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ESM Operations 

13 April 1990 

Mr. Brian Ross 
Oil Spill Restoration Planning Office 
437 E Street, Suite 301 
Anchorage, AK 99501 

Dear Brian: 

CONFIDENTIAL 

Two sets (2 each) of tapes from the first workshop plenary session are 
enclosed along with a tape log ~tpat should aid in locating particular 
presentations. If you need .addi\ ional copies let me know. 

; . 
j '• . ' 

Our team wanted me to thank you a~ain for making arrangements to get to 
the "Fly by Night" show; it was a ·pig hit. It's always good to pick up 
some local color. We managed to gat out to Darwin's on Friday for some 
additional relaxation. Biologists fit in well there • . . ~ : 

A copy of our in-house bibliography is also enclosed for your reference. 
If needed, this can be incorporated into a user-friendly database system 
that can be set up on your computer to aid the workgroup to keep track of 
incoming information. 

I am looking forward to receiving the damage assessment reports. We have 
arranged to store them in a secure area to ensure their confidential 
status~ ·' . 

'!· 

Versar has developed two possible demonstration project pre-proposals. 
The first describes the potential use of artificial reefs or substrates 
and the second involves the potential use of remote sensing for assessing 
damage and tracking the performance of cleanup and restoration actions. 
If we can obtain earlier satellite images, this latter project may be 
useful for assessing the extent of damage; existing field collected data 
could prov"de the necessary ground truth information. 

ours, 

J. Sheehy, Ph.D. 
Senior Scientist 

ENC. 
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Recorded By: CFS 

EPA RESTORATION PLANNING WORKSHOP 
TAPE RECORDING LOG 

Tape No. _l_nt_ro ____________ Date _3_A.;.:..p_ri_I_19_9_0 _____ _ 

· Session Chair ....;;S;...;e ...... n ...... ne ...... r: ...... tR_o;...;s;..;;.s ________ Tape Side A 

Counter Comments · 
Time . ·Reading Speaker · (subject area, etc.) 

0845 000 . S. Senner (already in progress) Restoration Planning Process 

0855 160 Robert Adler Public Meeting Video 

0910 355 .B. Ross lntro to RWG 

405 Draft outline of rept. instruc. 

427 Restro. demo projects 

0915 445 Weiner Fate, Damage Assess. lntro 

0920 480 Gene Pavia ' Geologic-rocky intertidal 

0930 570 Asphalt conditions 

' 
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. CONFfOENTfAL 
EPA RESTORATION PLANNING WORKSHOP 

TAPE RECORDING LOG 

Recorded By: CFS 

Tape No. Damage Assessment 1 Date 3 April 1990 

Session Chair _S_e_n_ne_r:_IR_o_s_s ____ ...;..._;..._ ___ Tape Side B (Side A entitled "lntro") 

Counter Comments 
Time Reading Speaker (subject area, etc.) 

0931 000 G. Pavia (cont.) 

060 Hot spots 

160 Sum-up 

0940 185 Questions/answers 

217 Resource assess.-quantifying? 

239 Weiner 

0945 244 Andy Hooten Biological problems 

Methyl chloride treatment 

295 Algae colonization 

315 Epifaunal 

320 Questions 

334 Weiner 

0953 338 John Lindstrom Microbiology & Chemical 

408 Questions 

463 B. Ross/Weiner Continuation of Studies 

1005 479 B. Ross Pre-break sum uo 

1030 487 S. Senner Re-convene 

505 D::tvA Gihhnn~ l~n::t~t::tl H 

1040 570 Effects of Cleanina 

-590 Taoe end 
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TAPE RECORDING LOG 

· Tape No. Damage Assessment 2 Date 3 April 1990 

Session Chair _S_e_nn_e_r._IR_o_s_s ________ Tape Side ___ A _____ _ 

Counter Comments 
· Time Reading Speaker (subject area, etc.) 

1041 - 000 Dave Gibbons Coastal Habitat cont. 

85 Roy Nowlin Air/Water Studies 

98 Doug Wolfe Benthos & Air/V'.Jater 

168 D. Gibbons 

213 Ray Highsmith Subtidal 

240 Will Barber Fish 

268 Questions 

271 S. Senner 

1100 276 Chuck Meacham Fish 

310 Description of studies · 

319 Salmon-spawning 

358 Salmon-eggs/fry 

385 Salmon-juveniles 

407 Dolly Varden/Cutthroat 

418 Herring 

437 Clams 

451 Shrimo 

467 M. • .1:: :h 

475 Ground fish 

488 Sockeye 

509 Significance of impacts 

530 Summarv 

538 Questions 
.. 

570 Quantification of impact 

584 %of area impacted 

S. Senner 

1125 596 Rov Nowlin Mammals 
_1_of_1_ · 
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' 

Counter .comments 
Time Reading Speaker (subject area, etc.) 

1125 000 Roy Nowlin (cont.) Mammals 

25 ADFG Humpback whales 

53 Killer whales 

85 . Cetacean necropsies 

103 Harbor seal 

144 Sea otter 

177 Sea otter rehabilitation 

199 Sea lions 

216 Terr. mammals 

Sitka black-tailed deer 

233 R. otter & mink 

254 Brown bear 

.265 Mink reproduction 

1145 280 Summary 

288 Questions 

294 S. Senner . 
300 Kent Wohl Birds-intro of PI's 

340 :,.,. birds 

370 Colonv 

388 Shore birds 

394 Blk oyster catcher 
In 

411 Kittiwakes 

420 Murre lets 

428 Guillemots 

1155 440 Eagles . 

349 lSea ducks 
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Peregrine falcon 

355 Questions 

543 S. Senner Wrap-up 

553 D. Sheehy Work Groups · 

1210 563 End-of-session 
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A Journal article 
c Portion of book 
E · Technical Report 

1 
600 
900 
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D Proceedings 

SUBJECTS 

110 Algae 112 
100 Coastal Habitat 200 
300 Birds 400· 
500 · Seagrass Restoration 600 
700 Rest. Philosophy & PracticeSOO 
900 Gen. - Recovery, effects ~ econ • 

. I 

Zooplankton 
Fisheries 
Mammals - Terr. & Mar. 
Salt Marsh Restoration 
Benthic 

500 
800 
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CONFIDENTIAL 

PILOT PROJECT- 1990 COASTAL HABITATS 

Title: Remote Sensing Assessment of 
Habitat Damage, Clean-Up, and Restoration 

Purpose: 

This project will demonstrate the feasibility of using satellite 
remote sensing data . to quantitatively assess the extent of damage 
to coastal habitats within Prince William Sound and to monitor 
recovery and the effects · of clean-up and/or restoration. 

Formal statistical tests . of observed spectral differences 
between undamaged control areas, damaged areas, and areas 
undergoing clean-up and/or restoration will be applied. If · 
significant differences are established, · this will · be ·considered a 
successful demonstration of the technique for quantitative oil . spill 
damage assessment · and clean-up/restoration/recovery management. 

Rationale: 

Oil damage to coastal habitats containing significant amounts of 
vegetation (e.g. marshes, intertidal zones, and supertidal areas) 
should be detectable by high resolution (1 0-30m) satellite 

. multispectral imagers. The impact of clean-up and restoration 
efforts, including disturbance of associated near-coastal habitats, 
should also be evident. It seems possible that the current 
generation of satellite sensors (Landsat 5, SPOT 1 ), coupled with 
recently developed image processing methods, would be able to 
overcome the problems associated with detecting these impacts. 

One advantage of this approach is that it provides the opportunity 
to do a retrospective analysis using archived pre-spill images. 

I 

Thus, if a method for extending the information known from field 
. studies about specific target areas to the entire coastline can be 
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developed, . quantitative estimates can be derived for spill damage, 

· clean-up impa~t, and recovery rates. 

Using pre- ·and post-spill satellite multispectral digital imagery 
of areas of Prince William Sound and similar unaffected control 
areas, we will attempt to detect changes in major coastal habitats : 
Two habitats which preliminary analysis indicates contain 
vegetation sensitive to oil changes, and which may be subjected to 
restoration efforts, are intertidal areas which support Fucu s 
communities and coastal marshes. The scale of these areas is 
important to detection from satellites, with the major problem 
being narrow widths. The most critical of these areas from the 
standpoint of ecological recovery, however, are likely to . be those 
which are larger and more detectable. · In addition, the entire 
supertidal zone will contain indicators of the degree of damage and 
recovery. 

The satellite imagery can be used similarly for estimating rates 
of recovery (using later satellite images) in areas which were 
cleaned-up, not cleaned-up, or subjected to restoration activities. 
Field sampling data, collected under other projects, can be used to 
augment the information in the satellite imagery. This capability 
would be a valuable tool for managing restoration efforts and 
monitoring the recovery of the Sound. It could provide the basis for 
a long term Geographic Information System . combining · spatial 
information from . satellites and point · information from field 
studies. 

Approach: 

Successful demonstration of this approach ·will require dealing 
with several problems. In order to detect changes between scenes, 
we will have to have similar tidal stages at the overpass time, and 
be able to find fixed control points to register the scenes to each 
other. An adjustment to establish equivalent radiometric 
characteristics between the scenes will be required. Relatively 
narrow shoreline areas will have to be clearly designated, possibly 
requiring merging base data from 1Om sensors (SPOT panchromatic) 
with other, lower resolution multispectral imagery . (Landsat 
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Thematic Mapper). Then the unique spectral characteristics of 

· . healthy and damaged · habitats will have to be determined. There has 
been recent progress · in all of these areas, as outlined in the specific 
approach steps below. These steps follow the methodology 
developed by Hall, et al., 1987 for quantitative detection of 
ecosystem conditions, and transitions between them, using remote 
sensing. 

• . Acquire pre- and post-spill Landsat images of affected and 
unaffected areas. This task will require preliminary evaluation 
of clouds and tides to get equivalent conditions. Investigate the 
availability of SPOT data, particularly near-nadir ·panchromatic 
scenes (1 0 m resolution). 

• Register and radiometrically rectify the images using the 
procedures of Hall, et al., 1990. 

• Delineate shorelines and develop spectral indices sensitive to 
habitats of interest. 

• Classify the scenes in the areas (shorelines, marshes) ·of interest 
.· using known sites. Existing field data will be the primary .. source 
of information. Some travel may be required for establishing 

. spectral baselines and/or verifying classifications. · 

• Compare scenes to establish, for each pixel, transitions between 
undamaged, damaged, · and recovered states. 

• Compute change statistics. Each distinguishable habitat will be . 
represented by a (hopefully large) number of sample points 
(pixels) in each category of the following information matrix: 

Before · After · After 
spill spill intervention 

control sites X X X 

damaged - no action X X X 

damaged - action taken X X X 
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The null hypotheses will be that .there is no difference ·between the 
control and damaged sites and that there are no spectral changes due 
to the spill and clean-up and restoration efforts. Significance · tests 
will indicate whethe·r this technique detects any measurable 
effects. Previous work indicates that change detection is probable. 
If so, a temporal sequence of images could be used to estimate the 
rate of recovery. If significant areas are restored, this approach 
could also be used for evaluating the performance of restoration 
compared to natural recovery. 

Resources: 
FY90 FY91 

Equip & Mat $25 K . $10 K 
Travel 5 5 
Personnel 25 25 

Total $55 K $40 K 

References: 

·Landscape Pattern and Successional Dynamics in the Boreal Forest 
F.G.Hall, D.E.Strebel, S.J.Goetz, K.D.Woods, D.B.Botkin 
Proc. IGARSS'87, Ann Arbor, May, 1987 

Radiometric Rectification of Multi-Date, Multi-Sensor 
Satellite Images 

. ' 

F.G.Hall, D.E.Strebel, . S.J.Goetz, J.E.Nickeson 
to appear in Proc. IGARSS'90, College Park, MD, May, 1990 



RESTORATION PLANNING WORKSHOP 

INFORMATION NEEDS 

Recreation 

Public attitude surveys -- what are the values and perceptions? 

What is the nature and extent of displacemnet of recreation 
use resulting from the spill? 

Did or will displacemnt of recreation use from PWS affect 
the quality or quantity of use in other areas in 
Southcentral Alaska? 

Did the spill adversely affect the quality or quantity of 
wilderness values of PWS for local residents? What about 
the perception of wilderness for potential visitors to the 
areas? For actual visitors? 

Will the spill result in more recreation use thorugh the 
spill's "advertising" or name recognition value? Will 
visitors pay less than they would have had they been 
visiting an un-oiled PWS? Are we trading high value/low 
volume tourism for lower value/high volume tourism? 

Will the spill attract disaster junkies, as was the case 
with Three Mile Island or Mount St. Helens? 

Will a new tourism industry develop out of people wanting to 
visit PWS to learn about or study natural or human 
supported restoration? 

What is the effect of the spill on the recreation 
opportunity spectrum in PWS? 

User values 

What are the patterns of use? 

What are the number of users? 

What is the value of recreational opportunity translated 
into consumer surplus? 

How much worse-off are the PWS-Gulf "users"? 

--------



What is the land status;acquistion opportunity with respect to 
ecological-recreational-cultural responses? 

What are the land uses/plans on publie lands? 

Assess public-use facilites and identify other recreational 
sites in relation to spill damage by integrating (possibly by 
mapping exercise): · 

Spill damage 
Resource values 
Land status/willingness 
Agency priorities 
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Birds 

What are the breeding habitat requirements for the marbled 
murrelet in the PWS area? Do they nest in trees as in lower 
latitudes? If so, do they require old-growth forest habitat or 
can they utilize second growth timber? 

What is the status of the sea duck population, especially the 
harlequin duck? What are breeding habitat requirements? What 
are the winter distribution and site fidelity attributes of the 
harlequin duck? 

What are the harvest levels for sea ducks, particularly the 
harequin duck? 

What is the availability and distribution of forage fish for 
seabirds in PWS, particularly herring, sandlance, and other non­
commercial forage species? 

What is the status of the parakeet auklet population on Smith 
Island (which was heavily oiled by spill)? 

What is the magnitude of bird mortality associated with the 
nearshore gillnet fishery? 

What are the annual food habits and requirements of the bald 
eagle? 

What are the overwintering requirements and immigration patterns 
of the common murre? 
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ADDITIONAL INFORMATION NEEDS 

IDENTIFIED BY THE MAMMALS SESSION 
RESTORATION PLANNING WORKSHOP 

3-5 APRIL 1990 

Marine Mammals 

Sea Otters 

Population modeling studies to derive an accurate 
estimate of the proportion of the Prince William Sound 
sea otter population impacted by the oil spill 

Humpback and Killer Whales 

Sea Lions 

Expansion of individual identification capabilities 
(fluke and dorsal fin catalogs) to facilitate studies 
of residency, habitat use, reproductive rates, and 
stock identity of whales using Prince William Sound and 
the Gulf of Alaska 

Biopsy sampling studies for stock identification 
(resident vs transient groups) 

Prey availability surveys 

Determination of causes of pre-spill population decline 
and the relative contribution of the spill to the 
declining trend 

Stock separation and identification 

Terrestrial Mammals 

Sitka Deer and Bear 

Determination of the frequency and extent of usage of 
marsh vegetation and beach grasses by deer and bear to 
assess the value of restoration of those resources 

Assessment of potential delayed effects of oiling on 
black bears 

River otter and Mink 

Determination of: total populations in a.ffected area, 
habitat use, reproductive potential, and food habits 

Continuation of laboratory study of the effect of oil 
ingestion on mink reproduction to contribute to an 
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estimate of the magnitude of suspected damage ·to the 
Prince William Sound population 

l 



Exxon Valdez Oil Spill CONFIDENTIAL 
Damage Assessment Information Needed by the 

Coastal Habitats Restoration Work Group 

The Coastal Habitat Restoration Work Group was, as were other work groups, frustrated by 
the general lack of damage assessment information presented at the Exxon Valdez Restoration 
Workshop, April 3-5, 1990. No information was presented concerning the extent and 
magnitude of oil contamination to the coastline of Prince William Sound. Neither was 
information available, except in the. most general qualitative sense, on the effects of oil 
contamination to coastal ecological resources. · 

The Work Group chose to consider damage assessment and restoration alternatives for three 
major coastal habitats: the supratidal zone, the intertidal zone, and the subtidal zone. Each 
of these habitats was further divided into low and high energy environments reflecting their 
exposure to waves, sediment type, and slope . 

. The Work Group as a whole was of the opinion that it would be valuable to have an overall 
view of the extent, magnitude, and effects of oil contamination in Prince William Sound. 
The Work Group also sought to separate the effects of exposure to oil from the effects caused 
by clean-up efforts. The group thought this was one of the most important points to come 
from the damage assessment efforts, since such information could be applied to future spills 
which the group thought were sure to happen. 

Although not specifically stated, it was my opinion as rappateur for the Work Group, that the 
Group wanted made available the following types of information: 

• What was the area and proportion of Prince William Sound shoreline made up 
of sandy beaches, cobble beaches, and rocky shores? 

• What proportion of each of these types of shores were impacted by oil from the 
Exxon Valdez and what was the magnitude of oiling? 

• What proportion of each of the three habitat types .(supratidal, intertidal, and 
subtidal) was exposed to which clean-up options (no clean-up efforts, hot water 
rinse, cold water rinse, bioremediation, etc.)? 

• What proportion of each of these types of shores was exposed to which clean­
up options? 

• What were the direct effects of exposure to oil and can these effects be 
distinguished from the effects caused by the clean-up efforts? 
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Page 2 

• Was the Prince William Sound shorelines being monitored for long-term effects 
and if so, were studies being conducted to adequately discern the effects of oil 
from the effects of clean-up efforts? 

In addition to this general type of information, the Coastal Habitat Work Group suggested that 
the damage assessment should include information concerning the extent, magnitude, and 
effects of oil on specific communities and populations. For example, questions were raised 
concerning how much oil reached the sediments within Prince William Sound and what oil 
concentrations were measured in the sediments. Questions were also raised concerning the 
communities within those sediments, since benthic communities have been shown in a number 
of studies to be sensitive to petroleum hydrocarbon inputs. Unfortunately, not only were no 
data presented, but it was not clear what samples were taken and would be eventually 
analyzed to address these questions. It was also considered important to know the areal extent 
and exposure to oil of supratidal marshes. Finally, because of its perceived importance as a 
population effecting the very structure of intertidal communities in the Sound, information 
concerning Fucus populations was requested. Lacking was information on the areal · 
distribution of Fucus, what proportion of the population was exposed to oil and to various 
clean-up methods, and what effects oil and clean-up efforts had on these communities. 

The Habitat Work Group expected and asked for considerable damage assessment 
information, but received only qualitative descriptions of exposure and effects. Consequently, 
the Group was not comfortable recommending damage restoration alternatives and none were 
made. 

c:\alaska\damassnd.doc 
16 April 1990 
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RESTORATION PLANNING WORKSHOP 

INFORMATION NEEDS FOR FISH/SHELLFISH 

It was the consenius o~ the Fish/Shell~ish session members that 
the damage assessment did not provide adequate in~ormation upon which 
to base ~irm restoration recomm~ndations. However, it was also 
recognized that some uncertainty as to the nature and magnitude o~ 
dam•ge was likely to exist ~or some time and that decisions would 
have to be made under risk. 

A range o~ in~ormation needs conside~ed . critical to making sound 
management decisions ~or exploited resources were identi~ied during 
the course o~ the two day session on. ~ish and ~hell~ish. These . need~ 

· arose ~rom two basic problems: 1) the need for additional damage 
assess~ent data either ~rom ongoing but as yet incomplete studies or 
studies that were cancelled and 2) the requirement ~or more precise 
management in~ormation due to the uncertainty introduced by the 
e~~ects o~ the oil spill. Although some of the continuing studies 
were not expected to produce results immediately, other studies that 
were not continued due to their limited relationship to the damage 
ass~ssm~nt would have, iri the session's opinion, provided valuable 
in~ormation ~or planning restoration. 

The ~ollowing studies identi~ied by the session ~s important ~or 
restoration planning were primarily related to immediate in~ormation 
requirements. These studies were particularly ~ocused on harvested 
~esources ~or which basic information needed to manage the stocks is 
currently not available. The session members ~elt that the 
uncertainty associated with the spill required more precise 
in~ormation than is currently avail~ble arid that this in~ormation 
requiremer.t should be a JUsti~ied expenditure ~or "restoratior•" 
~•-mdir.g. 

o Herring sc~le pattern analysis to identi~y stocks. This 
would aid in determining whether there are one or two 
stocks exploited in Prince William Sound. 

o Catalog herring spawning areas. 

o Hydroacoustic biomass estimates o~ resident herring stocks 
this fall. 

.o Adult pink salmon tagging hear hatcheries to distinguish 
wild and hatchery stocks. 

o Coded wire tags: improve turn around time ~or management 
.· purposes. 

o SalMon otolith analysis <hatchery mass marking>. 

o Tagging rock~ish ori ree~s to provide population estimates. 

o Continue ground~ish trawling (a~e and size) and port 
sarnpl i ng. 

o Catalog and inventory resources in Prince William Sound and 
lower Cook inlet region. 
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PILOT PROJECT 1990 FISH/SHELLFISH 

. I 

Title: Artifici~l Reef Evaluation 

Purpose: 

... 
CONFIDENTiAL 

This proJect will evaluate the feasibility of providi~g 
artificial reef and/or SAV habitat to replace habitat damaged or 
degraded as a result of the Exxon Valdez . oil spill. The 
proposed pilot proJect will include the construction and 
evaluation of an artificial reef placed in Prince William 
Sound. The specific obJective of artificial reef placement is 
to test the hypothesis that rockfish or other fish and shellfish 
species will use reefs as shelter and/or feed on the fora~e base 
that is 1> concentrated by or attracted t6 the reef, 2> 
develops on the reef surface, or 3> uses thi~ fouling community 
as microhabitat. This demonstration proJect will d~~ermine the 
effectiveness of this habitat replacement approach f6r future 
restoration in Prince William Sound. 

Statistical tests ~ill be used to compare the differences in 
the composition and abundance of fish and shellfish on reef and 
non-reef control sites. Fouling plates will be used to 
document the development of a fouling community on the reef and 
stomach contents a~alyses will be used to determine the diet of 
target recreationally or commercially harvested •pecies that 
utilize the reef. The fish utilization will be documented usiri~ 
diver/ROV observations, time lapse photography, and acoustic · 
surveys. 

Rationale: 

The Exxon .Valdez oil spill has damaged habitat that is 
critical to some fish or shellfish species or life stages. The 
nature, extent, and consequence of this damage is currently 
under investigation. This proJect will provide information that 
can be used for restoration -if the result~ of on-going damage 

-assessments indicate significant damage. 

The potentially damaged fishery habitat types . that are of 
known importance include rockfish ~e~fs, herring spawning areas, 
and salmon spawning/nursery ar~as. Artificial reefs or SAV beds 
are p6ssible interim restoration measures that may provide 
additional habitat to replace at least some of the functions of 
the reef or rocky subtidal .habitat lost or dam~ged as a result 
of the oil spill. These measures are temporary substitute~ that 
may replace some of the critical habitat functions, such as 
cover and concealment (reduced predation>, forage, or 
ovideposition substrate that have been lost damaged or degraded. , 
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· Rocky reef areas exposed to oil from the Exxon Vald~z spill 

we~e used by rockfish as well as other demersal fish and 
~~ellfish. Rockfish used these areas for cover and concealment, · 
as well . as forage. The shallow reef habitat and surrounding 
benthic areas that provide forage base have been exposed to oil 
and may be adversely affected for some unknown period of time. 
Dead rockfish recovered after ·the Exxon Valdez spill were 
diagnosed ~s killed by spilled oil. Prelimin~ry damage 
assessment results demonstrated the presence of hydrocarbons in 
the bile of rockfish several weeks after the spill indicating 
the possible presence of hydrocarbons in ~he food chain. 

The rationale for the use of artificial reefs is based on 
the premise that the addition of alternate habitat or the 
provision of alternate forage outside the spill a~ea may aid in 
maintaining local fish and shellfish stocks until natural 
recovery or othe~ restoration measures result in the return of 
the habitat to its pre~spill condition. The maintenance of seed 
stock within close proximity to currently cont~minated areas may 
aid in the recruitment of fish back to that area as cc•ndit ic•r•s 
improve. 

Background: 

Artificial reefs have been traditionally used to enhance 
commercial or recreational fisheries for both fish and 
shellfish. Although there h~s been a continuing debate as to 
whether reefs attract or increase the production of 
fish/shellfish, research has clearly demonstrated that for 

· selected species that are dependent on reef habitat for 
cover/concealment <e.g. American lobster; Homarus americanus> or 
feed directly on the encrusting community (e.g. tautog; Tautoga 
onitus> artificial reefs can increase local carrying 
capacities • . In fact, well designed artificial reefs function in 
a manner identical to natural re~fs. The primary difference 
between natural and artificial reefs in temperate waters is not 
function, but the manner by Which the materiais were originally 
placed • . 

Recent studies <Sheehy and Vik, 1988, 1989) have suggested 
that prefabricated designed reefs may be useful tools for 
mitigating the adverse effects resulting from the loss o~ damage 
of coastal habitat. Prefabricated structures <Sheehy, 1983) 
designed specifically to function in providing shelter or 
concentrating food can provide substitute habitat for a variety 
of species that may have been impacted by or displaced as a 
~esult of the Exxon Valdez oil spill. These would include 
demersal rockfish and nearshore forage species depe·ndent on SAV 
for shelter or spawning habitat. It has been demonstrated that 
SAV beds afford not only protection from predators but also 
provide a rich foraging habitat .(Rozas and Odum, 1988>. 
Artificial reefs or SAV structures that replicate the physical 
form or characteristics of natural reef or SAV provide mar.y of 
the same functions as this natural habitat. 



Approach: 

One approach to replacing contaminated reef habitat or 
providing additional habitat outside of areas that have been 
impacted by oil contamination is the construction of artificial 
reefs or SAV beds. This pilot proJect will deploy two or more 
artificial reef or SAV modules in order to operationally test 
and evaluate thi~ technology in Prince William Sound. 
Performance evaluations of these structures will determine 
whether or not these units are utilized by rockfish or other 
species. Artifi~ial reef or SAV modules could be plac~d either 
on impacted substrate or in areas that ha~e not been exposed, 
but are devoid of natural habitat structure. The reef 
performance evaluation will document occupancy and utilization 
of the reef by fish and shellfish, e~amine the development of 
the fouling community on the reef, examine stomach content of 
target species, and collect tissue samples for hydrocarbon 
ar.alysis. 

The proJect is c6mposed of the follo~ing specific tasks: 

o Coordination with State resource agencies to determin~ 
potential test and control sites, schedule, and local 
participation. Prepare and submit permit applications • 

. o Conduct pre-placement site surveys to characterize 
substrate and fauna. Confirm oceanog~aphic conditions 
fo~ stability analyses. 

o Based on site conditions, configure a selected 
artificial reef/SAV module design to meet site 
stability conditions and target species requirements. 
This study will consider only existing, proven and · 
tested prefabricated reef/artificial sea grass 
technology; no product development is contemplated at 
this time. 

o Specify module design or configuration and order 
components and constru~tion materials. 

o Build reef/SAV units using local labor, if available. 
Place reef/SAV modules at permitted sites. Conduct 
initial post-placement inspection. 

o Conduct post-placement surveys. Vid~o, ~coustic, 
angling, ar.d diver transect fish surveys are 
anticipated, depending on site depth and conditions. 
Fouli~g plates and other monitoring equipment (settling 
tubes, azoic sediment trays, etc.) deployed with the 
reef unit would be sampled seasonally. Stomach 
content and tissue samples from collected fish would be 
retained for future analysis. 

The results of the proposed study will determine whether or 
not rockfish and/or other species occupy and utilize artificial 
reefs or SAV beds. The null hypothesis to be tested will be 
that there is no difference in species composition and abundance 
between the artificial reef and non-reef ~ontrol sites. Earlier 
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work strongly suggests that a significant . difference between 
test and non-reef control sites will be detected. This 
information will also be useful to co~pare with the rates of 
r.atLn"'al recovet"'Y c•r• existir•g c•il impacted t"'eefs. If t"'esLtlts 
indicate this method is effective, information needed to scale 

. and ~etermine the cost of future artificial reef/SAV application 
will be available. 

E~uipment and Materials 
Travel 
Persc•r•Y•e 1 
Subcor.t ract 

Referer.ces: 

FY90 

$ 70 
15 
50 
·35 

$170 

K 
K 
K 
K 

K 

FY91 

$ 15 K 
15 K 
30 K 

$ 60 K 
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The Use of Designed and Prefabricated 
Artificial Reefs in the United States 

Introduction 

Artificial reefs have been used to pro­
mote fisheries development in both Japan 
and the United States for at least 200 
years. Taiwan and Australia have more 
recently begun to construct reefs. Al­
though artificial reefs have been built in 
other countries, the major reef develop­
ment activities have occurred in these 
four countries. Japan has a large , well­
funded national artificial reef develop­
ment program. Taiwan had a nationally 
funded reef research program for several 
years; reef construction by regional and 
private groups is now in progress. Neither 
the United States nor Australia have 
national reef programs. 

Rocks and logs, or scrap materials 

ABSTRACT-Designed and prelabricated 
artificial ree(s have been used with great 
success to promote fisheries development in 
Japan and Taiwan. and have been tested on 
several occasions in the United Stales. Al­
though etforts in the earlv 196U:s to test 
Japanese-stvle reefs in California, New York. 
and Florida met with problems due to lack ol 
experience with that tvpe olreet: those units 
which were proper(v placed proved effective 
in attracting .fish. Pumice concrete shelters 
designed for lobsters were tested in Rhode 
Island in the 1970's and were shown to in­
crease significantlv the abundance olresidenl 
lobsters in areas previouslv devoid olshelter. 
The Japanese have recent(v developed a ne w 
generation ollarge-scale. advanced-technol­
ogt· artificial reefs. To introduce this tech­
nologv in the United States. Japanese FRP 
!fiberglass reinforced plastic) reefs have been 
installed off Florida as part of a demonstra­
tion/ research proiectfunded by the National 
Marine Fisheries Service. Their cost-effec­
tiveness will be evaluated by comparing them 
with concrete culvert reefs. 

DANIEL J. SHEEHY 

such as ships, tires, and construction 
rubble, were used in most of the early 
U.S. reef- building efforts. Solid waste 
disposal has been a secondary motive in 
many American projects , particularly 
those using tires. 

Many of these projects using available 
or scrap materials proved to be very 
effective. In Japan and Taiwan , such reefs 
were used extensively to improve com­
mercial fisheries and aquaculture. In the 
United States and Australia they are still 
used to promote recreational fisheries. 

However, research conducted in Japan 
and Taiwan has shown that even though 
scrap materials and rock can function 
effectively as artificial reefs when prop­
erly handled and sited, appropriate sites 
for the deployment of these materials 
are limited. Furthermore, the shapes, 
size, and long-term physical stability and 
biological productivity afforded by such 
materials are less than ideal. Transpor­
tation and handling costs , which con­
stitute the major expenditures in the 
construction of this type of reef, have 
increased significantly in recent years 
and the long-term cost effectiveness of 
such projects has been reduced. 

As a result of this situation and an 
increasing amount of information on 
optimum design criteria , prefabricated 
artificial reef units began to be developed 
in Japan during the early 1950's. Most of 
this first generation of designed reefs 

Daniel J. Sheehy is with Aquabio. Inc .. 2957 
Sunset Blvd .. Belleair Bluffs. FL 33540 and 
6071-3 Majors Lane . Columbia. MD 21045. 
Views or opinions expressed or implied are those 
of the author and do not necessarily represent 
the position of the National Marine Fisheries 
Service, NOAA . 

were made from reinforced concrete and 
were either cubes (Fig. 1) or rectangular 
boxes with sides of about 1-2m, hollow 
interiors , and "windows" on each side, 
or cylinders of similar dimensions and 
properties. The larger cubes and boxes, 
which generally had bigger "windows" 
and more open space, were often piled 
in two or three layers to create high 
profile reefs , while the cylinders and the 
smaller, less open cubes and boxes were 
generally not placed in layers. These 
concrete units proved to be quite effec­
tive. In 1954, designed concrete units 
were designated as the only type of 
component to be used in government­
subsidized regional reef construction 
projects. 

In both Japan and Taiwan , coordi­
nated programs to improve coastal fish­
eries production have recently been 
undertaken in response to declines in 
fisheries production due to the 200-mile 
extended jurisdiction statutes, increases 
in fuel prices, and the deleterious effects 
of coastal development and pollution. 
Large-scale designed units prefabricated 
from a number of materials have been 
used to expand the artificial reef pro­
grams in both countries. 

The new generation of artificial reef 
units developed in Japan is manufac­
tured in a wide variety of shapes, sizes, 
and materials. An assortment of new 
midwater and floating fish attractors has 
also been developed and introduced. 
These new units can be used in a wide 
range of site conditions not suitable for 
earlier designs. Many are quite large and 
are deployed as single units to build very 
large-scale fish banks. Results of pre­
liminary studies have indicated that in 
some cases these new units are more 
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cost-effective over the long term than 
the earlier scrap material or designed 
units. 

Although most artificial reefs in the 
United States are still built from scrap 
materials , the availability of some of 
these (such as liberty ships) has decreased 
and the cost of transporting , handling, 
and preparing others has increased in 
recent years. "White goods" (appliances) 
and car bodies are no longer considered 
su itable for reefs because of their high 
preparation costs and short life expect­
ancy in the water. Both the cost-effec­
tiveness and long- term stability of tire 
reefs have come into question. Hanni 
and Mathews (1977) indicated that it is 
cheaper in Pinellas County, Fla., to dis­
pose of tires in a landfill than to dispose 
of them at sea by using them for reefs. 
Problems with tire reefs breaking apart 
and ending up on tourist beaches or in 
fishermen's nets have caused several 
states (i.e. , Florida and California) to no 
longer support the use of tires as an 
artificial reef material. 

Because of the current interest in the 
United States in installing artificial reefs 
and the decreasing availability and cost­
effectiveness of scrap materials for con­
struction , it is useful to review the past 
and potential role of designed , prefabri­
cated reefs in American coastal waters. 

Japanese-Style Concrete Reefs 

Based on the development of the first 
reefs designed in Japan during the early 
1950's, several states began testing similar 
structures during the early 1960's. This 
effort began in California and included 
Florida and New York. These studies 
are of interest since the results suggested 
some of the problems as well as the 
potential advantages of using such 
structures. 

Early preliminary work by the Cali­
fornia Department of Fish and Game 
(Carlisle et a!., 1964) demonstrated that 
artificial reefs could add productive 
habitat for recreational fishing. 

Further studies, initiated in 1960 , 
compared four types of reef materials in 
order to determine which would be most 
suitable for future construction projects 
in California. Three reefs were built in 
about 18 m of water on sandy barren 
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Figure I.-Japanese concrete cube reef units (sides = 2m) being buil t in Chiba 
Prefecture, Japan. 

Figure 2.-Japanese-style concrete blocks used in California in the early 1960's. 
(Photo courtesy of the California Department of Fish and Game.) 

ocean bottoms off Malibu, Santa Mon­
ica , and Hermosa Beach. Each reef 
consisted of four subunits composed of 
the materials under consideration: 

Streetcars (1/subunit), automobile 
bodies (14/ subunit), designed concrete 
block shelters(44/ subunit) (Fig. 2) , and 
quarry rock (about 333 tons/ subunit). 
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Figure 3.-Concrete units adapted from Japanese-style units prior to placement 
off Long Island, N.Y., during 1964-65. (Photo courtesy of the New York State 
Department of Environmental Conservation.) 

Each subunit had a volume of approxi­
mately 409 m3

• 

Extensive observations for several 
years demonstrated that although dif­
ferences in effectiveness occun·ed 11mong 
the three reef sites , the relative effec­
tiveness of each of the four subunits was 
consistent. The designed concrete blocks 
proved to be the most effective subunit 
material for concentrating and attracting 
fish . This was followed , in order of de­
clining effectiveness, by quarry rock, car 
bodies , and streetcars. Further observa­
tions indicated that the car bodies and 
streetcars deteriorated within 3-4 years 
and became almost completely ineffec­
tive. At the time of this study (1963) , 
however, quarry rock was considerably 
less expensive than the concrete units 
and was determined to be the most 
cost-effective material for reef construc­
tion in California (Duffy, 1974). 

During the late 1960's and early 1970's, 
a number of tire reefs were constructed 
in California (Dewees and Gotshall , 
1974; Duffy , 1974). Although tires 
proved to be more durable than car 
bodies or streetcars and cheaper than 
quarry rock , problems with binding, 
puncturing, ballasting, and siting led to 
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eventual dispersal of the reefs and caused 
tires to be banned as reef- building mate­
rials in California (Carlisle\ 

Pinellas County and the City of Clear­
water, Fla., which pioneered the devel­
opment of artificial reefs in the eastern 
Gulf of Mexico, built and placed in 1965, 
200 Japanese-style concrete "pill box" 
reef units like those which had been 
used in California. Each box measured 8 
X 4 X 3 feet high and had 18- inch 
diameter holes in the sides and top. The 
City of Clearwater placed 75 units in 
groups of 3-6 on a 2,600 X 500-yard reef 
site. The remaining 125 units were placed 
by the county off Indian Rocks Beach. 

Due to lack of experience with this 
type of reef component, inadequate 
planning, and insufficient control during 
placement, many of the units ended up 
scattered over an area believed to cover 
a half-mile of bottom. Only about 20 of 
the units remained in the intended area. 
The rest were so scattered that they 
cannot be located by fishermen and thus 
are effectively lost. 

'Carlisle, J. G. 1980. California Department of 
Fish and Game, Long Beach. Pers. commun. 

A number of concrete units of a design 
adapted from the Japanese-style units 
used in California and Florida were 
placed off southern Long Island , N.Y. , 
during 1964-65. A local contractor used 
a modified septic tank mold to fabricate 
the units (Fig. 3). 

While available information on this 
project is incomplete , several problems 
are known to have made it a failure. The 
design modifications resulted in appar­
ently extensive damage to the units dur­
ing handling and placement on the barge 
used to tow them to the deployment site. 
Because of further problems resulting 
from poor weather and lack of proper 
planning, the location of the placement 
area was not recorded. The units remain 
unlocated and unevaluated. 

As this brief review indicates , the 
major problems encountered in attempts 
to use Japanese-style concrete units in 
the United States arose from improper 
design, handling, siting, and placement. 
(It should be noted , however, that similar 
problems due to similar causes were not 
unknown in Japan when designed con­
crete units were lirst put into use.) Except 
in California, where considerable expe­
rience in building large-scale reefs had 
been developed , some or all of the units 
were lost due to improper placement. 
Attempts in New York to adapt existing 
septic tank molds for fabrication of the 
reef units resulted in structural degrada­
tion and losses during handling even prior 
to actual placement. 

In California, where the units were 
placed relatively properly, they proved 
to be the most effective form of reef 
unit; they were 18 percent more effective 
than quarry rock. Despite the placement 
problems in Florida, the 20 units which 
were not lost have been observed by 
divers for more than 17 years and con­
tinue to provide very effective habitat 
for grouper, sheepshead , and a variety 
of other species. A recent dive on this 
reef in December 1981 indicated that 
these units are completely intact, stable, 
and very productive (Fig. 4). 

Although 20 years ago the California 
Department of Fish and Game suggested 
that, at least for the term of their study, 
quarry rock was more cost-effective than 
the otherwise more effective concrete 
units, cost differences may not be such a 
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significant factor today, especially over 
a long- term period. This is particularly 
true in light of the recent advances in 
reef design , siting, and placement tech­
niques which have been made in Japan 
and confirmed in Taiwan. 

In 1963 the cost of 1 ,000 tons of quarry 
rock delivered in place in Santa Monica 
Bay cost $6,000 ($6/ ton). A simi lar vol­
ume of concrete units cost $11,000 at 
that time. A recent project in California 
which involved the placement of eight 
rock- pile reefs off San Onofre cost about 
$250 ,000 (10,000 tons at $25/ ton) , more 
than fo ur times the 1963 cost. Although 
the new Japanese-designed reefs may 
sti ll be somewhat more expensive per 
unit volume than rock, they may also be 
more effective on a long-term basis. 
Furthermore, vol umetric comparisons 
may not be valid for measuring effec­
tiveness. 

Lobster Reefs 

Designed artificial shelters have also 
been used to promote or expand fishing 
areas for commercially important in­
vertebrates and seaweeds. Although 
most of this work has been done in east 
Asia , several studies have been con­
ducted in the United States with the 
northern lobster, Homarus americanus. 

A number of researchers (Briggs and 
Zawacki , 1974; Scarratt , 1973; Stewart, 
1970) have suggested that in some areas 
shelter is a limiting factor in the distri­
bution and abundance of nearshore lob­
sters. The addition of shelter in areas 
previously devoid of cover or substrate 
suitable for burrowing has been shown 
to increase the abundance of resident 
lobsters. Observations have also indi­
cated that extensive growth of encrusting 
organisms on artificial substrates serves 
as a source of food for the lobsters 
(Sheehy, 1976 ; Alfiere , 1975; Weiss, 
1970). 

Several types of designed artificial 
shelters for lobsters were fabricated from 
pumice concrete as part of a series of 
studies begun in Rhode Island during 
1971. Preliminary studies with a single 
chamber unit (Fig. SA) were conducted 
at several shallow sites off Point Judith , 
R.I. , to determine if the carrying capacity 
for lobster in sand bottom areas could 
be increased. 
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Figure 4.-Japanese-style ""pill box" reef placed off Clearwater, Fla. , in 1965 and 
photographed in 1981. 
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Figure 5. -Artificial shelters fabricated from pumice concrete in Rhode Island : 
A = single-chamber (2-piece) unit and B =triple-chamber unit. 

Results indicated that the addition of 
lobster shelters significantly increased 
resident lobster populations (Fig. 6). 
Observed lobster abundances were equal 

to or greater than those observed on 
good natural grounds. In addition, results 
indicated that shelter spacing had a sig­
nificant effect on occupancy by lobsters 
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Figure 6.-Lobster occupying two- piece single-chamber shelter. Extensive mussel 
growth on the shelter surface. 

Figure 7.-Juvenile lobsters and crabs, Cancer borealus, found in triple-chamber 
unit being examined by diver. 

and that shelter orientation , with respect 
to predominant wave and current direc­
tions, affected the stability of the shelters 
on the bottom. Interactions between 
lobster size and shelter spacing intervals 
were also suggested (Sheehy, 1976). 

Two-piece shelters used in the initial 
study proved to be unstable during severe 
wave conditions and current velocities. 
Shelter loss was due both to subsidence 
resulting from scour and to overturning 
and separation of sections by wave ac­
tion. Shelter orientation had some influ­
ence on the rate of loss; however, the 
design was considered unsuitable for all 
but experimental purposes (Sheehy, 
1976). 

A second pilot study which compared 
single- and triple-chamber shelter units 
affording approximately the same avail­
able shelter volume (Fig. SB) demon­
strated that triple-chamber units had 
greater overall use and supported larger 
populations due to the compartmental­
ization. During this study, all benthic 
life stages of the lobster were observed 
on and within the reefs. Significant sea­
sonal variations in both lobster and other 
populations (Fig. 7) occupying the reefs 
were also observed (Sheehy, 1976). 

Although triple- chamber shelters were 
more stable due to increased weight and 
bottom surface area, they proved more 
difficult for divers to handle and space. 
Both laboratory and field studies were 
conducted by Jones (1974) to develop a 
more stable design and a basic computer 
simulation program to evaluate these 
units under various combinations of sub­
strate and oceanographic conditions. 
This information, as well as fabrication 
costs and logistic considerations, was 
used to design a new and smaller single­
chamber unit (Fig. 8, 9) to conduct 
larger scale controlled tests at six sites 
in Rhode Island. 

Each of these six reefs (Fig. 10) was 
monitored bimonthly by divers for a year. 
The three most stable reefs were moni­
tored for a second year as part of a 
tagging program. During each survey, 
divers carefully monitored the position , 
size, sex, molt condition , and claw num­
ber and size of each lobster (Fig. 11 ). 
Multidimensional contingency table 
analysis was used to examine the inter­
action of variables in the lobster a bun-
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dance and distribution within the reef 
(Sheehy, 1977). 

Results from this study confirmed and 
expanded on the prior studies by again 
demonstrating that the addition of arti­
ficial shelters in areas devoid of natural 
shelter or substrate suitable for burrow­
ing can significantly increase the abun­
dance of lobsters. However, the results 
also confirmed earlier statements by 
Scarratt (1973) and others that suitable 
sites for lobster reefs are limited. A 
careful examination of all relevant site 
factors, particularly maximum wave and 
current conditions, substrate, and avail­
able food resources, should be made 
prior to future construction. 

Unit artificial shelters may offer a 
viable alternative to the use of natural 
rock or scrap material in the construction 
of large-scale reefs for lobsters. Although 
such designed shelters can be used to 
create new habitat for lobster, a careful 
analysis of all cost factors should be made 
before commercial scale reefs are con­
structed. If some of the legal restraints 
to "extensive aquaculture" are removed, 
additional uses for such reefs may soon 
develop. 

Japanese Fiberglass 
Reinforced Plastic (FRP) 

Reefs in Florida 

The new artificial reef technology 
developed in Japan and Taiwan has been 
described (Sheehy, 1979, 1981; Chang\ 
These large-scale structures represent a 
new generation of artificial reefs which 
are designed, prefabricated, and installed 
to promote commercial fisheries, tore­
habilitate areas adversely impacted by 
human activities such as pollution and 
coastal development, and to serve as 
part of extensive aquacultural projects 
(Sheehy and Vik, 1981). They are the 
result of considerable research and de­
velopment. To receive approval for use 
in projects funded by the Japanese gov­
ernment, reefs must meet certain stand­
ards for strength and stability and must 
be judged to have a minimum useful life 
span (without structural degradation) of 

2Chang, K.-H. 1981. Taiwan's artificial reef re­
search program. Presented at the Mid- Atlantic 
Artificial Reef Conference, Atlantic City, N.J. 
Institute of Zoology, Academia Sinica, Taipei, 
Taiwan. 
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Figure 8.-Smaller single-chamber unit fabricated from pumice concrete (dimen­
sions in centimeters). 

Figure 9.-A lobster occupies a smaller single-chamber unit with extensive macro­
algae growth on shelter surface. 

30 years when properly built, handled, 
and sited. 

Aquabio, Inc.3
, a marine research and 

development group, has recently initiated 
a project to introduce this new Japanese 

technology in the United States and 

'Mention of trade names or commercial firms 
does not imply endorsement by the National 
Marine Fishenes Service, NOAA. 
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Figure 10.- Placement configura­
tion of individual reefs (spacing in­
tervals in meters). Inset: Expanded 
view of an individual matrix: ··d·· is 
the intershelter distance. 

determine which aspects have the most 
potential for application in American 
fisheries development. An important part 
of this project, funded principally by the 
National Marine Fisheries Service 
(NMFS) , involves a demonstration and 
evaluation of Japanese artificial reefs in 
U.S. coastal waters. 

To determine which types of reefs have 
the most potential for immediate use in 
the United States and would therefore 
be most appropriate for the demonstra­
tion , the stability , strength , life expect­
ancy , and biological effectiveness of a 
number of manufactured reef units 
commercially available in Japan were 
evaluated. Design flexibility and costs 
associated with construction , trans­
portation, and placement were also 
considered. 

FRP units , manufactured by Asahi 
Chemical Industry Co. , Ltd., were se­
lected as most suitable for small-scale 
testing and evaluation off the Florida 
coast. The reef components were readily 
shipable from Japan, capable of being 
assembled with relatively unskilled labor 
and minimal equipment, and could be 
placed without the use of large cranes 
and barges. In addition , these units could 
be built in a variety of configurations, 
and this could be designed for fish , 
shellfish , and macroalgae. 

Reef components and materials man­
ufactured in Japan were sent by container 
ship to the United States, erected , and 
placed off Panama City and Jacksonville , 

Figure 11. - Diver exammmg egg­
bearing female lobster while monitor­
ing reef. 
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Fla.,during August and September 198 1. 
Reef components, essential materials , 
and engineering services were donated 
by Asahi. The reef units were built and 
placed by students, graduates, and staff 
from the Panama City and Jacksonville 
Marine Institutes with technical super­
vision by Asahi and Aquabio. Some 
financial and administrative support to 
assist with construction of the Japanese 
units and a concrete culvert reef placed 
at each site for comparative purposes 
were provided by the Florida Depart­
ment of Natural Resources. Assistance 
with selection of specific sites was pro­
vided by the Jacksonville Offshore Sport 
Fishing Club and the Marine Institutes. 

As previously noted, many of the prob­
lems encountered in the earlier use of 
Japanese-style reefs in the United States 
were due to improper design, siting, 
handling, and placement. To gain the 
full benefits of using Japanese reefs in 
this demonstration project , Aquabio 
made every effort to ensure that the units 
were built exactly according to the 
manufacturer's directions, were handled 
properly to avoid damage, and were 
placed correctly and accurately on pre­
designated , carefully selected sites. This 
conservative approach , along with the 
diligent work of the Marine Institute 
students, graduates, and staff, resulted 
in the proper placemet:Jt of undamaged 
units at the specified permitted sites. 

Jacksonville and Panama City were 
chosen as sites for this project for a 
variety of oceanographic and logistic 
reasons, as well as criteria recommended 
by the manufacturer. Both represent 
fairly typical substrate types and water 
depths for reef construction along both 
coasts of_ Florida. Jacksonville is relatively 
typical of areas along the southeast At­
lantic coast in terms of slope and bottom 
type. Panama City, while not really typi­
cal of the entire Gulf area , is represen­
tative of the northwest coast of Florida 
and is an area which has potential need 
for further reef development. Panama 
City also provides relatively reliable vis­
ibility for detailed underwater observa­
tions. A maximum depth limit of 80 feet 
was set in order to provide sufficient 
no-decompression bottom time for 
divers to conduct surveys and recover 
sample plates and instruments. 
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Figure 12.-Three types of FRP units built in Jacksonville , Fla. Concrete ballast 
has been placed in lower cylinders of largest unit. 

Sites were also screened to ensure 
long- term reef stability. Prior to selec­
tion, available oceanographic data and 
estimates of significant and maximum 
wave heights and periods and maximum 
current velocities were collected along 
with substrate data. Using stability cal­
culation equations developed in Japan , 
the stability of various reef unit configu­
rations was evaluated. Since these units 
have been extensively tested in Japan 
under a variety of conditions, field data 
confirming these calculations was avail­
able. 

Both Jacksonville and Panama City 
have had artificial reef programs for some 
time and a number of other reefs of 
different types are available for com­
parative purposes. The Jacksonville Off­
shore Sport Fishing Club has built reefs 
off 1 acksonville for over 20 years and has 
collected considerable information on 
species caught in the reefs and their 
seasonal variation. Likewise, the Panama 
City Marine Institute has built a variety 
of reefs off Panama City; recent field 
studies on these reefs conducted by re­
searchers from Texas A&M University 
will provide useful comparative infor­
mation. 

The specific sites selected in both areas 

had flat , coarse sand bottoms devoid of 
any natural relief. ?replacement surveys 
conducted at each site indicated a rela­
tively low abundance of fish. Adjacent 
areas with similar bottom characteristics 
were selected as control sites for future 
surveys. 

The reef components and materials 
arrived through the port of Savannah, 
Ga., and were trucked to staging areas 
in Panama City and Jacksonville. The 
principal components were cylinders 5 
m long and between 1.0 and 1.2 m in 
diameter fabricated from strips of FRP 
(Fig. 12). The slight variations in the 
diameters of the cylinders permitted the 
components to be nested during shipping 
to reduce space requirements. Addi­
tional structural components, such as 
guard bars and anchor piles , were made 
from heavy-wall FRP pipe sections. 

Although the FRP reefs are not diffi­
cult to build , proper supervision and 
quality control are essential in all aspects 
of the building and placement. The erec­
tion process took about 2V2 days at each 
site, with several slight delays due to 
material variations, equipment adjust­
ments , and rain. The work crew con­
sisted of five students or graduates and 
two supervisors. 
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Figure 13. - The 10- and 7-cylinder units during construction in Jacksonville, Fla. 

Figure 14.- Workers nberglassing all connecting points. 

After being unpacked , the units were 
sized, placed in position on stands, and 
fastened together with heavy wire (Fig. 

]2-

13). FRP guard bars, designed to add 
structural support and reduce damage 
from towed fishing gear, and steel lifting 

eyes used for hoisting the units into the 
water were also wired into place. All 
connections were then fiberglassed with 
impregnated twisted roving wound on a 
hand machine designed for this purpose 
(Fig. 14). 

Fabric bags used for casting the con­
crete ballast were also temporarily at­
tached with steel wire to the appropriate 
number of bottom cylinders. The num­
ber to be ballasted and the amount of 
ballast per cylinder are adjusted to site­
specific oceanographic conditions. An­
chor piles , used to prevent the reef unit 
from slipping on the sea bottom, were 
placed through the fabric bags; specially 
fabricated reinforcing rod frames and 
connecting rods and pieces were then 
placed in the ballast cylinders. Quick 
setting, early- strength concrete was 
poured , smoothed , and permitted to 
harden. 

Airbags designed to fit into the lower 
cylinders were inserted. The reusable 
airbags permit these units to be floated 
and towed to the placement site , thus 
eliminating the need for a barge or float­
ing crane required by all other large-scale 
Japanese reef units. Nylon covers , FRP 
sheeting, and linoleum were placed 
around the airbags to reduce abrasion 
by the concrete and FRP strips. The 
bags were then inflated , inspected for 
leaks, and secured in place (Fig. 15). 

Tow bridles and lines were attached 
to both units and a crane equipped with 
a special spreader bar was used to pick 
up the units and place them into the 
water. The units were temporarily se­
cured at dockside while lines were rear­
ranged and the tow line was secured to 
the tow vessel. A vessel of about 5 tons is 
generally sufficient to tow the units in 
tandem; however, a small tug was used 
in Panama City and a large charter boat 
was used in Jacksonville for safety and 
to carry additional observers. 

The units were towed (Fig. 16) to the 
permitted site where temporary buoys 
had been placed earlier. On site, the two 
units were detached and maneuvered 
into position by a small outboard vessel. 
The stern of each unit was anchored 
and the unit was oriented by the out­
board. The airbags were vented , causing 
the reefs to sink (Fig. 17). Dive teams 
recovered the lines and inspected the 
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units. The airbags and nylon liners were 
recovered by the tow vessel. 

No damage from impact on the bot­
tom or other causes was observed at 
either site. Units rested on the bottom 
and were supported by the anchor piles , 
with about 5-12 em between the bottom 
of the cylinders and the seabed. 

A 10-cylinder unit and a smaller unit 
(9-cylinder unit in Panama City and a 
7-cylinder unit in Jacksonville) were 
placed at each site. This variation was 
planned as part of a long-term stability 
test to determine if theoretical calcula­
tions concerning stability in "worst case" 
conditions such as a hurricane were 
correct. 

As part of the project, Aquabio is 
currently conducting a 1-year research 
program at both sites funded by an 
NMFS grant. This program includes 
surveys of benthic, encrusting, and fish 
populations, as well as primary produc­
tivity and oceanographic studies. The 
research effort will evaluate the Japanese 
FRP reefs , the concrete culvert reefs of 
approximately equal volume constructed 
at each site , and control areas in terms 
of fish abundance and distribution, and 
benthic and encrusting community de­
velopment (Fig. 18). At the end of the 
monitoring period, a cost-effectiveness 
comparison between the FRP and the 
culvert reefs will be made. 

Potential Uses for 
Designed Reefs in 
the United States 

Designed and prefabricated reefs offer 
a means of improving and managing 
coastal marine areas. The design flexi­
bility permits the construction of stable, 
durable units which can be directed at 
specific species or even life stages. This 
flexibility and relative permanence make 
such reefs particularly suited for en­
hancing heavily used recreational fishing 
areas, increasing the production of com­
mercial fisheries , serving as part of com­
pensation/ mitigation projects, and devel­
oping extensive aquaculture programs. 

Although construction of artificial 
reefs to promote recreational fishing has 
a long history in the United States (Stone, 
1972) , very few reefs have been used 
extensively for commercial fishing , with 
the exception of those used by charter 
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Figure 15.- Reef unit on dock. Airbags are being checked and inflated . The unit 
is standing on anchor piles. 

Figure 16.- Reef units being towed to site off Jacksonville, Fla. 

boat fisherman. It is possible , however, 
that commercial use may become more 
common in the future. Many U.S. com-

mercia! fisheries could benefit from the 
application of advanced artificial reef 
technology. Japan , the premier fishing 
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Figure 17.-Reef unit being sunk on site off Jacksonville, Fla. 

Figure 18.-FRP reef off Panama City , Fla. , photographed during the November 
survey. 

nation, has relied on designed units for 
almost 30 years. 

The use of reefs as a means of com­
pensation or mitigation for various 
coastal development projects has been 

-1·4-

common in Japan for some time but is 
relatively recent in the United States. 
The potential of this application has been 
shown by recent efforts in California 
described by Grove (1982). Other coastal 

and estuarine areas subjected to some 
form of environmental or fishery loss 
may find that artificial reefs can con­
tribute to comprehensive mitigation or 
compensation programs or plans. Many 
such projects are in high energy coastal 
or restricted estuarine environments 
where dredging, filling for land reclama­
tion , power plant effluents, and other 
disturbances can have significant im­
pacts. It is important that stable , aes­
thetically acceptable , effective, and 
relatively permanent structures be used 
in such compensation or mitigation 
projects since they should last as long as 
the impact for which they are compen­
sating or mitigating. Many of these areas 
are subject to heavy recreational fishing ; 
since suitable available space is limited 
to multiple uses and physical or biolog­
ical restraints , it is essential that the most 
effective type of unit be used. 

Artificial reefs have been used quite 
successfully to improve coastal aqua­
culture in both Japan and Taiwan. This 
use has been particularly effective with 
some of the mobile invertebrates and 
macroalgae species. Designed reefs are 
also used as nursery and spawning areas 
for fish. Some of these reefs are used to 
augment natural nursery areas or in 
conjunction with stocking programs. The 
only real marine culture reefs which have 
been used commercially in the United 
States are oyster reefs; however, there is 
significant potential for a variety of both 
marine and anadromous fish as well as 
invertebrates such as the abalone and 
lobster (Homarus) , and macroalgae such 
as Macrocystis. 

Although there are differences be­
tween east Asian and North American 
fisheries , the advances resulting from the 
extensive research and development in 
Japan and Taiwan can be modified for 
application in the United States. The 
design and site selection criteria devel­
oped for prefabricated units can also be 
applied to scrap material reefs to help 
improve their effectiveness and stability. 
This criteria could be especially valuable 
to the continued use of tires, concrete 
rubble , ships, and the expanded use of 
surplus oil and gas production rigs 
(Sheehy, 1982). 

As the Japanese have demonstrated , 
the habitat improvement techniques 
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made possible by designed and fabricated 
artificial reefs have enormous potential 
for expanding coastal resources and re­
habilitating areas adversely impacted by 
human activities. The possible applica­
tions of this advanced reef technology in 
the United States should continue to be 
investigated. 
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Sununary 

Prefabricated designed artificial reef units 
which can be used to build effect i ve, relatively 
permanent reefs at a wide variety of s ites have been 
developed recently in Japan and other East Asian 
countries, where they are used to enhance fisheries 
resources, promote extensive aquacul ture, and aid in 
rehabilitating areas impacted by coastal development, 
pollution, and overfishing . Because the design 
flexibility of these units expands the purposes for 
which artificial reefs can be used and extends the 
range of sites available for such act ivities, this 
technology has been introduced in the United States to 
address the limitations inherent in traditional Ameri­
can approaches to r eef construction and siting. 

Artificial Reefs in the United States 

Rock and Scrap Material Reefs 
Artificial reefs have been used to enhance 

fisheries in the United States for over 130 years.l 
Most of these reefs have been constructed from scrap 
materials or rock, and their princi pal application has 
been to improve recreational fishing opportunities . 
Solid waste disposal has frequently been a secondary 
or even a primary objective . Currently, most American 
reef construction activities are undertaken by state, 
county, and municipal groups and local recreational 
fishing organizations . Funding is general ly modest 
and irregular , and these efforts a re often dependent 
on volunteer labor and donated or salvaged materials. 

Due to these factors, artificial reef technology 
has developed rather sporadically and the resulting 
reefs have often reflected design and/or siting com­
promises due to the limitations of the construction 
materials and the costs involved in properly preparing , 
handling , and transporting them. There has been a gen­
er al lack of defined criteria for the sel ection of 
materials, sites, preparation of materials, handling, 
and transport methods . Post- placement evaluations have 
usually been quite limited, when conducted at all. In 
addition, scrap material reefs are often limited in 
terms of effectiveness, site suitability , and perma­
nence, and problems related to stability have developed 
at a number of sites; the costs associated with the 
handling , preparation, and transport of scrap materials 
for reef construction have brought into question the 
economic benefits of disposing of these materials at 
sea. In order to make more effective and eff i cient use 
of coastal zone areas , i mprovements in almost all as­
pects of artificial reef technology and applications 
have been needed . 

Si nce 1978, Aquabio has conducted artif i c i al reef 
projects for federal, state, municipal, and private 
industry groups to expand the effectiveness of reef 
technology and its applications. These proj ects have 
emphasized comprehensive approaches to the development 
of siting plans, the implementation of advanced reef 
design and materials technology , extensive post­
placement research and evaluation, and assessment of 
new or non-traditional applications in the U.S. This 
paper will briefly summarize the approach, research, 
and results of some of this work, and will suggest 
potential applications for art i f ic ial reef technology 
to enhance the effective use of marine resources. 

Problems Impeding Reef Development 
To identify the most immediate problems impeding 

artificial reef development and effectiveness in the 
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United States, Aquabio assessed the state- of- the-art of 
American reef construction and use by reviewing 
available data files and interviewing fisheries admini­
strators, artificial reef program coordinators, local 
fishermen, and other researchers . In addition, 
research dives were conducted to evaluate the results 
of past reef construction . Although these dives were 
concentrated along the Southeast Atlantic and Gulf of 
Mexico coasts, they extended as far west as Hawaii. 

After analyzing and assessing the results of these 
investigations, three major problem areas (in addition 
to funding restraints and buoy maintenance) common to 
mosi reef projects in the U.S. were identified : loss or 
movement of reef materials, l imited design and siting 
flexibility, and transportation limitations. These 
probl ems either had been responsible for past reef 
failures or were inhibiting f uture reef effectiveness 
or expansion. Although interrelated, they will be 
considered separately for the purpose of this 
discussion. 

Loss or Movement of Reef Materials. Direct reef 
material loss has occurred due either to deterioration, 
as in the case of metal or wooden items, or to subsi­
dence. Movement of reef materials has generally been 
the r esult of wave and current action, or of interaction 
with heavy commercial fishing gear. 

Although loss or movement has been more common with 
low density items, such as tires, it has also occurred 
with heavy concrete culvert and large steel ships . In 
some cases, this has resulted in the defacement of 
public beaches, damage to commercial fishing gear, 
reduction in trawling areas, adverse impacts on natural 
"live bottom" areas, rapid loss of recreational fishing 
opportunities, and consequent i a l curtailment of future 
reef construction efforts . I n particular , the construc­
.tion of tire reefs is now prohibited or strongly dis­
couraged by several states . 

Limited Design and Siting Flexibility. Limitations 
in reef design and siting have basically been due to the 
dependence on scrap or waste items such as old tires, 
culvert, and ships, and the cost of properly preparing 
and placing these items. All of these materials have 
been used in some instances to build effective and 
successful reefs; however , appropriate sites are limited 
due to the properties of the materials and oceanographic 
conditions . On the Gulf of Mexico and Southeast Atlan­
tic coasts, the gradual slope of the shelf precludes 
nearshore siting of low density or high profile ma t e ­
rials. Therefore, many reefs must be located at 
considerable distances from shore, thus reducing the 
number of recreational fishermen who can safely use 
them. On the Pacific coast and in Hawaii, siting 
advantages related to the availability of deeper water 
closer to shore are partially offset by the higher and 
longer period waves which influence the bottom a t 
greater depths . The placement of larger items on slope 
areas is also limited since even large steel ships have 
moved more than a half mile off permit positions in 
these conditions . 

Transportation Limitations . The high cost of 
transporting available materials to shore-based staging 
areas and then to offshore reef sites has been a limi­
ting factor for many reef proj ect s . Transportation of 
materials is gener ally the most expensive aspect of 
reef construction; these costs have increased dramati­
cally during the past ten years . Barges equipped with 
cranes, bulldozers, and other heavy equipment are costly 
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to lease; alternately, they are expensive to operate 
and maintain. In many areas, they are not readily 
ava ilable. Obsolete offshore petroleum platforms, 
which on several recent occasions have been cut off 
below the bottom, hoisted and moved, and reinstalled 
as artificial reefs, are especially expensive to 
transport. 

Recent Developments in Reef Technology 

New Technology 
To identify artificial reef technology and metho­

dologies with the potential to improve American reef 
siting and construction efforts, Aquabio examined 
alternate approaches which have been developed and 
used successfully by other countries with major reef 
programs, such as Japan, Taiwan, and Australia . These 
investigations focused in depth on Japan, which has 
invested substantially in the research, development, 
testing, and evaluation of designed reef technology and 
has implemented what is indisputably the most success­
ful and extensive artificial reef program in the ·world. 

Because of a gr eater dependence on the sea as a 
source of food, the approach to reef construction is 
quite different i n Japan and other areas of East Asia 
from that in the U.S. In these areas, artif i cial 
reefs are pr i marily used for enhancing commercial 
fishing and are usually constructed from prefabricated 
designed units, which offer a number of advantages 
over scrap material or rock reefs. The flexibility 
inherent in a designed structure permits the fabrica­
tion of units which are more effective, stable, and 
permanent. Additionally, designed structures can 
incorporate features or aspects known to be important 
to the target species or reef objective, and can be 
reliably sited on the basis of known stability crite­
ria. In particular, the artificial reef technology 
developed in Japan has resulted in numerous new 
designs, improved siting and placement methods, and a 
brcader, more integrated approach to fisheries enhance­
ment and reef management which facilitates the most 
effective use of available resources. 

Artificial Reef Development in Japan 
Like American artificial reef programs, early 

Japanese reef construction efforts utilized natural 
materials such as rocks and wood as well as scrap items 
such as tires, cars, and ships . However, the Japanese 
quickly recognized the limitations of these materials 
and determined that des i gned reef units were more 
cost- effective over the long term. Hhen they first 
implemented a national artificial reef plan in the 
early 1950's, the Japanese government decided to 
encourage the development and application of the best 
technology by subsidizing only those reef projects 
using manufactured units, a policy which has been 
continued to the present time. 

The first generation of Japanese designed reef 
units consisted of relatively small hollow concrete 
cubes and cylinders cast in one piece with open areas 
or "windows" in the sides . Most measured about 1- 2 
meters per side or in diameter. They were dropped or 
pushed off the side of boats to form piles to attract· 
fish . One variety of these earlier units, known as 
the "pill box" design, was tested in the U.S. during 
the early 1960's and proved to be quite effective 
and permanent when properly sited and placed. In a 
study conducted in California in 1963 to compare these 
units with quarry ro ck , car bodies, and streetcars, the 
Japanese- .style units proved to be the most effective 
of the materials for concentrating and attracting 
f ish. 2 

Japanese field and laboratory studies conducted 
during this period indicated the desirability of 
producing larger, higher-profile units with more open 
space, which would function to attract midwater fish 
as well as bottom species. It was also determined 
that a number of different designs suitable for 

various oceanographic conditions and types of fish and 
shellfish would be needed to develop more fully Japan's 
coastal resources. 

The impetus for developing a second generation of 
designed units incorporating these characteristics carne 
in the early 1970's when the combined impacts of the 
1973 oil shortage and the implementation of 200 mile 
extended jurisdiction statutes by a number of countries 
severely impacted Japan's distant water fisheries . In 
addit i on, the cumulative effects of coastal development, 
pollution, and overfishing for premium species had 
reduced coastal fisheries and aquacultural production . 
To help accomplish the intensive rehabilitation and 
development of coastal resources necessary for meeting 
current and future seafood requirements, a nationally 
coordinated effort to improve artificial reef technolo gy 
was launched. 

The wide variety of prefabricated reef units and 
other enhancement devices developed as a result of this 
effort are now used to promote cap ture fisheries, 
extensive aquaculture, and habitat rehabilitation 
throughout the coastal areas of Japan. Although most 
are fabr ica t ed from reinforced or prestressed concrete, 
some are composed of other materials such as fiberglass­
reinforced plastic (FRP). Rather than attempting to 
copy the complexities and surfaces of natural reefs, 
which result from geological or biological processes 
and do not reflect an attempt by nature to optimize 
habitat for fish or shellfish, the current approach to 
reef design, fabrication, and siting is to create, in 
a cost-effective manner, those habitat factors which 
are important in attracting and retaining desired 
species or communities. Many of the units are designed 
for specific site conditions, fishing methods, target 
species, or life cycle stages . To be eligible for use 
in government- funded projects, new units must undergo 
extensive testing and evaluation to demonstrate their 
effectiveness, stability, non-toxicity, and durability; 
a minimum useful (without structural degradation) life 
span of 30 years in salt water is mandatory. 

Testing and Evaluation in the United States 
Based on Aquabio's investigations of Japanese reef 

technology , we determined that it offered excellent 
potential for adaptation and use in American fisheries 
development. We identified specific aspects which 
could help design, siting, and placement problems 
encountered in American reef programs, as well as 
expand the traditional range and scope of applications 
for reefs in this country. Transfer of this technology 
would enable U.S. reef construction efforts to benefit 
from the results of the considerable investment in 
research and development already made by the Japanese . 
To test this approach and evaluate its results, we 
selected several . types of Japanese units for field stu­
dies in the U. S. 

When screening units during the selection process, 
we assessed current and future American needs for reef 
applications and gave particular attention to those 
with the greatest requirement for prefabricated 
designed units. Specific criteria for screening the 
units included: effectiveness for target species, 
stability, design flex ibility, material/site compatabi­
lity , long term cost-effectiveness, and adaptability 
for use in current American reef construction efforts. 

For initial testing and evaluation, we chose units 
composed of cylinders fabricated from bands of FRP as 
being especially suited to American needs, conditions, 
and applications. These units are extr emely flexible 
in terms of design, size, and configuration, and can 
be readily adapted to the different oceanographic 
conditions and target species found in U.S. waters. 
They are relatively easy to construct and can be 
placed without the expensive floating cranes and/or 
barges necessary to install most other types of 
designed Japanese reefs and American scrap material 
reefs . In Japan, the basic components are generally 
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produced at a centralized location and can be 
readily and economically shi pped by any availab l e 
mode of transport. 

Testing began in August 1981 with the construction 
. and placement of these units at three sites (depths 
15-25 m) along the Gulf and Atlantic coasts of Florida. 
The units which we constructed ranged in size from two 
to ten cylinders, using cylinders approximately 1 m in 
diameter and 5 min length. (Figure 1.) Because one 
purpose of the project was to compare the Japanese 
~refabr icated designed reefs with typical American 
scrap material reefs, a concrete culvert reef with 
approximately the same void volume as the designed 
units was built at each site . A control area with 
similar characteristics was also identified in the 
vicinity of each site. 

Figure 1 . Several Configurations of FRP Units 
Constructed in Jacksonville, Florida . 

All necessary components for the FRP reefs were 
shipped from Japan and assembled dockside in the 
vicinity of each site . Although construction of the 
units was not difficult, it did require careful super ­
vision and quality control. Cylinders, guard bars, 
and other components were placed in position on stands, 
temporarily secured, and all connections were then 
fiberglassed together using special equipment developed 
for this purpose. Fabric bags attached to appropriate 
bottom cylinders were used for cas ting concrete 
ballast, wi th the number of cylinders to be ballasted 
and the amount of ballast per cylinder adjusted 
according to t he unit configuration and site- specific 
condit ions. Anchor piles were placed in the bott om 
cylinders of some of the units before the concrete was 
poured to help ensure stability. 

Reusuable air bags which permit the units to be 
floated and towed to the placement site were inserted 
into the appropr i ate lower cyl inders, inflated, and 
inspected. Tow lines were secured prior to the units 
being put into the water. Al though a relatively small 
5-ton vessel can tow units in t andem to site, larger 
vessels were used in Florida to accommodate observers. 
After being towed to the permitted sites (5-20 miles 
offshore), the reef units were detached, maneuvered 
into final position, anchored, and oriented . (Figure 
2.) The airbags were vented, causing the reefs to sink 
in place, and lines and airbags were recovered for 
reuse. Divers immediately inspected the units and 
reported that no damage had occurred from impact on the 
bottom or other causes . 

Research surveys on the FRP and culvert reefs -and 
control sites have been made very 2-4 months, depending 
on weather conditions. Diver transect counts, cine 
transects, gill nets, fish traps, angling, and still 

and time-lapse photography have been used to assess 
fish utilization of the reefs. Epibenthic samples from 
reef substrates and benthic samples from reef and 
control a reas have also been taken during most surveys . 

Figure 2. FRP Unit with Airbag Flotation System 
Maneuvered i nto Final Position off 
Panama City, Florida. 

Results 
Preliminary analysis of the survey data from the 

first 18 months indicates that the FRP reefs at each 
site appear to a ttract and retain a significantly 
greater total abundance and diversity of fish, and have 
much richer epibenthic communities than the culvert 
reefs. Although both types of reefs have been stable, 
there has been some subsidence of the culvert reefs at 
two of the sites. 

In particular, the FRP reefs have been more 
effective for l arger midwater predators such as the 
greater amberjack (Seriola dumerili) and king mackerel 
(Scomberomorus cavalla), and seem to have a greater 
abundance of the bait fish and juveniles commonly found 
in the stomach contents of the predator species . Other 
species, such as the sheepshead (Archosargus probatoce­
phalus) and spadefish (Chaetodipterus faber), which 
feed directly on the reef epibenthos also appear in 
grea ter numbers on the FRP reefs. Typical reef fish 
such as the black grouper (Mycteroperca bonaci) and red 
snapper (Lutjanus campechanus) are a lso more abundant 
on the FRP reefs, but the degree of this greater abun­
dance varies with the site, season, and distribution of 
the culvert on the bottom as well as with the fishing 
pressure, which has been significantly greater on the 
FRP reefs. 

The results of our research to date strongly sug­
gest that these FRP units are very effective and can be 
used to improve habitat characterist'i.cs and fishing 
opportunities in the U.S. Although prefabricated 
designed reefs may not be suited for all situations and 
circumstances, the results of our investigations suggest 
that they offer significant advantages in many areas and 
are especially suitable for ~orne of the new applications 
developing for artif i cial reefs in the U.S. When long­
term benefits and costs are calculated, designed units 
may be considerably more cost - effective in many cases 
than scrap material reef s . 

Expanded Applications 
The design flexibility, effectiveness, stabili.t y , 

and permanence of prefabricated designed units increases 
the range of potential sites and expands the possible 
applications for artificial reefs in the United States. 
Because of the extensive engineering and fisheries 
research, development, testing, and evaluation already 
conducted in Japan and other East Asian countries, 

959 



American fisheries can r eadily benef it from this 
technology . 

Prefabricated des i gned units such as those tested 
in Florida can be used to extend the range of potential 
reef s ites for recrea tional fishing in a variety of 
ways . For example, t hese units and their improved 
siting methodologies are particularly suited for near­
shor e areas with high energy conditions, limited 
availabl e space, or other s pecial requirements . Since 
these a reas are also subjected t o very heavy fishing 
pressure due t o t heir accessability to a large number 
of anglers, installation of des i gned units could be 
expec ted t o result in a rapid return on investment . -
Designed units can also be effectively used in conjunc­
tion with f ishing piers and barges t o provide i mproved 
opportunities to non-boating anglers. 

In addition to their tradit i onal function in the 
U. S . of improving r ecreat i onal fishing opportunities, 
designed units can be used to expand the role of arti­
ficial reefs i n marine mitigation/compensation, exten­
sive aquaculture, commercial fishing, and fisheries 
resource management. Because the design flex i bility of 
prefabricated units allows reefs cons tructed from them 
to be optimized in terms of s iting , conf i guration , 
aspect ratio, and overall effect iveness , they are 
particularly suited for applications such as these 
which have long- term maximum effectiveness as their 
objective. 

Mitigation/Compensation . Perhaps the most imme­
diate application for designed ree f technology in the 
U. S. will be in efforts to mitigate or compensate fo r 
the loss or degradation of aquatic habitat due t o 
coastal development, pollution, land reclamation, 
dredging, or other activities whi ch adversely affect 
the aquatic environment . Since these activities often 
result in a permanent l oss or long-term degradation of 
habita t and frequently occur in areas which a re impor ­
tant fishing gr ounds, nursery or spawning areas, or 
migr a tory paths, it is important that the best availa­
ble technology be used to help compensate or mitigate 
these activities . The materials used fo r mitigat ion/ 
compensation efforts should last as long as the impact 
for which they are mitigating or compensating . Because 
designed reefs a r e generally more effective per unit 
bottom area , have a greater range of potential sites , 
and are more permanent than most scrap material reefs, 
they can be effectively used for this purpose . Ideall y , 
planning for such work should be considered in the 
initial phases of planning major coastal projects when 
applicabl e . The cost of mitigation or compensation may 
influence the selection of sites or construction 
methods . 

Extensive Aquaculture . Designed reefs and other 
forms of habitat improvement are often used quite 
successfully in conjunction with stocking programs in 
East Asia. Some experimental work in the U. S. has 
a lready indicated the possibilities of using this 
approach with abalone and the northern l obster ; this 
application could be expanded to include a number of 
fish species . Integration of hatcheries with hab i tat 
improvement has proven to be a cost-effective approach 
for selected species in Japan . 

Commercial Fishing. Prefabricated designed reefs 
and related ma t erials can be a cost-effective means of 
improving commer c i al fishing for selected species ·of 
f ish and shellfish . They can serve to i mprove catch­
per-unit-effort, reduce fuel consumption , and facili­
tate- the use of less energy-intensive fishi ng methods . 
In Japan and Taiwan (Republic of China) where artifi­
cial reefs are used extensively for commercial fish ing, 
the return on investment (cal culated in terms of the 
value of fish landed) generally occurs in one to five 
years for a properly sited reef . 

Since many commerci a lly- i mpor t ant species in - the 
U. S. spend part of their juvenile or reproductive 
periods in estuari es , bays , and shallow coastal areas , 
reefs can also be used to protect, expand, or create 

new nursery and spawning areas t o hel p ensure continued 
harvests. 

Fisher i es and Env ironmental Resource Management . 
In addition to directly functional roles, artific i al 
reefs can be used as an effective fisheries or resource 
management tool . As a management t ool, reefs can be 
used t o e nhance the environment for desired species, 
attract f ish to mor e suitable or accessable areas , 
conserve r esources, and help to partition or spread out 
fishing activities to reduce conflects among competing 
user gr oups . 

Artificial reefs are certainly not a cure- all for 
all coastal or environmental problems, and this approach 
must be carefully integrated with other methods to 
provide r a tional resource management . However , designed 
reefs can be a useful tool with which to provide 
excellent , reliable, a nd predictable enhancement , and 
should be considered in comprehens i ve coastal planning . 

Conclusion 

The resul ts of our work wi th art i ficial ree fs t o 
date strongly suggest that when long- term fisheries 
or environmen t al benefits a r e the primary objective of 
an artific ial reef project , prefabricated designed units 
should be considered s ince they can be more effective 
for desired species, stable , and permanent than typical 
scrap material reefs. The Japanese FRP units selected 
for our init i al research in Florida have been very suc ­
cessful and are espec i ally suited for American reef 
construct i on s i t uations due t o their design f lexi b i l ity 
and eae~ of erection and placement. The use of these 
and btq'r designed structures will permit an expansi on 
of artificial reef applications to inc l ude mitigation/ 
compensation , extensive aquaculture , and commerci al 
fish ing. Designed units should be given special 
consideration where available space is limited, special 
oceanographic or substrate condit i ons exist, i n tense 
f i shing pressure is antic i pated, and/or the best 
a~ailable technology is required. 
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Developments il} East 1\_sia 
by Daniel J. Sheehy and Susan F. Vik 

Beneath the surface of coastal and in­
land waters throughout East Asia 
thrives an increasingly important and 
rapidly growing industry that contrib­
utes significantly to the region's food 
resources. In some areas, colorful 
floats mark the mass production of 
oysters and scallops. In others, abalone 
are spawned according to precisely cal­
culated timetables. In still other areas, 
computerized monitoring makes the 
most efficient use of aquatic resources. 

Recent advances in engineering, 
biology, and management have trans­
formed traditional aquaculture into a 
complex industry capable of supplying 
an expanding variety and volume of 
marine products. At the forefront of 
aquacultural development in East Asia 
are Japan, the Republic of Korea, and 
Taiwan. 

Aquaculture has a long history in 
East Asia. Carp culture is believed to 
have begun in China more than 3500 
years ago and to have become a popu­
lar practice by about 1000 B.C. Until 
recently, however, several major prob­
lems inhibited growth: the need to en­
sure availability of a stable supply of 

Dr. Sheehy is a marine biologist with 
Aquabio, Inc., of Belleair Bluffs, Flor­
ida 33540; Dr. Vik is a technical wri ter 
in Columbia, Maryland 21045. 

seed organisms, to expand areas suit­
able for cultivation, to cultivate new 
species, and to solve disease and nutri­
tion problems. 

Although progress toward resolving 
some of these problems began as early 
as the 1950s, the rapid technological 
advances of recent years were stimu­
lated during the early 1970s by two 
events-the oil crisis and the adoption 
by many countries of 200-mile extend­
ed jurisdiction statutes- which af­
fected the distant-water fisheries of 
Japan, the Republic of Korea, and 
Taiwan. Because of their dense popula­
tions and relatively limited agricultural 
land, there countries have traditionally 
relied upon the sea for a significant 
portion of their animal protein. The 
Japanese, for example, obtain more 
than half their supply of animal pro­
tein from the sea and have the highest 
annual per capita consumption of fish 

and shellfish in the world-165 pounds 
per person. Each of these countries 
developed a large deep-sea fishing fleet 
to feed its population and provide reve­
nue through export of surplus catch or 
selected high value species. Rising costs 
and decreasing availability of distant­
water fishing opportunities resulted in 
an urgent need to increase the produc­
tivity of coastal and inshore waters. 

Current biological research and engi­
neering developments have begun to 
solve a number of the problems that 
formerly inhibited aquaculture. For ex­
ample, reliable methods of artificially 
spawning abalone and prawns have 
been established. The efficiency and ef­
fectiveness of collecting scallop spat 
have also been greatly improved. Con­
tinuing biological research has brought 
additional species from experimental 
to production stages. Culture tech­
niques for abalone, eels, prawns, 
mullet, and sea bream have advanced 
rapidly through applications of this 
research. 

Mesh bags collect scallop spat for culture off Hokkaido, Japan. (Photos courtesy of Aquabio, Inc. , unless otherwise noted.) 
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Large tetrapod breakwater used to create sheltered culture areas. 
(Photo courtesy of Nippon Tetrapod Co., Ltd.) 

Engineers have expanded the areas 
suitable for aquaculture by developing 
deep water longline culture methods 
for scallops and oysters and artificial 
nurseries for abalone and shrimp. 
Projects to construct breakwaters and 
improve water exchange through chan­
nel modifications have also contrib­
uted to making new areas available. 
Improved pollution control methods 
have helped to restore areas previously 
unsuitable for culture. 

In addition, improved mass culture 
methods for efficient food organisms 
such as chorella and rotifers have 
helped reduce hatchery costs. Better 
techniques for monitoring and treating 
disease have also made such ventures 
less risky, and insurance coverage is 
now available for a broader range of 
projects. Although problem areas still 
exist, they are yielding to intensive 
research. 
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A wide variety of methods is used to 
culture the principal marine species in 
Japan, Korea, and Taiwan. Sessile 
organisms such as bivalve mollusks 
(oysters, clams, scallops) are cultured 
on the ocean bottom, on sticks or racks 
fixed in intertidal areas, or from rafts 
or longlines anchored in deeper water. 
The current longline method uses 
either surface or midwater floats and 
greatly extends the areas under cultiva­
tion by making full use of the water 
column as well as by opening areas 
which are either too deep or too ex­
posed for other culture methods. The 
more mobile species of fish and crusta­
ceans (prawns or shrimp) are cultured 
in ponds or tanks, floating cages, or 
pens usually located in embayments or 
protected areas. Some mobile species 
such as salmon and abalone, as well as 
shrimp and other fish, are also stocked 
in open areas and eventually captured 
by traditional coastal fishing methods. 
This technique, known as ocean ranch­
ing or extensive culture, is expanding, 
especially in Japan where an integrated 
program of stocking, habitat improve­
ment, and close management has led to 
rapid progress in productivity and cost­
effectiveness. 

Floating breakwater used to develop 
a culture area in the outfall of a nuclear 
power plant in southern Japan. 

The expanding aquacultural indus­
tries in Japan, Taiwan, and Korea are 
supported by private, university, and 
government research. Although loca­
tion and technology transfer have 
engendered similarities among their 
aquacultural programs in terms of 
species cultured and techniques used, 
there are also differences arising from 
local customs, marketing channels, 
and economic conditions. The objec­
tive also varies between and within 
countries; it may be to provide a 
premium product for the domestic 
market, an inexpensive staple for 
domestic consumption, or a product 
for the foreign market. Objectives are 
changing as the countries' economies 
continue to expand, especially in 
Taiwan and Korea where domestic de­
mand for premium species or sizes is 
growing and less are being exported to 
Japan, Hong Kong, or the United 
States. 
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Abalone hatchery in Chiba Prefecture. 
Juvenile abalone are reared to stocking 
size in outside tanks. 

The principal marine species cultivated 
in Japan for consumption are yellow­
tail; Kuruma prawn; Japanese oysters; 
scallops; sea bream; and three algae, 
Nori, Wakame, and Konbu. A large 
volume of pearl oysters is also cul­
tured, but they are not used for food. 

Earlier aquacultural work in Japan 
concentrated on the basic reproductive 
biology of the important species and 
the development of hatcheries for the 
mass culture of juveniles. Although 
this work was generally successful, the 
cost-effectiveness of the stocking pro­
grams came into question because the 
fate of stocked juveniles was quite 
variable. Efforts to expand basic eco­
logical knowledge have improved 
stocking strategies that have increased 
the return when used in ocean ranch­
ing. 

The current aquacultural program 
has developed into an integrated effort 
that includes intensive pond, cage, pen, 
raft, and longline culture. In addition, 
ocean ranching has been expanded to 
include both stocking and habitat 
improvement. 

A variety of engineering projects has 
also contributed to the current efforts 
to improve the culture grounds. These 
projects include the development of 
traditional and floating breakwaters to 
create protected areas for culture, 
special tidewater stocking areas for 
Kuruma prawn, and special nursery 
grounds for a variety of fish and shell­
fish. In addition, the carrying capacity 
of several areas has been increased by 
the creation or enlargement of chan­
nels to improve flow conditions. 

ABALONE 

Abalone is a high-value species culti­
vated for domestic consumption in 
Japan. Great technological progress 
occurred during the past decade when 
earlier biological studies on abalone 
spawning and larval development com­
bined with breakthroughs in controlled 
methods of artificial spawning to pave 
the way for the current development of 
this premium marine resource. Aba­
lone culture is now conducted through 
a highly integrated, comprehensive 
program combining hatcheries, stock­
ing, habitat improvement, and re­
source management. 

Artificial spawning techniques were 
developed after Japanese researchers 
discovered that water passed through 
ultraviolet sterilizers served to stimu­
late preconditioned abalone to spawn. 
By using this technique, hatcheries can 
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RIGHT: Cultured abalone at Mohne Bay, Japan. 
Abalone feed on diatoms and algae which 

grow on the plastic plates. 

induce mass spawning under artificial 
conditions. Production volume and 
scheduling can now be controlled to 
maximize the capacity of hatchery 
facilities. 

Over 30 abalone hatcheries are cur­
rently in operation in Japan, and a 
number of these produce more than a 
million 20 to 30-mm. juveniles annual­
ly for stocking. To increase production 
efficiency, several of these hatcheries 
use thermal effluent water from con­
ventional and nuclear power plants; 
this use not only produces a greater 
number of abalone per year but also 
turns a potential environmental liabili­
ty into an asset. A hatchery in Hok­
kaido actually uses geothermal warm 
water passed through a heat exchanger 
to increase the growth rate of spawned 
abalone. 

Earlier efforts to stock juvenile 
abalone were aimed primarily at con­
serving the resource, which was subject 
to heavy fishing pressure. Because of 
the relatively abundant supply of 
juveniles now available, an extensive 
ocean ranching program has been put 
into effect. Juvenile abalone are sold to 
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LEFT: Thermal culture of ayu in Omura, Japan. Warm water is 
used to increase growth rates and maintain species beyond 
normal season. Here, water from a conventional power 
plant is used. 

local fishermen for stocking, generally 
in areas controlled by a fishermen's 
cooperative which regulates fishing 
and access to the ground. Initially, 
stocking efforts were successful in 
some places, but it quickly became ap­
parent that the availability of shelter 
and food limited the carrying capacity 
of many locations and that even in 
some natural nursery areas juvenile 
mortality was increased by wave condi­
tions. A program to improve abalone 
habitat for both stocked and naturally 
spawned juveniles as well as adult 
populations has been undertaken. To­
day, a wide variety of artificial reefs 
and other structures specially designed 
to provide shelter have been installed 
to promote food growth and stabilize 
the natural environment. (See Dr. 
Sheehy's "Fisheries Development: 
Japan," in the Winter 1979-1980 issue 
ojWater Spectrum.) 

One of the most ambitious of these 
habitat improvement projects involves 
using an integrated resource manage­
ment approach to convert ''marine 
deserts," barren areas along the coast 
capable of supporting only sparse com­
munities, into more productive areas. 
Biologists have identified several fac­
tors which cause these marine deserts: 
colonization by (calcareous) algae, 
heavy wave action on the rock sub­
strate, and intense grazing pressure by 
herbivores such as sea urchin. The re­
sult of these conditions is a reduction 
of the standing stock of macroalgae es­
sential for maintaining abundant aba­
lone populations. The Tohoku Re­
gional Lab has initiated a special type 
of off-the-bottom longline culture of 
Laminaria (Konbu) to re-establish 
macroalgal populations in areas de­
pleted by sea urchins. This technique 
protects the parent plants and has led 
to repopulation of the areas. By care­
fully managing both the sea urchin and 
abalone populations through control 
of fishing activities, biologists con­
verted the marine deserts into produc­
tive areas. 

A distinctive color variation present 
on the shells of hatchery-raised aba­
lone but absent on those naturally 
spawned allows the survival rate of 
stocked juveniles to be determined with 
considerable accuracy. It has risen to 
over 40 percent in some areas. Because 



Artificial reef for abalone used 
to expand habitat and create 
nursery areas. (Photo courtesy of 
Asahi Chemical Industry Co., Ltd.) 

Dr. 0 . Sato of Hokkaido University 
inspects net cages suspended from 

longlines. (Photo courtesy of Dr. Sato.) 

of this high rate of success, the habitat 
improvement program for abalone has 
been expanded. 

SCALLOPS 

Scallop culture has made remarkable 
progress in Japan since the mid-1960s. 
The development of new techniques 
for collecting seed scallops and the im­
plementation of hanging culture meth­
ods have been responsible, in part, for 
almost doubling the world production 
of scallops. Current Japanese produc­
tion exceeds 100,000 tons, of which 
more than half can be attributed to 
new culture techniques. 

Earlier scallop culture efforts were 
generally limited to collecting and 
transplanting scallops from one area to 
another for restoration or development 
of new beds by means of bottom cul­
ture. In several areas off Hokkaido, 
for example, stocks had declined from 
overfishing and starfish predation, and 
new management methods were insti-
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tuted. An integrated program to 
remove starfish, stock more than 10 
million seedlings, and ensure through 
monitoring that enough adults re­
mained to sustain the population 
restored the fishery to a productive 
level. In bottom culture, however, pro­
duction is limited by the amount of 
suitable bottom available. 

The use of hanging culture tech­
niques, in which a series of net baskets 
is suspended well below the water sur­
face, has permitted a rapid expansion 
in production. The limits to production 
are spat availability, water conditions, 
and legal restrictions based upon esti­
mates of local carrying capacity. By 
taking advantage of the three-dimen­
sional properties of the water column, 
hanging culture uses available 
resources efficiently. Engineering 
research has resulted in stabler, more 
wave-resistant longlines which serve to 
expand offshore the areas suitable for 
culture. When used in deep water, the 
hanging culture system has few surface 
floats to interfere with navigation and 
does not conflict with other water uses. 

The general culture -technique cur­
rently in practice involves the use of 
small synthetic bags with small sections 
of fishing net to collect naturally 
spawned scallop spat as they settle 

from their planktonic state during the 
spring. The seed scallops thus collected 
are reared in these suspended bags to 
an intermediate size of three to six cen­
timeters, and then either are released at 
appropriate bottom sites for eventual 
harvest by trawlers or are hung in cages 
or on strings where they are grown to 
market size. 

Scallop culture is practiced primarily 
off Hokkaido and Aomori and along 
the northeast coast of Iwate. Very 
dense culture occurs in Mutsu Bay, 
Aomori, where virtually all of the 
scallop catch is attributed to hanging 
or bottom culture. This bay is an ideal 
natural collecting area for spat and has 
an estimated water turnover time of 
100 days. On occasion, very large con­
centrations of natural spat can be col­
lected; these are used as seed to support 
both local and distant culture pro­
grams. Seed from a scallop (Patinopec­
tin yessoenis) prevalent in Aomori are 
collected and used in hanging culture 
projects in areas beyond that scallop's 
natural range. 
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Remote environmental data collec­
tion buoys monitor the area and pro­
vide daily information on temperature, 
salinity, dissolved oxygen, and current 
direction and speed. These data are 
processed through a computer base sta­
tion and are used to help predict 
scallop spat collection times as well as to 
provide early warning of critical condi­
tions that could affect production. 

Despite rapid increases in produc­
tion, the scallop culture industry in 
Japan has also experienced severe 
problems from shellfish poisoning, 
high density culture conditions, and 
other factors not yet clearly identified. 
At times, losses in some areas have 
reached almost 100 percent, and 
fishermen have suffered accordingly. 
However, the establishment of density 
limitations, improved handling and 
seed selection, and closer inspection of 
scallops before shipment has helped 
reduce these problems. 
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Hokkaido fishermen place 
scallops in culture cages. 

Korean aquacultural production has 
been growing steadily and has risen 
from about 40,000 metric tons in 1962 
to over 350,000 in 1975. The 1975 fig­
ure accounts for about 17 percent of 
Korea's total fisheries production and 
about 8 percent of its total fisheries ex­
ports . Aquacultural production plays 
an increasingly important role in the 
economy. 

Of Korea's approximately 103,000 
hectares of tidal and coastal area 
suitable for aquaculture, more than 
45,000 are currently in use. The main 
species cultured in Korea are oysters, 
hard clams (Meretrix), cockles and ark 
shells (Anadara), and a variety of edi­
ble seaweeds (Laver and Dulse) . 

The Korean government has made 
substantial investments to promote 
aquacultural research, improve man­
agement methods, and develop long 
range plans to ensure continued success 
and expansion. 



Harvesting oysters in Chungmu. 
Note string of oysters at left. 

OYSTERS 

Oysters (Crassotrea gigas) have 
generally been the most important 
aquacultural product in Korea in terms 
of volume and value. The major por­
tion of oyster culture activities occurs 
in the Chungmu area where about 
15,000 metric tons are produced an­
nually, principally for export in canned 
form to the United States and Canada, 
in dried form to Hong Kong, and live 
or frozen to Japan. More than 2100 
hectares are under cultivation, primar­
ily with longline techniques that pro­
vide a yield of over seven metric tons 
per hectare. 

The longline techniques currently in 
use have been developed from earlier 
culture methods, including sticks stuck 
into the bottom to collect spat and 
wooden frames restricted to use in 
shallow water. Raft culture methods 
greatly increased the potential culture 
area but were limited to use in pro­
tected locations. Longline methods, 
which weather storms better, have per­
mitted further expansion of the 
grounds. 

Although the program in Chungmu 
is considered quite successful, some 
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Hanging oyster culture area in Chungmu, Korea. 

significant problems have arisen. Some 
of the fishermen who now operate 
longer vessels wash oysters on site 
before transferring them to processing 
plants. Pollution has resulted, and the 
local fisheries research and develop­
ment agency has stressed the need to 
wash at the processing plant where set­
tling ponds prevent pollution. It is also 
believed that the Chungmu area has 
almost reached its carrying capacity 
and that current densities may already 
be too high for optimum growth. 

Several natural problems are also 
associated with high density culture, 
among them oyster drill disease and 

red tides. The oyster drill disease can 
now be controlled by submerging the 
oysters in 50-degree Celsius water for 
five minutes. Red tide, occurring main­
ly during the spring and summer, has 
been more difficult. Despite good cir­
culation in the Chungmu area, red tide 
has become a regular problem; in 1973, 
almost 80 percent of the harvest was 
lost. Red tide prediction and monitor­
ing are high priority items in the cur­
rent research program. 

To ensure quality products, especial­
ly for the expanding export market, 
oyster sanitation is important. Bac­
terial levels in the oysters, water, and 
sediment are monitored at least month­
ly at more than 32 sampling stations to 
make sure that conditions are within 
the range of acceptable sanitation 
limits. 
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Small boat pushes a net used to collect 
milkfish fry off the coast of southern 
Taiwan. 

Milkfish culture pond with a small enclosed area in which 
fry adjust to conditions before entering main pond. 

Taiwan's involvement with aqua­
culture dates back to early main­
land Chinese work. During the last 20 
years, Taiwan had made rapid progress 
by updating earlier culture methods, 
adding new species (both endemic and 
foreign), and applying the results of 
research to increase production levels. 

Aquaculture accounts for about 16 
percent of Taiwan's fisheries produc­
tion. Principal species cultured include 
milkfish, carp, tilapia, oysters, eels, 
clams, mullet, and prawns. Taiwan 
realizes very high yields per acre of 
harvest from the application of poly­
culture methods and good manage­
ment techniques. Recent advances have 
been made in the production of mullet, 
freshwater prawns (Macrobrachium), 
and saltwater prawns (Penaeus); new 
developments in open sea culture of 
abalone are in progress. 

MILKFISH 

Milkfish has traditionally been 
Taiwan's top aquacultural product in 
terms of total weight and is second in 
value only to eels. Its primary use is as 
a moderately priced staple for domestic 
consumption. Although Taiwan has a 
three month winter period during 
which milkfish do not grow and it 
generally has smaller farms than in the 
Philippines and Indonesia, it has a 
higher production per hectare, ranging 
up to 2500-3000 kilograms per year, 
than the others. 

Principally a herbivorous marine 
species, the milkfish is generally 
cultured in brackish and freshwater 
ponds where it feeds on diatoms and 
algae growing on the pond bottoms. 
The fishery still depends upon wild fry 
collected along the coast with hand or 
small boat nets and then stocked into 
ponds ranging from one to six hectares 
in area. Water depth varies according 
to the size of the fish and ranges from 
six inches to four feet. 

The ponds are carefully managed to 
ensure optimum conditions. The man­
agement process includes annual dry­
ing, fertilizing, liming, and treatments 
to eliminate insect larvae and pest fish. 
Water flow and salinity are carefully 
regulated. Stocking levels depend upon 
the amount of benthic algae which can 
be supported. 



Milkfish culture area in southern Taiwan. 

Although milkfish culture continues 
to be successful in Taiwan and other 
areas off Southeast Asia, several prob­
lems have arisen to slow the growth in 
production. The main one stems from 
the dependence upon wild stocks of 
fry; their availability fluctuates and is 
at times unpredictable. Research aimed 
at closing the life cycle of the milkfish 
is underway at Tung Kang and other 
labs. Other problems concern the 
maintenance of appropriate pond 
salinity and food levels. Stocking 
densities are reaching the capacity of 
the ponds, and supplemental feeds may 
be required to increase stocking levels 
beyond those currently in use. 

WATER SPECTRUM, FALL 1981 

Indoor tanks where larval prawns are reared. 

PRAWNS 

Relatively recent developments in the 
artificial propagation of marine 
prawns in Taiwan have led to the very 
rapid development of the culture in­
dustry for these species. While prawns 
have been cultured for some time, 
earlier methods depended upon natural 
stocks of postlarval prawns introduced 
with pond water influx or collected 
along the coast in nets and stocked. 
Artificial propagation of grass prawn 
(Penaeus monodon) spawners was first 
achieved in 1968. This breakthrough 
has increased prawn production from 
57 tons in 1967 to 3200 tons in 1979. 

Over 200 private prawn hatcheries in 
Taiwan currently produce more than 
300 million postlarvae per year. The 
scheduled availability of seed prawns 
has served to change the culture prac­
tice in most areas from extensive poly­
culture (with milkfish and crab) to in­
tensive monoculture. The major prob­
lem now being researched concerns the 
cultivation of spawners (the current 
method uses collected spawners, which 
have greatly increased in-value). 

The grass prawn has a number of 
characteristics which make it partic­
ularly suitable for culture. With an 
average market size of over 100 grams, 
it is one of the largest penaeids. It is a 
hardy species, able to tolerate a wide 
range of water temperatures and 

salinities. It also grows quickly, feeds 
on both plant and animal matter, and 
does not require a sand bottom as does 
the Kuruma prawn (Penaeus japon­
icus). 

Gravid females are brought to the 
hatchery and spawned. After hatching, 
the larvae are transferred to indoor 
tanks and fed a controlled diet, with 
the exact composition of the feed 
determined by the larval stage and the 
available food supplies. In about five 
days, they molt into the post-larval 
state and their diet is expanded. At 
about 20 days after metamorphosis, 
they are stocked into ponds and are 
grown to market size, generally around 
40 grams. Two or three crops can be 
raised each year, depending upon loca­
tion. 

Although the current annual yield of 
1000-1200 kilograms per hectare is 
considerably less than that in milkfish 
or polyculture projects, the high prices 
commanded by this species make its 
culture quite profitable. Planning is 
now under way in Taiwan to begin arti­
ficial seeding in coastal waters, as 
already practiced in 1 a pan, to further 
increase production. 
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Prawn culture: earthen ponds with a centralized irrigation system. 
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Cultured prawns ready for the market. 

Aquaculture worldwide currently ac­
counts for over six million metric tons, 
roughly 10 percent of the annual 
world fisheries production. Most in­
formed predictions, such as those 
made by the United Nations Food and 
Agricultural Organization, estimate 
that the current production levels could 
be increased significantly by the end of 
this century. This would provide de­
veloping countries with a relatively in­
expensive source of animal protein and 
income from the export of high value 
products to developed countries, which 
could also benefit by expanding their 
own aquacultural industries. 



Heat exchanger used at a geothermal warm 
water abalone hatchery in Hokkaido, Japan. 
The warm water increases the growth rate 
of cultured abalone. 

The price of seafood products is ris­
ing rapidly, and the costs involved with 
traditional capture fisheries have also 
gone up as fuel, labor, and equipment 
costs increased while legal restrictions 
have limited access to many of the 
most productive grounds. In addition, 
current estimates suggest that the sup­
ply of fish from conventional sources is 
limited to about 150 million tons per 
year, of which about 40 percent is cur­
rently being harvested. As more fleets 
compete for a limited resource, the 
catch per vessel will decline. 

These factors serve to make aquacul­
ture, at least conceptually, a very ap­
pealing prospect. The peoples of East 
Asia have a long tradition in this area, 
and their well-organized and well­
funded national research and develop­
ment have contributed to the recent 
progress and have begun to stimulate 
growth elsewhere. In particular, 
Southeast Asia has, with the aid of 
technology transfer support from such 
agencies as the South East Asian 
Fisheries Development Center, quickly 
expanded and developed its own tradi­
tional aquacultural techniques. 

WATER SPECTRUM, FALL 1981 

Women divers of Chejudo, Korea. In many areas of Japan 
and Korea, this is the method of abalone harvest. 

Technology transfer of these meth­
ods could contribute to feeding the 
world's growing populations. How­
ever, introduced technology must be 
appropriate in terms of cultural, 
socioeconomic, and environmental 
conditions in the countries involved. 
At the present time in East Asia, an 
unusual mixture of twentieth century 
technoiogy and traditional practices 
coexists in some aquacultural indus­
tries. Abalone culture in Japan, for 
example, combines the most modern 
hatchery practices of rearing abalone 
with harvesting methods which in 
many areas are almost the same as 
those in use for centuries. 

The Chinese have an old saying: ''If 
you give people fish, they will have fish 
for one day; if you teach people to 
raise fish, they will have food for a 
lifetime.'' Although many problem 
areas still must be resolved, the coor­
dinated biological, engineering, and 
management efforts currently under­
way in Japan, Korea, and Taiwan hold 
promise for the future development of 
the aquacultural industry around the 
world. • 

This article is based on research trips to 
Japan sponsored by the Japan Society 
for the Promotion of Science, to 
Taiwan sponsored by the Institute of 
Zoology at the Academia Sinica, and 
to Korea assisted by the Fisheries Re­
search and Development Agency. Dr. 
Sheehy expresses his deep gratitude to 
Dr. Takashi !no of Japan, Dr. Kun­
Hsuing Chang of Taiwan and Dr. 
Choong-Kyu Pyen of Korea, whose 
assistance made this research possible. 
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I. Introduction 

REVISBD 6 APril 1990 
Draft OUtline 

EXXON VALDEZ OIL SPILL 
RBS'l'ORATION PLANNING REPORT 

A. Purpose and goals of the restoration planning effort 

B. Definition of restoration for this report (3 basic components) 

c. OVerview 

1. The nature of the preliminary report based upon information 
available and presented at the restoration workshop. 

2. Restoration alternatives that may be implemented at some 
point in time when damage assessment information becomes 
available 

3. Workshop recommendations for potential 1990 restoration 
projects. 

4. Organization of this report. Restoration alternatives for 
eooloeioal, cultural, and recreational resources. candidate 
1990 deaonstration projects. 

II. OVerview of Damaee Assessment Information 

A. Fate of the oil 

B. General overview o£ effects (sUIIIIary of taped sessions) 

c. The need for additional damage asessment information in support 
of restoration efforts. 

III. Development of Restoration Alternatives 

A. Bcoloaical Resources 

1. coastal Habitats v 
a. State-o£-the-a,_t for Northern Latitudes 
b. Restoration alternatives 

2. Fish and Shellfish 
a. State-of-the-art for Northern Latitudes 
b. Restoration alternatives 

3. Birds 
a. State-of-the-art for Northern Latitudes 
b. Restoration alternatives 

... Huaal8 
a. State-of-the art for Northern Latitudes 
b. Re8torat1on alternatives 

B. CUltural Reaouroes (baaed on •eetin& content) 

c. Recreational Resouroea (based on •eetin& content) 



D. Synthesis of Restoration Options 

1. Evaluation of interactions between restoration options 
proposed by work sessions. (Matrix presentation) 

2. Discussion of pros and cons of presented restoration options. 

IV. Potential Demonstration Projects (for each resource area) 

A. Goal 

B. Rationale 

c. Approach 

D. Preliminary Level of Bffort 

v. Literature Cited 

Appendices 

Agendas 
List of participants by work session 
Information sheets 
Relevant literature 
List of questions (6) to principal investigators 
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TECHNICAL WORKSHOP ( 1-A) ON RESTORATION ALTERNATIVES 

1 -A: ECOLOGICAL RESOURCES 

April 3-4, 1990 
(If necessary, workshop will ~ontinue April 5.) 

PURPOSE: 

To provide technical input to the decision-makin9 process to 
enable scientifically valid decisions re9ardino restoration 
alternatives. 

Followin9 the workshop, information discussed will provide the 
basis for a written report. Note that outputs and objectives 
listed below refer only to the workshop itself. 

OUTPUTS: 

1. List of broad scientific guidelines suo9ested for use in 
selecting restoration alternatives. 

2. Broadly-inclusive matrix of restoration alternatives that 
warrant further evaluation. 

3. Information needs and/or feasibility studies which will be 
needed to evaluate candidate restoration alternatives. 

OBJECTIVES: 

1. Review initial dama9e assessment results with respect to 
potential restoration alternatives. 

2. Describe tne state of the art in restoration technology and 
the feasibilitt of applying these technologies to Prince 
William Sound and the Gulf of Alaska. · 

3. Develop broad scientific guidelines for evaluating 
restoration technologies. 

4. Develop a broadly-inclusive matrix of restoration 
alternatives (including restoration, replacement, and 
acquisition of equivalent resources) that warrant further 
evaluation. 

5. Based on broad scientific guidelines, identify information 
needs and/or feasibility studies necessary to evaluate 
candidate restoration alternatives. 



PROPOSED DRAFT AGENDA 

Tuesday, April 3 

8:30 

9:00 

9:30 

12:00 

1:00 

1:30 

5:00 

7:00 

Restoration Planning Process 
Expectations of Workshop 

Fate and Status of Oil 

Summary of Natural Resource Damage Assessment Results 

Break for Lunch 

Work Group Assignments ~ 

Work Groups convene concurrently 
(Coastal Habitat, Fish/Shellfish. Mammals, Birds) 

Tasks: 

Review state of the art in restoration technology and 
the feasibility of applying these technologies to 
Prince William Sound and the Gulf of Alaska. 

Develop broad scientific guidelines for evaluating 
restoration alternatives. 

Discuss initial damage assessment results with respect 
to potential restoration alternatives. 

Break for Dinner 

Sessio~·chairs meet to review progress and develop 
overall scientific guidelines wh1ch can be applied 
across all work groups. 



.·· 

Wednesday, April 4 

8:00 

8:30 

12:00 

1:00 

4:00 

5:00 

7:00 

Plenary Session: Summary of Day 1 

Reconvene Work Groups 

Task: 

Develop broadly-inclusive matrix of restoration 
alternatives (includinq restoration, replacement, 
and acquisition of equivalent resources) that 
warrant further evaluation. 

Break for Lunch 

Reconvene Work Groups 

Task: 

Based on broad scientific guidelines, identify 
~nformation needs and/or feasibility studies 
necessary to evaluate candidate restoration 
alternatives. 

Plenary Session: Summary Reports 

Break for Dinner 

Session chairs meet to discuss work products 

. 
Thursday, Aprii 5 

8:30 If necessary, key individuals may meet to continue 
d1scuss1on of work products. 



TECHNICAL WORKSHOP NO. 1-A 3-4 April 1990 (5th, if necessary) 

GROUP (mark one): (A) Fish and Shellfish ; XX 
Coastal Habitats/Air & Water 
Mammals 
Birds 

(B) Cultural 
Recreation DRAFT 

PARTICIPANTS BY CATEGORY: 

Summary Scientist for Damage Assessment Results: c. Meacham, ADFG 

Group Chairman: B. Ross, USEPA 

Principal Investigators: K. Hepler, ADFG 
J. Hillsinger, ADFG 
S. Sharr, ADFG 
A. Wertheimer, NOAA 
C. O'Clair, NOAA 
H. Feder, UAF/ADFG 

Peer Reviewers: P. Mundy, independent 

"Outside" Experts: 

Agency Representatives: 

(03-29-90] 

W. Barber, UAF 

D. McBride, ADFG 
c. Manen, NOAA 
G. Chapman, USEPA 
?-B. Meehar, USFS 
E. Wilson, USFWS 



TECHNICAL WORKSHOP NO. 1-A 3-4 April 1990 

GROUP {mark one): (A) Fish and Shellfish' 
Coastal Habitats/Air & Water 
Mammals 
Birds 

(B) Cultural 
Recreation DRAFT 

PARTICIPANTS BY CATEGORY: 

XX 

Summary Scientist for Damage Assessment Results: D. Gibbons, USFS 

Group Chairman: F. Pillifant, ADNR 

Principal Investigators: J. Lindstrom, ADEC 
D. Wolfe, NOAA 
s. Jewett, UAF 
R. Highsmith, UAF-? 

Schimel, ? 
K. Sundberg, ADFG 

Peer Reviewers: C. Peterson 

"Outside" Experts: H. Sanders, Woods Hole 
M. Foster, Moss Landing 

Agency Representatives: L. Trasky, ADFG 
A. Weiner, ADEC 

? I ADNR 
J. Clark, USEPA 
J. Ford, USEP 

? I USFS 
? I NPS 

R. Slothower, USFWS 

[03-29-90] 
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TECHNICAL WORKSHOP NO. 1-A 3-4 April 1990 (5th, if necessary) 

GROUP (mark one): (A) Fish and Shellfish 1 

Coastal Habitats/Air & Water 
Mammals XX 
Birds 

(B) Cultural 
Recreation 

PARTICIPANTS BY CATEGORY: 
DRAFT 

Summary Scientist for Damage Assessment Results: R. Nowlin, ADFG 

Group Chairman: R. Nowlin, ADFG 

Principal Investigators: K. Frost,ADFG 
?-W. Testa, UAF/ADFG 
T. DeGange, USFWS 
D. Burn, USFWS 

Peer Reviewers: ?-D. Siniff, Univ. MN 

"Outside" Experts: A. Johnson, retired USFWS 

Agency Representatives: W. Regelin, ADFG 
R. Gould, USFWS 
?-J. Sease, NOAA 
M. Babler, USEPA 
M. Wheeler, ADEC 

[03-29-90] 



TECHNICAL WORKSHOP NO. 1-A 3-4 April 1990 (5th if necessary) 

GROUP (mark one): (A) Fish and Shellfish~ 
Coastal Habitats/Air & Water 
Mammals 
Birds XX 

(B} Cultural 
Recreation DRAFT 

PARTICIPANTS BY CATEGORY: 

Summary Scientist for Damage Assessment Results: K. Wohl/B. Leedy 
USFWS 

Group Chairman: S. Senner, ADFG 

Principal Investigators: s. Patten, ADFG 
L. Denlinger, USFWS 
K. Oakley, USFWS 
D. Irons, USFWS 
K. Kuletz, USFWS 
P. Schempf, USFWS (part-time) 
D. Nysewander, USFWS 

Peer Reviewers: ?-M. Fry, UC-Davis 

"Outside" Experts: N. Snyder, independent (AZ) 
P. Mickelson, PWSC (Cordova) 

Agency Representatives: 

(03-29-90] 

T. Rothe or D. Rosenberg, ADFG 
P. Gertler, USFWS 
J. Parker, USFWS 
A. Fairbrother, USEPA 

•• 
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TECHNl~~ wgnE¥niKL<lNB>R~R~I8Ati1Risa&~ATIVES 
April 5, 1990 

(If necessary. workshop will continue April 6.) 

PURPOSE: 

To provide technical input to the decision-makin9 process to 
enable scientifically valid decisions reQardino restoration 
alternatives. 

This workshop (1-B) closely parallels technical workshop 1-A 
(Ecolooical Resources). There are, however. important 
differences. Since there are almost no results to report from 
the formal Natural Resources Damaoe Assessment, information on 
damaoes will be laroely anecdotal. Further. restoration of 
recreational resources does not require the same degree of 
technical considerations as restoration of ecological 
resources. As a result. primary emphasis here will be on 
development of a matrix of restoration alternatives and 
identifyin9 information needed to evaluate those alternatives. 
Primary participants will be aoency personnel with management 
responsibilities. 

Followino the workshop, information discussed will provide the 
basis for a written report. Note that outputs and objectives 
listed below refer only to the workshop itself. 

OUTPUTS: 

1. List of broad scientific guidelines suggested for use in 
selectinQ restoration alternatives. 

2. Broadly-inclusive matrix of restoration alternatives that 
warrant further evaluation. 

3. Information needs and/or feasibility studies which will be 
needed to evaluate candidate restoration alternatives. 

OBJECTIVES: 

1. Review initial damage assessment results with respect to 
potential restoration alternatives. 

2. Describe the state of the art in restoration technology and 
the feasibility of applying these technolooies to Prince 
William Sound and the Gulf of Alaska. · 

3. Develop broad scientific guidelines for evaluatino 
restoration technologies. 

4. Develop a broadly-inclusive matrix of restoration 
alternatives (including restoration replacement, and 
acquisition of equivalent resources5 that warrant further 
evaluation. 

5. Based on broad scientific guidelines. identify information 
needs and/or feasibility studies necessary to evaluate 
candidate restoration alternatives. 
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PROPOSED DRAFT AGENDA 

Thursday, April 5 · .. 

8:30 

9:00 

9:30 

10:30 

11:00 

12:00 

1:00 

4:00 

5:00 

Restoration Planning Process 
Expectations of Workshop 

Fate and Status of Oil 

Summary of Site Damages 

Work Group Assignments 

Work Groups convene concurrently 
{Cultural, Recreational) 

Tasks: 

Review state of the art in restoration technology 
and the feasibility of applying these tecnhologies 
to Prince William Sound and the western Gulf of 
Alaska. 

Develop broad guidelines for evaluating restoration 
alternatives 

Break for Lunch 

Work Groups convene concurrently 

Tasks: 

Develop broadly-inclusive matrix of restoration 
alternatives {including restoration, replacement, 
and acquisition of equivalent respurces) that 
warrant further evaluation. 

Based on guidelines, identify information needs 
and/or feasibility studies necessary to •valuate 
candidate restoration alternatives. 

Plenary Session: Summary Reports 

Session chairs meet to discuss work products 

Friday, April 6 {morning only) 

8:30 If necessary, key individuals may meet to continue 
discussion of work products. 



TECHNICAL WORKSHOP NO. 1 

GROUP (mark one): (A) Fish and Shellfis~· 
coastal Habitats 
Mammals 
Birds 

(B) Cultural XX 
Recreation 

PARTICIPANTS BY CATEGORY: 

t~JRAFT 

Summary Scientist for Damage Assessment Results: R. Shaw, SHPO 
?-Jean Schafe,AfPS 

Group Chairman: __ ..:...? ___ , DNR 

Principal Investigators: none 

Peer Reviewers: none 

"Outside" Experts: R. Thorn, Univ. MS 

Agency Representatives: c. Holmes, ADNR 
T. Birkadal, NPS 
J. Mattson, USFS 
C. Diters, USFWS 
J. Fall, ADFG (Subsistence Division} 

[03-29-90] 



TECHNICAL WORKSHOP NO. 1-B 5 April 1990 

GROUP (mark one): (A) Fish and Shellfish; 
Coastal Habitats 
Mammals 
Birds 

(B) Cultural 
Recreation XX 

PARTICIPANTS BY CATEGORY: 

DRAFT 

Summary Scientist for Damage Assessment Results: Ann Castellino 
(sp.-?}, NPS 
A. Meiners, ADNR 

Group Chairman: G. Ahlstrand or s. Rabinowitz, NPS 

Principal Investigators: None 

Peer Reviewers: None 

"Outside" Experts: T. Gasbarro or A. Jubenville, UAF 

Agency Representatives: ?-D. Patterson, FWS 
A. Meiners, ADNR 
K. Kurtz, USFS 
J. Maxwell, ADFG 
----~? ____ , ADFG (someone from Sport 

Fish) 
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TECHNICAL WORKSHOP (1-A) ON RESTORATION ALTERNATIVES 
Apri 1 3-4, 1990 

(If necessary, workshop will continue the morning of April 5.) 

PURPOSE: 

To provide technical input to the decision-making process to 
enable scientifically valid decisions regarding restoration 
alternatives. 

OUTPUTS: 

1. List of broad scientific guidelines suggested for use in 
selecting restoration alternatives. 

2. Broadly-inclusive matrix of restoration alternatives that 
warrant further evaluation. 

3. Information needs and/or feasibility studies which will be 
needed to evaluate candidate restoration alternatives. 

OBJECTIVES: 

1. Review initial damage assessment results with respect to 
potential restoration alternatives. 

2. Describe the state of the art in restoration technology and 
the feasibility of applying these technologies to Prince 
William Sound and the Gulf of Alaska. 

3. Develop broad·scientific guidelines for evaluating 
restoration technologies. 

4. Develop a broadly-inclusive matrix of restoration 
alternatives (including restoration, replacement, and 
acquisition of equivalent resources) that warrant further 
evaluation. 

5. Based on broad scientific guidelines, identify information 
needs and/or candidate feasibility studies necessary to 
evaluate candidate restoration alternatives. 



PROPOSED DRAFT AGENDA 

Tuesday, April 3 

8:30 

9:00 

9:30 

12:00 

1 : 00 

1 :30 

5:00 

7:00 

Restoration Planning Process 
Expectations of Workshop 

Spill Status 

Summary of Natural Resource Damage Assessment Results 

Break for Lunch 

Work Group Assignments 

Work Groups convene concurrently 
(Coastal Habitat, Fish/Shellfish, Mammals, Birds} 

Tasks: 

Review state of the art in restoration technology and 
the feasibility of applying these technologies to 
Prince William Sound and the Gulf of Alaska. 

Develop broad scientific guidelines for evaluating 
restoration alternatives. 

Begin brainstorming of broadly-inclusive matrix of 
restoration alternatives (including restoration, 
replacement, and acquisition of equivalent resources) 
that warrant further evaluation. 

Break for Dinner 

Session chairs meet to review progress and develop 
overall scientific guidelines which can be applied 
across all work groups. 
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Wednesday, April 4 

8:00 

8:30 

12:00 

1 : 00 

4:00 

5:00 

7:00 

Plenary Session: Summary of Day 1 (Session chairs) 

Reconvene Work Groups 

Tasks: 

Discuss initial damage assessment results with 
respect to potential restoration activities. 

Continue development of broadly-inclusive matrix of 
restoration alternatives (including restoration, 
replacement, and acquisition of equivalent resources) 
that warrant further evaluation. 

Break for Lunch 

Reconvene Work Groups 

Task: 

Based on broad scientific guidelines, identify 
information needs and/or feasibility studies 
necessary to evaluate candidate restoration 
alternatives. 

Plenary Session: Summary Reports 

Break for dinner 

Session chairs meet to discuss work products 

Thursday, April 5 

If necessary, continue work group sessions to finalize tasks. 
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RESTORATION PLANNING WORKSHOP 
MASTER LIST 

Lynn Denlinger, USFWS 
Anne Fairbrother, USEPA 
Paul Getler, USFWS 
L. Hotchkiss, USFWS 
Dave Irons, USFWS 
Kathy Kuletz, USFWS 
Bob Leedy, USFWS 
Pete Mickelson, PWSC 
Dave Nysewander, USFWS 
Karen Oakley, USFWS 
Jill Parker, USFWS 
Sam Patten, ADFG 
Tom Rothe, ADFG 
Dan Rosenberg, ADFG 
Phil Schempf, USFWS 
Stan Senner, ADFG* 
Noel Snyder, AZFG 
Foster Stroup, Versar 
Kent Wohl, USFWS 

Coastal Habitat/Air ~ Water 

Jim Clark, USEPA 
Nancy Deshu, NPS 
Jessie Ford, USEPA 
Mike Foster, Moss Landing 
Jeff Frithsen, Versar 
Dave Gibbons, USFS* 
Ray Highsmith, UAF 
Hal Kibby, USEPA 
Jon Lindstrom, ADEC 
C. Peterson 
Frankie Pillifant, ADNR 
Howard Sanders, WHOI 
Roger Slothower, USFWS 
Kim Sundberg, ADFG 
Lance Trasky, ADFG 
Art Weiner 1 ADEC 
Doug Wolfe, NOAA 



Restoration Planning Workshop Master List 

Cultural 

Ted Birkadal, NPS 
Chuck Diters, USFWS 
James Fall, ADFG 
C. Holmes, ADNR 
J. Mattson, 
Frankie Pilifant, ADNR* 
Robert Shaw, SHPO 
Robert Thorne, Univ. MS 
Priscilla Wohl, ADNR* 
David Yesner, UAA 

Fish and Shellfish 

Will Barber, UAF 
Ross Cavanaugh, NPS 
Gary Chapman, USEPA 
K. H~epler, ADFG 
John Hillsinger, ADFG 
Carol Ann Manen, NOAA 
Douglas McBride, ADFG 
Chuck Meacham, ADFG 
B. Meehar, USFS 
Charles O'Clair, UAF/ADFG 
Brian Ross, USEPA* 
Sam :Sharr, ADFG 
Daniel Sheehy, Versar 
Usha Varanasi, NOAA 
Alex Wertheimer, NOAA 
Everett Robinson-Wilson, USFWS 

Mammals 

Doug Burn, USFWS 
Linda Comerci, USEPA 
Tony DeGange, USFWS 
Carol DeLisle, Versar 
Kathy Frost, ADFG 
Rowan Gould, USFWS 
Mona Habler, USEPA 
Ancel Johnson, USFWS 
Roy Nowlin, ADFG* 
Wayne Regelin, ADFG 
John Sease, NOAA 
W. Testa, UAF/ADFG 
Mike Wheeler, ADEC 
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Restoration Planning Workshop Master List 

Recreation 

Gary Ahlstrand, NPA 
Ann Castellino, NPS 
Alan Jubenville, UAf 
K. Kurtz, USFS 
Judi Maxwell, ADFG 
Al Meiners, ADNR 
Nancy Menning, USEPS 
Dave Patterson, FWS 
Sandy Rabinowitz, NPS* 

General 

Sandra Cosentino, ADNR 
Priscilla Wohl, ADNR 

* Indicates topic chairperson 
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rhe following are questlons that we would like each dama~e 
assessroer~t ext;)eJ~t -t<) addx~ess irt th~ e.i:t~ !)J:.~efJerlt:;:;_ti~(}rts ~ lindArst.ai1cl.1_ng 
the damage is critical to designing restoration approaches. 

Damage Assessment Questions 

What the importance of the resource to the ecology andjor 
human services of Prince William sound and the Gulf of Alaska? 

2. What is the nature, severity and extent of the damage? 
a= W11a_t is th.e ~1att.~rn c1f. t.l1e tlaJt1a{Je~;l ( fr~he pu.rr.)c;se of th~Ls­

question is to determine pattern of damaged resource as 
this has a major luencA on natural recove~y) 

What is planned for the future? 
to determine additional damage? 

How long will it take 

J. How was the damage determined? (What studies, approaches etc) 

4. What is known about what caused the damage? 

:~;. not~J lc'r4g cl(:} }~'C~L.l tlr-1ir1k natt.1ral -l:~ecov,ery vti .. l1~ ·ta~~.e? Yl1iCi,t: -:· ~ the 
basis of your estimate 

6. What, if any, Restoration activities do you think should be 
undertaken t o restore the resource? How long will it take 
to see resul t .s? 





Draft Agenda 
April 3 

8:3U 

9:30 

12:00 

1:00 

1:30 

5:00 

7:00 

April 4 
8:00 

8:30 

12:00 

l:Oo 

:2:30 

5:00 

7:00 

Restoration Planning Process ( RP~"lG nlember) 

Legal Framework for Restoration (HPvJG member) 
What constitutes restoration 
What are appropriate uses of funds 

What does RPWG expect from workshop (Brian Ross) 

Natural Resource Damages 

(See questions) 

Lunch 

Work Group Assignments (Dan Sheehy) 

work Groups convene: 
(Coastal Habitat including Benthic, Fish and Shell 
Fish, Mammals, and Birds) 

Develop B.iological Criteria 
restoration alternatives 

for ranking 

Break for dinner 

Session chairs meet to review progress and develop 
criteria to apply across work groups 

summary of Day 1 (Session Chairs) 

Reconvene Produce outline of restoration 
alternatives in relation to damage assessment 

Lunch 

Plenary Session (Session Chairs) 

Reports on Alternatives 

Reconvene Work Groups 

Flesh out details of Restoration Alternatives 
For each alternative develop criteria that can be 
used to judge success. See Report outline -

Break 

Session Chairman meet to discuss days meetings 



£0 c~.., : ,. ,. 
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April 5 Ecological Resources 
B:oo Ecological work groups convene 

Develop demonstration projects that are feasible to 
conduct in summer of 1990. 

12:00 Lunch 

April 5 -6 cultural Resources 

Restoration Plannin(J work Group to develop agenda 
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TECHNICAL WORKSHOP ON RESTORATION ALTERNATIVES 
April 3-5, 1990 

PURPOSE: 

To provide technical input to the decision-making process to 
enable scientifically valid decisions regarding restoration 
alternatives. 

OUTPUTS: 

1. List of broad scientific guidelines suggested for use in 
selecting restoration alternatives. 

2. Broadly-inclusive matrix of restoration alternatives which 
warrant further evaluation. 

3. Probable information needs and/or feasibility studies which ) 
will be needed to~ evaluate tr~toration alternative~ 111 , 

~~ . 
OBJECTIVES: 

1. Review initial damage assessment results with respect to 
potential restorat i on alternatives. 

2. Describe the state of the art in restoration technology and 
the feasibility of applying these technologies to Prince 
William Sound and t he Gulf of Alaska. 

3. Develop broad scientific guidelines for evaluating 
res t oration techn9logies. 

4. Develop a broadly-inclusive matrix of restoration 
alternatives (including restoration, replacement, and 
acquisition of equivalent resources) that warrant further 
evaluation. 

5. Identify information needs and/or candidate feasibility \ 
studies necessary to fully evaluate( restoration alternativeJ .fnt?fi J 

~? dl. (/)' 



PROPOSED DRAFT AGENDA 

Tuesday, April 3 

8:30- ~Restoration Planning Process (~ 
tft.~ ~ 

Le Framework for Restoration (~ member ) 
What itutes restoration 
What are app o-f---f-u_n_d_s~) 

~Ja expectations ~) 
9-9-'31/ ~1~~-

9:30 Natural Resource Damages (~ 

12:00 Lunch~ 

1:00 Work Group Assignments~ 

1:30 Work Groups convene concurrently 

5:00 

7:00 

(Coastal Habitat, Fish/Shellfish, Mammals, Birds) 

Tasks: 

Review s tate of the art in restoration technology and 
the feasibility of applying these technologies to 
Prince Wi l liam Sound and the Gulf of Alaska. 

Develop broad scientific guidelines for evaluating 
restoration alternatives. 

Break for Dinner 

Session c hairs meet to review progress and develop 
overall scientific guidelines which can be applied 
across a ll work groups. 



·; . . . 
!:_: -. ~. ·• 

Wednesday, April 4 

8:00 

8:30 

12:00 

1:00 

4:00 

5:00 

7:00 

Plenary Se ssion: Summary of Day 1 (Session chairs) 

Reconvene Work Groups 

Task: 

Develop broadly-inclusive matrix of restoration 
alternatives (including restoration, replacement, and 
acquisition of equivalent resources) that warrant 
further e valuation. 

Lunch 

Reconvene Work Groups 

Task: 

Identify information needs and/or candidate 
feasibili ty studies necessary to fully evaluate 
restorati on alternatives. 

Plenary Session: Progress Reports 

Break for dinner 

Session c hairs meet to discuss progress 

Thursday, April 5 

' • •oa• ... 
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Bedford Institute of O:e~nography 
Dept. of Fisheries and Oceans 
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Oil Spill Restoration Planning Office 
437 "E" Street, Suite 301 

Anchorage, Alaska 99501 

MEMORANDUM 15 MARCH 1990 

TO: Restoration Planning Work Group 

FR: Stan Senner 

RE: Participants in Technical Workshops 

Here is a list of confirmed and potential participants for 
technical workshop 1-A, scheduled for 3-4 April 1990. There are 
a number of slots to fill or confirm, and it is critical that we 
do so quickly. Brian Ross will be working on this over the next 
several days, so please contact him with any names you can supply 
or confirm. We are also waking on a refined agenda, and that too 
will be circulated. 

Frankie Pillifant is working on an agenda and list of participants 
for the workshop 1-B, cultural and recreational resources, which 
is scheduled for 5 April. These will be circulated shortly. 

Beyond the participants themselves, a number of details still need 
resolution. One of them concerns costs for 1-2 outside experts, 
which are not covered by the contractor retained by EPA. Does any 
agency volunteer to cover these costs (travel, per diem, and 
consulting fee)? 

As noted above, please direct any feedback to Brian at 271 2464. 
I will be out of town until the night of 25th. 

!4A 



TECHNICAL WORKSHOP NO. 1 

GROUP (mark one): (A) Fish and Shellfish 
Coastal Habitats 

_.....----Mammals 
Birds 

(B) Cultural 
Recreation 

PARTICIPANTS BY CATEGORY: 

Sum•ary Scientist for Damage Assessment Results: Rd7 w~ ... I.e.. / 

Group Chairman: 

Principal Investigators: ~~ ·FVU· .. ;-.f · .. . }(12. .\. 
1:;·1(~ w~ ·~ . J.\- "FI.rr~ l1 
s~ o«--<.11.- 5i2¢£ . (Ld-tc?lt:,. 

M ~.(zfl) 
Peer Reviewers: IY/ A?.~?~ --r 

"Outside" Experts: (~iJ . . . \ 1 
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Agency Representatives: 

w~ ¥-. 1 At>Fc-C 

~ 
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/\~ GROUP (mar~ one) : _ 

A~r!} ;~· 

;lt~~ v"'l 
~~ 0}'~~· ~~-

(A) Fish and Shellfish 
Coastal Habitats ~ 
Mammals 
Birds 

(B) Cultural 
Recreation 

~ ';Jr JY.-
(>l\'1 If. ,~<Fjl PARTICIPANTS BY CATEGORY: 

t11J[~. 
~A 

\.;- r-\ '"\ 
i"' Summary Scientist for Daaage Assess~;~ ~··• ~n) 

Group Chairman: (:;. ......... ) / '·.~ Fe£ -'f>a<!l( v> 

- 1izt;(. 
I 

Agency Representatives: 



TECHNICAL WORKSHOP NO. 1 

GROUP (mark one): (A) Fish and Shellfi.~h~ 
Coastal Habitats 
Mammals 
Birds 

(B) Cultural 
Recreation 

PARTICIPANTS BY CATEGORY: 

Summary Scientist for Damage Assessment Results: C ~"' ~~eke.-

Group Chairman: 
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TECHNICAL WORKSHOP NO. 1 

GROUP (mark one): (A) Fish and Shellfish 
Coastal Habitats ~ 
Mammals 
Birds 

(B) Cultural 
Recreation 

PARTICIPANTS BY CATEGORY: 

Summary Scientist for Damage Assessment Results: D·- c,· L4"'-"$ / /t:k -\ 
Group Chairman: ~ 

Peer Reviewers: 

~~--~~~ 
\/ 

Agency Representatives: 

t+..~ih.k") A f->F t c 

----t(;J( w~ 
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TECHNICAL WORKSHOP NO. 1 

GROUP (mark one): (A) Fish and Shellfish 
Coastal Habitats 

___-Mammals 
Birds 

{B) Cultural 
Recreation 

PARTICIPANTS BY CATEGORY: 

Summary Scientist for Damage Assessment Results: 

Group Chairman: 

Peer Reviewers: 

"Outside" Experts: 

/ ~ i} 1 ;7 ... · ~!'It~ T -..-...,~ 

~~ 
Agency Represen ta ti ves: . . 1 JJ 

~tf.h~C-
(fl..)) w~ t+ 1 A -op.-c. 
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TECHNICAL WORKSHOP NO. 1 

GROUP (mark one): (A) Fish and Shellfish 
Coastal Habitats 
Mammals _.--­
Birds c..-.---

(B) Cultural -rfltu 
Recreation 

1 
C 6 ~~(Jr 

((7_" czi12-~ 07~. }J:; l!ivvr 
PARTICIPANTS BY CATEGORY: lv ()V# 

r ~t:;··· //1 ; 
Summary Sci en tis t for Da11age Assessment1,~ul ~i '--, 1J ~ ( ~~;._, ) 

FwS ~~-Z~/ 
7 ,,f{~­

L 
Group Chairman: 

Principal Inve igatorn--

Peer 

••outside" 
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Draft Agenda 
April 3 

B:JU 

9:30 

12:00 

J :00 

1:30 

5:00 

7:00 

April 4 
8:00 

8:30 

12:00 

1:00 

2:30 

5:00 

7:00 

Restoration Planning Process ( RP~'/G member) 

Legal Framework for Restoration (RFWG member) 
What constitutes restoration 
What are appropria~e uses of funds 

What does RPWG expGct from workshop ( Bt· i.an K0SS) 

Natural Resource Damages 

( Sef> questions) 

Lunch 

Work Group Assignments 

Work Groups Convene: 
(Coastal Habitat including Benthic, Fish and Shell 
Fish, Mammals 1 and Birds) 

Develop BJological Criteria 
restoration alternatives 

for rAnking 

Break for dinner 

Sassion chairs meet to review progress and develop 
criteria to apply across work groups 

Summary of Day 1 (Session Chairs) 

Reconvene Produce outline of restoration 
alternatives in relation to damage assessment 

Lunch 

Plenary Session (Session Chairs) 

Reports on Alternatives 

Reconvene Work Groups 

Flesh out details of Restoration Alternatives 
For each alternative develop criteria that can be 
used to judge success. See Report outline -

Break 

Session Chairman meet to discuss days meetings 



April 5 Ecological Resources 
e:oo Ecological work groups convene 

12:00 

April 5 --G 

Develop demonstration projects that are fe~sible to 
condL1Ct in sur.nner of 1990. 

Lunch 
r 

/f!eeA£~ 
cuJturay ~esources 

I 

" 

~-: r -·-



Draft .Agenda 
Apt-il 3 

8:30 

9:30 

12:00 

1:00 

1:30 

5:00 

7:00 

April 4 
8:00 

8:30 

12:00 

1:00 

2;30 

5:00 

7:00 

Restoration Planning Process (RPWG member) 

Legal Framework for Restoration (RPWG member) 
What constitutes restoration 
What are appropriate uses of funds 

What does RPWG expect from workshop (Brian Ross) 

Natural Resource Damages 

(See questions) 

Lunch 

Work Group Assignments (Dan Sheehy) 

Work Groups Convene: 
(Coastal Habitat including Benthic, Fish and Shell 
Fish, Mammals, and Birds) 

Develop Criteria for ranking restoration 
alternatives 

Break for dinner 

Session chairs meet to review progress and develop 
criteria to apply across work groups 

summary of Day l (session Chail·s) 

Reconvene Produce outline of restoration 
alternatives in relation to damage assessment 

Lunch 

Plenary Session (Session Chairs) 

Reports on Alternatives 

Reco.nvene~:Work Groups 

Flesh out details of R:estoration Alternatives 
See Report outline 

Break 

Session Chairman meet to d meetings 
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April ~ Ecological Resources 
8:00 Ecological work groups convene 

10:00 

12:00 

1;00 

5:00 

Independently applying criteria developed on day 1 
rank alternative restoration options 

Plenary session Discussion of Ranked Options and 
presentation of work groups rationale: 

Lunch 

work Groups reconvene 

Develop demonstration projects that are feasible to 
conduct in summer of 1990. (See outline) 

Adjourn 

April 5 Cultural Resources 

a:oO Develop Criteria for ranking cultural restoration 

projects 

10:00 Develop Alternative restoration plans 

12:00 Lunch 

1:00 Rank the various Alternatives 
(Prepare report including estimated costs) 

5:00 Adjourn 

April 6 Cultural and Ecological Resources 

8:00 
session Chairs and RPWG meet to discuss results and 
findings and preliminary planning for 

10:00 

workshop. 

Adjourn 

---- -~ ~ 

r· r) 
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TECHNICAL WORKSHOP NO. 1 

GROUP {mark one): (A) Fish and Shellfish 
Coastal Habitats 
Mammals ___--
Birds ..__--

(B) Cultural 
Recreation 

PARTICIPANTS BY CATEGORY: 

Summary Scientist for Damage Assessment Results: 

Group Chairman: 

Principal Investigators: 

p"' tf-'<.."'\ 

Peer Reviewers: 

"Outside" Experts: 

Agency Representatives: 

I \A. SF liV S' 

~srli1> A ..--

f 
t 

11 ~~ fi-..._ J 

D ,. ~ CJ'II'oC.-
~z. lo.-. ~~~ 
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Saul Saila 

Ken Chew 

Boward Feder 

Will Barber 

NON-AGENCY INDIVIDUALS TO BE CONTACTED FOR 
TECHNICAL WOIUCSBOP NO. 1-A 

2-5 April 1990 

AFFILIATION SPECIALTY SESSION 

tfniv. of Ill rtahertaa Ptsn: anC! 

Univ. washington shellfish Fish and 

Univ. Alaska )Fk x. fisheries Fish and 

_l.\(?!.A.J 

A-A 
' ' ' 

Bheeltish 
') 

She*ish 

Shellfish 

U. AIC/Fairbanks fisheries Fish and Shellfish 
--·------------ -·-------------.,..........-, --

Ken Wi~son 
or Neuscbul 

Ernest Seneca 

Boward Sanders 

Michael Foster 

David Duggins 

Lee Barding 
.-----

Marilyn Dahlberg 

Will Troyer 

Geoff Carrol 

Craig George 

Dave Klein 

<;.-.& e, Noel 8 J I 

7 

r 

, . ~ Stan 'l'eaple 

(\ David Norton 
/\ 

Decalan '!'roy 
\../ 

John 'l'eal 

Paul Dayton 

Cal fish & Galle 

NC State U. 

VBOI 

Moss Landing 

Friday Harbor Lab 

Bnvironaent Canada 

Uni v. Vancouver 

Retired. National 
Park Service 

North Slope Borough 

North Slope Borough 

Uni!'i~~~70CJP. 
Wildlife Res. Unit 

Arizona Fish & Gaae 

~t't". \1\ t.C..OW\\tA 

kelp planting 

salt aarsh 
restoration 

Coastal Habitat 

Coastal Habitat 

benthic ecology Coastal Habitat 

Coastal Habitat 

plant/herbivore Coastal Habitat 
interaction 

Coastal Habitat 

Wildlife Maaaals/'l'errestrial 

~ 
(¥ o b') hJ-.#lj- II ~irds 

Birds 

OCSBAP ( f.vr -t.f") • 1\tw W.. Sl•t• 
tt~J:r) .il'.i'Z-- -:; 3:>1- Jo'Pl L. 

Birds ...,_ S.•tl\i4t.fte' I' 

Birds LGL 

VBOI 
. , •. ~ .. '"'. ~·~">' 

General Ecology--·-··--~-aarine ecology 

SCRIPPS General Ecology 



David Levifne 

Ian Sterling 

Bill Paren 

Steve ICottona 

&, 
~el Johnson 

Bob Bofflla.D 

~Jet 

Bob Thorne 

Martin McAlister 

AFFILIATION 

- G~Ae ' ~" Uni v. Cnl! t 

Canadian Wildlife 

SPECIALTY 

SW Fisheries Center Whales 
NMFS 

College of the 
Atlantic 

Retired F&WS 

Center for - 7 

archeological 
reources 

archeology 

archeology 

EXPERIENCE 

artie seals, 
sea lions, walruses 

artie •arine 
•-als 

Buapback & Grays 

sea otters 
Alaska 

ea:l tara I liiources--

restoration 

site preservation 
vandal is• 



.. •...,.· . ..,.~ .. r r ·-· t ' ·-· *•' ' . . . . 
. ,m.;;:.;t'' 
·~ r~~:· 

Brian Ross has asked that I fax you these questions and proposed 
agenda for discussion on a conference call that he is setting up 
with members of the Restoration Planning Work Group. The purpose 
of the questions is to help structure the damage assossment 
presentations. 

Damage Assessment Questions -
H<'lbitat Loss: 
1. \-1hat. is the role of the habitat to the eco1oqy of rTi nee 

Wi J J iar.1 Sound? 

What is the nature everity of the 
scourjng, Ate) 

3. V~ha-t .lS the ..,.~, .. tf!!.Itt of t:ltc areal ext:en·t of darnagc? 

~ What is the spatial and temporal pattern of the 

5. t·Jhat. is the areal exteHt. of undamaged resourc<!?? 

6. How did you determine the damage? 
a. Direct measurement of lost area 
b. comparison with undamaged area 

.., 
I • What the damage? (Oil toxicity, cleanup or ?) 

B. How long do you think natural recovery will take? What 1s the 
basis of your estimate. 

AA 

9. Nhat if any Restoration activities do you thinK ,shou1.:..2, ... ;!7.-r/.? 
undertaken to restore the habitat? .J..I,.u/~;1.,. 'Jf-,__ ~ ~ ~ ~'. 

'/ .,_/ 

10. What is planned for the future? How long l.vi l::. it ta.kE: to 
determine additional damage? 

•• Population Loss: 
1. t'ihat is the {?COlogical andjor economic import::mce of the 

population? 

2. What is the nature of the danage direct mortality, sublethal 
chronic feet e.g. lesions etc 

3. What percentage of the population ~as effected? 

4 How did you determine the damage·? 
a. Body counts 
b. Comparison with undamaged areas (If this method what is 

natural spatial variability in population?) 

5. What caused the damage? 

6. Based on previous experience how long do you f€:el natural 
recovery will take? 

-------··-·· 



7. What, if any restoration activities do you recommend? 

8. What is planned for the future? 
determine additional damage? 

Cultural: 

Ho~ long will it take to 

Restoration Planning Work Group to expand questions. 

1. What was damaged? 

2. How did damage occur? 

3. What historical or other records were lost? 

4. What restoration options do you recomnend? 

Other: 

1. What was damaged? 

2. How did damage occur? 

3. What Restoration options do you reccomnend 
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DRAFT - Subject to revision by Brian Ross and Restoration Planning 
Work Group. Final outline to become part of VERSAR scope of work. 

Draft Outline of Report 

I. Introduction -

II. 

A. Purpose of the Planning effort 

B. Definition of Restoration for this report 

c. overview: 

1. Linkage between damage assessment and restoration 
options analysis 

2. Linkage between restoration uncertainty and 
demonstration projects 

3. Nature of report {working document to be updated as 
needed when additional information becomes 
available) 

f'(;I1!NT'' Al-t.>' 
Habitats and ResourcesADamaged 

:JJtvtt.IJPMf.A/1 "F 1111f"r!t.t)l ,,:. ~coSY)~ CtuMPt~ .v~JI)~ ""Fr-li!6K. 
A. Review of options for partitioning habitats and 

resources, focusing on the relationship between target 
resources (fish/shellfiSh 1 birds, mammals, benthic 
organisms) and habitat zones 

B overview of Damage Assessment by population and/or. 
habitat 

~~ft:AJo~VAJ A'fbQr C: TO ?;4-Tt_ 
1.. ~'lhat b~.a be~ damaga.ef and how was it E1all'la~ed 

including whether acute or chronic effect. 
2. Importance of the damage relative to Priflee William 

Sotllld l£.Cbt-CI$1C>'f;-l.. i!1fe. #VAf~ 

11 
oJ"t:UUfll!f ~ ~ QJ'JP ,]v,.rtt_ . 6~i" c~ s p f2-" v 'p 'i"P. 

III.!) ~estoration Alt.ernatives~ 

A. Basic Overview of the state of the Art for Ecological 
Restoration with special focus on high latitude work. 

1. What has been accomplished 
2. Past performance of restoration activities 
3. Current trends and~ont oversies 

B P • . 1~ . !64 +. . 
r~nce Wl ~~am Soun~ Res_ora~~on Alternat1ves . 
~ ·~ 

1. ~rlterla and attributes for ~~restoration 
alternatives 
a. Rel i ve Importance of c;ei teria f~:t: 5ahw Lic>l'! 

2. Range of Options considered 



. .. 
. . -- ... 

'L Objective of each 
b. Description:~ 

a. What ~be done 
s_., v~Y~.l.':\fl.ti~n o.f the alternative .based on the 
~ cr~ter1a (e.g. How fast w111 this speed 
natural recoveryJ What collateral damage can be 
caused?r Probability of success) 
d. Estimated Cost - $ and Manpo\<'.rer ~ /-OFZ- Y~~7fJs7R.JirnC71J f T7f"I7070 
<2_. ~ ~jlfi')ITDRiw. 5Ttl1)1e.5 f/PIZ- Fltu. 1/J'tf't..'C_M AJ 

3. Synthes · It< Discussion of the relative merits of 
rd-- a ove options and possible combinations of 

cNO;o ·~;{,¢iff res.toration options.) 
,v~~~~ ~ 

IV. ~emonstration Projectsr !?90 · 

A- objectivet t · 
1. Statement of purposeA 
2. Performance evaluation 

B. Rationale 
1. What do I need to know? 
2. What is State of Art? (Summarized from Main Report) 
3. What will this specific project ~ell me? 

c. Approach/6~~ 
1. Description of what is to be done 
2. statistical design of project so that success can be 

measured. 

E. Recommendations for 1990 Demonstration Projects 
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Draft Agenda 
April 3 

8:30 

9:30 

l2:00 

1 :OO 

1:30 

5:00 

7:00 

Apiii.l 4 
'"t 0 •00 ":t;,*' Q .. 

8:30 

12!00 

1:00 

2:30 

5:00 

7:00 

Restoration Planning Process (RPWG member) 

Legal Framework for Restoration (RPWG member) 
What constitutes restoration 
What are appropriate uses of funds 

What does RP~~G expect from workshop (Brian Ross) 

Natural I<eso\.lrce Damages 

(See questions) 

Lunch 

Work Group Assignments (Dan Sheehy) 

Work Groups Convene: 
(Coastal Habitat including Benthic, Fish and Shell 
Fish, Mammal~, and Birds) 

Develop Biological Criteria 
restoration alternatives 

ranking 

Break for dinner 

Session chairs meet to review progress and develop 
criteria to apply across work groups 

Summary of Day 1 (Session Chairs) 

Reconvene Produce outline of restoration 
alternatives in relation to damage assessment 

Lunch 

Plenary Session (Session Cha.irs) 

Reports on Alternatives 

Reconvene Work Groups 

Flesh out details of Restoration Alternatives 
For each alternative develop criteria that can be 
used to judge success. see Report outline -

Break 

session chairman to discuss meetings 



. .. . . . 

April 5 Ecological Resources 
a:oo Ecological work groups convene 

10:00 

12:00 

1:00 

5:00 

Independently applying cri developed on day l 
rank alternative restoration options 

Plenary Session Discussion of Ranked Options and 
presentation of work groups rationale: 

Lunch 

Work Groups reconvene 

Develop demonstration projects that are feasible 
conduct in summer of 1990. (See Outline) 

Adjourn 

April 5 Cultural Resources 

B:OO Develop Criteria for ranking cultural restoration 
projects 

10:00 Develop Alternative restoration plans 

12:00 Lunch 

1:00 Rank the various Alternatives 
(Prepare report including estimated costs) 

5:00 Adjourn 

April 6 Cultural and Ecological Resources 

8:00 

10:00 

Alternative: 

8~00 

11:00 

1:00 

Session Chairs and RPWG meet to discuss results and 
findings and preliminary planning second 
workshop. 

Adjourn 

Synthesis Work Group (Session Chairs) 
(Put together summary Chapter that integrates across 
the various work groups) 

~'lork Lunch- Session Chairs meet with RPWG to 
discuss findings from wod~shop and ass RP~~G with 
preliminary planning second workshop. 

Adjourn 

t 

~ 
I 
' ' 
I 
i 
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DRAFT DRAFT 

QUESTIONS FOR DAMAGE ASSESSMENT PI'S TO PONDER 

HABITAT LOSS: 

1. DELETE THIS QUESTION OR PLEASE DETAIL FURTHER. ARE WE LOOKING 
FOR AN ANSWER IN TERMS OF ECOSYSTEMS, FOOD-CHAINS ? ANY QUESTIONS 
SHOULD REQUIRE THE COMMENTOR TO CONSIDER ALL AFFECTED AREAS NOT 
JUST PRINCE WILLIAM SOUND. 

2. QUESTION SHOULD READ: What is the naturejseverity of the HABITAT 
damage? (define the purpose of acute toxicity, scouring to the 
question) 

3. SHOULD READ: What is the extent of damage? 

4. SHOULD READ: What is the ZONE of the damage? (areas of Alaska?) 

5. DELETE 

9. SHOULD READ: what if any restoration activities do you think 
should be undertaken to restore the habitat? HOW LONG DO YOU THINK 
THIS ASSISTED RESTORATION WILL TAKE? ~ 

~ULA1'._ION LOS_:;: 

2. SHOULD READ: What is the nature of the direct mortality ..... . 

CULTURAL RESOURCES: 

1. WHAT IS THE ROLE OF CULTURAL RESOURCES TO THE COMMUNITIES OF 
ALASKA? 

2. WHAT IS THE STATUS OF THE CULTURAL RESOURCES INVENTORY? 

3. What was damaged? 

4. How did damage occur? SHOULD READ: WHAT WAS THE PATHWAY FOR THE 
DAMAGE TO OCCUR? 

5. WHAT IS THE EXTENT OF DAMAGE? ( AREA, ZONES?) 

6. HOW HAS DAMAGE BEEN DETERMINED? 

7. IS NATURAL RECOVERY POSSIBLE? 

8. WHAT HISTORICAL OR OTHER RECORDS WERE LOST? (By Areas or zones?) 

9. WHAT IS PLANNED FOR THE FUTURE TO DETERMINE CONTINUING LOSS OR 
DAMAGE? 

10. WHAT RESTORATION OPTIONS DO YOU RECCOMEND? 



RECREATION: 

1. WHAT IS THE ROLE OF RECREATION TO THE AFFECTED AREAS? 

2. WERE RECREATION USE PATTERNS IMPACTED IN THE SPILL AREA? 
STATEWIDE? 

3. HOW WAS LOSS/DAMAGE DETERMINED? 

4. WHAT TYPE OF RECREATION USES WERE AFFECTED? 

5. WHAT CAN BE DONE TO RESTORE LOST USE? 

6. WHAT CAUSED THE DAMAGE? PUBLIC PERCEPTIONS? 

7. WHAT IS PLANNED FOR THE FUTURE TO CONTINUE MEASURING LOST USE? 

8. WHAT RESTORATION OPTIONS DO YOU RECOMMEND? 

OTHER QUESTIONS???????????????????????????? 



recreation loss: 

1. What are the nature and extent of displacement of recreation use 
resulting from the spill? 

2. Did or will displacement of recreation use from the Sound affect 
the quality or quantity of use in other areas in Southcentral 
Alaska? 

3. Did the spill adversely affect the quality or quantity of 
wilderness values of the Sound for local residents? What about the 
perception of wilderness for potential visitors to the areas? For 
actual visitors? Will future generations of Alaskan's be less 
impacted because they did not know the Sound before the spill or 
because most of the obvious signs will be gone? 

4. How do recreation and scenic effects of the spill affect 
different user groups (i.g. cruise ship passengers, ocean kayakers, 
power or sail boaters, hunters, whale or bird watchers)? 

5. Has the long term economic earning potential of the Sound's 
wilderness image for tourism and recreation related businesses been 
depreciated? 

6. Will the spill result in more recreation use through the spill's 
"advertising" or name recognition value? Will the visitors pay 
less than they would have had they been visiting an un-oiled Sound? 
Are we trading high valuejlow volume tourism for lower value/high 
volume tourism? 

7. Will the spill attract disaster junkies, as was the case with 
Three Mile Island or Mount St. Helens? 

8. Will a new tourism industry develop out of people wanting to 
visit the Sound to learn about or study the natural or human 
supported restoration? 

9. What are the different types of impacts to recreational/tourism 
users? 
-changes in wildlife or fish resources 
-seeing oil on beaches 
-damage to equipment 
-damage to perception of wilderness 
-wilderness 
-smelling oil on warm or sunny days 
-seeing or knowing of wildlife kills from the oil 
-noise or visual intrusions caused by cleanup, researchers, signs 
or red X's on cliffs 

10) Are the spill's damage to cultural/historic resources, in a 
recreational/tourism sense, offset or compensated for by the new 
archaeological and historic information learned from the 
archaeological efforts associated with the spill response? 



11) What is the value of the new biological information generated 
by the spill response and damage assessment? 

12) Will political backlash from the spill result in more 
conservation or protection of recreational values of the Sound than 
would have occurred without the spill? 

13) Can the wilderness be restored? 
compensated? 

Can the wilderness be 

14) What is the effect of the spill on the recreation opportunity 
spectrum in the Sound? 

15) Should land managers (Forest Service, State, Native 
corporations) amend their land use plans to deal with the short and 
long term changes resulting from the spill? 

16) Beyond restoration or instead of restoration, compensation 
could include: 

-purchasing private lands for public recreation use 
-developing recreational facilities 
-public education efforts to help users avoid oil impact areas 
-dedication of unoiled public lands to wilderness or 
recreation designations 
-future spill response to include protection of recreation and 
wilderness values (including pre-positioning response 

equipment in these areas) 

17) Are there long term costs to public and private land managers 
resulting from changes in recreation or tourism patterns as a 
result of the spill? 

18) What are the monetary costs to boaters or other recreationists 
from the physical or chemical effects of oil on their equipment 
(boat hulls, motors, tent fabric, etc)? 

prepared for DNR/OSPCO #1 
by Al Meiners DNR/Parks 
3/21/90 
draft 



Questions to Guide Work Group Discussions 

STATE OF THE ART: 

Note: To the extent possible, discussion should focus on high 
latitude work. 

What is the state of the art in restoration technology for this 
resource (coastal habitat, fish/shellfish, birds, mammals)? 

What has been accomplished? 

What has been the past performance of restoration activities? 

What are the current trends and controversies? 

What is the feasibility of applying these technologies to 
Prince William Sound and the Gulf of Alaska? 

BROAD SCIENTIFIC GUIDELINES: 

What broad scientific guidelines should decision-makers 
consider in evaluating restoration alternatives? (For example, 
probability of success, extent of collateral damage, 
cost-effectiveness.) 

How can these guidelines be best measured or quantified? 

INITIAL DAMAGE ASSESSMENT RESULTS: 

See questions provided to principal investigators. 



MATRIX OF RESTORATION ALTERNATIVES: 

What is the full range of options which can be considered? 

For each possible restoration alternative, discuss: 

What is the objective? 
What could be done? 
How does the alternative fit the guidelines? 
What is the possible role of monitoring? 
What is the estimated cost to implement the alternative? 

Which alternatives can be combined? What are the potential 
benefits of such combination? 

IDENTIFICATION OF INFORMATION NEEDS AND/OR FEASIBILITY STUDIES: 

What scientific uncertainties limit full evaluation of 
restoration alternatives? 

What additional information is necessary to reduce those 
uncertainties? 

What feasibility studies or·demonstration projects could be 
conducted to gather necessary information? 

As time permits, further clarify possible.feasibility studies 
by answering the following questions for each possible project: 

What would be the objective of the project? 
How would project performance be evaluated? 
What necessary information would the project gather? 
What would be done? 
What statistical desiqn would be used to measure 

success? 
What resources would be required (equipment and 

supplies, travel, personnel)? 



A. 

INTRODUCTION 

REVISED (3/22/90> DRAFT OUTLINE 
EXXON VALDEZ OIL SPILL 

RESTORATION REPORT 

Purpose and goals of the restoration pl.nning effort 

B. Definition of restoration for this report 

C. Overview 

1. Nature of report <working document, to be updated as needed 
and as additional information becomes available) 

2. Linkage between damage assessment and analysis of 
restoration of alternatives 

3. Linkage between restoration uncertainty and recommendations 
for candidate 1990 demonstration proJects 

II. HABITATS AND RESOURCES POTENTIALLY DAMAGED 

A. Matrix of Potentially Damaged Resources 

1. Review of options for relating habitats to resources: an 
ecosystem approach focusing on relationship between target 
resources (fish/shellfish, birds, mammals, benthic>, 
coastal habitat zones, artd other factc•rs such as speci fie 
location and water quality. 

2. Develop matrix of resources <with life stages> and habitat 
areas. 

B. Overview of Damage assessment by population and/or habitat 

1. What was 
2. What is 

effect? 
3. What is 

William 

damaged and how was it damaged? 
the effect of the damage, is it an acute or chronic 

the~significance of damage relative to Prince 
Sound and/or the Gulf of Alaska? 

III. DEVELOPMENT OF CANDIDATE RESTORATION ALTERNATIVES 

A. Basic overview of the State-of-the-Art for High Latitude 
Ecological Restoration 

1. What has been attempted? 
2. What has been the past performance? 
3. What are the current controversies? 
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B. Prince William Sound/Gulf of Alaska Restoration Alternatives 

1. Specific restoration obJectives 
2. Criteria and measurable attributes for selecting 

restoration alternatives. For example: 
a. How fast will this speed natural recovery 
b. Probability of success <uncertainty) 
c. What is the probability or consequence of collateral 

damage? 
d. What is the life cycle cost? (dollars or manpower) 

3. Relative importance of criteria/attributes for selection 
4. Range of alternatives considered 

a. ObJective of each 
b. Description of what is to be done. 

5. Evaluating alternatives based on selection criteria and 
specific measurable attributes 

6. Recommended list of candidate restoration alternatives 
7. Synthesis (Discussion of the relative merits of above 

individual restoration alternatives and possible 
combinations of alternatives> 

IV. CANDIDATE DEMONSTRATION PROJECTS (for each proJect) 

A. Purpose 

1. Specific obJective or hypothesis to be tested. 
2. Define performance evaluation criteria 

B. Rationale 

1. What information is needed? 
2. What is the state-of-the-art? 
3. What relevant information will this specific proJect 

provide. 

C. Approach/Study Design 

1. Description of what is to be done 
2. Experimental design including proposed statistical analysis 

for performance measurement. <How will success be 
measured?) 

D. Resources Required 

1. Equipmer1t and materials 
2. Travel 
3. Personnel 



Principal Investioators: 
·, 

The followino are questions you should take into account as you 
prepare for the work oroup discussions at the technical 
workshop, April 3-4. We are most interested in your thouohts 
reoardino possible restoration activities. 

1. What is the importance of the resource to the ecolooy 
and/or human services of Prince William Sound and the 
western Gulf of Alaska? 

2. What is the nature, severity, and extent of the damaoe? 

a. What is the pattern of the damaoe? (The purpose of 
this question is to determine how the pattern of 
damaoe rnioht influence natural recovery of darnaoed 
resources.) 

b. What is planned for the future? How lono will it 
take to determine additional damage? 

3. How was the darnaoe determined? (What studies, 
approaches, etc.) 

4 . What is known about what caused the darnaqe? 

5. How lono do you think natural recovery will take? 
What is t~~ basis of your estimate? 

6. What, if any, restoration activities do you think 
should be undertaken to restore the resource? How 
lono will it take to see results? 



Birds 

RESTORATION PLANNING WORKSHOP 
MASTER LIST 

Lynn Denlinger, USFWS 
Anne Fairbrother, USEPA 
Paul Getler, USFWS 
L. Hotchkiss, USFWS 
Dave Irons, USFWS 
Kathy Kuletz, USFWS 
Bob Leedy, USFWS 
Pete Mickelson, PWSC 
Dave Nysewander, USFWS 
Karen Oakley, USFWS 
Jill Parker, USFWS 
Sam Patten, ADFG 
Tom Rothe, ADFG 
Dan Rosenberg, ADFG 
Phil Schempf, USFWS 
Stan Senner, ADFG* 
Noel Snyder, AZFG 
Foster Stroup, Versar 
Kent Wohl, USFWS 

Coastal Habitat/Air ~ Water 

Jim Clark, USEPA 
Nancy Deshu, NPS 
Jessie Ford, USEPA 
Mike Foster, Moss Landing 
Jeff Frithsen, Versar 
Dave Gibbons, USFS* 
Ray Highsmith, UAF 
Hal Kibby, USEPA 
Jon Lindstrom, ADEC 
C. Peterson 
Frankie Pillifant, ADNR 
Howard Sanders, WHO! 
Roger Slothower, USFWS 
Kim Sundberg, ADFG 
Lance Trasky, ADFG 
Art Weiner, ADEC 
Doug Wolfe, NOAA 



Restoration Planning Workshop Master List 

Cultural 

Ted Birkadal, NPS 
Chuck Diters, USFWS 
James Fall, ADFG 
C. Holmes, ADNR 
J. Mattson, 
Frankie Pilifant, ADNR* 
Robert Shaw, SHPO 
Robert Thorne, Univ. MS 
Priscilla Wohl, ADNR* 
David Yesner, UAA 

Fish and Shellfish 

Will Barber, UAF 
Ross Cavanaugh, NPS 
Gary Chapman, USEPA 
K. Hepler, ADFG 
John Hillsinger, ADFG 
Carol Ann Manen, NOAA 
Douglas McBride, ADFG 
Chuck Meacham, ADFG 
B. Meehar, USFS 
Charles O'Clair, UAF/ADFG 
Brian Ross, USEPA* 
Sam Sharr, ADFG 
Daniel Sheehy, Versar 
Usha Varanasi, NOAA 
Alex Wertheimer, NOAA 
Everett Robinson-Wilson, USFWS 

Mammals 

Doug Burn, USFWS 
Linda Comerci, USEPA 
Tony DeGange, USFWS 
Carol DeLisle, Versar 
Kathy Frost, ADFG 
Rowan Gould, USFWS 
Mona Habler, USEPA 
Ancel Johnson, USFWS 
Roy Nowlin, ADFG* 
Wayne Regelin, ADFG 
John Sease, NOAA 
W. Testa, UAF/ADFG 
Mike Wheeler, ADEC 

(jtvtf"t Pettv ?on, U:)E..fY+ 
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Restoration Planning Workshop Master List 

Recreation 

Gary Ahlstrand, NPA 
Ann Castellino, NPS 
Alan Jubenville, UAf 
K. Kurtz, USFS 
Judi Maxwell, ADFG 
Al Meiners, ADNR 
Nancy Menning, USEPS 
Dave Patterson, FWS 
Sandy Rabinowitz, NPS* 

General 

Sandra Cosentino, ADNR 
Priscilla Wohl, ADNR 

* Indicates topic chairperson 
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Ha 

You've been around me too long; your phone is always 
busy! So I'm resorting to this primitive method of 
communication. 

I know I told you that the list of questions for the 
Pis to address at the workshop was fine with the exception of 
lack of detail on the non-ecological sessions, and that 
specific questions would be provided by the Work Group. Well, 
Park Service and Natural Resources came back yesterday with 
substantial comments on the rest of the questions as well. (I 
have to take these comments especially seriously since both a 
state and a federal agency raised them.) See attached 2 pages 
from DNR. 

After debating the issues back and forth (which got 
scary, because some of them implied disagreement with or 
misunderstanding of the very objectives of the Workshop), it 
was agreed that a shorter list of questions, more generally 
stated, should be asked. Further, it was felt that more 
general questions could apply to all sessions without the need 
to have separate questions for each session. They felt that 
more detailed questions should arise during the sessions 
themselves. (They had a problem trying to tailor different 
questions for different sessions. In addition, it is clear 
that at least one vocal member is not as interested in pilot 
projects this summer as we are, and has a different feeling 
about the inportance of the Various objectives for the 
Workshop.) 

We didn't try to agree on specific language; but the 
desire is for one list of questions that gets at the following 
issues: 

For each species, habitat, or other resource: 

1. What is the nature, severity, and extent of the damage? 
(Your #s 2, 3, 4) 

2. How is the damage being determined (what studies, study 
approaches)? (Your # 6) 

3. What is known about what caused the damage? (Your # 7) 

4. What is your view about how long natural recovery will 
take? What is the basis of your estimate? (Your # 8) 

5. What if any restoration activities do you think should 
be undertaken? (Your # 9) 

I 



As you see on the attached comments from DNR, there was 
concern about your question #1. It was agreed that it could 
stay if it were to be expanded and made clearer. Also missing 

-----above is your question #5. Perhaps because they were thinking 
about cultural resources, the others had trouble understanding 
the importance. I noted that it would be difficult to 
prioritize feasibility studies or other restoration options 
without considering how substantial the effect has been in 
relation to remaining unaffected resources. In other words, a 
particular habitat in one area may have been severely damaged, 
but if that habitat is abundant (not limiting to recovery) in 
the vicinity, it may be more important to use limited study 
dollars elsewhere. Anyway, how wuold it be if we leave the 
direct question out, but make sure (through questioning the 
speakers if necessary) that it gets addressed under question #1 
above? 

Enough for now. I've already had 6 phone calls since I 
talked to you! Call me back with your thoughts ... 
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Status of Contac as of 15 March 1990 
P.cstoration f"lcwning i'icu:ksh·Jp 

3-5 April 1990 

Howa1~d Sanders VlHOI Coastal Habitat 

tHchael Foster Moss Landing Coastal Habitat 

Howard Feder u. AK Fish./Shellf. 
(conflict on 4/5/90) 

~oel Snyder AZ Fish & Game Birds 
(conflict on 4/5/90) 

Will Troyer Ret. Nat'l Park Ser. Mammal r>, T(-n· r • 

Ret. Fish & Wildlife Mnmmals, Terr. 

riate and not available 

Lee Harding 

Ernest Seneca 

Not available 

Stan Temple 

Recommends: 

John Teal 

Environment Canada Coasta"t Habitat 

Tim Parsons Botany 
u. of British Columbia 

John Vandermullen 
Eedfnrd Tn~ti~utP of O~•anography 
Dept. of Fish2ries and Oceans 
Nova Scotia 

Carey McCalister Intertidal 
Pacific Biological Research Station 
Dept. of FisheriES and Oceans 

oll effects (Baffin I.} 

NC .State Urd.v. Coastal Habitat 

u. Wisconsin Birds 

u. washington Fish./Shellf. 

Ron 'Tho:n Benthos/Marsh grasses 
U. Washington 

WHO! Ecol./Syn. 
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Paul Dayton 

Recommends: 

David Norton 

,John Bu:cns 

~~·i 11 Barber 

Dave Klein 

John vandermullen 

U. ~-Ia ington 

Cathy Ann r11.:ner 
UC Berkeley 
School of Fish. 

Scripps 

.Bob Hessler 
Scripps 

Alg~l Ecologist. 

Ecol./Syn. 

Jim Enwright 
Scripps 

Oceanog ra.phy 

.Joy Zedler Wetlands 

N. Slope Borough Birds 

Ret. AK Fish & Game Mammals, Terr. 

u. vlazhi ngton Flsh./Shellf. 

U. P .. K r'ish./Shellf, 

U. AK Wildl. Co-op 

Bedford Inst. Ocean. Coastal Hab. 

LGL Research Assoc. Birds 
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16 April 1990 

.F~e rd!.:•g ~·ustlce Dep~rtment. appr<:.:1vol of restoration planning 
workshop participants: 

On the ':'dvice of Jim Ni ell, '.·Je submitled participants' 
narnes ann addresses tc Pe~.er Flynn :i.~ Wo.shington 1 D.C. He sent 
us the accompanying non-disclosure statement for distribution to 
parric5pants. We will contact Mr. Flynn today to detecmine 
whathE:!: Ve:csar. can distrHmtr:- this directly an.d under \.;hat 
heading it should appear. 



• > • 

conf.~.dantial ~ I •hall :net reveal any e! thil lnfon.atien to any 

perse.n ·~t~ithc..ut prior writt&n .~pproval by the E:PA cr thtt u.s. 

D•pa.rtrntant of Juatie•. 
<"' 

3, All ~oo~•fit~~ information or oth•r wcr~ aeve1cp•~ by 

me 1n oorm.ectien with thi• toatter~rivilii~3d and confit5.ant1ali 

priol';· wri tt•n flp:pi:"ov~.t.l liy th• !PA cr t.h.a 'Oepa:~.4tm!lnt of J'ultiQe. 

4. ~~riftq tha p•nd•ney ot actual or potential liti~•tion 

relatJ.ng tQ. t.b-1•" =11:tt.ar, I shall not -.nter into any aq:r•cent . }~ ' " ' ~ ... · .. -: .. 
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MEMORANDUM STATE OF ALASKA 

ro: Distribution DATE: March 12, 1990 

rn~,a~ suBJECT: First Restoration 
Meeting--Anchorage Fishery Program Manager 

Oil Spill Impact and Restoration 
Anchorage 

Our first restoration planning meeting is tentatively scheduled for April 3-4, 
1990 in Anchorage. To date our fish/shellfish activities have been oriented to 
damage assessment. CERCLA authorizes funds recovered through public damage 
claims to be used to restore, replace, or acquire the equivalent of the injured 
natural resources. Here lies our other responsibility--restoration. If it was 
the case that the Justice Department and Exxon were going to reach an out-or­
court settlement with an assessment of approximately $500,000,000.00, then one 
has an indication of the dollar resources which may become available, in part 
for restoration. 

The first restoration meeting will include a plenary session for all participants 
followed by working groups. Each working group is supposed to be restricted to 
ten participants. Proposed fish/shellfish working group attendance is as 
follows: 

erJJYa:tt~:Ross1 
Chuck Meacham 
Sam Sharr 
Alex Wertheimer 
John Hilsinger 
Kelly Hepler 
Phil Mundy 
Ken Chew 
Howard Feder 
Doug Eggers 
Doug McBride 
Brian Allee 
Chuck O'Clair 

Restoration Group Chairman 
Summary Scientists for NRDA studies 
PI, Salmon 
PI, NMFS 
PI, Shellfish 
PI, Sport Fish 
Peer-reviewer 
Non-agency expert" 
Non-agency expert 
Agency Rep, Comm Fish 
Agency Rep, Sport Fish 
Agency Rep, FRED Division 
Agency Rep, NMFS 

A tentative agenda is attached for your review. Please confirm your ava i 1 abi 1 ity 
to participate in this session in Anchorage. Thank you. 

Distribution: 
Participants, as proposed 

·Crawford 
Erickson 
Senner 



Draft Agenda, Workshop No. 1-A 

Objectives 

.. 

DRAFT**DRAFT**DRAFT**DRAFT 
(Version 2: March 8, 1990) 

Objectives, Agenda, and Products 
Technical Workshop on Restoration, No. 1-A 

April 3-~ 1990 
'I 

1 

1) Review initial damage assessment results with respect to 
potential restoration alternatives. 

2) Brief the Restoration Planning Work Group (RPWG} and Damage 
Assessment team about the state of the art in restoration. 

3} Develop broadly-inclusive matrix with restoration alterna­
tives that warrant further evaluation (including restoration, 
replacement, acquisition of equivalent resources, and "no action"). 

4) Develop criteria for evaluating restoration alternatives, 
rank alternatives on a preliminary basis, and identify information 
needs/candidates feasibility studies necessary to fully evaluate 
restoration alternatives 

Agenda 

Day 1--08:30 h 

Introduction and Overview (1 h) (plenary session) 

Restoration planning process (RPWG member) 

Legal framework for restoration (RPWG member?) 
what constitutes restoration? 
what are appropriate uses of restoration funds? 

Responsibilities of/products from the participants (RPWG 
member) 

Natural Resource Damages (2.5 h) (plenary session) 

Fate and current status of the spilled oil 



2 

summary of damage assessment results 

Coastal' habitat 

Fish and shellfish 

Mammals, marine and terrestrial 

Birds 

Lunch (1 h} 

Reconvene (10 min) (plenary session) 

Working Groups {4 h} (concurrent sessions)_,. 
(Four groups: coastal habitat, fish and shellfish, mammals, and 
birds) 

Introduction (group chairman) 

State of the art in restoration {outsid~ experts} 

Review of damage assessment results and implications for 
restoration (principal investigators) 

Discussion of restoration opportunities (group chairman) 

Product: summarize working group discussion from afternoon to 
serve as starting point for Day 2 

Day 2--08:00 h 

Summary of progress of working groups (0. 5 h) (group chairman) 
(plenary session) 

Working Groups (3.5 h) (concurrent sessions) 

Continue discussion of restoration alternatives 
chairman) 

(group 

Product 1: outline of restoration alternatives in relation to 
damaged resources (start of matrix} 

1The term "outside" refers to individuals outside of the damage 
assessment process; not necessarily experts from outside of the 
State of Alaska (although some may be from out of the state). 



Draft Agenda, Workshop No. 1-A 3 

Develop criteria {w/weighting} for evaluating restoration 
alternatives, rank alternatives based on these criteria 
{preliminary only) , and identify information needs/candidate 
feasibility studies needed for full evaluations of alterna­
tives 

Product 2: outline of criteria, ranking, and information 
needs/candidate feasibility studies 

Lunch (1 h)· 

Summary of working group product~ (1 h) (plenary session) (group 
chairman) 

Wrap up and discussion of next steps (0.5 h) (RWPG member) 

1 If necessary, the working groups can continue their sessions 
after lunch. 

11 
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MEMORANDUM S~TA.TE OF ALASKA-

To: Di stri but ion DATE: March 12, 1990 

FR~:a~ suBJECT: First Restoration 
Meeting~-Anchorage Fishery Program Manager , 

Oil Spill Impact and Restoration 
Anchorage 

Our first restorati·on planning meeting- is tentatively scheduled for April 3:-4, 
1990 tn Apchorage. To date· our fish/shellfish activities have been oriented· to 
damage assessment. CERCLA authorizes funds- recovered through public damage~ 
claims to be used to restore, replace, or acquire the equivalent of the injured 
natural resources. Here lies our other responsibility--restoration. If it was 
the case that the Justice Department and Exxon were going· to· reach an out-or~ 
court settl~ment with an assessment of approximately $500,000,000.00, then one 
has an indication ·of the· dollar resources which may become available, ,in · part · 
for restoration. 

The·.first restoration meeting will include a plenary session for all partic.ipants 
followed by working groups-~ Each working group is supposed to be restricted to 
ten participants. Proposed fish/shellfish working group attendance is. as 
follows: -

~:,itt·an · Ro.ss · 
Chuck Meacham 
Sam Sharr _ 
Alex Wertheimer 
John Hilsinger 
Kelly Hepler 
Phil -- Mundy , 
Ken Chew 
Howard Feder 
Doug Eggers 
Doug McBride 
Brian Allee 
ChuckO'Clair 

Restoration -Group Chairman · 
Summary Scientists for NRDA studies 
PI, Salmon 
PI, NMFS 
PI, Shellfish 
PI, Sport Fish· 
Peer-reviewer 
Non-agency expert 
Non-agency expert 
Agency Rep~ Comm Fish 
Agency Rep ;-:, Sport' Fish 
Agency Rep, FRED Division 
Agency Rep, NMFS 

A tentative agenda is attached for your review. Please confirm your availability 
to participate in this session in Anchorage. Thank you. 

Distribution: 
Participants, as proposed 
Crawford 
Erickson 
Senner 



Draft Agenda, Workshop No. 1-A 

Objectives 

DRAFT**DRAFT**DRAFT**DRAFT 
(Version 2: March 8, 1990} 

Objectives, Agenda, and Products 
Technical Workshop on Restoration, No. 1-A 

April 3-~ 1990 
'I 

1 

1) Review initial damage asses~ment results with respect to 
potential restoration alternatives. 

2) Brief the Restoration Planning Work Group (RPWG) and Damage 
Assessment team about the state of the art in restoration. 

3) Develop broadly-inclusive matrix with restoration alterna­
tives that warrant further evaluation (including restoration, 
replacement, acquisition of equivalent resources, and "no action"). 

4J Develop criteria for evaluating restoration alternatives, 
rank alternatives on a preliminary basis, and identify information 
needs/candidates feasibility studies necessary to fully evaluate 
restoration alternatives 

Agenda 

Day 1--08:30 h 

Introduction and Overview (1 h) (plenary session) 

Restoration planning process (RPWG member) 

Legal framework for restoration (RPWG member?} 
what constitutes restoration? 
what are appropriate uses of restoration funds? 

Responsibilities of/products from the participants (RPWG 
member} 

Natural Resource Damages {2.5 h) (plenary session) 

Fate and current status of the spilled oil 



2 

Summary of damage assessment results 

Coastal·habitat 

Fish and shellfish 

Mammals, marine and terrestrial 

Birds 

Lunch (1 hl 

Reconvene (10 min) {plenary session} 

Working Groups {4 h) {concurrent sessions}.,... 
{Four groups: coastal habitat" fish and shellfish, mammals, and 
birds) 

Introduction (group chairman) 

State of the art in restoration (outside1 experts) 

Review of damage assessment results and implications for 
restoration (principal investigators} 

Discussion of restoration opportunities (group chairman) 

Product: summarize working group discussion from afternoon to 
serve as starting point for Day 2 

Day 2--08:00 h 

Summary of progress of working groups (0. 5 h) (group chairman) 
(plenary session) 

Working Groups (3.5 h) (concurrent sessions) 

Continue discussion of restoration alternatives 
chairman) 

(group 

Product 1: outlineof restoration alternatives in relation to 
damaged resources {start of matrix) 

1The term "outside .. refers to individuals outside of the damage 
assessment process; not necessarily experts from outside of the 
State of Alaska (a~though some may be from out of the state}. 
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Draft Agenda, Workshop No. 1-A 3 

Develop criteria (w/weighting) for evaluating restoration 
alternatives, rank alternatives based on these criteria 
(preliminary only), and identify information needs/candidate 
feasibility studies needed for full evaluations of alterna­
tives 

Product 2: outline of criteria, ranking, and information 
needs/candidate feasibility studies 

Lunch (1 h)· 

Summary of working group products: (1 h) (plenary session) (group 
chairman) 

Wrap up and discussion of next steps (0.5 h) (RWPG member) 

:If necessary, the working groups can continue their sessions 
after lunch. 
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Status 0f Contacts c1S cf 14 !"larch 1990 
R e s to rat i on P l a n n .i. n g ~·J o t: k shop 

3-5 Apri 1 1990 

NHOI CoastB.l Habitat 

r1os s Landi n9 Coastal Habitat 

Howard Feder u. A~ Fish.jShellf. 

(conflict on 4/5/90) 

Noel Snyder AZ Fish & Game Birds 
(conflict on 4/5/90) 

Lee Harding 

Ernest Seneca 

ilabl e 

Stan Temple 

Re comm~~nds! 

John Teal 

t1amma 1 s , Terr. 

Environfuent Canada Coastal Habitat 

Tim Po r ;;>o:t -s Do tany 
u, of Bri. ti sh Columbia 

John vandermullen 
Bedford Institute of Oceanography 
Dept. of Fisheries and Oceans 
Nova Scotia 

Carey McCalister Intertidal 
Pacific Bioloqlcal Research Station 
Dept. of Fisheries and Oceans 

Gary Sergi oil effects (Baffin I.) 

NC State Univ, Coastal Habitat 

u. Wisconsirt Birds 

u. Washington Fish./Shell.t, 

Ron Thom Benthos/Marsh grasses 
u. Washington 

WHOI Ecol./Syn. 



" . 
Yi t , 

- ·. 1-·- ....-/~ ···' 
:..·"'--:~C..·~' 

- -- ·;•-·-- ··-·- . 
·.-'~.., i .!.. -

Recommends: 

Paul Dayton 

He comrr.e nd s • 

David Norton 

Ancel Johnson 

John Buu:s 

-David Armstrong 

Will Barber 

John Vandet'l(lUllen 

u . 1"1 ;~ s h i n g ton Coastal Habitat 

Cathy ADn Miller 
uc Berkeley 
School of Fish. 

1\lgal Ecologist 

Scripps Ecol./Syn. 

Bob Hessler 
Scripps 

Oceanography 

Jim Env1right 
Scripps 

Ocean,:>graphy 

Joy Zcdler Wetlands 

0 

N. Slop€· Borough Birds 

Ret, Fish & Wildl. f<1amma1s, Terr. 

Ret. AK Fish & Gama Mamma.l s , Te r r • 

U. Wo.shington .Fish./Shell£. 

U. AK Fish,/Shellf. 

U. AK Wildl. Co-op I1arnmal s, Terr. 

Bedfard Inst. Ocean. Coastal Ha.b. 
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Preliminary 
Draft. 

Annotated Bibliograpl1y 

Prepared for Restoration Planning Work Group 
by EPA Office of Research & Dt:velopn1ent 
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Brian/Dan 

Here are the EPA people that I think are important for us to have 
at the workshop. (*) indicate people that I feel could do a good 
job a chairs of individual sessions. 

EPA People to invite: 

1. Mary Kentula (NSI ERL-Corvallis Onsite contractor) wetlands 

2. Gary Chapman ERL-Narragansett Fisheries 

3. Jim clarke ERL-Gulf Breeze Algae (*) 

4. Mona Haebler ERL-Narragansett Harine M:aro...'nals ( *) 

5. Gareth Pearson E'f-'1:SL-Las vegas M.oni taring syste!!lS 

6. Bill Sanville ERL-Duluth Freshwater \ietlands 

7. Anne Fairbrother ERL-Corvallis Birds and Mammals 

8. Jessie Ford (NSI) Good at Synthesis (*) 

\ 



Damage Assessment Questions -
Habitat Loss: 
1 . What is the importance 

Prince William Sound? 

T)Lrl) 
the resour~e t the e~;;ology of 

What is the nature of the 
etc) 

3. What is the extent of the areal extent of damage? 

4 What is the pattern of the damage? 

5. What is the areal extent of undamaged resource? 

6. How did you determine the damage? 
a. Direct measurement of lost area 
b. Comparison with undamaged area 

scouring, 

7. What caused the damage? (Oil toxicity 1 cleanup or ?) 

8. How long do you think natural recovery will take? 

9. ~~hat if any Restoration activity do you think should be 
undertaken to restore the resource? 

Population Loss: 
1. What is the ecological andjor economic importance of the 

population? 

2~ What is the nature of the damage direct mortality, sublethal 
chronic effect e-•""'3· lesions etc 

3. What percentage of the population was effected? 

4 How did you determine the damage? 
a. Body counts 
b. Comparison ~ith undamaged areas (If this method what is 

natural spatial variability in population?) 

5. What caused the damage? 

6. Based on previous experience how long de you feel natural 
recovery will take? 

7. What, if any restoration activity do you recommend? 

Cultural: 
1. What was damaged? 

2. How did damage occur? • 

3. What historical or other records were lost? 

4. What restoration options do you recommend? 
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12 March 1990 Status of Contacts 
Restoration Planning Workshop 

3-5 April 1990 

Lee Harding 

Recommendt:>: 

Ernest Seneca 

Interested availabil 

Will Troyer 

Ken Che';o' 

Paul Dayton 

Howard Feder 

John Burns 

David Norton 

Noel Synder: 

Howard Sanders 

Mike Foster 

Environment Canada Coastal Habitat 

Tim Parsons Botany 
u. of British Columbia 

John Vandermullen 
Bedford Institute of Oceanography 
Dept. of Fisheries and Oceans 
Nova Scotia 

Carey McCalister Intertidal 
Pacific Biological Research Station 
Dept. of Fisheries and Oceans 

Gary Sergi oil e=fects (Baffin I.) 

NC State Univ. Coastal Habitat 

0 

Ret, Nat'l Park Service Mammals, Terr. 

u. 'V7ashington School Fish. 
of Fish. 

Scripps Ecol./Syn. 

u. Alaska Shellf. 

Ret. AK Fish & G"!tme Mammals, Terr. 

N. Sl'Jpe Borough Birds 

AZ Fish & Game Birds 

WHOI Coastal Hab. 

Moss Landing Coastal Hab. 
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James Pratt 

Rol'Jert Spiee 

Paul Dayton 

Gordon ChAn 

Jim Payne -

John Scott ---

Andy carey 

..;r-'1 

0 
L...,.;,...-....., Scott ov•rton 

~:-8--6'11,,._. ~_... 

Thomas Sonickson 

William erose 

Affiliation/ 
Phont No. · 

Penn. State 
(814) 865-6942 

auc;ialt¥ 

microbial 
ecology 

L. Livermore Lab. benthic 
(415) 422-5792 ecology 

.SCRIPPS 
(619) 534-6740 

Colleqe of Marin intsrtidal 

Relevant 
ljxpc;:i•nqa 

NETAe bio-
remediation 

conf. partici­
pant (Valdez) 

oil pollution 
of tecta, 
stuc:Ue4 ettects 
of natural pet. 
seeps insanta 
sarbara, con­
sultant tor 
ata1:• ot AK 

•oologioal 
SUOdfl:Saion 
in hiqh lat. 

mon i tortui r•­
cov•t"Y ot rooky 
intertidal 
reqion• ot CA 
coast 

SAIC oil weathering 
· (619) 587-9071 proces•~• 

SAIC toxicolo;y, 
(401) 182-3817 benthio eocl• 

O<fl'f 

Ora;on Stat• u. · benthio 
(503) 737•2525 ecoloqy 

oregon State u. •tatis­
(503) 737-3366 tical 

ecology 

Texas A&M $Cological 
r•storation 

environm•ntal 
eamplinq theory 

LGL Ltd. canada controlled 
oil spill 
at.ud.ies with 
eli •peraant& 
& tertiliz•r• 



N.Ua 

Collin Lewis 

Ron Tjeerdama 

~ K•nneth Diokaon 

::PI+- s~ t;;. ~ 

John Farrin9ton 

Ralph Portier 

Peter Peter• on 

Jacqueline Michel 

C:harl•• o•elair 

Rita O'Clair 

sta.nley Rice 

Wuttr - 'i' 

Att1liation; 
fhone No. 
Fiaheriea & oceana 
oana4a 
(604) 666-7915 

u. ot Mi••i••ippi toxicoloqy 
(601) 232•7203 

Pereqrine Fund 
(208) 362-3716. 

usc, Santa cruz 
(408) ~24-0946 

u. of N. Texas 
(817) 565-2694 

u. of MA, Boston 
(617) 287-7440 

LUMCOM 

u. of N. Carolina 
(919) 726-6841 

NMFS. 1 Auke Bay 
(907) 789-6016 

environ-
:mental 
•oience 

bioqeo-
chemistry 

microbial 
eeolC9Y 

benthic 
ecology 
marine 
mammology? 

•ubtidal 

Relevant 
IXP•r~enga 

remediation 

restoration ot 
bal~ ea;le in 
Rocky Mo~ntains 

oil spill 
l'E!Sponse &. 
r•storation for 
state o! CA 

r••toraticn, 
toJoeiooloqy 

fate & eftacts 
of spilled oilr 
Argo Mereh•nt, 
Exxon Valdez 
spills 
biorernediation 

~i•t.ribution of 
hyarocatbc:ms in 
subtidal sedi-
ment•, •ttect 
of oil on 
oungene•11 orabs 
in/out PW Sound 

NMPS, Auke Bay 
(90?) 789-6016 

int•rtidal intertidal 

NMP'S, AUk$ Billy 
(907) '789-d020 

ecoloqy in AK 

lab. physio­
logical studies 
on reaponse to 

· oil pollution 

.. J 
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Attiliationj 1\tlevant 

N.iiJna P)lone NQe s;e;;i..altx IXRe:r;:iens;;e 

John Cairns VPI FW restoration 
(703) 231-0538 ~enerali•t 

Robert Howarth cornell qeneral modeling oil 
( 607) 255•3572 ecoloqy spill effects 

on fish•ries, 
r••toraticn 
con•ultant to 
•tate o! AK 

Robart Hugqett VIMS orqanio behavior of 
(804) 642-7336 ohemidlltry p-tt. hydro-

carbons in 
sediments 

Mike :Rugq CA Fish ana Game restoration of 
(707) 944•5523 san Fransico 

Say wetlan4B, 
Martinez spill 

Robart Paine u. of washington marine P••r reviewer 
(206) 543 ... 1649 pop, bio. Valdez spill 

I 

r Charles sim$nstadt u. of Washington fisher!•• wetlancts 
I {206) 543-7185 & estuarine 
! ecoloqy & 

restoration 
I 
I, ,, 

•.,:: 
Ron Thom T.], o:t Waahinqton ••l grass 

(206) 54!> .. 2724 reatoration 

David Dugqin• Friday Harbor Lab •quatia plant 
(206) 543-1484 & herbivore 

interactions in 
Puget sound 

Michael Foster MosQ Landin; Lab int•rtidal Alaskan kelp 
(408) 633 ... 3304 subtidal bed ecology, 

recovery from 
Santa Barbara 
spill, recol-
enization of 
roeJty shor•• 

,Joseph connell usc Santa Barbara general 
{805) 968-2764 ecology 

Ron Atlas* u. Of Louisville miorobillll l:.d.or•mediat.ion 
($02) 588-5.5!! .eooltlqy in PW sound 

G,ft<l·Y '?_;t.rD-£_7 ;__ 2-~D v 1 dlt.:rl«/ H t::'"'~ T' tl(q ~ //v-el, 
CPf,tU~,~ &(..(Spt/1 

Kt?c.'oveVLj 
f:StDS 

; -!~"~ 
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other Experts: 
!)Lloyd Lowery 

2) Kathy Fro~t 

~) Bob Weeden 

r) John Oliver 

5) Joanna aerger 

•"/ 6) Page Spencer 

~.--~4-\ -'"~ 
~~-efi-O~~ \ 

~~~.~~· 
?'j. Dave Duggins 

Alaska Department of Fish and Game - Fairbanks 
outstanding individual, excellent ecologist, 
good on synthesis of lots of facts." Husband 
of next person. 

Ecologist that knows Prince William sound also 
with Alaska Fish and Game. Wife of above 
person. (That makes sense doesn't it you know 
my dumb logic) 

Wildlife Habitat expert Vniversity of Alaska 
Fairbanks. Recommended to Mona Haebler by 
Lloyd. 

Subtidal ecologist with extensive experience 
in anartica and in arctic, particularly in 
Prince william Sound. Currently at Moss 
Landing. 

Effects of oil or. biota other than mammals. 
Joanna is at Rutgers university Institute of 
Environmental and Occupational Health Sciences. 

Page is a restoration specialist with the 
National Park Service and has excellent 
knowledge of Prince William Sound before during 
and after the spill. Reputation has her as an 
extremely productive person. 

University of Washington specialist on Marine 
invertebrates. Unknown experience in arctic 
and subarctic areas. Currently at Univ of 
washington. 

e) Kathy Anne Miller Also at Univ. of Washington marine algae 

9) Terry Chapin 

10) Dot Helm 

11) Will Troyer 

Ecologist at university of California formerly 
working on north slope and formerly with 
University of Alaska. 

Plant ecologist with U of Alaska extension 
Office in Palmer. 

Retired . from Nation'l.l Park Service is a 
wildlife expert, particularly on bears. 

12) Cal Lensenik ·US Fish and Wildlife Service in Anchorage 

13) nan Rosenburg Wetlands specialist with Alaska Fish and Game 
in Anchorage. 

Brian - I suspect you know many of these folks better than I, but 
all come highly recommended by folks I trust. Hal 



. 
~5~RT WIT)ij~S& AQF~BMBI: 

--------------' 
the u.s, tnvircr~e~tal Protection Agency (•EFA*) as an expart 

con!i!ul t.ant ai'.e =w:H.: .. 6tts ir1 tho matter ct tha Exxcm YAldtZ oil 

epill, agreas aa !ollowa: 

services in C:Cli.rtaction with thia mAtter. 

~. All doc~onta or other infcr.mation provided tc me by 

th• United Statoa, Stat• ct Alaaka or oth•r party in thia matt•r 

tor ~y raviow in conn•ction with thi• ~attar ahall b• troatad ~· 

eonfid•ntial: I ahall not reveal any of tbil into~ati~n to •~Y 

person without prior written approval by tha EPA cr the u.s. 

Oapart~ant of Juati~•· 

3, All 4ooum•~ta, information or oth•r wcrx 4•v•lcp•d by 

me in connectien with th1• matt•r~~rivil•9•d and confidentialJ 

I shall not reve6l any ct thia information to any person wi~~out 

prior written approval by the ZPA or th• C•p•rtm•nt of JuatiQ•, 

4. Durinq ~~· p•nd•ney ct actual or potential litiqation 

relatinq-t~th!a;~tar, I shall not entar intc any agreament . . :- . : .. . . ~ .•. ·:-t-
. •·-'-~' . ' . 

·with an»f~~a.o pereon Who i• a party or potant!al party tc thi• 
.- ~~ .... ~';"f. . :. . . . .. 
matter t~~n~~·, whether or ~ot it relat•• to pendin~ . "'. . . . . . . 

litiqation, without )>~ior writ:tan apprcval by the ZPA or t.ha 

Department ot Juetice. 

!S. l l1av• not anterad into any contract relatec.\ to thia 

~att•r with any peraon othar than the On1ta4 Stat••· 

.,. ... 

: i .. 
I • 
l ' 

l . 
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I 

l will deliver to tha EPA within 90 daya·of th• 
.• 

expiratj.on et r:.y ccr.tract all documcnta or other daba. turr..i~hod 

to m~ by the united s~at•• or any ether party to thiu ~a~tor in 

ccnnect!cn ·with ~v wo::-k on ttlill matter 11~c.b?J tA,.,..,I(c.TfJ> 1-'ffl£R'<>15/!. ~.u 
.. f Vlt. ,,.., •"' "'I €1' A- #it. :P o:r. 

i. ! ahall :r:cquir·o any p•::aon th•t I hir• to ae•i11t ntt i!'l 

connection with my work on thia matter to •iqn an agro•~•nt 

containing p~oviaiona ide~tical to thia Agrecm•nt. 

Dated: 

..... ~ ..... · ...... · .. 
~' ~. ~-

.... ~ -·· · .... . .. .. .. .. . :.-- . . ~ .. 
,-~:: ~ 

. ,• 
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Status of Contacts as of 13 March 1990 
Restoration Planning Workshop 

3-5 April 1990 

Howard Sande.cs WHOI Coastal Habitat 
Michael Foster !'loss Landing Coastal Habitat 
Howard Feder u. AK 
(conflict an 4/5/90) 

Fish.jShellf. 

Noel Snyder AZ Fish & Game 
(conflict on 4/5/90) 

Birds 

Lee Tia r ding 

Recommends: 

ErnE>st Seneca 

Not available 

Stan Temple 

Ken Chew 

Recommends: 

avail 

Environment Canada Coastal Habitat 

Tim Parsons Botany 
u. of British Columbia 

John Vandermullen 
Bedford Institute of Oceanography 
Dept. of Fisheries and Oceans 
Nova Scotia 

Carey McCalister Intertidal 
Pacific Biological Research Station 
Dept. of Fisheries and Oceans 

Gary Sergi oil effects (Baffin I.) 

NC State Univ" Coastal Habitat 

U. Wisconsin Birds 

U. Washington Fish./Shellf:. 

Ron Thom Benthos/Marsh grasses 
u. Washington 



Dave Duggins 

Recommends: 

John Teal 

Will Troyer 

David Norton 

Paul Daytcn 

John Burns 

David Armstron<J 

~'~ill Barber 

C a thy Ann r~ i ll e r 
UC Berkeley 
School of Fish. 

NHOI 

Ret. Nat'l Park 
Service 

N. Slope Borough 

Scripps 

0 

Ret. AK Fish & Game 

u. WashingLon 

U. AK 

Coastal Habitat 

JUgal Ecologist 

Ecol./Syn. 

t1amma 1 s , Te r r . 

Birds 

Ecol./Syn. 

Mammals, ;rerr. 

l!ish./Shellf. 

Fish./Shellf. 



,. 

Subject~ 

From: 

To: 

March 5. 1990 
... .. 

Non-Agenr.y Contacts for Technical Work$hOP 

Brian~~· 
EPA. Alas~a Operations Office 

Dan Sheehy 
VERSAR 

Attached are 'priori ti~ed 1 ists of .. outside experts•• 
that the Restor"tion Planning Work Group would like you to 
contact for the workshop to be held April 3-4, 1990 in 
Anchorage. Highest priority should be·qiven to names on the 
first list. If an expert from this list is unavailable for any 
category, contact the persQn from that category on the second 
list. If people from the second list are also 'tlnavailable. 
other names from.the overa)l lists already approved by the 
Restoration Planning Work Group should be contacted (no 
prioritization has been established for these others). Note 
that the Work Group has approved your con~acting any of the 
names on the second list. you typed (mammals and archeology 
experts) with the exception of John Fowler. In addition, two 
names were added to that list: John Burns (marine mammals, 
fi-rst prioritY list) and Jack LeDtfir (also mari-ne mammals, 
third priority) . A few other na.es may be added by the Work 
Group, partic\.tlarly for fisheri,es and recreational· resources. 
These will be forwarded Tuesday or Wednesday. Phone numbers 
for some of the blanks appearinv below, will be coming TUesday, 
as well • 

. Also attached is the memo I sent to the Work Group 
members transmi~ting the two initial lists, for your records. 



·' " .... 

First PrioritY. 

2 

, . 
. ·· 

JCen Chew u. Washington School. of Fisheries 

Howard Feder u. Alaska. Fairbanks 

Dave Duggins U. Wash., Friday Hbr. Lab 

Lee Harding Environment canada 

Wi 11 Troyer · Ret • , Nat • 1 Park Serv. 

John Burns Ret., Ak Fish & Game 

Stan Temple U. Wisconsin 

David Norton N. Slope Borough 

John Teal Woods Hole Oc. Inst. 

Paul Davton Scripps Inst. 

Wt~~ 
(Bob Thorne C"~nt. Archeological Resources 

(Martin 
McAlister ? 

Fish/Shell f. 

Fish/Shellf. 

C".oatttal Hab. 

Coastal Hab. 

Mammals. Ter. 

Mammals. Mar. 

Birds 

Birds 

Ecology/ 
Synthesis 

Ecology/ 
Synthftsis 

Archeology) 

Archeology) 

Note: Contacts for the Cultural-/Recreational workshop to be 
made only after confirmin9 that funds are available to cover 
travel & other expenses ~or this workshop. 

. .. 
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Second PrioritY 

.. 

3 

.. .. 

... Dave Klein 

Noel Snyder 

U. Alaska Fairbanks (Wildlf Coop.) Mammals, Ter • 

Arizona Fish & Game Birds 

Ancel John.-;on Ret., US Fish & Wi ldl 1 fe Serv. Sea otters 

All other Contacts Are Third PrioritY At This Time. 

•. 



TECHNICAL WORKSHOP NO. 1 

GROUP (mark one}: {A) Fish and Shellfish 
Coastal Habitats 
Mammals 
Birds 

{B) Cultural 
Recreation 

PARTICIPANTS BY CATEGORY: 

Summary Scientist for Damage Assessment Results: 

Group Chairman: 

Principal Investigators: 

Peer Reviewers: 

"Outside" Experts: 

Agency Representatives: 



'. 

Draft Agenda, Workshop No. 1-A 

Objectives 

DRAFT**DRAFT**DRAFT**DRAFT 
(Version 1: March 1, 1990) 

Objectives, Agenda, and Products 
Technical Workshop on Restoration, No. 1-A 

April 3-5, 1990 

1 

1) Review initial damage assessment results with respect to 
potential restoration alternatives 

2) Educate members of the Restoration Planning Working Group 
(RPWG) and Damage Assessment team about the state of the art in 
restoration technology and opportunities 

3) Develop broadly-inclusive matrix with restoration alterna­
tives that warrant further evaluation (including restoration, 
replacement, and acquisition of equivalent resources) 

4) Develop criteria for evaluating restoration alternatives, 
rank alternatives on a preliminary basis, and identify information 
needs/candidates feasibility studies necessary to fully evaluate 
restoration alternatives 

Agenda 

Day 1--08:30 h 

Introduction and Overview (1 h) (plenary session) 

Restoration planning process (RPWG member) 

Legal framework for restoration {RPWG member?} 
what constitutes restoration? 
what are appropriate uses of restoration funds? 

Responsibilities of/products from the participants (RPWG 
member) 

Natural Resource Damages (2.5 h) (plenary session} 

Fate and current status of the spilled oil 



2 

Summary of damage assessment results 

Coastal habitat 

Fish and shellfish 

Mammals, marine and terrestrial 

Birds 

Lunch (1 h} 

Reconvene (10 min) (plenary session) 

Working Groups (4 h) (concurrent sessions} 
(Four groups: coastal habitat, fish and shellfish, mammals, and 
birds) 

Introduction (group chairman) 

State of the art in restoration (outside1 experts) 

Review of damage assessment results and implications for 
restoration (principal investigators) 

Discussion of restoration opportunities (group chairman} 

Product: summarize working group discussion from afternoon to 
serve as starting point for Day 2 

Day 2--08:00 h 

Summary of progress of working groups (0.5 h) (group chairman) 
(plenary session) 

Working Groups (3.5 h) (concurrent sessions} 

Continue discussion of restoration alternatives 
chairman) 

(group 

Product 1: outline of restoration alternatives in relation to 
damaged resources (start of matrix) 

1The term "outside" refers to individuals outside of the damage 
assessment process; not necessarily experts from outside of the 
State of Alaska (although some may be from out of the state). 



Draft Agenda, Workshop No. 1-A 3 

Develop criteria (w/weighting} for evaluating restoration 
alternatives, rank alternatives based on these criteria 
(preliminary only), and identify information needs/candidate 
feasibility studies needed for full evaluations of alterna­
tives 

Product 2: outline of criteria, ranking, and information 
needs/candidate feasibility studies 

Lunch (1 h) 

Summary of working group products2 (1 h) {plenary session) {group 
chairman) 

Wrap up and discussion of next steps (0.5 h) (RWPG member} 

2If necessary, the working groups can continue their sessions 
after lunch. 
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. ... ... .. 

March 1, 1990 

Enclosed are some samples and examples of the formal agreements 
made with our experts. 

In the past the5e agreements have been obtained by Jim Nicoll ana 
Gary Fisher. They have been the ones who hav• contacted the 
exp•rts and then passed copies ot the aqreemants on to me. I 
don't know what verbal underatandinqs may have been made with the 
experts outsi4e of what appears on these forms. 

Bob Charron 
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Expert Witness Asreement 

INSTRUCTIONS: Form SMI.IId l.>i prepared after illbmiuion~~:nd •PPI'O"~! of Porm OB0-4?, Rc:quc::lillll'ld Authorilllio~ f~;~r F~~' am! Expc:nte' c(Witneue!, 
Each copy of this form mu5t be slsnad by the neaotiatln1 attorney •nd the upert witll~.s. 
DISTRIBUTION• 
ORIO!Nt.L; Hold and submit to AccQurttin,J Optration~ Group, Finance Stafr/OCIJMD wlth the orlainr.l payment vo1.u:her. 
COPY NO. 1: To Expert Witness 
COPY NO.2: To Ne1atlatina Attorney 
COPY NO.3: To Sl)ec!al Al.lthoriu!lons Ul'lii, Procurement & Contracts Statf/JMO 

Name of Case EKxon Valdez Oil spUl Division or Judicial District 

Name and Addresi of .Expert Wilness Dr. Nancy Boc::.'ksta.el 

Pre"aratlon 

.207 North\'o'OOd Drive 
Silver Spring, MD 20901 

Court Attendance 

Expert's Field 

$ 1,200. 00 Rate per day; or $ per day for ---- days; or 
S 150. 00 Rate per hour~ S per hour for hours. 
Estimated time: Days; or~ Hours 
S Incidental expenses. (Laboratory analysis, 
charts, ~c.) 

Specify-----------------
QD Common carrier, at less than first-class accommod!!.tlons 
II Taxi fares to and from terminals 

Subsistence (Chtck on~) 
0 Included in the fees above. 
C! At tht~ rate of$ per day 

(pr.;,n.rN:.i b.;; q111r:ut.:r .i.zy<~for fra',;ti.::mal ri~JY.s} 

~ Actual expenses not exc~tdins S 1 SO. 00 per day 
(to bl! itm~i:urd on pQ.,yment \loucher) 

0 Other (Sp«(/)') 

D Privately owned vehicles at cents per mile for 
travel of 200 miles or less. one way 

D Privately owned vehicle, not exceeding cost by oorr1mon 
carrier at less than first-c:lus rates 

c::l 3y¢~wiod \A/ndilh;.n}i {Spni/}) -----

Number of round trips anticipated:--------

THRMtNATION FOR THE CONVENIENCE OF THE GOVERNMENT 
ThP rr.nfhrfi>"~$ nffii"P.r, h)! writtllln noti~l!', mt)l f"'l'min~tl!> thii: $tS<>!o<l'M<l'nt, in wholol!> or in pkrt, wh<l'n it ill in th"' t• .. nl il"~,..ti!-~1 

of the Government. To the extent that this agreement Is for setV!ces and ls so terminated, the Government $hall be liable 
only for payment in accordance with the payment provisions of this agreement for services rendered prior to the effective date 
of termination. 

Ocsc:;ri!)tion of Duties (Explain dttails of $ttt~ict 10 be pf!rformtd and other rondition1.) 

w ·assist preparation of th.e United States 1 natural resource d&nage:s claims 
arising fran the .Ex=.ron Valdez oil spill including advice regru.-ding the dete.:r:n:dnation 
of the scope of danage to wildlife and the environment.. 

witness is expected to testify at trial. 

'this contract is subject to the conditions in Attachment A. 

Sianat1.1re (Gt;Jvernmtnt Atumrey) Date Signature (Expert Witnt.n) l agree to perform Date 

Jaroos L. Niooll, Jr. 
Senior Attorney 

lh~above service and appear as a witness on 

b~h~~Oo~rn~L (..., ltu..J .sj,;~c/V"? 
p(.L ;.·-..'Y'Ji ~ ... 

~---------L------~~------+,F------------------------~---------Name and Title ( Govnnment A ttarney) Name and ct"itle (l!xpen Wftne.u) 

fOI!M Ollt.Hl 
Al'll.. •2 



3- i-93 

ATTACHMENT A 

IXrEBT lxTNESS IQRIEMENT 

NANCY BOCKSTAEL, in con&idaration of her employment by the 

u.s. Department of Justice as an expert consultant and witness in 

the matter of the xxxon Val4ez oil spill, aqrees as follows: 

1. This contract covers expert consultant and witness 

services and d.oes not oover studies or investigations done as a 

principal investigator in connection with damage assessment. 

2. All documents or other infortt~tion provided to me by 

the United States, State of Alaska or other party in this mattar 

for my review in connection with this matter shall be treated as 

confidential; I shall not reveal any of this information to any 

person without prior written approval by the Department of 

Justice. 

3. All documents, information or other work developed by 

m~in connection with this matter is privileged and conf'id•ntial; 

! 'ihall not revt:!al any of this information to any person 'Without 

prior written approval by the Department ot Justice. 

4. Durinq the pendency of actual or potential litiqt.\tion 

relating to this matter, I shall not enter into any agreement 

with any other person who is a party or potential party to this 

matter for any purpose, whether or not it relates to pendinq 

litigation~ without prior written approval by the Department of 

Justice. 

5. I will deliver to the Department of Justice within 90 

days or the expiration of my contract all documents or other data 
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furnished to me by the united States or any other party to this 

matter in connection with my work on this matter. 

6. I shall require any person that I hire to assist me in 

connection with my work on this matter to sign an agreement 

containing provisions identical to this Agreement. 

Dated: 
..5/cJ()/81 

; +i s 
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A'l'TACHMEHT C 

Expert Confi4entiality Aqreament 

__________________ ; in consideration. of his employment by 
************* as an expert consultant And•or witneaa in the 
matter of th• agr••• as followsr 

1. This agreement covers expert consultant ana;or witness 
aarvioee in oo~n•o~ion wi•h -hia ma~~e~ a~4 dQ•• nQt wQV•~ 
studiea or inveatigationa done as a principal investiqator in 
cenn•ction with damaqa assasament work done in connection with 
this matt•r .. 

2. All documents or other information provided to •• by 
the Uni te4 sta.tea, or other party in this matter 
for my review in connection with this matter shall be treated a• 
oonfidentiall I shall not reveal any of.thia information to any 
parson without prior writtan approval. 

3. All documenta, intormation or cth•r work 4ev•loped by 
me in conneotion with thia matter is privileged and confidential; 
I shall not reveal any of thia information to any peracn without 
written approval. 

4. Durin9 the pentt•ncy of actual or potential litiqation 
relating to this matter, t ahall not enter into any agreement 
with any other per.on who ia a party or potential party to this 
•attar for any purpose, whether or not it relate& to pending 
litigation, without prior written approval. 

5. I will turn in to the contractor for return to the 
Department ot Justice within iO days of the •xpiration of my 
contract all documents or other data furniahe4 m• by th• United 
states or any oth•r party to thia matt•r in connection with my 
work on thia matter. 

6. I •hall requir• any parson that I hire to aasist me in 
connaction with my work on this matter to aiqn an agreement 
containing provi•lcns identical to this A;raamanta 

Dat•d.: 

' . Clignat;uq) 
'l'ypad Naae 

c - 15 



To: 

1. 

for I 11eed.? for 

1 



they're 
~;ru.icla.!le e · April 2 for this 

Tt1e week of the 16th for ~ 
erenc:e being I-1eld. 

Now for ~ore good news~ T.r1ere interest iJ:1 

t i:n.q John 

3ecor1d 

I ~lid. 

that it 

;3 end 
t:e co~~ered. 

i11~ri ta. tior1 list~- e.:nd c or1 t i11lle 

eecilogical 
t.he tillie 

H3ta the 
) 

2 



aqr:eei!l.er1t 

tta.ct1ed) _ 

) 

} 

3 



T 

J. ' 

Workgroup Technical 
Restoration and Mon 
Oil Spill. 

Coordination for the Res 
Workshop on the Devel 

for the Valdez 

II. INTRODUCTION: 

'The 

of 

>< 
X 
X 



III. SCOPE OF WORK 

Versar, 
and logi c 

Inc. (the contractor) to provide 
for the following 

Versar will assist the 
and the Office of Water to 
experts, session l 
Versar will 
experts to 

ion Planning Workgroup 
identify potential technical 

support requirements. . 
to contact cutside (~oNMJ """"Jf4bdcy) 
1 lity, interest in 

participation, 
executive summary ( i . e. , 
current stat~P*science 

ise. Versar 11 
white paper) that will 

for natural resource 

prepare a.n 
outline the 

habitat 
me' 1 I E1s l on latitude 

This will be a 

Versar 

which will 

complet.ion of 
the final 

and 

will work with the 
and vdll record 

logistic 
e for a 

the summary report qq 
workshop as well as a listT6 
monitoring rti!l~e'ft\:r;~cneatione. oPrtotJ ~ J>E:1/~1"£P 7>t.tJ:vAJG, we 4X>J?.~rcSHo!'. 

IV. REP0RTJNG REQUIREMENTS 

to 

discussions, and vJill 
be submitted by 30 April keep record all 

contacted or sol to cart 
well as audio andjor video tapes L 

ipate in the uorkshop as 
from. the t:Jorksl·,ops. 

versar shall notify the ma!:1ager or Tel~ 

of~any which may impede the 
·workshop or 

STAFFING 
Dr. Dan Sheehy 11 have overall res lity for this 

task.as p~oJeet manager for Task No. ~-· Dr. Sheehy will 
prov~de l~a~son the EPA Task and Versar. 
Dr. Jeff Frithsen will provide technical support to assist in 
developing monitoring pl~ns. Verear will ide a 
total of four meml)ers to prf;Jvide direct cns~Lte 
during the conference. This will include Drs. and 
Frithsen and two additional techn l st3ff. 

X' 

X 
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I. TITLE: Program Coordination 
Workgroup Technical l.Vorkshop on the 
Restoration and Monitoring Plans 
Oil Spill. 

II. INTRODUCTION: 

for the Restoration Planning 
Development of 

t:he Valdez 

The u.s Environmental Protection Agency's (EPA) 1 Corvallis 
Environmental Research Laboratory is currently supporting stud 
for the Office of Water and the Restoration Planning Workgroup in 
their effort to develop a restoration plan for natural resources 
damanaged as a result. of the Exxon Valdez oil spill which 
occurred during March 19S9. This program is a multiagency effort 
including federal and state agencies. EPA efforts are bein') 
coordinated by Offica of Environmental Processes and Effects 
Research (OEPER) and the Office of Water. The program goals are 
to assese the impact of the oil spill on natural resources, 
document the temporal and spacial extent and magnitude the 
damage, to test and evaluate bioremediation technologies, and to 
participate in the development of restoration plans including 
development of a monitoring plan to track recovery processes. 

The multiagency program to assess damages and 
t·emediation efforts has been underway since March 1989 and the 
preliminary information on the extent and magnitude of damages 
and initial recovery processes on which. to base a restoration 
plan is available. OEPER is interested -in assisting the 
Restoration Planning Workgroup evaluating this information 
with the goal of deciding what types of restoration measu.res are 
appropriate and how the performance of any selected :measures or the 
natural restoration process itself should be monitored and 
assessed. In addition, a public meeting to discuss remaining 
concerns and issues related to the Valdez oil spill will held 
on 24 and 25 March 1990. /if/ To aid in accomplishi.ng this goal, a multiagency; 

~
.• ~ organization workshop will be held in Anchorage, Alaska during 

1 the period $. 30 March 1990. The participant.s 1 scientists from 
fq· 7t I/ fede-rGl_~.3!fi.~ncies( ~cadenda, a.nd private activ~t.ie:: will es~ablish 
1 a ~eworlt to assJ.st EPA and the other agenc1es 1nvol ved ,l.n 
i deve.1.0};arig a restoration plan in Inaking decisions cnn-::::erning 
1 future requirements for restoration and/or monitoring, The 

agenda for the conference will include confidential presentations 
on the status and interim results of ongoing natural resource 

assessments, an evaluation of current restoration Flethods 
their past performance, and the preparation of 

resource\j\+specific recommendations for restoration activities 
and/or monitoring requirements and metho·.ls appropriate for the 
natural resources adversely affected by the Valdez oil spill. The 
goal of this work assignment is to provide technical an.d 
logistical support for thi:'3 workshop, contact and arrange fc1r 
participation of key (6)10) scientists as 1 as to document 
discussions, particularly the conce~ns and issues raised at 
public meeting to "be held on 24 and 25 March. 
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III. SCOPE OF WORK 

versar, Inc. (the contractor) agrees to provide t,echnica.l 
and logistic support for the following tasks~ 

Versar will assist the Restoration Planning Workgroup 
and the Office of Water to identify potential technical 
experts, session leaders, and support requirements. 
Versar will coordinate efforts to contact outside 
experts to determine their availability, interest in 
participation, and areas of expertise. Versar will prepare an 
executive summary (i.e., working white paper) that will outline the 
current state) of*science for natu:.t:al resource and habitat 
restoration methods for oil spills on high latitude acosystems. 

This summary will be a working document ~hich will 
serve as an introduction to the subject and be suitable 
for expansion and clarification after the completion of 
the workshop into a document that can support the final 
mul tiagency restoration plan. Versar staff will . work with t.he 
workshop committee in conducting the workshop and will record the 
proceedings, serve as rapporteurs, and provide logistic 
support, as required. Versar will be responsible for preparing a 
summary report documenting the information presented during the 
workshop as well as a list of restoration and 
monitoring recommendations. 

IV. REPORTJNG REQUIREMENTS 

• versar shall submit a list of potential technical 
specialists, identifying their specialties, and experience to 
OEPER by 21 February 1990. versar will submit a draft executive 
summary by 19 March 1990 outlining the state)of)science in 
natural resource restoration methods applicable to oil spill 
impacts. A draft report summarizing the presentations, 
discussions, and recommendations resulting from the workshop 'll'lill 
be submitted by 30 April 1990. Versar $hall keep record of all 
persons contacted or solicited to participate in the workshop as 
well as audio and/or video tapes resulting from the workshops. 
Versar shall notify the task manager by telephone or Telefax 
of\j\any problems which may impede the progress of the sche 
workshop or deliverables. 

STAl1'FING 
Dr. Dan Sheehy will have overall responsibility for this 

task as project manager for ~ask No. ___ . Dr. Sheehy will 
provide liaison between the EPA Task Manager and Versar. 
Dr. Jeff Frithsen will provide technical support to assist in 
developing recovery monitoring pl:tns. Versar will provide a 
total of four staff members to provide direct onsite support 
during the conf~rence. This will include Drs. Sheehy and 
Frithsen and two additional technical staff. 
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February 8 1 1990 

Ken -

Here is a draft of a memo I propose to send out next week asking 
the Laboratory Directors to Help us set up a technical Advisory 
Panel for Restoration Activities. I intend to discuss it with 
Brian Ross on Monday before we send it out. Any comments that you 
have would be most welcome. 

Hal 

FROM: Gary Chapman and Hal Kibby, Coordinators 
ORD Restoration Activities - Prince William Sound 

Subject: Technical Advisory Panel for Restoration of Prince 
William sound 

To: See Below 

The purpose of this memo is to ask your assistance in putting 
together an EPA technical advisory panel for restoration of Prince 
William Sound. If you have people with expertise in restoration 
or monitoring of ecological resources we would appreciate your 
naming one or two people from your laboratory that could serve on 
this advisory panel. If you have any questions please do not 
hesitate to contact either one of us. (Gary Chapman ERL­
Narragansett 8-503-867-4027 or Hal Kibby ERL -corvallis FTAS 420 
4625) 

EPA has been designated by the President to coordinate the planning 
of restoration activities on behal the Federal Government. The 
Office of Water has been given th ead ta fhan:il S!i · • 1!\'11lilliHnndri !iit.fi_ 
~ The Office of Research and D velop:m.ent (ORD) .has been asked ··~ 

to---assist Region X, the Office of Marine and Estuarine Programs 
(OMEP) and the Restoration t:J..31:nning Work Group (RPWG~l!l· ···· ~ 
developmaifb,.~~storation Plarf~tor Prince William Sound,· · ithin 
ORD the Offi of Environmenta.r Processes and Effects· esearch 
(OEPER) has been assigned the lead to coordin~te our participation. 

At present, ORO is ex:pe~~ the following 
acti vi. ties: '1/~l.d~ _ ~-

( ~~ -
1) Conduct Ja comprehensive literature rev. iew t.~) restoration of 
~ damagedA ecosystems. The literature searcn will cover both 
· techniques to restore habitats as well as literature on natural 

recovery of system~,. fo),.lowing oil spills. 
-tP-.~.5 ci!eu~JJ--£r l!ffl. 

2) Develop ~"State of the Artn dsG1:nlient -an. techniques 
restoration of habitats of Prince William sound. 

3) Assist in the planning for a technical workshop 
restoration following public meetings in Alaska on March 23 and 



ORD will assist RPWG in the writing of the Restoration Plan due in 
June of. 19~9, "f'f .9 _ · x-

~k?/tl ••L ~~ 
4 )If Develop siu t:o ei~emonstration projects, applicable to 

restoration of damaged resources. Pessibly-oae ~o tbree(of these 
could be funded and initiated in the summer of 1990. ~ 

5) Assist the Regional Office and RPWG in the development of a 
long range monitoring plan that documents the recovery of Prince 
William Sound. 

While the short term assignment is not intended as. a research 
planning exercise, we fully expect that during the course of events 
over the next 4 or 5 months that several research opportunities may 
arise and provide us with some ideas for an initiative for FY 93 

In order to most efficiently provid~the necessary technical 
assistance we have decided to set up ar,~~chnical advisory council 
of ORO and other EPA scientists. ' It is expected that the 
technical advisory council will participate in biweekly conference 
calls, review documents and participate in the technical workshop 
to be held March 26 through 29 in Anchorage. 

[Question on Dates] 

[Travel paid by individual Labs] 

ORD Laboratory Directors 
Ken Hood 
Mike Slimak 
Conrad Kleveno, OMEP 
Art Buikema OPP 
Brian Ross 



~0 .:10 :::0# 

DRAFT - Subject to l-:-ev;tsl-on by Brian Ross and Resto.ration Planning 
Work Group. Final outline to become part of VERSAR scope of work. 

February 26, 1990 

Draft outline of Report 

I. Introduction -

II. Zones (Habitats) [Wetlands, Fresh'!.V"ater, Wildlife (Tsrrestrial) 
Intertidal, Subtidal) 

A. Major populations and Habitats within zone 
( For each major population and/or habitat type: 

1. Discussion of Damage and Extent of undamaged resource 
2. Importance of Resource - Within Zone (Habitat) 
3. Importance of Resource within Prince William Sound 

state of Art of Restoration Techniques for the resource 

Specific Options for Prince William Sound + Gf.(L..F DF A.~.t 
l. Objective 
2. Description 

a. What is to be done 
b. What will be accomplished {HotN fast ;.'lill this 

speed natural recovery 
c. What damage can be caused 

3. Probability of Success 
4. Estimated Cost - $ and Manpower 

III. Synthesis Chapter which discusses the relative merits of above 
options and possible combinations of restoration options. 

!.AN'DtP ItT E. 
IV. Appendix -Aoemonstration Projects 

A. Objective 

B. Rationale 
1. What do I need to know? 
2. What is State of Art? (Summarized from Main Report) 
3. What will this specific project tell me? 

C. Approach 
1. Description of what is to be done 
2. statistical design of project so that success can be 

measured. 

D Resources 
1. R&D 
2 Federal FTE 



• 
T•lefax 

conftnatton 

, ... .._ 

t (Z03) 724•!154 

t (aoa) a1a-ta1o 

-

Mt1KID or PAGU (llieutDDrG COVIIt IID'I) & _ __...~....._ _____ _ 

CCHrDIG.t%011 t1 _..;;a,(..;,;'Z.;,;;.o_,_).:........;;.;':l..;.7...,~-. .. _C-."2-_I..,.I ___________ . __ 

DAD/T:XI SDrlt . MARC.H J; __,(j 10 

Kll~···--------------------------------------------

... 

----------------------------------------------------­• ... . 



3·- 1--90 12: /i(JF't"-1 2027245854~ 

Maroh 1, 1990 

Enclosed ara som~ samples and examples of the formal agreements 
made with our experts. 

In the past th95$ agraaments have been obtaine~ by Jim Nicoll ana 
Gary Fisher. They have been the ones who hav• contacted the 
expert~ and then passed copies of the agreements on to me. I 
don't know what verbal undQrstandings may have been made with the 
experts outside of what appears en these rorms. 

Bob Charron 

; 1:1 2 



U.S. Department or Juslh:t Expert Witness Agretm¢nt 

INSTRUCTiONS: Form SbOulO t>e prCpired after :.ubmiuion And 8PilfiJYlll or Form OBD-41, RcQUC:lil and lwlhQrillllion f~;~r ft:C$110Q E;~~;pr:.tue~ c(Witneue&, 
Each. ccpy ort!'tis iorm mu,t bo sl~tned by the neaoti&lin& auomey and the t;lxpr;rt witnt!1U. 
DISTlUBUtlON: 
OltlOlNAL; Hold an<i ~ubmit \l) Accountin, Op~lllliUn$ Croup, Finance Stt!f/OCIJMD wltk the ori~iMl payment voucher. 
COPY NO.1: To Expert Witness 
COI"Y NO, 2: To Neic.Hatin& Attorney 
COPY NO, J: To Sc~c!rd Al.llh(lilntlons Ul'lil, Pro1:u:ernent &: Contracts Sta!fiJMO 

Name of Case Exxon Valdez Oil spill Division or Judicial Dlstrkt 

Name and Addresi of Ex):)ert Witness Dr. Nancy Bockstael Expert's Field 

207 N::>rth~ Drive 
Silver Spring, MD 20901 Envirvr.ll'l€mt.a1 Fl.'::oncmics 

Prej.'laratlon 
S 1 t 200. 00 Rate per day; or 
S 150. 00 Rate per hour; 
Estimated time: ~------~ Pays; or ----- Hours 
S Incidental expenses. (Laboratory analysis, 
chans, etc.) 

Spe~if}' -----

Subsistence (Check on~) 
D Included in the fees above. 
0 AUhe rate ofS per day 

(prvrat'"' b,j< quart.:r d'IJ,;u far j'rw:.::tlon.:tl .irJ_)'J} 

~ Actual expenses not exc~eding $15.0. 00 per day 
(to be it~mizexl on paymtmt voucher) 

D Other (Specify) 

Court Attendance 
S per day for days; or 
S P'=f hour for hours. 

Transportation (Check af)propr/ate box(es)) 

II Common carrier. at less th.an fittt-class accommodations 
21 Taxi fares to and from terminals 
0 Privately owned vehicles at ____ cerm per mile for 

travel of 200 miles or tess, one way 
D Privately owned vehicle. not exceeding cost by common 

carrier at iess than first-class rates 
Cl Sy¢ ... le;l ..... vnditk11lill (Spnfh) -----

Numb~r of round trips anticipated: ---------

TERMiNATION fOR THE CONVENiENCE Or THE GOVERNMENT 
ThP (r.l"'!rRrTii'!Q' nmr .. r, h)l wriu ... n t'll)f\~1!>. m~v r .. rm1nM4!' tki' ae;n'!'f!ol'l'l<!<nt, il'l wholt!> or in put, Wht!>n it it if! thl:' b~u t!'\tf!of~llt 

of the Government. To the extent that this agreement Is for servk.es and Is so termlnatedt the Government shall be liabl!!! 
only for payment ln accordance with the payment provisions of this agrcemeru for llerv!ces rendered prior to the effective date 
or termination. 

Description of Duties (Explain d~tl)itS of servict 10 b~ ptiformtd and other <:onditions.) 

'lb assist ir1 prepa.ration of tlie United States t natural resource dama~s clai.'l!S 
arising fran the Exxon Valdez oil spill including advice reg-arding the dete~tion 
of the scope o£ damage to wildlife and the enviranm.:mt. 

Witness is expected to testify at trial. 

Ihis contract is subje::t to the conditions in Attachment A. 

Signature ( Govrrnmrnt A itorney) 
{ Cemimu: on reverse) 
O<tte Signature (Expert Witnt.s$') t agree to perfor-m 

thtt above serviel! and appear as a witness on 
bth~of the Go?rnrr. .. ~t / U 

Date 

J~~s L. Nio:>ll, Jr, 
Senior Attorney .nf:L~~l'" 

--~-· --------~------4--M------~-------------------~----~----------Name and Tit!~ (Governmeru Attorney) Name and tfitle (Exp£n Wllnus) 

FORM Olll;Hl 
1'1'11, fl 



ATTACHMENT A 

IXiERT WITNESS AGBEBMENT 

;j:j 4 

NANCY BOCKSTAEL, in consideration of her employment by the 

U.s. Depart!nGmt of Justice as an expert consultant and wltness in 

the matter of the ~xxon Val~ez oil spill, aqrees a$ follows: 

1. This contract covers e~pGrt consultant and witness 

services ana does not cover studies or investigations done as a 

principal investigator in connection with da~aqe assessment. 

2. All documents or other inforu.ation provided to me by 

the. United States, State of Alaska or other party in this mattflr 

for my review in connection with this tnatter shall be treated as 

confidential; r shall not reveal any of this information to any 

person without prior written approval by the Departn;ent of 

J\:lstice. 

3. All documents, information or other work developed by 

me in connection with this matter is privileged and oonridantiali 

1 shall not reveal any of this information to any person witi1out 

prior written approval by the Oepartment ot Justice. 

4. During th~ pendency of actual or potential litigation 

relatin9 to this matter, l shall not enter :into any agre.ement 

with any other person who is a party or potential party to this 

matter for any purpose, whether or not it relates to pending 

litigation, without prior written approval by the Department of 

Justice. 

5. I will deliver to the Department ot Justice within 90 

days ot the expiration of my contract all documents or other data 
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furnishe.d to me by the. united States or any otJ:.er party to this 

matter in connection with my work on this matter. 

6. I shall require any person that I hire to asslst me in 

connection with my work on this matter to sign an agreement 

containing provisions identical to this Agreement. 

Dated: 
-5/,.?o/87 
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A'rl'ACHMEN'I' C 

Exp•rt Confidenti•lity Aqreement 

~~~~~-----------' in eonsider&tion. of his employment by 
•••••*~****** as ~n expert consultant and•or witness in the 
matter of the aqr••• as followsl 

1. Thia aqreement covers expart consultant and/or witness 
a•l!'Vioee in. oo~rtQQt,:;l.~n wi'i:h 't:hia liUll.t'Cc1:' e.nd. d.o•• not O(O;Y•x­

studie• or investigation• done as a principal investigator in 
conn$etion with damage asseaamant work done in connection with 
this matter. 

2. All document& or other informa-tion provided to 1\\$ by 
the Unitad StAtes, or other party in this matt•r 
for my review in ccnnact!on with this matter shall be treated aa 
conti4ent1al: I ab.all not. reveal any of thi• information to any 
person without prior writt•n approval. 

3. All doeuments, information or oth•r work davelopetd by 
m• in eonne~t.ion with thia mattar is privilege4 an4 confidential; 
I shall not rev•al any of thia information to any poracn without 
written approval. 

4. During the pend•ncy of actual or potential litiqation 
relatinq to this matter, I shall not enter into any agreement 
with any othar peraon who is a party or potential party to this 
matter tor any purpoae, whether or not it relates to pendinq 
litigation1 without prior writton approval. 

5. I will turn in to the contractor for return to the 
Department ot Justice within 90 days ot the expiration of my 
contract all documents or other data turni•h•d ma ~Y th6 United 
states or any other party to thia matter in connection with my 
work on thi• matter. 

6. I shall require any parson that I hire to assist me in 
conn•otion wit:.h my work on this matter to aiqn an agreement 
containing provisions identical to this Aqraement. 

Dated.: 

CSiqna,turA) 
Typed Name 

c - 15 

; t; 6 



SENT BY:xerox Te!ecopier 7021 3- 7-90 ?:42AM 9072572510_, 

Brian, 

Hert; are phone. # 's f_or potential cultural panel members (names 
sent yesterday): 

Restoration experts 
Dr. Gary Summers, NPS, Hawaii Area Office 
Dr. Bob Thorn, University of Mississippi 
Dr. Martin McAllister, consultant 
Dr. John Erenhard, NPS, SE Region 

Subject matter (archeology) ex:perts 
Dr. David Yesner, UAA, Anchorage 

Dr. Rick Jordan 1 UAF, Fairbanks 
Mr. Richard Knecht 1 KANA Corp. 
Dr. David Huelsbec, univ. of Puget sound 

{808) 541-2693 
(601) 232-7129 
(715) 674-5903 
(404) 841-26{;3 

(907) 786-1397 
or 688-0664 

(907) 474-6751 
(907} 486-5725 
(206) no # yet 

Ted B. emphasized calling McAllister soon if we want him - but he 
has already agreed to come, right? 

I will be aut of the offioa 8-13 March. 



INJURED RESOURCES1 

PRINCE WILLIAM SOUND/NORTH GULF OF ALASKA 

COASTAL HABITATS 
INTERTIDAL 
SUPRATIDAL 
UPPER SUBTIDAL 

WATER RESOURCES AND SEDIMENTS 

DEEP BENTHIC INFAUNAL RESOURCES 

FISH AND SHELLFISH 

SALMONIDS 

SPAWNING REARING AREAS 
EARLY LIFE HISTORY STAGES 
FISHERIES MANAGEMENT 

HERRING 

SPAWNING AND REARING AREAS 

...L~/f..h~J 
~··'t;i] 

JL ::4 ~ 
~v 

~· f'11Lt./11~ >P"JtlflOJ?.. 

Jr- ~~.fit~ :rzr_ ~ ~ 
IJIC·~ ~ 

JUVENILE AND ADULT SURVIVAL/GROWTH AND REPRODUCTION 

BIVALVE MOLLUSKS 

CRABS 

RESOURCES AND HABITATS 

EXPOSURE DAMAGE 
HABITAT DAMAGE 
LARVAL PRODUCTION 

SPOT SHRIMP 

EGGS AND EARLY LIFE STAGES 

OYSTERS 

HABITAT DAMAGE 

ROCKFISH 

DIRECT MORTALITY 
HABITAT DAMAGE 

1The categories listed below are right out of the yellow book, 
the Natural Resources Damage Assessment Plan. 

1 



SPORT AND COMMERCIAL FISHERIES 

BOTTOM FISH 

EXPOSURE DAMAGE 
HABITAT DAMAGE 

LARVAL FISH AND SHELLFISH (VARIOUS SPP.) 

PRODUCTION LOSS 
HABITA'l, DAMAGE 

GROUND FISH 

DECREASE IN ABUNDANCE 
HABITAT DEGRADATION 

SCALLOPS 

GROWTH AND SURIVAL 

SEA URCHINS 

ABUNDANCE 
ROE QUALITY 
RECRUITMENT 
HABITAT 

MARINE MAMMALS 

POPULATION DECLINES 
HABITAT 

TERRESTRIAL l1AMMALS 

BIRDS 

TISSUE CONTAMINATION 
GROWTH AND MORTALITY 

MORTALITY AND POPULATION CHANGES 

2 
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