1101-02(a)(2)

79
171

C:9/30/1990 T:10/1/1995 D: 10/1/2065

Closed

)

=
-

MT Jicr

Livl Ui

VLN

r
#

Lacl TN
LAY TNV

ﬁ"
3

)]

(Y
f
e

Transferred

Disposed

———

RECEIVED
DEFSHORE FIELD OPERATIONS
ALASKA

0CT 131981

——

Shell Oil Company




Released to public file
Name: %W\ Date:MAR % 3 1012

EXPLORATION PLAN
SEAL PROSPECT

BEAUFORT SEA, ALASKA

APPENDIX I
PROPRIETARY DATA

SHELL OIL COMPANY
PACIFIC DIVISION
OCTOBER 1981



L B

DISCUSSION

The "Seal" Prospect is a faulted gentle anticline displaying simple
closure (Enclosure 1). Principal objectives include the Jurassic
Sag River Sandstone and the Permo-Triassic Sadlerochit Formation.
Deltaic and shallow-marine sandstones of the Sag River and Sadlero-

chit Formations are thought to possess a common oil-water contact,

and are sealed by the overlying Kingak Shale (Enclosure 2).

Secondary objectives include the Cretaceous Kuparuk River Sandstone,
Carboniferous limestones of the Lisburne Formation, and Mississippian
Sandstones of the Kekiktuk Formation. Shallow marine Kuparuk River
Sandstones are erosionally truncated by the Lower Cretaceous uncon-
formity, and are top-sealed by the overlying Cretaceous Shales. The
Paleozoic units are erosionally truncated by a Permian unconformity

and have been subsequently block-faulted (Enclosure 2).

The seismo-stratigraphic relationship of these objectives is depicted

on Enclosure 3.
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SEAL PROSPECT
LEASE OPERATIONS PLAN AND EXPLORATION PLAN
SHELL, AMERADA HESS, AMOCO, TEXAS EASTERN AND MURPHY
LEASE ADL 312799 (BF-47), ADL 312798 (BF-46), ADL 312808 (BF-56), ADL 312809 (BF-57)
0CS-Y-0179 (BF-23), 0CS-Y-0180 (BF-24), 0CS-Y-0181 (BF-25), 0CS-Y-0175 (BF-2)
LONG ISLAND AREA
BEAUFORT SEA
ALASKA

Introduction

Shell 0i1 Company, as operator of a proposed unit located in the
Beaufort Sea, to be formed for the purpose of exploring for hydrocarbon accumu-
lations (Enclosure 2), hereby submits for approval our Lease Operations Plan
and Exploration Plan to 1) build a gravel island drillsite, Seal "A", on Lease
ADL 312799 (BF-47), and 2) drill up to five exploratory wells from the island to
explore and delineate the prospect. The environmental report as required by 30

CFR 250.34-3 is submitted with this exploration plan.

Gravel Island Location

3,300' FSL and 13,500' FWL of ADL 312799 (BF-47) o . ﬂiék
Alaska State Zone 4 Coordinates x = 1,800,311.7' (548,736.1m) ' %F1g7 ?
y = 6,031,148.7' (1,838,297.8m) :
Lat = 70°29'29.9023"N
Long = 148°41'33.8465"W
UTM Zone 6 Coordinates x = 1,433,445.3"', (436,915m)
y = 25,660,729.5', (7,821,406m)

Proprietary Data

Appendix 1, "Private and Confidential, Shell 0i1 Company, To Accompany

Seal Exploration Plan Submitted To The Division of Minerals and Energy Management
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(DMEM) and the United States Geological Survey (USGS) For Their Exclusive Use" 1is
enclosed as private and confidential data for use only by DMEM and the USGS.
Contents include the proposed unit, a structure map showing the prospect area
and appropriate seismic data. A copy of our complete tentative graphic prognosis
is also included in this assemblage of proprietary data. This information is for
the sole use of the DMEM and the USGS.

Appendix 2 entitled "Private and Confidential, Shell 0i1 Company, Seal
"A" Island Design Documentation, Submitted To DMEM and USGS For Their Exclusive

Use" is also Shell's proprietary information.

Description and Schedule of Proposed Activity

We propose to build a gravel island with a surface working diameter of
approximately 400 +25 feet, in about 11.9 meters (39.0 feet) water depth. It is
our plan to obtain gravel at a proposed active gravel extraction site onshore for
which an application has been made. Upon approval of our application to build a
gravel island and to obtain gravel, which is anticipated by early 1982, we plan
to build an onshore ice road to a suitable shore site and then on to Long Island
and the Seal "A" Island site over the ice. Gravel will be transported by trucks
over ice roads to the island site during the 1981-82 ice season, (Enclosure 1).
In the event ice conditions preclude completion of the island during the 1981-82
winter, it is our plan to transport gravel for the island construction to Long
Island where it will be stockpiled as also shown on Enclosure 1 for transport by
barge to the island site during the summer of 1982. We will plan to transport
a small excess amount of gravel to the stockpile area to assure no net gravel
removal from Long Island. The gravel required for the sandbag protection of the

island and the berm will be stockpiled on the gravel island. Sandbagging of the



island will take place either during the ice season or as early as possible
during the summer. We anticipate completion of the island by the end of the ice
season, +May 15, 1982. The proposed North Slope Borough Ordinance requires that
the first island in this area be exposed to ice forces for two winter seasons
prior to commencement of drilling operations. The presale notice indicates a
similar requirement for islands in water depths exceeding 13 meters, 1.1 meters
deeper than the Seal "A" location. The construction schedule noted above will
allow the island to be exposed to late winter ice forces during the winter of
1981-82 and to ice forces during the entirety of the 1982-83 season. We believe
that this exposure period along with observations of island performance should
satisfy the proposed ordinance. The current NSB ordinance places the Seal "A"
IsTand location in the Deferred Development (DD) Subdistrict where petroleum
related activities are prohibited until October 1, 1984, a condition to be
reviewed annually. In event the NSB ordinance is unchanged, we will request an
early annual review of the requirement. Thus it is our plan to construct the
island, to expose the island to the winter seasons of 1981-82 and 1982-83, and to
commence year-round drilling operation about June 1, 1983.

Either during the winter of 1982-83 or at the earliest following open-
water time possible, we plan to transport the BSI Rig 84 or its equivalent to the
island and prepare to commence drilling operations about June 1, 1983, assuming
proper permits are obtained. State and Federal Lease Stipulation Nos. 9 and 8,
respectively, Timits downhole activities to the period November 1 to March 31.
This lease stipulation is to remain in effect for two years following lease
issuance. The two-year stipulation will expire during February and August, 1982

for the leases involved. Since we are requesting a permit to commence drilling



about June 1, 1983, we are also requesting a permit that provides for year-round,
continuous drilling until the proposed project has been completed or information

has been obtained that warrants discontinuing the program.

Exploration Depth

Estimated total depth is 12,300 feet subsea for the first test. We
request approval of a maximum depth of 13,500 feet subsea for all wells in our

Exploration Plan.

Island Description

As indicated, we contemplate construction of a gravel island using
proven techniques in a water depth of 11.9 meters (39.0 feet) with a surface
diameter of approximately 122 +7.6 meters (400 +25 feet), (Enclosure 3). Planned
freeboard is 7.6 +1.5 meters (25 +5 feet), (Enclosure 4). A 2.1 meter (7-foot)
sandbag berm will be placed on the surface perimeter of the island. Sandbags
will be placed on the 1:3 island slope to the ocean bottom for protection of the
island. Filter fabric will be placed between the gravel and the sandbags to
afford additional protection of the structure. The island diameter at sea level

will be about 167.6 +16.8 meters (550 +55 feet). The island base on the sea

floor will be about 239.0 +16.8 meters (784 +55 feet) in diameter. We estimate
construction of the gravel island structure will require about 573,400 m3
(750,000 yds3) of gravel. A typical rig layout on the gravel island is included
(Enclosure 5).

We plan to observe overall island performance and those environmental
parameters which significantly affect performance during the proposed exposure

period. Plans for these activities will be finalized after consultation with

the appropriate agencies.
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Storm & Tide Surge

Data indicate that a total storm and tide surge of about 1 meter
(3.4 feet) can reasonably be expected with a return frequency of about 10 years.
A conservative estimate of the 100-year storm and tide surge is about 2.6 meters
(8.7 feet). This is well below our planned island freeboard of 7.6 +1.5 meters
(25 +5 feet) and the 2.1 meter (7-foot) perimeter sandbag berm. The protection
of the outer surface of the island by armoring with sandbags will be adequate to

withstand these forces.

Transportation

Access to the drillsite will be from facilities at Deadhorse and
Prudhoe Bay to the gravel island by helicopter and/or hovercraft year-round, by

ice roads during the winter and by water during the open-water season.

Supplies

We expect to supply equipment and materials for the proposed drilling

operations from the existing dock and supply areas at Deadhorse and Prudhoe Bay.

Personnel

Staff and rig employees are expected to work 7- or 14-day shifts with
some 20 drilling contractor employees including supervisory personnel on loca-
tion at any given time. We expect to have two or three Shell supervisory person-
nel on location at all times. The number of service company and other contract
personnel on the island will vary depending upon activity and is expected to
range from 5 to 50 persons. Living quarters will be a portable camp located on
the gravel island. During the island construction phase, a temporary camp will
be Tocated on Long Island for emergency housing of personnel employed at the

island site.



Rig Description, Critical Operations Curtailment Plan & Drilling Prognosis

We plan to utilize Brinkerhoff Drilling Company's Rig 84, or equiva-
lent, which has been active on the North Slope. The rig was used to drill the
Shell-Texaco-Murphy-West Mikkelsen Unit No. 3 on the North Slope. Thus it has
been operational under the adverse winter conditions encountered in the area. A
rig description is included herewith in Appendix 3. This appendix also includes
our Critical Operations Curtailment Plan and a public information copy of our

drilling prognosis.

Development/Production Discussion

We estimate that, as a maximum, a successful exploration program could
result in a development/production program requiring two or three production
islands with up to 100 wells and a production peak on the order of 170,000
barrels of oil per day. While the foregoing represents the maximum case antici-
pated, a discovery of this magnitude is statistically improbable.

State Stipulation No. 7 and Federal Stipulation No. 5 require the use
of pipelines to transport the production to shore, if feasible, subject to speci-
fically designated qualifications. The presale notice prohibits continuous fill

causeways.

0il Spill and Hydrogen Sulfide Contengency Plan

Our 011 Spill Contingency Plan is attached as Appendix 4. As indicated,
we provide our own facilities for containment and cleanup of smaller spills.
However, Shell 0i1 Company is a member of the Alaska Beaufort Sea 0ilspill
Response Body (ABSORB) with full access, as warranted, to ABSORB facilities and

management personnel. By reference, the ABSORB 0ilspill Contingency Plan is made



a part of our contingency plan. Further, for identification of.protection and
clean up priorities of the coastal area, the Alaskan Beaufort Sea Coastal Sensi-
tivity Analysis, to be finalized before the end of 1981 is also made, by reference,
a part of our plan. In addition and if warranted, other operators in the area
would make facilities available for our use in emergency situations. Our

Hydrogen Sulfide Contingency Plan is also attached as part of Appendix 4.
Continuous monitoring equipment capable of detecting concentrations of five

parts per million will be utilized. If concentrations exceed 10 ppm, protection

and/or corrective measures will be undertaken.

Hazardous Materials

A11 hazardous material spills will be reported and cleaned up.

Disposal of Waste and Test 0il and Natural Gas

Waste and test oil will be disposed of in an approved manner--by burn-
ing through a burner or incinerator, containerized and transported to an onshore
site or pumped down the 13 3/8 to 9 5/8-inch casing annulus or other method as

specified. Any gas produced during testing will be burned by means of a flare.

Solid and Liquid Waste Disposal

Drill cuttings, drilling muds and wastewater will be discharged as
approved in the required NPDES ocean discharge permit. State and Federal Lease
Stipulation No. 6, Paragraph 2. provides that the discharge of mud and cuttings
into marine waters is prohibited except that the Commissioner of the Department
of Environmental Conservation or the Supervisor may approve discharges (a) in
tracts greater than 10 meters of water on a case-by-case basis. Permission is

also requested for perm?&sion to pump oil contaminated mud and waste water, lube
\

o
Ny



0il and other liquids down the 13 3/8 to 9 5/8-inch casing annulus and/or down
the last casing string below the 13 3/8-inch casing as warranted. Table A lists
our estimate of the quantities and planned disposition of the waste materials
resulting from the proposed exploration. Al1l putrescible wastes and sewage
sludge will be incinerated in an approved unit. Wood, paper, and cardboard will
be open-burned in a manner that will not emit black smoke. Tin cans will be
incinerated before disposal and incinerator residue backhauled to an approved
site. Nonburnable items (steel drums, rubber, metals, batteries, etc.) will

also be backhauled to an approved site.

Air Emissions

Our estimates of air emissions from the island drilling operations,
onshore support and transportation equipment are detailed on Table B. As pre-
scribed for drilling on an OCS Lease we have calculated the exemption levels "E"
for each air pollutant based on a distance of 5.5 statute miles to the nearest
onshore area. While the nearest land area is Long Island, 3.1 miles, this
island is uninhabited. Thus we have based our exemption level on the distance,
5.5 miles, to the nearest mainland. Based on these formulas, the exemption level
"E" for CO is 10,594 TPY, while the exemption levels for TSP, SOx, NOx, and
VOC are 183.2 TPY. From Table B, it can be calculated that total emissions of
the pollutants CO, SOx, NOx, TSP and VOC would be 40.9, 36.9, 107.3, 23.4 and

7.3 tons per year and the facility is exempt from further air quality review.

Consistency Certification

The activities proposed in this Exploration Plan are consistent with

Alaska's Coastal Management Program and will be conducted in a manner consistent



TABLE A
ESTIMATED QUANTITIES OF WASTE MATERIALS PER WELL FOR SEAL AREA EXPLORATION

~WASTE QUANTITIES
Per Day Per Well Disposal

Drilling Mud 15 Bb1. (1) 3550 Bb1. (2)(3) Discharge into Beaufort Sea in
accord with NPDES Permit to be
obtained. If o0il contaminated
inject into subsurface disposal
zone or transport to approved
onshore disposal site.

Cuttings 25 Bb1. (1) 4250 Bbl. (3) Discharge into Beaufort Sea in
accord with NPDES Permit to be
obtained. Remove any oil con-
tamination prior to discharge or
transport to an approved onshore
disposal site.

Sewage and Gray water - 4,000 Ga. (4) 680,000 Gal.(1) Use in drilling mud and for rig
wash down. Discharge excess
into Beaufort Sea in accord with
NPDES Permit to be obtained.

Trash - 1,000 1b.(5) 170,000 1b.(1) Incinerate at site.

Combustible materials - wood

boxes, paper, kitchen

wastes, etc.

Junk - 500-1,0001b. 85,000-170,000(1)Transport to an approved onshore
Noncombustible items, such as disposal site.

0il drums, junk, tires,
batteries, etc.

(1) Based on 170 day drilling operation.

(2) Includes approximately 1000 Bbl. of mud to be discharged or injected if 0il contaminated
upon completion of the last of up to 5 exploratory wells projected from Seal "A" Island.

(3) Estimated maximum well depth 13500 feet subsea.
(4) Approximately 30 gal/day sewage and 30 gal/day gray water for average 60-70 persons.
(5) AP-42-Solid Waste Disposal-10 1b/trash/day/person plus drilling rig operation wastes.
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with the Program. Consistency will again be certified in our application for a

Corps of Engineers permit and in our application for an NPDES Permit.

Drilling Mud Components

As required by OCS Order No. 7 for a drilling permit, Table C is a
list of the common names of the drilling mud components that we plan to use and
also includes results of toxicity testing on similar types of muds. Specifically
we plan to utilize a seawater nondispersed mud using bentonite for gel and
barium sulfate as weighting material. References for Table C are contained in
Appendix 5. Given current velocities of two to five cm/sec together with experi-
ence elsewhere which indicates dispersion to background values at about 200
meters from discharge, background values should be attained in about 1.1 to 2.8
hours. During times of ice cover with low phytoplankton production, the impacts
of this mud discharge are expected to be neg]igibie. Because Beaufort Sea
currents are essentially wind-driven during open-water season, dispersion should
occur during a shorter time span again resulting in a negligible adverse impact

on the environment.

Water Supply

Potable water will be obtained from approved land sources in Deadhorse,
deep fresh water lakes in the area or possible desalinization (which will require
an NPDES Permit for discharged salt water) and/or snow melters and treated to

meet Alaska Drinking Water Standards.

Mud Logging Unit

A mud logging unit will be used on all exploratory wells drilled in

the proposed exploration plan. In addition to regular monitoring of the drilling



MATERIAL

TABLE C
BEAUFORT SEA AREA, ALASKA
DRILLING MUD COMPONENTS
SEAL EXPLORATION (5 WELLS)

Bentonite (Gel)
Barite (Barium sulfate)
Caustic Soda

Drispac-Polanionic
Cellulose Polymer

XC Polymer
Separan-Polymer

Lubrikleen-Organic
detergent, lubricant, with amines

Lost circulation material as required

Seawater



TABLE C (CONTINUED)

SUMMARY OF LABORATORY STUDIES ON BIOLOGICAL EFFECTS
OF DRILLING FLUIDS ON MARINE ORGANISMS

This table summarizes the results of bioassays reported in the
Titerature that are most relevant to assessment of drilling fluid
impacts in north temperate and sub-Arctic regions. Results of acute
tests (Table C-1) are generally grouped by study in approximate
decreasing order of relevance.

The bioassays reported in the literature were performed with five
different fractions of used drilling fluid (or some component of dril-
ling fluid) and seawater mixtures. These are designated in the table as:

Layered Solid Phase (LSP). A known volume of drilling fluid is
layered over the bottom or added to seawater. Although little or no
mixing of the slurry is done, the water column contains very fine
particulate fractions which do not settle out of solution.

Suspended Solids Phase (SSP). Known volumes of drilling fluids are
added to seawater, and the mixture is kept in suspension by aeration
or other mechanical means.

Suspended Particulate Phase (SSP). One part by volume of drilling
fluid is added to nine parts artificial seawater. The drilling
fluid-seawater slurry is well mixed, and the suspension is allowed
to settle for 4 hr before the supernatant (100 percent SPP) is
siphoned off for immediate use in bioassays.

Mud Aqueuous Fraction (MAF). One part by volume of drilling
fluid is added to nine parts seawater. The mixture is stirred
thoroughly and then allowed to settle for 20 hr. The resulting

supernatant (100 percent MAF) is siphoned and is used immediately
in the bioassays. The MAF is similar to the SPP except that
longer settling times of MAF allow for a lower concentration of
particulates.



Filtered Mud Aqueous Fraction (FMAF). The mud aqueous fraction

(MAF) or whole drilling fluid is centrifuged and/or passed through a
0.45-u filter eliminating all particulates greater than this size.

SW is used in these tables as an abbreviation for seawater, and
chrome lignosulfonate is abbreviated CLS.
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mud, drilling parameters and drill cuttings, the unit incorporates hydrocarbon
and HZS detection equipment and alarm systems for which the sensitivity can be

preselected. A description of the mud logging unit is included as Appendix 6.

Geophysical Hazards

The Harding-Lawson Associates Marine Geophysical Survey, Tract 42,
Beaufort Sea, Alaska, describes the results of a survey of BF-47. In general, as
recorded by the Harding-Lawson Associates survey, the seabed in the vicinity of
the proposed island location is fairly regular and slopes upward becoming
shallower to the southeast, toward Long Island. The Holocene sedimentary unit is
indicated to be between 4 and 6 feet of sandy silt directly overlying Pleistocene
alluvium. Only one small area of sand waves, indicative of bottom currents, was
observed in the area. Numerous ice gouges were observed in the area which is in
the floating fast ice zone. The depth of incision of all gouges observed was
less than one meter. Relict bonded permafrost is indicated to be 30 to 59 meters
(98 to 194 feet) in this area in HLA/USGS Borings 4 and 5.

High resolution seismic reflection records in Tract BF-47 indicate only
one small area of signal attenuation indicative of acoustically turbid sediments
having a high compressibility due to the presence of interstitial gas bubbles.
This area is located over one mile to the southeast of the island location. No
signal attenuation indicative of hydrocarbon presence was observed at the island
location.

Soil borings at the island site encountered about 6 to 8 feet of silts,

silty clays and silty sands. These materials are fairly hard as indicated by
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resistance to the push Shelby sampler. Underlying these sediments is continuous

sandy, silty gravel grading to cleaner sand and gravel at 20 to 25 feet below the
seabed. Permafrost was not encountered in any of the soil borings at the island

site, the deepest of which penetrated 62-1/2 feet below the seabed.

Seismicity of the area is very low.

Environmental Training Program

State and Federal Lease Stipulation No. 2 requires that any exploration
plan shall include a proposed environmental training program for all personnel
involved in exploration activities (including personnel of the lessees' contrac-
tors and subcontractors) for review and approval by the Director, Division of
Minerals and Energy Management and the Supervisor. Shell 011 Company has parti-
cipated in the cost of the videotape presentation prepared by Mobil, Sohio, and
Exxon which has been reviewed and found satisfactory by the Joint Federal/State
Biological Task Force. The program will be given to all personnel involved in
the exploration activities. These tapes have been edited for industry-wide
application under guidance from the Alaska 0i1 and Gas Association. The tapes
are narrated by qualified instructors to insure that personnel understand and
use techniques necessary to preserve archaeological, geological and biological
resources. The program is designed to increase the sensitivity and understanding
of personnel to community values, customs and lTifestyles in areas in which such
personnel will be operating. The required continuing technical environmental
briefing program for supervisory and managerial personnel involved including
those of Shell, its agents, contractors and subcontractors has also been

videotaped for industry-wide use.
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Island Disposition

Based on present knowledge, we have located the Seal "A" gravel island
at a position that will permit use of the island for both an exploratory and a
development/production plan. If the planned exploration effort fails to esta-
blish the presence of commercial hydrocarbons, we believe that the retention of
the island will be environmentally desirable to provide predator-free resting and
nesting sites for birds as well as a favorable marine habitat. We see no adverse
environmental impacts as a result of leaving the island in place. However, State
Lease Stipulation No. 3 requires removal of all exploratory structures and
restoration of the site to its original condition unless the structure is to be
used for production or additional exploratory drilling or unless it is not in the
best interest of the public or the environment to require removal or restoration.
Authorization to leave the structure in place must be obtained from the Director,
DMEM after consultation with the Department of Fish and Game and the Department

of Environmental Conservation.

Special Restriction

The proposed island site is located inside the 13-meter water depth
line in a Borough subdistrict with special restrictions. At the site, the water
depth of 11.9 meters (39 feet) places the island site in the NSB Deferred Develop-
ment Subdistrict where all petroleum related activites are prohibited until
October 1, 1984, subject to annual review. In event the current NSB ordinance
is extended, we ask for an early review of the October 1, 1984 date.

A proposed NSB ordinance requires that the gravel island withstand two
winter seasons before petroleum activities are initiated. The proposed construc-

tion schedule will allow the island to be exposed to Tate winter ice forces in
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1981-82 and to ice forces during the entirety of 1982-83. Satisfactory perfor-
mance of the island during this exposure period should, in our opinion, satisfy

the two-year requirement regarding island integrity.

Relief Well Discussion

Arctic OCS Orders require provisions to deal with an emergency situa-
tion involving a means of drilling a relief well should a blowout occur.. We
consider this to be an extremely remote possiblity because of extensive pre-
cautions taken to prevent such an occurrence. Fundamental to these precautions
is the training of all personnel involved in the exploratory operations and the
rig safety equipment. All crew and supervisory personnel will be trained in
accordance with OCS Order No. 2 (GSS-0CS-T1). A list of personnel and training
will be available on the rig on request.

In the unlikely event of a blowout, the equipment for building a
relief well drilling island will be mobilized from Deadhorse and Prudhoe to the
location. Contractors are listed in the ABSORB manual. The equipment to be
used and method of transport will depend upon the time of year and weather
conditions. For such an emergency it is customary for all operators in the area
to cooperate in making a suitable drilling rig immediately available. If
required, a rig adapted to transport by a Hercules (C-130) cargo carrier could
be used. Depending upon the time of year, the rig could be transported by
helicopter or an air-cushioned vehicle.

Immediately, supplies such as tubulars and wellhead equipment would be
stockpiled at Deadhorse for use at the relief well. Normal supplies such as
mud, cement, bits, fuel and other items utilized in drilling the relief well and

for killing the uncontrolled well are available at Deadhorse and would be
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transported to the relief wellsite when the site is completed or near completion.
Gravel for the relief well drilling pad will be available at the gravel site for
the Seal "A" Island or from supplies at Prudhoe, depending upon the season.

Transportation during the ice season would be over ice roads already
built and by boat and/or barge during the open-water season. During freeze up
and breakup, transportation will be by helicopter or possibly by an air-cush-
ioned vehicle.

During the ice season, a gravel island of design similar to that pro-
posed herein would be constructed using proven techniques. Because of the
temporary nature of the relief well drilling, an 1s]and somewhat smaller than
the presently proposed island would be constructed. The drilling rig would be
moved onto the site at the earliest time considered safe. Island construction
could proceed until the island size was adequate for the relief well drilling
and supply storage. During the open-water season, island construction would be
by barge and tugs. Relief well island construction will not be attempted during
freeze up and breakup until conditions are deemed safe for personnel and equip-
ment. During any such delays, all possible preparations will be done for trans-
porting and stockpiling materials and equipment to expedite island construction
and drilling of a relief well.

The relief well drillsite will be determined by consideration of fore-
casts of meteorological data, directional survey data from the blowout well and
the indicated required depth of intersection of the relief wellbore with the
blowout wellbore. Water depth would be shallower or similar to that at the
blowout well site. The relief well would always be located away from the blowout

at a distance adequate for the protection of personnel and equipment.
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EXPLORATION PLAN
SEAL PROSPECT

BEAUFORT SEA, ALASKA

APPENDIX I
PROPRIETARY DATA

SHELL OIL COMPANY
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OCTOBER 1981
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APPENDIX 2

The Seal "A" Island Design Documentation
will be submitted approximately
° November 10, 1981.




The drilling rig used for this proposed exploration operations will be
BSI Rig 84 owned by Brinkerhoff Signal Incorporated or an equivalent.
The following is a 1ist and description of equipment for BSI Rig 84.

MAJOR DRILLING EQUIPMENT

Drawworks
I - NATIONAL 110 UE drawworks, 1500 hp, double drum for 1-3/8" 1line,
5/8" sand 1ine and TOTCO instrumentation console.

Brake
1 - PARMAC hydromatic brake.

Engines and Generators

3

BEMAC III generators, 1000 KVA, each driven by a Caterpillar D-398,
912 hp diesel engine.

o
]

ROSS HILL SCR power distribution system.

—
1

BYRON JACKSON 3 1/2" X 130" elevator bails.
-
1

BYRON JACKSON hook, 500 ton capacity.

CONTINENTAL EMSCO MA 50-5 taveling blocks, 500 ton capacity.

Drill Pipe and Collars

11,000' - 5" 19.5# Grade E drill pipe.
4,000 - 5" 25.6# Grade E drill pipe.

12 - 8" X 2-13/16" drill collars.

18 - 6 1/4" X 2-13/16 drill collars.
1000 Barrel Mud System

1 - BRANDT dual shale shaker.
1 - DRILCO degasser.

1 - PICENCO 15 cone desilter with MISSION MAGNUM 5" X 6" pump driven
by GENERAL ELECTRIC motor, 50 hp.

Mast

1 - IDECO full view 145' mast, 1,090,000# gross nominal capacity with
7 sheave crown block.



Substructure
1 - 29' H pin type substructure.

Pumps

2 - CONTINENTAL EMXCO F-1300 triplex mud pump, 7 1/4" X 12", 1300 hp.
Each pump equipped with 2-752 CONTINENTAL EMSCO traction motors.

Rotary Table
1 - NATIONAL C-275 rotary table, 27 1/2" opening, independently driven.

Taveling Equipment

1 - GRAY Type B-44M Swivel, 500 ton capacity.

1 - PICENCO mud cleaner with MISSION MAGNUM 5" X 6" pump driven by
GENERAL ELECTRIC motor, 50 hp.

5 - BRANDT mud mixers, 7 1/2 hp.
DRILLING SAFETY SYSTEMS

Blowout Preventers and Controls

1 - HYDRIL MSP 21 1/4" 2000 psi.

1 - HYDRIL GK 12-5/8" 5000 psi.

1 - HYDRIL double gate V 13-5/8" 5000 psi.

1 - HYDRIL single gate V 13-5/8" 5000 psi.

1 - 13 5/8" 5000 psi drilling spool with 2-4" flanged outlets.

1 - HYDRIL VALCON accumulator closing unit, 180 gallons, 3000 psi.
1 - CHOKE manifold 5000 psi.

Mud System Monitoring Equipment

- Mud pit livel indicator with visual and audio warning devices.
- Mud return indicator with visual and audio warning devices.

1 - 90 barrel trip tank.
- Gas detecting equipment.

Fire Fighting Equipment

17 - ANSULS hand-held extinguisher



CRITICAL OPERATIONS CURTAILMENT PLAN

Certain operations performed in drilling are more critical than others
with respect to well control and for the prevention of fire, explosion,
0il spills and other discharges or emissions. These operations will be
Timited or curtailed when particular meteorological, oceanographic or
ice conditions exist or are predicted. The following are the more
critical operations which will be limited or curtailed.

(1) Well production testing.
(2) Drilling into formations anticipated to be abnormally

pressured.

These operations will be Timited or curtailed if meteorological, oceanographic
or ice conditions are or are predicted to be severe enough to shutdown
logistical support of the drilling operation.
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SECTION I
INTRODUCTION

The purpose of this plan is to direct Shell 0i1 Company personnel in
their response to an oil spill emergency and help them in their prevention and
cleanup efforts by compiling sources of assistance and materials in such a way
that they can be easily located and obtained.

Each recipient of this plan should read it thoroughly and familiarize
himself with the response procedures. Personnel with job assignments under
this plan should pay particular attention to their job descriptions, and the
resources available to help them deal quickly and efficiently with any spill
emergency.

Each recipient of this plan should record any pertinent changes or
additions that come to his attention on his copy of the plan, and also notify
the Division Safety and Environmental Conservation Manager. The Division SEC
Manager will be responsible for notifying other recipients of any changes that
come to his attention.

=1
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1.2
1.3
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NAME OF FACILITY: Seal A

TYPE OF FACILITY: Exp]oraiory Well(s) on a Gravel Island

LOCATION OF FACILITY:

+3,300' FSL and 13,500" FWL of Lease ADL 312799 (BF-47)

Alaska State Zone 4 Coordinates x = 1,800,311.7' (548,736;1m)

y =-6,031,148.7" (1,838,297.8m)
Lat = 70° 29'29.9023"N
Long = 148° 41'33.8465"W
UTM Zone 6 Coordinates x = 1,433,445,3" (436,915m)
y = 25,660,729.5' (7,821,406m)

Water depth at this location is

OPERATOR: Shell 0i1 Company
P. 0. Box 527
Houston, TX 77001
(713) 870-2440
(713) 870-2441

PERSON ACCOUNTABLE FOR OIL SPILL PREVENTION:

W. M. Marshall

Division Production Manager
Pacific Division

P. 0. Box 527

Houston, TX 77001

(713) 870-2440

(713) 870-2441

OBJECTIVE

Up to five wells will be drilled to a subsea depth of approxi-
mately 13,500 feet. The wells will be drilled to evaluate possible
hydrocarbon accumulations. Maximum expected well rates are 50MM CFD
for gas and 5000 BOD for oil.
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1.7 SPILL PREVENTION - CASING & BLOWOUT PREVENTION EQUIPMENT

(1) The Well Casing Programs are designed by Shell and must
be approved by Alaska State and/or U.S. Government 0il
and Gas Regulatory Agencies.

The Casing Programs are designed to provide the capability
of controlling any wellhead pressure that is expected to be
encountered by each individual component.

(2) The Blowout Prevention Equipment listed in the following
Drilling Co. Rig Inventory, meets the known requirements
for well control on the North Slope of Alaska and those
of the Alaska Division of 0i1 and Gas Commission.

(3) Each well program is designed, utilizing the most current
data available regarding subsurface conditions, to meet the
requirements of sub-paragraphs 1 and 2, above. Casing and
BOPE of greater containment capacity will be utilized at any
time the need develops.

(4) Further, the BOP is periodically tested (and repaired as
required) to insure continued performance of this equipment
as specified by the manufacturer.

1.7.1 EMERGENCY SHUTDOWN SYSTEM

Manual controls are provided on the drill floor and at
a remote location from the rig to allow activation of the
BOP equipment.

1.7.2 FACILITY DESCRIPTION

The layout of the rig as assembled in an operating status, is
shown on Figure 1-1.

The drilling rig used for this proposed exploration operations
will be BSI Rig 84 owned by Brinkerhoff Signal Incorporated or
an equivalent. The following is a 1ist and description of
equipment for BSI Rig 84.

I-2a
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GRAVEL ISLAND

Figure 1-1
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MAJOR DRILLING EQUIPMENT

Drawworks
1 - NATIONAL 110 UE drawworks, 1500 hp, double drum for 1-3/8" line,
5/8" sand 1ine and TOTCO instrumentatiqn console.

Brake
1 - PARMAC hydromatic brake.

Encines and Generators

3 - BEMAC III generators, 1000 KVA, each driven by a Caterpillar D-398,
912 hp diesel engine.

1 - ROSS HILL SCR power distribution system.

1 - BYRON JACKSON 3 1/2" X 130" elevator bails.

1 - BYRON JACKSON hook, 500 ton capacity.

1 - CONTINENTAL EMSCO MA 50-5 taveling blocks, 500 ton capacity.

Drill Pipe and Collars

11,00ﬁ' - 5" 19.5# Grade E_drill pipe.
4,000 - 5" 25.6# Grade E drill pipe. |
12 - 8" X 2-13/16" drill collars.
18 = 6 1/4" X 2-13/16 drill collars.
1000 Barrel Mud System

1 - BRANDT dual shale shaker.
1 - DRILCO degasser.

1 - PICENCO 15 cone desilter with MISSION MAGNUM 5" X 6" pump driven
by GENERAL ELECTRIC motor, 50 hp.

Mast

1 - IDECO full view 145' mast, 1,090,000# gross nominal capacity with
7 sheave crown block. '

I-2¢
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Substructure
1-29' H pin type substructure.

Pumps

2 - CONTINENTAL EMXCO F-1300 triplex mud pump, 7 1/4" X 12", 1300 hp.
Each pump equipped with 2-752 CONTINENTAL EMSCO traction motors.

Rotary Table
1 - KATIONAL C-275 rotary table, 27 1/2" opening, independently driven.

Teveling Equipment

1 - GRAY Type B-44M Swivel, 500 ton capacity.

1 - PICENCO mud cleaner with MISSION MAGNUM 5" X 6" pump driven by
GENERAL ELECTRIC motor, 50 hp.

5 - BRANDT mud mixers, 7 1/2 hp.
DRILLING SAFETY SYSTEMS

Blowout Preventers and Controls

1 - HYDRIL MSP 21 1/4" 2000 psi.

1- HYDﬁIL GK 12-5/8" SOOQ_psi.

1 ; HYDRIL double gate V 13-5/8" 5000 ps%.

~ 1 - HYDRIL single gate V 13-5/8" 5000 psi.

1 - 13 5/8" 5000 psi drilling spool with 2-4" flanged outlets.

1 - HYDRIL VALCON accumulator closing unit, 180 gallons, 3000 psi.
1 - CHOKE manifold 5000 psi.

Mud System Monitoring Equipment

- Mud pit livel indicator with visual and audio warning devices.
- Mud return indicator with visual and audio warning devices.

1 - 90 barrel trip tank.
- Gas detecting equipment.

Fire Fighting Equipment

17 - ANSULS hand-held extinguisher .

I-2d
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PRIMARY CONTAINMENT EQUIPMENT

The following specifications apply to the fuel storage and
transfer equipment.

(1) A11 fuel storage tanks are of steel construction. All
fuel storage tanks are atmospheric vessels, with permanently
installed vents.

(2) The fuel discharge connection on each tank is equipped with
manually operating valves.

(3) The fuel tanks have no automatic fluid level control devices.
These tanks are installed, unprotected from the weather.
Arctic conditions frequently cause failure of automatic
control equipment. The tank fuel levels are observed and
controlled manually.

(4) Fuel is transferred to and from the storage tanks through
steel lines, and/or flexible arctic grade fuel handling
hoses. Expansion, contraction and vibration is not trans-
ferred through these flexible sections. All lines have
threaded connections, including quick-connect couplings and/
or unions. All threaded connections are accessible for in-
‘spection and repair, if required.

(5) A11 liquid mud storage tanks are of steel construction. The
mud tanks are atmospheric tanks with open tops. The fluid
level is controlled manually in each tank.

(6) A1l 1iquid mud is transferred through steel and/or high
pressure steel braided hoses, specifically designed for this
application.

(7) Drip pans are located under rig floor machinery to catch
and collect lubricating oil leakage and spillage.

(8) Lubricating products are shipped to the drillsite in drums
which have tested leakproof. Drum handling procedures are
utilized to minimize damage at the drillsite. These drums
are stored at central point(s) to isolate the effects of
any leakage or spillage. No other means of tansporting
these products to the drillsite is currently available.

The cellar constructed around the well under the drilling rig
is excavated and lined with an impervious structural material.
Any fluids spilled into the cellar will be pumped to the reserve
pit. :

I-2e



1.8

1.9

1.10

INSPECTIONS AND RECORDS

Shell 0i1 Company has written instructions incorporated as part
of the well plan for each well as to procedures, test, inspections
and reporting. This plan is very explicit about tripping, hole
filling practices, and blowout preventer hook ups and use. The
Contingency Plan will be on file along with the Well Plan at the
Drill Site. Shell 0il Company's on-site supervisor will be respon-
sible for seeing that procedures are carried out and that proper
records are kept.

GRAVEL ISLAND SITE

The gravel island location will be designed and built to accom-
modate the drilling rig, camp, and necessary supplies for a year
round drilling operation. The location will have a freeboard of 15
feet which is designed to resist ice override and lateral movement
and is above the maximum indicated tide and storm surge based on
observations along the surrounding coast.

If it is desired to later use this island for production purposes,
it can be enlarged to meet this need. Note that in addition to the
15-foot freeboard, a 7-foot berm is planned for the perimeter of the
jsland. Slope protection is also planned to control slope erosion.

The rig and associated equipment and supplies will either be trucked
over ice roads to the location or will be barged during the summer
open water period.

GENERAL SITE DETAILS

The rig location and operating plan will be designed to provide
containment of all drilling operation effluents that could be consi-
dered as pollutants. An impermeable sheet will be placed under the
drilling rig to collect and divert any liquid waste for proper
disposal. In addition to this, drip pans and other containment
measures will be provided under the engines and rig machinery. Good
housekeeping will be stressed on all parts of the location, with
emphasis on minimizing contamination of the peripheral drainage from
the island. Fuel will be stored in double-walled steel tanks located
on an imperveous area inside a gravel berm. An impervious reserve
pit will provide space for emergency discharge of fluids, if required,
and will normally be kept dry to maximize storage capacity.

Additional precautions will be taken to prevent drainage of
hydrocarbons to the sea. After freezeup, the surface of the island
will be sprayed with water to form an impervious ice seal. This
will enhance cleanup of liquids spilled. Also, any spills will be
cleaned up as soon as possible. Snow contaminated by toxic substances
will be incinerated on site or hauled to a disposal site on shore.

The island surface will be thoroughly cleaned after clearing the
island of all drilling equipment.

3



1.1

1.13

Mechanical devices including spill booms and skimming equipment
outlined in the 0i1 Spill Containment and Cleanup Plan will be used
to contain an open water spill. After freezeup, the natural snow
surrounding the location will be used to stop the spread of any
potential pollutants.

ON-SITE SPILL RESPONSE TEAM

Selected members of the drilling and roustabout crew, under
direction of the Shell Drilling Supervisor, will be designated as
the On-Site Spill Response Team. This team, along with on-site
Shell and contract drilling supervisors, will be given periodic
instruction in all phases of pollution control including the
following:

A. Pollution prevention and good rig and location housekeeping
practices.

B. Pollution detection methods under different climatic conditions.

C. Control and containment methods for toxic spills under different
climatic conditions including drills in using the various items
of containment and cleanup equipment listed below.

D. Cleanup and proper disposal procedures.

The ABSORB Manual will serve as a training manual for this
instruction.

The On-Site Team will be responsible for investigating and
hand1ing all minor spills, both on location and between Deadhorse
and the location. This team will be able to handle most minor
operational spills of oil, which will be collected with sorbent
material and disposed of by incineration. At the discretion of the
Shell Drilling Supervisor, additional labor crews and material can
be mobilized from Deadhorse to assist the Spill Team in cleanup.

SHELL OIL SPILL RESPONSE TEAM

For spills beyond the capability of the On-Site Team to contain
or to clean up, the Shell 0i1 Spill Response Team, as outlined in
Section 2.0 will be activated to the degree required by the severity
of the spill up through complete loss of control and blowout of a

well.
LARGE SPILLS

In the event of an uncontrolled blowout, a berm pre-built on
the island perimeter will provide containment. Figure 1-2 outlines
the containment berm. The berm will be constructed of sandbags and
will be approximately 400 feet in diameter. The berm, which is
seven feet in height, will contain over 100,000 BBLS of oil.

1-4
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Assuming a 5,000 BBL per day blowout, the berm could contain up
to 20 days of production. This is considered a maximum probable discharge.

This delay will provide adequate time to (a) activate the 0il
Spill Response Team, (b) evaluate the alternatives available and the
environmental risks posed and to form sound operational judgements
including the possibility of ignition and/or (c) begin relief well
activities.

If 0il threatens to escape the island berm during winter, a
snow and ice berm can be constructed around the island. During the
open water season, containment booms and skimmers will be available.

Shell 0i1 Company is a member of the Alaska Beaufort Sea Qilspill
Response Body (ABSORB) with full access to ABSORB facilities and
management personnel. In addition, equipment and materials are
available through a number of organization and service companies,
such as Crowley Environmental, Arctic 0il1field Environmental Services,
Inc., Gulf of Alaska Cleanup Organization (GOAC), Cook Inlet Response
Organization (CIRO), Alyeska, Sohio, Arco and Exxon.

A complete detailed discussion of Gravel Island oil spill
scenarios, communications, logistics, equipment, cleanup technigues
and environmental data is provided in the "ABSORB 0i1 Spill
Contingency Plan". The ABSORB manual is to be considered as an
integral part of Shell's 0il Spill Contingency Plan. Shell and
ABSORB radios will be distributed as shown in Figure 2-1.

1.14 AVAILABLE EQUIPMENT AND MATERIALS

To allow for deployment of pollution control equipment and
construction of dikes, berms and other structures, the following
equipment will be maintained on location and at Deadhorse:

On-Site At Deadhorse**

1 Caterpillar 966 Front Leader Front End Loaders

1 Caterpillar D-7 Bulldozer Ro11lingons

1 Spill Containment Boom Belly Dumps

(1,500 feet long) Boats, Barges and Tugs

1 0i1 Skimmer Labor Crews

Dispersant & Sprayers Graders, Bulldozers, Trucks

Tankage (1,000 BBL) Ditching Machines
ABSORB Co-op Eaquipment
Burners

Snow Machines
Vacuum Trucks
Dispersants

** Equipment available at Deadhorse is expected to require 6 to 12 hours to
mobilize to the location, dependent upon weather conditions.

I-5
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In addition to the equipment shown above, the following
construction and absorbent materials will be maintained on location

to combat oil spills:

Polyethylene Sheeting and Plastic Bags

10 Rolls - 5/8" x 3' x 150' Absorbent Sheeting

Barite

Bentonite

Lost Circulation Materials (Walnut hulls, cellulose, etc.)
Centrifugal Pumps and Hoses

Hand Tools

Additional spill cleanup equipment including oil mops and sorbent
materials can be mobilized from Anchorage to Deadhorse within 6 to
48 hours. Also, additional personnel and equipment can be rapidly
mobilized from the Alaskan Beaufort Sea 0il1 Spill Response Body
(ABSORB) Organization, of which Shell is a member.

1.:15 CONTAINMENT AND RECOVERY EQUIPMENT CAPABILITY

The above equipment is considered "state of the art" technology
for the environmental conditions in which the equipment will be
used. Contingency equipment and techniques will be effective for
oilspills under, or on, solid ice cover.

1.16 CONTINGENCY EQUIPMENT RESOURCES

Initial response contingency equipment and techniques will be
capable of recovering and storing or disposing of a minimum of 1,000
barrels of oil per day. Additional contingency equipment will be
available in the event of larger oilspills.

1.17 SUPPORT VESSEL/VEHICLES

Vessel/vehicles needed for year-round deploying and operation
of contingency equipment will be available in six hours for initial
response and 48 hours for support response. The crews or operators
of vessels/vehicles used in contingency operations will be trained
and familiar with the equipment deployed and operated by or on the
vessel/vehicle.

1.18 DISPERSANTS (PRIOR APPROVAL REQUIRED)

Equipment for applying chemical dispersant will be available
for use within a six hour response time. Enough chemical dispersant
will be maintained on the island to continue application of dispersants
until additional dispersants are available from secondary sources.
The decision to use dispersants will be made using the criteria and
procedures set forth in the Annex X of the National Contingency
Plan. NOTE: Prior approval required.
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1.20

1.21

1.22

SUPPORT PERSONNEL

Dedicated pollution response personnel shall be provided and
available at the ABSORB warehouse at Deadhorse to insure that the
equipment availability, capability, and response times can be met.

A professional c1eaﬁup manager will be available from ABSORB to
direct pollution response efforts when the spill is beyond the
capability of the on-site crew.

ABSORB EQUIPMENT ACQUISITION LIST

A detailed 1ist of existing ABSORB equipment is shown in
Section 4.

DRILLS

Shell or a contractor serving Shell will hold drills for famili-
arization with pollution control equipment and operational procedures.
This will be done upon placement of the drilling rig on location
prior to drilling operations and every six months thereafter, or
upon continuation of the drilling operation into a new seasonal
environmental condition (i.e., from ice cover to open water),
whichever is first.

The personnel identified as the onsite 0il spill response
operating team in the Contingency Plan shall participate in these
drills. The drills shall be realistic and shall include deployment
of equipment. A time schedule with a list of equipment to be deployed
will be submitted to the USGS-DCM, Offshore Field Operations, and to the
Director, Alaska Department of Minerals and Energy Management for approval.
The drill schedule will provide sufficient advante notice to allow
U.S. Geological Survey personnel to witness any of the drillls aBriilils
will be recorded, and the records will be made available to U.S. Geolo-
gical Survey personnel.

TRAINING

Shell will ensure that training classes for familiarization
with pollution-control equipment and operational procedures are
provided for the oil spill response operating team.

The supervisory personnel responsible for directing the oil
spill response operations will receive oil spill control instruction
suitable for all seasons. Shell will retain course completion
certificates or attendance records issued by the organization where
the instruction was provided. These records will be available to
any authorized representative of the U.S. Geological Survey upon

request.
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OIL SPILL TRAINING PROGRAMS

ABSORB has begun a series of oil spill training schools geared
specifically to the kinds of hardware/techniques used in the Beaufort
Sea. These schools provide both classroom instruction and hands-on
experience at the warehouse and in the field. A detailed description
of planned schools is presented in Section 5. Selected Shell personnel
and contractor representatives will attend these schools.

SITE SURVEILLANCE

Under normal drilling operations the Shell Drilling Supervisor

will be responsible for conducting frequent reviews of the drill

site to ensure that equpment maintenance is kept up to standards and
that proper on-site procedures are followed. The items to be checked
during site surveillance include, but are not limited to:

1. Mechanical condition of tankage, lines and pumps. (Daily)

2. Correct positioning of flowline valves. (Installation)

3. Operation of relief valves. (Keekly)

4. Fluid levels in drip pans, containment pits, etc. (pajily)
Condition of drains (ensure clean and unfrozen). (Daily)

General condition and cleanliness of rig. (Daily)

Condition of spill removal equipment and material. (Daily)

® N o o

Proper operation of sewage treatment facilities. (Continuous)
9. Snow removal status. (Daily)
10. Check outer edges of location to be sure no seepage from pad. (Daily)

In addition, the following procedure will be followed while operating
on these locations:

1. The Shell Drilling Supervisor will designate "Briefing Areas"
where all personnel will meet in case of emergency and where
emergency equipment will be kept.

2. The site will be equipped with a Shell operated radio system.

3. A list of current emergency telephone numbers and a map of the
local area will be maintained by the Drilling Supervisor.
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1.26

NOTIFICATION REQUIREMENTS (See Pages 3-10 thru 3-13)

In the event of an oil spill, the Shell Drilling Supervisor
shall immediately contact the Anchorage Office and issue a report
including the following information:

A. Date and time spill occurred or was first observed.
Where spill occurred and present location.

Estimate of amount and type of material spilled.
Environmental conditions (temperature, wind, etc.).

Description of area likely to be affected.

Cause of spill.

F:_ﬂ-imclncu

Action taken to combat spill.

The Shell Drilling Supervisor will be responsible for making
contact with Division Drilling, Legal, and all required governmental
agencies. General procedures for the Supervisor to follow in this

regard are:

A. Contact U.S. Coast Guard by telephone and notify that spill has
occurred and is being investigated, only if the spill threatens
to enter any navigable waters (lakes, streams, ocean and/or

jce).

B © Notify Alaska Department of Environmental Conservation by

telephone for spills within three-mile limit.

C. Notify Headquarters Drilling of the spill providing available
details.

D. Contact USGS By telephone immediately i¥ spill is areater than 4
6.3 BBLS and with 12 hours if less than 6.3 BBLS. :

OIL CONTAINMENT PLAN

A. Before Freezeup (Summer Operations)

In the event that an oil spill occurring before freezeup
at the location cannot be contained on the drill site or in the
contingency pit and pollutants reach open water, the following
steps will be taken to contain the oil spill:

1. Stop the spill at its source unless it is the result of an
uncontrolled blowout, in which case see Uncontrolled
Blowout Plan.

-
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2. Mobilize all equipment required to contain the spill
fluid.

3. Ascertain the direction of current (general direction in
which the spill is moving).

4. Using boats, deploy the spill containment boom to surround
the spilled fluids, block the fluid flow, and collect the
spilled fluids. As the 1,500 feet of boom will not surround
the entire perimeter of the island, it will be necessary
to place the boom to block the expected path of spill
migration. A typical deployment diagram is shown in the
attached Figure 1-3.

5. Once the spill containment boom is in place, deploy the
0i1 skimmer directing it into the location of the highest
0il concentration.

6. Make a sweep periodically of the outside perimeter of the
containment boom to assess whether any oil has escaped to
open water.

7. Mop up any residual fluids with absorbent materials and
recover all contaminated ice, snow, and gravel, placing
contaminated materials in containers for disposal.

During Freezeup

During freezeup limited operations may be possible to
contain and mop up spilled fluid depending upon the extent of
the ice cover and ice conditions.

If sufficient ice leads exists to allow navigation of
small boats in and through open ice, the following proce-
dures may be initiated:

a. Deployment of the spill containment boom may be
feasible if open water exists around the drill site

area.

b. The 0il skimmer may be deployed in large ice leads to
mop up isolated spills.

c. Sorbent materials should be used where applicable to
clean up oil spilled in small ice leads.

d. An oil mop can be used in conjunction with a small
boat to recover floating oil slicks in ice leads.

If sufficient ice leads do not exist and/or only a thin
continuous ice layer exists, the general perimeter of the
spill should be staked and movement of the spill area

I-10
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NOTE:

Revised 9/29/81

closely monitored. In this case, the procedure will be to
allow the ice pack to freeze sufficiently so that equipment
and personnel can be mobilized for cleanup procedures
jdentified in the after freezeup section.

SAFETY OF PERSONNEL IS A MAJOR CONSIDERATION WHILE
CONDUCTING CLEANUP OPERATIONS DURING THE PERIOD OF
FREEZEUP, PERSONNEL SHOULD NOT OPERATE ON ICE PACKS
HAVING QUESTIONABLE INTEGRITY OR ON FREE-FLOATING ICE.

0i1 entering the water during freezeup will eventually
become entrained in the sheet ice. Later into the winter, this
0il could be mechanically recovered or burned in place as
conditions warrant.

After Freezeup (Consolidated ice pack existing.)

After freezeup the primary defense outside the island
perimeter will be the naturally occurring snow on top of the
jce. Recent information indicates this is preferable to
building a snow berm around the location for limiting the
spread of a spill.

Cleanup operations after freezeup should be aided by the
increased viscosity of fluids at low temperatures. Recovered
fluids and contaminated cleanup materials (snow, ice, absorbents,
etc.) should be placed in steel containers for disposal.

Breakup

As spring breakup approaches, any oil that has been frozen
into ice will tend to rise to the surface through brine drainage
channels in the sea ice. This o0il could be mechanically recover-
ed or burned in place as conditions warrant.

Access to a spill site during breakup will be provided by
helicopter or hovercraft, amphibious vehicles or specialized
boats.

As more and more ice melts with the coming of summer,
small boats and specially-designed skimmer vessels could be
employed to remove any oil that may have been trapped by or on
the ice.

Recovered 0il could be burned offshore on a barge, or
transported to the onshore gravel extraction pit (previously
used for island construction) where it could be incinerated,
injected back underground through a Prudhoe Bay disposal well,
or salvaged and processed for flow through the trans-Alaska
pipeline with other oil produced from the Prudhoe Bay field.

I-11-



3.27

1.28

1.29

SPILL CLEANUP PROCEDURES

The spill cleanup efforts at the locations will be directed
toward returning the affected area to as near natural state as
possible. Minor spillage of fluid will be cleaned by use of
absorbent materials and recovery of contaminated materials such as
gravel, etc. These soaked materials will be placed in containers
for future disposal. Major oil spillage will be handled by use of
conventional skimming equipment. Snow, absorbent materials, and
other contaminated materials will be recovered and processed by
incineration.

FUEL TRANSFER PROCEDURES

Operations involving fuel transfer are critical in that mistakes
occurring at this time will likely lead to an oil spill. It is the
Drilling Supervisor's responsibility to ensure that proper procedures
are implemented during each fuel transfer. General guidelines for
these operations are:

A. Ensure by testing or inspection that all equipment and lines
are in proper working order before each transfer begins. Lines
are to be pressure tested to 1.5 times the maximum anticipated
transfer pressures.

B. Review procedures with all personnel involved to ensure that
everyone knows his job.

C. Double check that all valves are positioned correctly before
transfer begins.

D. Make a visual inspection of equipment once transfer begins.
Keep track of volumes and pressures during pumping. Shut down
operations immediately at the first sign of pressure loss or
leakage.

ABSORB COASTLINE SENSITIVITY ATLAS

If a major oil spill occurs in the nearshore Alaska Beaufort
Sea, it is possible that not all spilled oil will be contained and
cleaned up offshore. 0il escaping containment will Tikely move east
southeast down wind toward sections of the Beaufort Sea coast.

Since it is not possible to protect an entire coastline, methods
have been developed to evaluate the relative sensitivity of each
stretch of coast so that the most sensitive areas threatened by a
spill can be protected first. 0il spill countermeasures can then be
directed at minimizing the impact of the oil on other threatened
areas.

=1L



ABSORB is now developing a Coastline Sensitivity Atlas showing
locations and rankings of sensitive areas, along with specific
methods to protect each area from an oil spill.

The draft atlas is currently (July 1981) being reviewed by
interested government agencies. The final study should be complete
and available for utilization by Shell and ABSORB by the end of 1981
before drilling commences on the island.

For each segment of Beaufort Sea coast, the Coastline Sensitivity
Atlas will identify response priorities based on the variety of
factors that can influence the behavior of an oil spill, i.e.,
currents, wind, ice and the biological, social and economic values
to be protected. The completed atlas will describe countermeasures
recommended to minimize the impact of the spill on particular environ-
ments. The countermeasures and priorities for protection given in
the atlas will be subject to periodic review and revision as informa-

tion becomes available.

1.30 OIL SPILL HANDBOOK

An 0i1 spill handbook is currently being compiled by ABSORB and
will be available by November 1, 1981 before drilling commences on
the island.

1.31 UNCONTROLLED BLOWOUT (RELIEF WELL) PLAN

A. Scope

This section of the Contingency Plan covers action to be
taken to initiate relief well operations in the event of an
uncontrolled blowout in the area of operations. The possibility
of this occurring is considered extremely low because of the
extensive precaution to be taken to prevent loss of well control.
This section does not deal with control of pollution resulting
from the blowout. This is dealt with in the ABSORB Manual.

B. Well Ignition

The blowout well will be ignited at the discretion of the
on-site Shell Senior Supervisor if there is immediate danger to
personnel. Otherwise, the well will be ignited for safety and
to 1imit the potential for adverse environmental impact only
after evaluation of the alternatives available and after discus-
sion with Shell management and the proper govermental agencies.

C. Equipment and Supply Mobilization

In the event of a blowout, all equipment necessary for
constructing the relief well pad would be immediately mobilized
from Prudhoe to the location. The equipment used and transpor-

=13



tation method will depend upon the time of the year and availa-
bility. The ABSORB Manual contains comprehensive lists of
construction companies located at Prudhoe. A drilling rig will
also be located at this time and planned for mobilization as
soon as the pad is available.

The relief well drilling rig could be any industry rig in
current arctic service. If all adequate rigs are under contract
and in use at the time of the spill, current oil industry
practice dictates that one or two will be released from their
commitments to enable their use for relief well service.

If necessary, as a last resort, a Herc transportable rig
could be flown into Deadhorse from another area.

Depending on the time of year the blowout occurred, it may
be necessary to obtain a helicopter transportable rig. Supplies
and equipment required for drilling the relief well would be
obtained and located at a staging area at Deadhorse to permit
rapid transportation to the location as soon as the relief well
pad was completed. Gravel for the relief well pad would probably
be obtained from the same gravel source as the original island
or from Prudhoe sources during the open water season. It is
anticipated that most rig and supply movement will take place
over existing ice roads or by tug and barge during the summer
season. During the periods of breakup and freezeup, all trans-
portation will be by airplane, helicopter, or possibly air
cushion vehicles.

Relief Well Location

The optimum location for a relief well pad is dependent
upon several factors existing at the time of the blowout,
jncluding blowout well depth and both current and projected
wind and current conditions at the location. In this nearshore
area, currents are strongly influenced by wind direction. Wind
patterns have been recorded on a monthly basis at the Prudhoe
airport. An attempt would be made to place the location in
minimum water depth at a distance from the blowout well to
provide optimum directional drilling parameters for the relief
well. 1In case the blowout well was directional, an attempt
would be made to locate the relief well pad such that the
relief well could be drilled as nearly as possible as a straight
hole to intercept the blowout wellbore. In all cases, the
relief well pad will be placed a sufficient distance from the
blowout well to ensure personnel and equipment safety for the
duration of the anticipated drilling program. It is anticipated
that in most cases the relief well pads would be located in
water depth similar to the original pad.

I-14
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E. Pad Construction

After freezeup a gravel location large enough to accommodate
the drilling rig and ki1l equipment would be constructed using
construction techniques similar to those used for the original
pad. A1l available equipment that could be used efficiently
would be utilized. As soon as pad size is large enough to
support the drilling rig and associated drilling support
equipment, the rig and equipment may be mobilized to the pad
over ice roads, ice conditions permitting. Pad size could then
be expanded as necessary to accommodate the kill equipment and
fluids which will not be required until the relief well is
drilled to TD. Another possibility, depending on timing, is
that the kill equipment could be brought to the location on
barges after breakup.

During open water periods, a relief well gravel location
would be constructed by the proven technique of using barges
and tugs to transport the gravel from the Prudhoe Bay West Dock

to the location.

During periods of breakup and freezeup, pad construction
would not be attempted until such time as conditions were safe
for personnel and equipment to operate. In this case, all
supplies, equipment, and material necessary for construction
would be assembled at the nearest staging point such that
construction could begin immediately when safe to do so.

1.32 CONTINGENCY PLAN UPDATING PROCEDURES

Each recipient of this plan should record any pertinent changes or
additions that come to his attention on his copy of the plan, and also
notify the Division Safety and Environmental Conservation Manager. The
Division SEC Manager will be responsible for notifyina other recipients
of any changes that come to his attention.

Annually, a notice will be distributed to all plan recipients
advising that this plan is being updated. Each recipient should reply
by including any recommended changes at that time. In this manner, the
plan can be kept current.

115



1.3.3

Revised 9/29/81

DISPOSITION OF OILY EFFLUENT FROM SECONDARY CONTAINMENT

The inventory of equipment for the drilling rig includes an
incinerator. Disposition of oily waste materials will be
in accordance with the following procedures.

(1) A1l used engine 0il, machinery lubricants of any kind,
and small volumes of spilled and recovered fuel oils
will be burned in an incinerator.

(2) A1l absorbent materials used for oil spill clean-up
which are combustible will be incinerated.

(3) A1l burning operations will be conducted under the
direction of Shell's On-Site Representative and the
terms and conditions of our burning permits.

(4) The Rig Superintendent, with the approval of Shell's
Drilling Supervisor, will supervise the execution of
burning operations for the disposal of all oil waste
materials remaining in the reserve pit upon completion of
drilling operations, and at any other time justified.
This procedure will be followed for disposing of any oily
waste residue on any portion of the drillsite and/or campsite.

I-16



2, ORGANIZATION AND NOTIFICATION PROCEDURES:
2.1 General Organization

The purpose of this section is to describe Shell's administrative organization
and the assignment of duties for an oil spill cleanup operation. The procedures
for documenting spills are also discussed, along with guidelines for coordination
with the government, the media, and the public.

Figure 2-1 shows the organization which would be required for a full-scale

response to a major spill. For a small spill, only the Operations Manacer

and several members of his staff may be needed, depending on the particular
expertise required. In some cases each supervisor may elect te assume the

responsibilities of all or several of his coordinators.

The Operations Manager will obtain as much labor support as necessary at the
time of an actual spill emergency. This help will come from contractors or
from internal Shell sources as deemed feasible.
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Proper record-keeping is essential to an efficiently
rum cleanup operation and is the responsibility of all
mesbers of the response team. All coordinators will report
daily to the Documentation Coordinator or at a minimum,
provide documentation of key transactions and decisions to
ensure that a complete spill history is being maintained.
The subject of record-keeping is addressed in more detail in
Section 2.3.

The following subsections contain detailed descriptions
of the duties of each member of the Operations Manager's

staff. -

2.2 - Response Team Job Descriptions

OPERATIONS MANAGER

In compliance with company policy and in coordination
with senior management, has complete responsibility and
total authority for directing field operations and for
making or revoking decisions regarding procedural

matters.

s Reports directly to spiller company management and
represents their interests throughout the cleanup
operation.

! Is the only member of the Response Team with authority

to contract for services and equipment from ABSORB or
other sources. He may delegate this authority to the
Logistics Supervisor.
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Establishes the field command post.

Directs all line supervisors.

Establishes priorities on use of radios and telephones.

With the daily input of his supervisors, monitors the
spill and its cleanup to determine if more manpower

and/or equipment are required.

Oversees and approves the deployment of men and equip-
ment.

Approves the movement and activities of all visitors
(press, public, etc.) on-scene. Provides liaison with
these groups as necessary through the Support Services
and Logistics Supervisors.

Clears all press releases after they are checked by the
Legal/Insurance Coordinator and sends them on to
spiller company upper management for approval.

Meets routinely with government on-scene observers and
as necessary with Regional Response Team (RRT) personnel
to discuss cleanup plans and priorities and the ade-
quacy of results.

Directs preparation of daily reports and a final written
report on the cleanup operation, with assistance from
the Documentation Coordinator.



LOGISTICS SUPERVISOR

Supports the field operation by acquiring and sending
to the spill site the manpower and equipment requested

by the Operations Manager.

Is responsible for directing the efforts of the Communi-
cations Coordinator, Manpower Coordinator, Equipment/
Materials Coordinator, Transportation Coordinator, and
the Food/Housing Coordinator.

Depending on the size of the spill cleanup operation,
may elect to assume the responsibilities of one or
several of these coordinators. :

Communications Coordinator

Sets up and maintains the field communications system.

Sees that a detailed log of all communications (other
than routine operational transmittals) is kept by
command post personnel manning telephones and radios.
"Provides this log to the Documentation Coordinator.

Checks out portable radios to authorized personnel
according to the provisions of this contingency plan.

Assigns a dispatcher as necessary to take and relay
messages.
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Manpower Coordinator

Arranges for manpower needs as requested by the cleanup
coordinators.

Keeps time records of all workers.

Keeps current list of all personnel involved in the
cleanup operation.

Provides necessary personnel information to the Accoun-
ting Coordinator for maintenance of payroll records.

Equipment/Materials Coordinator

Serves as the clearinghouse for requests for equipment
and supplies.

Maintains careful records of ) company,
contractor, and other equipment being used. Records
should cover such items as location of use, hours of
use, supplies used, spare parts and replacements needed,

etc.

Sets up and runs a maintenance shop for equipment being
used for the cleanup operation.

Manages mechanics and laborers assigned to maintenance.

Provides spare parts and gas, oil, and other supplies
as needed for cleanup equipment.

Spot checks contractor maintenance procedures on criti-
cal equipment.

Handles inventory and distribution from staging areas.

oy
1%

Transportation Coordinator

Arranges for transportation of all personnel and mater-
jal to the spill site.



Coordinates with airlines, service companies, etc. tO
fill requests for transportation.

Combines small shipments into larger ones to reduce
equipment use.

Keeps careful records of requests and expenditures.

. i sl Establishes and manages a
staging area for shipment of men and materials to the

spill site.

Food/Housing Coordinator

At the request of the Operations Manager, arranges for
the mobilization of required portable camp facilities.

Coordinates meals and lodging at available facilities
at Prudhoe Bay.

Supervises efforts of workers assigned to food prepara-
tion and housekeeping at the portable camps.

Arranges for acquisition and delivery of food supplies.

TECHNICAL SUPERVISOR

Is responsible for providing the Operations Manager and
the other supervisors with the technical information
they need on equipment and the environment and for
ensuring the safety of the operation.

Directs the Environmental Coordinator, the Safety
Coordinator, and the Engineering Coordinator, but will
assume their roles for a smaller operation. '

i S s

T —— o - i - -

"Environmental Assessment Coordinator

Maintains liaison in the field with environmental/
scientific representatives of governmental agencies.
Coqrdinates with the Government Liaison Coordinator.

Provides the Operations Manager with damage assess-
ments.
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Surveys the spill area
and advises the

Operations Manager of environmentally sensitive areas
to protect.

Responds to requests for technical information concern-
ing environmentally sensitive areas.

Coordinates wildlife rehabilitation activities.

Provides liaison between the spiller company and en-
vironmental groups.

Monitors the spill cleanup to ensure pTroper cleanup and
restoration procedures are followed.

Establishes sampling programs to determine the environ-
mental effects of the spill.

Maintains an awareness of the coastal ecology in the
response area.

Maintains up-to-date files of environmental information
on the response area.

Works with the Engineering Coordinator to determine
best disposal techniques.

Works closely with the Dispersal Coordinator and
Government Liaison Coordinator on questions of use of

dispersants.
Advises the Operations Manager on adequacy of cleanup.

g Establishes liaison as required

with environmental specialists from other companies or

consultants. Obtains from the National Weather Service
and other sources weather and ice forecasts, satellite

photos, and information on tides and currents.

Safety Coordinator

Determines precautions to be taken to minimize the
hazards of explosion, fire, vapor inhalation, or any
other possible accident.

Regularly inspects the scene of the cleanup operation
to identify and eliminate safety hazards.

Checks safety features of equipment being sent to the

spill site and advises on safe operation of all equip-
ment.
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Dispenses first-aid, safety, and survival equipment and
maintains the inventory of these items.

Coordinates the staging of fire control equipment.

Arranges for procurement and distribution of safety
equipment and survival gear as requested by the Logis-
tics Supervisor.

Contacts first-aid centers at the North Slope and
hospitals in Anchorage and Fairbanks to prepare them
for possible injured Response Team members.

Engineering Coordinator

Determines the magnitude of the spill and associated
flowrates.

Monitors spill movement and behavior.

Advises the Operations Manager on technical aspects of
containment and cleanup, i.e., adequacy of techniques
and equipment, effects of ice and reduced temperatures,

etc.

Advises on physical/chemical aspects of ice loading,
0il combustion, strength of materials, etc.

Works with the Environmental Coordinator to determine
best disposal techniques.

g = e - Provides needed technical
information From company files and establishes liaison
as necessary with engineers from other companies and

with consultants.

SUPPORT SERVICES SUPERVISOR

Handles the public affairs, legal, governmental, and
financial aspects of the cleanup operation.

Is responsible for providing clerical help and security
for the cleanup operation.

Supervises the Documentation Coordinator, Government
Liaison Coordinator, Security Coordinator, Accounting
Coordinator, Legal/Insurance Coordinator, and Public
Affairs Coordinator and may assume their functions for
a small operation.

The Support Services Supervisor and his staff maintain
close liaison with any counterparts in Anchorage.
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Documentation Coordinator

Keeps a detailed daily log of the following:

° Events and their timing
° Communications by radio or telephone (other than

routine operational transmittals)
° Minutes of meetings

Uses the log to write brief narratives of each day's
events for distribution to management and for use in
the spill history.

Coordinates the record-keeping of all other staff
members to ensure that the proper data is being re-

corded.

Arranges for a photographer to record important events
of the spill cleanup.

Maintains a complete file of all correspondence, Te-
ports, data sheets, etc. on the cleanup operation.

Arranges for the collection of newspaper clippings and
other information on media coverage of the spill clean-
up operation. Includes monitoring radio and television

broadcasts.

Assists in the preparation of a comprehensive final
report and in submitting required reports to government
agencies (this task is to be coordinated with the
Government Liaison Coordinator).

Government Liaison Coordinator

Reports the spill to appropriate local, state and
federal agencies as requested by spiller company upper
management.

At the request of the Operations Manager, obtains
necessary government approvals and permits for actions
subject to regulation such as use of dispersants,
access to lands, location and use of disposal sites,
use of government-owned equipment, etc. Coordinates
with the Environmental Coordinator on these matters.
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Establishes and maintains contact with representatives
of government agencies and conveys information and
requests to the Operations Manager.

With approval of the Operations Manager, arranges for
observation visits to the spill site by representatives
of government agencies and serves as a guide during
these visits.

Works closely with the Environmental Coordinator,
sharing the responsibility of conducting site visits
with government on-scene observers.

Serves as spiller company representative to
the Regional Response Team Oor any other committee
formed by government to assist in the cleanup.

Keeps accurate notes for use in the spill history.

Security Coordinator

Insures that only authorized personnel enter the field
office and spill cleanup zone.

Assigns security officers to area as required.

With approval of Operations Manager, issues passes 1O
members of the press, government agencies, and other
visitors.

Provides badges as necessary for Response Team
and support (contract) cleanup personnel.

Accounting Coordinator

Documents labor, materials, and services used for the
cleanup operation. Keeps records of:

Labor breakdown by hours and rates
Equipment rentals

Materials and supplies purchased or rented
Time and contracts cost

Freight charters

Food and lodging

o 0o 0 0 0 O

Prepares bills, pays invoices, and audits contractors
as necessary.
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Advises the Operations Manager of costs and prepares
daily cost forecasts.

Assists in preparation of a detailed financial report
at end of project.

Legal/Insurance Coordinator

Provides legal advice to the Operations Manager to
point out potential legal actions and areas of
liability.

Is thoroughly familiar with all applicable local,
state, and federal laws and regulations affecting the
member company's cleanup efforts.

Advises the Documentation Coordinator at the start of
an operation of which records are necessary to properly
document the spill and cleanup operation in anticipa-
tion of potential lawsuits and insurance claims.

Reviews press releases. .

Provides qualified claims adjusters to investigate
claims of damage.

Obtains rights-of-way and permits as necessary for a
cleanup operation.

Handles inquiries from insurance companies and accom-
panies claims adjusters on tours of site.

Public Affairs Coordinator

Deals with the news media as stipulated in Section 2.4,
Public Relations.

Coordinates with public relations representatives
assigned to the spill site.

Prepares regular press releases and statements for
release after approval by spiller company management,
the Operations Manager, and the Legal/Insurance Coor-

dinator.

Arranges for and chaperones tours by members of the
news media.
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Maintains a close working relationship with the news
media, government agencies, conservation groups, and
public organizations during the cleanup operation.

Keeps accurate notes for use in the spill history.

CLEANUP SUPERVISOR

Is responsible for directing the cleanup crews.

Directs the Containment Coordinator, Recovery Coor-
dinator, Storage/Transfer Coordinator, Disposal Coor-
dinator, and Dispersal Coordinator, but will assume
their roles for a small cleanup operation.

Containment Coordinator

Directs all containment operations.

Determines action required and assigns work crews and
equipment.

Arranges for men and equipment through the Logistics
Supervisor.

Monitors performance of field foremen and work crews,
directs crew shifts, settles disputes, insures that
safety procedures are followed, and signs daily work-
sheets.

Recovery Coordinator

Directs operation of oil recovery equipment.

Determines action required and assigns work crews and
equipment.

Arranges for men and equipment through the Logistics
Supervisor.

Monitors performance of field foremen and work crews,
directs crew shifts, settles disputes, insures that
safety procedures are followed, and signs daily work-
sheets.
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Storage/Transfer Coordinator

Directs the movement of oil from recovery devices to
transfer vessels to storage or disposal locations.

Determines action required and assigns work crews and
equipment.

Arranges for men and equipment through the Logistics
Supervisor.

Coordinates with the Recovery and Disposal Coor-
dinators.

Monitors performance of field foremen and work crews,
directs crew shifts, settles disputes, insures that
safety procedures are followed, and signs daily work-

sheets.

Disposal Coordinator

Arranges for disposal of oil and oily waste as directed
by the Cleanup Supervisor.

Checks with the Government Liaison Coordinator to
ensure that government approval has been obtained for
in-situ burning, incineration, and any other disposal
techniques requiring government approval.

Arranges for men and equipment through the Logistics
Supervisor.

Monitors performance of field foremen and work crews,
directs crew shifts, settles disputes, insures that
safety procedures are followed, and signs daily work-

sheets.

Dispersal Coordinator

Directs any dispersal operations at the request of the
Cleanup Supervisor and only after requisite government
approvals have been obtained through the Government

Liaison Coordinator.

Arranges for men and equipment through the Logistics
Supervisor. )

Coordinates with the Environmental Coordinator.

Monitors performance of field foremen and work crews,
directs crew shifts, settles disputes, insures that
safety procedures are followed, and signs daily work-

sheets.



DRILLING SUPERVISOR

Responsible for ongoing drilling operations in the event that additional
rigs are brought in to assist in emergency situations, i.e., to drill
relief wells, etc.

Drilling Coordinator

Advises Drilling Supervisor on operational aspects of techniques and
equipment required for relief well or other activities.

Engineering Coordinator

Advises Drilling Supervisor on technical aspects of techniques and
equipment required for relief well.

Provides needed technical information from Company files and establishes
liaison as necessary with engineers from other companies and with consultants.
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2.3 DOCUMENTATION PROCEDURES

Because of potential legal and public relations prob-
lems, the maintenance of thorough records of all events
which transpire during an oil spill cleanup operation is
extremely important. The early hours of a spill response
are extremely hectic, with the potential for numerous con-
flicting requests. A complete log of events and communi-
cations makes the task of reconstructing the spill much
easier. The following paragraphs present instructions for

maintaining the necessary spill history information.

2.3.1 Initial Reporting

Figure 2-3 is a copy of the Initial Report Form to be

filled out.

Several government agencies require verbal reports of
a spill, and it is the responsibility of the spiller company
to see that these reports are made. Either a telex or
.'letter should be sent immediately to provide documentation
of the verbal report. A verbal reporting checklist is

presented in Figure 3-8 in Section 3.

2.3.2 . Spill Logs

The principal spill log will be maintained by the

Operations Manager, with assistance from the Documentation
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FIGURE 2-3

INITIAL REPORT FORM

I. SPILL DATA

TIME OF CALL DATE

PERSON REPORTING SPILL

AFFILIATION
(Specify) . Company
Government Agency
SPILL LOCATION TYPE OF OIL EST. GRAVITY___

SPILL SOURCE (Blowout, Tank rupture, etc.)

VOLUME/ FLOWRATE FLOW STOPPED? ] Yes ] No

SPILL DESCRIPTION (Into Water? Ignited? Areal Extent? Etc.)

ACTIONS TAKEN (Briefly):

EQUIPMENT DEPLOYED (Major Pieces);

AGENCIES NOTIFIED
II. ENVIRONMENTAL CONDITIONS AT SITE

WIND (Speed § Direction)

TEMPERATURE VISIBILITY

ICE CONDITIONS

SEA STATE

ENVIRONMENTAL DAMAGE (Real or Potential)




INITIAL REPORT FORM

I1I.

INVOLVEMENT

EQUIPMENT REQUESTED (Specify quantity of each)

Facilities

Office Equipment

Warehouse Equipment
Miscellaneous Tools & Equip.
Field Command Post

Field Camp

1

Transportation

Workbeat
Jon Boat

Detection
Gas Detector

Curremt Meter
Ice Amger

|

Containment

Heavy-Duty Containment Boom
Compactible Containment Boom
Boom Accessories

Recovery

Rope Mop Skimmer

Vessel SkimmeT

Portable Weir-Type Skimmer
Sorbemts

Storage

Portable Containment Device
Towable Bladder
Bladder Tank

111

Transfer

Arctic Hose & Fittings
— Pump (Viscous)
— Pump (Diaphragm)
— Pump (Centrifugal)
— Trans-Vac System

DisEosal

Igniters
— Burner
— Incinerator
—  Dispersant
— Dispersant Boat Equip.

Logistical Support

Radios

Communications Trailer

Bird Rehab. Equip.

Bird Scarer § Float

Generator

Auxillary Lighting System

Air Compressor

Heater

First-Aid Equipment

Chain Saw

Flotation Suit/Life Vest

Arctic Clothing & Equip.

Field Response Kits w/
hand tools

Welder's Tent

R ARARETATE

RESPONSE TEAM (Specify Members Requested)

OPERATIONS MANAGER
LOGISTICS SUPERVISOR
Commmmications Coordinator
Manpower Coordinator
Equipment/Materials Coord.
Transportation Coordinator
Food/Housing Coordinator
TECHNICAL SUPERVISOR
Environmental Coordinator
Safety Coordinator
Engineering Coordinator

.

[T

¥ Most likely to be mobilized

™~
]

N

-

*

SUPPORT SERVICES SUPERVISOR
Documentation Coordinator
Government Liaison Coord.
Security Coordinator
Accounting Coordinator
Legal/Insurance Coordinator
Public Affairs Coordinator
CLEANUP SUPERVISOR
Containment Coordinator
Recovery Coordinator
Storage/Transfer Coord.
Disposal Coordinator
Dispersal Coordinator

LR



Coordinator. Any log book should be sturdily bound (not
loose leaf) with consecutively numbered pages, and all
entries are to be made in handwriting jn ink, dated, and
signed by the person making the entry. Each page should be
used completely; any unused space should be crossed out.
All corrections must be initialled and dated. As much

information as possible will be recorded, including but not

limited to:

o Records of. decisions
E Important communications
e Summary of the day's work, including measurement

of area cleaned and amount of oil recovered.

- Meeting minutes

- Directives from government representatives

°  Arrival and departure times for visitors and
inspectors.

Ly Number of people involved on a daily basis.

It is especially important to record carefully all direc-
tives from government representatives. The person recording
the order should sign the page and have the government
representative countersign. In this way, later disagreement
can be avoided.

For a large-scale operation, the Operations Manager
will delegate the task of maintaining the principal log to

the Documentation Coordinator, and other logs may be kept by

the various supervisors.
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2.3.3 Written Reports

A checklist of government-required written reports is
presented in Table 2-1. Figure 2-4 contains a sample of the
U.S. Geological Survey report form (9-1880). Other agencies
do not have special forms for written reports. The Opera-
tions Manager is responsible for completing all written
reports, with assistance from the Documentation Coordinator.
In addition, daily written reports will be prepared by the
Documentation Coordinator, and the Operations Manager will
prepare a detailed final report upon completion of the

cleanup.

2.3.4 Cost Accounting and Equipment Uée Documentation

The Accounting Coordinator is responsible for main-
taining a complete cost history of the cleanup operation.
He will submit a detailed financial report to the Operations

Manager following completion of the spill cleanup operation.

Equipment Use Log (Figure 2-5). A log of equipment

used in cleanup operations is to be maintained. This log

will show:

1) Description of equipment (with number)

2) Party using equipment



U.S. Geological Survey - (Form 9-1880)

e A1l verbal spill reports must be confirmed in writing,
and give cause, location, volume of spill and action taken.
(For spills >5 cubic meters (31.5 bbl), include sea state,
meteorological conditions, and size and appearance of slick)

U.S. Environmental Protection Agency (40 CFR 112.4(a))

° For facilities requiring SPCC plans, a written report
must be filed when the facility has either: one spill
51,000 gal or 2 spills in a 12-month period which cause

a sheen. This report must include:

(1) Name of the facility;

(2) Name(s) of the owner or operator of the facility;

(3) Location of the facility;

(4) Date and year of initial facility operation;

(5) Maximum storage OT handling capacity of the faci-
1ity and normal daily throughput;

" (6) Description of the facility, including maps; flow
diagrams, and topographical maps; ;

(7) A complete copy of the SPCC Plan with any amend-
ments;

(8) The cause(s) of such spill, including a failure
analysis of system or sub-system in which the
failure occurred;

(9) The corrective actions and/or countermeasures taken,
including an adequate description of equipment Te-
pairs and/or replacements;

(10) Additional preventive measures taken or contemplated

“ to minimize the possibility of recurrence;

(11) Such other information as the Regional Administrator
may reasonably require pertinent to the Plan or spill
event.

TABLE 2-1 GOVERNMENT-REQUIRED WRITTEN REPORTS
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Alaska Department of Environmental Conservation (18 AAC 75.110)

o Within 15 days after end of cleanup, a report must be
submitted containing:

(1) Date and time of discharge
(2) Location of the discharge

(3) Person or persons causing or responsible for the
discharge “

(4) Type(s) and amount (s) of hazardous substance (s)
discharged

(5) Cause(s) of the discharge
(6) Environmental damage caused by the discharge
(7) Cleanup actions undertaken

(8) Location and method of disposal of the hazardous
substance and contaminated cleanup materials,
including date of disposal

(9) Actions being taken to prevent recurrence of the
discharge "

(10) Other information ADEC requires in order to fully
. assess the cause and impact of the discharge

TABLE 2-1 GOVERNMENT-REQUIRED WRITTEN REPORTS
(Cont'd)




To BE WPDATED

Form 91580 OMB Approved
Jan. 1974 Budget Bureau No. 42-R 1635
L. .
United States s
Department of the Interior Area: Block
Geological Survey Date: Time (24 Hr. Clock)
POLLUTION REPORT Pilatiorm or Rig Name:
Lease Operator: Type of Pollution (Oll, Diesel, etc. & Amt)
Addresss Approximale size of slickc

Action taken to contain and recover poliutant

Cause of pollution incident

Reason for any equipment malfunction or human error

Correclive aclion taken:

Action taken to prevent recurrence:

Wind directionc Wind speed: l Ses status: Direction of slick movement

Color and nature of slicks

Remarkss

Signature: | Position title: l Date:
To Be Completed By USGS District Office:

Oral repost received by: I Date: [ Time:

Field Inspected by: | Date:

Potential envirtonmental damage:

Remarks:

NOTE: This report is to be submitted for all spills or leskage of oil and liquid pollutants of 15 barrels or greater and for
spills or leakage less than 15 barrels when requested by the supervisor pursuant to OCS Order No. 7 and 43 CFR 250.43.

. esvisamiel FEISTISS &PTRLE Axr—sco-h

FIGURE 2-4 USGS FORM 9-1880
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3) Signature of person checking out equipment
4) Time and date checked out
5) Time and date returned
- 6) Condition of equipment
7) Fuel used |

8) Required repairs when returned

2.3.5 Photography

As soon as possible after the initiation of the spill

cleanup operation, arrangements will be made by the Documen-
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tation Coordinator for a photographer to record the opera-
tion. As a minimum, 35 mm slides and prints (color and
black and white) will be taken; however, the Operations
Manager may also request TV tape and/or movies if he deems
them necessary. Photographié documentation should include
and not be limited to wide-angle pictures; aerial shots;
land, beach, and ice closeups; and pictures of equipment,
people, and operations. For each picture taken, the follow-

ing information should be recorded:

= Location and reference to landmarks

i Date and time

. Names of photographer and any witnesses

" Description of photograph

3 Shutter speed, lens opening, and film type
¢ Weather conditions and angle of sun

2.4 PUBLIC RELATIONS

0il spills, particularly moderate and major ones,
generate public interest and its attendant media coverage.
This simple fact can present a great deal of difficulty for
a spiller if he does not have a consistent public relations
policy with strong procedures and a single spokesman to put
the policy and procedures into action. The purpose of this
section is to provide guidelines for use =

in dealing with public relations problems during a spill.
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2.4.2 Public Relations Guidelines

Sgokesman

The only persons authorized to speak with the news
media regarding the spill cleanup operation are the Opera-
tions Manager and the Public Affairs Coordinator or his
designated representatives. Any statement will be made only
after approval of spiller company management. As soon as
the operational organization ijs functioning, a statement
will be issued advising all media representatives to contact
the Public Affairs Coordinator. All members of the Response

Team are to refer any inquiries from the news media or
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I

public to the Public Affairs Coordinator and call him in-
forming him of the inquiry. In addition, the team member
receiving the inqﬁiry will submit to the Public Affairs
Coordinator a report on the Media Inquiry Form (Figure 2-8).
The Public Affairs Coordinator fills in the .. "Action"
section of the Media Inquiry Form. Depending on the situa-
tion, the Operations Manager may authorize supervisory

personnel onsite or offsite to answer inquiries.

Press Releases

All press releases will be issued through the Public
Affairs Coordinator and will be approved by the Operations
Manager, the Legal/Insurance Coordinator, and spiller com-
pany management prior to release. It is very important that

press releases accurately and succinctly explain to the

public what has happened and what is being done about it.
Press releases will not include speculations on the cause of
the spill, responsibility, damage, or any other fact not
properly determined by technically competent representatives
of < - - _ the spiller company management.

Appropriate information initially released to the media

might include:

" Brief description of the events surrounding the
spill.
” ‘Amount of oil spilled (if accurately known)
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. _MEDIA INQUIRY

FORM

DATE

TIME

M CALLER
AFFILIATION

QUESTION/REQUEST

ACTION

" Representative:

FIGURE 2-8 ' MEDIA INQUIRY FORM




—

o Agencies notified

" General types of countermeasures taken (men and
equipment deployed)

o Special effort# to protect property or wildlife

Subseqﬁent releases might explain the progress being

made in terms of:

e Amount of oil recovered to date

= Specific techniques being employed

= Cooperation with government authorities

s Extent of contracted assistance

= Continued efforts to protect property or wildlife

It may be advisable to set up a recorded telephone
message containing the above information and update it once
or twice a day. Such a service could reduce the demand
representatives of the media tend to make on the Public

Affairs Coordinator's time.

Press Conferences and Briefings

At the outset of a spill cleanup operation, the Public
Affairs Coordinator will generally hold a news conference as
soon as possible. The first press release will normally be
issued at this time, and reporters will be briefed on the
procedures to be followed.

If the response of the media warrants it, the Public

Affairs Coordinator will arrange for transportation and

‘lodging for a group of newsmen to visit the site, but only
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after approval by the Operations Manager and ~ company
management. Either the Public Affairs Coordinator or his
designated assistant will accompany the group and chaperone
them throughout their visit. From time to time, subsequent
press briefings will be held to issue further press releases
and to ensure that the media receives its information from
one spokesman. At all times, media representatives are to
be reminded that they should contact only the Public Affairs
Coordinator and his designated assistants. Unless explicit
permission is given by the Operations Manager, no members of
the press are to interview other members of the cleanup

operation either onsite or offsite.

Coordination With Government Spokesmen

As soon as possible at the start of the operation, the
Public Affairs Coordinator and the Government Liaison Coor-
dinator will contact the spokesmen for the state and federal
on-scene representatives. Together, they will establish
procedures for handling information dissemination to avoid

the issuance of conflicting statements.



3. RESPONSE ACTION OUTLINE

3.1 INTRODUCTION

This section is designed to provide the user of this
contingency plan with a reference guide to the decision-
making necessary to conduct a spill response. The flowchart
shown in Figure 3-1 on the next page gives a key to-

Section 3.
Five flowcharts presented in Figures 3-2 through 3-6 in

Section 3.2 represent the heart of the Response Action

Outline:
Figure No. Flowchart
3-2 Initial Actions
3-3 | Notification
3-4 Spill Evaluation
3-5 Response Planning
3-6 Response

Each flowchart details the decisions involved in that
particular aspect of a spill response. These five flow-
charts are supported by a series of figures which are ref-
erenced in the flowcharts and which are presented in order

in Section 3.3, Supporting Figures.
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3.2 DECISION FLOWCHARTS

The flowcharts shown on the following pages provide a
step-by-step guide to the decisions and actions involved in
mounting a successful oil spill cleanup operation. Where
appropriate, these flowcharts reference the supporting

figures in Section 3.3.

Below is the key to the flowcharting system used in the

Response Action Qutline.

Action or Direction

(::::::::::) cher considerations
(::) Information/Data Source

Decision

3-3
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3.3 SUPPORTING FIGURES

The illustrations presented in this section are
designed to complement the five flowcharts in Section 3.2.
They provide more detailed information that may be needed in

making decisions indicated on the flowcharts.
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FIGURE 3 - 6b

The following equipment and supplies, located in the Deadhorse Area, may be
used in an emergency:

A. High Pressure Pumps, Cement and Bulk Handling Equipment.

1) Dowell Telephone  659-2434
2) Halliburton Telephone 659-2492

B. Mud and Weight Materials
1) IMCO Service Telephone 659-2492
C. 0ilfield Trucks, Floats, Tank Trucks, Vacuum Trucks, etc.

1) Mukluk Freight Lines Telephone 659-2686
2) Kodiak 0ilfield Haulers " 659-2648

D. Contruction Equipment - Dozers, Fork Lifts, Scrapers, Dump
Trucks, Front End Loaders, Water Trucks, Belly Dumps, etc.

1) Frontier Rock and Sand/Telephone 659-2565
2) Kodiak 0ilfield Haulers " 659-2648
3) Alaska General Const. Co " 659-2445
4) S. & G Construction

(Equipment on remote North Slope

Wellsite) Telephone 272-4512

E. Helicopter and Air Transportation

1) ERA Avionics Telephone 659-2465
2) Sea Airmotive Telephone 659-2646

F. General - BP Alaska and ARCO have large stockpiles of materials
and equipment that they will make available for emergencies.

1) BP Alaska Telephone 659-2662
2) ARCO Telephone 659-3106

NOTE: These are Deadhorse telephone exchange telephone numbers with the
659 prefix. :



INITIAL REPORT FORM

I. SPILL DATA

TIME OF CALL DATE

PERSON REPORTING SPILL

AFFILIATION
(Specify) Company
Government Agency
SPILL LOCATION TYPE OF OIL EST. GRAVITY

SPILL SOURCE (Blowout, Tank rupture, etc.)
VOLUME/FLOWRATE FLOW STOPPED? [] Yes [ ] No

SPILL DESCRIPTION (Into Water? Ignited? Areal Extent? Etc.)

ACTIONS TAKEN (Briefly):

EQUIPMENT DEPLOYED (Major Pieces);

AGENCIES NOTIFIED
II1. ENVIRONMENTAL CONDITIONS AT SITE

WIND (Speed § Direction)

TEMPERATURE VISIBILITY

ICE CONDITIONS

SEA STATE
ENVIRONMENTAL DAMAGE (Real or Potential)
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T - INITIAL REPORT FORM

I11.

FIGURE 3-7
(Cont'd)

INVOLVEMENT

PAGE TWO

EQUIPMENT REQUESTED (Specify quantity of each)

L3l

Facilities

Office Equipment

Warehouse Equipment
Miscellaneous Tools & Equip.
Field Command Post

Field Camp

Transportation

Workboat

Jon Boat

—

Detection

Gas Detector
Current Meter

Ice Auger

Containment

Heavy-Duty Containment Boom

Compactible Containment Boom

Boom Accessories

1]

e

———

bl el )

Recovery

Rope Mop SkimmeT

Vessel Skimmer

Portable Weir-Type Skimmer
Sorbents

Storage

Portable Containment Device
Towable Bladder
Bladder Tank

—

Transfer

Arctic Hose & Fittings
Pump (Viscous)

Pump (Diaphragm)

Pump (Centrifugal)
Trans-Vac System

e

—_—

—

PR

Disposal

Igniters
Burner
Incinerator
Dispersant

Dispersant Boat Equip.

|

Logistical Support

Radios

Communications Trailer

—_—

B B

Bird Rehab. Equip.

Bird Scarer & Float

Generator

Auxillary Lighting System

Air Compressor

Heater

First-Aid Equipment

Chain Saw

Flotation Suit/Life Vest

Arctic Clothing & Equip.

Field Response Kits w/
hand tools

Welder's Tent

RESPONSE TEAM (Specify Members Requested)

OPERATIONS MANAGER
LOGISTICS SUPERVISOR
Communications Coordinator
Manpower Coordinator
Equipment/Materials Coord.
Transportation Coordinator
Food/Housing Coordinator
TECHNICAL SUPERVISOR
Environmental Coordinator
Safety Coordinator
Engineering Coordinator

— Most likelvy to be mobilized

*

ARRRRRRRRAE

SUPPORT SERVICES SUPERVISOR
Documentation Coordinator
Government Liaison Coord.
Security Coordinator
Accounting CoordinatorT _
Legal/Insurance Coordinator
Public Affairs CoordinatoTr
CLEANUP SUPERVISOR
Containment Coordinator
Recovery Coordinator
Storage/Transfer Coord.
Disposal Coordinator
Dispersal Coordinator
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MINOR OPERATIONAL

BLOWOUT TRANSPORTATION STORAGCE
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as possible and all logistical support readied for firmed; steragas and

suppert resdiad for mobilizacion staging areas idemti-
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FIGURE 3-9

RESPONSE ACTIVATION LEVELS (ASSUMING ONSITE
PERSONNEL/EQUIPMENT CANNOT HANDLE SPILL)
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SHORELINE PROTECTION CONSIDERATIONS

FIGURE 3-11
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Method/Equipment for Cleanup of Sand and Gravel Beaches

SIZE OF [TYPE OF DEPTH OF TYPES OF BEACHES
AREA OolIL PENETRATION FINE SAND |[COARSE SAND| GRAVEL
SHALLOW, lem to |GRADER ond |[GRADER and L
2.5cm ES or FFL ES or FFL
LARGE | HEAVY
/ MODERATE, 2.5cm | oo = %
to 25em
DEEP, 25cm+ WFEL WFEL WFEL
LIGHT - BEACH CLEANING MACHINES
HEAVY e MANUAL REMOVAL OR WFEL
SMALL
LIGHT -- MANUAL REMOVAL, RAKE

ES - Elevating Scraper
FFL-Forced Feed Looder

WFEL'- Whesled Fronl-end Looder, firm gr.only
Trocked front-looder for low bearing cop. soils

Source: Sartor and Foget, 1970
FIGURE 3-11 SHORELINE PROTECTION CONSIDERATIONS Page 2 of 2
(cont'd)
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EXTREHME EVENTS

EVENT

Probability —  Low
of sssms Moderate
Occurrence B High

JIF[ufalaflsfJlalsiolN]D

NATURE OF INFLUENCE ON CLEANUP OPERATIONS

Extreme Low

Reduced personnel exposure times and working
efficiency; difficulry starting equipment;

Temperatures d
w— * materials subject to fatigue and failure;
viscosity of oil increases; rapid ice buildup.
Strong Winds Reduced visibiliry from blowing snow and dust;

ACVs and helicopters severely restricted;
increased chill factor and chances for froat—
bite and hypothermia; ice buildup with spray;
movement of oil slicks.

Low Vis 15111ty

Nearly all transportation and field cleanup
activities halted.

Ice Over—Ride Land Fast Re:note Poss. Drilling and field response activities
i — temporarily halted; beach cleanup limited, if
Pack Ice not stopped; access to contaminated shorelines
prevented.
Storms Strong wind and ice over-ride influences produced
Storm Surge (above); high water and low water extremes
[T occur, increasing oil contact zones; beach and
offshore cleanup temporarily halted; moderate
.waves produced.
Ice Deformation Vehicle traffic over ice restricted; ACV
(Compression) movements possibly limited; relocation of
P 8 irohore support camps and cleanup activity

necessitated; airstrips and ice barriers
destroyed; oil movement altered.

Ice Separation
(Cracks & Leads)

Ice traffic seriously curtailed; transport
limited to helicopters; relocation and

eventual termination of offshore support camps
and cleanup activity necessitated; most barriers
destroyed; under-ice oil exposed.

Ice Surface Flooding
(River Runoff)

Traffic seriously impeded off major river
deltas because of inches to feet of water over
ice; ice breakup processes acceleraced; oil
1ifted from on and under ice and free to move.

All offshore surface traffic halted except for

Heavy Brokea
Ice Field _ﬂ__ large vessels with ice-strengthened hulls;
air traffic by helicopter only; no oil recovery
until ice concentrations well below 502 coverage.
Earthquake Remote Possibility No recorded earthquakes to date.

FIGURE 3-12

EXTREME

ENVIRONMENTAL FACTORS -
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1,000,000

100,000

10,000

1,000

100

SPILL VOLUME (Barrels)

10

1.0

Dark (crude) oils
normally appear
blue/black in color

Dull Colors

Iridescence

Silvery Sheen

Barely Visible

0.001

Source: Crowley Environmental Services Corp., 1978

0.01 0.1 1.0 10 100 1000 : ”

AREA OF SPTLL (miles?)

FIGURE 3-15

VOLUMETRIC CHARACTERISTICS OF A VARIETY OF OIL
SPILLS AFTER ACEIEVING A RELATIVELY STABLE
CONDITION
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i

% EVAPORATED

% EVAPORATED

100 }
THIN FILMS
% | 3
ON WATER i?
80 |- | & DIESEL
70 F &

CRUDE
TEMPERATURE °F
20 THICK COATING
ON LAND
CRUDE
DIESEL

TEMPERATURE °F

Source: Sohio-Alaska Petroleum Co., 1980

FIGURE 3-17

_ EVAPORATION AFTER 4 TO 8 HOURS FOR DIESEL
AND CRUDE SPILLED ON WATER AND LAND
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10,000

Weathered Crude
0il
24% Evaporated

MOLASSES (68°F)
X o

O 18.2% Evaporated

GLYCERINE (68°F)
X

1,000 9.8% Evaporated

Fresh Crude 0il
0% Evaporated

VIBCOSITY (CENTIPOISE)

100

O rour Point
O Viscosity

10 I 1 1 1 ] ] ; ] 1 1 1 ] L
25 20 1% 10 5 0 -5 ~10-15-20-25 ae ‘
77 68 59 30 31 MW 23 14 S5 =& =13 5
TEMPERATURE

Source: Deslauriers et al., 1979

=l

FIGURE 3-18] VISCOSITY OF PRUDHOE BAY CRUDE OIL VERSUS
TEMPERATURE
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Source: Allen, 1979

100 =
80 |-
i ; Prudhoe Bay Crude
= 27° API
5 o | ( )
e
O
U -
-
o
i 40 |-
Cook Inlet Crude
I (34° API)
20 Hydraulic & Diesel
0 1 ] 1 ] 1 1 1
1 2 3 4 5 6 7

TIME AFTER SPILL (DAYS)

FIGURE 3-19

OIL CONTENT IN SNOW (PERCENT VOLUME AFTER
SAMPLE MELTS)
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. Crowley Environmental Services Corp. 1978.
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SECTION 4

6700 ARCTIC SPUR ROAD * ANCHORAGE, ALASKA 99502
TELEPHONE (307) 349-6491

August 3, 1981

TO: ABSORB Member Company Representatives
Technical Subcommittee Members
Chairman - Legal Subcommittee
Chairman - Accounting Subcommittee
Chairman - Communications Subcommittee

FROM: Al Allen, ABSORB Mansger /7 /%,

SUBJECT: Update on ABSORB State of Readiness

The following information is provided to assist you in developing
site-specific spill contingency plans for the Beaufort Sea and in
dealing with questions and/or concerns from government agencies
regarding ABSORB's operational readiness.

CONTINGENCY PLAN

ABSORB's 0il Spill Contingency Plan has undergone an extensive
review since its release in July, 1980. This review has resulted
in a set of three revision packages. The first package, covering
a few changes in wording and phone numbers, etc., was mailed to
all plan holders on July 10, 1981. The second revision package,
covering equipment specifications, site restoration, commun-
ications network, government agencies, personnel job descriptions
and minor wording changes will be mailed within a few days of the
completion of our annual meeting (August 18/19, 1981). This
second mailing will include the names and phone numbers of the
officers of ABSORB's Executive Committee for the remainder of
1981 and for the new fiscal year, 1982.

A third package of revisions is being planned for a November/
December, 1981 mailout providing substantially new information on
our training programs, sensitivity atlas and equipment/services
resource inventory and retrieval system.

FI'ELD MANUAL ' (or HANDBOOK)

ABSORB is currently developing an Oil Spill Contingency Field
Manual (or Handbook) with assistance from Crowley Environmental
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Services, Anchorage. The field manual will be a condensed ver-
sion of several chapters out of the larger ABSORB 0il Spill Con-
tingency Plan. It will be a loose-leaf notebook approximately

(6 1/2" by 9%) prepared for use by operational personnel in the

field.

This field manual will be prepared in a style and format to
facilitate a simple conversion of the manual to a site-specific
document for use by any of ABSORB's member companies. While
serving as a useful field-oriented, mini-contingency plan for the
ABSORB Response Team (ART), the manual will be easily converted,
as necessary, for site-specific offshore drilling operations.

The planning and preparation of the manual has been coordinated
with Federal and State agencies to insure its adequacy in meeting

all regulatory concerns.

FACILITIES

Anchorage - The ABSORB headquarters will relocate on oOr about

September 1, 1981 from 6700 Arctic Spur Road to 201 Danner
Avenue, Suite 170. The Cook Inlet Response Organization (CIRO)
and Gulf of Alaska Cleanup Organization (GOACO) headquarters will
also move to the same location. All existing telephone numbers
should remain in effect.

The ABSORB warehouse in Anchorage (4,600 sq.ft.) is located at
525 Potter, Bay #1, and is currently used in receiving and pre-
paring equipment for shipment to the North Slope warehouse, and
for storing certain backup resources such as sorbents, contain-
ment boom and a complete bird rehabilitation center. These ma-—
terials can be moved gquickly to the slope or any other area of

need upon demand.

North ‘Slope-The ABSORB warehouse at Prudhoe Bay (10,800 sq.ft.)

was completed in April 1981. The warehouse is located on Spine
Road, next to the VECO camp and construction facilities, mid-way
between the Deadhorse Airport and the ARCO airstrip. The ware-
house contains wood and metal workshops, storage bins and racks,
dispatch office, and a large room for training or for onshore
support functions during an actual spills The building together
with approximately two acres of gravel pad, is capable of holding
the entire inventory of ABSORB's o0il spill response equipment,
materials and support vehicles/vessels.
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ABSORB's 20-man Herc-able camp, capable of supporting 20 to 40
personnel at a remote location if desired, is presently being set
up next to the North Slope warehouse. The camp will be used for
lodging warehouse personnel and instructors, and for a potential
R & D program out on the ice this winter. The camp is connected
by detachable walkways to our warehouse and to two equally mobile
modules comprising our Command and Communications Center and a
Government Liaison/Debriefing Room.

EQUIPMENT

As of August 1, 1981, approximately 95% of ABSORB's oil spill
equipment inventory was in place at the North Slope warehouse, OT
enroute to arrive at Prudhoe Bay within a few days. The remain-
ing portion of ABSORB's planned fiscal year 1981 equipment ac-
guisitions will be in place by November, 1981. Additional equip-
ment and materials have since been jdentified, and pending
approval of the new budget for the rest of 1981 (September -
December) and all of 1982, these items will be acquired and on

board by June 1, 1982.

A list of our response equipment and materials, along with dates
to be in place, has been attached for your review and use as

desired.

TRAINING ' SCHEDULE

On July 27, 1981, I sent a complete breakdown of our planned
training schedule to each of the recipients of this memo. As
indicated, approximately ten separate training activities are
planned between now and mid-November.
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QUANTITY

ABSORB

SPILL‘ CLEANUP EQUIPMENT

(in place or enroute to Slope)

DESCRIPTION

FACILITIES

VESSELS

1l ea

1l ea

VEHICLES

1 ea

2 ea

DETECTION

1 ea

1l ea

7 ea

3 ea

CONTAINMENT

Major warehouse equipment
20-man camp
Anchorage warehouse (leased)

Prudhée Bay warehouse (leased)

32' workboat

16' jon boat w/25hp motor and
trailer

18' 6-ton van truck (4 wheel drive)

Snow machines & sleds

current meter (handheld)
Current meter (self-recording)
Ice augers

Vapor analyzers

EQUIPMENT

2035

1000'

Goodyear Sea Sentry boom

Kepner Reel Pak boom (on two
separate 500' reels)

1981

AUG 1

Moo MM

(2)

NOV'1

X (5)
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ABSORB EQUIPMENT

Page 2

QUANTITY DESCRIPTION

CONTAINMENT EQUIPMENT X(cont'd)

2700 Ocean Dike containment boom
900" Mini boom

1000'

American Marine Simplex oil boom

An additional 10,000 to 15,000
feet of boom will be purchased
following open water test and
evaluation activities this summer.
The additional boom should be on
board by June, 1982.

0IL.  RECOVERY EQUIPMENT

10 ea

(Under-
Review)

10,000
457 rolls
197 bales

100 bales

SLURP portable wier skimmers

Rope Mop skimmers (small)

3M type 280 sorbent boom
3M type 100 sorbent rolls
3M type 157 sorbent
3M type 151 sorbent

Rop Mop and disc-type skimmers

of various types and configura-
tions are currently under review,
and planned for purchase this
summer. These additional recovery
capabilities will be ready for use
prior to breakup, 1982.

1t vyl SRR

Mod M M
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QUANTITY

EQUIPMENT

DESCRIPTION

STORAGE EQUIPMENT

1l ea

2 ea

2 ea

20 ea

4 ea

1000 gallon air berm storage
containers

2000 gallon air berm storage
containers

3000 gallon air berm storage
containers - —

Firestone Fabritank 2250 gallon
bladders

Firestone Fabritank 4400 gallon
bladders

Dracone barges (500 bbl class)
are currently under review and
will likely be purchased within
the next 6 months.

TRANSFER 'EQUIPMENT

1620

4020"

10 ea

10 ea

2 ea

o" B, F. Goodrich suction hose
w/fittings

3" B.F. Goodrich suction hose
w/fittings

2" Multiquip QP20T self-priming
trash pumps

3" Multiquip QPD302 diaphragm
pump

Slickbar Trans-Vac, skid-mounted
vacuum units w/skimmer heads

1981

AUG 1 NOV 1
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Page 4
1981
QUANTITY DESCRIPTION AUG'1 NOV 1
LOGISTICAL SUPPORT
- Communication system with value
of $255,000, including:

1l ea G. E. Porta Mobil II UHF & VHF X
1l ea G. E. Master II Mobil UHF & VHF X
20 ea Motorola MX 360 UHF X(5) X(15)
5 ea Motorola MX 360 VHF X
1 ea G. E. Deskon II base X

controller
1 ea G. E. Mastr II UH & VHF X

repeaters
1l ea Comco 731 air to ground X
1l ea Motorola Micom-Consolette X

single sideband H. F. tranceiver
1l ea Motorola VHF marine X
l ea Gs E- Mastr 1I VHF X
1l ea 40 kw diesel generator and X

housing
- Bird rehabilitation center X(partial) X(complete)
16 ea Bird scare-away cannons & floats X
1 ea 1.5 kw Homelite generator/(gas) X
5 ea Pincor 3.0 kw generators/(gas) X
5 ea Pincor 5.0 kw generators/(gas) X
2 ea Pincor 8.5 kw generators/(gas) X
2 ea Pincor 13.0 kw generator/(diesel) X
9 ea TPA500-4 tripod lights w/4 X

‘ Tungston halogen flood lights

1l ea 100,000 btu direct-fired space X

heater
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ABSORB EQUIPMENT
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QUANTITY DESCRIPTION

LOGISTICAL SUPPORT ‘(¢ont'd)

9 ea 150,000 btu direct-fired space
heaters

2 ea 320,000 btu direct-fired space
heaters

3 ea Chain saws, 2. w/36" bars; 1 w )T
bar

10 ea Response boxes

Small hand tools
Personnel protection gear
Miscellaneous supplies-beach

cleanup
3 ea Yeatherport shelters 12'x20'
insulated
60 ea Life vests (Gentex Comfort King)
60 ea Mustang U-VIC jackets
4 sets Arctic clothing and survival
equipment

OIL DISPOSAL EQUIPMENT

10 drums Dispersant (Corexit 9527)
10 drums Dispersant (ARCO-chem)

(Under- Ignitors (for in-situ burning
Review) of oil)

X

X(partial) X(complete)

X
X
X
X
X
X
X
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A majority of the above resources are now owned or will soon be purchased
by ABSORB. A small portion of ABSORB's equipment resources, however, has
been, and will continue to be, leased. The following resources will likely
remain in a lease-as-needed mode:

_Additional crew cabs and pickup trucks
-Special airborne oil detection sensors
-Aircraft, all-terrain vehicles, tribikes, etc.
_Additional workboats, tugs, barges, etc.
-Special ice harvesters & melters

—Aerial dispersant equipment/aircraft

Additional items may be placed into ABSORB's inventory under long-term
lease agreements’ or other immediate-access arrangements. Such items
include:

-Large storage barges

-Onshore emergency pipeline systems for waste oil transport

-Onshore storage tanks
—-Flaring systems and waste oil incinerators
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SECTION 5

Alaskan Beaufort Sea Oilspill Response Body

6700 ARCTIC SPUR ROAD * ANCHORAGE, ALASKA 99502
TELEPHONE (907) 349-6491

July 27, 1981

TO: ABSORB Member Company Representatives

ABSORB Technical Subcommittee

Chairman, Legal Subcommittee

Chairman, Accounting Subcommittee

Chairman, Communications Subcommittee

Loren Gordon, Manager, Cook Inlet Response
Organization

Budd Bernhardt, Manager, Gulf of Alaska
Cleanup Organization

FROM: Al Allen, ABSORB Manager ,,/VZ?,,1f2éZ=

SUBJECT : Training Program - Summer/Fall, 1981

This year two 3-day Oil Spill Control Schools and a 1-day Disper-
sants Serminar have already been completed. These activities
were classroom oriented and rather general in terms of the top-
jes covered. In addition we held several R & D/training sessions
on the ice as we concluded our in-house 0il & Ice research off
West Dock. Representatives from the Technical Subcommittee,
local contractors, the University of Alaska, Federal and State
agencies, and the North Slope Borough took part in these

exercises.

As you know, ABSORB's North Slope Warehouse has now been com-
pleted; our 20-man camp is presently being positioned next to the
camp; and most of our spill response equipment is in place. Ve
are now prepared to begin a series of oil spill training schools
geared specifically to the kinds of hardware/techniques we will
be dealing with in the Beaufort Sea. Some of these schools will
still redquire ‘& substantial amount of classroom instruction;
however, every effort will be made to provide hands-on experience

at the warehouse and in the field.
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1981

The fraining schools envisioned for the remainder of 1981 will
fall into two basic categories:

1s

ABSORB ‘' Sponsored -- Those provided as a portion of

ABSORB's normal on-going training program (Appendix C,
ABSORB 0il Spill Contingency Plan).

Operator 'Sponsored -- Those requested, attended and

funded by specific operating companies within ABSORB to
meet their in-house training requirements. This latter
category will involve reimbursement to ABSORB for E1l
costs incurred in preparing training materials and in
conducting any field exercises.

The first category, open to participants from any member company,
will involve training schools which are modular in nature, pro-
viding detailed, in-depth experience in the following areas:

1.

2.

Te

Open Water Response (surveillance, containment, recov-
ery, transfer, storage and disposal).

Shoreline Response (surveillance, containment, recov-
ery, transfer, storage and disposal).

Solid and Broken Ice Response (surveillance, contain-
ment, recovery, transfer, storage and disposal)e.

Dispersant Application (basic chemistry, regulations,
fate & behavior, biological effects, application tech-

niques).

Burning Techniques (safety, physics/chemistry of oil
and combustion processes, materials/equipment handling,

jgnition systems).

Operations Management (government liaison, regulations,
P. R., Logistics, technical support services, environ-
mental and spill cleanup techniques).

Support Services (documentation, accounting, security,
legal, insurance, public affairs).
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8. Logistics (communications, manpower, equipment, mat-
erial, transportation, food/housing, safety, eng-
ineering).

9. Environmental Coordination/Impact Assessment (bio-
logical effects, physical impacts, sampling, government
liaison, response planning and impact assessment).

The second category, the need for which was requested by Exxon
and approved by the Executive Committee, will typically involve
2-day schools at the ABSORB warehouse. It was agreed that only
participants approved by the sponsoring operator company would be
permitted to attend, and the school would be geared heavily
toward the kinds of spills that could conceivably occur at the
operator's specific drillsite. Typically, one day would be spent
in the classroom while the second day would be devoted to hands-
on work in the warehouse and/or the field. :

It should be recognized that while only Exxon has requested
training of its drillsite personnel in such operator-oriented
schools, the Alaska Department of Environmental Conservation has
specified that all offshore operators will be expected to provide
such training for its drillsite supervisors. Should ABSORB be
requested to coordinate individual operator-sponsored schools for
each potential operating company this year, there would likely be
an insufficient number of days to conduct all of the training
schools needed. For this reason I am suggesting that 2 or 3
operating companies may wish to sponsor joint training sessions
and share the costs. In any event, instruction during this lat-
ter school would include such topics as:

1. Organization, Authority, and Responsibilities of the
Spill Response Team.

2. Fate and Behavior of Oil.

3. Equipment Sources and Availability.

4. Equipment Use, Advantages and Limitations.

5. Equipment Operation, Maintenance and Support.

Familiarization (hands-on experience) with the ABSORB-
/Owned Equipment.
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It is very difficult to plan specific dates for the many training
activities anticipated over the next few months because of uncer-
tainties involving vessel availability, contractor/instructor
availability, weather, etc. In addition, we will undoubtedly be
requested to consider special operator-oriented schools for other
member companies. Many participants have also expressed conflict
periods, some of which overlap, thereby creating definite sche-
duling problems. I have therefore attempted to create a schedule
that minimizes conflicts while permitting an efficient blend of
school types and open-water experience prior to freeze-up (sche-
dule attached). Some of the operator-sponsored training sessions
(unrequested at this date) will undoubtedly have to shift into
the late fall or be conducted jointly as suggested above.

After reviewing the attached Training Schedule, please determine
the pumber of individuals your company will likely send to each
of the training sessions. We would like to have the number of
participants called in to the ABSORB office by August 15, 1981.
If possible we would also appreciate the name, title and home
office location of each participant. Participants for the Shore-
line Response Workshop (No.5) must be identified by name by
August 15th as we will want to fill every available space in the

helicopters.

In all cases, participants should arrange for their own transpor-
tation to/from the slope, food & lodging, hip boots and all foul
weather clothing. All participants should arrive at the slope no
later than the night preceeding the school, be at the ABSORB
warchouse (next to VECO) by 8:00 a.m., and plan to be available
each day of each exercise until 6:00 p.m.. Bag lunches should be
brought each day -- extra lunches can be arranged through VECO.
Please do not hesitate to call any of the ABSORB personnel if you
have any questions about these training exercises.

ABSORB Office (Anchorage) (907) 349-6491
ABSORB Warehouse (Anchorage) (907) 279-9033
ABSORB Warehouse (Slope) (907) 659-2405
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Date

July 27 (1)
Aug. 3 (2)
Aug 4-14 (3)

ABSORB
TRAINING SCHEDULE
(Summer /Fall 1981]

Kepner Boom-Field Test &

Evaluation

Deployment and recovery of Kepner
Reel-Pack system at East Dock.
Towing of boom in U-configuration
with tensiometers.

Instructors Workshop

Instruction techniques, materials
preparation, audience control,
preparation of visuals, etc.,

Begin at 8 a.m. in Exxon Conference

Room, Calais II Bldg. Adjourn by

4:00 p.m..
Eqﬁipmént”Test & Evaluation
(General Shakedown)

Deployment and recovery of boom
systems (Kepner, Goodyear, Ocean
dike, American Marine); Field
testing of support equipment
(North Star vessel, small boats,
portable skimmers, pumps,
generators, etc.); verification
of logistics support requirements
using over-land, vessel and air-
1ift transport systems.

Participants *

Staff & Cohtractors

Staff, Contractors &
Member Company Personnel
(Most candidate instru-
tors have been notified
already)

Staff & Contractors
(To be scheduled
around other activity
on the slope -- member
personnel may request
last-minute notifica-
tion if desired).
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ABSORB

TRAINING SCHEDULE

Page 2
Date

Aug 24 & 25

Sept 2-4

Sept 9 & 10

(4)

(5)

(86)

Activity

Open Water Response Training
School

Field and classroom instruction
focusing on the deployment, opera-
tion and recovery of equipment on
open water off Prudhoe Bay. Class-
room instruction will emphasize
response equipment limitations and
techniques, case examples, fate and
effects of spills, and operations
strategies. Field instruction will
involve hands-on experience with a
broad range of containment and
recovery equipment'and associated
logistics support systems.

Shoreline Response Workshop

Classroom and field instruction
including helicopter transport

to a number of shoreline types
near Prudhoe Bay. Dr. Ed Owens
of Woodward-Clyde, Victoria, will
discuss and identify in the field
those geologic and oceanographic
factors that affect the distribu-
tion, impact and persistence of
stranded oil. He will also
describe onshore protection and
cleanup methods as they apply to
different shoreline types.

Spill Control School - Operator
SEonsored

Classroom instruction and hands-on
experience will be provided at
Prudhoe Bay involving response
team organization, oil fate and
behavior, and equipment availabil-
ity limitations, operation and
maintenance. '

Participants *

Staff, Contractors &
Member Company Personnel

ABSORB staff and ;
Member Company Personnel
(Supervisor or Coordina-
tor level, 1 person/
company)

Exxon Company Personnel
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ABSORB
+RAINING SCHEDULE

Page 3
Date Activity Participants *
Sept 24 & 25 (7) Shoreline Response Training Staff, Contractors &
School Member Company
Personnel
Classroom and field instruction
at Prudhoe Bay covering shoreline
protection and cleanup techniques,
equipment transport and deployment,
oil fate and behavior and case
studies.
Oct 218k 22 - (8) Spill Control School -Operator Exxon Company
: Sponsored Personnel
Same as 6 above.
Nov 4 & 5 (9 Spill Control School-Operator Exxon Company
Sponsored Personnel
Same as 6 above.
fov 18 & 19 (10) Environmental Coordination/Impact Staff, Contractors &
Assessment Training School Member Company
Personnel

Workshop oriented school designed
for Environmental Supervisor/
Coordinator level personnel.

Topics covered will include effects
of oil on biological and physical
resources, sampling techniques,
government liaison, response
planning and impact assessment.
School likely to be held in
Anchorage or Seattle.

* In all cases, contractor support personnel will be used as necessary to
complement the ABSORB staff and member company instructors. CIRO and GOACO
Managers are also encouraged to participate in all training exercises as time anc

space permit.
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Revised 9/29/81

SECTION 6
TRAINING SCHOOL ATTENDANCE

Date School Name, Title and Address
September 24-25 Shoreline Response J.H. Douglas, Production Foreman
Training School No. Star Route 1, P.0. Box 485

Kenai, AK 99611

W.P.L. Smith, Operations Foreman
No. Star Route 1, P.0. Box 485
Platform C, Kenai, AK 99611

October 12-13 Spill Control School L P. Ramirez, Division Opera-
Operator Sponsored tions Manager, P.0. Box 92047
Worldway Center, Los Angeles,

CA 90009

M.L. Woodson, Division Production
Superintendent, 601 W. 5th Ave.,
Suite 810, Anchorage, AK 99501

J.H. Douglas, Production Foreman
No. Star Route 1, P.0. Box 485
Kenai, AK 99611

W.P.L. Smith, Operations Foreman
No. Star Route 1, P.0. Box 485
Platform C, Kenai, AK 99611

M.R. Cornell, Alaska Development
Project Manger, P.0. Box 527
Houston, TX 77001

D.E. Glass, Manager Coastal
Environmental Activities, 601 W.
5th Ave., Suite 810, Anchorage,
AK 99501

M.G. Dunckley, Mechanic, MNo. Star
Route 1, P.0. Box 485, Platform
C, Kenai, AK 99611

B.J. Thomas, Production Operator
No. Star Route 1, P.0. Box 485
Platform A, Kenai, AK 99611



Date

School

Revised 9/29/81

Name, Title and Address

October 12-13

November 18-19

Environmental Coordination
Impact Assessment Training

School

6-2

T.L. Steinman, Production Opera-
tor, No. Star Route 1, P.0. Box
485, Platform A, Kenai, AK 99611

L.F. Strehlow, Lease Operator,
No. Star Route 1, P.0. Box 483
Cnshore Facility, Kenai, AK 99611

A.J. Cline, Utilityman, No. Star
Route 1, P.0. Box 485, Platform C,
Kenai, AK 99611

J.W. Henderson, Sr. Storekeeper,
601 W. 5th Ave., Suite 810,
Anchorage, AK 99501

A.D. Goode, Mechanic, No. Star
Route 1, P.0. Box 485, Platform A,
Kenai, AK 99611

T.L. Pritchard, Sr. Operations
Technician, No. Star Route 1,
P.0. Box 485, Platform C,
Kenai, AK 99611

G.F. Daniels, Utilityman, No.
Star Route 1, P.0. Box 485,
Platform C, Kenai, AK 99611

B.D. Kuehne, Drilling Engineer,
P.0. Box 92047, Worldway Center,
Los Angeles, CA 90009

W.F. Simpson, Stf. Facilities
Engineer, P.0. Box 527, Houston,
TX 77001

2 Brinkerhoff Drilling Company
Toolpushers

3 Brinkerhoff Drilling Company
Drillers

(Names and addresses will be
supplied as soon as available.)

W.F. Gusey, Sr. Stf. Wildlife
Specialist, P.0. Box 2463,
Houston, TX 77001
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APPENDIX 4

HYDROGEN SULFIDE CONTINGENCY PLAN
TERN PROSPECT

Scope

This contingency plan is prepared on the basis that hydrogen
sulfide is highly unlikely to be encountered in guantities dangerous to
personnel or equipment. However, since there is no absolute assurance that
hydrogen sulfide will not be encountered, the contingency plan provides for
early detection and suspension of drilling operations before hydrogen
sulfide would be dangerous to personnel or equipment. Further, the plan
provides for orderly evacuation of personnel and protective equipment for
those who may be required to shut in the well. Should hydrogen sulfide be
encountered in unsafe levels and should it be decided to contine drilling
with hydrogen sulfide present, a modified, more detailed plan will be
prepared before drilling is again started.

Physical Properties - H,S

Hydrogen sulfide is a colorless, transparent gas with a character-
istic rotten-egg odor. The disagreeable odor of hydrogen sulfide occurs
only at relatively low concentrations. Those who have been rendered
unconscious from high concentrations and survived, report that they did not
notice the so-called rotten-egg odor but rather that it had a sickening
sweet odor. Others reported that the odor was sweet and not unpleasant.
Just exactly at what concentration it becomes sweet-smelling is not known,
but some believe it is around 500 to 1000 ppm. It should always be borne
in mind that some people cannot detect the odor of st.

H,S is flammable in the range of 4.3 to 45.5 percent in air. A
mixture of %wo volumes HZS and 3 volumes oxygen will explode violently when
ignited.

H,S has a specific gravity of 1.192 (compared to 1.00 for dry
air) or a mglecular weight of 34.08 as compared to 29 for air. Hence, H,S
may be considered heavier than air and in concentrated form may collect n
Tow places. However, at a concentration of 2,000 ppm, which may produce
unconsciousness almost immediately, the specific aravity or density of the
mixture of air and H,S is only 1.003 so that the mixture for all practical
purposes has the samé density as air.
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H.S is readily soluble in petroleum hydrocarbons and is soluble
in water at“room temperatures at the rate of three volumes H,S for one
volume of water. Such things as heating and agitation of thg water will
reduce the concentration. This solubility and the effect of heat can
account, for example, for open drainage ditches evolving dangerous amounts
of H,S during the heat of the day in cases where there was no significant
amoufit found during the cool morning hours.

Information as to the concentrations of H,S that are detectable
by smell vary considerably. It is readily detected at about 5 ppm;
however, it is generally accepted that concentrations as low as 0.025 ppm
are detectable, 0.3 is distinct, 3 to 5 is strong and 20 to 30 ppm is
strong but not intolerable. Above 30 ppm the odor does not become more
intense as the concentration increases, and above 200 ppm the disagreeable
odor appears less intense. These figures are based on initial perceptions.
With continuous inhalation, the odors will appear less, due to olfactory
fatigue. It must also be recognized that some other odors will mask even
an odor as disagreeable as H,S. For example, the odor of creosols effec-
tively masks the odor of HZS’

Physiological Effects - Hydrogen Sulfide

There are three principal effects from exposure to H,S: 1) the
irritant action of high concentrations on mucous membranes, 2)“the effects
on the eyes which may result from repeated exposures to low concentrations
as well as short exposures to high concentrations, and 3) the most signifi-
cant effect - paralysis of the respiratory nerve endings from exposure to
relatively high concentrations of 500 to 700 ppm or more.

Aside from the irritant effects on the eyes, the principal mode
of entry into the body is through the lungs. Skin contact even to high
concentrations is not considered significant. It has been reported that a
perforated ear drum can be a route of significant exposure. There is less
resistance to outside atmosphere via the perforation than via the breathing
apparatus, and therefore, it is reported, H,S can be inhaled through the
ear under such circumstances. Ear wax and gar plugs offer little protection.

Persons seriously exposed to H,S but who recover may suffer some
lung irritation which can lead to pulmondry edema or bronchial pneumonia.

The systemic effects from absorption of H,S into the blood stream
via the lungs is by far the most significant effect. Under normal circum-
stances, when absorbed into the blood stream, H,S at low concentrations is
oxidized rapidly to pharmacologically inert compounds such as thiosulfate
or sulfate. When the amount absorbed into the blood stream exceeds that
which is readily oxidized, systemic poisoning results in a general action
on the nervous system; labored respiration occurs shortly, and respiratory
paralysis may follow immediately. Death then occurs from asphyxiation
unless the exposed person is removed immediately to fresh air and breathing
is stimulated by artificial respiration before heart action has ceased.
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In high concentrations of gas, the mechanics of this respiratory
paralysis, formerly thought to involve a chemical reaction with the respira-
tory enzymes or with the hemoglobin or both, are now believed to be reflexes
resulting from irritation of the carotid sinus. Moderately high concentra-
tions on the other hand cause an arrest of breathing, but not respiratory
paralysis, after overstimulation of the respiratory center. In such cases,
resumption of breathing would probably occur, after removal from exposure,
even without artificial respiration. Recovery from acute exposure to H,S
is usually considered complete, although sometimes prolonged for as much as
several weeks, unless there has been damage to the brain due to prolonged
oxygen deficiency. Transient and sometimes permanent psychic or nervous
changes may be encountered if there has been damage to the brain. It is
believed that the presence of alcohol in the blood potentiates the effects
of H,S in acute poisoning cases. Those recovering from acute poisoning and
who Rave had alcohol during the past 24 hours reportedly become quite
violent.

In cases of chronic, or perhaps more properly named sub-acute
exposures, symptoms that occur include headache, dizziness, excitement,
nausea or gastrointestinal disturbances, dryness and sensation of pain of
the nose, throat and chest, and coughing.

The following indicates responses to various concentrations of
HZS in the atmosphere:

PHYSIOLOGICAL RESPONSE TO VARIOUS CONCENTRATIONS OF HYDROGEN SULFIDE

Response Concentration PPM

“aximum acceptable concentration for prolonged 10
exposure., (TLV)*

Minimum concentration causing eye irritation 10

{inimum concentration causing lung irritation Moderately above 20

S1ight symptoms after several hours 70-150

Maximum concentration for 1 hour without serious 170-300
consequences

Dangerous after % hour to 1 hour exposure 400-700

Pulmonary edema or bronchial pneumonia from prolonged 250-600
exposure

Rapidly produces unconsciousness, cessation of 700-800
respiration and death

Unconsciousness at once, with early cessation of 1000-2000

respiration and death in a few minutes

*TLV - Threshold Limit Value
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Iv.

Eyes can be affected by H,S exposure. It is believed that the
effect on the eyes is due to the calistic action of sodijum sulfide formed by
interaction of the H,S and the alkali of the cells in the presence of
moisture in the eyes. Symptoms and effects of exposure to the eyes that
have been reported include blurred vision, as though viewing objects
through a silk screen; appearance of colored rings around street or other
lamps, car lights which appear to be dumbell-shaped, blurred and surrounded
by colored halos; red and inflamed, eyes, somewhat resembling the "pink
eye", and there may be a gritty feeling. There may be intense aching of
the eyes, and the eyelids may go into spasms and be difficult to open.
These symptoms may disappear overnight or may persist into the next day.
Hydrogen sulfide may have a slight anesthetic effect on the eyes, as often
the symptoms do not occur until the 2nd to 4th day of exposure. Estimates
of minimum concentrations of HZS required to cause eye effects are reported
as ranging from 4 to 25 ppm. '

Physical Properties - Sulfur Dioxide

Sulfur dioxide is colorless gas or liquid. It has a pungent odor
and is not flammable. It is formed when hydrogen sulfide is burned. The
specific gravity of the vapor is 2.264 (compared to 1.00 for dry air).
Anhydrous sulfur dioxide is non-corrosive to steel or other commonly used
metals. In moist environments, it combines with water to form sulfurous
acid, but it only very slowly oxidizes to sulfuric acid. In the presence
of water, sulfur dioxide is corrosive to steel and other metals.

Concentrations of 6 to 12 ppm cause immediate irritation of the

nose and throat. A level of 0.3 to 1 ppm can be detected by the average
individual possibly by taste rather than by the sense of smell.

Physiological Effects - Sulfur Dioxide

Sulfur dioxide is intensely irritating to the eyes, throat and
upper respiratory system. Its irritant properties are due to the rapidity
with which it forms sulfurous acid on contact with moist membranes. An
estimated 90 percent of all SO, inhaled is absorbed in the upper respira-
tory passages with only s1ight“penetration in the lower respiratory tract.

Sulfur dioxide exerts its toxic influence on humans through acute
and possible chronic effects. Acute symptoms of exposure are eye, mucosal
and upper respiratory irritation. Potential chronic effects include naso-
pharangitis, reduction of pulmonary function and increased resistance to
air flow. .
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VII.

Chronic effects of sulfur dioxide exposure may result from
repeated bronchoconstriction. While bronchoconstriction is not itself a
chronic effect, it is believed that continual exposure can lead to sub-
stantial permanent pulmonary impairment in excess of the normal gradual
decrease in pulmonary function due to the aging process.

There are only limited epidemiological studies and a few animal
studies which attempt to uncover any chronic effects due to sulfur dioxide
exposure. Generally, the results indicate the possibility of permanent
effects from continuous or long-term exposure but are inconclusive.

This material is so irritating that it provides its own warning
of toxic concentrations. The TLV is 5 ppm. Fifty to 100 ppm is considered
to be the maximum permissible concentration for exposures of 30 to 60
minutes. Four hundred to 500 ppm is immediately dangerous to life.

H,S Detection and Monitoring Equipment

A. Although hydrogen sulfide is not expected, monitoring is needed to alert
personnel immediately to the presence of hydrogen sulfide in event it is
encountered. To provide the necessary warning, International Sensor
Technology HZS Detectors or equivalent which are capable of detecting
5 ppm H,S in“the air will be installed to automatically monitor the
shale sﬁaker. In addition, the mud logging unit will be equipped
with HZS measuring equipment.

B. Two portable Draeger gas detectors and one portable International
Sensor Technology H,S detector or equivalent units will be available
for spot-checking 0% HZS'

Personnel Protective Breathing Apparatus

Self-contained pressure demand air breathing apparatus will be
available for each member of drilling crew on duty. Although normally a
drilling crew consists of five men, ten self-contained units will be
provided. Two spare air bottles will be available for each unit and a
cascade air refill system with a nine-bottle refill capacity will also be
provided. A1l units shall be stored on the rig floor. Personnel with
perforated eardrums shall not be permitted to use this equipment in an
HZS environment.

Equipment:

Ten - Survivair 30-minute pressure demand units or
equivalent.

One Cascade air refill system complete with regulator and
three 300 cubic foot air cylinders.
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Other Equipment
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10.

Six chalk boards and six note pads will be provided on the
rig floor.

Two bull horns shall be provided.

Vapor tester (explosimeter).

Resuscitator with spare oxygen bottles.

Rope and harness sets for going into HZS areas.
Stokes litter or equivalent.

Wind Indicators

Windstocks, streamers, or other devices will be positioned around the
location such that they can be seen from the rigc floor and from any
position around the location.

Mud Treatment and Checks

In the event the mud becomes contaminated with sulfides, a supply of
"Milgard" (100% zinc carbonate) or an equivalent scavenger will be
available in Deadhorse in sufficient quantity to treat the entire mud
system with 2 1bs per barrel.

Below protective casing, daily mud checks will be made to determine
the presence of sulfides in the mud using a Garrett Gas Train or
equivalent,

Well Site Communication

Portable two-way radios will be provided on location in order to
permit rapid communication between supervisory personnel in case of
an emergency.

"Danger - Hydrogen Sulfide - H,S" signs will be displayed when-
ever hydrogen sulfide level is above 10 ppm outside of the rig
floor, mud pit or shale shaker areas. Each sign shall have a
minimum width of eight feet and a minimum height of four feet and
shall be painted a high-visibility yellow color with black letter-
ing of @ minimum of 12 inches in height.

A1l signs shall be illuminated under conditions of poor visibility
and at night when in use.
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IX.

Briefing Areas

Two briefing areas will be designated at each location. The Shell

Drilling Superintendent on location will designate which briefing area is
to be used depending on wind direction.

Training

A.

Self-Contained Breathing Apparatus

Personnel who may be required to use self-contained breathing
apparatus in the event hydrogen sulfide is encountered shall be
trained in the use and proper maintenance of breathing apparatus. A1l
personnel shall be trained in use and proper maintenance of Robertshaw
air capsules or equivalent. Personnel will also be required at least
weekly to don this equipment to assure understanding in how to use it
properly. A written record of this training will be kept.

Hydrogen Sulfide Detection Equipment

Personnel required to operate permanent or portable monitoring
equipment will be trained in the proper use and maintenance of units.

Evacuation Procedures

A11 personnel will be advised of evacuation procedures, alarms,
reporting areas and steps to take in event of a hydrogen sulfide emer-
gency. Training will be provided permanent personnel to assure effec-
tive operation of evacuation equipment and understanding of evacuation
procedures.,

First-Aid Course

A11 personnel in the drilling crews shall be trained in basic
first aid.

Safety Meetings

Safety meetings will be held at least monthly. These meetings
will include review of hydrogen sulfide hazards, warning systems,
location of safe briefing areas and training sessions on equipment.
Records of attendance will be maintained on the drilling facility.

No Smoking

Areas where smoking is permitted will be established and identi-
fied. Should an alert be called, smoking shall not be permitted
during the alert. A1l personnel shall be informed of no smoking areas
and regulations pertaining to smoking.



XI. H,S Emergency Procedures

A.

If at any time as much as 10 ppm of HZS is detected, the following
steps will be taken:

1.  The person detecting the H,S must immediately notify the Driller.
He must then notify the Sh£11 Drilling Supervisor and contract
Toolpusher.

The Shell Drilling Supervisor and contract Toolpusher will bring
portable gas detectors to the rig floor in order to find the
source of HZS'

2. Upon notification of the emergency, the Driller will shut down
mud pumps and continue to rotate the drill pipe.

3. The rig floor and supervisory personnel will immediately put on
gas masks. All other personnel will immediately leave the area
and go to the upwind briefing or other safe area.

4. The contract Toolpusher will alert all personnel that an H,S
emergency exists. He should be prepared to shut off the Fgrced
Air Circulation System in the living gquarters.

5. The Mud Engineer will run a sulfide determination on the flowline
mud.

6. A maximum effort must be made by supervising personnel to resolve
the cause of the H,S and to suppress the H,S as quickly as
poss1b1e Dr1111n6 must not proceed until the cause of the

S is determined and the well is circulated. Rig floor and mud
pqt personnel will keep breathing equipment on while monitoring
this circulation.

7. The contract Toolpusher will make sure all nonessential personnel
are out of the potential danger area, i.e., mud pit area, mudlogger
unit, mud storage room, etc. All persons who remain in the potential
danger areas must utilize the "buddy system."

8.  The Shell Drilling Supervisor in charge will notify the Shell
Operations Superintendent of current conditions and actions
taken.

9. The on-duty Shell Drilling Supervisor will see that all
monitoring devices are functioning properly and reading accu-
rately and will increase gas monitoring activities with portable
Drager units.

10.  The Shell Drilling Supervisor in charge will notify all
approaching vehicles and helicopters to stay upwind and to
be prepared to evacuate nonessential personnel.
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The Shell Drilling Supervisor in charge will alert the
Deadhorse dispatcher to assure continuous radio watch. The
U.S. Geological Survey and U.S. Coast Guard must also be
notified.

If the H,S concentration exceeds 20 ppm (from an increase in gas
cut mud)“and the well is not attempting to flow, the following steps
will be taken:

1.

The person detecting the H,S must immedjately notify the Driller.
He must then notify the Shé]] Drilling Supervisor and contract
Toolpusher.

Criller will shut down mud pumps and continue to rotate drill
pipe.

The rig floor and supervisory personnel will immediately put
on air breathing units. Any other personnel in the high con-
centration area should hold their breath nd evacuate to a safe
area.

Once air breathing equipment is on, the Driller should:
a. Stop rotary.
b.  Pick up kelly above rotary table.

c. Be ready to hang off and close the BOP's if
necessary.

d. If well control problems develop, shut in the well.

The contract Toolpusher will alert all personnel that an
H,S emergency exists. He must shut off the forced Air Circulation
System in the Tliving quarters.

A1l personnel not listed above must report to the upwind safe
briefing area for further instructions from the off-duty-Tool-
pusher or Supervisor. If you are located on the downwind side
of the rig when the alarm is sounded, hold your breath and
proceed to the upwind safe briefing area.

Always put on a portable air breathing mask before proceeding to
assist one affected by the gas and utilize the "buddy system."

If the affected person is stricken in a high concentrated area,
put on a safety belt with 50 feet of tail line and obtain standby
assistance before entering the area. Always use the "buddy
system" when entering possible contaminated areas.



The Shell Drilling Supervisor in charge will notify all
approaching vehicles and helicopters to stay upwind and to
be prepared to evacuate nonessential personnel.

9. Notify dispatcher to alert heliport and establish 24-hour

watch., Notify appropriate state agencies in addition to
USGS and USCG.

10. DO NOT PANIC

The Shell Drilling Supervisor and contract Toolpusher will assess
the situation and assign duties to each person to bring the situation
under control. When the severity of the situation has been determined,

all persons will be advised. The Shell Drilling Supervisor and
contract Toolpusher will:

1 Direct corrective action.

2. Notify the Shell Cperations Superintendent in Anchorage on

action being taken.

10



et

APPENDIX 5
REFERENCES

J ‘
Aaron, J.M., B. Butman, M.H. Bothner, and N.G. Sylvester, 1980. Envircon-
mental conditions relatj g to potential geologic hazards on the
United States Northeas ern Atlantic Continental Margin, Map.

Anderson, E.D., 1973. Assessment of Atlantic mackerel in ICNAF Subarea §
and Statistical Area 6. Int. Comm. Northwest Atlantic Fish. Annual
Meet. 1973, Res. Doc. No. 14, Serial No. 2916, 37 pp.

Anderson, J.B. and R.R. Schwarzer, 1979. Sedimentology and trace metal
concentrations in sediments and organisms. In: W.B. Jackson, ed.
Environmental assessment of an active oilfielgd in the northwestern
Gulf of Mexico, 1977-1979. Volume I1I, physical and chemical
investigations. NOAA/NMFS/Environmental Protection Agency.

Armstrong Associates, 19&8. Causeway studies, Turnagain Arm crossing,
Alaska. Report of Alaska Dept. of Highways, November.

Ayers; R.C., Jr«, 1980. Commgnts on the fate and effects of drilling
discharges in the marine | environment. Response for U.S. Senate
Joint Hearing of the Committee on Commerce, Science, and Transporta-
tion and the Subcommittee Pn Energy Resources and Materials regarg-
ing Senate Bill S-2119, Geqrges Bank Protection Act.

AVers, R.iC., Jfi, T.t: Sauver, Jr., R.P. Meek, and G. Bowers, 1980a. An
environmental study to asspss the impact of drilling discharges in
the mid-Atlantic. 1I. QuEntity and fate of discharges. Proc.
Symposium Research on Environmental Fate and Effects of Drilling

Fluids and Cuttings, Lake Buena Vista, Florida, January 21-24, 1980.

Ayers, R.C., Jr., T.C. Sauer, Jr., D.O. Stuebner, and R.p. Meek, 1980b.
An environmental study to pssess the effect of drilling fluids on
water quality parameters during high rate, high volume discharges to
the ocean. Proc. symposium Research on Environmental Fate and
Effects of Drilling Fluids bnd Cuttings, Lake Buena Vista, Florida,
January 21-24, 1980. I

Barrett, J.R., Jr., 1965. Subsurface currents off Cape Hatteras.

Deep-Sea Research, 12:173-1q4.
i

Bascom, W., 1964. Waves and beaches, the dynamics of the ocean surface.
Doubleday, Anchor Booka,EScience Study Series, New York, NY.

Bayne, B.L., J. Widdows, and C. Worrall, 1977. Some temperature rela-
tionships on the Physiology of two ecologically distinct bivalve
populations, 379-400. In: F.J. Vernberg, A.C. Calabrese, F.P.
Thurberg, and W.B. Vernberg, eds. Physiological Responses of Marine
Biota to Pollutants. Academic Press, New York, NY.

BCF (Bureau of Commercial Fisheries), 1958, Deck logs from the 1958
R.V. John N. Cobb exploratory shrimp trawl Burvey in lower Cook
Inlet.




LT ———

B e e

LT

y 1963. Deck logs from the 1963 R.V. Yaquina exploratory shrimp
trawl survey in lower Cook Inlet.

. 1968. Deck logs from the 1968 R.V. Viking Queen exploratory
scallop fishing survey in lower Cook Inlet.

B.C. Research, Division of Applied Biology, 1976. Marine toxicity
studies on drilling fluid wastes. BR.C. Research, 28 pp.

Beak Consultants, Ltd., 1978. Heavy metals project, MacKenzie Delta and
Estuary. A Report for Imperial 0il Limited, Calgary, Alberta,
Canada, January.

Beardsley, R.C., W.D. Boicourt, and D.V. Hansen, 1976. Physical oceano-
graphy of the Middle Atlantic Bight. Limnology and Oceanography
Special Symposium, 2:20-24.

Beckett, A., B. Moore, and R. Weir, 1976. Acute toxicity of select
drilling components to rainbow trout. Can. Environ. Protection
Service. Edmonton, Alberta, Canada.

Benayoun, G., S.W. Fowler, and B. Oregioni,1974. Flux of cadmium through
euphausiids. Mar. Biol., 27:205-212.

Benech, S.V., R. Bower, and R.A. Pimentel, 1980. Chronic effects of
drilling fluids exposure to fouling community composition on a
semi-submersible exploratory drilling vessel. Proc. Symposium
Research on Environmental Fate and Effects of Drilling Fluids and
Cuttings, Lake Buena Vista, Florida, January 21-24, 1980.

Betzer, P.R. and M.E.Q. Pilson, 1971. Particulate iron and the nepheloid
layer in the western north Atlantic, Caribbean, and Gulf of Mexico.
Deep Sea Research, 18:753-761.

Biesinger, K.W. and G.N. Christensen, 1972. Effects of various metals on
survival growth, reproduction and metabolism of Daphnia magna. J.
Fish, Res. Bd. Canada, 29:1691-1700.

Bigelow, H.B., 1927. Physical oeanography of the Gulf of Maine. U.S.
Fisheries Bulletin, 40(2):511-1027.

+ 1933. Studies of the waters on the continental shelf. Cape Cod
to Chesapeake Bay. Part I. The cycle of temperature. Pap. Phys.
Oceanogr., 2(4):135 pp.

Bigelow, H.B., L. Lillick, and M. Sears, 1940. Phytoplankton and plank-
tonic protozoa of the offshore waters of the Gulf of Maine. Part I.
Numerical distribution. Trans. Am. Phil. Soc., 31:149-191.

Bigelow, H.B. and W.C. Schroeder, 1953. Fishes of the Gulf of Maine.
Fishery Bulletin 74. U.S Fish and wildlife Service, Washington, DC,

577 pp.

T e e



B LN

Bigelow, H.B. and M. Sears, 1935. Studies of the waters on the con-
tinental shelf. Cape Cod to Chesapeake Bay. Part II, Salinity.
Pap. Phys. Oceanogr., 4(1).

Blackburn, J., 1977. Pelagic and demersal fish assessment in the lower
Cook Inlet estuary system. Annual report from Alaska Department of
Fish and Game to NOAA/OCSEAP.

Blackburn, J.E., K. Anderson, C.I. Hamilton, and S.J. Staff, 1979,
Pelagic and demersal fish assessment in the lower Cook Inlet estuary
system. Final report from Alaska Department of Fish and Game to
NOAA/OCSEAP, 330 pp.

BLM (Bureau of Land Management), 1976. Lower Cook Inlet final environ-
mental impact statement. 3 volumes.

. 1976. Proposed 1976 outer continental shelf oil and gas lease
sale--lower Cook Inlet. Final EIS. Vol. 4, 562 pp.

v 1971, Final environmental statement. OCS Sale No. 42, Offshore
the North Atlantic States. U.S. Department of the Interior,
Washington, DC., Volumes 1-5.

» 1979. Final environmental impact statement. Proposed 1979 Outer
Continental Shelf 0il and Gas Lease Sale Offshore the Mid-Atlantic

States. OCS Sale No. 49, Vol. 1 of 3. (Section 4.1).

v = 3979 [ 7] Final supplement to environmental statement. OCS Sale
No. 42, Offshore the North Atlantic States. U.S. Department of the
Interior, Washington, DC.

. 1980. Draft EIS for proposed OCS oil and gas lease sale, lower
Cook Inlet and Shelikof Strait, Sale No. 60, Vol. 3, part 2.

Blom, B.E., T.F. Jenkins, D.C. Leggett, and R.P. Murrmann, 1976. Effect
of sediment organic matter on various chemical constituents during
disposal of dredged material. Contract Report D-76-7. U.S. Army
Engineer Waterways Experiment Station, Vicksburg, Ms.

Bothner, M.H., E.C. Spiker, W.M. Ferrebee, and D.L. Peeler, 1980.
Texture, clay mineralogy, trace metals, and age of cored sediments
in environmental geologic studies in the Georges Bank area, United
States northeastern Atlantic outer continental shelf, 1975-1977.
John M. Aaron, ed. United States Geological Survey Open File

Report No. B0-240.

Bothner, M.H., E.C. Spiker, and P.P. Johnson (in press). 14c and
210py, profiles in the "Mud Pateh™ on the continental shelf off
southern New England. Evidence for Modern Accumulation.

Bouma, A.H., M.A. Hampton, T.P. Froet, M.E. Torresan, R.C. Orlando, and
J.W. Whitney, 1978. Bottom characteristics of lower Cook Inlet,
Alaska. U.S. Geological Survey Open File Report No. 7B-236.




SEEAS

Bouma, A.H., M.A. Hampton, and R.cC. Orlando, 1977. sand waves and
other bedforms in lower Cook Inlet, Alaska. Marine Geotechnigue,
2:291-308.

Bouma, A.H. M.A. Hampton, M.L. Rappeport, P.G. Teleki, J.W. Whitney,
R.C. Orlandc, and M.E. Torresan, 1977 (manuscript). Movement of
sandwaves in lower Cook Inlet, Alaska. Offghore Tech. Conf..,
OTC 3111, ie Pp. '

s Y978 Movement of sandwaves in lower Cook Inlet, Alaska.
Offshore Tech. Conf., OTC 3311, p. 2271-2284.

Bouma, A.H., M.A, Hampton, M.P. Wennekens, and J.A. Dygas, 1977. Large
dunes and other bedforms in lower Cook 1Inlet, Alaska. Offshore
Tech. Conf., OTC 2737.

Bouma, A.H., R. Rezak, and R.F. Chmelik, 1969. Sediment transport aleng
ocean density interfaces. Geol. Soc. Am. Abstr., 7:259-260.

Bourne, N., 1964. Scallops and the offshore fishes of the maritime.
Fisheries Research Board Canada, Bulletin No. 145, 60 pp.

Bowers, G.W. and M.K. Goldenblatt, 197s. Calibration of a predictive
model for instantaneously discharged dredged material. EPA €00/3-
78-089, September, 1978, 155 PP-

Bowers, S.P., 1976. Modeling of coastal dredged material disposal:
In: Proc. of the Specialty Conference on Dredging and Its Environ-
mental Effects, p. 202-225.

Bowman, R.E., 1977. Seasonal food habits of demersal fish in the north-
west Atlantic--1972. NMFS, Northeast Fisheries Center, Woods Hole,
MA. Lab. Ref. No. 77-01. 3 PP

Bowman, R.E., 1979. Feeding habits of ten northwest Atlantic juvenile
groundfish. NMFS, Northeast Fisheries Center, Woods Hole, MA.
Lab. Ref. No. 79-43, 22 PP-

Brandsma, M.G., L.R. Davis, R.C. Ayers, and T.C. Sauer, Jr., 1980.
A computer model to predict the short-term fate of drilling dis-
charges in the marine environment. Proc. Symposium Research on
Environmental Fate and Effects of Drilling Fluids and Cuttings, Lake
Buena Vista, Florida, January 21-24, 1980.

Brandsma, M.G. and D.J. Divorky, 1976. Development of models for predic-
tion of short-term fate of dredged material discharged in the
estuarine environment. Contract Rpt. D-76-5. U.s. Army Engineer
Waterways Experiment Station, Vicksburg, Ms.

Britch, R.P., 1976. Tidal currents in Knik Arm, Cook Inlet, Alaska.

Masters thesis prepared at University of Alaska, Institute of Marine
Rescurces, Fairbanks, AKX.

5-4

TR Ty R A R e T et R S S
iR W S R a



Brower, W.A., Jr., H.W. Searby, J.L. Wise, H.F. Diaz, and A.S. Prechtel,
1977. Climatic atlas of the outer continental shelf waters and
coastal regions of Alaska. Arctic Environmental Information and
Data Center and National Climatic Center, 439 pp.

Brown, B.E., 1980. The status of the fishery resources on Georges Bank.
NMFS, Northeast Fisheries Center, Woods Hole, MA. Lab. Ref.
No. BO-10.

Brown, D:A:; C:k. Bowden, K.W. Chatel, and T.R. Parsons, 1977. The
wildlife community of Iona Island jetty, Vancouver, BC, and heavy-
metal pollution effects. Environ. Conserv., 4:213-216.

Bumpus, D.F., 1973. & description of the circulation on the continental
shelf of the east coast of the United States. Progress in Oceano-
graphy, 6:111-157.

« 1976. Review of the physical oceanography of Georges Bank.
International Commission for the Northwest Atlantic Fisheries
Research Bulletin, 12:119-134.

Bumpus, D.F. and L.M. Lauzier, 1965. Surface circulation on the con-
tinental shelf of eastern North America between Newfoundland and
Florida. American Geographic Society Serial Atlas of the Maine
Environment. Folio 7, HPL, 8 PP

Burbank, D.C., 1974. Suspended sediment transport and deposition in
Alaskan coastal waters. University of Alaska, Institute of Marine
Science, 222 pp.

i 1977, Circulation studies in Kachemak Bay and lower Cook Inlet,
Alaska. In: L.L. Trasky, L.B. Flagg, and D.C. Burbank, eds.
Environmental Studies of Kachemak Bay and Lower Cook Inlet, Alaska
Department of Fish and Game, Anchorage, AK. Vol. III.

Burrell, D.C. and D.W. Wood, 1967. Clay-inorganic and organic-inorganic
association in agquatic environments, Part II, Institute of Marine
Science, University of Alaska, Fairbanks, AK.

Butman, B., 1980. Aspects of currents and sediment movement on Georges
Bank. Lowell Lecture Series, presented at the New England Aquarium.

Butman, B., R.C. Beardsley, B. Magnell, J.A. Vermersch, R.J. Schlitz, R.
Limeburner, and M.A. Noble, 1980 (in press). The mean circulation
of Georges Bank. WHOI Contribution No. 4722.

Cabrera, J., 1968. Survival of the oyster Crassotrea virginica (Gmelin)
in the laboratory under the effects of oil drilling fluids spilled
in the Laguna de Tamiahua, Mexico. Gulf Research Reports (3):
197-213.

=5




ST

Calabrese, A., F.P. Thurberg, M.A. Dawson, and D.R. Wenizloff, 1975.
Sublethal physiclogical stress induced by cadmium and mercury in the
winter flounder Pseudopleuronectes americanus. In: J.H. Koeman and
J.J.T.W.A. Strik, eds. Sublethal Effects of Toxic Chemicals on
Aquatic Animals, Elsevier Publishing Co., Amsterdam, p. 15-21.

Cantelmo, F.R., M.E. Tagatz, and K.R. Rao, 1979. Effects of barite on
meiofauna in a flow through experimental ecosystem. Marine Environ-
mental Research, 2:301-310.

Capuzzo, J.M., and J.J. Sassner, 1977. The effect of chromium on filtra-
tion rates and metabolic activity of Mytilus edulis L. and Mya

arenaria L. 1In: F.J. Vernberg, A. Calabrese, F.P. Thurberg, angd
W.B. Vernberg, eds. Physiological Responses of Marine Biota to
Pollutants. Academic Press, Inc., New York, NY, p. 225-237.

Cardwell, R.D., C.E. Woelke, M.I. Carr, and E. Sanborn, 1976. Sediment
and elutriate toxicity to oyster larvae. In: Proc. of the Special-
ty Conf. on Dredging and its Environmental Effects. Mobile,
Alabama, January 26-28, p. 684-718.

Carlisle, J.B., C.H. Turner, and E.E. Ebert, 1964. Artificial habitat in
the marine environment. California Dept. of Fish and Game, Fish.
Bull., 124:73-74.

Carls, M.G. and S.D. Rice, 1981. Toxicity of oil well drilling muds to
Alaskan larval shrimp and crabs. Final report for Outer Continental
Shelf Energy Assessment Program. U.S. Department of the Interior,
Bureau of Land Management. 33 pp.

Carlson, R.F. and C.E. Behlke, 1972. A computer model of the tidal
phenomena in Cook Inlet, Alaska. Institute of Water Resources
Report IWR-17, University of Alaska, Fairbanks, AK.

Carney, L.L. and L. Harris, 1975. Thermal degradation of drilling mud
additives. In: Conf. Proc. on Environmental Aspects of Chemical
Use in Well-Drilling Operations, Houston, Texas, May 21-23, EPA-560/

1-75-004, p. 203-221.

Carr, R.S5., L.A. Reitsema, and J.M. Neff, 1980. Influence of a used
Chrome lignosulfonate drilling mud on the survival, respiration,
feeding activity, and net growth efficiency of the opposum shrimp
Mysidopsis almyra. Proc. Symposium Research on Environmental Fate
and Effects of Drilling Fluids and Cuttings, Lake Buena Vista,
Florida, January 21-24, 1980.

Carsola, A.J., 1975. Oceanographic and meteorological study of the lower
Cook Inlet, Alaska. Prepared by Lockheed Ocean Laboratory for Shell

0il Company, 156 pp.

Chen, K.Y., S§.K. Gupta, A.2. Sycip, J.C.S. Lu, M. Knezevic, and W-W.
Choi, 1976. Research study on the effect of dispersion, settling,
and resuspension on migration of chemical constituents during
open-water disposal of dredged material. Contract Report D-76-1.
U.S. Army Engineer Waterways Experiment Station, Vicksburg, MS.

5-6




fager

Chpnoweth, 1977. In: TRIGOM, undated.

Chesser, B.G. and W.H. McKenzie, 1975. Use of a bicassay test evaluation
on the toxicity of drilling fluid additives on Galveston Bay ghrimp.
In: Conf. Proc. on Environmental Aspects of Chemical Use in well-
Drilling Operations. Houston, Texas, May 21-23. EPA-560/1-75-004.

Chow, T.S. and C.B. Snyder, 1980. Barium in marine environment ; a
pPotential indicator of drilling contamination. Proc. Symposium
Research on Environmental Fate and Effects of Drilling Fluids and
Cuttings, Lake Buena Vista, Florida, January 21-24, 1980.

Elark,; R.C.., 1976. Levels and sources of critical trace metalsg in the
marine environment. OCSEAP Final Rpt., RU 75, November 197g.
In: Biol. Studies, March 1979 (5).

Clark, R.C. and J.s. Finley, 1974 (in preparation). Uptake and loss of
petroleum hydrocarbons by mussels (Mytilus edulis) in laboratory
experiments.

Clark, S.H. and B.E. Brown, 1976. Changes in biomass of finfishes
and squids from the Gulf of Maine to Cape Hatteras, 1963-74, as
determined from research vessel survey. Fish. Bull. 75(1):1-21.

Clemens, H.P. and W. Jones, 1954. Toxicity of brine water from oil
wells. Trans. Am. Fish. Soc., 84:97-109.

CNA (Center for Natural Areas), 1977. A summary and analysis of environ-
mental information on the continental shelf from the Bay of Fundy to
Cape Hatteras, Vol. 1, Bk. 1.

+ 1977. A summary and analysis of environmental information on the
continental shelf from the Bay of Fundy to Cape Hatteras, Vol. 1,
Bk. 2, Chapters VI-XIV. Prepared for Bureau of Land Management.

Cobb, S.J., 1976. The American lobster: the biology of Homarus amerj-
canus. Univ. Rhode Island, Kingston, RI, 32 pp.

Cohen, E.B. and W.R. Wright, 1979. Primary productivity on Georges Bank
with an explanation of why it is so high. NMFS, Northeast Fisheries

Center, Woods Hole, MA. Lab. Ref. No. T9=53, 7 pp.

Colton, J.B., Jr. and R.R. Byron, 1977. Gulf of Maine-Georges Bank
ichthyoplankton collected on ICNAF larvae herring surveys, September
1971-February 1975. NOAA Tech. Report SSRF-717, 34 PP-

colton, J.B:, R.R. Marak, S. Nickerson, and R.F. Stoddard, 196s8.
Physical, chemical, and biological observations on the continental
shelf, Nova Scotia to Long Island, 1964-66. U.S. Figh and Wildlife
Service. Data Report 23. Microfiche, 1 p.

Colton, J:B.; JIr.; Wi.G: Smith, A.W. Kendall, Jr., P.L. Berrien, and M.P.
Fahay, 1979. Principal spawning areas and times of marine fishes,
Cape Sable to Cape Hatteras. Fish. Bull., 76(4):911-915.




R LN

Colton, J.B. and R.F. Stoddard, 1972. Average monthly seawater tempera-
tures. Nova Scotia to Long Island, 1940-1959. Amer. Geogr. Soc.
Serial Atlas of the Marine Environment. Folio 21.

Conklin, P.J., D.G. Doughtie, and K.R. Rao, 1980. Effects of barite and
used drilling muds on crustaceans, with particular reference to the
grass shrimp, Palaemonetes pugio. Proc. Symposium Research on
Environmental Fate and Effects of Drilling Fluids and Cuttings, Lake
Buena Vista, Florida, January 21-24, 1980.

Cooper, R.A. and J.R. Uzmann, 1977. Ecology of juvenile and adult
clawed lobsters, Homarus americanus, Homarus gammarus, and Nephrops
nowegicus. in;: B.F. Phillips and J.s. Cobb, eds. Workshop on
Lobster and Rock Lobster Ecology and Physiology. Div. Fisheries and
Oceanography, C.5.I.R.0., Melbourne, Australia, Circ. No. 7,
p. 187-208.

Crippen, R.W., G. Green, and S.L. Hodd, 1980. Metal levels in sediment
and benthos resulting from a drilling fluid discharge into the
Beaufort Sea. Proc. Symposium Research on Environmental Fate and
Effects of Drilling Fluids and Cuttings, Lake Buena Vista, Florida,
January 21-24, 1980.

Cunningham, P.A. and M.R. Tripf, 1975a. Accumulation, tissue distribu-
tion, and elimination of °3ch12 and CH32°3HgC1 in tissues of the
American oyster, Crassostrea virginica. Mar. Biol., 31:321-334.

+ 1975b. Factors affecting the accumulation and removal of mercury
from tissues of the American oyster, Crassostrea virginica. Mar.

Biol., 31:311-319.

Dale, N.G., 1974. Bacteria in intertidal sediments: factors related to
their distribution: Limnol. Oceanogr., 19:509-518.

Dames & Moore, 1976. Marine plant community studies, Kachemak Bay,
Alaska. Final report for Alaska Department of Fish and Game,

288 pp.

o ¥977a. Reconnaissance of the intertidal and shallow subtidal
biotic assemblages in lower Cook Inlet. Final report for Department
of Commerce, NOAAR/OCSEAP, 315 PP-

+ 1977b. An ecological assessment of the littoral zone along
the outer coast of the Kenai Peninsula. Final report for Alaska
Department of Fish and Game, 101 PP-.

« 1978a. Dprilling fluid dispersion and biological effects study for
the lower Cook Inlet C.0.S5.T. well. Final report to the Atlantic
Richfield Company, Anchorage, Alaska. 309 PP-

+ 1978b. Lower Cook Inlet biological studies, lease block clearing,
hrea 2. Prepared for Exxon Company, U.S.A., 38 pp.

+ 1978c. Lower Cook Inlet biological studies, ‘lease block clearing,
Area 5. Prepared for ARCO 0il and Gas Co., 39 pp.

5~8




« 1978d. Lower Cook Inlet biological studies, lease block clearing,
Area 4. Prepared for Marathon 0il Company, 35 pp.

+ 1978e. Lower Cook Inlet biological studies, lease block clearing,
Area 3. Prepared for Exxon Company, U.S.A., 46 PP-

+ 1978f. Lower Cook Inlet biological studies, lease block clearing,
Area 1. Prepared for Marathon 0il Company, 31 PP-

v 1978 Ecological studies of intertidal and shallow subtidal
habitats in lower Cook Inlet. Annual report for Department of
Commerce, NOAA/OCSEAP, 261 Pp.

+ 1980a. Investigations on shallow subtidal habitats and assem-
blages in lower Cook Inlet. Final Report prepared for Inst. of Mar.
Sci., Univ. of Alaska, 184 Pp-

. 1980b. Ecological studies of intertidal and shallow subtidal
habitats in lower Cook Inlet, Alaska. Final Report prepared for
NOAA/OCSEAP, 406 pp.

Daugherty, F.W., 1951. Effects of some chemicals used in oil well
drilling on marine animals. Sewage and Industrial Wastes. 23(10):
1282-1286.

Dawson, M.A., E. Gould, F.Pp. Thurberg, and a. Calabrese, 1977. Physio-
logical response of juvenile striped bass, Morone saxatilis, to low
levels of cadmium and mercury. Chesapeake Ssci., 18:353~-359.

de Goeij, J.J.M., V.P. Gwinn, D.R. Young, and A.J. Mearns, 1974. Neutron
activation analysis trace-element studies of Dover sole liver
and marine sediments. In: Comparative Studies of Food and Environ-
mental Contamination. International Atomic Energy Agency, Vienna,
P. 189-200.

Derby, C.D. and J. Atema, 1980 (to be published). Influence of drilling
muds on the primary chemosensory neurons in walking leg of the
lobster, Homarus americanus. Boston University Marine Program.

Dey, D.B. and D.M. Damkaer, 1977. Initial zooplankton investigations in
Prince William Sound, Gulf of Alaska and lower Cook Inlet. Annual
Report for NOAA/OCSEAP by NOAA/PMEL, 138 PP-

Dickey, T.D. and M.D. Fortin, 1980. A numerical model of dispersion of
drilling discharges in the marine environment. Proc. Symposium
Research on Environmental Fate and Effects of Drilling Fluids and
Cuttings, Lake Buena Vista, Florida, January 21-24, 1980.

Dillon, W.P. and H.B. Zimmerman, 1970. Erosion by biological activity
in two New England submarine canyons. Journal of Sedimentary

Petrology, 40:542-547.

Drake, D.E., 1971%. Suspended sediment and thermal stratification in
Santa Barbara Channel, California. Deep Sea Research, 18:763-769.




R LA

¢ 1976 Suspended sediment transport and mud deposition on con-
tinental shelves. In: D.J. Stanley and D.J.P. Swift, eds. Marine
Sediment Transport and Environmental Management, John Wiley & Sons,
New York, NY, p. 127-158.

brake; D.E.; R.L. Kolpak, and P.J. Fischer, 1972a. Comments on the
dispersal of suspended sediment across the continental sghelves.
In: D.J.P. Swift, D.B. Duane and O.H. Pilkey, eds. Shelf Sediment
Transport: Process and Pattern. Dowden, Hutchinson & Ross,
Stroudsburg, PA.

i 1932, Sediment transport on the Santa Barbara-Oxnard Shelf,
Santa Barbara Channel, california. In: D.J.P. Swift, D.B. Duane
and O.H. Pilkey, eds. Shelf Sediment Transport: Process and
Pattern. Dowden, Hutchinson & Ross, Stroudsburg, PA.

Drapeau, D., 1973. sedimentology of herring spawning grounds on Georges
Bank. ICNAF Res. Bulletin, (10):151-162.

Driskell, W., 1977. Benthic reconnaissance of Kachemak Bay, Alaska. In:
L.L. Trasky, L.B. Flagg, and D.C. Burbank, eds. Environmental
Studies of Kachemak Bay and Lower Cook Inlet. Alaska Department of
Fish and Game, Anchorage, AK. Vol. VII.

Dube, G.P., R.G. Lough, and R.E. Cohen, 1977. Comparison of Georges
Bank zooplankton community in relation to growth and mortality of
herring larvae during two winter periods. NMFS, Northeast Fisheries
Center, Woods Hole, MA. Lab. Ref. No. 77=-15 (also ICES Doc. C.M.

197/1,:27) .

Ecomar, Inc., 1978. Tanner Bank mud and cuttings study. Prepared for
Shell 0il Company.

Edge, B.L. and B.C. Dysart, 1972. Transport mechanisms governing sludges
and other materials barged to sea. Civil Engineering and Environ-
mental Systems Engineering, Clemson University, Clemson, SC.

Eganhouse, R.P. and D.R. Young, 1978. Total and organic mercury in
benthic organisms near a major submarine wastewater outfall system.
Bull. Environ. Contam. Toxicol. 19:758-766.

Eganhouse, R.P., D.R. Young, and J.N. Johnson, 1978. Geochemistry
of mercury in Palos Verdes sediments. Environ. Sci. & Tech.
12: ¥150=-1157.

Einstein, H.A. and K.B. Krone, 1962. Experiments to determine modes of
cohesive sediment transport in saltwater. Journal Geophys. Res.,
67:1451-1561.

Eittreim, 6. and M. Ewing, 1972. Suspended particulate matter in the
deep waters of the North American basin. In: A.L. Gordon, ed.
Studies in Physical Oceanography, New York, NY, p. 123-167.

5-10



e

Emery, K.0, 1956. Deep standing waves in California basins. Limnology
and Oceanography, 1:35-41.

o+ 1969. The continental shelves. Scientific American, 221:106-122.

Emery, X.0. and E. Uchupi, 1972. Western North Atlantic ocean.

Topography, rocks, structure, water, life and sediments. Amer.
Assoc. Petr. Geol., Memoir, 17:532 PpP-.

ENDECO (Environmental Devices Cerp.), 197s6. Summary--special water
monitoring study, C.0.S.T. Atla .ic G-1 well conducted during the
period April 14 to July 14, 1976.

English, T.s., 1977. Lower Cook Inlet meroplankton. Annual Report
from the University of Washington to NOAA/CCSEAP.

ERCO, 1978. Marine environmental studies of the New England Outer
Continental Shelf. Draft Final Report, prepared for the Bureau of
Land Management. 5 volumes.

Erikson, D., 1977. Distribution, abundance, migration, and breeding
locations of marine birds, lower Cook Inlet. In: L.L. Trasky, L.B.
Flagg, and D.cC. Burbank, eds. Environmental Studies of Kachemak
Bank and Lower Cook Inlet, Alaska Department of Fish and Game,
Anchorage, AK, 182 PP-

Bvang, C.b.; E: Buck, R. Buffler, G. Fisk, R. Forbes, and W. Parker,
1972. The Cook Inlet enviromment--a background study of available
knowledge. Resource and Science Services Center, University of
Alaska, Anchorage, aK.

Evans, D.J., 1971. Nova Scotia environmental report. Prepared for-shell
Canada Resources, Ltd. by Ocean Science ang Engineering, 1Inc.,
Rockville, MD.

Ewing, J.A. 1973. Wave-induced bottom currents on the outer shelf.
Marine Geology, 15:M31-M35.

Ewing, M. and E.M. Thorndike, 1965. Suspended matter in deep ocean
water. Science, 147:1291-1294.

Falk, M.R. and M.J. Lawrence, 1973. Acute toxicity of petrochemical
drilling fluids components and wastes to fish. Environment Canada,
Fisheries and Marine Service Technical Rpt., Ser. No. CEN T=73~-1.

Feder, H.M., A.J. Paul, M. Hoberg, S. Jewett, et al., 1980. Distri-
bution, abundance, community structure, and trophic relationships of
the nearshore benthos of Cook Inlet. Final Report to NOAR/OCSEAP,
609 pp.

Feeley, R.A. and J.D. Cline, 1979. Composition, transport, and deposi-
tion of suspended matter in lower Cook Inlet and Shelikof Strait,
Alaska. NOAA-OCSEAP/BLM, RU 159, 64 pp.




the year ending March 1978, vol. VIII, pp. 11-69.

Feeley ,R.A.,; G:J. Massoth, a.J. Paulson, and M.F. Lamb, 1980. Distribu-
tion and composition of suspended matter in Norton Soutn and lower
Cook 1Inlet, Alaska. Annual Report from NOAA/PMEL to NOAA/OCSEAP,

101 pp.

Feulner, A.J., J.m. Childers, and Vv.w. Norman, 1971%. Water resource of
Alaska. U.5. Geological Survey, Water Resources Division, Alaska
District, Open File Report.

Flagg, C.N., 1979, . Interaction of a warm-core eddy with the New England
continental Shelf. Abstract presented at the 2nd Informal Workshop
on the Oceanography of the Gulf of Maine and Adjacent Seas, May
1979. Dalhousie University, Halifax, Nova Scotia.

Folger, D.W.; S.k. Wood, M.H. Bothner, and B. Butman, 1980. Submersible
operations on Georges Bank. Environmental Geologic Studies in
the Georges Bank area, United States northestern Atlantic outer
continental sghelf. Journal of Physical Oceanography, 1:82-91.

Fritz, R.L., 1965. Autumn distribution of groundfish species in the Gulf
of Maine and adjacent waters, 1955-1961. Serial Atlas of the Marine

Environment, Am. Geol. Soc. Folio 10-A.G.I.

BAlt, J.5.; 19%1. & numerical investigation of pressure-induced storm
Surges over the continental shelf. Journal of Physical Oceano-
graphy, 1:82-91.

Gambrell, R.P., R.A. Khaud, and w.H. Patrick, Jr.. 1978. Disposal
alternatives for contaminated dredged material 845 a management tool
to minimize environmental effects. Technical Report DS-78-8. U.s.
Army Engineer Waterways Experiment Station, Vicksburg, Ms.

Gambrell, R.P., R.A. Khaud, M.G. Verloo, and W.H. Patrick, Jr.; 1977.
Transformations of heavy metals ana plant nutrients in dredged
sediments as affected by oxidation reduction potential and pH,
Volume II: Materials and Methods/Results and Discussion. Contract
Report D-77-4. U.S. Army Engineer Waterways Experiment Station,
Vicksburg, Ms.

Garrison, L.E. and R.L. McMaster, 1966. Sediments and geomorphology of
the continental sghelf off southern New England: Marine Geology,
4:273-289.

Gatto, L.W., 1976. Baseline data on the Oceanography of Cook 1Inlet,
Alaska. Ccold Regions Research and Engineering Laboratory, Hanover,

NH, CRREL Report 76-25, 84 pp.




thiwme

George, R.Y., 1975. Potential effects of oil drilling and dumping
activities on marine biota. In: Conf. Proc. on Environmental
Aspects of Chemical Use in Well-Drilling Operations, Houston, Texas,
May 21-23, 1975. EPA-550/1-75-004, p. 333-356.

Gerber, R.P., E.S. Gilfillan, B.T. Page, D.S. Page, and J.B. Hotham,
1980. Short and long term toxic effects of used drilling fluids on
marine organisms. Proc. Symposium Research on Environmental Fate
and Effects of Drilling Fluids and Cuttings, Lake Buena Vista,
Florida, January 21-24, 1980.

Gettleson, D.A. and C.E. Laird, 1980. Benthic barium levels in the
vicinity of six drill sites in the Gulf of Mexico. Proc. Symposium
Research on Environmental Fate and Effects of Drilling Fluids and
Cuttings, January 1980, Lake Buena Vista, Florida.

Giam, C.S., ed., 1977. Pollutant effects on marine crganisms. Proceed-
ings of a workshop held in May 1876. Lexington Books, D.C. Heath
and Company, 211 pp.

Gilfillan, E.S., R.P. Gerber, S.A. Hanson, and D.S. Page, 1980. Effects
of various admixtures of used drilling mud on the development of a
boreal soft bottom community. Proc. Symposium Research on Environ-
mental Fate and Effects of Drilling Fluids and Cuttings, Lake Buena
Vista, Florida, January 21-24, 1980.

Gilfillan, E.S. and J.H. Vandermeulin, 1978. Alterations in growth and
physiology of soft-shell clams, Mya arenaria, chronically oiled with
Bunker C from Chedabucto Bay, Nova Scotia, 1970-76. J. Fish. Res.
Bd. Can., 35:630-636.

Gounld; P., R.S. Collier, J.J. Karolus, and S. Givens, 1976. Heart
transaminase in the rock crab, Cancer irroratus, exposed to cadmium
salts. Bull. Envir. Contam. Tox., 15:635-643.

Graham, J.J. and S.B. Chenoweth, 1973. Distribution and abundance of
larvae herring, Clupea haengus harengus L. over egg beds on Georges
Bank. ICNAF Res. Bull., No. 10:141-150.

Grahl-Nielsen, 0., §S. Sundby, K. Westerheim, and S. Wilhelmsen, 1980.
Petroleum hydrocarbons in sediment resulting from drilling
discharges from a production platform in the North Sea. Proc.
Symposium Research on Environmental Fate and Effects of Drilling
Fluids and Cuttings, Lake Buena Vista, Florida, January 21-24, 1980.

Grantham, C.K. and J.P. Sloan, 1975. Toxicity study - drilling fluid
cthemicals on aguatic life. In: Conf. Proc. on Environmental
Aspects of Chemical Use in Well-Drilling Operations, Houston, Texas,
May 21-23, 1975. EPA-550/1-75-004, p. 103-112.

Gray, G.W., Jr., undated. Investigation of the basic life history of the
red crab (Geryon gquingudens). Completion Rpt. P.L. B8-309, Project
3-46-R. Rhode Island Div. Conservation, 6 pp.




tewn

. A ey b

Griffiths, R.P. and R.Y. Morita, 1979. Study of microbial activity
and crude oil-microbial interactions in the waters and sediments of
Coock Inlet and the Beaufort Sea. Annual Report to NOAA/OCSEAP, 80

PP-

Gripenberg, S., 1934. A study of the sediments in the north Baltic and
adjoining seas. Fennia, 60(3):1-231.

Grosslein, M.D. and E. Bowman, 1973. Mixture of species in SA Sg6.
International Commission for the Northwest Atlantic Fisheries,
Redbook 1973, Ppart I, 1e69.

Gusey, W.F., 1977. fThe fish and wildlife resources of the Georges
Bank region. Shell 0il Company, Houston, TX.

Haedrich, R.L., G.7T. Rowe, and Pp.T. Polloni, 1975, Zonation and faunal
composition of epibenthic populations on the continental slope south
of New England. Journal of Marine Research, 33(2):191-212.

Harlett, J.C. and L.X. Kulm, 1973. Suspended sediment transport on the
northern Oregon continental shelf. Geological Society of America
Bulletin, B4:3815-3826.

Hatcher, P.G. and D.A. Segar, 1976. Chemistry and continental shelf
sedimentation. In: D.J. stanley and D.J.Pp. Swift, eds. Marine
Sediment Transport and Environmental Management. Wiley-Inter-

science, New York, RY.

Hathaway, John ¢C. compiled and ed., 1971. Data file, Continental Margin
Program, Atlantic Coast of the United States. Vol. ‘2. Samples
Collection and Analytical Data. Woods Hole Oceanographic 1Inst.,
Ref. No. 71-15, U.S. Geol. Survey, Woods Hole, MA.

Hausknecht, K.A., 1979. Concentration and digtribution of trace metals
in suspended particulate matter on the New England outer continental
shelf. Abstract presented at the 2nd Informal Workshop on the
Oceanography of the Gulf of Maine and Adjacent Seas, May 1979.
Dalhousie University, Halifax, Nova Scotia.

Haven, D.S. and R. Morales-Alamo, 1972. Biodeposition as a factor in

sedimentation of fine suspended solids in estuaries. In: C.W.
Nelson, ed.. Environmental Framework of Coastal Plain Estuaries,

Geol. Scc. Am. Menm., 133:121-130.

Hayes, M.0., P.J. Brown, and J. Michel, 1977. Coastal morphology and
sedimentation, lower Cocok Inlet, Alaska. In: L.L. Trasky, L.B.
Flagg, and D.C. Burbank, eds. Environmental Studies of Kachemak Bay
and Lower Cook Inlet, Alaska Department of Fish and Game, Anchorage,
AK. Vol. 11, 107 PP-.

Haynes, E.B., 1877. Bummary status on the distribution of king crab
and pandalid shrimp larvae, Kachemak Bay-~lower Cook Inlet,
Alaska, 1976. In: L.L. Trasky, L.B. Flagg, and D.C. Burbank, eds.
Environmental Studies of Kachemak Bay and Lower Cook Inlet, Alaska
Department of Fish and Game, Anchorage, AK. Vol. IV, 52 pp.

5-14




= Hecker, B., G. Blechschmidt, and p. Gibson, 1980. Final report for the
canyon assessment study in the mid- and north Atlantic areas of the
U.5. Outer Continental Shelf. U.S. Department of the Interior,
Bureau of Land Management, BLM1-AAR551-CT8~-49.
Hedgpeth, J.w., 1957, Sandy beaches. 1In: gJ.w. Hedgpeth, ed. fTreatise
on Marine Ecology and Paleoecology, Geol. Soc. Amer. Memoir 67,
- Washington, DC, p. 587-608.

Hedin, JT:R.; A.H. Bouma, M.A. Fisher, M.a. Hampton, E.W. Scott, and C.L.
Wilson, 1979. Resource report for broposed 0OCS Sale No. €0, Lower
Cook 1Inlet-Shelikof Strait, Alaska. U.5.G.Ss. Open File Report
No. 79-600, 38 pPp-.

Hennemuth, R.C., 1976. Fisheries and renewable resoruces of the North-
west Atlantic Shelf. In: B. Manowitz, ed. Effects of Energy
Related Activities on the Atlantic Continental Shelf. Brookhaven
National Laboratory, Associated Univ., Inc., p. 146-166.

Herbert, D.W.M., J. S. Alabaster, M.cC. Dart, R. Lloyd, 1961. The effect
of China-clay wastes on trout streams. Air Water Pollution,

5:56~74.

Hodgins, H.0. and J.w. Hawkes, 1976. Pathology of arctic and subarctic
marine species and exposure to trace metals associated with petro-
leum. OCSEAP Final Rpt., RU 75, November 197g. In: Biol. Studies,

March 1979 (8).

Hollingsworth, J.W. and R.A. Lockhart, 1975. Fish toxicity of dispersed
clay drilling mud deflocculants. In: Conf. Proc. on Environmental
Aspects of Chemical Use in Well-Drilling Operations, Houston, Texas,
May 21-23, 1975. EPA-550/1-75-004, p. 113-124.

Holmes, C.W. and §.s. Barnes, 1977. Trace metal and mineralogical
analysis of suspended and bottom sediment. In: Environmental
Studies South Texas Outer Continental Shelf Rig Monitoring Program.
Final Report. uy.s. Bureau of Land Management Contr. No. AA-CT&-37.
Chapter 6, 18 PP.

Horrer, P.L., 1967. Methods and devices for measuring currents. In:
Estuarines, American Association for the Advancement of Science,
Washington, + Publication No. 83, p. 80-B9.

Hotchkiss, F.L.S., 1980. Internal gravity waves and sediment transport
in Hudson submarine canyon. M.S. Dissert., Mass. Inst. of Tech.

Houghton, J.P., 1973. fThe intertidal ecology of Xiket Island, Washington
with emphasis on age and growth of Protothaca staminea and Sxidomus
giganteus (Lamellibranchia: Veneridae). Ph.D. thesis, University
of Washington, 154 PP.




Houghton, J.P., R.P. Britch, R.C. Miller, A.K. Runchal, and c.p. Falls,
198Ca. Drilling fluid dispersion studies at the lower Cook 1Inlet
C.0.5.T. well. Proc. Symposium Research on Environmental Fate and
Effects of Drilling Fluids and Cuttings. Lake Buena Vista, Florida,
January 21-24, 19g80.

Houghton, J.P., D.L. Beyer, and E.D. Theilk, 1980b. Effects of oil
well drilling fluids on several important Alaskan marine organisms.
Proc. Symposium Research on Environmental Fate and Effects of
Drilling Fluids and Cuttings. Lake Buena Vista, Florida, January
21-24, 1980.

Hudson, J.H. and D.M. Robbin, 1980. Effects of drilling mud on the
growth rate of the reef-building coral, Montastrea annularis. Proc.
Symposium Research on Environmental Fate and Effects of Drilling
Fluids and Cuttings, Lake Buena Vista, Florida, January 21-24, 1980.

HEutcheon, J..,. 1972. Forecasting ice in Cook Inlet, Alaska. NOAA
Technical Memorandum AR-5. Anchorage, AK.

IMCO Services, undated. Pocket guide for mud technology.

Ingham, M.C., 1976. variation in the shelf-water front off the Atlantic
coast between Cape Hatteras and Georges Bank. In: Goulet, J.R.,
ed. The environment of the United States living marine resources-
1974. MARMAP Contrib. No. 104, NMFS, Washington, DC.

Jan, T.K., M.D. Moore, and D.R. Young, 1977. Metals in seafoods near
outfalls. In: Annual Report for the Year Ending June 3, 1977.
Southern California Coastal Water Research Project, El Segundo, CA.
Access No. PB 274463/AS, National Technical Information Service,
Springfield, VA, p. 153-157.

Jan, T.X. and D.R. Young, 1978. Chromium speciation in municipal waste-
water and seawater. J. Water Pollut. Control Fed., 50:2327-2336.

Johnson, B.H., 1974. Investigation of mathematical models for the
Physical fate prediction of dredged materials. U.S. Army Engineer
Waterways Experiment Station, Hydraulics Laboratory, Vicksburg, MS.

Johnson, R.G., 1970. Variations in diversity within benthic marine
communities. BAmer. Natur., 104:285-300.

Johnson, R.G. and §. LeGore, 1976. Physical and toxicity bioassay
studies in Cook Inlet, Alaska during drilling operations June-August
1976. Nalco Environmental Sciences. 98 pp.

Johnston, C.5.; R.G. Jones, and R.D. Hunt, 1977. A seasonal carbon
budget for a laminarian population in a Scottish sea-lock. Helgal.
Wiss. Meeresant, 30:525-545.

Joint IMCO/FAQ, UNESCO, wWMO Group of Experts on the Scientific Aspects of
Marine Pollution, 1969. Abstract of first session report. Water
Research, (3):995-1005.



yqw

Kalil, E.X., 1980. Chemical analysis of drill muds for tracing discharge
plumes. Pproc. Symposium Research on Environmental Fate angd Effects
of Drilling Fluids and Cuttings, Lake Buena Vista, Florida, January
21-24, 1980.

Keller, G.H. and F.p. Shepard, 197s. Currents and sedimentary processes
in submarine canyons off the northeast United States. In: D.J.
Stanley and G.H. Kelling, eds. Sedimentation in submarine canyons,
fans, and trenches. Dowden, Hutchinson and Ross, Inc., Stroudsburg,
PA, Chapter 2.

Kelling, G. ang D.J. stanley, 1976. Sedimentation in canyon, slope,

and base slope environments. In: J.D. Stanley and D.J.p. Swift,
eds. Marine sediment transport and environmental'management.

Wiley-lnterscience, New York, ny.

Ketchum, B.H. ang W.L. Ford, 1952. Rate of dispersion in the wake
of a barge at gea. Transactions, American Geophysical Union,
33(5):680-684.

Kinney, p.J., J. Groves, and D.X. Button, 1970. Cook Inlet environmental
data, R.V. Acona Cruise 065, May 21-28, 19¢s. Institute of Marine
Science Report R-70-2, University of Alaska, Fairbanks, ax.

Klinkhart, E., 1966. The beluga whale in Alaska. Alaska Department of
Fish andg Game, Juneau, AK.

Koh, R.C.Y., 1971. Ocean sludge disposal by bafges. Water Research,
7i{6).

Koh, R.C.Y. and v.c. Chang, 1973, Mathematical model for barged ocean
disposal wastes. EPA Grant No. 16070 FBY, EPA Pacific Northwest
Environmental Research Laboratory, EPA-660,/2-73-029.

Komar, P.D., R.H. Neueck, and L.pD. Kulm, 1972. Observations and
significance of deep water oscillatory ripple marks on the Oregon
continental shelf. P. 601-619, In: . D.J.p. Swift, D.B. Duane, and
P.H. Pickey, eds. Shelf sediment transport: process and pattern.
Dowden, Hutchinson and Ross, Stroudsburg, Pa.

Kramer, J.R., H.D. Grundy, and L.G. Hammer, 1980. Occurrence and rate
of trace metals in barite for ocean drilling operations. Proc.
Symposium Research ©on Environmental Fate and Effects of Drilling
Fluids and Cuttings, Lake Buena Vista, Florida, January 21-24, 19gg.

Krank, K., 1975, Sediment deposition from flocculated suspensions.
Sedimentology, 22:111-123.

Krishnappan, B.G., unpublished. Dispersion of granular material dumped
in deep water. Hydraulics Division Project 3~1W=-HY-019, Canada
Centre for Inland Waters.




SR A R A o e e R T

B L L S T e e e e E

Krone, R.B., 1962. Plume studies of the transport of sediment in
estuarial shoaling process, final report. Hydraulic Engineer-
ing Lab and Sanitary Engineering Research Lab., University of
California, Berkeley, p- 110.

w1922, A field study of flocculation as a factor in estuarial
shoaling processes. Tech. Bulletin 1%, U.s. Army Corps of Engi-
neers, Committee on Tidal Hydraulics, 62 PP-

Krone, M.A. and Dp.cC. Biggs, 1980. Sublethal metabolic responses of the
hermatypic coral Madracis decactis exposed to drilling mud enriched
with ferrochrome lignosulfonate. Proc. Symposium Research on
Environmental Fate and Effects of Drilling Fluids and Cuttings, Lake
Buena Vista, Florida, January 21-24, 1980.

LaFond, -E.C.; 1961. Internal wave motion and its geological signifi-
cance. An: Mahadeuvan Vol. Osnania. University Press. Andrha
Prades, India, p. 61-77.

e 1962. Internal waves. In; M.N. Hill, ed. The Sea. Wiley-
Interscience, New York, NY, Vol. 1, p. 731-751.

Land, H., 3574, The toxicity of drilling fluid components to aguatic
biological systems. Environment Canada, Fisheries and Marine
Services Technical Rpt. No. 487.

Lange, A.M.T. and M.Pp. Sissenwine, 1978. Loligo peali stock status:
November 1977. NMFS, Northeast Fisheries Center, Woods Hole, MA.
Laboratory Ref. No. 77-78, 8 PP

Langton, R.W. and R.E. Bowman, 1977. An abridged account of predator-
Prey interactions for some northwest Atlantic fish and squid.
NMFS, Northeast Fisheries Center, Woods Hole, MA. Lab. Ref. No.
77-17, 34 pp.

+ 1980a. Food of eight northwest Atlantic pleuronectiform fishes.
+ 1980b. Food of fifteen northwest Atlantic gadiform fishes. NOAA
Tech. Rept. NMFS SSRF-740, 23 PP

Larrance, J.D., and A.J. Chester, 1979. Source, composition, and flux of
organic detritus in lower Cook Inlet. Final Report for NOAA/OCSEAP,
NOAAR/PMEL, 50 pp.

Larrance, J.D., D.A. Tennant, A.J. Chester, and P.A. Ruffio, 1977.
Phytoplankton and primary productivity in the northeast Gulf of
Alaska and lower Cook Inlet. Final Report for NOAA/OCSEAP, NOAAR/

PMEL, 63 pp.

Lawrence, M. and E. Scherer, 1974. Behavioral responses of whitefish and
rainbow trout to drilling fluids. Canada Fisheries and Marine
Service, Research and Development Directorate Technical Report No.
502.

e



[ P

LS

Lees, D.C. and J.P. Houghton, 19g0. Effects of drilling fluids on
benthic communities at the lower Cook Inlet C.0.5.7. well. Proc.
Symposium Research on Environmental Fate ang Effects of Drilling
Fluids and Cuttings, Lake Buena Vista, Florida, January 21-24, 1980.

Lees, D.Cs,; TP Houghton, bD.E. Erikson, Ww.B. Driskell, ang BiE.
Boettcher, 198¢. Ecological studies of intertidal and shallow
subtidal habitats in lower Cook Inlet, Alaska. Final Report OCSEAp
RW 417, May 1980.

Leim, A.H. and w.B. Scott, 1966. Fishes of the Atlantic coast of Canada.
Fish. Res. Bd. Can. Bulletin No. 155,

Lewis, R.S., R.E. Sylvester, J.M. Aaron, p.c. Twichell, and K.M. Scanlon,
1980. Shallow sedimentary framework and related potential geologic
hazards of the Georges Bank area. In: John M. Aaron, ed. Environ-
mental geologic studies in the Georges BEBank area, United States
northeastern Atlantic cuter continental shelf, 1975-1977, United
States Geological Survey Open-File Report No. 80-24¢.

billick, T.G., 1940. Phytoplankton and Planktonic Protozoa of the
offshore waters of the Gulf of Maine. Part II, Qualitative Composi-
tion of the Planktonic Flora. Trans. Am. Phil. Soc., 31(3):193-237.

Limeburner, R., 1977, Hydrography and circulation about Nantucket
shoals. M.S. Thesis. Department of Meteorology, Massachusetts
Institute of Technology.

Limeburner, R., w. Esaias, and R.cC. Beardsley, 1980. Biological and
hydrographic station data obtained in the vicinity of Nantucket
shoals. May 1978-May 1579, Woods Hole Oceanographic Institute

Tech. Rep. WHOI 80~-7.

Liss; R.GC., F. Knox, D. Wayne, and T.R. Gilbert, 19gg. Availability of
trace elements in drilling fluids to the marine environment. Proc.
Symposium Research on Environmental Fate and Effects of Drilling
Fluids and Cuttings, Lake Buena Vista, Florida, January 21-24, 1980.

Lloyd, D., 1980. Effective chrome-free muds developed for sensitive
areas. 0il and Gas Journal, 78(35):124-126.

Logan, W.J., J.B. Sprague, B.D. Hicks, 1973. Acute lethal toxicity to
trout of drilling fluids and their constituent chemicals as used in
the N.W. Territories. Canada Dept. of the Environment, Fisheries
Service (Central Region), 21 pp.

Lu, J.C.s., B. Eichenberger, M. Knezevic, and X.y. Chen, 1978. Char-
acterization of confined disposal areas influent angd effluent
particulate and petroleum fractions. Technical Report D-78-16.
U.5. Army Engineer Waterways Experiment Station.

Lyall, A.K., D.J. Stanley, H.N. Giles, and a. Fischer, 1971. Suspended
sediment and transport at the ghelf break and on the Blope. Marine
Technology Society Journal, 5:15-20.

5-19




MacGinitie, G.E., 1955, Distribution and ecology of the marine inverte-
brates of Point Barrow, Alaska. Smithsonian Misc. Collections,
128(9).

Maclnnes, J.R., F.P. Thurbery, R.A. Greig, and E. Gould, 1977. Long-term
cadmium stress in the cunner, Tautogolabrus adspersus. Fisgh. Bull.,
75:199-203.

MacKenzie, C.L., Jr., 1979. Biclogical and fisheries data on sea
scallop, Placopecten magellanicus (Omelin) NOAA, NMFS, Northeast
Fisheries Center Tech. Sea. Rept. No. 19, February 1979. 41 pp.

Magnell. - B.A., S.L. Spiegel, R.J. Scarlet, and J.B. Andrews, 1980. The
relationship of tidal and low-frequency currents on the north slope
of Georges Bank. Journal of Physical Oceanography, 10(8):1200-1212.

Manheim, F.T., R.H. Meade, and G.C. Bond, 1970. Suspended matter in
surface waters of the Atlantic continental margin from Cape Cod to
the Florida Keys. Science, 167:371-376.

Marak, R.R. and J.B. Colton, Jr., 1961. Distribution of fisgh eggs and
larvae temperature, salinity, in the Georges Bank-Gulf of Maine
area, 1953. U.S. Fish and Wildl. Serv. Spec. Sci. Rept. Fish No.
398:61 pp.

Marak, R.R., J.B. Colton, Jr., and D.B. Foster, 1962a. Distribution of
fish eggs and larvae temperature and salinity in the Georges Bank-
Gulf of Maine area, 1955. U.S. Fish. wWildl. Serv. Spec. Sci. Rept.
Fish. No. 411:66 PpP-

Marak, R.R., J.B. Coltan, Jr.; D.B. Foster, and D. Miller, 1962b.
Distribution of fish eggs and larvae temperature and salinity in the
Georges Bank-Gulf of Maine area, 1956. U.s. Fish.wildl. serv. Spec.
Sci. Rept. Fish No. 412:95 PP.

Mariani, (iGN, . L.V Sick, and c.C. Johnson, 1980. An environmental
monitoring study to assess the impact of drilling discharges in the
mid-Atlantic. 1III. Chemjcal and physical alterations in the benthic
environment. Proc. Symposium Research on Environmental Fate and
Effects of Drilling Fluids and Cuttings, Lake Buena Vista, Florida,
January 21-24, 1980.

Marine Advisers, Inc., 1965. A study of the oceanographic conditions
in the Anchorage area relevant to sewage outfall pPlanning. Report
prepared for Tryck, Nyman, and Hayes, and Stevens and Thompson, La
Jolla, CA.

(undated). Oceanographic survey of Beluga-Moose Point pipeline
route across Cook Inlet, Alaska. Prepared for Standard 0il Company
of California, La Jolla, california.

Marshall, W.H. and L.X. Brendt, 1978. Eolids control in a drilling

fluid, Society of Petroleum Engineers of AIME, SPE 7011. Third
Symposium on Formaticn Damage Control, Lafayette, LA.

=20




RN [ B

Massachusetts CZM, 1980. Prime fishing grounds visuals 2a and 2b.
Spawning areas, visual 3.

Matthews, J.B. and D.H. Rosenberqg, 1969. Numeric modeling of a fjord
estuary. Institute of Marine Science Technical Report R69-4.
University of Alaska, Fairbanks, AK.

McAtee, J.L., Jr. and N.R. Smith, 1969. Ferrochrome lignosulfonates.
I. X-ray absorption edge fine structure Bpectroscopy. II. Inter-
action with ion exchange resins and clays. J. Colloid. Interface

Sci., 29:389-398.

McAuliffe, C.D. and L.L. Palmer, 1976. Environmental aspects of off-
shore disposal of drilling fluids and cuttings. Proc. 46th ann.
California Regional Meeting of the Society of Petrcleum Engineers of
AIME. Paper No. SPE 5864.

McCulloch, W.L., J.M. Neff, and R.S. Carr, 1980. Bioavailability of
heavy metals from used offshore drilling muds to the clam Rangia
cuneata and the oyster Crassostrea gigas. Proc. Symposium Research
on Environmental Fate and Effects of Prilling Fluids and Cuttings,
Lake Buena Vista, Florida, January 21-24, 1980.

McDermott-Ehrlich, D., D.R. Young, G.A. Alexander, T.K. Jan, and G.P.
Hershelman, 1978, Chemical studies of offshcre platforms in the
Santa Barbara Channel. In: Je. Lindstedt-Sive, ed. Proceedings,
Energy Environment 78: & Symposium on Energy Development Impacts.
Internat. society of Petroleum Industry Biologists, Los Angeles, Ca,
P- 133-144.

McGarity, G.E., 1977. Bathymetric map, marine high-resolution survey,
lower Cook Inlet, Alaska. U.s. Geological Survey Open File Report
77-358. Scale 1:96,000.

McGlothlin, R.E. and H. Krause, 1980. wWater base drilling fluids.
In: Proc. Symposium Research on Environmental Fate and Effects of
Drilling Fluids and Cuttings, Lake Buena Vista, Florida, January
21-24, 1980.

McLeay, J., 197s. Marine toxicity studies on drilling fluid wastes.
Prepared for Working Group "a." APOA/Government Research Program
on Drilling Fluid wWastes. Environment Canada. Environmental
Protection Services, Edmonton, Alberta, Canada.

McLeod, G.C., T.R. Gilbert, R. Stone, and N. Riser, 1980. Indices of
sublethal stress in biovalve molluscs exposed to drilling muds:
an overview. Abg. of paper given at Symposium on Research on
Environmental Fate and Effects of Drilling Fluids and Cuttings,
January 21-24, 1980, Lake Buena Vista, Floria.

McMordie, W.C., Jr., 1980. o0i1 base drilling fluids. In: Proc. Symposium
Research on Environmental Fate and Effects of Drilling Fluids and
Cuttings, Lake Buena Vista, Florida, January 21-24, 1980.

5«21




fhiw

Meade, R.H., 1972. Transport and disposition of gediments in estuaries.
in: B. Nelson, ed., Environmental Framework of Coastal Plain
Estuaries. Gecl. Soc. Am. Mem. 133, p. 91-120.

. undated. Sources and sinks of suspended matter on continental
shelves. In: D.J.P. Swift, D.B. Duane, and O.H. Pilkey, eds.
Shelf sediment transport: process and pattern. Dowden Hutchinson &
Ross, Inc., Stroudsburg, PA.

Meek, R.P. and J.P. Ray, 1980. Induced sedimentation, accumulation and
transport resulting from exploratory drilling discharges of drilling
fluids and cuttings on the southern California outer continental
shelf. In: Proc. Symposium Research on Environmental Fate and
Effects of Drilling Fluids and Cuttings, Lake Buena Vista, Florida,
January 21-24, 1980.

Menzie, C.A., D. Maurer, and W.RA. Leathem, 1980. An environmental
monitoring study to assess the impact of drilling discharge in the
mid-Atlantic. 1IV. The effects of drilling discharges on the benthic
community. Proc. Symposium Research on Environmental Fate and
Effects of Drilling Fluids and Cuttings, Lake Buena Vista, Florida,
January 21-24, 1980.

Merxill, X.S. and J.A. Posgay, 1964. Estimating the natural mortality
rate of the sea scallop (Placopecten magellanicus). ICNAF Res.
Bull., 1:88-106.

Merrill, A.s. and J.W. Ropes, 1969. The general distribution of the surf
clam and ocean quahog. Proc. N.J. Shellfish Assoc., 59:40-45.

Meyer, T.L., R.A. Cooper, and R.W. Langton, 1979. Relative abundance,

behavior, and food habits of the American sand lance, Ammodytes
americanus from the Gulf of Maine. Fish. Bull., 77(1):243-253.

Milchem, undated. Drilling fluids reference manual, Chapter 4.

Miller, R.C., R.B. Britch, and R.V. Shafer, 1980. Physical aspects of
disposal of drilling fluids and cuttings in shallow ice covered
arctic seas. Proc. Symposium Research on Environmental Fate and
Effects of Drilling Fluids and Cuttings, Lake Buena Vista, Florida,
January 21-24, 1980.

Mildiman, J.D.; M.H. Bothner, and C.M. Parmenter, 1980. Seston in New
England shelf and slope waters, 1976-1977. In: John M. Aaron, ed.,
Environmental Geologic Studies in the Georges Bank area, United
States northeastern Atlantic outer continental shelf, 1975-1977.
United States Geological Survey Open File Report No. 80-240.

Milliman, J.D., O.H. Pilkey, and D.A. Ross, 1972. Sediments of the

continental margin off the eastern United States. Geological
Society of America Bulletin €83, p. 1315-1333.

o=22

o g T



LB

Monaghan, P.H., c.p. McAuliffe, and F.rT. Weiss, 1977. Environmental
aspects of drilling muds and cuttings from 0il and gas extraction
operations in offshore and coastal waters. Proc. Ninth Offshore
Technology Conference, Houston, Texas, P. 251-25¢,

Muench, R.D, H.oO. Mofjeld, and R.L. Charnell, 197g. Oceanographic
conditions in lower Cook Inlet - epring and Bummer, 1973. Journal
of Geophysical Research, 83(c10).

Mungall, J.D.H. and J.B. Matthews, 1970. Available-boundary numerical
tidal model. Institute of Marine Science Report R70-4, University
of Alaska, Fairbanks, Ax.

Murphy, R.W., R.F. Carlson, bD. Nyquist, &and R. Britch, 1972. Effect
of waste discharges into a silt-laden estuary, a case study of
Cook 1Inlet, Alaska. Institute of water Resources Report IWR-26,
University of Alaska, Fairbanks, ax.

Rational Ocean Survey, 1976. Tide tables 1977, west coast of North and
South America. U.S. Department of Commerce, National Oceanic and
Atmospheric Administration.

Neff, J.M., 198p. Review of the toxicity and biological effects of
used offshore drilling fluids to marine animals. Response for
U.S. Senate Joint Hearing of the Committee on Commerce, Science,
and Transportation and the Subcommittee on Energy Resources and
Materials regarding Senate Bill =-2119, Georges .Bank Protection Act.

Neff, J.M. and J.w. Anderson. 1975. an ultraviolet spectrophotometric
method for the determination of naphthalene and alkyl napthalenes in
the tissues of oil-contaminated marine animalg. Bull. Environ.
Contam. Toxicol., 14:122-128.

Netf, d. M., R.s5: Carr, and w.L. McCulloch, 1981 (in press). Acute
toxicity of a used chrome lignosulfonate drilling mud to several
species of marine invertebrate. Marine Environmental Research,

Vol. &.

Neff, J.M., W.1. McCulloch, R.S. carr, and K.A. Retzer, 1980, Compara-
tive toxicity of four used offshore drilling muds to several species
of marine animals from the Gulf of Mexico. Proc. Symposium Research
on Environmental Fate and Effects of Drilling Fluids and Cuttings,
Lake Buena Vista, Florida, January 21-24, 1980.

Neu, H.J.A, 1972. Extreme wave height distribution along the Canadian
Atlantic coast. Ocean Industry, July:45-49,

Newell, R.C., 1970. Biology of intertidal animals. Paul Elek Limited,
London, 555 p.




R LR

Nimmo, D.W.R., D.V. Lightner, and L.H. Bahner, 1977. Effects of cadmium
on the shrimps, Penaeus duorarum, Palaemonetes pugio, and Palae-
monetes vulgaris, p. 131-183. 1 F.J. Vernberg, H. Calabrese,
F.P. Thurberg, and w.B. Vernberg, eds. Physiological Responses of
Marine Biota to Pollutants. Academic Press, Inc., New York, Ny, p.
131-183.

NMFS (National Marine Fisheries Service), Northeast Fisheries Center,
1975 Statistics and market news. Plots of USA Fishing vVessel
Activity. New England Fishery Interviews 1965-1974. Vol. Ii
U.S. Dept. of Commerce, NOAA.

NORTEC (Northern Technical Services), 1980 (proprietary). Forecast
service report. Hawk One, lower Cook Inlet. Prepared for Atlantic
Richfield Co., 88 pp.

T s I Beaufort sea drilling effluent study. Prepared for
Reindeer 1Island stratigraphic test well participants. Northern
Technical Services, Anchorage, AK, 329 pp.

Oetking, P., R. Back, R. Watson, and C. Meeks, undated. Surface and
shallow subsurface sediments of the nearshore continental shelf of
south central Louisiana. Gulf Universities Research Consortium
Contract GUBS3-8.

Okubo, A., 1962. A review of theoretical models of turbulent diffusion
in the sea. Technical Report 30, Chesapeake Bay Institute, Johns
Hopkins University, Baltimore, MD.

+ 0 1970, Oceanic mixing. Technical Report 62. Chesapeake Bay
Institute, Johns Hopkins University, Baltimore, MD.

Olsen, S.B. and S.B. Salia, 1976. Fishing and petroleum interactions
on Georges Bank: Vol. 1, Areas of particular interest to the
industries: Energy Program Technical Report 76-3, New England
Regional Commission.

Orlando, R.C. (in press). Overall sediment distribution and grain size
relationships in lower Cook Inlet. AIn: A.H. Bouma, ed. Geology of
Lower Cook Inlet, Alaska. USGS Professional Paper.

Page, D.S., B.T. Page, and J.R. Hotham, 1980. Bioavailability of toxic
constituents of used drillng muds. Proc. Symposium Research
on Environmental Fate and Effects of Drilling Fluids and Cuttings,
Lake Buena Vista, Florida, January 21-24, 1980.

Parmenter, C.M.,'M.H. Bothner, B. Butman, and J.D. Milliman, 1979.
Characteristics and causes of the bottom nepheloid layer on the
continental shelf, southeastern New England (Abstract). Geological
Society of America, Abstracts with Programs, Vol. II, No. 7,
p. 492.

Parnkratov, A.M. and K. Sigajev, 1973. Studies on Georges Bank herring
spawning in 1970. ICNAF Res. Bull., (10):125-130.

5-24



Parsons, T.R. and M. Takahashi, 1973. Biological Cceanographic Pro-
cesses. Pergamon Press, New York, NY, 186 PP

Pawlowski, R.J. and W.R. Wright, 1978. National Marine Fisheries
Service, Northeast Figheries Center, April 197g. Spring and fall
sea-surface temperature and salinity on the northeastern continental
shelf, Cape Hatteras to Cape sable, 1972-1977.

Pequegnat, W.E., 1978. An assessment of the potential impact of dredged
material disposal in the Open ocean. Technical Report No. D-78.2,
U.S5. Army Engineer Waterways Experiment Station, Vicksburg, Ms.

PESA (Petroleum Equipment Suppliers Association), Environmental Affairs
Committee, 1980. Appendix A: Chemical components and uses of
drilling fluids. In: L.W. Calahan, 1980. Statement for American
Petroleum Institute before U.S. Senate Joint Hearing of the
Committee on Commerce, Science, and Transportation and the Sub-
committee on Energy Resources and Materials Production regarding
Senate Bill s-2119, Georges Bank Protection Act.

Pierce, J.W., 1970. Clay mineralology of cores fom the continental
margin of North Carolina. Southeast Geology, 12:33-51.

v 1976. Suspended sediment transport at the shelf break and over
the outer margin. In; Stanley and Swift, eds., Marine Sediment
Transport and Environmental Management. John Wiley & Sons, New
York, NY, p. 437-459.

Pikanowski, R.A., 1977. An analysie of data from the National Marine
Fisheries Service groundfish survey for use in assessing oil-related
environmental impacts. In: Fishing and Petroleum Interactions on
Georges Bank. Vol. I3, 10 pp.

Pratt, R.M., 1967. The seaward extension of submarine canyons off
the northeast ccast of the United States. Deep Sea Research,
14:409-420.

Rabinowitz, P.D. and S.L. Eittreim, 1974. Bottom current measurements in
the Labrador sea. Journal of Geophysical Research, 79:4085-4090.

Ramp, SR., R.J.Schlitz, and w.p. Wright, 1980. Northeast channel flow
and the Georges Bank nutrient budget. NMFS, Northeast Fisheries
Center, WHOI, Woods Hole, MA.

Ray, J.P. and R.P. Meek, 1980. Water column characterization of drilling
fluids dispersion from an offshore exploratory well on Tanner Bank.
In: Proc. Symposium Research on Environmental Fate and Effects of
B;illing Fluids and Cuttings, Lake Buena Vista, Florida, January
2 1‘24 r ‘980 .

Ray, J.P. and E.A. Shinn, 1975. Environmental effects of drilling muds
and cuttings. In: Conf. Proc. on Environmental Aspects of Chemical
Use in Well-Drilling Operations, Houston, Texas, May 21-23, 1975,
EPA-550/1-75-004.

5=25




ERTT

B L 1 e L e e T T I T T S e o B OV e B Rar et - A

Reichart, W.R. Behavioral and physiological effects induced by sublethal
levels of heavy metals. OCSEAP Final Rpt., RU 75, November 1976.

In: Biol. Studies, March 1979 (5).

Reish, D.J., S5.G. Appan, M.E. Bender, C.H. Ward, T.L. Linton, and J.M.
Sharp, 198B0. Long-term cumulative effects of petroleum drilling on
benthic polychaete community structure. Proc. Symposium Research on
Environmental Fate and Effects of Drilling Fluids and Cuttings, Lake
Buena Vista, Florida, January 21-24, 1980.

Rhoads, D.C. and D.X. Young, 1970. The influence of deposit feeding
organisms on eediment stability and community trophic structure. J.
Mar. Research, 28:150-178.

Rice, S.D., S. Korn, C.C. Broderson, S.A. Lindsay, and S.A. Andrews,
1981, Toxicity of ballast water treatment effluent to marine
organisms at Port Valdez, Alaska. Presented at 1981 0il spill
Conference, March 2-5, 1981. Atlanta, GA.

Richardson, P.L., 1973. Current measurements under the Gulf Stream near
Cape Hatteras, North Carolina. Ph.D. Dissert., Univ. of R.I.,
Kingston.

Rilev, G.&.., 1941, Plankton studies. IV. Georges Bank. Bull. Bingh.
Oceanogr. Call., 7(4):1-73.

Riley, G.A. and D.F. Bumpus, 1946. Phytoplankton-zooplankton relation-
ship on Georges Barik. Journal &6f Mar. Res. 6(1):33-47.

Robichaux, T.J., 1975. Bactericides used in drilling and completion
operations. 1In: Conf. Proc. on Environmental Aspects of Chemical
Use in Well-Drilling Operations, Houston, Texas, May 21-23, 1975.
EPA-550/1-75-004, p. 183-191.

Robson, D.S., C.A. Menzie, and H.F. Mulligan, 1980. An environmental
monitoring study to assess the impact of drilling discharges in the
mid-Atlantic. II. An experimental design and statistical methods to
evaluate impacts on the benthic environment.

Rogers, R., 1963. Composition and properties of oil well drilling
fluids. Third Edition, Gulf Publishing Company, Houston, TX.

Ropes, J.W., 1978. Biology and distribution of surf clams (Spisula
solidissima) and ocean quahogs (Arctica islandica) off the northeast
coast of the United States. In Proc. Northeast Clam Industries:
Management for the Future, April 27-28, 1978. Hyannis, MA,

p. 47-66.

Rosenberg, D.H., D.C. Burrell, KXV. Natarajan, and D.W. Hood, 1967.
Oceanography of Cook Inlet with special reference to the effluent
from the Collier Carbon and Chemical Plant. Institute of Marine
Science Report No. R67-5, University of Alaska, Fairbanks, AK.

5=-26



hiwe

Rosenthal, R.J. and D.cC. Lees, 1979, A preliminary assessment of com-
position and food webs for demersal fish assemblages in geveral
shallow subtidal habitats in lower Cook Inlet, Alaska. Prepared by
Dames & Mcore for Alaska Department of Figh and Game, 5g PP.

Rowe, G.T., 1971. Observations on bottom currents and epibenthic popula-
tions in Hatteras Submarine Canyon. Deep Sea Research, 18:569-581.

e The exploration of submarine canyons and their benthic
faunal assemblages. Proc. R.5.E.(B), 73(17):159-169.

Rowe ;5 G, , G. Keller, H. Edgerton, N. Staresink, and J. MacKlvaine,
1974. Time-lapse photography of the biological reworking of
sediments in the Hudson Canyon. Journal of Sedimentary Petrology,
44(2):403-416.

Royer, T.C., 1975. Seasonal variations of waters in the northern Gulf
of Alaska. Deep Sea Research, 22:403-416.

Rubinstein, N.I., R. Rigby, and c.N. D'Asaro, 1980. The effect of
drilling muds on representative estuarine organisms and developing
benthic communities. proc. Symposium Research on Environmental Fate
and Effects of Drilling Fluids and Cuttings, Lake Buena Vista,
Florida, January 21-24, 1980.

Ryther, J.H., 1969. Photosynthesis and figh production in the sgea. The
production of organic matter and its conversion to higher forms of
life vary throughout the world ocean. Science, 166:72-76.

SAI (Scientific Applications, Incs ) 1977, Lower Cook Inlet, Alaska--a
preliminary environmental synthesis. Prepared for NOAA/OCSEAP/ERL,

169 pp.

Sandberg, K.A. and O. Clausen, 1977. Post-larval king crab (Paralithodes
Camtschatica) distribution and abundance in Kachemak Bay, lower Cook
Inlet, Alaska, 1976. Prepared by Alaska Department of Fish and
Game, Marine/Coastal Habitat Management Div., 36 pp.

Sanders, H.L., 1958. Benthic studies in Buzzards Bay. I. Animal-
sediment relations. Limnology and Oceanography, 3:245-258.

+ 1960. Benthic studies in Buzzards Bay. 1II. The structure of the
soft bottom Community. Limnology and Oceanography, 5:138-153.

—_—

Schlee, J. and R.M. Pratt, 1970. Atlantic continental shelf and slope
of the United States--gravels of the northeastern part. USGS
Professional Paper 529-j.

Schlee, J., 1973. Atlantic continental shelf and slope of the eastern
United States--gsediment texture of the northeast part. UsGs
Professional Paper 529-L. App.

Schlichting, H., 1968. Boundary-layer theory. Sixth Edition, McGraw-
Hill Book Company, New York, NY.

827




thw

Schlitz, R.J. and R.W. Trites, 1979. The Atlantic larval herring
patch study of 1978. Part VIII. Current observations on northern
Georges Bank. Abstract presented at the 2nd Informal Workshop
on the Oceanography of the Gulf of Maine and Adjacent Seas May 1979.
Dalhousie University, Halifax, Nova Scotia.

Schmitz, W.J., A.R. Robinson, and F.C. Fuglister, 1970. Bottom velocity
observations directly under the Gulf Stream. Science, 170:1192-
1194.

Schneider, E.D., P.J. Fox, D.C. Hollister, H.D. Needham, and B.C. Heezen,
1967. Further evidence of contour currents in the western North
Atlantic. Earth Planetary Scientific Letters, 2:351-359.

Schumaker, A. and V.S. Anthony, 1972. Georges Bank (ICNAF Division 52
and Subarea 6) Herring Assessment, Int. Comm. Northwest Atl. Fish.
Annu. Meet. 1972, Res. Doc. No. 24, Serial No. 27115, 36 pp.

Sears; M., 1941. Notes on the phytoplankton on Georges Bank in 1940.
J. Mar. Res., 4(3):247-257.

Second Informal Workshop of the Physical Oceanography of the Gulf of
Maine and Adjacent Seas, July 1979. A summary. Flagg, C., Inter-
action of a warm core eddy with the New England Continental Shelf:
Hauskencht, K., Concentration and distribution of trace metals in
suspended particulate matter on the New England OCS; Horne, E.,
Interleaving at the subsurface front in the slope off Nova Scotia;
Schlitz, R. and R. Trites, Current observations on northern Georges
Bank.

Sharma, G.D., and D.C. Burrell, 1970. Sedimentary environment and
sediments of Coock 1Inlet, Alaska. American Assoc. of Petroleum
Geologists Bulletin, 4(4):647-654.

Sharma, G.D., F.F. Wright, and J.J. Burns, 1973. Sea ice and surface
water circulation, Alaskan continental shelf. 2nd Semi-annual
Report for ERTS Project 110-H, University of Alaska, Fairbanks, AK.

Sharma, G.D., F.F. Wright, J.J. Burns, and D.C. Burbank, 1974. Sea
surface circulation, sediment transport, and marine mammal distribu-
tion, Alaska continental shelf. Final Report of ERTS Project
110-H, University of Alaska, Fairbanks, AK.

Shepard, F.P., 1963. Submarine geology. Harper and Rowe, New York,
NY: 557 PP-

Shepard, F.P. and R.F. Dill, 1966. Submarine canyons and other sea
valleys. Rand McNalley.

Shepard, F.P. and N.F. Marshal, 1973. Currents along floors of submarine
canyons. Rmerican Association of Petroleum Geologists Bulletin,
57:244-264.

5-28

R R R e e T e i B PR S TR R M T



tdw

Shepard, F.P., N.F. Marghall, and P.A. Mcloughlin, 1974a. Internal waves
advancing along submarine canyons. Science, 183:195-198.

+ 1974Db. Currents in submarine canyons. Deep Eea Research,
21:691-706.

Shepard, F.P., N.F. Marshall, P.A. McLoughlin, and G.G. Sullivan, 1979.
Currents in submarine canyons and other sea valleys. American
Association of Petroleum Geologists, Tulsa, OK.

Sherman, K., R. Maurer, R. Byron, and D. Bearse, 1977. Relationship
between larvae fish communities and zooplankton prey species
in an offshore spawning ground. International Council Explor. Sea,
C.M. 197/L:28 Plankton Comm.

Sherman, K., L. Sullivan, and R. Byron, 1978. Pulses in the abundance of
zooplankton prey of fish on the continental shelf off New England.
International Council Explor. Sea Committee. C.M. 1978/L:25 Biol.
Oceanog., 11 pp.

Shinn, E.A., 1974. Effects of oil field brine, drilling mud, cuttings
and oil platforms on the offshore environment. iIn: Proceedings of
the Entrance Research Federation Outer Continental Shelf Conference
and Workshop. University of Maryland, December 2~-4, 1974.

Shinn, E.A., J.H. Hudson, D.M. Robbin, and C.K. Lee, 1980. Drilling mud
plumes from offshore drilling operations: implications for coral
survival. Proc. Symposium Research on Environmental Fate and
Effects of Drilling Fluids and Cuttings, Lake Buena Vista, Florida,
January 21-24, 1980.

Shirazi, M.A. and L. R. Davis, 1974. Workbook of thermal plume predic-
tion. Volume 2: Surface Discharge. EPA-R2-72-005b.

Skelly, W.C. and J.A. Kjellstrand, 1966. The thermal degradation of
modified lignosulfonates in drilling mud. API, Division of Produc-
tion, Dallas, Texas, March 2-4, 1966.

Skelly, W.G. and D.E. Dieball, 1969. Behavior of chromate in drilling
fluids containing chromate. Proc. &4th Ann. Meeting of the Society
of Petroleum Environeers of AIME. Paper No. SPE 2539, 6 PP-

Smayda, T.J., 1969. Some measurements of the sinking rates of fecal
pellets. Limnol. Oceanogr., 14:621-626.

Southard, J.B. and D.J. Stanley, 1976. Shelf break processes and
sedimentation. In: D.J. Stanley and D.J.P. Swift, eds. Marine
Sediment Transport and Environmental Management. John Wiley & Sons,
New York, NY, p. 351-377.

Spencer, D.W., and P.L. Sachs, 1970. Some aspects of the distribution,
chemistry, and mineralology of suspended matter in the Gulf of
Maine. Mar. Geol., 9:117-136.

5-29




faAwe

e i B S ey Lo e e e e i

Sprague, J.B., 1973. The ABCs of pollutant bicassays using fish,
biclogical methods for the assessment of water guality. ASTM STF
528. American Society for Testing and Materials, p. 6-30.

Sprague, J.B. and w.J. iogan, 1979, Separate and joint toxicity to
rainbow trout of gubstances used in drilling fluids for oil explora-
tion. Environ. Pollut., 19:269-281.

Stanley, D.J., 1970. Flyschoid sedimentation on the outer Atlantic
margin of northeastern North America. Geological Assoc. Can.,
Special Paper No. 7., p. 179=210.

Stanley, D, P. Fenner, and G. Kelling, 1972. Currents and sedimenta-
tion transport at the Willmington Canyon shelfbreak as observed by
underwater television. In: D.J.P. Swift, D.B. Duane, and 0.H.
Pilkey, eds. Shelf Sediment Transport: Process and Pattern.
Dowden, Hutchinson ang Ross, Stroudsburg, Pa, P 621-644.

Stanley, D.J. and N.P. James, 1971. Distribution of Echinarachnius
parma (Lamarck) and associated fauna on Sable Island Bank, Southeast
Canada. Smithsonian Contrib. Earth Sci., vol. 6, 24 Pp-

Stetscon; H:€., 1937. Current measuremens in the Georges Bank canyons.
Transactions Geophysical Union. 18th Annual Meeting p. 216-219.

Sundberg, K.A., and D, Clausen, 1977. Post-larval king crab (para-
lithodes camtschatica) distribution and abundance in Kachemak Bay,
lower Cook 1Inlet, hlaska. In: L.L. Trasky, L.B. Flagg, and Dp.cC.
Burbank, eds. ‘Environmental Studies of Kachemak Bay and Lower Cook
Inlet. Alaska Department of Fish and Game, Anchorage, AK., Vol. v,

36 pp.

Tagatz, M.E., J.M. Ivey, H.K. Lehman, and J.L. Oglesby, 1978. Effects of
a lignosulfonate—type drilling mud on development of experimental
estuarine macrobentic communities. Northeast Gulf Science, 2(1):
35-42.

Tagatz, M.E. and M. Tobia, 1978. Effect of barite (Basod) on develop-
ment of estuarine communities. Estuarine and Coastal Marine
Science, 7:401-407.

Tagatz, M.E., J.M. Ivey, H.K. Lehman, M. Tobia, and J.IL. Oglesby, 1980.
Effects of drilling mud on development of experimental estuarine
macrobenthic communities. Proc. Symposium Research on Environmental
Fate and Effects of Drilling Fluids and Cuttings, Lake Buena Vista,
Florida, January 21-24, 1980.

Tagatz, M.E., J.M. Ivey, and M. Tobia, 1978. Effects of dowicide™ G-ST
on development of experimental estuarine macrobenthic communities.
Ing K. Ranga Rao, ed. Pentachlorophenol. Plenum Publishing
Corporation, New York, NY, p. 157-163.

5-30




e w

Thomas, D.C., 1979, Thermal stability of starch and carboxymethyl
cellulose polymers used in drilling fluids. Society of Petroleum
Engineers of AIME, SpPE 8463, 11 pp.

Thompson, E.P. and p.L. Harris, 1972. A wave climatology for y.s.
coastal waters. Coastal Eng. Res. Center Reprints.

Thompson, J.H, Jr., and T.J. Bright, 1980. Effects of an offshore
drilling fluid on Belected corals. Proc. Symposium Research on
Environmental Fate and Effects of Drilling Fluids ang Cuttings, Lake
Buena Vista, Florida, January 21-24, 19g0.

Thorson, G., 1957. Bottom communities (sublittoral or shallow shelf),
in: J.W. Hedgpeth, ed. Treatise on Marine Ecology and Paleo-
ecology. Geol. Soc. Amer. Memoir 67, Washington, pc, P- 461-534,.

Thorson, G., 1966. Some factors influencing the recruitment and
establishment of marine benthic communities. Neth. J. Sea Res.,
3:267-293.

Tillery, J.B., 1980. Long-term fate and effect of heavy metal contamina-
tion from petroleum production in the Gulf of Mexico. Proc.
Symposium Research on Environmental Fate and Effects of Drilling
Fluids and Cuttings, Lake Buena Vista, Florida, January 21-24, 1980.

Tillery, J.B. and R.E. Thomas, 1980. Heavy metal contamination from
petroleum production platforms in the central Gulf of Mexico.
Proc. Symposium Research on Environmental Fate and Effects of
Drilling Fluids and Cuttings, Lake Buena Vista, Florida, January

21-24, 1980.

Tornberg, L.D., E.D. Thielk, R.E. Nakatani, R.c. Miller, and s.o0.
Hillman, 1980. Toxicity of drilling fluids to marine organisms in
the Beaufort Sea, Alaska. Proc. Symposium Research on Environmental
Fate and Effectsg of Drilling Fluids and Cuttings, Lake Buena Vista,
Florida, January 21-24, 1980.

TRIGOM (The Research Institute of the Gulf of Maine), 1976. Summary of
environmental information on the continental slope Canadian/United
States border to Cape Hatteras, NC. Prepared for the Bureau of Land
Management, New York.

2. 1974 Socioceconomic and environmental inventory of the North
Atlantic region, Sandy Hook to the Bay of Fundy. vol. i, Book 1-3,
submitted to BLM.

Tucholke, B.E., W.R. Wright, and D. Hollister, 1973. Abyssal circulation
over the Greater Antilles outer ridge. Deep-Sea Research, 20(11):
973-995,

Turk, T.R., M.3. Risk, R.W.M. Hirtle, and R.H. Yeo, 1980. Sedimento-
logical and biological changes in the Windsor mudflat, an area of
induced sgiltation. can. J. Fish. Aquatic Sci., 37:1387-1397.




RN 1 Xl

LA Sl A AL T A an -

Twichell, D.C., C.E. McClennen, and B. Butman, 1980 (in press).
Morphology and processes associate with the accumulation of the
fine-grained sediment deposit on the southern New England shelf.
Journal of Sedimentary Petrology.

Tyson, J.W., 1975. Offshore ecology investigation. In: Conf. Proc. on
Environmental Aspects of Chemical Use in Well-Drilling Operations,
Houston, Texas, May 21-23, 1975. EPA-550/1-75-004, p. 387-432.

U.S5. Department of Commerce, 1973. Environmental conditions within
specified geographical regions.

U.S. Department of Commerce. NOAA. Environmental Data and Information
Service, 1980. A climatological and oceanographic analysis of the
Georges Bank region of the outer continental shelf.

USEPA (U.S. Environmental Protection Agency), 1976. Quality criteria for
water. Washington, DC.

USEPA/COE (U.S. Environmental Protection Agency/Corps of Engineers),
1877 Ecological evaluation of proposed discharge of dredged
materials into ocean waters. Environmental Effects Laboratory,
Vicksburg, Ms.

USGS (U.s. Geological Survey), 1977. Preliminary bathymetric charts for
lower Cook Inlet, Alaska. Open file map.

Van Olphen, H., 1966. An introduction to clay colloid chemistry.
Interscience Publishers, New York, NY.

Vanoni, V.A., ed., 1975. Sedimentation engineering. Manuals and Reports
on Engineering Practice No. 54. ASCE, New York, NY.

Varanasi, U. and D.C. Malins, 1976. Metabolism of trace metals:
biocaccumulation and biotransformation in marine organisms.
OCSEAP Final Rpt., RU 75, November 1976. In: Biol. Studies,
March 1979 (5).

Vernberg, F.J., A. Calabrese, F.P. Thurberg, and W.B. Vernberg, eds,
) o T Physiological resposes of marine biota to pollutants.
Proceedings of a Symposium held in November 197S. Academic Press,
New York, NY, 462 pp.

Voorhis, A.D., D.C. Webb, and D.C. Millard, 1976. Current structures and
mixing in the shelf/slope water front south of New England. Journal
of Geop. Res., B-1(2).

Wagner, D.G., R.S. Murphy, and C.E. Behlke, 1969. A program for Cook
Inlet, Alaska, for the collection, storage, and analysis of baseline
environmental data: Institute of Water Resources Report No. IWR-7,
University of Alaska, Fairbanks, AK.

Wakeland, M.E., 1979. Occurrence and dispersal patterns of fine-

grained sediment in Long Island Sound. Ph.D. thesis, University of
Connecticut.

5-32

BT 03 £ 20 NNt S E e T



R L X

Ward, E.G., D.T. Evants, and J.A. Pompa, 1977. Extreme wave heights
along the Atlantic coast of the United States. Proceedings of 1977
Offshore Technology Conf.

Warme, J.E., R.A. Slater, and R.A. Cooper, 1978. Bioerosion in submarine
canyons. In: Fan and Trench Sedimentation in Submarine Canyons,
P+ 65=70.

Weatham, P.E., 1958. The high temperature stability of sodium carboxy-
methyl cellulose in drilling fluids. API Drilling Fluid Study
Committee, Houston, Texas, May 23, 1958.

Weir, R.H. and B. Moore, 1975. Acute toxicity of well-drilling muds to
rainbow trout (Salmo gairdneri). In: Conf. Proc. on Environmental
Aspects of Chemical Use in Well-Drilling Operations, Houston, Texas,
May 21-23, 1975. EPA-550/1-75-004.

Wennekens, M.P., 1I.B. Flagg, L. Trasky, D.C. Burbank, R. Rosenthal,
and F.F. Wright, 1975 (unpublished). Kachemak Bay--a status report.
Alaska Department of Fish and Game, Habitat Protection Report,
221 pps

Wheeler, R.B., J.B. Anderson, R.R. Schwarzer, and C.L. Hokanson, 1980.
Sedimentary processes and trace metal contaminants in the Buccaneer
0il/Gas Field, Northwestern Gulf of Mexico. Environmental Geology,
3:163~175.

Whitehouse, V.G., L.J. Jeffrey, and J.D. Debrecht, 1960. Differential
settling tendencies of clay minerals in saline waters. In: Clay
and Clay Minerals. Proc. 7th Nat. Conf. Clays and Clay Minerals,
National Academy Sciences/National Research Council, p. 1-7s.

Widdows, J. and B.L. Bayne, 1971. Temperature acclimation of Mytilus
edulis with reference to its energy budget. J. Mar. Biol. Assoc.
U.K., 51:827-8B43.

Wigley, R., 1961a. Bottom sediments of Georges Bank. J. Sedimentary
Petrology, 31(2):165-188.

s 0T, Benthic fauna of Georges Bank. Trans. 26th Neorth Amer.
Wildl. Nat. Res. Conf., p. 310=317.

» 1965. Density dependent food relationships with references to New
England groundfish., ICNAF Spec. Publ., 6:51-514.

« 1968. Benthic invertebrates of the New England fishing banks
underwater naturalist, Bull. of Amer. Littoral Soc., 5(1):8-13.

Wigley, R.L., and R.B. Theroux, 1976. Macrobenthic invertebrate fauna of
the middle Atlantic bight region: Part II. Faunal Composition and
Quantitative Distribution. Dept. Commerce, NOAA, NMFS, NEFC, Woods

Hole, MA, 395 PP

5-33




T R NP R

R L ]

o T T e ] S W—————— WS S T
‘mu@%%mvMaﬁdw&hﬁﬁﬂﬁmﬂ%@ﬁﬂﬂﬁﬁﬁﬁmﬁaﬁﬁﬁiﬁﬁ%ﬁ&mﬁ%ﬁ%@&@hdﬂ%ﬂﬁﬁ&ﬁﬁ@ﬁﬁqw

Wigley, R:L., R.B. Theroux, and H.E. Murray, 1975. Deep-sea red crab,
Geryon guinguedens, survey off northeastern United States. Marine
Fisheries Review, Paper 154, 37(8):21 PP-

Wright, F.F., 1970. an Oceanograpnhic reconnaissance of the waters around
Kodiak Island, Alaska. Institute of Marine Science Report R70-19,
University of Alaska, Fairbanks, ARK.

AR o Surface circulation for lower Cook Inlet--a drift card
study. Prepared for the Alaska Department of Fish and Game.

Wright, W.R., 1976. The limits of shelf water south of Cape Cod, 1941 to
1972. Jour. of Mar. Res., 34 (1):1-14.

Wunch, C. and R. Hendry, 1972. Array measurements of the bottom boundary
layer and the internal wave field on the continental slope. Journal
of Geophysical Fluid Mechanics, 4:101-145.

Young, D.X. and D.cC. Rhoads, 1971. Animal-sediment relations in Cape Cod
Bay, Massachusetts. 1I. & transect study. Mar. Biol., 11:242-254.

Young, D.R. and G.V. Alexander, 1977. Metals in mussels from harbors and
outfall areas. In: Annual Report for the Year Ended 30 June 1977.
Southern California Coastal Water Research Project, El Segundo, Ca.
92245. Access No. PB 274463/AS, National Technical 1Interaction
Service, Springfield, VA, p. 159-165.

Young, D.R., C. Bertine, D. Brown, E. Crecelius, J. Martin, F. Morel,
and G. Roseijadi, 1979. Trace metals. In: E.G. Goldberg, ed.
Proceedings of a Workshop on Scientific Problems Relating to Ocean
Pollution. ‘D.S. Department of Commerce, Washington, DC, p. 130-152.

Young, D.R. and T.XK. Jan, 1979. Trace metal contamination of the rock
scallop, Hinnites giganteus, near a large southern California
municipal outfall. Fish. Bull., 76:936-939.

Young, D.R., T.K. Jan, and T.C. Heesen, 1978. Cycling of trace metal and
chlorinated hydrocarbon wastes in the southern cCalifornia Bight.
in: M.W. Wiley, ed. Estuarine Interactions. Academic Press, New
York, NY, p. 481-496.

oung; "D.R. , D McDermott, T.C. Heesen, and T.K. Jan, 1975. Pollutant
inputs and distributions off southern California. In: T.M. Church;
ed. Marine Chemistry in the Coastal Environment. American Chemical
Society, Washington, DC, pP. 424-439.

Young, R.A., 1978. Suspended-matter distribution in the New York Bight
apex related to hurricane Belle. Geology, 6:301-304.

Zemel, B., 1980. The use of radioactive traces to measure the dispersion
and movement of a drilling mud plume off Tanner Bank, California,
1980. Proc. Symposium Research on Environmental Fate and Effects of
Drilling Fluids and Cuttings, Lake Buena Vista, Florida, January
21-24, 1980.




ffw

GEMDAS XI - SYSTEMS DESCRIPTION
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GENERAL

A fully winterized skid mounted Togging unit to accommodate the equip-
ment to perform GEMDAS service. Working space is provided for client's
representative, in addition to Consultant's personnel.
Unit Specifications: Dimensions - 8' x 26' x 83"

Shipping Wt.- 20,000 1bs.

Power System - 440 VAC, 3 phase, 30 KVA
EQUIPMENT CONFIGURATION
Operating Systems

Internal Pressurization System. To prevent hazardous gas buildup within
unit.

Internal Hydrocarbon Safety Monitor. To monitor unit atmosphere for
hazardous gases.

Shunt Diode Safety Barrier Box. To prevent hazardous voltages exiting
unit to sensors.

Flame Ionization total Gas and Chromatograph for more sensitive detection
of hydrocarbons.

Hydrogen Sulfide (H2S) continuous monitor - Monitoring ditch gas plus
four remote stations located around the rig. Each station individually
alarmed for low and high concentrations of H2S. Calibrations performed
every 2-3 days or on demand.

Depth Recording System.

Analog Chart Recorders for Data Output.

Patch Panel for routing of data to chart recorders.

Drill Monitoring Panel (DMP) to display and record normal drilling para-
meters. These parameters are computed to aid pore pressure prediction.
Mud Monitoring System (flow, density, temperature, resistivity). All
systems measure mud in and mud out automatically with data being dis-
played around rig.

Pit Volume Totalizer (PVT), Microprocessor System. Capable of monitor-
ing up to 12 pits with + 2 bbl. accuracy.
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Formation Evaluation Systems

Binocular Microscope

Ultra Violet Viewing Box

Sample Drying Oven

Typewriter with geological symbols

Field copying machine.

Equipment to aid in ditch cuttings analysis
Equipment to aid in drilling mud analysis
Single Solution Shale Density System

Light Table

Data Monitoring And Acquisition System

Two computers with 64K memory are interfaced with the drilling data
sensors via a multiplexer unit.

Computers provide time sharing capability.

Two display terminals interfaced with computers allows data entry
combined with a display facility.

Six Tape Drives are used for program and data storage.

Two Printer-Plotters are Tinked with the computational hardware.
Five CRT information Systems provide real-time drilling data
throughout the unit with capacity for remote stations on the rig.
An uninterruptible power supply provides a minimum of 20 minutes of
AC power in the event of a rig power failure.

Three remote CRT's supplying critical drilling data around rig (e.q.
on rig floor, and drilling superintendents quarters).

Software Support Systems

With computation and processing equipment described, drilling perfor-
mance functions can be calculated automatically on a continuous basis
using field proven programs developed by Exploration Logging.
Exploration Logging provides a library of programs to aid data acquisi-
tion and interpretation at the wellsite. Programs available include:
Real Time Monitors

Drill, Trip and Kill Monitors with output of critical data to data
tape, printer and CRT display.

Offline and Data Processing Programs -

O0ffline Prints

Offline Plots
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GEMDAS XI - SYSTEMS DESCRIPTION

Data Editing
Lag Data Storage and Formatting
Data Re-evaluation and Analysis
Data Tape Copying
7.1.3 Engineering Assistance Programs -
Complete Mud Hydraulics Analysis
Swab and Surge Calculation
Bit Hydraulics Optimization
D-exponent Analysis
Advanced D-exponent Analysis
Normalized Exponent Analysis
Formation Abrasiveness and Tooth Wear
Bit Cost/Foot Breakeven Analysis
Fast Kick Analysis
Complete Kick Analysis
Fracture Gradient Analysis
Overburden Gradient Computation
Directional Survey Computation and Graphical Presentation
Cementation Volume Calculation
Pressure Build-up Analysis
Electric Log Analysis Including:
Resistivity Crossplots

FDC, CNL Plot -

M&N Plot

SW, SXO0, Porosity Calculation

Shaly Sand Calc

RT, RXO Crossplot

RWA, SP Crossplot

SW By Ratio Method

RW Determination Form SP

Page 3



GEMDAS:
STANDARD
FORMATION
EVALUATION

The integration of Exlog's geological
formation evaluation services with the
engineering data base yields a most
comprehensive picture of drilling-in-
progress. Formation evaluation re-
mains an important and complemen-
tary part of GEMDAS.

Geological services include:

Show evaluation

Total gas curve plotting

Drilled cuttings gas analysis

Chromatographic gas analysis

Lithological analysis

Computerized drilling data analysis

benefits the wellsite geologist in sev-

eral important areas:

® Formation tops may often be more
accurately predicted by evaluation
of changes in drilling parameters.

e Torque and drilling exponent plots
may help interpret lithology and as-
sist in detecting fractures and
faults.

e Geological data entered into the
computer can be plotted alongside
data from offset wells as a powerful
aid to correlation.

e Correlation of formation tops in de-
viated wells is simplified by the
automatic computation of true verti-
cal depth.

e Tooth wear estimates may aid in
evaluating drilling breaks.

e Formation porosity and pore pres-
sure estimates may aid in evaluat-
ing hydrocarbon shows.

e Temperature regression analysis
yields the estimated bottom hole
temperature, aiding in determining
temperature gradient.

Standard Equipment

e Full GEMDAS instrumentation and
analysis equipment

® H,S Detector (continuous recording
type)

e Continuous resistivity “in” and
“out”

e Shale density

Binocular microscope (10x30)

Ultra Violet viewing box

(fluoroscope)

Oil show evaluation chemicals

Blender and cuttings gas detector

Chemical testing equipment

Sample drying oven

e Copy machine

Specialized Equipment:

CO, analyzer (continuous record-

ing type)

® H,S tube indicator

O, detector

Continuous conductivity “in” and

“out”

Portable resistivity meter

Nitrate ion tracer testing kit

Shale factor

Autocalcimeter (quantitative carbo-

nate analysis)

e Rock stain kit (carbonate,
evaporite)

e External alarm systern (audio
and/or optical)

e |ntercom System

e Wellsite mud check and special
mud test equipment

e Additional video monitors

e \Wellsite core analysis (porosity,
permeability, SG and oil/water sat-
uration)

e Core slabber

e Plastic heat sealer

e Geothermal and air/foam equip-
ment service

Two principle wellsite tools provide
geologists and engineers with the
basic data needed to make recom-
mendations for further exploration,
deepening, stepouts, or abandon-
ment. Exploration Logging’s Master-
log, illustrated below, is one of
these tools. It provides a unique
“first-look” prior to extensive inva-
sion or formation damage and can
reveal features easily lost with other
post-drilling investigative methods.
Often the only chronological record
of the well encompassing both
geological and engineering fea-
tures, the Masterlog delineates
potentially productive zones and
provides detailed evaluation of
shows.

FIGURE 3
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GEMDAS:
QUALITY
SENSORS
ON THE JOB

Any automated data acquisition sys-
tem must be based on safe, reliable,
conveniently-placed sensors. Exlog
sensors pass the test. In cases where
suitable sensors have not been com-
mercially available, we have devel-
oped our own.
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Some of the benefits of Exlog sen-
sors include:

e Safety — Sensors are installed in
explosion-proof housings and are
connected to the GEMDAS unit
through a safety barrier system.
This shunts sensor power and pre-
vents shorting should a sensor
cable be inadvertently cut. Exlog
sensor systems are designed and
installed to satisfy the most strin-
gent installation requirements of
national regulatory authorities and
international agencies.

¢ Reliability — Sensor housings are
constructed of materials such as
stainless steel that can best with-
stand the corrosive wellsite
environment.

® Ease of Replacement — In the ad-
vent of a failure, the majority of our
sensors may be replaced in a mat-
ter of minutes. In some cases, a
spare sensor is mounted within the
housing.

® Convenience — Designed to be
connected to existing rig equipment
without causing undue interference
with the drilling operation.
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Sensor Systems

Listed below are calculated param-
eters and the sensor system from
which each is derived. Figures 4 and 5
illustrate sensor system flow and sen-
sor locations, respectively.

1) Kelly Height — Hydraulic pres-
sure from kelly sensor converted
to electronic signal at rig floor
level by a pressure transducer,
motion compensated for offshore
drilling operation.

Total Depth — Incremented in
1/10 ft. intervals from kelly posi-
tion transducer. Software drill
logic control.
3) Rate of Penetration — Electroni-
cally derived from kelly position
transducer, motion compensated
for offshore drilling operations.
Pump Pressure — Independent
standpipe pressure transducer
(over-range rating 20,000 psi; ac-
curacy 0.5% on 1-10,000 psi
range).
5) Casing Pressure — Independent
choke line pressure transducer.
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6) Hookload/WOB — Strain gauge
transducer (attached to rig dead-
line gauge system).

7) Rotary Speed — Magnetic
proximity switch.

8) Total Bit Revolutions — Ac-
cumulative digital electronic
count device using impulses
received from Rotary Speed
sensor.

9) Rotary Torque — Electrical or
mechanical (may be independent
or slaved to rig sensor).

10) Pump Stroke — Microswitch
counter.

11) Mud Weight In and Out — Strain
gauge transducer.

12) Mud Flow In — Pump stroke
sensor.

13) Mud Flow Out — Strain gauge
transducer.

14) Mud Temperature In and Out —
Platinum thermistor.

15) Mud Resistivity In and Out — In-
duction closed loop.

16) Rig Heave — Magnetic/reed
switch type (attached to Rucker
tensioner).

17) Pit Volume — Magnetic/reed
switch type.

18) Gas Detectors — Catalytic and
flame ionization methods.

19) GEMDAS Unit.

20) Remote Video Displays

21) Pressurization Line Intake.




