioactive daughters (USEPA, 1891).
RADRISK incorporates a toxicokinetic model based upon alkaline earth intake,
retention and excretion. RADRISK is a linear, no-threshoid mode! that uses the
sum of weighted organ deses to arrive at a single dose cosfficient used to
predict either the risk of getting a cancer or the risk of dying from cancer.
RADRISK incorporates a life-table analysis to adjust for age- and sex specific
mortality from competing risks.

RADRISK uses a gut uptake factor (f,) of 0.2, the value recommended by the
ICRP (1979). This value is based on data for adult humans who ingested
‘radium in water or incorporated into food (ICRP, 1973; Stehney and Lucas,
1956). Weighting factors in RADRISK were modified from those of the ICRP
(USEPA, 1991) to calculate the risks for all cancers (fatal and non-fatal).
"Ingested radium is estimated to distribute about 85% to bone and 15% to soft
tissue. (UNSCEAR, 1872)" (USEPA, 1991).

The RADRISK model resuits were adjusted for the over-prediction of leukemias
and lack of prediction of head carcinomas (Federal Register, 1991}, but the
RADRISK model still produces a majority (about two-thirds) of the overall risk
estimate for soft tissues, where either no evidence or marginal evidence exists

. for radium induced cancers. For example, increases in breast cancer and
multiple myelomas correiate better with duration of employment, a surrogate for
external dose of gamma radiation, than with radium intake (Stebbings et al.,
1984). According to the USEPA, the ratio of all cancer risks to the risks for bone
and cranial cancers may be overestimated by a factor of between two and five

. (Federal Register,19914). -~ .

The analysis performed by the USEPA (Federal Register, 1991; USEPA 1991)
assumes a linear dose-response relationship for bone sarcoma, although the
best fit for bone sarcoma in the radium dial painters is quadratic (USEPA, 1991},
if the true relationship is quadratic, the USEPA risk factors will be overestimates.
There may also exist a practical threshold for bone sarcoma (USEPA, 1991).
Additional uncertainties and assumptions in the USEPA analysis are described
in USEPA (1291).

Using RADRISK, the United States Environmental Protection Agency (USEPA)
estimated the risk factor associated with the ingestion of *°Ra in drinking water
to be 4.4 x 10 lifetime risk per pCi/l, and the risk factor for ?**Ra to be 3.8 x 10°
lifetime risk per pCi/l (assuming lifetime exposure) (Federal Register, 1991;
USEPA, 1991). These risk factors are based on an assumed water intake of 2
l/day. Unit risk factors (individual lifetime fatal cancer risk per pCi/day) can be
derived from these values by dividing the risk factors by two. The USEPA risk
factors are then equivalent to 2.2 x 107 lifetime risk per pCi/day for **Ra and 1.9
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x 107 iifetime risk per pCifday for *®Ra (assuming lifetime exposure) (Table C-
3. '

C.2.3 Risk Factor Distribution
A risk factor distribution for **Ra and **Ra was derived by assuming that the
LUSEPA vaiues represent the upper 90% confidence limit of a lognormal
distribution. The lower 80% confidence limit was based on the risk factors for
the radium induced cancers in humans for which there is epidemioclogic evidence
(bone and head carcinomas for “°Ra and bone sarcoma for 2°Ra). The
methods of Layton et al. (1987) were used to establish lognormal distributions
with the arithmetic means and standard deviations given in Tabie C-4.

Table C-3. USEPA risk factors for 2?°Ra and *®Ra*.

TYPE USEPA RISK FACTORS USEPA UNIT RISK FACTORS
ZRa BRa pa “Ra
risk per pC¥/l risk per pCi/l | risk per pCi/d risk per pCi/d

Bone Sarcoma 9.4 x 107 9.4x10" 4.7 x10" 4.7 x 107
Head Carcinoma 9.4x10” 0 47x10" 0

Leukemia, high LET | 2.1 x 10 2.6 x 107 1.1 x 107 1.3x 107"
Leukemia, low LET | 8.6 x 10~ 26x 10" 48x10° 1.3x 10"
All Other 2.3x10° 2.3x10° 1.2 x10° 1.2 x10°
Total 4.4x10° 38x10° 2.2x10° 1.9 x 10°

* individual lifetime cancer risk, assuming lifelime exposure, from USEPA (1991); divide
USEPA risk factors (risk per pCi/l) by two {o get risk per pCi/day.

‘Table C-4. Risk factor distribution for Ra-226 and Ra-228 (lognormal

distributions, risk per pCi/day).

Parameter Ra RRa

Arithmetic Mean 1.5x10° 1.0x 10°
Standard Deviation 8.0x 107 1.4 x 10°
Lower 90% Confidence Limit 9.4 x 107 4.7 x 107
Upper 90% Confidence Limit 22x10° 1.9x10°

Radium is retained in bone and delivers a dose over the remaining lifespan of
the exposed individual. The risk factors calculated by the USEPA model
RADRISK take account of the total dose accumulated by tissues after intake
(called the committed effective dose equivalent), and assume a lifetime

~ exposure.
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Retention is the amount of a substance remaining in a tissue or organ at some
time after uptake. Within 10 years after an initial intake of radium, most of the
radium in the body has been eliminated (Norris et al., 1955). This observation
suggests a way to adjust the USEPA lifetime risk factors (and the distributions of
risk factors) for exposure periods less than a lifetime. If ten years (to account for
the radium left in the body, and delivering a dose after intake and uptake have
stopped) is added to the expected exposure period, the maximum risk factor for
the expected exposure period can be calculated:

(EP+10 ) x URF,,

RF{EP) =

, Where:
RF(EP) = risk factor as a function of exposure period EP (lifetime risk per
pCi/day)

EP = exposure period (years) :
URF(70) = USEPA unit risk factor for lifetime exposure (lifetime risk per pCi/day)

This modified risk factor was used in the probabilistic risk assessment for radium
described in this report. This method will slightly overestimate the committed
dose, but the estimate is less conservative than assuming a seventy year
exposure when such an assumption is not realistic.

C.3 Effects on Aquatic Organisms

_ __ Exposure fe ionizing radiation can result in injury at the molecular, cellular anc
whole body levels. Most of the available studies of the effects of radiation on
aquatic organisms are concerned with the induction of deterministic, somatic
offects. These effects include increases in mortality and pathophysiological,
developmental and reproductive effects. There is little information available
concerning induction of cancer and genetic effects, although a few studies of
stochastic genstic effects in organisms are available (Anderson and Harrison,
1988).

Reproductive and early developmental systems of vertebrates are the most
sensitive to radiation, and invertebrates appear to be relatively resistant (NCRP,-
1991).

Most studies of the effects of radiation on aquatic organisms were performed in
the laboratory, with effects determined on individual animals. A few studies of
the effects of radiation on natural populations have been performed. The most
important consideration on assessing the effects of radionuclides discharged in
produced water is the influence radiation exposure has on reproductive success
in populations, and consequences in populations and ecosystems. If exposures
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--(Templeton,-et-al.,1971):

are limited to protect fertility and fecundity of the population as a whole, it is
unlikely that other effects in individuals will be important to the population
{NCRP, 1991).

IAEA (1976) and Templeton (1980) examined the possible effects of chronic, low
level radiation on recruitment, fecundity and mortality by considering the known
regulatory mechanisms of natural populations. Recruitment for highly fecund
species is not directly related to standing stock size and the mortality rate
operating on eggs and larvae varies from year to year. Survival of eggs and
larvae depend to a large degree on the availability of food, and a large number
of eggs are produced at each spawning (Templeton, 1980). Density dependent
mortality reduces fish larvae populations to the level that can be supported by
the available food. If mortality is enhanced by low levels of radiation,
recruitment to the stocks of highly fecund fish is not likely to be affected, unless
the stocks are already at risk due to over-exploitation or other environmentai
stresses (IAEA, 1976; IAEA, 1988; NCRP, 1991).

For species with low fecundity (e.g., sharks and marine mammals), recruitment is.

closely related to parent stock size. It is not possible to predict the effects on
recruitment for these species, although effects could be more significant than for
highly fecund species. However, at low dose rates, it is reasonable to assume
that effects will be small compared to fishing and other pressures (IAEA, 1976).
For species with special social value (endangered and threatened species,
marine mammals) effects on individuals may be of importance.

Effects at the ecosystem level have been demonstrated only for the large doses
received at Eniwetok and Bikini atolls in the Pacific Proving Grounds

The National Council on Radiation Protection and Measurements recently
reviewed the literature on the effects of ionizing radiation on aquatic organisms,
and suggested reference levels that would protect aquatic populations (NCRP,
1991). Major conclusions of this review included:

» Experimental studies in the laboratory have shown detectable effects on
fecundity down to 10 mGy/d.

o Effects not necessarily deleterious at the population level have been
detected at dose rates between 1 and 10 mGy/d. Deleterious effects on
natural populations were observed at dose rates > 10 mGy/d. Clearly
deleterious effects which would be detected at the population level appear in
the range of 10-100 mGy/d.

+ Lowest dose rate causing no effect in natural populations: 0.5 mGy/d;
lowest dose rate causing nd effect in laboratery: 10 mGy/d.
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NCRP (1991) suggests a reféerence dose rate to protect aquatic populations of
10 mGy/d. NCRP also suggests a detailed assessment if an initial analysis
results in estimated dose rate above 2.4 mGy/d.

IAEA (1988) suggested simiiar reference dose rates where effects on aquatic
biota would be minimal. IAEA (1988) concluded that:
e increased mortality is expected above 10 mSv/hr (240 mSv/d);
e reduced reproductive success may occur between 1 and 10 mSv/hr (24-
240 m3v/d); :
s some somatic effects which would be eliminated by natural selection could
occur between 0.004 and 1 mSv/hr (0.1-24 mSv/d); and
e no adverse effects are expected below background levels of 0.004 mSv/hr
(0.1 mSv/d).
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410.5 Conclusions

The tiered approach to risk assessment is a cost-effective way to provide information
needed to make risk management decisions. This screening assessment for human
health and ecological risks from open bay produced water discharges in Louisiana

~eliminated a number of contaminants from further consideration. More quantitative

assessments were performed on contaminants of potential concemn.

Human health risks from radium in produced :Wéte'r‘a_ppearto be small. Ecological
risks from radium and other radionuclides in produced water also appear to be small.

intakes of chemical contaminants in fish caught near open bay produced water
discharges are expected to posed a neghg|ble toxnc hazard or carcinogenic risk to

peopie.

Potent;al impacts to benthic biota and fsh and crustaceans in the water column are
possible for some discharges within the 20@’ ‘mixing zone. Permanent damage to
populations of organisms and ecosystems are:not expected, because mixing zones
represent relatively small volumes and anim enot expected {o remain

continuously in the plume. :




ISSUE ’APER

Gulf Of Mexico Coastal P'roduced Water Discharges
April 1996

Issue

In its proposed coastal effluent limitations guidelines (ELGs), the U.S. Envirenmental Protection
Agency (EPA) proposed zero discharge of produced waler lo coastal waters of the Gulf of
Mexico. Zero discharge is appropriate for shallow or poorly mixed coastal waters, but may be
overly restrictive Tor discharges to open bays or well-mixed deltaic passes. If the coastal ELGs
are adopted with the zero discharge requircment in place, any state or regional flexibility will
be removed.

Background

EPA proposed ELGs for the coastal subcategory of (he oil and gas exlraction industry on
February 17, 1995 (60 FR 9428). EPA proposed ullowing discharges of produced water to
Couk Inlet at the levels allowed by the offshore ELGs, but proposed zero discharge of produced
water from Gulf of Mexico coastal facilities, EPA’s rationale was: "Zero discharge is
technologically available because injection of produced watcr is currently ongoing in much of
the coastal subcategory at the present tinie, and adequate geological formations exist to accept
produced water." [EPA Coastal Development Document, p. XIv-113.

In developing ELGs, a type of technology-based limits, EPA must consider the availability and
cost of treatment and disposal technology, but does not need to consider water quality impacts
[Clean Water Act, §304(b)(2)(B)]. A permit writer must consider both technology-based limits
" and waler quality-based Lintits when developing a permit, but in-developing the ELGs, EPA
needs only evaluate technology. In the case of coastal Gull of Mexico, EPA need not evaluate
whether produced water discharges would impair water quality. EPA only needs to examine if

a treatment or disposal techuology is economically available to coastal operalors, Apparently,
EPA believes that underground injection is both availabic and is cost-effective for Gulf of
Mexico coastal dischargers, regardiess of whether they are in shallow or deep water.

Other Repylatory Issues

Louisiana Regulations - The proposed coastal ELGs are complicated by two relaied regulatory
issues.  First, the Louisiana Department of Bnovironmental Quality (LADEQ) promulgated
regulations in 1991 that required a phase out of coastal produced water discharges by January
1, 1995. ‘Based on some preliminary U.S. Department of Energy (DOE) comments, on
December 16, 1994, LADEQ extended the deadline for discontinuing produced water discharges
for certain open bay locations to January 1597.

1L is important to note thai the LADBQ regulations provide two mechanisms to avoid zero
discharge. In lieu of ceasing discharge, operators could treat the produced water to meet very
restrictive effluent timits and continue to discharge. As another alternative, dischargers in open
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bays could show, on a case-by-case basis, that their discharges should be exempted from these
regulations on the basis of a DOE study on the environmental impacts of open bay discharges
of produced water. The DOE study is now completed.

EPA Region VI Coastal General Permit - The second regulatory issue affecting the proposed
coastal ELGs is the EPA Region VI general permit for produced water and produced sand
discharges, issued January 9, 1995. The general permit requires zero discharge of produced
water into Louisiana and Texas coastal waters, except [or discharges derived from offshore wells
into the main deltaic passes of the Mississippi River or to the Atchafalaya River below Morgan
City. The gencral permit would not allow discharges from open bays.

However, the general permit is not the only regulatory option available to coastal operators in
Louisiana and Texas. The general permit is a mechanism of convenience for Region VI permit
writers and many coastal operators. Since many facilities discharge the same waste streams to
similar bodies of waters, a general permit provides a more cfficient regulatory mechanism.
However, operators are not required to be covered under a general permit; they are entitled 1o
apply for an individual National Poliutant Discharge Elimination System (NPDES) permit.
Under an individual NPDES permit, 2 permil writer can make 4 case-by-case assessment of the
appropriate technology-based and water quality-based limils for produced water discharges.
EPA and delegated states issue thousands of NPDES permits each year. As was true for the
LADEQ regulations, there is a rcadily available mechanism to scck relief from the zero
discharge requirement.

- Implications for Gulf of Mexico Coastal Dischargers

The proposed coastal ELGs do not offer the same sort of readily available relicf found in the
LADEQ regulations and the general permit process. If (he final coastal ELGs contain the same

_zero discharge requirement, all Gulf of Mexico coastal discharges would be required to cease
discharging produced water, regardiess of their Jocation. This requirement would supersede both -

the LADBQ regulations and the general permit, rendering their relief mechanisins uscless.

The only mechanism that could potentially offer relief from a final ELG is the fundamentally
different factors variance (FDEV) allowed by §301(n) of the Clean Water Act. Unfortunately,
this is not a very practical aitemative, In over 20 years of the FDFV program, EPA received
about 250 requests for FDFVs, but only 7 were granted. Some were denied, but many others
remain undecided in EPA regional or headquarters offices. FDFVs must be applied for by each
company individually; no group applications are aliowed.

Potential Mitigating Actions

EPA plans to publish final coastal ELGs in October 1996. Realistically, EPA will finish ELG
development by August 1996 and spend (he rext two months getling internal and external
approvals. Any input that would potentially change the proposed position must be provided to
EPA by August 1996. '
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The most valuable input that could provide relief from an across-the-board zero discharge
requirement is data demonstrating that Facilities located farther from shore, in open bays, or in
main deltaic passes cannot cost-effectively inject prouuced water to the extent that more typical
coastal dischargers can. This would give EPA ralionale to treat those types of discharges
differently and would fall wilbin the cicar confines of the ELG-development process.

If such data is not available, state officials could meet with senior EPA officials secking to retain.

a greater degree of state flexibility. Under the current Administration, EPA is much more
amenable to working with state agencies and operating in a fiexible mwanner. Given sufficient
prodding [rom states, EPA may be willing to allow certain types of coastal dischargers, whose
produced water discharges would not cause water quality impacts, to discharge at the levels
allowed by the offshore ELGs.

If no positive action is taken Dy states or the industry, the final coastal ELGs mnay preclude any
produced water discharges to coastal Gull of Mexico waters. This could result in the loss of
potential oil and gas resources, jobs, and revenues to state and federal treasuries.
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