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I, TNTRODUCTION TO THE PROCEEDINGS 

D. M, Talbert, Workshop Chairman 

The 1981 Annual Workshop was the twelfth meeting of 
the principal investigators and program management person- 
nel participating in the Subseabed Disposal Program (SDP). 
The first workshop was held June 1973, to address the 
development of a program (initially known as "Ocean Basin 
Floors Program") to assess the deep sea disposal of nuclear 
wastes. Workshops were held semi-annually until late 1977. 
Since November 1977, the workshops have been conducted 
following the end of each fiscal year so that the program 
participants could review and critique the total scope of 
work. The workshops also keep the program participants as 
fully informed as possible of the total scope of program 
activities so that each individual can provide critical 
comment and advice from an informed, integrated picture of 
the SDP. 

The following pages contain a snapshop view of the 
fiscal year 1981 (October 1980 - September 1981) program 
activities of the SDP as they were presented at the 1981 
Annual Workshop. This volume contains a synopsis, as 
given by each Technical Program Coordinator, abstracts of 
each of the talks, and copies of the visual materials, as 
presented by each ~f the principal investigators, for each 
of the technical elements of the SDP. 

This document is meant tp make available, on a timely 
basis, a compilation of the data and results presented at 
the workshop. It is also intended to be a reference for 
the participants, and should not be taken as a full and 
complete report of the proceedings of the meeting. 
Detailed and complete reports of the past year's work from 
each of the team members will appear in the Subseabed Dis- 
posal Program Annual Report for fiscal year 1981, to be 
published at a later date. 
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UNITED STATES PROGRAMS ON GEOLOGIC DISPOSAL 

D. Glenn Boyer 
Office of Waste Isolation 

Nuclear Waste Management and Fuel Cycle Programs 
Office of Nuclear Energy 

During 1981, the United States National Waste Terminal Storage (NWTS) Program 
has been more sharply focused on near term objectives. The Administration has 
expressed a strong commitment that nuclear energy d l 1  provide a significant 
share of the Nation's energy requirements. Associated with this commitment is a 
commitment to provide the capability to dispose of nuclear waste. Several 
policy positions have set the stage for our near-term focus. They include: 

1. The Federal Government will no longer support development work on I 

centralized Away-From-Reactor storage of spent fuel from reactors. 
Instead, private industry will be encouraged to develop the storage 
capacity it needs. The Federal Government will sponsor some research 
and development to assist utilities in the selection of alternative 
storage concepts. 

2. Reprocessing is key to the formulation of the high-level waste program. 
Solidified wastes from reprocessing will be used as the reference for 
disposal. However, the disposal of spent fuel will be maintained as 
an option, should utilities choose to dispose of spent fuel rather 
than reprocessing. 

3. Obtaining the capability to dispose of nuclear waste in a mined 
repository in stable geologic formations is a high priority effort 
in the Department of Energy (DOE), which should be completed as soon as 
possible. 

In line with these positions, the NWTS Program has been restructured towards 
achieving a more aggressive and timely resolution of the issues of nuclear waste 
disposal. To this end, the major thrust of the restructured program (see Figure 1) 
includes the following: 

Action Schedule 

o Reduce the number of bedded salt and dome salt sites 
into only one candidate site. 

o Construct an exploratory shaft at a basalt, a tuff, 
and a salt site. 

o Conduct at-depth exploration at a basalt, a tuff, 
and a salt site (horizontal drilling, etc.). 

o Construct an at-depth Test and Evaluation Facility at 
che base on one of the exploratory shafts. 

o Recommend a repository site and apply to the Nuclear 
Regulatory Commission for a license. 

o Emplace radioactive waste in the Test and Evaluatj.on Facil.i,ty. 



The principal decisions in the program are now identified as follows: 

Decision Basis for Decision 

1. Select a site for the proposed.Test Site.characteristics and experience 
and Evaluation Facility. from sinking the shafts' in each 

rock type. 

2 .  Determine the suitab'ility of basalt, Site characterization data from in- 
tuff, and salt sites. sitv testing and from horizontal 

drilling of each rock type. 

3. Select the first repository site Site characterization reports and 
from thrss candidate a f t s s .  enviranmental reports on each site. 

. . 

4. Complete the design of the . . At depth in-situ testing and results 
repository. from TPSC anrl Eva1.1iation Facility. 

5. Apply for a license. 

6. Start construction. 

Preliminary Safety Analysis Report 
(PSAR) . 
Nuclear Regulatory Commission review 
of PSAR and supplemental information. 

The sinking of exploratory shafts' at thiee sites in two different geologic media 
is now required by the Nuclear Regulatory Commission (NKC) as the minimum basis 
for making a selection of a site for the first repository. 

At-depth testing will occur at the bottom of each of three exploratory shafts in 
order to characterize the host rocks and the hydrology prior to selecting any one 
site for a repository. Once a site is selected for a repository in 1987, the 
principal at-depth testing will continue at the selected site to obtain information 
for the final design of the repository. 

Site exploration will continue during.the period of 1981-1990 in order to develop the 
concept of regional repositories and to eliminate our dependence on a single repository 
in the next century. General study and exploration work in granite will continue. 

The purpose of the proposed Test and Evaluation Facility (TEF) is to provide an early 
evaluation of the waste-handling equipment and operating procedures. It will be 
started without a decision that the TEF site is the site of the first repository. 
The TEF will be used to evaluate the handling of several hundred containers of 
radioactive waste. The specific equipment and procedures to be evaluated will be 
determined in 1982. The TEF will not be licensed. It will provide the opportunity 
for both NRC and DOE to study and evaluate proposed concepts during the time a 
license is pending before construccion of the flrst repuultory. 

Regulatory Activities 

The ~nvironmental' Protection Agency (EPA) has the authority and responsibility 
for setting applicable standards for radiation in the environment. Although no 
EPA standards for disposal of high-level waste yet exist, EPA has suggested 
standards for regulating geologic disposal of high-level waste. The standards 
include specification of the allowable release of significant radionuclides. 



It i s  t h e  r e s p o n s i b i l i t y  o f  t h e  NRC t o  implement t h e  EPA s t a d d i r d s  ti;&ugfi NRC 
l i c e n s i n g  a c t i o n s  and t o  a s s u r e  t h a t  t h e  p u b l i c  h e a l t h  ilnd sa 'fety.  are, 'pro.tected.  , r , 

On ~ u l ~  8, 1 9 8 1 ,  NRC . pub l i shed  proppaed r u l e s  ( $ 0  CFR P a r t  60) f b r '  t ~ e  d i s p o s i l  
of h igh- leve l  r a d i o a c t i v e  waste  i n  g e o l o g i c  r e p ' o p i t o r i e s . .  ~ r i e f l ' y , '  t h a  i n t e n t  ,.' .. :. ' . . , :.. : .a ' of t h e  r u l e s  can be  s t a t e d ' . a s  fo l lows :  

- A was te  package. should  be d e s i g n e d '  t o  p rov ide  conta inment  f o r  a t  . l e a s t  
.*.,.: . 4 '  . ' . . 1000 y e a r s  a f t e r .  decommissioning of t h e  r e p o s i t o r y .  .. . 

. .  . . .  . . . 
.d , .  - star;i.ng 1000 y e a r 9  $f.ter..de:~b&hi~sidning, t k e  i n n u ' a i ' r e l e a s e  r a t e .  

from t h e  . r spo . s i to ry  shou ld  be less than  o n e , p a r t  i n  one hundred 
thousand of t h e  s i g n i f i c a n t  ' r a d i o n u c l i d e s  Ipr,esent in , ,  t h e  r epos i to ty . .  . , . !  

, t i !  . i :  Gj,;. r' , .. . ,. , 
. . 

- The r e p o s i t o r y  shou ld  be  desi&ed 'Lo t h a t '  tt& o h t i o n  re&iins open , . 

t o  r e t r i e v e  t h e  was tes  f o r  up :to 50 y e a r s , a f t e r  t e r m i n a t i o n  of 
waste  emplacepent.  ' R e t r i e v a l ,  i f  ' c ~ r i d ~ c t e d ,  shou ld  t a k e  no l o n g e r  than  '. 

t h e  t ime r e q u i r e d  t.9 l o a d  t h e  rep,o,sito.ry. . .  . . .. I .. - .. . . . 8 s I 6 i. .' . . . . , ? .- . ... , . I. 

The Department i s  s u b m i t t i n g  .cbmments t o  NRC recoinmending t h a r ' n  .fdbre4'a~tail.eil 
t e c h n i c a l  b a s i s  f o r  such .performance o b j e c t i v e s  . .  . be es tab1, ished befor: t h e  r e g u l a t i o n s  . . _ , '  . '  , , -  a. !* '. a r e  f o r m a l l y .  i s s u e d .  

, ; . : : 

, . .  . . . .. * c:;  1.: - .  .. . . . .. Organ iza t ion  -- . . . . .  . '  . I S .  , ^ !  . .  .: 

Waste management ' a c t i ~ i t i e ~  , f o r  defense,  bpe.rations bare. now been moved t o  t h e  , 

DOE Defense Waste & ~ ~ - ~ r o d u c ' t s  ~anagemen't  O f f i c e  of 'Oe'fense Prograips ' r s t h e r .  . 
. 

t han  t h e  o f f i c e  of Nuclear  Wa,s.te ,Management and, F u e l  c y c l e  Programs i n  ocrder t o  
c e n t r a l i z e  t h e  d e f e n s e  was te  management :wojk:.. ' m e  work r e l a t e d  tot.iommifr='ial ' .' 

' 

o p e r a t i o n s  remains w i t h  t h e  O f f i c e  of F fuc~ear  .Waste Management and Fue;l CjicFe. " . 

Programs. The commercial' ' f u e l -  c y c l e  work h a s .  beep a t t a c h e d  t o  the' wasfe.'nanagemeflt 
o f f i c e  t o  p e w i t  c l o s e r ' i n t e g r a t i o n  o f  , r e p r o c a s s i n g ,  waste  t r e a t m e n t  and waste  d i s -  
posa l .  . The NWTS progra,m 1; d i r e c t e d  .. bjf . . the  'd'iiice of ; ~ a ~ ~ e " ~ s ~ d l ~ t i ~ o n  'and' .the ' , 

. 
. . 

/ .  ,. . . .i . . .a . , + . . . . . ' .  . f .  .., . . I. d i r e c t o r  i s  D r .  d o l i n  A. ~ e a t h .  

our , o r g a n i z ' a t i o i  w i t h i n  - t h e  NWTS pr9gram ( s e e  F i g u r e  2 )  remains  c e n t e r e d  around 'the'!"! 
t h r e e  p r o j e c t s  t o  a s s e s s  d i f f e r e n t  'hos t  rqcks  ,a,nd, s i t e s :  b a s a l t  by Rockwell Hanford 
Company, Richland,  Washingf,od; t u f f  by thb: . .~ ,eSada DOE 8 i e r a t i o i i s '  d'f'fkck''witti th'e ! .' 

p r i n c i p a l  c o o r d i n a t i n g  ,work a s s i g n e d  ' t o  S a n d i i  . ~ a t i ? ? a l  ~ii@ortitdr'i.es; dnd s a l t '  b y  '$he 
Off i c e  of Nuclear Waste ~ s b i a t i o h ,  . B a ' t t e l l e  ~ e m o . r i a l  ' f n s t i ' t u t e ,  ~ o l ' t m b u s ,  0h io .  ' h e  
O f f i c e  of N u ~ l e i i r  Wastk I s o l a t i o n  (ONWI) i s  t h e  o r g a 3 i z a t i o n  .ass igned t o  &rk7.with 
o u r  s t a t e s  i n  f i n d i n g  a  s u i t a b l e  s i t e  which i s  c u r r e n t l y  n o t  owned by t h e  Department , . 
of Energy. The f e a s i b i l i t y  of subseabed d i s p o s a l  i n  c l a y  fo rmat ions  i s  a l so ,b"e ing  . '  
a s s e s s e d  by Sandia  Na t iona l  .Labora to r i e s  a s  a  suppl.ement t o  mined , . r epos i to r i e s .  
We have a s s i g n e d  a n  0f f ice ,of ,  NWTS, ~~tegr iki t : f 'd*  (ONI), ~att&ile"t4emdr'ia~';1nstiti;te, t o  
c o o r d i n a t e  and i n t e g r a t e  t h e  'NWTS p r d j ' e c i  ' ac t iv i t i ' e ,$  ' (k i&re 2 ) .  : , ONI .,.?. ' t e 6 h n i : ~ a l l ' ~ '  ... , . .  . . ' ,  . 
r e p o r t s  t o  DOE Headquar ters  and a s s i s t s  i n  t h e  d i r e c t i o n  and management of .the' NITS 
p r o j e c t s .  

. . . .. . , :. _. , . . . 
,: f 1 J :: -' -. . . , : ;  . . :.. . .. 

. . . -I .., . I . :, . . : 

Waste I s o l a t i o n  P i l o t  P . lant  , :. ,, 
.. .%. . . .  I ... ,. I .., : 

4 . . .  ,. . , :: ':.. is,!, : I " - .  % .  

I n  a d d i t i o n  t o  t h e  WTS Program which i s  o r i e n t e d  towards commercial w a s t e s ,  
c o n s t r u c t i o n  of t h e  Waste  sola at ion P i l o t  P l a n t  (WIBP) h a s  s t a r t e d .  a s  a  r e s e a r c h  and 
development f a c i l i t y  f o r  demons t ra t ing  d i s p o s a l  of was tes  from defense  programs. 



I ConBt$uctlon of 8+ Firet eyplorafory ehqft, 3.65 meters (12 feet) in diameter, was 
started on July 4, 1381, apd will be caplpleted to a depth of 670 meters (2200 feet) 
in October 1981. A $@pond shaft, 1.8 meteyg (6 feet) in diameter, will then be 
started. m e  WIPP will not be 1icensed.sj.nce it is a defense R&D facility. An 
at-depth test area is included in the WXPP facility. Work is proceeding to define 
the type, of tests which should be conducted. The shaft and rooms associated with 
the expl~ratory phase are schedule@ to be completed by the end of 1983. 

Status of the DOE Program 
. . 

We believe the prograrp.is makieg'good progress as evidenced by the following: 

The techn+sal thrust of the Department's prpgram involves emphasis on the site, 
the repository, t$he weste package, and performance assessment, Recent technical 
accomplishments cap be summarized briefly as fgllowg: 

Siting 

1. We have driiltd in all of the candidate rock formations and at 
potential sifea for the.first three exploratory shafts. . . 

2 .  Drilling in.tuff'.is now being concentrated on a single site gt 
the Nevadq wt S$te. 
Site cxplerazioq in basalt is now focuged on a 180 km (70 mi ) 
area on the Banford Roservation,in Washington. 

Work on bedded is fqcusing on two specific areas in Utah. 

5 .  Sglf dome4 in Texas, buisiana, gnd ~issigsippi' have beep 
explqked swffiqiently thst four salt domes have been recommended 
for furtbgr qudy. 

6. The eaetqoa m d  portheasters states were notified of our desire to 
axplore crystalline rocka, and work with those states is beginning. 

~.Coacept;ual bdigao.for a repoeitory in bedded and dome salt have 
been gompleted. The conceptual design for a repository in basalt 
is about 30 percent complete and conceptyal design wofk for a 
repository in tuff is~begisnir~g. 

Several cor)c;eptwal designs have been prepared as a basis for 
choosing the Ceslgn. . lbo princtpal concepts of multibarrier 
design h e v e e b y n  proposed, 

Miniature oanirfere are being tested in autoclaves to evaluste 
materiqls performance. . 

~ a ~ k f i l l  mairriale" are being rested tp determine their. euitability. 
. . .  ,. 



Testing 

1. Field tests indicate measured temperatures in rock are satisfactory 
and are consistent with calculated predicted temperature distri- 
bution and heat conduction in salt, granite, and basalt. 

2. At the Near Surface Test Facility, tests in basalt are continuing to 
measure the effects of heat and temperature using seven full-scale 
electric heaters. 

3 .  Tests of granite in the Climax mine at Nevada are continuing, using 
eleven canisters of commercial light water reactor spent fuel and 
additional electric heaters. 

4. Radionuclide-migration experiments are planned in the field and 
will begin this year at the Nevada Test Site. 

5 .  Brine-migration tests in salt are planned at the Asse salt mine in 
cooperation with the Federal Republic of Germany.. 

6. Mass-buffer tests, ion-migration tests, and hydrogeologic measurements 
continue in granite under the International Stripa Project Agreement. 

Performance Assessment 

1. Models are developed for calculation of the hydrology of a site, the 
migration of radionuclides from a site, and the prediction of impacts 
to the population and the environment. 

2. Near-field models to describe the release of radionuclides from waste 
packages within the repository are about 50 percent developed. 

3. Rock-mechanics models are developed to describe the stability of the 
host rock in a repository. 

4 .  Laboratory data have shown the importance of Eh and pH on the 
solubility of radionuclides and the corresponding possible migration 
of radionuclides from the site. 

Specific Emphasis 

Several parts of the NWTS Program will be receiving attention over the next 
year, as follows: 

1. Siting work will concentrate on deciding which salt domes and which 
bedded salt sites are suitable for location of the exploratory shaft. 

2. Repository work will focus on the development plans to complete the 
conceptual design and overall criteria and specifications for a 
repository. 

3. Waste-package work will focus on conceptual designs, costs, materials 
of constroction, and the development of specifications and testing of 
waste-package components. Requirements for hot-cell testing will be 
developed. 



4 .  Performance-asse~sment work w i l l  focus on t he  eva lua t ion  of s i t e s  and 
t he  modeling of near - f ie ld  phenomena i n  the  r epos i t o ry .  

5. Tes t ing  work w i l l  emphasize ma te r i a l s  eva lua t i on  and t he  cont inua t ion  
of t e s t s  i n  Climax g r a n i t e ,  Near Surface Tes t  F a c i l i t y  i n  b a s a l t ,  and 
cooperat ive work on g r a n i t e  wi th  t he  NEA S t r i p a  Pro jec t  and on s a l t  i n  
the  Asse mine t e s t s .  

6. Plans w i l l  be developed f o r  t h e . s i n k i n g  of explora tory  s h a f t s  a t  
t h r e e  s i t e s  t o  determine i f  t h e  s i t e s  a r e  su i t -ab le  f o r  use  a$  a  
r epos i t o ry .  T e s t s  on r epos i t o ry  .horizon c h a r a c t e r i s t i c s  w i l l  be 
perf omed . 

7. Plans w i l l  be developed f o r  a  proposed Test and Evaluat ion F a c i l i t y  
t o  be cons t ruc ted  a t . o n e  .of t he  t h r ee  s i t e s .  'The  dec i s ion  on where t o  
l o c a t e  t he  proposed Tes t  and ,Evaluation F a c i l i t y  w i l l  be made i n  
1985. 

I n  summary, t he  near-term o b j e c t i v e  of t he  NWTS Pr~g rgm ha$ been focused t o  
develop t he  c a p a b i l i t y  t o  complete t he  assessment of a t  l e a s t  t h r e e  rock 
types  a s  a  b a s i s  f o r  recommending one s i t e  f o r  the  f i r s t  r epos i t o ry  i n  1988. 
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SDP and ALO 

R.  Y .  Lowrey, DOE/Albuquerque Opera t ions  Of f i ce  

The Waste Management and Transpo r t a t i on  Development D iv i s ion ,  U.S. . 
Department of Energy, Albuquerque Opera t ions  Of f i ce ,  became involved 
i n  t h e  Subseabed Disposa l  Program (SDP) r e s p o n s i b i l i t i e s  on March 24,  . 

1981 t h e  d a t e  t h e  U.S. Department of Energy headqua r t e r s  t r ansmi t t ed  .c 

t h e  Program Management Agreement between t h e  Of f i ce  of t h e  Deputy Sec- 
r e t a r y  f o r  Nuclear Waste Management and t h e  Albuquerque Opera t ions  Of- 
f i c e  (ALO). The assignment of t h e  SDP t o  ALO.as t h e  l ead  f i e l d  o f f i c e  
is  c o n s i s t e n t  w i t h  t h e  headqua r t e r s  p o l i c y  of  d e ~ e n t r a l ' i z i n ~  nuc l ea r  
was t e  program managemefie responsibilities t o  DOE f l e l d  o f f ices .  Other 
1ead . a s s ignmen t s  a t  ALO i n c l u d e  t h e  Waste I s o l a t i o n  P i l u t  P l a n t ,  In- 
a c t i v e  Uranium M i l l  T a i l i n g s ,  Transuran ic  Waste Technology Development, 
and Nuclear M a t e r i a l s  T ranspo r t a t i on  Program. The l a t t e r  two programs . 
a r e  a s s igned  t o  my d i v i s i o n .  A t  p r e s e n t ,  I do not  have approva l  t o  
h i r e  a  f u l l - t i m e  SDP Manager, nor do I a n t i c i p a t e  r e c e i v i n g  such ap- 
prnval  i t h e  near f u t u r e .  I have appointed myself a s  t h e  Act ing SDP 
Manager f o r  an  i n d e f i n i t e  pe r iod  of t i m e .  I do f e e l  f o r t u n a t e  i n  t h a t  
t h e  Program is  w e l l  e s t a b l i s h e d  and t h e r e  e x i s t s  a t  Sandia Labora to r i e s  
an e f f e c t i v e  l ead  c o n t r a c t o r  o rgan iza t ion  w i t h  Rip Anderson a s  t h e  Pre- 
gram Manager. Also,  involvement a t  DOE headqua r t e r s  has been e f f e c t i v e  
due t o  Glenn Boyer 's  p a r t i c i p a t i o n  and I expec t  he  w i l l  cont inue  t o  b e  
involved ,  p a r t i c u l a r l y  i n  t h e  I n t e r n a t i o n a l  a r e a s .  

I cons ide r  o key mi l e s tone  i n  r ega rd  t o  DOE suppor t  of t h e  SDP t o  
be  t h e  DOE Record of Dec is ion  dated A p r i l  16, 1981, prepared pursuant  
t o  t h e  Regula t ions  of t h e  Council  on Environmental Qua l i t y ,  40 CFR 
1505, on t h e  s e l e c t i o n  of a  s t r a t e g y  f o r  t h e  d i s p o s a l  of commercially 
genera ted  was tes  and t h e  suppor t ing  program of r e sea rch  and develop- 
ment. The s t r a t e g y  adopted i s  t o  develop mined geologic  r e p o s i t o r i e s  
of commercially genera ted  h igh- leve l  and t r a n s u r a n i c  r a d i o a c t i v e  
was t e s  (whi le  con t inu ing  t o  examine subseabed and very  deep h o l e  d i s -  
p o s a l  a s  potent ' ia l  backup t echno log ie s ) .  R&D w i l l  b e  accomplished t o  
suppor t  r e p o s i t o r i e s  and- long-term conrainment of w a s  Lrs. 

I t  Regarding t h e  SDP, t h e  Record of Dec is ion  s ta tement  is:  For sub- 
seabed,  t h e  Department has  decided t o  cont inue  s t u d i e s  of t h e  environ-  
menta l ,  t e c h n i c a l ,  l e g a l ,  and i n s t i t u t i o n a l  f e a s i b i l i t y  of i s o l a t i n g  
was t e s  w i t h i n  t h e  sedimentary geo log ica l  format ions  of t h e  deep sealred. 
T h i s  concept is  cons idered  a  longer-term supplementary d i s p o s a l  method 
t o  mined r e p o s i t o r i e s .  I t  

Figu re  1, a l r e a d y  desc r ibed  by Glenn Boyer, and F igure  2 r e f l e c t  
t h e  o r g a n i z a t i o n a l  r e l a t i o n s h i p s  anlong ALO; t h e  NWTS Program -- HQ, 



ONWI,  O N I ,  BWIP, AND,NNWSI; and t h e  SDP wi th  Sandia Nat iona l  Labora- 
t o r i e s  a s  t h e  l e a d  c d n t r a c t o r .  

The l a t e s t  NWTS prqgrsm guidance I(FY-82 mi les tones)  rece ived  from 
DOE headqua r t e r s1  Of f i ce  of waste  I s o l a t i o n .  i s  depic ted  i n  Figure' 3. 
The program budget has  a l r eady  been summarized by Glenn Boyer. The 
guidance and,,budget for.FY-82 appears  t o  be f i n a l ,  and I do n o t  a n t i c -  
i p a t e  any changes. I n  a d d i t i o n  t o  SDP s p e c i f i c  guidance, t h e r e  i s  
Terminal I s o l a t i o n  R&D guidance appl i , cab le  f o r  t h e  most p a r t  t o  BWIP, 
NNWSI, ONWI, AND O N I ;  however, a s ta tement  d i r e c t e d  t o  SDP i s  "Subsea- 
bed a c t i v i t i ' e s  should e s t a b l i s h  t h e  c a p a b i l i t y  t o  complement t h e  geo- 
l o g i c  d i s p o s a l  by special ' ized.  waste  d i s p o s a l  and by . Support . t o  .region- 
a l  d i s p o s a l  concepts."' & . . 

. , .  

I b r ing  your a t t ' e n t i o n  t o  t h e  milestone' '  r e q u i r i n g  an  ? u t l i n e  f o r  a  
Subseabed Disposal  Program S t a t u s  Report.  T h i s  repoFt ,  which DOE head- 
q u a r t e r s  has  reques ted  be  submit ted i n  FY-83, i s  h i g h l y  important .  I 
p r e d i c t  t h e  decision-makers and o t h e r s  w i l l s  look t o  t h i s  p a y t i c < l a r  re -  
p o r t  f o r  t h e  purpose o f .  understanding (1,) .the' d e f i n i t i o n  of ,:technical, . 

environmental,  and i n s t i t u t i o n a l  f e a s i b i l i t y ,  (2) s p e c i f i c  work'remain- 
ing  i n  each of t h e  program a r e a s  t o  a l low a dec i s ion  on f e a s i b i l i t y ,  
and (3) t h e  remaining budget requirements  t o  complete t h e  f e a s i b i l i t y  
phase of t h e  SDP. , . :; . . . ... ... .. . . . . . 

L 

F i n a l l y ,  I w i l l  comment on t h e  forth'coming d i s h a n t l i n g  of t h e  DOE. 
A s  most of you a r e  aware, t h e  SDP began i n  19'73 under t h e  Atomic Ener- 
gy Commission (AEC). The AEC and ERDA a r e  now predecessors  of t h e  DOE 
and t h e  DOE i s  about  t o  become predecessor  t o  y e t  a n q t h e r . f e d e r a 1  agen- 
cy which, I b e l i e v e ,  w i l l  have s i m i l a r  r e s p o n s i b i l i t i e s  a; d i d  t h e  AEC. 
Budget D i r e c t o r  Stockman wo.uld have t h e  new agency t i t l e d  t h e  Federa l  
Nuclear Adminis t ra t ion ,  I read r e c e n t l y  t h a t  d i smant l ing  of the DOE 
can expect  t o  t ake  about one and one-half y e a r s  inc luding  t h e  r equ i r ed  

1 

l e g i s l a t i o n  and reorganiza t ion . :  
,. .: . 
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Subseabed Disposal Project 

o Updak Sobseabed Activities Input t o  AIDS 
, o Update Subseabed Activities Input to AIDS 

o Complete Preliminary Emplacement Safety Assessment 
o Pub1 i sh B i  01 ogical and Physical Oceanography 

Sensitivity Report 

Waste Packaae 

o Submit a List of R&D -Needs for Subseabed Waste 
Package Development to ONWI 

Si te  - 
o Complete ISHTE Simulation Test 
o Participate w i t h  Europeans in North Atlantic Cruise 
o *Compl ete ISHTE P l  atfom for Shal low-water Test 

- o Comp':ete Vema Cruise Data Work-up (N.  Pacific) 
/ 

Program Management 

o *Draft Plan for Imp1 ementing Modified Program to  
Suppl ementlComp1 emen t Mined Geologic D i  s.posa1 

o *Prepare Annotated Out1 ine for Subseabed Disposal 
Program Status Report . : 



Subseabed Disposal  Program S t a t u s  Report 
and 

P o t e n t i a l  Supplemental Programs 

D. R .  Anderson, Sandia Nat ional  L a b o r a t o r i e s  
SDP Program Manager 

I would l i k e  t o  aga in  welcome a l l  of  t h e  t o  t h e  Subseabed 
Disposal  Program Annual Meeting. I am happy t o  s e e  most a l l  of 
t h e  o l d  f a c e s  here--hungry though we a l l  a r e .  I w i l l  on ly  t a k e  a  
few minutes  t h i s  morning t o  s t r e s s  two p o i n t s .  

The f i r s t  p o i n t  is  t h a t  t h e  Subseabed Disposal  Program is 
s t i l l  a l i v e  and moving forward. I t h i n k  i t  w i l l  con t inue  at. a  
modest l e v e l  f o r  t h e  n e x t  s e v e r a l  y e a r s .  Beyond t h a t ,  i t  i s  
anyone 's  guess ,  The budqet  fod 1 9 8 2  is  5.0 m i l l i o n  exgenee t 

d o l l a r s  and 0.9 m i l l i o n  equipment d p l l a r s  ( F i g u r e  1 ) .  We have .- 
been asked by DOE t o  p r e p a r e  a  s t a t u s  r .epor t  by t h e  end of 1953; 
t h u s ,  dur ing  t h i s  n e x t  year  and a  h a l f  we w i l l  do t h o s e  t h i n g s  
which w i l l  b e s t  deve lop  t h e  program f o r  n o t  on ly  t h a t  r e p o r t  bu t  
a l s o  b e s t  perform our new t a s k :  t o  s e e  how t h e  SDP can b e s t  
supplement t h e  NWTS program i n  t h e  d i s p o s a l  of a l l  t y p e s  of  
n u c l e a r  wastes .  The second p o i n t ,  t hen ,  i s  t h a t  1 would 
a p p r e c i a t e  any i n p u t s , ,  t hough t s ,  i d e a s  f o r  developing 
supplemental  programs, 

A s  background f o r  f u t u r e  p lann ing ,  we have almost  completed 
t h e  development o f  our  modeling t a s k s  ( F i g u r e s  2 ,  3 ,  and 4 ) .  By 
t h e  end of  1983 we should have t h e  f i r s t  two l i n e s  completed and 
w i l l  be a b l e  t o  use them f o r  o t h e r  wastes  programs. The l i s t  o f  
g e n e r i c  wastes  from t h e  nuc lea r  f u e l  c y c l e  a r e  shown i n  F igure  5.  
Anyone who has  any a d d i t i o n a l  i d e a s  on how we may use t h e  ocean 
a s  a r e p o s i t o r y  f o r  t h e s e  wastes ,  p l e a s e  s e e  me. 

Now l e t  m e . t u r n  t h e  meeting back t o  Dan and then Les t o  
begin  t h e  t e c h n i c a l  s e s s i o n s .  

BUDGET 

Expense: 

Equipment: 
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111. , SITE STUDIES 

Technical Program Coordinator: L .  E . Shephard 

Introduction 

L .  E .  Shcphard, SNLA 

- . ' barnqnt-~ohest;y. .~eg log ica . l ,  Observatory o'f' 
. . . . 'Qo.lu,mb'ia un ive r s i ty  

, . .  . , .  . 

Sedi~uent Character ieat ipn 

,.G ... R .  ~ e a t h ,  ~ r e g d n . ' ~ $ a t e .  University . '  

M .  Leinen;. ~ni"ersi!y of Rhode Ssland 
. . .  . .. . . . . . 1 '  

Thermal Profi l fes  - European Field Program 
. . 

. E .  Lain@, . un ive r s i ty  of ~ 'hode  ~s. ' land 
. . . . 

, . . . . . .  , . . . . 

'plow ' ~ t u ' d i e ' s  :of : the :  ~,okthw&,st ~ a c i f  ic : .  
Potent ia l  Waste Disposal' Sites 

B .  E .  Tucholke, Woods Hole Oceanographic I n s t i t u t i o n  



INTRODUCTION 

L. E. Shephard, SNLA 

1981 Site Assessment Program activities continued to focus on iden- 
tifying and characterizing submarine formations suitable for nuclear 
waste disposal. The "Site Qualification Plan," predicated on stability 
and barrier criteria, documents the procedure employed in the Ocean 
Basin Screening Study to systematically downgrade large regions of the 
ocean basin while continuing to focus on smaller areas in increasing 
detail. The screening study involves five steps which should provide 
sufficient information to address the central site issue: the adequa- 
cy of submarine geologic formations for the safe containment and dis- 
posal of nuclear waste. Secondary issues requiring a more timely res- 
olution include the benzfits of a layer-cake stratigraphy, maximum and 
minimum burial depths (hence sediment thickness) for both the shallow 
and deep disposal concept, respectively, and the necessary criteria 
for deep-disposal. 

This year's site activities focused on three areas. Preliminary 
geophysical and sedimentalogical character'ization studies on candidate 
locations B1, Ci, and E2 indicate these locations are stable, uniform 
and predictable and that the screening studies.should continue on these 
locations. The North Atlantic Studies focused on ranking of the vari- 
ous regions being considered by all of the NEAISWG members and a de- 
tailed compilation of available Nares Abyssal Plain data. 



S ITE STUD kE5 

SITE ASSESSMENT PROGRAM 

OBJECTIVE 

Identi fy and Characterize S d m a r i n e  Formations 
Suitable for Nuclear Waste Disposal 

PROCEDURE 

m Site Qual i f icat ion Plan 

Stabil ity Cr i ter ia  

Bar r ie r  Cr i ter ia  

Ocean Basin Screening Sludies 

Review Data Archives 

Mar ine  Geology and Gecphysics Cru ise 

Swathmapping Cru ise 

CENTRAL SITE ISSUE 

Ace Submarine F o r m a t i ~ n s  Adequate for Safe 

N x l e a r  Wasie Disposal ? 

RELATED -ISSUES 

Are  ' A l t e r n a t i n ~  Oxidizej and Reduced Sediments 

N x e s s a r y  ? 

H3w Deep i s  Deep ? 

What is t h e  Maximum Depth for Shallow Disposal? 

What is t h e  M i n i m u m  Depth for Deep Disposal ? 

Are De.ep Disposal Site Cr i ter ia  Necessary? 

Field Vari f icat ion 



SITE STUDIES 

1981 ACTIVITIES 

SITE STUDIES 

NORTHWEST PACIF IC  : VEMA 36 - 1-2 

Geophysical Charac ter iza t ion  

Detailed Bat l -ymetry 

Sediment Th ickness . . 

Echo  Character  

. Syn the t i c  Seismograms 

m Sediment ~ ' h a r a c t e r i z a t i o n  ' 

Physical  .Properties 

Magnetic. S t ra t ig raphy 

1982 SITE P.ROGRAM EMPHASIS 

VEMA- 36,-12 ANALYSES 

s iNTERNATlnr\l!L PROGRAM 

- NARES ABYSSAL PLAIN : 
. . . . 

. . 

. ' PENDING. SITE DEVELOPMENTS 

m' DSDP DR I I-LING : 

' . . NORTHWEST PAC-IFIC 

-NARES ABYSSAL PLAIN  

Clay Mineralogy . . .  . . 
. . .. . . .  . . . 

-m Hydrogeology . . 
. . 

NORTH ATLANTIC 
-. . . 

s l nternat iona l  Program ' ~ c t i v i t i e s . .  . . 

,. . . N o r t h  A t l an t i c  'Site i v a l  u a t i o n  Exerci.se .. . . . .  .." 
. . .  . . = " 5. Program, ~ c t i v i t i e s  

Nares Abyssal P la in  
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* .. - 



ANALYSIS OB GEOU)(;ICAL AND GEOPEYSICAL DATA 
Pam STUDY m c A T I o p s  %, B1, m E2 

m U~RTWBST PACIPIC PAC 1 s m  REGION 

DENNIS E. HAYES 
JOHN q. DAMUTH 

. . ROBERT ,D. JACOB1 

ROGER D. FLOOD 

L,amont-Doherty Geological Observatory of Cqlumbia Universi ty 

During May-June 1980 we conducted d e t a i l e d  marine geologica l  and geophys- 
i c a l  surveys of , t h r ee  Study L o c a t i ~ n s  (C1, l$,,  and E2, Fig. 1, top) each of , 
which a r e  about lo  x lo ( l a t i t u d e  x l a t i t u d e )  and which a r e  being evaluated a s  
candida te  d i sposa l  s i t e s .  The sh ip  t rack  and s t a t i o n  loca t ions  f o r  the  survey 
of Study Locarion E2 a r e  shown i n  F i ~ u r e  1 (bottom). During 1981 we have con- 
t inued  t o  analyze qnd eva lua t e  t he  da t a  co l l ec t ed  from these surveys. 

One major t a sk  of t h i s  s tudy i s  t o  cons t ruc t  d e t a i l e d  bathymetric maps of 
t h e  t h r ee  Study Locations a s  we l l  a s  de t a i l ed  isopach maps showing sediment 
th ickness  variability between the  sea f l oo r  and prominent acous t i c  r e f l e c t o r s  
observed on 3.5 kHz echograms. We have recent ly  developed, a t  Lamont-Doherty, 
a computer d i g i t i z i n g  program t o  r ap id ly  and accu ra t e ly  map bathymetry a s  well  
a s  the  thickness of r e f l e c t i n g  i n t e r v a l s  d i g i t i z e d  from seismic records. The 
depth t o  sea  f l oo r  a s  wel l  a s  the  t r a v e l  times t o  prominent sub-bottom re f l ec -  
t o r s  a r e  d i g i t i z e d  a t  one*nute i n t e r v a l s  along the e n t i r e  ship-track fo r  
each Study Location. A computer program converts  these  d i g i t i z e d  r e f l e c t i o n  
times 50 sub-bottom depths using sedimenr v e l o c i t i e s  measured d i r e c t l y  from 
p i s ton  cores  or  ca l cu i a t ed  from sonobuoy or  pinger-hydrophone measuremeqts, 
and p l o t s  cor rec ted  bathymetric depths plus seismic i n t e r v a l  thicknesseg along 
s h i p  t r ack .  Bathymetric and sediment isopach maps can then be contoured by 
hand o r  by computer. 

f n  add i t i on  we can p lo t  bathymetric and seismic p r o f i l e s  along various 
s h i p  t r acks  yhrough a Study Location or  we can pro jec t  and p lo t  these along 
l i n e s  a t  any specif.ied angle t o  the sh ip  t racks.  These p r o f i l e s  can be plot-  
ted a t  any d e s i r a b l e  s c a l e  and v e r t i c a l  exaggeration. Examples a r e  shown f o r  
P r o f i l e  K-L i n  Figure 2 from Study Location E2 ( p r o f i l e  l oca t ion  shown i n  Fig, 
1, bottom). The 3.5 kHz echogram recorded along K-L is shown a t  the top of 
F igure  2. Along t h i s  p r o f i l e  we mapped depth of sea  f l o o r  ( r e f l e c t ~ r  1, Fig. 
2) ;  two continuous r e f l e c t o r s  (2 and 3, Fig. 2) i n  the we l l - s t r a t i f i ed  upper 
20 m; an in te rmi t ten t ly-present  r e f l e c t o r  (4, Fig. 2) a t  about 40 m sub- 
bottom; and a very s t rong  continuous r e f l e c t o r  (5, marked "chert"  i n  Fig. 2) 
a t  about 60 m sub-bottom. The three  p r o f i l e s  below the  echogram a r e  l i n e  
t r ac ings  of compqter-generated p r o f i l e s  along K-L a t  the same hor izonta l  s ca l e  
3s the  echogram but with v e r t i c a l  exaggerations of 50: 1 (about t he  same VE a s  
t he  echogram), 20:1, and 10: l .  These computer p lo t s  show the  remarkably low 
v a r i a b i l i t y  of the  sea  f l o o r  and the four acous t ic  sub-bottom r e f l e c t o r s  (2 t o  
5) mapped from the  origina1,echogram above. 

A second major t a sk  is  t o  study the  mass phys ica l  and acous t i c  p rope r t i e s  
of the  uppermost sediments of the  Study Locations i n  order  t o  r e l a t e  t he se  
p r o p e r t i e s  (measured from p i s ton  cores)  t o  r e f l e c t i o n  pa t t e rns  observed on the  



3.5 kHz echograms and t o  thereby " c a l i b r a t e "  t h e  deeper  r e f l e c t i o n  p a t t e r n s  i n  
terms of t h e  l i k e l y  p h y s i c a l  and g e o l o g i c a l  p r o p e r t i e s  of t h e  deeper  unsampled 
s e d i e n t s .  Sediment mass p h y s i c a l  p r o p e r t i e s  (eg.  bulk d e n s i t y )  and sound ve- 
l o c i t y  were measured a t  10 cm i n t e r v a l s  down one p i s t o n  c o r e  a t  t h e  c e n t e r  of  
each Study Location. A t  each of these  c o r e  s i t e s ,  a s  w e l l  a s  a t  a l l  o t h e r  
c o r e  s i t e s  i n  each Study Locat ion,  we recorded on ana log  t a p e  t h e  3.5 kHz ver-  
t i c a l  inc idence  r e f l e c t i o n s  rece ived  on t h e  s h i p  us ing  both the  s h i p s  h u l l -  
mounted t r ansducer  and a  near-bottom p inger  suspeqded about  200 m above t h e  
s e a  f l o o r .  Prominent r e f l e c t i n g  hor izons  were t r a c e d  between c o r e  s i t e s  
w i t h i n  each Study Locat ion by means of t h e  su r face -sh ip  3.5 k& echograms. 
Although t h e s e  s t u d i e s  a r e  underway f o r  a l l  Study Locat ions ,  only t h e  r e s u l t s  
of E2 a r e  b r i e f l y  d i scussed  he re .  

F igure  3 shows t h e  c o r r e l a t i o n  of a c o u s t i c  s i g n a l s  a t  c o r e  s i t e s  i n  E2. .. 

R e f l e c t o r s  2, 3 and 5  (shown i n  Fig.  2) a r e  c o r r e l a t e d  by dashed l i n e s  and a r e  
numbered on the  r i g h t .  These su r face -sh ip  record ings  show t h a t  t h e  a c o u s t i c  
p r o f i l e  changes on ly  s l i g h t l y  from c o r e  s i t e  t o  c o r e  s i t e .  This  may s u g g e s t  
t h a t  l i t t l e  l a t e r a l  v a r i a b i l i t y  i n  eediment p h y s i c a l  p r o p e r t i e s  occurs  
throughout E2. One excep t ion  1s a t  c o r e  s i t e  51 where r e f l e c t i n g  hor izon  2  
becomes l e s s  d i s t i n c t .  

A d d i t i o n a l  d e t a i l e d  i n v e s t i g a t i o n s  a r e  being under taken a t  t h e  c o r e  s i t e  
a t  t h e  c e n t e r  of each Study Locat ion where p h y s i c a l  p r o p e r t f e s  and v e l o c i t i e s  
were measured i n  t h e  p i s t o n  cores .  The measured v e l o c i t i e s  ( c o r r e c t e d  t o  in -  
s i t u  c o n d i t i o n s )  were used a long with  bulk d e n s i t y  measurements t o  c a l c u l a t e  
t h e  a c o u s t i c  impedences ( t h e  product of se i smic  v e l o c i t y  and d e n s i t y )  and re-  
f l e c t i o n  c o e f f i c i e n t s  ( r e f l e c t i v i t y  of e a c h  sediment l a y e r )  down core .  F igure  
4  shows t h e  dawn-core p l o t s  of v e l o c i t y ,  d e n s i t y ,  impedence, and r e f l e c t i o n  
c o e f f i c i e n t  f o r  c o r e  52 from t h e  c e n t e r  of Study Loca t ion  E2. 

The c a l c u l a t e d  r e f l e c t i o n  c o e f f i c i e n t  p r o f i l e  f o r  c o r e  52 (Fig.  4) was 
convolved ( i n  t h e  t ime domain) with t h e  measured out-going p u l s e  of t h e  
s u r f  aae-ship  3.5 kHz echosounder (measured w i t h  the  near-bot tom hydrophone) t o  
g e n e r a t e  a s y n t h e t i c  seismogram f o r  c o r e  52 ( r i g h t  s i d e  of F igure  5).  The r e -  
s u l t s  f o r  t h e  convolu t ion  of two phys ica l -p roper ty  models a r e  shown; one model 
i s  based on t h e  measured d e n s i t y  whereas t h e  o t h e r  i n c o r p o r a t e s  c o r r e c t i o n s  
assuming a  c o n s t a n t  d e n s i t y  f o r  sedimentary p a r t i c l e s  ( c o n s t a n t  g r a i n  densi-  
ty ) .  S e v e r a l  recorded 3.5 kHz echo r e t u r n s  a r e  shown on t h e  l e f t  s i d e  of Fig- 
u r e  5  f o r  comparison. The prominent r e f l e c t i o n  a t  15  m t l l i s e c o n d s  b e l w  t h e  
s e a  f l o o r  can be c o r r e l a t e d  with  a  2  cm a s h  l a y e r  a t  935 cm d e p t h  i n  c o r e  52 
(The i n f e r r e d  depth of t h i s  a s h  l a y e r  i s  1162 cm below t h e  s e a  f l o o r ;  s e e  Fig .  
5.) .  The r e l a t i v e l y  h igh  a c o u s t i c  v e l o c i t y  of t h i s  l a y e r  is  r e s p o n s i b l e  f o r  
t h e  s t r o n g  r e f l e c t i o n .  A t  o t h e r  dep ths  i n  t h e  core ,  t h e r e  do no t  appear  t o  be 
d i s t i n c t  g e o l o g i c a l  hor izons  which can  be l i n k e d  d i r e c t l y  t o  r e f l e c t i o n  h o r i -  
zons. I n s t e a d ,  t h e  o t h e r  shallow hor izons  may r e s u l t  from c o n s t r u c t i v e  i n t e r -  
f e r e n c e  between numerous weak r e f l e c t i n g  hor izons  which a r i s e  from r a p i d  v a r i -  
a t i o n s  of bulk d e n s i t y  down t h e  sediment column. A t  p r e s e n t  t h e  g e o l o g i c a l  
r easons  f o r  t h i s  down-core d e n s i t y  v a r i a t i o n  a r e  unknown; however, a d d i t i o n a l  
c o r e  s t u d i e s  should r e s o l v e  t h i s  problem. 



FIGURE CAPTIONS 

Figure 1. Top: Locations of Study Locations C1, Bl and E2 which were 
surveyed during VeMA 36-12 c ru i s e .  Bottom: Cruise t r a c k l i n e  of 
V36-12 survey of Study Location E2. S t a t i on  l oca t i ons  (SN) and 
sonobuoy loca t i ons  (SB) a r e  shown (C = core, DHF = d i g i t a l  heat- 
flow measurement). Dotted l i n e s  show previous s h i p  t r acks  (V32-12 
and GECS D ) .  A 3.5 kHz echogram along KL i s  shown i n  Figure 2. 

Figure 2. A t  top i s  a 3.5 kHz echogram along p r o f i l e  K-L (Location i n  Flg. 
The l i n e  drawings below a r e  computer-generated p l o t s  of t h i s  

p r o f i l e  a t  var ious  v e r t i c a l  exaggerat ions showing t he  s ea f loo r  and I 

r e f l e c t o r s  2  t o  5. Note t h a t  i n  t he  two lower p r o f i l e s  t he  appar- .- 

en t  convergences of r e f l e c t o r s  a t  var ious  po in ts  a r e  an a r t i f a c t  of 
photo reduc t ion  of the  o r i g i n a l  p l o t s ,  and are not true, convorgon- 
ces  (eg. top p r o f i l e ) .  . 

Figure  3. Surface-ship 3.5 kHz echo r e tu rns  a t  each p i s ton  core  s i t e  i n  Study 
Location E2. Prominent reftectnrs 2, 3 and 5 oan be co r r e l a t ed  be- 
tween core  s i t e s  ( see  Fig. 2) .  Re f l ec to r  4  only occurs in te rmi t -  
t e n t l y  i n  t he  .survey a rea .  Echo t r a c e s  end abrupt ly  a t  about 70 
mi l l i seconds  because of the  window o f ,  the  d i g i t i z e r  used t o  p l o t  
out t he  t r a c e s .  Ref lec tor  5  pos i t i ons  for cores  48, 52 and 49 a r e  
from the  on-s i te  3.5 kHz records. Depth s c a l e  assumes a  one-way 
sound speed of 1550 m/sec. 

F igure  4. Sediment phys ica l  p rope r t i e s ,  core  52. Depth s c a l e  inc ludes  an es- 
tirtwted l a 9  m s f  ocdimcnt not  sampled by Lht: y l s tun  core. Keflec- 
t i o n  c o e f f i c i e n t s  a r e  ca l cu l a t ed  f o r  i n t e rpo l a t ed  sediment l a y e r s  
10 d c r o s e c o a d s  ~ l ~ l c k .  

F i g ~ ~ r a  5 .  M~asllrred on-site 3.5 kHn cchocs compared w1Ll1 trytlthecic seimagrams 
generated f o r  physical '  pr 'operties measurgd on core 52. Model B 
uses  the  measured v e l o c i t i e s  and bulk d e n s i t i e s  (shown i n  Fig. 4) 
whereas Model A uses  measured v e l o c i t i e s  and bulk d e n s i t i e s  c a l -  
cu l a t ed  from measured water conten ts  (g r a in  dens i ty  assumed con- 
s t a n t ) ,  As11 l aye r  a t  939 Cm in the core  genera tes  a  s t rong  echo i n  
both models which appears t o  c o r r e l a t e  with a  s t rong  r e f l e c t i o n  
(horizon 82) a t  a  depth of 15 mil l iseconds.  This suggests  t h a t  t h e  
ash  l aye r  is acLually ac a depeh si 1162 cm below the  seaf loor ,  
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PACIFIC SITES : SEDIMENT CHARACTERIZATION 

G. Ross Heath, N i c k l a s  G. P i s i a s ,  Ca r l os  Lopez 

T h i s  y e a r ' s  e f f o r t s  have focussed on workup o f  t h e  Vema-36' 

cores f r o m  s i t e s  B-1, C-'1 and E-2. . Emphasis has been placed. on t h e  

c o r r e l a t i o n  of t h i n  ash l a y e r s  ( p r i m a r i l y  based on r e f r a c t i v e  i n d i c e s )  

and deta i led.water . .cqntent  p r o f i l e s  w i t h i . n  areas and between B-1 and 
C-1 . B g r t o n '  s  rnagne'tic da ta  p rov ide  some absol  y t e  t ime c o n t r o l  . 
W i t h i n  ~ 7 2 , '  91 1 cores e x c e p t  t h e ,  t op  1-2 meters o f  4 9 ~ ~  have r e -  

l a t i v e  sed imenta t ion  r a t e s  t h a t  a r e  cons tan t  t o  w i t h i n  10%. Shor t  

h i a t u s e s '  ( l e s s  than  1m of m i s s i n g  sediment.) a r e  p resen t  near  t h e  

t ops  o f  cQres 51PC and 52PC, b u t  o t h e r w i s e  t h e  area shows remgrkably  

u n i f o r m  and p o n ~ i s t e n t  d e p o s i t i o n  f o r  t h e  p a s t  coup le  o f  m i l l i o n  yea rs .  

D e p o s i t i o n  a t  B-1 and C - 2  i s  l e s s  un i form,  w i t h  r e l a t i v e  ac- 

cumula t ion  r a t e  changes i n  a l l  co re$ .  A t  B-1 t h e  r e l a t i v e  accumulat ion 

r a t e  v a r i e s  by a f a c t o r  qf  10 across t h e  area. IQ bsth  areas, however, 

t h e r e  i s  no evidence f o r  h i a tuses  i n  t h e  sampled sedimentary sec t i on .  

Du r i ng  t he  coming yea r ,  e f f o r t s  w i l l  f ocus  on ass ign ing  t i ine 
\ .  

sca les  t o  t he  cores, d e t i r , ~ n g  geochemical components o f  t he  sediments, 

and on c o l l e c t i n g  complete sediment s e c t i o n s  d u r i n g  Leg 86 of t he  Deep 

Sea D r i l l i n g  P r o j e c t .  
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Mineralogical Characterization of Northwest Pacific Candidate Sites for 
Subseabed Disposal of Nuclear Waste 

Margarct Leinen . . 

Graduate School of.0ceanography . . 

University of Rhode Island ' 
Narragansett ~a~ .campus ;. . . 

Narragansett, RI' ..02882 - 1197. 
. . 

The surface sediments of piston cores from cruise V36-12 have been 
analyzed for qualitative snd quantitative mineralogy. This study was 
done to provide a set of referepce data on surface qedimentation in the 
western North Pacific. This rgf erence i s  necessary for downcore studies 
of mineralogic var$abili,ty at candidate sites. The mineralogic variability 
is an indicat$on of the geologic stability of the area and is also necessary 
to constrain model.$ .of . .  . ion migratio~. 

Surface samples from the core had quartz contents within about 1 weight 
percent of quartz contents of previously studied cores from nearby northwest 
Pacific site?. Northwest Pacific fine grained sediment is dominated by the 
clay mineral, illitq. The illite contents of the surface sediments were 
markedly different frop those determined for other northwest Pacific cores. 
Subsequent studies of the'.cores have shpwn that variable amounts up to 1.5 m 
of sediment are miss,ing f r ~ m .  the top. of the dbres due. to coring problems. 
Thus, the lack .of corr-eSpgndepcs befween illite- contents 'of the V36-12 cores 
and other analyses ' ~ L I  . t'hg - qrep .can be 'e~~lained as a',result qf no t  having 
analyzed geologicqJly 'equivalent 'smiles ., . 

. 

. . 

. . 



OBJECTIVES OF MINERALOGICAL ANALYSIS OF SEDIMENTS 

1) SITE EVALUATION 

MINERAL COMPOSITION OF SEDIHENTS IS SENSITIVE TO CHANGES 
IN PAIEO-ENVI RONMENT 

MONITOR OF GEOLOGIC STABILITY OF SITE 

2) MODELING RADIONUCLIDE MIGRATION 

CLAY MINERAL GROUPS HAVE DIFFERENT ABSORPTION CHARACTEFISTICS 

QUANTITATIVE MINERALOGY IS NECESSARY TO FODEL ABSORPTION AND 
CONSTRAIN THE DEGREE OF VARIABILITY IN THE PATH OF RADIONUCLIDE 
MIGRATION 

STRATEGY FOR MINERALOGICAL STUDIES OF PROPOSED SITES 

1) DETERMINE THE RELATIONSHIP OF THE PRESENT SEDIMENTATION AT PROPOSED 
SITES TO THAT IN THE NORTHWEST PACIFIC 

2) EXAMINE THE NATURE OF MINERALOGICAL CHANGE DOWNCDRE IN CORES FROY 
THE PROPOSED SITES 







GOALS FOR DOWNCORE MINERALOGICAL ANALYSIS 

1) I S  THERE A CONSISTENT RELATIONSHIP BETWEEN WATER CONTENT VARIATION 
AND TOTAL CLAY CONTENT? 

2) DOES ANY S U M  RELATIONSHIP HOLR FOR THE ENTIRE SURVEY AREA OR DOES 
IT APPLY ONLY TO A SINGLE SITE? 

3) I S  THERE A CONS I STENT RELATIQNSH I P BETWEEN WATER CONTENT VARI AT1 ON 
AND f4 I NERALOG I CAL COROS I T  I ON? 

4) CAN' MI~FRACOGICAI. VAplAT10NS BE REYTER TO SEDZMENT CMEMISTRY? 

5) CAN FllNERALOC[CllL VARIATIONS BE RELATED TQ K N ~ N  CHANGES I N  
PALEO$NVIROMIENT SO THAT WE CAN PREDICT THE STABILITY OF THE SITES 
I N  TltE FUTURE? 

. ' ;- . . :y.";L.C , - I _  .. 
; - , ?  - . 7 L  

:, i a  - - +  



RESULTS AND PLANS 

European Field Program 

Annual MeL Ling (Denver) 

Ed Laine 

October 27-29, 1981 

1. North Atlantic Site Qualification - Using the results of European field 
investigations and.continuing review of the US data archives all proposed 
study areas in the North Atlantic have been evaluated. The Nares Abyssal 
Plain and the abyssal plain region east of Great Meteor Seamount (Great 
Keteor East) appear to be the first two qreasinwhich the more detailed investi- 
gations of Phase 3 of the Site Qualification Program Plan can be performed. 
When the results of on-gping studies are available several other areas may also 
be considered suitable for detailed analysis. This continuing evaluation of 
results will be a major part of my work in 1982. 

2. Glomar Challen~er Drilling - These are plans ethin the Seabed Norking 
Group to fund Glomar Challenger drilling at one or more study locations in the 
North Atlantic. Strong preseure for this drilling prpgram stems from the 
possibility that the GSomar Challenger might be laid-up in late 1983. 

3. Site Qualification Cookbook - The site qualification program plan is completed 
and will appear as a Sandia technical publication. The version to appear in 
"Radioactive Wastes in the Oceans" still awaits reviewers' comments! 

4. PaleomagnetSc A n a l y s i o f  - The paleamagnetic analysis of 
PAC 1 sediments has been completed by Dr. C..Barton. Alternating field cleaning 
at a peak f$eld of 200 Oersteds does not significantly alter the pattern of 
reversal boundaries and sedimentqtion rates previously reported based on NRM 
data alone. With the exception of the loas of core tops through coring the 
pattern of sedimentation appears continwus and stable. 

3. Sohm Abyssal Plain - A detailed contour map is presently being made of the 
s~uthern portiope of the southesstern Sohm ebyssal Plain, one of the several 
study areas which may prove suitable for further study (item #I). This map will 
be used as background for a Canadian funded GLORIA survey (1 day) of a selected 
portion of the southern SohminSpring of 1982. 
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FLOW STUDIES OF THE NORTHWEST PACIFIC 

POTENTIAL WASTE DISPOSAL SITES 

M.  Hobar t ,  Lamont-Doberty G e o l o g i c a l  Observa to ry  

T h i s  p r e s e n t a t i o n  w i l l  i n c l u d e  d i s c u s s i o n s  of two a d d i t i o n a l  a r e a s  
t o  p r o v i d e  add i t i o  na l - d a t a t o p u t  - err-NCrlputh-we~f ParTf-i-cCaKa-1yys1's-?ti - - -- 
p e r s p e c t i v e .  I w i l l  t a l k  abou t  r e c e n t  ~ t u d i e s  i n  t h e  Mariana Trough 
Back-Arc Spread ing  Cente r  which combined h e a t  f low and i n - s i t u  p o r e  wa- 
t e r  s t u d i e s .  1 w i l l  a l s o  t a l k  abou t  s t u d i e s  i n  t h e  d i s t a l  end o f  t h e  
Nares Abyssal  P l a i n  i n  a n  a r e a  o f  " t r a n s p a r e n t  domes." T h i s  a r e a  i s  of  
i n t e r e s t  because  i t  shows t h e  importance of l o c a l  o u t c r o p s  i n  c o n t r o l -  
l i n g  t h e  the rmal  regime and a l s o  because  t h e  C e n t r a l  Nares  Abyssal  
P l a i n  i s  now be ing  c o n s i d e r e d  a s  a w a s t e  ,d i sposa l  a r e a .  

The Mariana Trough Study i s  a l o n g  t h e  DSDP l e g  60 t r a n s e c t  a l o n g  
18' N. The s t u d y  a r e a  i s  l o c a t e d  between s i t e s  453 and 454, and is  on 
c r u s t  a coup le  of m i l l i o n  y e a r s  o l d .  We have  had two h e a t  f l o w  c r u i s e s  
t o  t h e  a r e a .  The second c r u i s e  was i n  e a r l y  1981, immediate ly  fo l low-  
i n g  a  S c r i p p s  deep-tow s t u d y  of t h e  s i t e , ,  and used t h e  same t r a n s p o n d e r  
network.  We have w e l l  o v e r  100 h e a t  f low measurements i n  a n  a r e a  of a  
few s q u a r e  m i l e s  around s e v e r a l  mounds which have been i d e n t i f i e d  a s  
LOCI OG low tempera tu re  hydro thermal  d i s c h a r g e .  S e v e r a l  t e m p e r a t u r e  
p r o f i l e s  i n  t h e  a r e a  a r e  n o n - l i n e a r ,  i n d i c a t i n g  f l u i d  motion i n  t h e  
sed iment .  The the rmal  c o n d u c t i v i t y  of t h e  sed iments  i s  f a i r l y  uniform,  
s o  we can u s e  t h e  s i m p l e  one-dimensional model of Bredehoef t  and Papa- 
oopulos  (Water Resources  Research,  V.  l ,  1965) .  We can  u s e  a  more 
e l a b o r a t e  a n a l y s i s  t e c h n i q u e  i f  c o n d u c t i v i t y  v a r i e s  s i g n i f i c a n t l y .  An- 
a l y z i n g  o u r  p r o f i l e s  i n d i c a t e s  f l u i d  f low r a t e s  o f  % 0.2-2 mlyear i n  
a r e a s  o f  o u t f l o w ,  w i t h  most i n  t h e  range  o f  0.3-0.8 m/year.  Measure- 
ments of i n - s i t u  p o r e  w a t e r  chemical  p r o f i l e s  f o r  c o r e s  w i t h  n o n - l i n e a r  
g r a d i e n t s  show agreements  w i t h  o u r  models f o r  some b u t  n o t  a l l  c o r e s .  
We a l s o  found a r e a s  of downward f low i n t o  t h e  sediment  i n  a r e a s  of t h i n  
sed iments  (<  20 m). Here our  5-10 m p r o r i l e s  sampled enough of t h e  
sed iments  t o  see t h e  c u r v a t u r e  a t  t h e  the rmal  boundary l a y e r  a t  t h e  
b a s e  of t h e  sed iments  (downward f l o w ) .  Thick sed iments  p r o v i d e  a  p ro-  
blem i f  t h e  f low i s  downward, a s  you s e e  o n l y  a  l i n e a r  g r a d i e n t  which 
i s  lower t h a n  t h e  c o n d u c t i v e  g r a d i e n t  would b e  i n  t h e  absence  o f  f low.  

Mapping t h e  a r e a s  of f low,  we f i n d  l o c a l i z e d  a r e a s  of h i g h  r a t e  
o u t f l o w  surrounded by l a r g e r  a r e a s  of low r a t e  i n f l o w .  T h i s  i s  v e r y  
s i m i l a r  t o  t h e  f low p a t t e r n s  p r e d i c t e d  by Dave G a r t l i n g  of Sand ia  Labs 
u s i n g  t h e  f i n i t e - e l e m e n t  porous  media f low program "Mariah." We pro-  
v i d e d  s t r u c t u r a l  d a t a  f o r  t h i s  program and t h e  p e r m e a b i l i t i e s  f o r  t h e  
b a s a l t  (from DSDP h o l e  504B, t h e  o n l y  i n - s i t u  basement p e r m e a b i l i t y  
v a l u e ) ,  and t h e  s u r f i c i a l  sed iments  (from measurements by D a l l a s  



Abbot t ) .  

The model p r e d i c t s  t h e  s u r f a c e  h e a t  flow and t h e  l o c a t i o n s  of in-  
f low and outf low of f l u i d s .  It a l s o  shows t h a t  t h e  bulk  permeabi l i ty  
of t h e  basement cannot be  much more than  an o rde r  of magnitude ( a t  
most) lower than  our  i n o u t  va lue  o r  t h e  agreement w i th  t h e  h e a t  f3nw 
p a t t e r n  i s  t o t a l l y  l o s t .  

We have presented  t h i s  d a t a ' t o  show t h a t  i n  a r e a s  o t h e r  than  t h e  
Northwest P a c i f i c  we have evidence suppor t ing  our  aovec t ive  i n t e r p r e -  
t a t i o n  of non-l inear  temperature p r o f i l e s .  They a r e  no t  due t o  con- 
d u c t i v i t y  changes, bottom water  temperature v a r i a t i o n ,  o r  b iogen ic l  . 

chemical  hea t  product ion .  

We w i l l  now show t h e  r e s u l t s  of a  s tudy  a t  t h e  d i s t a l  end of t h e  
Nares Abyssyl P l a i n  i n  t h e  Northwest A t l a n t i c .  The s i t e  i s  a t  about 
23" N ,  60" W ,  where t h e  t u r b i d i t e s  of t he  p l a i n  a r e , f l o o d i n g  t h e  va l -  , 

l e y s  between abyssa l  h i l l s .  The age of t h e  c r u s t  i s  s l i g h t l y  g r e a t e r  
t han  80 m.y.; t h i s - i s  nea r  t h e  age where t h e  conduct ive h e a t  f low av- 
e r a g e s  i n  t h e  A t l a n t i c  approaches t h e  t h e o r e t i c a 1 , v a l u e  f o r  a h e a t i n g  
(Hobart e t  a l ,  i n  p r e s s ) .  Th i s  is  t h e  boundary where s i g n i f i c a n t  con- 
v e c t i v e  h e a t  t r a n s f e r  between t h e  c u r s t  and t h e  ocean ceases .  

Th i s  a r e a  h a s  keen s t u d i e d  i n  d e t a i l  becausc of t h e  presence of 
what have been termed " t r anspa ren t  domes." These a r e  smal l  knobs 
s t i c k i n g  up above t h e  l e v e l  of t h e  abyssa l  p l a i n  t u r b i d i t e s  which show 
ve ry  l i t t l e  a c o u s t i c  energy r e t u r n  on shipboard 3 . 5  K H z  and s i n g l e  
channel  se i smic  systenls. S tud ie s  have shnwn t h a t  t h i s  i s  due t o  a  
very  t h i n  covering of smooth r ed  c l a y s ,  causing j u s t  a  specu la r  r e t u r n  
from one p o i n t .  - 

A p~6file Lrvm a p inge r  on a corner  shows t h e  t h i n  covering of sed- 
iment from one dome which w e  cored. The co re  was 5-6 m long and con- 
t a i n e d  a  l a r g e  amount of hydrothermally a l t e r e d  c l a y s  a t  t h e  bottom of 
tlie core .  The c l a y  contained P h i l l i p s i t e  (showing long term exposure 
t o  sea-water) and Po lygor sk i t e  (showing i n t e r a c t i o n  of hydrothermal 
f l u i d s  and Montmor i l lon i te ) .  Highly a l t e r e d  b a s a l t  was a l s o  cored.  
These domes a r e  i n  g r e a t  c o n t r a s t  t o  t h e  surrounding abyssa l  p l a i n s ,  
wi th  up t o  3UU m of sediment,  and t h e  abyssal h i l l s ,  w i th  75-100 m of 
sediment .  

Heat flow p r o f i l e s  are a l l  I.iuear i r l  t h i s  scudy. The h e a t  flow i s  
v e r y  c l o s e  t o  t h e o r e t i c a l  va lues  i n  t h e  abyssa l  p l a i n s .  Some of t h e  
a b y s s a l  h i l l  measurements show v a r i a b i l i t y  i n d i c a t i n g  convect ive c e l l s  
i n  basement under t h e  mud. A d e t a i l e d  h e a t  flow p r o f i l e  a c r o s s  one 
dome shows an enormous h e a t  f low peak (% 700 mW/m2) l o c a l i z e d  over t h e  
dome ('1, 200-300 m wide) and a  surrounding a r e a  of h e a t  flow s l i g h t l y  
depressed  below t h e o r e t i c a l  expec ta t ions  (out  t o  a t  l e a s t  2-3 km). 



With Dave G a r t l i n g ' s  he lp ,  a  model (aga in  us ing  t h e  Mariah Program) 
has  been developed which exp la in s  t h i s  p a t t e r n  a s  being caused by a  
convec t ive  system "mining" t h e  h e a t  from under t h e  t h i c k  a.byssa1 p l a i n  
sedimects  surrounding t h e  dome and ven t ing  i t  through t h e  dome. The 
model p r e d i c t s  t h a t  f l u i d . o u t f l o w  w i l l  occu r ' on  t h e  dome. We d i d  n o t  
observe t h i s  bu t  could have missed t h e  f low a r e a  by a smal l  amount. 
We d i d  n o t  n e c e s s a r i l y  see t h e  h i g h e s t  h e a t  f low on t h e  dome! 

This  dome has  probably been . an  e x i t  ven t  f o r  a ' l o n g  t i m e  (80 m.y.?) 
and may have been somewhat re juvena ted  a s  t h e  abyssa l  p l a i n  formed and 
ampl i f ied  t h e  thermal  r e s i s t a n c e  c o n t r a s t s  between conduct iye h e a t  f low 
through t h i c k  v a l l e y  f l o o r  sediments  and convec t ive  h e a t  f l ow 'ou t  
through t h e  dome. W e  have presen ted  t h i s  d a t a  t o . i l l u s t r a t e  t h e  i m -  
por tance  of 1oca.l ou tc rops  i n  channel ing convec t ive  h e a t  t r a n s f e r .  I t  
a l s o  pr0vide.s another  example of how t h e  Mariah Program was a b l e  t o  
s u c c e s s f u l l y  p r e d i c t  h e a t  f low and porous media flow. 

F i n a l l y ,  t o  t h e  Northwest P a c i f i c  d a t a  from t h e  p o t e n t i a l  waste  
d i s p o s a l  sites: Roger Anderson presen ted  t h i s  d a t a  a t  t h e  l a s t  annual  
meeting, bu t  t h e  d a t a  is  now i n  f i n a l  form. Seve ra l  non- l inear  temper- 
a t u r e  p r o f i l e s  have been found i n  t h e s e  a r e a s .  One Vema-32 measurement 
i n  a r e a  B w i th  a  modeled flow r a t e  of about 0 .5  m/year. Area C had 
four  non-l inear  p r o f i l e s ,  one from Vema-32 and t h r e e  from Vema-36, w i th  
flow r a t e s  f a i r l y  uniform a t  0.6-0.9 m/year.  Th i s  a r e a  had more base- 
ment ou tc rops  and sediment s l i d e s  and slumps, s o  i t  i s  probably r u l e d  
ou t  on o t h e r  grounds. W e  do b e l i e v e  t h e  slumping may be  r e l a t e d  t o  
a r e a s  of outf low,  a s  t h e  excess  pore p r e s s u r e  t o  d r i v e  t h e  flow w i l l  
d ec rease  t h e  sediment s t r e n g t h .  Area E had one non-l inear  p r o f i l e ,  
i n d i c a t i n g  out f low of about  0.2-0.3 m/year. There were no basement 
ou tc rops  o r  sediment d i s tu rbances  nea r  t h i s  co re .  The conduc t iv i t y  
and water  con ten t  d a t a  from t h e s e  co re s  do n o t  i n d i c a t e  t h a t  t h i s  
could cause  t h e  non-l inear  temperature  p r o f i l e s .  There d o e s n ' t  appear  
t o  be enough o rgan ic  ma t t e r  t o  cause t h e  non - l i nea r i t y  e i t h e r .  

Thus, t h e  cu rva tu re  i s  due e i t h e r  t o  f l u i d  flow o r  t o  bottom water  
tcmpeswblire changes. The magnitude of t h e  A Tw would have t o  be  IL 

0.15" C ,  and i t  would have t o  be  a  persfscerlh c l i a ~ ~ g e  f o r  a p ~ r i n d  a6 
about  a  y e a r .  W e  do n o t  b e l i e v e  t h a t  t h i s  l a r g e  a  change h a s  occur red .  
There a r e  some problems t h a t  a r e n ' t  r e so lved ,  however. W e  normally 
f i n d  flow i n  a r e a s  of t h i n  sediments  and/or  n e a r  basement ou t c rops .  
There a r e  no known outcrops  nea r  t h i s  c o r e  (V32 DHF 55), t h e  s e a  f l o o r  
i s  very  smooth, t h e  sediments  a r e  very  uniform over  a  major a c o u s t i c  
hor izon  ( c h e r t ? )  and sonobuoys i n d i c a t e  a  few hundred meters  t o  base- 
ment a t  t h e i r  n e a r e s t  measurement sites. How do you g e t  f l u i d  f low 
through a t h i c k  mass of low pe rmeab i l i t y  sediments? 

o r ,  i s  something wrong somewhere? 
- bottom water  Tw v a r i a t i o n ?  



- f low model wrong? 
- p e r m e q b i l f t i e s  wrong? 
- depth t o  basement wrong? 

*Anderson, Hobart and Langsefh, 1979. Science,  204, 828-832. A s  i t  
d i s c u s s e s  t h e  model and t h e  1 . imi ta t ions .  
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NORTH ATLANTIC 'SITE AS$ESSMENT STUDIES 

B r i a n  E. Tucholke 

Nor th  A t l a n t i c  s i t e  assessment s t u d i e s  d u r i n g  1981 i nc l uded  
t h r e e  t o p i c s .  1 )  For  t he  eas te rn  Nor th  A t l a n t i c  we i n t e r p r e t e d  
se ismic  reT1ec t i on  records  ob ta i ned  f rom t h r e e  sources (Woods 
Holc Oceanographic I n s t i t u t i o n ,  Lampnt-Doherty Geo logc ia l  
Observatory,  Scr ipps I n s t i  t ~ t i o n  o f  Oceanography). R e f l e c t i o n  
t imes f o r  t o t a l  sedimept t h i ckness  and depth t o  basement were 
d i g i t i z e d  and conver ted  t o  a c t u a l  t h i ckness ldep th  u s i n g  sonobuoy- 
de r i ved  v e l o c i t y  r eg ress ion  curves.  These da ta  a r e  be ing  p l o t t e d  
and contoured t q  assess sediment d i s t r i b u t i o n  and t e c t o n i c  p a t t e r n s .  
Data f rom European, U.S. Navy, and misce l laneous sources remain t o  
be incorpora ted .  2 )  I n  t he  western No r th  A t l a n t i c  (areas MPG I 1 1  E, 
I 1 1  S )  we have completed a c o m p i l a t i o n  o f  c u r r e n t l y  a v a i l a b l e  bottom- 
photograph s t a t i o n s  and s e a f l o o r  samples. Together w i t h  our  p rev ious  
comp i l a t i ons  o f  geo log ica l /geophys ica l  i n f o rma t i on ,  these da ta  i n d i c a t e  
t h a t  t h e  eas te rn  p a r t  o f  t h e  Nares Abyssal P l a i n  ( i n  area MPG I 1 1  S )  
should have h i g h  p r i o r i t y  f o r  f u r t h e r ,  d e t a i l e d  e v a l u a t i o n  as a 
cand ida te  s i t e .  3 )  A p i l o t  computer model1 i n g  s tudy  was undertaken 
t o  eva lua te  t h e  sca les  a t  which geo log i c  d i s c o n t i n u i t i e s  and sediment 
i n c l u s i o n s  (e.g.  c a n n i s t e r s )  can be de tec ted  beneath t h e  s e a f l o o r  by 
use o f  r e f l e c t i o n  seismology. The p r e l i m i n a r y  s t u d i e s  show t h a t  
i n c l u s i o n s  do generate an i d e n t i f i a b l e  r e f l e c t i o n  p a t t e r n  and t h a t  
t h i s  p a t t e r n  should be de tec tqb le  u s i n g  r e c o r d i n g  and source 
parameters a v a i l a b l e  w i t h  p resen t  technology.  



I V .  THERMAL RESPONSE STUD1 ES 

T e c h n i c a l  Program C o o r d i n a t o r :  C. M .  P e r c i v a l  
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THERMAL RESPONSE STUDIES . . 
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, .. 
C .  Mark P e r c i v a l ,  SNLA 

The g e n e r a l  apprqach be ing  used t o  deve lop  t h e  a b i l i t y  t o  p r e d i c t  
s p e c i f i c  phenomenological  r e s p o n s e  i s  t h e  same a s  t h e  g e n e r a l  r e s e a r c h '  
approach f o r  t h e  Subseabed D i s p o s a l  Program; t h a t  approach i s  t o  p r o - .  
pose  a  h y p o t h e s i s ,  f o r m u l a t e  a model t o  f i t  t h a t  h y p o t h e s l s ,  d e t e r m i n e  

. . 
t h e  n e c e s s a r y  p r o p e r t i e s  t o  u s e  t h e  model, and v e r i f y  t:he k 0 $ ~ 1 e t e  * ' . .  

system w i t h  l a b o r a t o r y  and o r  f i e l d  exper iments .  I n  some r e s p e c t s ,  tk;e 
Thermal T r a n s p o r t  e f f o r t  is  ahead o£ o t h e r  a r e a s  i n  t h e  SDP. 

The h y p o t h e s i s ,  computa t iona l  model, and s i g n i f i c a n t  p r o p e r t y  de- 
t e r m i n a t i o n s  t o  p r e d i c t  t h e  the rmal  r e s p o n s e  have been completed and 
work h a s  p r o g r e s s e d  i n t o  l a b o r a t o r y  and f i e l d  v e r i f i c a t i o n  a c t i v i t i e s .  , 
Four exper iments  a r e  now b e i n g  developed:  two l a b o r a t o r y  exper iments  
conducted a t  Sand ia  N a t i o n a l  L a b o r a t o r y ;  t h e  I n - S i t u  Heat T r a n s f e r  Ex- 
pe r iment  (ISHTE); and t h e  ISHTE S i m u l a t i o n  Experiment (ISIMU).- ,The 
two exper iments  a t  SNL are b0t.h e s s e n t i a l l y  "bench-marking'' type ex- 
p e r i m e n t s  t~ check t h e  modeling c a p a b i l i t y  o f  t h e  Mariah computer code 
used t o  p r e d i c t  the rmal  and f l u i d ' m e c h a n i c a l  resp'ons-es of t h e  sed iment .  
These exper iments  w i l l  b e  descr , ibed by C h a r l e s  Hickox of SNL. ISHTE i s  
a  l a r g e ,  complex exper imept  r e q u i r i n g  t h e  combined e f f o r t s  of s e v e r a l  
o r g a n i z a t i o n s  and t h e  p a r t i c i p a t i o n  by each o r g a n i z a t i o n  w i l l  be  d i s -  
cussed by t h e  p r i n c i p a l  i n v e s t i g a t o r s  invo lved .  The ISIMU experiment.  
i s  a  0.287:1.000 s c a l e  ISHTE b e i n g  conducted i n  t h e  lzrge p r e s s u r e  
v e s s e l  a t  t h e  Naval Sh ip  Research and Development Cen te r  i n  Annapol is ,  
Maryland. A l l  p r i n c i p a l  i n v e s t i g a t o r s  invo lved  i n  ISHTE a r e  p a r t i c i -  
p a t i n g  i n  t h e  s i m u l a t i o n  exper iment .  The r e s u l t s  of ISIPIU w i l l  n o t  
o n l y  have b e a r i n g  on t h e  s u c c e s s f u l  comple t ion  of ISHTE, b u t  w i l l  pro- 
v i d e  l a b o r a t o r y  d a t a  r e l e v a n t  t o  t h e  the rmal ,  mechanical  and thermal-  
chemical  r e s p o n s e  of t h e  sediment .  
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C. r .  vickox, SNLA 
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At Sandia National Laboratories ( SNL) ... thg. . F l u i d  and Thermal 
Sciences Department (Department 5510) provides siipport to the 
Subseabed Disposal Program (SDP) in the arqaq'+f i'heqC;,itransfer and 
fluid mechanics. Additional support is also provided f ~ r  the 
mathematical and numerical modeling of both radionuclide transport , 
and sediment response. In .this abstyact, thermal 3nq&ygps, paryfo~meii. 
in support of the S D P  are summarized:'  he 'work'.describe3 .repr.&e'qts 
a collaborative effort among several individuals in Department 5510. 

. , T r .  . . . . FA; 
Current activities are concentrated in the areas of (1') thermal 

analysis of waste disposal concepts, (2) support of the In Situ Heat 
Transfer Experiment (ISHTE) , :.:(-.3,J, ~articipaaion, ie, 4b?~r*$aty 3tu,dj.;es 
of the scaled ISI-ITV , c?r I S H T ~  'S i,hl!l.?t,i,on.' ( T S ~ M ~ ) ' ) . ,  ( a )  ' th.b7ha1 r( 

analysis in support of radionuclide transport .and,chemistry-studie$, 
and (5 ) development of laborator-y.'ktudCes of naku'ga$ .'conveoAion 4n 
porous media. 

; _ -  .I ., : 4 * .  ' . 
.> . .  ).I 

Insight into the process of thermally induced convection in 
porQus media qan be gained by considering simplified mathematical 
models. Under certain simplifying assumptions, the, ,themaLl ,;.y..:l 
induced convective f lpw. field ban be described in tetinr b? &'k&i-''' 
dimensional parameter called the Rayleigh,numb~r.~ T h i 9  paFamefer 
is physicalLy repreaentative of the reiati.be'im~oltf$iice ofl'iff~~~anc~ 
forces, viscous faroes, momentqm diffusion, and thermal d j f  fusion. 
For subseabed disposal of nuc1,ear waste, a value of 0(10',) is 
antic$pated for the Rayleigh number,. : :wr valy.es i orL tih!q -jwlp+q$,A;> 
number which are significantly smaller than 'unity ,"the temperature ' 
distribution in a natural convective flow, fie,ld is.'egsenti*+,ly 
unaffected by the fluid motion and cak..be adhqqat-&*29:.prediCted ' 

by the straightforward application of thermal conducti~n theory. 
Henc'e, it is anticipated that the theniial reSponse apsociat$@d with 
$he emplacement of nuclear waste in seabed sediment cqn be predicted 
from thermal conduction theory. Numerics* simu;Z-atioq$! of t&e thermal 
response for proposed emplacemefit schemes have been a6compllshed 
through use of the finite element computer prQgra,m COYOTE. 

. . , ,  
A complete descriptiod of- the natural c6nvect'iv~"fibi;' f ielh "'! 

and temperature distribution associated with an emplaqed cannister 
of thermally active nuclear waste can be predicted.w&h ths:finite 
element computer program MARIAH. This program was used to ~nalyze 

., . . .  
, . 3 s 

.4 



a ,  s o  c a l l e d ,  r e f e r e n c e  emplacement c o n f i g u r a t i o n .  The a n a l y s i s  
c o n s i d e r e d  h i g h  l e v e l  waste i n  a c y l i n d r i c a l  c o n t a i n e r  3 m  i n  
l e n g t h  w i t h  a  d i a m e t e r  o f  0.3m b u r i e d  30m below t h e  sed iment -  
w a t e r  i n t e r f a c e  i n  a  l a y e r  o f  s ed imen t  60m t h i c k .  The w a t e r  
d e p t h  was assumed t o  b e  6000m and t h e  maximum power o u t p u t  o f  the  
t h e r m a l l y  decay ing  w a s t e  was t a k e n  a s  1.5kW. P l o t s  o f  t h e  re- 
s u l t i n g  i s o t h e r m s  and s t r e a m l i n e s  were produced  f o r  s e l e c t e d  
t i m e s .  For  a  p o i n t  on the  s u r f a c e  o f  the  c o n t a i n e r  a t  t h e  mid- 
p l a n e ,  it wae shown t h a t  the  maximum p r e d i c t e d  t e m p e r a t u r e  o f  
app rox ima te ly  220°C decayed t o  a p p r o x i m a t e l y  10°C i n  200 y e a r s .  
The co r r e spond ing  lnaxirnum v e r t i c a l  v e l o c i t y  o f  20 mm/yesr decayed  
t o  less t h a n  1 mm/year i n  L O O  y e a r s .  R e s u l t s  o f  t h i s  a n a l y s i s  
were used  a s  i n p u t  f o r  t h e  p r e d i c t i o n  o f  r a d i o n u c l i d e  t r a n s p o r t  
i n  seabed  sed imen t s  w i t h  t h e  f i n i t e  d i f f e r e n c e  cornputer program 
SONMIG. R e s u l t s  o f  t h i s  p r e d i c t i o n  i n d i c 8 t e d  t h a t  the t r a n s -  
p o r t  of r a d i o n u c l i d e s  Was e s s e n t i a l l y  u n a f f e c t e d  by  the f l u i d  
motion. Hence, it i s  a n t i c i p a t e d  t h a t  radiQnuc1i .de t r a n s p o r t  
i n  t h e  s ed imen t  can  be a d e q u a t e l y  d e s c r i b e d  by t h e  p r o c e s s e s  
o f  d i f f y s i o p ,  s o r p t i q n ,  and r a d i o q c t i v e  decay .  

1 1  

A comple te  t he rma l  a n a l y s i s  o f  t h e  ISHTE h a s  a l s o  been  
performed.  I n  t h i s  expe r imen t ,  a  c y l i n d r i c a l  h e a t ,  s o u r c e  ,45, c m  
long  w i t h  a  d i a m e t e r  of  8 . 3  Cm w i l l  b e  omplaced 60 c m  below t h e  
sed iment -water  i n t e r f a c e  i n  a  r e g i o n  where the wa te rud3ep th  i s  
app rox ima te ly  6000m. W e  heat s o u r c e  w i l l  d i s ~ i p a t e  400W', ' 

c o n t i n u ~ u s l y .  , 
I . I  

C u r r e n t l y ,  a  s i m u l a t i o n  o f  t h e  ISHTE i s  being, cpnducted  
a t  t h e  Naval S h i p  Research  and Developinent C e n t e r  (NSRDC) i 'n. 
Annapol i s ,  MD. The ISHTE s i m u l a t i ~ n  expe r imqn t  i s  b e i n q .  cdn- 
d u c t e d  i n  o r d e r  t o  (1) v e r i f y  t h e  n e t h o d s  o f  a n a l y s i s  employed, 
( 2 )  p r ~ v i d e  aka O p p o r t u n i t y  t o  o b s e r v e  any  h e p e t o f o r e  u n a n t i c i p a t e d  
phenomena, ( 3 )  check p r o c e d u r e s  f o r  d a t q  a n a l y s i s ,  and ( 4 ) a c h e c k  
i n s t r u m e n t a t i o n  proposed  f o r  u s e  i n  t h e  ISHTE. A comple te  t h e r m a l  
a n a l y s i s  has been  performgd f o r  t h e  ISHTE s i m u l a t i o n  exper iment  
and w i l l  be used  a s  a guide ,  f o r  t h e  e x p e r i m e n t a l  p r o c e d u r e .  
The p r e d i c t e d  t e m p e r a t u r e  d i s t r i b u t i o n  i n  t h e  s i m u l a t i o n  c l o s e l y  
app rox ima te s  t h e  t e m p e r a t u r e  d i s t r i b u t i o n  p r e d i c t e d  f o r  t h e  ISHTE 
in '  r e g i a n s  where the t e m p e r a t u r e  i s . g r e a b e r  t h a n  20°C. 

L a b o r a t o r y  s t u d i e s  have  been  i n i t i a t e d  a t  SNL f o r  t h e  d u a l  
pu rposes  of g u i d i n g  t h o  dove2,opment o f  oomputor pFogramo and 
p r o v i d i n g  a  g e n e r a l  undeys t and ing  o f  n a t u r a l  c o n v e c t i v e  f lows  i n  
pa rous  media.  Photographa of s t r e a m l i n e s  produced  by! n a t u r a l  
c o n v e c t i o n  i n  a  ~ile- haw c e l l  have  beeri ~ b t a i n e d  agg 'compare? 
w i t h  t h e o r e t i c a l  p r ed i c t i o r i s . .  An e x t e n s i v e  e x p e r i m e n t a l  program 
h a s  been  deve loped  f o r  s t u d y i n g  n a t u r a l  convec$ion i n  a . v e r t i c a 1  
po rous  a n n u l u s  w i t h  a c c u r a t e l y  c o n t r o l l e d  b o u n d a ~ y c o n d i t i o n s .  
The t e s t  r i g  i p  - u n d e r d c o n s t r u c t i o n  and w i l l  be ' o p e r a t i o n a l  i n  
a  few months.  . .. ! I 

Planned  and  c o n t i n u i n g  a c t i v i t i e s  i n  t h e  t h e r m a l . s c i e n c e s  
i n c l u d e  ( 1 )  i n v e s t i g a t i o n  o f  app rox ima t ions  and a s sumpt ions  u sed  
i n  t h e  a n a l y s e s ,  ( 2 )  t h e r m a l  a n a l y s i s  f o r  t h e  ISHTE, 1 3 )  , thermal 
a n a l y s i s  f o r  t h e  ISIMU, ( 4 )  a n a l y t i c a l ,  n u m e r i c a l ,  and e x p e r i -  
men ta l  s t u d i e s  o f  f l ow  i n  povous media,  and ( 5 )  i n t e r f a c i n g  w i t h  
r a d i o n u c l i d e  t r a n s p o r t  and g e o t e c h n i c a l  s t u d i e s .  



THERMAL ANALYSIS 

FOR 

SUB-SEABED DISPOSAL OF NUCLEAR WASTE 

% .  C. E, HICKOX . .; i . 
. . . . : . . ... . . 

SANDIA NATIONAL LABORATQRIES. . .  . 
. . .  ' 

AlNJQUERQUE; NEW ~~EXICO , .  . I  

, . 
, . ' . . 

CURRENT A C T I V I T I E S  THSRMALLY INDUCED CONVECTION 
. . . . 

BASIC THEORY: . . 
o THERMAL ANALYSIS OF WASTE DISPOSAL CONCEPTS -:. . . .. . . 

o I N - S I T U  HEAT TRANSFER SXPERIMENT ( ISHTE) 
0 .  R I C l n  PnRflllS MATRIX . 

' > . . 
o INCOMPRESSIBLS FLU Ip 

o LABORATORY STUDIES OF SCALED JSHTE ( I S I f l U )  
o SINGLE PHASE FLUID, . 

o THERPAL ANALYSIS TO SUPPQRT RADIONUCLIDE 
TRANSPORT AND CHEMISTRY STUDIFS , o B O W  I NESQ APPROX [MAT I ON 

o LABQRATORY STUPIES OF NATUPAI CONVECTION I N  , o .,THERMAL EQUILIBRIUM 

P ~ R ~ U S  MEDIA o . DARCY LAW 

BUOYANCY FlOMENrUM D l  FFUSION 
EFFECT OF RAYLFlCH N U M B E R  RA - - - - - 7 X >  

VISCOUS THERMAL D l  FFUS ION 



REFERENCE EMPQCEMENT CONFIGURATION 
- L . .  u . . . . . . . >  :.. ...... . r  . . .  , , . .  L: 

CYLINDRICAL CONTAINER: - ,- . I 

. . 
L E N G T H , , . , , , : , n 8 B n 8 t ; ! ! m 8 n ! 8 e  3M 

DIAMETER. , , , . .  , , , , , , . . , , , . , ', , , 0,3m '' 
r. 

. , 
B U R I A L D E P T H ,  ,,. , ' ,  , , , . , ' $  , a ,, . a . 3 0 ~ 1  4 '  

.. d 

THICKNESS OF SEDIMENT LAYER , , , , , , , , , , , , 6 0 ~  

WATER DEPTH , , , :, , . , , , , , , ; , , , , , , 6 0 0 0 ~  

. , 

. . COMPUTER PROGRAM - MARIAH: ' 

o BASIC  THEORY (PEEVIOUS VIEWGRAPH) 
. . 

. .' o GALERKIN FORM OF :F-INITE ELEMENT METHOD . . .  . .. .A... "' ..* ? .-A. . " . .  . + , . . :  

,o PLANAR OR AXISYVYETRIC GEOMETRY 
5 . 8  

. i 
o !SOTHERMAL FLOW, FORCED CONVECTION, OR FREE 

CONVECTION 

o VARIABLE MATERIAL PROPERTIES 

I DEPM o RADIUS = 60m I 



NORMALIZED POWER HISTORY FOR HLW :. , . , 

RADIUS ( m I 
4 i. '  . . - . 

l SOlHERM PATTERNS NEAR CONTAl NER 

RADIUS ( m . 1 . .  : 
.... . -  ... - .  i . . .  



STREAMLINE P A ~ E R N  ~ o ' & A R s  
AFTSR INP~ACEEIIENT 

. . .. i 
': : . 
. i :i 

?.'r. . ...." 
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A S  S E M  B L Y  

H E L E  - S H A W  C E L L  

CONTINUING / FUTURE A C T I V I T I E S  

o , INVESTIGATE APPROXIMATIONS AND ASSUMPTIONS 
USED I N  ANALYSES 

o THERMAL ANALYSIS FOR ISHTE 

o THERYAL ANALYSIS FOR SCALED ISHTE ( IS IMU)  

o ANALYTICAL, NUMERICAL, AND EXPERIMENTAL 

STUDIES OF FLOW I N  POROUS MEDIA 

o INTERFACE WITH ION TRANSPORT AND 
GEOTECHN I C A L  CALCULATIONS 



I N  SITU HEAT TRANSFER EXPERIMENT (ISHTE) 
GEQT~CHN ICAL PROGRAM, - FY 81. 

. . TANK ~ N D  SEDIMENT SET-UP . 

PARTICI P ~ T E  IN' OPERATI'ON " ,  

BREAKDOWN, SAMPLING GEOTECHNI'CAL ANALVSI s 
VANE SHEAR EXPERIMENTS, 

. . 

r -  IN SITU VA& SHEAR ~ n o d c  (ISVSP), 
DEEICN, FADRICAT~ON, TESTING'~ . 

MODIFY FOR ISHTE . SIMU,LATION . E~PERIMENT , . . . . 
. . 

. . .  
. . 

. . 

URI  /MGL 10/81 



I S H T E  $ I M U L A T I , O N  
. , TANK . C O N F I G U R A T I O N  . . . . 

CONSOLIDATI.ON' P H A S E  

. , 

. . . . S.lC 1 / 2 3 / 8 1  U?l /MCL 

" F I G U R E  4,3-1 



TOP PLATE V C Y ~  

. . y a N e  snenR 
, ,  . 

ELECTRONICS 
m - r n ~ u  PORT 

PLATE , 

EMBLY 

STING TRANSPORT 
ASSEMBLY,(NSRDC) - --... .. . -- 

FIGURE 4 . 3 - 2  SJ.C 1 / 2 3 / 8 1  URI/YCL 



WATER CONTENT ( % CQUR. 3 
n 90 17n 

WATER CONTEM PROFILE 

CORE # SIM-2 
CENTER OF TANK 
ISHTE SIMLTtATION 
TRIAL CON$OLZDATZQN TANK 

7-U-81 
URI /IGL 





TIME . 4 t j O U R 9 1  

TRIAL CONSOLIDATION COMPLETED AND SUCCESSFUL 

SCDIMENT TANK AT NSRDC-CONSOLIDATION "COMPLETE" 

UPPER TANK- COMPLETED 

ANCILLARY SEDIMENT TANKS ( 2 )  - COMPLETED 

~ R E S S U R I Z A T I O N  T E S T  W I T H  ANCI I.I,.ARY TANK - SCHEDULED 

POST-TEST CORERS - BE I NG FABRICATED , 
ETC, - UPDATE AT MEETING 



ISHTE S\FULATION SXPERIKENT 

3 ,  DUE TO LOW PERMEABILITY, A VOI,IIME CHANGE 

wru OCCUR,  
4, UPPSR BOUND SETTLEMENT I S  CM (FOR 97x S A T , )  

ACTUAL WILL BE SOMEWHAT LESS, 

I I 

O F  WATER-SEDIYENT S Y S T E M ,  . . 
2 ;  ESTIMATES: ' :  

A )  BASED ON TWO LABORATORY TESTS AT URI/!1GL 
BULK COMRRESSIBIL~ITY = 2 ;15 TO 2 , 6 8 ~ 1 0 - ~ / ~ ~ 1 ,  

SETTLEMENT = 1,7' TO 2.1; AVE = U C M .  
7. 



IX SITU VANE SHEAR PROBE SYSTEX 
( ISVSP ) 



. , GEOTECHN I CAL ANALYS I S  AND DESIGN 

I SPTE PLATFORM 

0 AN ANALYSIS TO DETERMINE THE REQUIRED PAD SIZES ~ N D  

ESTIMATE THE TOTAL SETTCEMENT BASED ON ONE YEAR DE- 
, 

PLOYMENT HAS BEEN COMPLETED; 

. . 
' 0 A R ~ C T A N G U U R  SHAPED RA? 1 I RECOMMENDED 8 * ~ ~ ~  q ~ '  ' . 

SETTLEMENT .CALCULATIONS FOR VARIOUS, PAD SHAPES, , ' 

0 FOR A RECTANGULAR PAD A TOTAL SETTLEMENT OF 2,O CM 

HAS BEEN EST IMATED NEGLECTING THE EFFECTS OF IMPACT, 

VWEVEN I.Atlnrrdfl, LATIRAL, bl ' l IC33E3,  Aim Tnt UPPER 15 Cf l  QF , 
GCDIMEllT, 

0 IHE A N A L Y S I S  AND DESIGN W I L L  B E  REVIEWFD AGAIN  USING ANY 

NEW INFORMATION FROM THE 1981 RESTEIGER C R U I S ~ ,  

0 SHIPBOARD COMPARISONS BETWEEN HC-1 AND COMPANIOY GRAVITY 

CORE GC-5 ARE COMPLETE. THE TWO CORES HAVE NEAR IDENTICAL 

PKUFILES OF BULK DENSITY, WATER CONTENT AND SHEAR STRENGTH . 
MEASURED BY MIN IATURE VANE. 

0 LABORATORY OEDOMETER TESTS OF UNDISTURBCQ SAMPLES FRnM 

EQUIVALENT DEPTHS IN H C - 1  AND GC-5 ARE UNDERWAY TO GIVE 

AN IHUICATION OF 6eGREE OF D l  S I URBANCE. PRELIMINARY RESULTS 

SHOW THE HYDROSTATIC CORER TO TAKE A SUPERIOR Q U A L I T Y  SAMPLE 

COMPARED TO THE GRAVITY CORER, 

0 CORE PROCESSING OF THE REMAINING FIVE GRAVITY CORES IS 

PRESENTLY UNDERWAY, 



LeRoy 0. Olson 
APL University of Washington 
Progress Briefing 

The applied: physics Lqb at, fhe Uniyersity of Washington is 
' .  .building. and .testirig equipment to support SSHTE which will 

. . operate for one.- year a t  8800,.psi amblent presSure in the ,ocean. 
Major tasks: t h i s .  year 'have, focused on two activities. The first 
.was an oceanographic cruise $boaid' USNS DeStelguer at' MPG-l during 

. . '~ay. ' The second .activity' is an ISHTF' appyoxhation in a pressure 
chamber at' the ~i/vid'~aylor Naval SQip Research and D.&velopment 

. Center at :~nnap~i.i~ during . . , .  . . October, . ~ovembef , and December , 1981. 
. . . .  ,. . . . . .  . . .  . ?. . 

. APL' .is supplying ali. thermal in~tyumentatio~., including the 
associated support str~iekre for the, ISYTE ch.amber test (ISIMU) ,. 

. A sketch shows:the'three q-tember, sypport.structure,which rest's one 
inch above the sediment tank. 'The sketch shows all the thermal 
Sensor ldcations as hkhbei.s exwpt for ,the '8 khermocouples associ- '' 
ated with the.electric hegt"sourqe (EFTS)., The EHS .is attached to 

, ,the system 'be&tei +i$h a bent t&e. Th,e heater is. physicaily 
located.. in the center. of ' the. b~ttom gnd 'of the tube, below the 
:support structu.re,. A back-up heater is located next to the primary 
hea.ter, but o£f center ip the .tube. . A 'photo shpws the'sensor array 

.. resting on .vertical p6s.ts.during a mock-up at APL. A table .shows 
a simulated sample .computer printout of the ISIMU data. This data 
will .be pr.'rited every 2 - l / 2  minutes .'for .the first 4 hours% of the 

' ' teSt, every .5 mimutes for the next 16 .hours and. .then every 20 
' , minutes for the ,remaining morith. ,The data is also stored on magnetic 

. . tape. 
. . ' 

The purpose Q£ the pcein6gyiphlc" d,ruise ' was .to test the folloy- 
in9 systems: .'a hydrostafic corer (sea pressure. driven corer), and 

' an acoustic.data link. Secundaiy objectives were to exercise the 
acoustic tracking system, recover .a mooring deployed the. previous 
year, and .obtain gravity cores of undisturbed sediment. All objectives 
were successfully met. pictures include USNS DeSteiguer, a map of 
the operation area, a sketch of the long-term mooring, a photo of the 
hydrostatic corer next to a person, a photo of the hydrostatic coring 
platform being launched, a photo of the corer's cutter positioned 
above the manganese nodule covered seafloor in 5850 m of water, and 
a photo of the corer driven 170 cm into the seafloor. 



(FRESH WATER 



Computer P r i n t ou t  

I S I M U  Data Monitor 

Hea?et- Te rn~ (1 ) -  20 des C 
H e s t o r  Tempa:2>= 21  dps C 
Hea?er  Temp(J>= 28 dps C 
Hea te r  Terfip(4)= 28 des C 
Co ld  J ~ I  T e r n ~ ~ l ) =  2 5 . 8  des C 
Hea te r  T e m ~ < 5 ) =  20 des C 
H e a t e r  T e m ~ ( 6 ) =  28 des C 
H e ? t e r  T e r n ~ ( 7 i =  28 des C 
Heater- T e r n ~ ( 8 ) =  18 des C 
C o l d  J ~ I  Temp(2)s 2 5 . 8  des C 
Sediment Temp< l i =  208.2  des C: 
Sediment Temp( 2:)= Z08 .1  des C 
Sediment Temp( 3 ) =  2 0 7 . 4  des C 
Sediment Temp< 4 j =  201 .3  des C 
Sediment T e m ~ (  5 i =  2 0 8 . 3  d e ~  C 
Sediment Temp( 6)- 2 0 8 . 3  des C 
Sediment TernPC ? )=  2 8 8 . 2  des 'C 
Sediment Temp( 8)= 2 0 8 . 2  de9 C 
Sediment Temp< 9:)= 208.2 des C 
Sedirfient Tern~(10)=  2 0 8 . 3  des C 
Sediment TempCl l )=  2 0 8 . 1  des C 
Sediment TempC12)= 2 8 8 . 1  des C 
Sediment T e m ~ ( 1 3 : ' ~  202.8 des C 
Sediment Tem~C l43=  2 0 2 . 1  des C 
Sediment Ternp(lS)= 2 0 2 . 1  des C 
Sediment TernpC16>= 2 0 1 . 6  des C 
Sediment Temp(17,= 193 .5  des C 
Sediment Tem~! lS:)= 1 9 3 . 6  des C 
Sediment Tern~! lS:~= 1 9 3 . 5  de9 C 
Sediment Te rn~ (2B j=  1 9 3 . 6  des C 
Water T e r i ~ ~ ( l  j =  2 5 . 7 5  des C 
Water T e m ~ ( 2 ) =  19 .84  des C 
Water T e m ~ < 3 1 =  2 0 . 3 0  des C 
Wa?er Ternp(4)= 2 8 . 6 8  des C . 
Water TenipIS)= 20 .23  des C 
Thermal  P robeC l )=  1 9 . 4 5  des C 
Ther-wal P robe (? )=  1 9 . 5 3  des C 
Ther-ma1 P robe (3 )=  1 9 . 6 2  des C 
Thermal P r o b e < 4 ? =  19.6E des C 
L i n e  S r c  Probe( l : *=  1 9 . 8 4  des C 
L i n e  S r c  P r ~ k t e < 2 > =  1 9 . 0 3  des C - Pressu re=  - . 3 . 5  ~ s i a  





r TRANSPONDER 

f3" With Ltght and Radio 

D" GLASS FLOAT 

(Q- 40 PENETRATOR GLASS SPHERE 

MTEROCEANS 
- /. /--- - /--METAL CORROSION SAMPLES 

3 PLACES 

FIBRE GLASS FRAME 
SBE PROBE Wtth 4 Gloss Floats 

ANCHOR 

LONG TERM CORROSION 
MOORING 









V. MECHANICAL RrSPQNSE $ F U D I E S  

Tea'hnieal Program ~ o o r d i p a k ~ r x  J. Lipkin  

Introduction 
J, t i p k i n ,  SNLR 

A.  3. 6i1va, University o f  R ~ Q M  ra labd 

Therrn~l Effects on laditsant P ~ ~ ~ p e r t ; $ . g g  

I9ysa~i.c acspei t iea  qnb Y ~ d e l i ~ g  of geebad ~ e b i n e n t  
B, Pohani, Uq Arv $ngieaar Watamqiya Experiment 

Skatiarl , 

A,. 
3 '. --- - - .  

Id 



INTRQDUCTQRY COMMENTS 

SUBSEABED ANNUAL WQRECSHOP--October 27-29, 1981 

Joel Lipkin, SMLA 

Several  aapscts 0% the SDP require a d e t a i l e d  understanding 
of the r$Bponse of marina sedirnsnta to  thermal and mechanical" 
loa4ing. For axamp&e, the f i r s t  w-graph i l i u s t r a t e s  a scenario 
beginning with waste caniqtter ernplaccsme~t using a pcanetrator con- 
cept, and con0ipuss through what miqhC be termed "repository op- 
eration," Appropriate tihe frmps and the ~ ~ r r ~ s p a n d i n g  sediment 
reaponse chbsacteriotics that must be medeLsd are also ind icated  
on t h i s  figure, From t h i s  scenario i t  is evident that an undsr- 
ltmnding pf esdtlrient bci:Ravior $8 required under q u i t e  varied 
mechanical and thergomechsnfcal lo$$linq eomdi$iqns. f t  i a  eq- 
peoially nacaworthy that he relavaqt  t i m e  sqates shwn range 
f ren A Q - ~  @ t o  perhpps 10' a (i. e.,  5 0  years 1 ,  which i s  a n ~ t h m  
indication o f  the extreme requirepenrs being plncad an our 
labora%ory and modsling effort@. The second vu-graph summarizes 
the distinctions bathwen the modes of sediment behavior t h a t  
are r~lftvamf i f i  proqram, Tha firms three 03 the fo l lowing  
%?ur prtssenlt;atjnns deal prirnariLy wihh t h e  lonqnterm prgblm 
of cani@her/ sqdinqnk stability whtca involves charactorlz ing .the 
creeping m6ion of  bhe sadlvent .  The thir4l vu-graph summarizes 

objectivrs o f  *his part of the prqgram and the major mile- 
etonas expaoeed ehru $Y185,  The f inal  prsasstation invo lves  
the ~pareharnicbl seeponas s t u d i e s  underway $.n wppnst'of t h e  SOP 
emplsaement a o t i v i t b s s .  The fourth vu-graph summarizes th i s  
@#peat of the program. using the aame Zo~nat as $he t R i r d  
V U - $ V ? B ~ ~ *  'the final vu-graph br$.@Pl~ h$qh?ightq the acaomplish- 
nkents 0% the Oubaeabed Oe~t@chml~@k Progrann 4p Py88l, X t  should 
be notad $hat sffork* are being made +zhrqughout Ohis program to 
iqtograte laboratqwy result@ and modeling rsquiraments. 
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NEAR FIELD I FAR FIELD SEDIMEFJJ THERMOMECHANICAL RESPONSE , 

I)B]EcTIvE: To determine the long'-tern) stability of a waste canlster buried I n  the sediment and provide boundary 
condltions for radiqnuclide migration from a canister. 

COALS MILESTONES 

. Completed + M 8 1  FY82 FY83 FY 84 FY 85 
Previously 

Models 
COUPLEFLO - X 
NEPTUNE - X 
STEALTH - 

\ X 

Property Acqulsltlon . . 
Permeabilities - ' . X . . 
Porosities - X 
Lo - temp. Shear Strqngth - . X 
Lo - temp. creep - X . . HI -temp. creep - X '  , 

Hi - temp. sheqr $ t rendh  - , ' X , . 
Effect of radiatiotl and len)perptur$ 

on sheor strength - X 
. . 

Verification 
Simulate laboratqry triaxial 

experiments . ,  . . x ,  ." 
ISHTE simulation - X ' 
Centrifuge experiment 7 X 
l SHTE X 

. . . . 

SEPIMENT RESPONSE MODELING FOR EMPLACEMENT 
* .  

OBJECTIVE: Develop the methodolmy for predicting large sediment motions during emplacemnnf sdivities. 

GOALS , * MIUSTONES 

, . . Completed ' N81 ' FY82 n 8 q  . nu' ~ 8 5  : 
Previously ' ' . . . . 

' I 

> .  
. . . . 

., . 
' Models . . 

. HOMO0 - . . 
, . 

x ,  
. STEALTH -. % . . . '  , . ' x  

, . . EUROYN - . 
'. ; , 

, . . . . <  

, . . . 
Property Agquisitlon 

, . Failure envelope 7 , . X 
Elqstic bulk and shear moduli T- . . X 

' Dynamic fgllure strength - . . . . % 
Shear strength at h i g h .  

hydrostatic pressure X 

Verificqtion 
Field penetrometer e w r i m e n t  - 
Laboratory slmulation of hele 

closure - 



GEOTECHPJICAL PROGRAM - N 81  

UNIVERSITY OF RHODE ISLAND - MARINE GEOMECHANICS LABORATORY 

A , J ,  SILVA 

e COMPRESSIBILITY STUDIES : STANDARD AND BACK-PRESSURED 
TESTS, STRESS HI STORY ANACYSES , 
MPS-1  ( N , C ,  PAC, ) ,  MPG- IV  (N,W,  P A C , )  

e SEDIMENT CHARACTERIZATION STUDIES ( GEOTECHN ICAL ASPECTS) : 
NPG-1  ( M , C ,  PAC, ) ,  M P G - I 1 1  N ( A T L ~ A B Y S ,  PL,), 
MPG- IV  (N,W,  P A C , ) ,  



F't81 H IGHLIGHTS OF 

SUBSEABEB GEOTECHNICA-  PROSRAM 

J A B O R A T O R Y  EFFORTS 

COMPLETED T R I A X I R L  T E S T  S E R I E S  ON I ' R R A D I A T E D  S A H P L E S  

OF REMOLDED S M E C T f T E  - UR.1 ' . ' 

O B T A ~ N E D  PRE.LIMTiJARY D A T A  ON'THE.RMAL CONSOL1 D A T I O N  

PHENOMENON - UCB 

OBTAI;IED H I - T E M P E R A T U R E  SFEAR STRENGTH DATA ' UCB 

I N I T I A T E D  LOR$-TEEM ROOM TEMPERATURE CREEP T E S T  - 

U R I  

O B T A ~ N E D  NEW U N D I Z T U R B E D  I L L l T E  CORES FROM MP; 1 - WES 

S U C C E S ~ F U L L Y  1.NCOFPORATED WES E F F E C T I V E  STRESS MODEL 

I N T O  SNLA COMPUTEF CODES S U I T A B L E  FOR P E ~ E T R A T I C N / H O L E  

COMPLETED 1-3 AND 2-D S. I t lULATIC*NS OF DYNAMIC -HOL-E 

CLOSURE I N C O R P O R A T I N G  PRESSURE DROP I N  PENETRATCR 

WAKE, AND I N I T I A T E D  S E N S 1 T : I V I T k  'STUDY ,OF MODEL . 

PAYAMETERS FOR T H I S  PROBLEY - . s N L A / A R A  

GEOTEC3KICAL PROGRAM - URI/NGL - R' 81 

0 Rom TEMPERATURE CREW PROGRAM- 
FIRST PHASE T E T I N G  COMPLETED - kS, THESIS BY 

KATE F ~ W N  COMPLETED. .COMPANION 
TECH, %P, BY K.MORAN g A, SILVA ISSUED, 

ADDITIONAL TESrS AN5 ANALYSIS UNDERWAf , 

0 VARIABLE TEMPERATURE GEEP PROGRAM - 
PRELIMINAR'~ TES PROGRAM COMPLETED ( ~ O C  TO l S O D ~ )  

N.S. T s s  1s BY JAN WILDMAN COMPLETED. 
TESTING BEINE CINTINUED, REPEATED, EXTENDED. 

o TRIAXIAL: ANI SOTROPICALLY CONSOLIDATEC (KO) TESTS 
FIRST PHASE TETING COMPLETED - N.S, THESIS BY SYLVIE 

SCHWART, COMPLETED. 
ADDITIONAL FOMW.NION TESTS UNDERWAY. 
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Sediment  G e o t e c h n i c a l  P r o p e r t i e s  
. I' A .  J .  S i l v a  

' U n i v e r s i t y  of Rhode I s l a n d  

GEOTECHYr CAL PROGRAF - URI/MGL - FY 81 

SITE CHARACTER I ZATION STUDIES OF MPG- I V (No, WEST; PAC IF I C) 

. , T ~ V F  AND PROGRAM OUTI INF 

OBJECTIVE: . , 'ESTAB.LI SH GENERAL .GE~TECHNICAL Q ~ T A  BASE 

FROM MPG-IV CORE SAMPCES FOR USE AS S I T E  
Q U A L I F I C A T I O N  ANALYSES ,AND COMPLETE PRELIMINARY 

ANALYSES TO H E L P  EVALUATE THE S I T E S  I N  TERMS 

OF E S T A B L I S H E D  SDP C R I T E R I A ,  

PARTICIPATE IN VEUA 35-12 CRUISE, 

GEOTECHNI CAL PROCESSING OF CORES 

P E R F ~ ~ M  I~APQRATQRY TSSTE - C O M P R C ~ S  IB I LITY, 
. . PERMEABILITY , ATTERBERG LIMITS, 

SPECIFIC GRAVITY, GRAIN SIZE DI,STRIBUTION I 

INTERPRETATION OF 'CORING. RESULTS I . . . 

ANALYSIS WITH SDP IMPLICATIONS, , . , .  
. . . , 



MPG-IV (No, WEST PACIFIC) 

SEDIMENT LOSS AND RECALCULATED SEDIMENTATION R A T E S ~  

USING TWO METHODS (FROM 6, WALKER, 1981) 

METHOD l 2  METHOD I I 
SED, RATE SED, LOSS SED, RATE SED, LOSS 

CORE MM/ KY CM MM/KY CM 
. . 

. . 
RATE SINCE B/M BOUNDARY TO PRESENT, 

FROM WATER CONTENT PROF I LE MATCH I NG , .* . 

US ING SEDIMENTATInN RATE 'FOR PERIOD BETWEEN B/I'1 AND U / J  BOUNDARIES, 

GEOTECHNICAL PROPERTIES COMPARISONS: N.W. PACIFIC AND N. C. PACIFIC 

AREA CORE 

E2 ALL CORES 

PC 4 9  

I P G - 1  LL-44 

GPC 3 

NPG-2 YALUC 

. .-- 

OCR 

1 . 3  ' 
(a 1 2  n) 

1.1 
( a  1 2  n )  

1 . 9  
(a 1 3  n )  

2 . 7  
(a 11 n )  

1.1 
( a  1 4  n )  

COEFF l ClENT OF PERMEAB l L  l TY 
cn/scc.  



GEOTECHNI CAL PROGRAM - URI/MGL, FY 31 

SITE CHARACTERIZATION STUDIES : ' MPG-IV, ( K ,  C ,  PAC, 

0 LOCATIONS E2j  B1, C1: SIMILAR GENERAL, GEOTECHNICAL 
PROPERTIES. SOME ZONES OF HIGH WATER CONTENT 

I N D I  GATE S IL ICEOUS AND/OR SMECl'lTE a 

0 CORES: ALL CORES MISSING SEDIMENT FROM UPPER METERS - 
AS MUCH AS 250 rn TO 400 CM MISSING (DEPENDING 

ON AMALY313 MCTIIOD USED) I 

UPPER 3 fl: 10 K ~ A  FOR EZJ C1 

DEEPER: ~ 2 0  KPA, PEAKS TO 30 KPA 

. . 

@ PERMEABILIN: HIGHER PERMEABILITY THAN I?PG-1, 



COMPARISON OF GEOTECHNICAL PROPERTIES FOR SITES MPG-I, 111, & IV 

Geo techn ica l  p r o p e r t i e s  a r e  n e c e s s a r y  f o r  c h a r a c t e r i z i n g  and p r e d i c t i n g  
b e h a v i o r  of  deep s e a  sed imen t s .  These p r o p e r t i e s  a i d  i n  t h e  a s ses smen t  of  
t h e  s i t e  sediment  a s  r e l a t e d  t o  t h e  f e a s i b i l i t y  of  subseabed d i s p o s a l  of 
r a d i o a c t i v e  w a s t e s .  The f o l l o w i n g  is  a  summary o f  s p e c i f i c  p r o p e r t y  d e t e r -  
mina t ion ,  comparison qnd e v a l u a t i o n  o f  SDP s i t e s  MPG-I ,  I Z I ,  I V .  (See  t a b l e )  

H i g h l i g h t s  - MPGI,  North  C e n t r a l  p a c i f i c ;  MPG-111, A t l a n t i c  Abyssal  P l a i n ;  
MPG-IV, Nor th  Western  P a c l f i c .  

- MPG-I and IV c o n t a i n  sed imen t s  of sub-group i l l i t e ,  t r a n s i t i o n a l  
( i l l i t e / s m e c t i t e )  and s m e c t i t e  i d e n t i f i e d  w i t h  d e p t h ,  where a s ,  
M P G I I I  is  c l a s s e d  p r i m a r i l y .  i l l i t i c .  

- Water c o n f e n t s  a r e  t y p i c a l  h i g h e r  a s  c o n c e n t r a t i o n  of  s m e c t i t e  
i n c r e a s e s .  MPG-IV shows h i g h e r  w a t e r  c o n t e n t s  f o r  t h e  same 
'minera l  group.  

- Undrained s h e a r  s t r e n g t h s  t y p $ c a l l y  i n c r e a s e  w i t h  d e p t h .  Not ice-  
a b l y ,  p r o f i l e s  o f  w a t e r  c o n t e n t  and undra ined  s h e a r  s t r e n g t h  
t r e n d  d e c r e a s e  i n  w a t e r  c o n t e n t  i s  a  a s s o c i a t e d  w i t h  i n c r e a s e  i n  
undra ined  s h e a r  s S r e n g t h  and v i c e  v e r s a .  

- A l l  t h r e e  s i t e s  show g r a i n  s i z e s  p r i p l a r i l y  less t h a n  2 pm 
( c l a y )  w i t h  swll p e r c e n t a g e s  of  s i l t  and f r a c t i o n s  o f  s and .  

- Liqu id  and p l a s t i c .  l i p i t 6  , ~ l a s s i c a l l y  . i n c r e a s e  w i t h  g r e a t e r  
c o n c e n t r a t i o n s  of  s m e c t i t e <  

- A c t i v i t y  is  t h e  r a t i o  of p l a s t i c  i ndex  (LL-PL) t o  % c l a y  f r a c t i o n  
and is used t o  ,separate t h e  t y p e  and amount o f  c l a y  i n f l u e n c i n g  
t h e  p r o p e r t i e s .  The h i g h e r  t h e  a c t i v i t y  t h e  more i m p o r t a n t  t h e  
i n f l u e n c e  of  t h e  c l a y  f r a c t i o n  on t h e  p r o p e r t i e s .  Here ,  a s  
expec ted ,  t h e  h i g h e r  v a l u e s  o f  a c t i v i t y  a r e  a s s o c i a t e d  w i t h  
a n  i n c r e a s e  i n  s m e c t i t e  m i n e r a l s .  

- 7 p e c i f i c g r a v i t i e s  f o r  i l l i t e  and s m e c t i t e  c l a y s  g e n e r a l l y  f a l l  
between 2 .6  and 3 .0 .  A l l  s i t e s  r e s p e c t  t h i s  r a n g e .  

- O v e r c o n s o l i d a t i o n  of  s u r f i c i a l  s ed imen t s  is g e n e r a l l y  a s s o c i a t e d  
w i t h  e r o s i o n  and h a s  b e e n - d i s c u s s e d  numerous t imes .  The OCR ' 

v a l u e s  g r e a t e r  t han  1 . 0  i n d i c a t e s  o v e r  c o n s o l i d a t i o n ,  however, 
"apparant"  f o r  t h e  M P G s i t e s  and a t t r i b u t e d  t o  c e m e n t a t i o n  a n d / o r  
i n t e r p a r t i c l e  bonding r a t h e r  t h a n  e r o s i o n .  

- The compress ion indexes  shown a r e  s t r i c t l y  ave raged  v a l u e s  and 
shou ld  be used w i t h  c a u t i o n .  The compress ion i n d e x  i s  h i g h l y  
dependent  oq i n  s i t u  vo id  r a t i o .  'Typ ica l ly ,  h i g h e r  V O l d  r a c l u s  
a r e  l i n k e d  w i t h  h i g h e r  w a t e r  c o n t e n t s  a s  is  t h e  c a s e  w i t h  
s m c e t i t c  and chow l a r g ~ r  rnmpress ion  indexes. 

- The p e r m e a b i l i t y  is e s s e n t i a l l y  t h e  same f o r  t h e  MPG-I and I11 
s i t e s  a t  comparable dep ths .  S i t e  MPG-IV i n d i c a t e s  h i g h e r  magni tudes .  



Geotechn ica l  P r o p e r t i e s  o f  nt\cp Sea Sediments  

I n  Study Areas IIPG-I, 111 & I V  
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SITE 

Deprh 
(m> 

C l a s s .  

Water Content  
w c  (5%) 

Und. Shea r  
S t r e n g t h  
Su (KPa) 

5 
Clay 

Liquld  Llrnit 
LL 

P l a s r i c  Llrnit 
PL 

A c t l v l t y  
A 

S p e c i f i c  
Grav i ty  

G s  

Overconsol .  
R a t i o  

OCR - 

Corn r e s s i o n  
T n d e x  
c c  

P e r m e a b i l i t y  
k (crn/sec)  

0  t o  
3 

I l l i t e  

110 

0  + 

6  

70 

9 5  

4  5 

0 . 7  

2 .78  

25+ 
1 . 8  

- 9 5  

3s10-' 

MPG- I 

3 t o  
10  

T r a n s i -  
t i o n a l .  

1 3 5  

G+ 
18 

74 

175 

65  

1.7 

2 .82  

1.8+ 
1 . 0  

.95+ 
2 .9  

5s10-' 

hlPG- 

0  t o  
? 

I l l i t e  

100 

O-c 
5 .  

68 

7  3  

2  7  

0 . 7  

2 .77  

in+ 
1 . 5  

1 . 7  

5 s l 0 - ~  

10 t o  
2  4  

S rnec t i t c  

200 

l6-c 
3 0 

6  8 

2  40 

100 

2 . 1  

2 .90  

, - 
1 . 0  

2 . 9  

3 x 1 ~ - ~  

I I I 

2  t o  
5  

I l l i t e  

120 

1 + 

5 
. * .. 

I' 

7  4 

75 

32 

0 . 6  

2 . 7 7  

= 1 . 0  

1 . 6  

5x10-'I 

I 

hlPG- 

0  t o  
2  

I l l i t e  

140 

O+ 
10 . 4 

50 

8 5  

4  2  

1.1 

2.76  

36- 
2.3 

2 . 1  

5 x 1 0 ~ ~  

I  V 

3  t o  
1 2 . 5  

I l l . / S r n c  

145 

5 + 

10 

4  3 

120 

4  5  

1 . 7  

2 .73  

2,O 

2 . 0  

1sl0-= 



sediment-Geotechnica l  P r o p e r t i e s  c o n ' t .  

EFFECTS OF RADIATION HISTORY ON STRESS-STRAIN PROPERITES: 
P a c i f i c  S m e c t i t e  

INTRODUCTION 

The e f f e c t s  of p o s s i b l e  changes  i n  s o i l  s t r e s s - s t r a i n  b e h a v i o r  t o  
exposure  t o  h i g h  l e v e l  r a d i a t i o n  i s  of g r e a t  i n t e r e s t  t o  t h e  Subseabed 
D i s p o s a l  Program. F i v e  t r i a x i a l  sub-samples of reconstituted-reconsolidat- 
ed s m e c t i t e  were exposed t o  a  c o b a l t - 6 0  r a d i o a c t i v e  s o u r c e  a t  v a r i o u s  
dosages  a t  SNL. Four samples  were  t h e n  i s o t r o p o c a l l y  c o n s o l i d a t e d ,  
t e s t e d  and ana lyzed  a t  URIIMGL. One sample  was t o o  d r i e d  o u t  t o  b e  t e s t e d .  

HIGHLIGHTS 

- Three samples  were  exposed t o  8 ,100  and 1000 h r .  dosages  of 
r a d i a t i o n  and t e s t e d  a t  approx imate ly  t h e  same c o n s o l i d a t i o n  
stress ( %.I34 kPa) t o  i s o l a t e  any r a d i a t i o n  e f f e c t s .  A s ' s e e n  
on t h e  p-q p l o t  ( s e e  f i g u r e )  t h e s e  t h r e e  samples  f o l l o w  a l m o s t  
i d e n t i c a l  s t r e s s  p a t h s .  

- Two 100 h r .  dosage samples  were t e s t e d  a t  d i f f e r e n t  c o n s o l i d a t i o n  
s t r e s s e s  and a  s i m p l e  two p o i n t  d e t e r m i n a t i o n  of t h e  e f f e c t i v e  
a n g l e  of i n t e r n a l  f r i c t i o n  (;) and e f f e c t i v e  c o h e s i o n  ( c )  was made. 

0 
C o n t r o l  s e r i e s  4 = 33.5, < = 1.11 kPa 
I r r a d i a t e d  s e r i e s  4 = 31.4 c  = 6.13 kPa 

These v a l u e s  compare r e l a t i v e l y  w e l l  i n  v iew of t h e  f a c t  t h a t  t h e  
c o n t r o l  s e r i e s  d a t a  is  based on 4  t e s t s  w h i l e  t h e  i r r a d i a t e d ,  o n l y  2 .  

- Most o t h e r  t e s t s  p a r a m e t e r s  i n c l u d i n g  s t r e s s  r a t i o ,  A- fac to r ,  peak 
d e v i a t o r  s t r e s s ,  and a x i a l  s t r a i n  a t  f a i l u r e  d i d  n o t  d i f f e r  s i g n i -  
f i c a n t l y  from t h e  c o n t r o l  s e r i e s  of non- rad ia ted  s m e c t i t e  ( s e e  
Summary Tab le )  

CONCLUSIONS (See f i g u r e )  





EFFECTS OF RADIATION H 1 STORY 
ON STRESS - STRAIN PROPERTIES 

EXPOSURE \I I W 5 F (?~T)F 'lrQ3 F A, 
- 

(2)  ( E l  (KPA) (KIA) (KPA TIME(HRs) 

RFCONST ITUTED- RECONSOI I DATED SMECTI TE : PS-9 

EFFECTS OF RAIDATION HISTORY 
ON STRESS-STRAIN PROPERTIES 

(PACIF IC SIYECTITE) 

. . 
. , . . ... . ' 

. . . . 
, . - ,  

. . .. . ' . L!NCI US IONS . , 

TION EXPOSURE, 



Sediment Geotechnical Properties c~n'i, 

EFFECTS OF HIGH CONSOLIDATION STRpSS ON STRESS STRAIN BEHAVIOR: 
RECONSTITUTED RECONSOLIDATED ILLITE. 

INTRODUCTION 

The o b j e c t i v e  of t h e s e  t e s t s  i s  t o  observe any change i n  t he  s t r e s s -  
s t r a i n  behavior  of deep s e a  sediment due t o  i nc r ea s ing  conso l ida t i on  s t r e s s .  
This  f i r s t  s e r i e s  is  being done u s ing  reconstitu'ted-reconsolidated i l l i t e ,  
t he  nex t  s e r i e s  w i l l  use  undisturbed samples from the  1981 DeSteiger c r u i s e .  
URI/MGL is tasked t o  go t o  approximately 2.7 MPa t o  provide over lap  wi th  
t e s t i n g  a t  even h ighe r  conso l ida t i on  p re s su re s  being done a t  WES on t he  same 
type samples. 

HIGHLIGHTS 

- An i n i t i a l  s e r i e s  a t  conso l ida t i on  s t r e s s e s  of 270, 689 and 1240 kPa 
hqs been r e c e n t l y  completed. A s  can be seen i n  t h e  s t r e s s - s t r a i n  
curves  ( s e e  f i g u r e )  a  change i n  mode of f a i l u r e  is  observed above 
270 kPa. 

- A t  t h e s e  conso l ida t i on  s t r e s s e s  a  pre l iminary  a n a l y s i s  shows t h a t  
some f l a t t e n i n g  of t he  Mohr-Coulomb f a i l u r e  envelope i s  occur r ing .  
A decrease  i n  3 with  i nc r ea s ing  conso l ida t i on  s t r e s s  i s  common i n  
s o i l s .  

- Af te r  689kPa c o n s o l i d a t i o n  s t r e s s ,  t he  amount of a d d i t i o n a l  water 
t h a t  can be squeezed out  of a  sample is almost i n s i g n i f i c a n t .  

- Pre l iminary  r e s u l t s  ufi a new tes t  a t  a  conso l ida t i on  s t r e s s  of 1770 
kPa p o i n t  t o  a  t r end  where a l l  t h r e e  h igh  pressure  t e s t s  (689, 1240 
and 1770 $Pa) a l l  reach  peak d e v i a t o r  s t r e s s  a t  approximately 5% 
a x i a l  s t r a i n .  

SUMMARY AND REMAINING W O ~  (See Figure)  
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I AT CONSOLIDATION S T C E S ~ E S  GRE~TEII, THAN 270 KPA THE FAILURE MODE CHANGES . , 

' ' FROM "BARREL, SHAPED!' TO A SINGLE 'DEFINED SHEAR,PLANE 

SAMPLES REACH A "CRITICAL" VOID RATIO AT PRESSURES GREATER THAN 689 KPA 

AFTER WHICH I N S I G N I F I C A N T  DECREASE I N  VOLUME I S  OBSERVED WITH INCREASING 

' CONSOLIDATION STRESS . , .  
. , 

, . 

8 FUR, +ER T E ~ T I  . N G W !  . LL ATTEMPT, TO BETTER DEF l N E  THE TRANS I T  ION I N  MODE OF 

FAIIJJRE BET~EEN 270 AND,. 689 KPA , ' ; . , .. , , . 
. . . . 

.. . 

FURTHER ANALYSI s WILL INCORPORATE PREVIOUSLY REPORTED C I  U RESULTS FOR ' 

RECONSOLIDATED RECONSTITUTED I L L l T E  AND DETERMINE ANY CHANGES I N  THE 

MOHR-COULOMB FAILURE ENVELOPE 



Sediment Geotechnical Properties Con't. 
CREEP PROGRAM 

Creep p r o p e r t i e s  and behavior  of deep s e a  sediments has  been i n v e s t i g a t -  
ed a t  URI/MGL under t h r e e  cond i t i ons ;  room temperattire,  v a r i a b l e  temperature 
and long-term. A cons t an t  load ing  s t r e s s  i s  app l i ed  on a f u l l y  dra ined  
t r i a x i a l  specimen i n  a l l  t e s t s ,  (except  i n  t h e  long-term dra ined  u n i a x i a l ,  
experiment) ,  w i t h  cont inuous measurements of a p p r o p r i a t e  deformations and 
t e s t  cond i t i ons .  The fo l lowing  is  a summary of our  f i n d i n g s .  

ROOM TEMPERATURE 

This  a spec t  of t h e  program is complete.  See a t t a ched  t a b l e .  

VARIABLE TEMPERATURE - See a t t a ched  t a b l e  and f i g u r e .  

- I n s t a b i l i t i e s  occurred a t  a l l  temperatures .  

- B r i t t l e  s t r u c t u r e  developed dur ing  100 and 1 5 0 ' ~  t e s t s .  
I n s i g n i f i c a n t  i n c r e a s e  i n  a x i a l  s t r a i n  wi th  i n c r e a s e  i n  
s t r e s s  l e v e l .  

- I n  t h e  1 5 0 ' ~  t e s t ,  sample f a i l u r e  occur red  a t  210% s t r e s s  
l e v e l .  The 1 0 0 ~ ~  t e s t  is c u r r e n t l y  a t  70% s t r e s s  l g v e l  
wi th  no s i g n i f i c a n t  change i n  a x i a l  s t r a i n .  ;he 75 C t e s t  
f a i l e d  a t  10% s t r e s s  l e v e l ;  2 0 ' ~  a t  50% and 4 C a t  40%. 

- From t h e  f i g u r e  i t  appears  t h a t  a cool ing  ( 4 ' ~ )  o r  hea t i ng  
(75, 100, 150 '~)  of t h e  specimen r e s u l t s  i n  a decrease  i g  
a x i a l  s t r a i n  under comparable load ing .  However,, t h e  150 C 
r e s t  does n o t  conform s i n c e  i t  has an i n i t i a l  s t r a i n  s e v e r a l  
magnitudes g r e a t e r  than t h e  o t h e r  t e s t s .  It i s  suspected 
t h a t  t h i s  h igh  i n i t i a l  s t r a i n  could be p a r t i a l l y  due t o  some 
s e a t i n g  of t h e  p i s t o n  on t h e  sample p r i o r  t o  t r u e  s t r a i n i n g .  

- Current  and f u t u r e  t e s t s  i nc lude  - t h e  1 0 0 ~ ~  t e s t  z h i c h  
is nea r  completion; s u b s t a n t i a t i n g  t h e  previous 75 C and 

0 
150 C by re running  on s i m i l a r  m a t e r i a l ;  conduct ing two 
t e s t s  (75 and 150 '~)  on remolded srnect i to  varying the 
procedure by c o n s o l i d a t i n g  f i r s t  then  hea t i ng .  

LONG-TERM-UNIAXIAL - See a t t a ched  t a b l e  and f i g u r e  

- Two a r e a s  of secondary c reep  ( cons t an t  i )  can be  i d e n t i f i e d  
on each curve  of cons t an t  app l i ed  s t r e s s .  The l a t t e r  i 
being of l e s s e r  magintude i n  each curve.  It i s  suspected 
t h a t  an  i n s t a b i l i t y  occurred between t he  two a r e a s  of second- 
a ry  c r eep  because t h i s  behavior  is  p r e c i s e l y  t h e  same a s  t h e  
room temperature t r i a x i a l  s e r i e s  compteted by K.  Moran. 

- Magnitude of s t r a i n  r a t e  i n  t h e  second reg ion  of secondary 
c reep  i n c r e a s e s  w i th  stress l e v e l .  



CREEP PROGRAM (continued)  

LONG-TFRM-UNIAXIAL (Continued) 

- T e s t s  a r e  cont inu ing  examining u n i a x i a l  c reep  behavior  under 
i nc r ea s ing  s t r e s s  l e v e l  on t h i s  specimen. 

LONG-TERM: TRIAXIAL - See a t t a ched  t a b l e  and f i g u r e s .  
I , !  

- Two a r e a s  of secondary c reep  can be i d e n t i f i e d  (befaore and 
a f t e r  20,000 min . )?  Magnitude of s t r a i n  r a t e ,  E ,  l e s s  f o r  
second a r e a .  

I 

- I n s t a b i l i t y  occurs  a t  approximately 20,000 min. Noticeable  
i n  a x i a l  and volumetr ic  s t r a i n  v s .  t ime curves .  
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r IDENTIFY AND ANALYZE CREEP PROPERITES AND BEHAVIOR OF 

DEEP S E 4  SEDIMENTS+  

r CONDUCT C~NSTANT STRESS DRAINED TESTS ON UNDISTURBED 

I L L I T E  AND SMECTITE AND REMOLDED SMECTITE MATERIAL  

A T  VARIOUS STRESS LEVELS ,  

r TESTING AND ANALYSIS COMPLETE .- THESIS B Y  K, MORAN 
A V A I  I A B L E  * 

LONG-TERM 

ASSESS LONG-TERM (1 YEAR) CREEP PROPERTIES AND &HAVIQR, 

g CAIIIIY UUI .  UI (A1NLU U N I A X I A L  ANB T R ~ A x ~ A L  TESTS UN 

UNDISTURBED I L i i  TE, . .: 

2 r l-D, UNIAXIAL; 150 DAYS; 25, 40, 55, 85, G/CM S T R E S S E S ,  

2;D, T R I A X I A L ;  95 DAYS; 25X STRESS LEVEL ,  

r INVESTIGATE TEMPERATURE EFFECTS ON CREEP PROPERIES AND . 

BEHAVIOR OF  DEEP SEA SEDIMENTS,  

r PERFORM CONSTANT STRESS DRAINED TESTS ON UNDISTURBED 

I L L l T E  AND REMOLDED SMECTITE M A T E R I A L  AT TEMPERATURES 

EXPECTED I N  THE CANISTER V I C I N I T Y ,  

r PHASE 1 - TEMP, 4, 20, 75, 1 5 0 ~ ~  COMPLETE - THESIS BY 

J , W 1 LDMAN AVA I LABLE , 

r PHASE 2 - TEMP, 1 0 0 ~ ~  NEAR COMPLETION; 75, 1 5 0 ~ ~  
(REMOLDED SMECTITE) FY 82; SUBSTANTIATE PHASE 1, 

b 

ROOM TEMPERATURE CREEP 

CONCLUSIONS 

DEEP-SEA SEDIMENTS E X H I B I T  LARGER A X I A L  STRAINS THAN T H E I R  

TERRESTRIAL AND "BAY" COUNTERPARTS, 

r TERTIARY CREEP (RUPTURE) OCCURS AT LOWER STRESS LEVELS THAN 

COUNTERPARTS, 

0 PROPOSED PHENOMENOLOGICAL EQUATION LOG ; = MTS + BS + K 

ACCOUNTS FOR NONLINEAR A X I A L  S T R A I N  PATE VS ,  T I M E ,  



Sediment Geotechnical Properties con't. ' 

High Preqsure lHigh  Temperature  

Thermophysical P r o p e r t i e s  Program: 

T h i s  t a s k  was i n i t i a t e d  i n  o r d e r  t o  de te rmine  t h e  the rmophys ica l  proper-  

. t i e s  o f  deep-sea sed imen t s  a s  a  f u n c t i o n  of v o i d  r a t i o  a t  i n  s i t u  c o n d i t i o n s  

of h y d r o s t a t i c .  p r e s s u r e  and t empera tu re .  The sed imen t s  chosen were two c l a y  

t y p e s  o b t a i n e d  from t h e  MPG-1 s t u d y  a r e a .  

The i n i t i a l  e f f o r t  p r i m a r i l y  focussed  on t h e  d e s i g n ,  f a b r i c a t i o n ,  and 

c a l i b r a t i o n  of t h e  l a b o r a t o r y  a p p a r a t u s .  The d e v i c e  h a s  t h e  c a p a b i l i t y  of 

c o n s o l i d a t i n g  a  sample t o  s i m u l a t e  compaction th rough  t h e  sediment  column. 

At v a r i o u s  v o i d  r a t i o s ,  p e r m e a b i l i t y  and the rmal  c o n d u c t i v i t y  can b e  d i r e c t l y  

measured, w h i l e  exposing t h e  sample t o  h y d r o s t a t i c  p r e s s u r e s  up t o  65 MPa 

and t empera tu res  . u p  t o  220' C. 

A  s y s t e m a t i c  test program h a s  been performed i n  o r d e r  t o  a n a l y z e  t h e  

e f f e c t s  of l a r g e  h y d r o s t a t i c  p r e s s u r e s  on sediment  p h y s i c a l  p r o p e r t i e s .  The 

c l a y  samples  e x h i b i t e d  a  g r a d u a l  i n c r e a s e  i n  the rmal  c o n d u c t i v i t y  w i t h  in -  

c r e a s i n g  p r e s s u r e .  T h i s  behav io r  s imply r e f l e c t s  t h e  v a r i a t i o n  of t h e  the rmal  

c o n d u c t i v i t y  of w a t e r  a l o n e  as a  f u n c t i o n  of p r e s s u r e .  There  was no d e t e c t a -  

b l e  change i n  sediment  p e r m e a b i l i t y  w i t h  i n c r e a s i n g  h y d r o s t a t i c  p r e s s u r e .  A 

small v a r i a t i o n  i n  t h e  k inemat i c  v i s c o s i t y  of w a t e r  w i t h  p r e s s u r e  was w i t h i n  

t h e  accuracy  of t h e  t e s t  '(7 l o % ) ,  and,  t h e r e f o r e ,  d i d  n o t  d i s c e r n i b l y  i n f l u e n c e  

t h e  r e s u l t s .  

The change i n  t h e  v i s c o s i t y  of t h e  pe lmea t ing  medium d i d ,  however,  a f f e c t  

t h e  r e s u l t s  of t h e  v a r i a b l e  t empera tu re  tests. I n  t h i s  s e r i e s  of exper imen t s ,  

t h e  c l a y  samples  were  exposed t o  a  c o n s t a n t  h y d r o s t a t i c  p r e s s u r e  of 58.6 MPa, 

a i d  t h e  t empera tu re  was i n c r e a s e d  i n  s t a g e s  from 2zn C f6 L Z O ~  L. Tilt! r e s u l L ~  

o f  t h e  p e r m e a b i l i t y  t e s t s  show t h a t  t h e  v a r i a t i o n  can  b e  accounted f o r  by t h e  

change i n  v i s c o s i t y  of t h e  s e a  w a t e r  w i t h  t empera tu re .  

As  i n  t h e  c a s e  of t h e  v a r i a b l e  p r e s s u r e  t e s t ,  t h e  v a r i a b l e  t empera tu re  

t e s t s  i l l u s t r a t e  t h a t  t h e  change i n  t h e  sediment  the rmal  c o n d u c t i v i t y  c l o s e l y  

r ~ . f l . e c t s  the behav io r  of t h i s  p r o p e r t y  f o r  w a t e r  a l o n e  a s  a f u n c t i o n  of 

t empera tu re .  



H I G H  PRESSURE/HI GH TEMPERATURE 
THERMOPHYSICAL PROPERTIES PROG4AY 

1, PURPOSE - 
TO DETERMINE THE PERMEABILITY AND THERMAL 

CONDUCTIVITY OF DEEP-SEA CLAYS AS A FUNCTION 

OF VOID RATIO AT CONDITIONS OF HYDRO- 

. STATIC  PRESSURE AND TEMPERATURE, 

2, SCOPE - 
A) DESIGN AND BUILD A LABORATORY APPARATUS 

CAPABLE OF CONSOLIDATING A SEDIMENT 

SAMPLE AND DIRECTLY MEASURING THE ABOVE 

PROPERTIES, WHILE EXPOSING I T  TO HYDRO- 

STATIC PRESSURES UP TO 65 MPA AND 

TEMPERATURES UP TO 2 2 0 ~ ~ ~  

B) PERFORM A SYSTEMATIC TEST PROGRAM WITH BOTH 

I L L I T E  AND SMECTITE SAMPLES I N  ORDER TO 

DETERMINE THE THERMOPHYSICAL EFFECTS OF HIGH 

HYDROSTATIC PRESSURE AND TEMPERATURES, 
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RESULTS 

1 PRESSURE EFFECTS : 

A )  THERPlAL CONDliCTIVITY - 
VARIATION REFLECTS BEHAVIOR OF 

WATER ALONE,  

B )  PERMEABILITY - 
No DISCERN I BLE CHANGE. SMALL 
V A R I A T I O N  I N  WATER V I S C O S I T Y  I S  

W I T H I N  ACCURACY OF T E S T ,  

2,  TEMPERATURE EFFECTS : 

A) THERMAL CONDUCTIVITY - 
VARIATION REFLECTS BEHAVIOR OF 

WATER ALONE.  

B )  PERMEABILITY- 
VARIATION REFLECTS CHANGE IN  

THE K I N E M A T I C  V I S C O S I T Y  OF THE 

PERMEATING M E D I U M  -SEA WATER. 



Thermal Effects on Sediment Properties 

William N. Houston, Neil D. Williams 
University of California at Berkeley 

At UC Berkeley, we have been doing an experimental study of 
the thermomechanical properties of subject soils, measuring the 
response to shear and compressive loading over a temperature 
range of 4O - 2 0 0 '  C. The emphasis of this work is on undrained 
response. Tests include both isotropic and anisotropic 
consolidation, constant-rate-of-strain strength tests, constant 
stress creep tests, thermal consolidation tests, and permeability 
tests at more than one shear stress level. 

Some Preliminary Observations 
Most of the testa to date have been on remolded.. 

reconsolidated illite. This material exhibits an essentially 
elastic-plastic stress-strain curve at moderate temperatures, but 
becomes more brittle at higher temperatures and after creep 
loading, significant secondary compression (high Ca), secondary 
compression rates which are a strong function of temperatures and 
are essentially independent of effective confining pressure, and 
a time for any degree of consolidation that is a strong function 
of temperature (see table). 

There is also a strong relationship between undrained shear 
strength and water cgntent at failure--regardless of whether 
water content decrease was induced by mechanical consolidation or 
by thermal consolidation, and whether water content decrease was 
cau~ed by primary consolidation or prolongcd sccondary 
compression. There is positive pore pressure with a low stress 
level, then a fairly steady pore pressure with a high shear 
s t re s s  level .  

Temperature (OC) Approx. tlOO (min.) 

' 21 z 400 

4 u = l L U  
100 =. 10 
200 2 1  
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Figure . The Strain Consolidation Index for hydrostatic 
sfress increments. 



Temperature,. T ( % )  

F:gure . T h e m e 1  Consolidation Index. 
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Fiqure . Avvra(18. Co+.fficicnt of Secondary Comprc::sion. 
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Fiqure . The Tllcrmal V@jl!umetric Crcep C o e f f i r l . e n t  a s  n Function o f  temperature.  



Figure . S t r e s s  Paths an2 Strength Behavior f o r  T e s t  
SS 1 2  i n  Terms o f  E f f e c t i v e  S t r e s s  and S t r a i n  
Parameters. 
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s t r e s s  during  c o n s o l i r l a t  ion. 
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f l ~ t ,  i: log t 

TIME, t (KIN) 

Figure  . ? z i a l  s t r a i n  r a t e  - time r e l a t i o n s h i p  
f o r  c r e e p  t e s t s  a t  s t r e s s  - l e v e l s .  
6 = 35 ,  6 5 ,  80%.  



Creep Modeling A c t i v i t i e s  

Paul  R. Dawson, Corne l l  U n i v e r s i t y ;  J o e l  L ipkin ,  SNLA 

The development of c r eep ing  deformat ion  s imu la t i on  t o o l s  h a s  
cen t e r ed  on t h e  NEPTUNE computer code. Over t h e  p a s t  year  
s e v e r a l  a c t i v i t i e s  have been d i r e c t e d  a t  improving N E P T U N E ' S  
a b i l i t y  t o  model a c c u r a t e l y  t h e  thermomechanical response  of  
deep-ocean sediments .  These g c t i v i t i e s  a r e  enumerated i n  F igu re  
1. One major a c t i v i t y  i s  r e l a t e d  t o  g e n e r a l i z i n g  t h e  f i e l d  
e q u a t i o n s  so lved  by NEPTUNE, a s  we l l  a s  improving t h e  
computa t iona l  a lgo r i t hm f o r  o b t a i n i n g  a  s o l u t i o n .  A second 
a c t i v i t y  ha s  been d i r e c t e d  toward t h e  c o n s t i t u t i v e  equa t i ons  t h a t  
mathemat ica l ly  d e s c r i b e  t h e  mechanical  response of s a t u r a t e d  
sediment  t o  app l i ed  l oads ,  p o s s i b l y  i n  t h e  presence  of 
complicated thermal  h i s t o r i e s .  Both t h e  form of  t h e  c o n s t i t u t i v e  
e q u a t i o n s  and t h e  paramters  w i t h i n  t h e  equa t i ons  must be de r ived  
from t h e  a n a l y s i s  o f  l a b o r a t o r y  and f i e l d  t e s t s .  The development 
of  a n a l y t i c a l  modeling a l s o  i nvo lves  expe r imen ta t i on  wi th  t h e  
s i m u l a t i o n  t o o l s  themselves.  Th i s  t h i r d  a c t i v i t y  i s  neces sa ry  t o  
deve lop  a  b e t t e r  unders tanding  of t h e  t o o l s '  performance when 
a p p l i e d  t o  problems of importance t o  t h e  SDP. 

The g e n e r a l  c a p a b i l i t i e s  o f  t h e  NEPTUNE code have been 
summarized i n  F igure  2 ,  s o  t h a t  t h e  d i s c u s s i o n  t h a t  is  t o  fo l l ow  
might be placed i n  b e t t e r  c o n t e x t .  B r i e f l y ,  NEPTUNE i s  a f i n i t e  
e lement  code t h a t  numer ica l ly  s o l v e s  t h e  f i e l d  equa t i ons  f o r  
c r eep ing  ( n o n l i n e a r )  v i s cous  flow of  a  porous cohes ive  ma t r i x  
( s k e l e t o n ) .  Concurrent  movement of t h e  pore water  r e l a t i v e  t o  
t h e  s k e l e t o n  i s  d i r e c t l y  coupled t o  t h e  s k e l e t o n  motion through 
s h a r i n g  of  t h e  t o t a l  app l i ed  s t r e s s  and through c o n t i n u i t y  of t h e  
s k e l e t o n  and pore  f l u i d  motions.  The thermal  response ,  which i s  
c e n t r a l  t o  many SDP a p p l i c a t i o n s ,  i s  a l s o  s imula ted  i n  NEPTUNE 
and coupled t o  t h e  s a t u r a t e d  system motions through temperature-  
dependent  m a t e r i a l  p r o p e r t i e s ,  t he rma l ly  induced d e n s i t y  
g r a d i e n t s ,  energy t r a n s f e r  by m a t e r i a l  convec t ion ,  and changing 
geome t r i e s  from system deformat ions .  NEPTUNE has  been w r i t t e n  t o  
a l l ow  s imu la t i on  of a r b i t r a r y  two-dimensional geomet r ies .  The 
c r e e p i n g  flow format ion  p e r m i t s  changes i n  t h e  geometry t h a t  a r e  
q u i t e  l a r g e  ( l a r g e  s t r a i n  and d i sp l acemen t )  by i n t e g r a t i n g  t h e  
p a r t i c l e  v e l o c i t i e s  through t h e  r eg ion .  

A number of p h y s i c a l l y  impor tan t  assumptions have been made 
i n  a r r i v i n g  a t  t h e  equa t i ons  t h a t  a r e  so lved  by NEPTUNE.  The 
major assumption? a r e  l i s t e d  i n  F igu re  2 .  These assumptions 
i nc lude  t h e  s o i l  mechanics concept  o f  e f f e c t i v e  s t r e s s ,  and t h e  
concept  t h a t  t h e  motions a r e  s u f f i c i e n t l y  slow t h a t  i n e r t i a  o f  
t h e  ~ . u ~ ~ s t i t u c n t e  miry be neg lec t ed .  The f l u i d  and s o l i d  
components a r e  assumed t o  be l o c a l l y  incompress ib le ,  and t h e i r  
macroscopic s t r u c t u r e  is  assumed t o  be i s o t r o p i c  and homogenous. 
The shea r  s t r e s s e s  i n  t h e  f l u i d  a r e  n e g l i g i b l e  excep t  a  t hey  
c o n t r i b u t e  t o  t h e  drag  f o r c e s  between t h e  s o l i d  and f l u i d  t h a t  
a r i s e  which r e l a t i v e  motion occurs .  Local e q u i l i b r i u m  of 
tempera tures  i s  a l s o  assumed. The governing e q u a t i o n s  and 
s o l u t i o n  procedure  on which NEPTUNE i s  based a r e  summarized i n  
F igu re s  A 1  t o  A 5 .  

NEPTUNE was developed from c l a s s i c a l  concep t s  of e f f e c t i v e  
s t r e s s  and pore wate,r flow of modern s o i l  mechanics.  The 
i n t e r a c t i o n s  of systems wi th  i n t e r a c t i n g  components such a s  
s a t u r a t e d  sed iments  can a l s o  be viewed i n  terms of  deve loping  
t h e o r i e s  of  mix tures .  P a r t i c i p a n t s  i n  t h e  SDP (J.  Nunziato and 
S.  Passman) have been examining how e f f e c t i v e  s t r e s s  concep t s  and 
t h e i r  mix ture  t h e o r i e s  compare. T h i s  work h a s  been examined a s  
p a r t  of t h e  c r e e p  modeling a c t i v i t y ,  and t h e  e q u a t i o n s  i n  NEPTUNE 
have been supplemented t q  c o i n c i d e  w i th  t h e  mix tu re  t h e o r i e s  
w i th in  t h e  same s e t  of assumptions a s  g iven  be fo re .  



A number of  improvements have r e c e n t l y  been i nco rpo ra t ed  i n  
t h e  NEPTUNE program ( F i g u r e  3 ) .  These changes a r e  d i r e c t e d  a t  
p rov id ing  a  more e f f i c i e n t  progqam which i s  a l s o  e a s i e r  t o  use. 
Documentation of t h e  program was a l s o  completed t h i s  year .  Thiq 
r e p o r t  i s  a  u s e r ' s  manual t h a t  d e s c r i b e s  t h e  governing equa t ions ,  
numer ica l  t e chn iques ,  and i n s t r u c t i o n s  f o r  q s ing  t h e  program. 

The con f idence  i n  t h e  p r e d i c t i o n s  made us ing  a  s imu la t i on  
t o o l  such  a s  NEPTUNE i s  l i m i t e d  by t h e  accuracy  of t h e  
c o n s t i t u t i v e  e q u a t i o n s  t h a t  c h a r a c t e r i z e  t h e  sediment .  NEPTUNE 
i s  based on a  c r e e p i n g  f low premise t h a t  t h e  n o n e l a s t i c ,  v i s cous  
de fo rma t ions  dominate  e l a s t i c  deformat ions .  The flow equa t ion  
shown i n  F igu re  4 p r o v i d e s  a  mathematical  r e l a t i o n s h i p  between 
t h e  motion of  t h e  sed iment  and t h e  s t r e s s  a p p l i e d  t o  it .  The 
pa rame te r s  i n  t h e  model a r e  i n  g e n e r a l  f u n c t i o n s  of t h e  
deformat ion  r a t e ,  s t r a i n ,  t empe ra tu re ,  and s t r u c t u r e ,  These 
pa rame te r s  must be chosen t o  c h a r a c t e r i z e  t h e  g e n e r a l  behavior  of 
t h e  sediment  a s  determined i n  l a b o r a t o r y  measurements. To 
accomplish t h i s ,  e q u a t i o n s  i nvo lv ing  t h e  i n v a r i a n t s  o f  t h e  s t r e s s  
and motion a r e  decomposed i n t o  t h e  vo lume t r i c  and shear  
components. A f u n c t i o n a l  form ~f t h e  model and t h e  parameter8 i n  
t h e  model can then  be determined from l a b o r a t o r y  d a t a  t h a t  hqs 
been reduced t o  i l l u s t r a t e  t h e  i n v a r i a n t  r e l a t i o n s h i p s  observed 
i n  t h e  t e s t s .  

Seve ra l  n o n l i n e a r  e q u a t i o n s  have been s t u d i e d  f o r  t h e  f i r s t  
. i n v a r i a n t  behavior  ( F i g u r e  A 6 ) .  I t  was found t h a t  forms 

e x p l i c i t l y  i nvo lv ing  t h e  p o r o s i t y  of  t h e  sediment  could  be f i t  t o  
i n d i v i d u a l  conso l ida tSon  t e s t s  q u i t e  we l l  ( F i g u r e s  7 and A ) .  
Howver, t h e  r e s u l t i n g  s e n s i t i v i t y  of t h e  p r e d i c t e d  sediment  
behavior  t o  sma l l  d i f f e r e n c e s  i n  t h e  i n i t i a l  p o r o s i t y  was l a r g e .  
T h i s  mot iva ted  t h e  examina t ion  of a  second s e t  of e q p a t i o n s  which 
do  n o t  e x p l i c i t l y  i nvo lve  t h e  p o r o s i t y ,  bu t  r a t h e r  inc luded  an 
i n t e r n a l  v a r i a b l e  t h a t  is  more s e n s i t i v q  t o  r e l a t i v e  changes i n  
t h e  sediment  s t r u c t u r e .  T h i s  model could  a l s o  be f i t  t o  t h e  d a t a  
q u i t e  w e l l  f o r  i n d i v i d u a l  t e s t s  ( F i g u r e  91 ,  b u t  showed l e s s  
s e n s i t i v i t y  t o  i n i t i a l  v a q i a t i o n s  i n  t q e  sediment  s t a t e  than  t h e  
p r e v i o u s  model. Work c o n t i n u e s  on t h i s ,  w i th  c o r r e l a t i o n  of  t he  
model t o  t e s t s  of l onge r  d u r a t i o n  and use  of NEPTUNE t o  s i m u l a t e  
t h e  e f f e c t s  o f  s p a t i a l  v a r i s t i ~ n s  i n  motion w i t h i n  t h e  t e s t  
spectrum. 

NEPTUNE h a s  a l s o  been e x e r c i s e d  i n  s imu la t i ng  SDP 
a p p l i c a t i o n s .  S i m p l i f i e d  c o n s t i  t l ~ b  i v e  e q u a t i o n s  (w i th  parsme ter ti 
e s t i m a t e d  from t e s t  r e s u l t s  r epo r t ed  i n  t h e  open l i t e r a t u r e )  were 
assumed f o r  t h e  sed iments .  Mohion around a  heat-producing sphe re  
was examined f o r  a  range  o f  t h e  sediment  system p r o p e r t i e s  of 
p o r o s i t y ,  bulk modulus, and d rag  c o e f f i c i e n t .  The r a t e s  of  
motioo were sma l l e r  t han  t h o s e  p r e d i c t e d  by cor responding  
computa t ions  made assuming undrained c o n d i t i o n s  ( i . e . ,  a  s i n g l e  
c o n s t i t u e n t ) .  T h i s  behavior  is due t o  t h e  d i s s i p a t i o n  of some of 
t h e  thermal  energy  a s  work, which d r i v e s  t h e  pore  f l u i d  motion 
r e l a t i v e  t o  t h e  s k e l e t o n .  

The work summarized h e r e  has  r e s u l t e d  i n  computa t iona l  t o o l s  
t h a t  a r e  a b l e  t o  s i m u l a t e  c r eep ing  motion of  deep  ocean 
sed iments .  E f f o r t s  i n  t h e  upcoming year w i l l  be d i r e c t e d  a t  
d e t c r m i n i t ~ g  arid implementing more a c c u r a t e  r e p r e s e n t a t i o n s  of t h e  
sed iment  behavior  i n  t h e  computa t iona l  t o o l s .  
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ACTIVITIES Fig. 1 
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THERMAL RESPQHSE INCLUDING CONVECTION FROM RELCITIUE MOTION 

LARGE MOVEMENTS OF BOTH THE SOLID AND FLUID 

EFFECTIVE STRESSES DRIVE THE SKELETON DEFORMATIONS 

#EGLIGIBbE INERTIA ,OF THE SOLID AND FLUID 

INCOMPRESSIBLE PORE FLUID CIND MINERAL PLRTELETS 

HOMOGENEOUS AND ISOTROPIC MATERIAL PROPERTIES 

EQUAL SOLID RHD FLUID TEMPERATURES AT COINCIDEHT POINTS 

NEGLIGfBLE FLUID SHEAR STRESSES ON THE SURFACE 



NEPTUNE 

RECENT DEUELOPHENTS Fig. 3 

GOUERMIHC EQUATIONS 

COMPARISON TO MIXTURE THEORIES ' 

CLOSER EXAHINATION OF THE BOUNDARY CONOITEONS 

IWPLEMENTATION OF NONLINEAR CONSTITUTIUE EOURTIONS 

GENERAL CAPABILITIES 

STPEARLINEO INPUT OATA REQUIREHENTS 

ADOEO CONTINOUS PORE PRESSURE APPROXIMATION 

EXPANDED PROBLEP S IZE  ChPABILIT IES 

IHPROUEO POST-PROCESSING PROGRAMS 
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DOCURENTAT ION - USERS MqNUAL 
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SED1HENT CONSTITUTIUE ROOELS FIT. 4 

NEPTUNE CREEP IMG FLOU APPROXI HAT ION 
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Y 
STRESS FIELDS 
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CREEPING FLOW RODEL 
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ELASTIC EFFECTS RRE NEGLECTED 
THERMOELRSTIC STRAINS 
STRESS RELAXhTION AT CONSTANT STRAIN 

PRINCIPAL ADVANTAGE L I E S  It4 ABIL ITY TO SIHULATE CREEPING 
HOTIOH OVER LONG TIRE SPANS EFFICIENTLY 



CANDIDATE NOOELS Fig. 5 

PARAMETERS p, 6 ,A 4 # ARE DETERHINED FROM FUHCTIONS OF THE 

EFFECTIUE STRESS AND OEFORHATION RATE INUARIANTS 

FIRST INUARIANT 
/ d 4 FI = 3 ~ d ~  + 3n dn + 34~~~- 

SECOND INVARIANT . 
/ .; =yd= 

SCALAR EQUATIONS THAT ARE ASSUMED TO BE TRUE FOR ANY STRESS STATE 

FIRST INVARIANT j VOLUMETRIC RESPONSE 

SECOND INVARIANT + SHEAR RESPONSE 

EUALUAT ION OF HAT ERIAL PARAHETERS Fig. 6 

FROM 

LRBORATORY TEST DATA 

1. CONUERT TEST DATA TO PLOTS OF THE INUARIANTS 

2 .  USE CONSOLIDATION TEST DATA FOR FIRST INUARIANT BEHAUIOR 
(YITHOUT DILATANCY OR POROSITY GRADIENT TERMS) 

3 .  USE CREEP TEST AND SHEAR TEST DATA TO EVALUATE THE SECONO 
INUARIANT BEHAUIOR AN0 OILATfiNCY BEHAUIOR 
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OBSERVATIONS Fig. l o  

. . , (  NOT CONCLUSIONS ) 

I N I T I A L  F I T S  OF CONSOLIDATION DATA TO #ODE49 INUOLUIWG THE 
POROSITY EXPLICITLY I n P L I E o  THGT THE NOOELS HIGHT BE 
UNSATISFACTORY 

INITIAL FITS OF CONSOLIDATION DATA TO noDELs HAVING THE 
INTERNAL VARIABLE FOR THE BONDING INTENSITY INDICATED 
THE MODEL COULD BE F I T  TO THE DATA AND RESULT I N  
REASONABLE PARAIETER VALUES 

RESULTS ARE NOT CONCLUSIVE BECAUSE: 
1. THE DATA I S  HOT OF SUFFICIENT DURATION TO ENSURE THAT 

THE GRADIENTS OF PORE PRESSURE ARE SMALL 
2. THE NUMBER OF DATA POINTS WAS TOO L I I I I T E D  TO HAVE 

COHFIDEtICE I N  THE F ITTED PARAMETERS . 



THERflALLY-DRIVEN CREEP SIMULATIONS 

CANISTER MODELED fiS A SPHERE 

RESPONSE DETERNINEQ FOR UBRI ATIONS IN : 
POROSITY 
BULK PIOOULIJS OF THE SKELETON 
DRAG COEFFICIENT 

OBSERUAT IONS 

R B T E S  OF HOTION WERE APP f RECIRBLY SLOWER THAN PREOICTED 
BY THE SINGLE-CONS ITUENT RNALYSES 

GOVERNING EQUATIONS 
Fig. A 1  

MECHANICAL BEHAVIOR 

CONSERVATION OF nAss 

d'4 J' - -. + - ~ \ - ~ \ u J ' = o  - 
, . SOLID! J , ,J x'; 1 fs = CONSYnNT 

.FLUID :  = CONSTANT 

CONSERVATION OF LINEAR NOHEHTUM 

d d 5 f 
SYSTEM : J I -  r;; - 8. + . + F. = 0 x, J J 

PORE FLUID:  



GOUERNlNC EQUATIONS Fig. A 2  

NECHANICAL BEHAUIOR 

KINEHATIC RELATIONSHIP 

CONST I YUT IIIE EQIJAT I ONS 

POROUS, MEDIA CREEPING FLOW UARI ATIONAL STATE~ENT rig. ~3 



GOVERNING EQUATIONS F1g. 

THERPlAL BEHAVIOR 

CONDUCTIVE-CONVECTIVE HEAT TRANSFER EQUATION 

INCREMENTRL SOLUTION PROCEDURE FOR TRANSIENT RESPONSE Fig. A 5  

1. I N I T I A L I Z E  VELOCITIES, TEHPERRTURES, MATERIAL PROPERTIES AND POROSITY 

2 .  SOLVE THE MOMENTUM EQUATIONS FOR THE SKELETON AND PORE FLUID 
VELOCITY FIELDS 

A . NODAL POINT COORDINATES ' BASED ON THE SKELETON VELOCITIES 
B .  POROSITY DISTRIBUTION BASED OH T HATIQN RRTES 
C. HATERIAL PROPERTIES BAStU 0N"TER . AND DEFORNATION RaTE 

CfiNbIDATE HODELS ' Fig. A6 

POWER LAY TYPEt 

= INTERNAL VARIABLE 
( PUAHT I T I T  IUE HEASURE OF BONDING IHT ENS 17Y 1 

* 
D I L I T  AT ION AND POROSITY GRADIENT TERMS NOT SHOWN 



DYNAMIC, PROPERTIES AND MODELING OF SEABED SEDIMENT 

Summary of  Preset i ta t ion by Behzad Rohani, 

U. S. Army ~ n ~ i n e e r  Waterways Experiment S t a t i o n  

The purpose . .o f . t .h i s  p r e s e n t a t i o n  is t o  d i s c u s s  b r i e f l y  t h e  U. SL Army 
. , 

Engine?= . ~ a t e & g ~ s  Experiment S t a t i o n  (WES) e f f o r t s  in support of t h e  Sub- 

seabed, Disposal Program (SDP) and t o  summarize our  progress  f o r  t h e  period 
. . 

October 1980 .. October 1981;. The SDP e f f o r t s  a t  WES c o n s i s t  of tvo  tasks-- 
. . .  

Task I is  a t l i e o r e t i c o l  i n v e s t i g a t j o n  and   ask 11 is  an experimental program. 
. . 

The purpose of,the.fheoretical'.investigation is  t o  develop an appropr ia te  . . ... , .  . . 

e l a s t i c - p l a s t i c ,  ' e f , fe ' c t ive-s t ress  c o n s t i t u t i v e  model and t h e  necessary 

numerical a lgor i thms  f o r  5eabe.d sediments  f o r  use  i n  computer code simula- 
. . 

t i o n s  of both ear ly - t ime  dynamic p e n e t r a t i o n  of waste c a n i s t e r s  and late- t ime 

ho le  c l o s u r e . ' . T h e  purpo'se. of t h e  experimental  program is t o  provide high- 
. . 

pressure  d y n w i ~  s t y e s s - s t r a i n  and s t r e n g t h  f o r  seabed sediments 

of  i n t e r e s t ,  which .conjpnct ion v i t h  d a t a  'prpvided by t h e  Univers i ty  of 
. . . . .  

~ h d d e  I s land  could he used , tq  g u i d e ' t h e  development and v e r i f i c a t i o n  of a  

c o n g t i t u t i v e  model f o r  huph m a t e t i a l s .  

Under.T&sk ~ ~ ~ ~ . e l a ' ~ t i c - ~ ~ a s t i c ,  e f f e c t i v e - s t r e s s  model has  been devel- 
. , . . 

oped f o r , d e s c r i b i n g  t h e  mechanical response of seabed sediment. The e f f e c t i v e -  

s t r e s s  model is based on t h e  a s , m p t i o n  t h a t  t h e  normal s t r e s s  components a t  

a  point  i n  a  s a t u r a t e d  m a t e r i a l  may be divided i n t o  tw p a r t s :  (1) t h e  

stress c a r r i e d  by t h e  s o l i d  s k e l e t o n  r e f e r r e d  t o  a s  t h e  e t f e c e i v e  scress  dnd 

( 2 )  t h e  s t r e s s  c a r r i e d  by thy pore f l u i d ,  r e f e r r e d  t o  a s  t h e  pore p ressure .  

T h i s  i n d i c a t e s  t h a t  t h e  t o t a l  p ressure  p is  t h e  sum of t h e  e f f e c t i v e  

pressure  p' and t h e  pore p r e s s u r e  u , v h i l e  t h e  t o t a l -  and e f f e c t i v e -  

s t r e a s  dev ia t ion  t e n s o r s  a r e  equal .  Therefore,  t h e  e f f e c t i v e  s t r e s s  is t h e  

on ly  p a r t  of t h e  t o t a l  s t r e s s  t 'mt  a f f e c t s  t h e  shear  s t r e n g t h  of t h e  mate r ia l .  



A timc-indcpcndent, inc rementa l  p l a s t i c i t y  theory is used i n  t h i s  model, and 

i t  is  f u r t h e r  assumed t h a t  t h e  e l a s t i c  and p l a s t i c  increments a r e  add i t ive .  

' 

The model c o n t a i n s  14 m a t e r i a l  cqns tan t?  t h a t  must be determined experimental ly .  

Undgr t h e  experimental  program a l a r g e  numbir of t e s t d  have been 

conducted a t  WES on bo th  undis tu rbed  and remolded samples of P a c i f i c  i l l i t e ,  

and t h e  r e s u l t s  have b.een q u a n t i f i e d  t o  provide information on t h e  s t r e s s -  

s t r a i n  and s t r e n g t h  p r o p e r t i e s  of seabed sediments  under high-pressure s t a t i c  

and dynamic load ing   condition.^. The s t . a t i c  and dynamic low-pressure shear  

-6 
t e s t s  showed that an i n c r e a s e  i n  s t r a i n  r a t e  f r g g  10 /accond rn I /~PI .~ :B!~ ( !  

produced an i n c r e a s e  i n  shear  s t r e n g t h  between 67 and 145 percent .  More 

confidence,  however, is given t o  t h e  v a l u e  of 67 p c r c m t  due t o  t h e  LeLter 

q u a l i t y  specimens t e s t e d  (Figure 1 ) .  Drained s t a t i c  u n i a x i a l  s t r a j n  t e s t s  

i n d i c a t e d  t h a t  l a r g e  vo lumet r ic  s t r a i n s  ( a s  g r e a t  as 70 percent)  ran h~ 

expected a t  s t r q s s  l e v e l s  on t h e  order  of  67 ' m a '  (Figure 2) .  

The experimental  d a t a  were conso l ida ted  t o  a  set 'of  represer i ta t ive 

m a t e r i a l  p r o p e r t i e s  f o r  f i t t i n g  t h e  ef f e c t i v e - s t r e s s  c o n s t i t u t i v e  model and 

o b t a i n i q g  f h e  n u m e r i c a l . v a l u e s  of t h e  14 m a t e r i a l  cons tan ts  f o r  P a c i f i c  

i l l i t e .  . The pumerical v a l u e s  of t h e s e  constanGs a r e  summariz~d i n  Tah1.n 1. 

The s u b s c r i p t  s  able 1 is assigned t o  m a t e r i a l  cons tan ts  ' a ssoc ia ted  

v i t h  t h e  drained behavior of t h e  model and t h e  subscr ip t  m i s  assigned t o  

t h o s e  c o n s t a n t s  a s s o c i a t e d  w i t h  t h e  undrained behavior. Figures  3 through 6 

compare t h e  r e p r e s e n t a t i v e  p r o p e r t i e s  v i t h  t h e  corresponding model f i t s .  

F igure  3 compares t h e  f i t  t o  t h e  ~ S , O ~ ~ Q P ~ C  cnnsn l ida t inn  r o F t  d a t a  up t o  an 

e f f e c t i v e - s t r e s s ' l e v e l  of 1 m a .  I t  is noted t h a t  t h e  model is  nb lc  t o  

q u a l i t a t i v e l y  s imula te  t h e  h y d r o s t a t i c  response of t h e  m a t e r i a l  f o r  t h e  

e n t i r e  s t r e s s  range of i n t e r e s t .  In order  t o  have a b e t t e r  q u a l i t y  f i t ,  t h c  

bulk modu1.us of t h e  m a t e r i a l  uould b v e  t o  be expressed in terms of t h e  



p l a s t i c  volumetr ic  stra5,n vhich vould i n c r e a s e  t h e  number of m a t e r i a l  con- 

s t a n t s .  E f f e c t i v e - s t r e s s  path f i t s  f o r  consolidptep-undrained t r i a x i a l  shear  

t e s t s  a t  v a r i o u s  conf in ing  pressure  l e v e l s  a r e  compared v i t h  t h e  d a t a  in 

F igure  4. It should be noted t h a t  t h e  r e p r e s e n t q t i v e  f a i l u r e ' e n v e l o p e  is a 

curve  whi le  t h e  model f a i l u r e  envelope is a s t r a i g h t  l i n e .  P r i n c i p a l  s t r e s s  

d i f f e r e n c e  v e r s u s  a x i a l  s t r a i n  f i t s  and pore p r e s s u r e  v e r s u s  a x i a l  s t r a i n  

f i t s  a s s o c i a t e d  v i t h  t h e  e f fec t ' ive -s t ress  pa ths  of  F igure  4 a r e  compared v i t h  

t h e  d a t a  in Pigure  5. Figure 5 c l e a r l y  shows t h a t  t h e  i n i t i a l  s t i f f n e s s  of 

t h e  p r i n c i p a l  s t r e s s  d i f f e r e n c e  a x i a l  s t r a i n  curves  is iqdependent of con- 

f i n i n g  pressure .  In o r d e r  t o  make t h i s  s t i f f n e s s  a  func t ion  of confining 

pressure ,  t h e  shear  modulus of t h e  m a t e r i q l  must be made a  func t ion  of 

p l a s t i c  volumetr ic  s t r a i n .  Figure 6 compares t h e  undrained hydrostat  with 

t h e  model behavior. 

Comparisons of r e p r e s e n t a t i v e  l a b o r a t o r y  m a t e r i a l  property t e s t  d a t a  

v i t h  corresponding model p r e d i c t i o n s  ( ~ i ~ u r e s  3 through 6) i p d i c a t e  t h a t  t h e  

p resen t  model cannot q u a n t i t a t i v e l y  f i t  a l l  s a l i e n t  f e a t u r e s  of t h e  mechani- 

c a l  response of t h e  m a t e r i a l .  There a r e  s e v e r a l  f e a t u r e s  of t h e  model t h a t  

can be  improved order  t o  more a c c u r a t e l y  Simulate t h e  o v e r a l l  behavior of 

t h e  m a t e r i a l .  However, before major modi f ica t ions  of t h e  model a r e  under- 

t aken ,  i t  is important t o  know vhich  a s p e c t s  of t h e  mechanical behavior of 

seabed sediments  s i g n i f i c a n t l y  a f f e c t  t h e  mechanisms of dynamic pene t ra t ion  

and ho le  c losure .  T h i s  can he ascer ta ined  through parametr ic  c a l c u l a t i o n s  of 

p e n e t r a t i o n  and ho le  c losure  phenomena us ing  t h e  presen t  model v i t h  an 

a p p r o p r i a t e  vave code. The model h a s  been s u c c e s s f u l l y  incorporated i n t o  

two-dimensional vave codes a t  Sandia National  Labora tor ies  f o r  conducting 

such analyses.  
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Table 1. Numerical va lues  o f  material  constants  f o r  drained and 
undrained behavior of P a c i f i c  i l l i t e  

. .  , ' . . .  . . . . .  . . .  . '. . 
, . . . . .  Hater ia l  Constants 

.' . .Name ' . ' Notation' , Units .Numerical Values 
. . . .  , . :  . . . . . .  

' . . ~ e n s g t ~  .:: . . , " F . r  g l c ~  1 .'5 . . . . .  , . 
. s  . . . . .  , . . . .  . . .  . . . . . . < :  ' . .  . .  ' 

. . _ . . . . . . : . . . .  . . . . . . 
0.00866 

. e c t v e , u e  . : , \ C I ,  , * ma,  . 
Envelope.,Paraieters. ,: ,;. ., ,, ?= . --- . , 0..133336 

. . . .  . . . .  I '  . , .' . 
. , : .. , . . . . 

. . . . .: . ' .  . ' .  . 

. Hardening S ~ ~ r f a c e .  . 0 .42  
Parameters 1 . 2 0  

I ' 

20.00 

Ef fec t ive  Bulk 0.999 
Modulus Parameters 0.0002 

. . 
. . 

y i  , , a . ,  . 1875.00 
. . 

. . . .  -- . . ,  . , 0.35 
. . 

. . 0.05 . 
' '., . . . . . . .. , . .*' . . . .  . . 

. . , . .  . . . . 
. . . . .  . . . . .  , :  . . . . .  

, .  , . . '  . . , ' W B  0 .60  
1 s . .  

. . ' shear Modulus , ' -1 .00 
. . . . 

parameters . . 
. . 200.00 



V I  . EMPLACEMENT S'TUDIES 

T e c h n i c a l  P r o g r a m  c o o r d i n a t o r :  D.  M .  T a l b e r t  

~ ~ t r o d u c t i o n  - S t a t u s  o f  Emplacement  S t u d i e s  

. ,  D .  M .  T a l b e r t ,  SNLA 

P r e l j m i n a r y  P e n e t r a t i o n  S t u d i e s  

S .  N .  B u r c h e t t ,  SNLA 

Hole C l o s u r e  C a l c u l a t i o n s  

'T. C a q f i e l d ,  SNLA 

~ o q s ' t e d  P e n e t r a t o r  S y s t e m  . ~ t a t ' u ' s ,  

L:T. Jameg ,  SNLA 



' . s t a t u s  of  Emplacement S t u d i e s  -. . , 
, . 

by 

. . .D. M .  T a l b e r t  . . .  : . _ .  I .. > 

. . . . . . I  
. , . .  , ,.,. ' ,  , , .. . ,. . . 

. ,  . . . . .  .. , . 
During FY 81 ,  t h e .  SDP' emglacement' '  s t u d i e s  ha.\ie been l i m i t e d  f 0. ' 

' f i v e  a r e a s  o f  e f f o r t :  ~ h e s e  a r e a s  were (1) development  o f  l ong  
ra'nge emplacement eng i ' nee r ing  prograril . p l a n s ,  , ( 2,) ; p e n e t r a t i o n  
ca lcu l .a t io 'ns  Eor -shal. low 'dynamic. :emplacement, ( 3 ) h o l e  . c l o s u r e  
c a l c u 1 , a t i o n s  , . (4 ) .  dynamic-.:sediment . r e s p o n s e  s t u d i e s ,  a i d  . 
( 5 )  development  o f  b o o s t e d  p e n e t ' r a t o r  system. . ; . 

The l o n g  r a n g e ' p . l a n s  development  a c t i v i ' t y  :has e s s e n t i a l l y  been  
g e a r e d  t~ the '  i n t e r n a t i o n a l  Seabed Worki'ng ,Group a c t i v i t i e s  b e i n g  
conducted  by th ' e  E n g i n e e r i n g . S t u d i e s  Task Group '(EsTG). A p r e -  
l i m i n a r y  work-flow diagram'  was~:dev 'e loped  a t  t h e  February ;  1981', 
and September ,  1981, meet ' ings o f  the  ESTG'. ,. That ,work- f low d i ag ram 
i s  c u r r e n t l y  be ing .  c o n v e r t e d  i n t o  a . n e t w o r k  a n a l y s i s  'di 'agram.and 
w i l l  soon  be publ i shed: , 'by  t h a t  g roup .  I . 

. , 

The deve lopmen t .o f  a p e n e t r a t i o n  c a l c u l a t i o n  c a p a b i l i t y  f o r  s h a l l o w  
dynamic emplacement w a s  g corit ' inuing a c t i v i t y  f r o m  the' p a ' s t e s e v e r a l  
y e a r s .  - 'The p r i n c i p a l s  i nvo lyed  i n  t h i s  a c t i v i t y : h a v e  been  P.. 
Dzwilewski,  Ti  Canf ie ld ' ,  and S.  B u r c h e t t .  ,A r e p o r t  by B u r c h e t t  i n  
t h i s  s e c t i o n  w i l l  summarize t h e s e  : a c t i v i t i e s .  .!. . . 

. . . . . . .  : . ' . .. . , ,  , . : , .  . I .  . ,  . 
T h e  development  OE the  models n e c e s s a r y  f o r  the  a s se s smen t  o f  the  
h o l e  c l o s u r e  c o n d i t i o n s  f o l l o w i n g  emplaceme~ t . . have  c o n t i n u e d  : . 
d u r i n g  FY 81.  Both dyn.am.ic.and q w a s i - s t a t i c  condi t , i tons .a , re  b e i n g  
i n v e s t i g a t e d  a s  t h e y  might  p e r t a i n . , t o  the h o l e  . c l o s u r e  s i t u a t i o n  : 
f o l i o w i n g  emplacement o f  a w a s t e  package .  :,The p r i n c i p a l s  i n v o l v e d  ' 

i n  t h i s  a c t i v i t y ' e n c o m p a s s  a number o f  i n d i v i d u a l s  a t  t h e  Waterways 
Experiment  S t a t ' i o n '  , and  Sandi-a. T . Canf i e l d '  w i l l  summarize . . these 
a c t i v i t i e s  i n  ' t h i s .  s e c t i q n . .  :' . 

The dynamic sed iment  r e s p o n s e  ' s t u d i e s  i n v o l v i n g  m a t e r i a l  model 
development  and dynamics labordtofy i n v e s t i y a k i o n s  have heen 
conducted  a t  t h e  Waterways Experiment  S t a t i o n  d u r i n g  t h e  p a s t  
two and one-ha l f  y e a r s  and a r e  d i s c u s s e d  i n  the  s e c t i o n  on  
Mechanical  Xesponse S t u d i e s .  These s t u d i e s  a r e  app rox ima te ly  
80% comple te  and w i l l  be e s s e n t i a l l y  conc luded  i n  FY 82 .  

The development  o f  a b o o s t e d  p e n e t r a t o r  sy s t em h a s  been  ongoing  
f o r  app rox ima te ly  two y e a r s  and h a s  drawn h e a v i l y  on the  S a n d i a  
e x p e r t i s e  i n  t e r r i d y n a m i c s  and p a s t  mar ine  sed iment  p e n e t r a t o r  
development .  T h i s  a c t i v i t y . i s  e s s e n t i a l l y  a two p a r t  a c t i v i t y  
aimed a t  deve lop ing  CI p e n e t r a t i o n  c a p a b i l i t y  fnr depths g r e a t e r  
t h a n  t h a t  a t t a i n a b l e  u s i n g  f r e e - f a l l  t e c h n i q u e s  f o r  p o s s i b l e  



. . , 8 

emplacement o f  a w a s t e  . c ' ~ n t a i n e r  a%d f o r  gep loy ing  i n - s i t u  i n -  
s t r u m e n t a t i o n  pacl$ages, ".T. James w i l l  r e p ~ r t  on these deve lop-  
ments  2.n h i 8  report on  t h e  Iqs t rurnented  Seabed ' ~ e n e t r a t o r  deve lop-  
ment i n  th i s  s e ~ t i o n . .  

A c t i v i t i e s  d u r i n g  FY 8 2 ,  under  t he  c u r r e q t  budget  c o n s t r a i n t s ,  
w i l l  c o n t i n u e  t o  foeuq  on model development ,  boos t ed  p e n e t r q t o r  
p roo f -o f - concep t  t e s t s ,  and developmeqt  of  l ~ n g  r ange  e n g i n e e r i n q  
p l a n s  ( w i t h o u t  t h e  qeve4opment o f  a b s o l u % e  t i m e  s c a l e s ) .  

I n  summary, t h e  s t a t u s  o f  t h e  a c t i v i t i e e  c u r r e n t l y  qnderway i n  
the  emplacement s t u d i e a  i s . a s  foll,ows: 

(1) Development o f  l o n g  r a n g e  p l a n s  h a s  been  i n i t i a t e d  
and i g  b e i n g  purgued  i n  c o o p e r a t i o n  w i t h  the  i n t e r -  
n a t i o n a l  Geabed Working' Group p a r a l l e l  a q t i v i t y ,  and 
a r e p o r t  o f  t1.li.s a c t i v i t y  w i l l  be p u b l i s h e d  d u r i n g  
FY82 ; 

( 2 )  The q i m u l a t i o n  ~ a d g l s  f o r  p e n e t r a t o r  emplacernept 
a r e  o p e r a t i o n a l  and a r e  n9w d a t a  l i m i t e d ;  

( 3 )  The s i q u l a t i o n  models f o r  dynamic h o l e  c l ~ ~ u r e  s t u d i e s  
a r e  e s s e n t i a l l y  o p e r a t i o p a l  and are  a l s o  d a t a  l i m i t e d ;  

(4) BevePqpment of 8,ediment material models f o r  dynamic 
r e s p o n s e  s t u d i s s  w i l l  be comple ted  d u r i n g  FY82 and a 
c h o i c e  o f  a m a t e r i a l  model w i l l  be made f o r  f u r t h e r  
s j m u l a t i ~ n  model /code development;  

( 5 ) '  A b o o s t e d  p e p e t r a t o r  sy s t em w i l l  be f i e l d  t e s t e d  Ailring 
FY82 as a f i r s t  p r o o f - o f - e ~ n c s ~ k  tes t .  
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PRELIMINARY PENETRATION ST.UDIES : . ,  . 

. . . .  . 

. S t e v e n  N. B u r c h e t t  
~ a n d i ' a ,  , N a t i o n a l  :. L a b o r a t . o r i e s  - 55,2'1, 

One o f  t h e  me tho ,ds  p r o p o s e d  t o  e m p l a c e  ' n u c i e i r  w a s t e  i n t o  
s u b s e a b e d  s e d i m e n t s  i:s t h e  u s e  o f  p e n e t r a t o r  t e c h n o l o g y .  Two 
p r e l i m i n a r y  p e n e t r a t i o n  s t u d i e s  w e r e  c o m p l e t e d  ' t h i s  y e a r .  
F i r s t ,  a  p a r a m e t e r . s t u d y  t o  d e t e r m i n e  t h e  b a l l  p a r k  p e r f o r m a n c e  
o f  a  . g e n e r i c  emp. lace ,ment  ' v e h i c l e  was.., d o n e .  S e c o n d l y . ,  a  s t u d y  
t o  e s t . i m a t e  t h e  e f f e c t  : o f  s.and . .  l a y e r s  on  p e n e ' t r a t ' i o n '  was d o n e .  

, . '  , P e n e t r a t i o n  P a r a m e t e r  .S tudy . :  .. . 
--.. - - .- .- .- - .- .- .--.- - - .- - .-- .- 

The  a s s u m e d g e o m e t r y  o f  t k e  ' e m p l a c e m e n t  vah i c "1e  i s  shown i n  
v i e w g r a p h  1. The s t e e l  ( p  = '7800  k g / t n 3 )  v e h i c l e l c a n i s t e r  was 
assumed t o  b e  c y l i n d r i c a l  i n  s h a p e  w i t h  a  h e m i s p h e r i c a l  n o s e .  
The wa,s te  p a c k a g e  was assumed  t o  b e  c y l i n d r i c a l  .and  ha.ve a  
d e n s i t y  o f  2 5 0 0  k g l m 3 .  F i v e  s e t s  o f  c a l c u l a t i o n s ,  
c o r r - e s ' p o n d i n g  ' t o  Do = 0,.3' m  t o  Do = 0 . 7  ,m, w<ere done' .  '. I t ,  
was assumed.  t h . a t  t h e  d i a m e t e r  o f  t 'he w a s t e  packag ,e ,  Do , was 
0 . 0 5  m l e s s  t h a n  t.hk v e 5 h i c 1 e  d i a m e t e r ,  ( v e h i c 1 e w a 1 ' I r t R : i c k ; n e s i  
= tw = 0 . 0 2 5  m = 1.0"); Th'e . t o t a l  v e h i c 1 . e  l e n g t h  .,, ZLT, was 
d e f i n e d  b y  s p e c i f y i n g  t h e  l e n g t h  t o  d i a m e t e r  r a t i o  ( ' Z L T ~ D ~ ) .  
The w a s t e  p a c k a g e .  l e n g t h  was assumed  t o  b e :  8O0& ' o f  ' t h e '  t o t a l  

, . I . .  

v e h i c l e  . l e n g t h  ( Z L P  ,= Oq.'8 * Z,LT). 
: ) i  .r : 2 .  

The f o r c e s  t e n d i n g ,  to,: s t o ' p '  t h e  e m p l a c e m e n t  v e h i ~ l e  a r e  t h e  
e n d .  b e : a r i n g  . l o a d  a t  . t h e '  nose '  o f  t h e  p e n e t r a t o r , ,  t h e , . w a l , l  
s h e a r i n g  f o . r c e ,  and .  t h e  h.ydromdynamic d r a g ' .  Th'e f o r c e s  .are". 
d e f i n e d  i n  v i e w g r a p h  2 .  .~ . 

The  s e d i m e n t  p r o p e r t i e s  u s e d  i n  t h i s  s t u d y .  w e r e  " f r o m  MPG-1 
as  o b t a i n e d  P r o m  L L 4 4 - G P t 3 .  The  d e n s i t y  i s  , oS  = 1 4 0 0  k g / m 3  
and  t h e  c o h e s i o n  i s  

C = 1 9 5 4 0  I n  ( 1  + 0 . 1 1 8 9 ~ )  P a s c a l s  , : ..., * 

s 2 

w h e r e  Z = d e p t h  b e l o w  w a t e r l s e d i m e n t  i n t e r f a c e ,  m. 

The  r e s u l t s  o f  t h i s  s t u d y  a r e  shown i n  v i e w g r a p h s  3 -5 .  I n  
v i e w g r a p h  3, t h e  c a l c u l a t e d  e m p l a c e m e n t  d e p t h  i s  p l o t t e d  a s  a  
f u n c t i o n  o f  i m p a c t  v e l o c i t y  f o r  a  v e h i c l e  w i t h  an o u t e r  
d i a m e t e r  o f  D o  = 0 . 4  m  f o r  a v a r i e t y  o f  v e h i c l e  l e n g t h s .  The  
c a l c u l a t e d  t e r m i n a l  v e l o c i t i e s  f o r  e a c h  o f  t h e  v e h i c l e s  a r e  
a l s o  i n d i c a t e d .  T h i s  p l o t  s h o w s ,  f o r  a  g i v e n  e m p l a c e m e n t  
v e h i c l e ,  t h e  i m p a c t  v e l o c i t y  r e q u i r e d  t o  e m p l a c e  t o  a  c e r t a i n  
d e p t h  a n d  if b o o s t i n g  i s  r e q u i r e d .  The  r e s u l t s  f o r  an 



e m p l a c e m e n t  v e h i c l e  w i t h  o u t e r  d i a m e t e r s  o f  Do = 0,3 m y  0 . 5  m, 
0 .6  m, a n d  0.7 m  a r e  shown  i n  v i e w g r a p h s  4a,  4b ,  5a ,  a n d  5 b  
r e s p e c t i v e l y .  

The  r e s u l t s  o f  t h i s  s t u d y  a r e  p r e l i m i n a r y  b a l l  p a r k  
e s t i m a t e s .  I n  g e n e r a l ,  t h e  r e s u l t s  i n d i c a t e  t h a t  t o  o b t a i n  
r e a s o n a b l e  e m p l a c e m e n t  d e p t h s  w i t h  r e a s o n a b l e  e m p l a c e m e n t  
v e h i c l e  g e o m e t r i e s  e i t h e r  f r e e  f a l l  o r  b o o s t e d  s y s t e m s  c o u l d  b e  
u s e d .  G r e a t e r  f l e x i b i l i t y  o f  p o s s i b l e  g e o m e t r y  p a r a m e t e r s  
c o u l d  b e  o b t a i n e d ,  h o w e v e r ,  b y  u s e  o f  a  b o o s t e d  s y s t e m .  

E f f e c t  o f  Sand L a y e r s :  
-7 - - --- --.-, - - .- 

I t  h a s  b e e n  p o s t u l a t e d  t h a t  p r e l i m 8 i n a r y  s u i t a b l e  s i t e s  i n  
t h e  A t l a n t i c  may h a v e  s a n d  l a y e r s  t h r o u g h  w h i c h  t h e  e m p l a c e m e n t  
v e h i c l e  m u s t  p a s s .  F i e l d  e v i d e n c e  h a s  s u g g e s t e d  t h a t  s a n d  
l a y e r s  o r  c l a y / s a n d  l a y e r s  a r e  d i f f i c u l t  t o  p e n e t r a t e .  T h i s  
p r e s e n t a t i o n  p r e s e n t s  a  p r e l i m i n a r y  e v 3 l u a t i q n  o f  t h e  e f f e c t  o f  
s a n d  l a y e r s  on  t h e  p e n e t r a t i o n  c a p a b i l i t y  o f  an e m p l a c e m e n t  
v e h i c l e .  

The  f o r c e s  t e n d i n g  t o  s t o p  an e m p l a c e m e n t  v e h i c l e  a r e  t h e  
e n d  b e a r i n g  l o d d  a t  t h e  n o s e  o f  t h e  v e h i c l e ,  t h e  w a l l  s h e a r i n g  
f o r c e ,  a n d  t h e  h y d r o d y n a m i c  d r a g .  I n  t h i s  s t u d y ,  i t  was 
assumed  t h a t  t h e  e n d  b e a r i n g  l o a d  a n d  t h e  w a l l  s h e a r i n g  f o r c e  
was e q u a l  t o  t h e  s o - c a l l e d  p o i n t  r e s i s t a n c e  a n d  s h a f t  
r e s i s t a n c e  u s e d  i n  d e e p  f o u n d a t i o n  p i l e  c a p a c i t y  e q u a t i o n s ,  
The  t o t a l  c a p a c i t y  o f  a  p i l e  i n  s a n d  a n d  i n  c l a y  a r e  g i v e n  i n  
v i e w g r a p h  6 ,  U s i n g  t h e s e  e q u a t i o n s  w i t h  t y p i c a l  v a l u e s  a n d  
n e g l e c t i n g  h y d r o d y n a i n i c  d r a g ,  t h e  r e s i s t i n g  f o r c e s  o n  a  
s p e c i f i c  e m p l a c e m e n t  v e h i c l e  c a n  be  p l o t t e d  as  a  f u n c t i o n  o f  
p e n e t r a t i o n  d e p t h  ( v i e w g r a p h  7 ) .  The a r e a  u n d e r  t h e s e  c u r v e s  
i s  t h e  e n e r g y  r e q u i r e d  t g  p e n e t r a t e  t o  a c e r t a i n  d e p t h .  The 
e f f e c t  o f  s a n d  l a y e r s  c a n  be  e s t i m a t e d  b y  c o m b i n i n g  t h e  c u r v e s  
a n d  e v a l u a t i n g  t h e  e n e r g y  l o s s  due  t o  s a n d  l a y e r  as  was d o n e  i n  
v i e w g r a p h s  8 a  a n d  8 b .  

The  p e n e t r a t i o n  c a p a b i l i t y  o f  an e m p l a c e m e n t  v e h i c l e  
o b v i o u s l y  d e p e n d s  u p o n  s i t e  s p e c i f i c  s t r a t i g r a p h y  a n d  m a t e r i a l  
p r o p e r t i e s .  T h i s  s t u d y  i n d i c a t e s  t h a t  s a n d  l a y e r s  h a v e  a  
s i g ~ i f i c a n t  e f f e c t  a n d  m u s t  b e  e v a l u a t e d  f u r t h e r  . 



Waste  Package  

p = 2500 kg/m3 

F i a u r e  1 :  Assumed Fe9rnetr.y ef Emplacement  V e h i c l e  

WHERE ' C = COHESION 'OF SEPIMENT 

, ( J 1 =  E F F E C T I V E  STRESS 

N,,N, = BEAR1 NG DAPAC I T Y  .FACTORS, 

NF 9, NQ = 1 

AND A = FRONTAL AREA, 

WHERE " D, = OUTSIDE D I A M ~ T E R  OF PENETRATOR 

C = COHESION OF SEDIMENT 

WHERE PS, = DENSITY O F  SEAWATER = 1030 K G / M ~  

CD = DRAG COEFFICIENT = CBP + CSF 

CBP = BASE PRESSURE DRAG COEFFICIENT 

CSF = S K I N  F R I C T I O N  DRAG C O E F F I C I E N T  
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I m p a c t  V e l o c i t y  ( m l s e c )  

~ i g u r e 4 a :  R e s u l t s  - Emplacement  Oepth  v s  I m p a c t  
V e l . o c i t y  Do = 0 . 3  m  

I m p a c t  V e l o c i t y  ( m l s e c )  

~ i g u r e q h :  R e s u l t s  - Emplacement  D e p t h  vs I m p a c t  
V e l o c i t y  Do = 0 . 5  
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0 2 0 4 0 6 0  80 400 

I m p a c t  V e l o c i t y  ( m / s e c )  

F i g u r e  Sa R e s u l t s  - Emplacement  D e p t h  vs . I m p a c t  
V e l o c i t y  Do = 0 . 6  

I m p a c t  V e l o c i t y  (mfsec. )  

F i g u r e 5 b  R e s ~ l t S  - Emplacement  Dept-h vs i m p a c t  
V e l 3 3 c i t y  Do = 0 . 7  m  



NQ = B E A R I N G  C A P A C I T Y  FACTOR = F(@) = 15+400 

4 = FRICTION ANGLE AT ULTIMATE STRENGTH = 25'-35' 

K = DENS I F I CAT I ON FACTOR 1-3 

@p I.1 P A R T I C L E  T O  P A R T I C L E  F R I C T I O N  ANGLE 20°+300 



D e p t h  m 

F i g u r e  7 : C o m p a r i s o n  o f  R e s i s t i n g  F o r c e s  



D e p t h  (m) D e p t h  [m)  

F i g u r e  8a :  R e s i s t i n g  F o r c e s  i n  I d e a l i z e d  S t r a t i g r a p h y  
5 m T h i c k  Sand L a y e r .  i n  C l a y  ~ i g u r e 8 b  : R e s i s t i n g  F o r c e s  i n  l ' dea l  i z e d  S t r a t i g r a p h y  

1 m . T h i c k  Sand L a y e r  i n  C l a y  



DYNAMIC HOLE CLOSURE CALCULATIOXS * 

T h o m s  R. Canfleld 
Division ,5531 

' Yandia National Laboratories t 
Albuquerque, New Mexico 87185 

A primary goal ip disposal of nuclear waste in remote subseabed repositories is successful burial of 
the waste cannister. This is important because the almost impervious sediment will serve as a barrier 
t o  migration of radioactive nuclei. The current approach t o  emplacement employs earth penetrator 
concepts. A vehicle carrying a waste cannister is dropped or boosted to  its flnal resting place some 
30 to  50 meters beneath the ocean floor at 4 to  6 klq sea depth. Hole closure should follow shortly 
after penetration to circumvent deep sea burial operations. The assurance of short term hole closure 
requires either experimental observation of subseabed penetrations or, alternatively, careful computer 
simulations. The latter approach is attractive for feasibility study because of cost and it allows for 
parameter variations which should lead to'better understapding . of processes - involved. 

Numerical simulations have been p e r f o r ~ e d  to investigate hole closure. These have included both 
1-D and 2-D axi -symmetric geometries with an elastic-plastic material model and the WES [ l]  effective 
stress model, developed specifically for subseabed sediments. Calculations were performed with the 
Lagrangian flnite difference code, STEALTH, the Lagrangian finite element code, HONDO, and an  
arbitrary Lagrangian-Eulerian (ALE) code that is curreqtly under development a t  Sandiq. The 1-D 
calculations have beep perf~rmed with thin sections centered about a 3 m depth below the ocean floor 
while the 2-D STEALTH calculations employed sections modeling the first 10 m of sediment. In all cases 
the attempt has been made to model semi-infipite regimes with models of flnite size. This has been 
accomplished by the incorporation of Lysmer's [2] absorbing boundary condition into the codes. 

Penetration has been simulated by applying a di3plpcement time history at R = 0.0 to approximate 
the profile ~f a vehicle with an ogival nose and a cylindrical body. .After passage the displacement 
boundary condition is replaced with a pressure boundary condition inside the hole. It has the form 

This expression is derived from potential flow with g the accelerat,i~n_ diae t40 gra~it.y (9.81 m/s2), t,he 
density of water (1030.0 kg/m3), z the depth below the ocean surface (6000.0 m + depth below ocean 
floor) and v the velocity of water in the hole. The velocity, v, is constant in the case where the penetrator 
velocity and the tube diameter are constant. This is not true in fact but can be regarded as a conservative 
estimate of the pressure loss due to flow of water into the hole following penetration. 

Hole closure occured quickly (20-30 ms in 1-D and 10--20 ms in 2-D at v = 30 m/s) in all calculations 
employing the above pressure boundary condition. In fact the 2-D HONDO calculations were performed 
with the hole initially open. When the fluid-dynamic pressure component was neglected, hole closilre 
did not occur. Only slight variations were noted when the effective stress and elastic-plastic models were 
compared in 1-D while almost none were noted in 2-D. This is probably due to the presence of overburden 
pressures that  may speed up hole closure and are neglected in the 1-D calculations. Calculations in 
both STEALTH and HONDO demonstrated that  hole closure times could be increased by higher yield 
stress when the elastic-plastic material was employed. Other factors influencing hole closure times are 
penetration speed and geometry but these have not been thoronghly inye~tigated. 

* This work was supported by the U.S. Department of Energy under contract DE-AC04-76DP0078Q. 
t A U.S. Department of Energy facility. 



It is clear that fluid-dynamic pressure is a primary factor in hole closure. Current investigations are 
underway to model the fluid-dynamics more accurately. The ALE code will allow fluid to be drawn into 
the hole following penetration. Also, it appears that more reflned modelling of sediment material is not 
warranted on the basis of these preliminary hole closure calculations but a full scale parameter study of 
the W S  model is necessary to resolve the issue. 

1. Baladi, George Y:, and Akers, Stephen A., "Constitutive properties and material development 
for marine sediments in support of the Subseabed Disposal Program." Subseabed Disposal 
Annual Report, January to December 1979, Vol. 11, SAWD80-2577/11 pp 621-634, 1981. 

2. Lysmer, John, and Kuhlemeyer, Roger M., "Finite,dynamic model for inflnite media." J. of 
Eng. Mech.. Div., Proc. ASCE, pp 859-877, 1969. 

HOLE CLOSURE CALCULATIONS 

I. MODELING CONS I DERATIONS 

A. I N I T I A L  CONDITIONS 

B. BOUNDARY CONDITIONS 

C. MATERIAL MODELS 

1. ELASTIC-PLASTIC 

2. W t j  CAP MODEL 

I I. CALCULATIONS 

A. 1-D 

6. 2-D 

I I I. CONCLUSIONS 

IV. DIRECTIONS 



A. I N I T I A L  CONDITIONS 

1. FULL PENETRATION CALCUUTI ON 

a) MATERIAL INITIALLY UNDISTURBED 

b)  NO MOTION 
. . 

2. HOLE CLOSURE ONLY , . 

' 0 'lijlt o i j  
0 

. , 

b )  MATERIAL I N  MOTION 

B. BOUNDARY CONDITIONS 

a) Only radial motion considered 

b l  F i rs t  apply radial displacement t o  make liole 
. . 

t h e n  apply pressure t ract ion after passage of 

t h c  pcnctrator. 

c) Fix outer boundary i f  it i s  far enough away 

o r  apply an  absorbing boundary. 
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HOLE CLOSURE BEHIND AN ADVANCING PENETRATOR 

PENETRATOR: LENGTH = 3,4 M 

D ~ A M E T E R  =.O,4 M 

VELOCITY = 15, 30, 60 M/S 

SEDIMENT : ELASTIC - PLASTIC 

2,  P R E ~ ~ U R C  DROP DCIIIND TIIC Ptt4CTRATOn B BY  ANALOGY 

TO FLOW I N  PlPES, THE.PRESSURE I N  THE HOLE AT 

DEPTH Z 1 3 :  I 

WHERE: PSW = SEAWATER DENSITY 

G = GRAVITATIONAL CONSTANT 

Z = DEPTH 

VW = WATER VELOCITY AT DEPTH, Z 



ASSUMING THE WATER VELOCITY, VWJ I S  EQUAL TO THE 

PENETRATOR V E L O C I T Y  ( I  , E  J THE FLOW OF THE SEDIMENT 
INTO THE HOLE WAS NEGLECTED), SEVEN CALCULATIONS 

WERE PERFORMED: 

HOLE CLOSURE TIME AT 2 M DEPTH 
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I I I, CONCLUSIONS 

A. Hole closure is driven predominantly by the f lu id . ... 

dynamic pressures that f o l l w  behind a penetrator. 

9. Little effect was observed with different material 

models or change i n  the parameters of these models. 

C. 2-D may be faster than 1-D because of overburden. 
, 

IV. DIRECTIONS 

A. More accurate estimates of dynamic pressure losses 

w i l l  be considered. 

B. Addition of frictional effects between penetrator 

and sediment. 

C. Deceleration. 

D. More systematic parameter study. 



BOOSTED PENETRATOR SYSTEM STATUS 

The goa l  of  t h e  Ins t rumented Seabed P e n e t r a t o r  ( ISP)  pro- 
j e c t  a t  Sandia Nat iona l  Labora to r i e s  (SNL) i s  t o  ex tend  seabed 
p e n e t r a t i o n  technology bo th  by i n c r e a s i n g  p e n e t r a t i o n  dep th  
and by deve1oping .a  g r e a t e r  v a r i e t y  of i n s t rumen t s  f o r  i n  s i t u  
measurements of mariqe-sediment p r o p e r t i e s .  A f i r s t - g e n e r a t i o n ,  
gun-launched, ins t rumented seabed p e n e t r a t o r  (ISP-1) has  been 
f a b r i c a t e d .  The.ISP-1 i s  des igned  t o  produce p e n e t r a t i o n  dep ths  
on t h e  o r d e r  o f  50 m , i n t o  s o f t  sediments  whi le  o p e r a t i n g  i n  
wate r  dep ths  ranging from, 30 m t o  6 km. 

The in s t rumen ta t ion  package c o n s i s t s  of  an a x i a l  
acce l e rome te r , fo l lowed  by a n  ana log - to -d ig i t a l  c o n v e r t e r  and 
a  microprocessor .  The microprocessor  a c q u i r e s  samples of t h e  
d e c e l e r a t i o n  r eco rd  and i n t e g r a t e s  t h e s e  d a t a  t w i c e  t o  produce 
an e s t i m a t e  of p e n e t r a t i o n  dep th ,  which i s  t e l eme te red  a f t e r  
t h e  p e n e t r a t o r  has come t o  rest by an  exp los ive  a c o u s t i c  
t e l eme t ry  (EATM) system. 

The EATM i s  a  pu l se -pos i t i on  modulation system i n  which 
t h e  s i g n a l  p u l s e s  a r e  gene ra t ed  by smal l  (sub-gram) e x p l o s i v e  
charges  ( e i g h t  i n  t h e  c a s e  of I S P - 1 ) .  Data a r e  conveyed by 
modulating t h e  t i m e  i n t e r v a l s  between succes s ive  d e t o n a t i o n s .  
The r e c e i v e r  uses  one o r  more hydrophones followed by time-of- 
a r r i v a l  p rocess ing .  

The in s t rumen ta t ion  package a l s o  c o n t a i n s  a  c lock  which 
enables  t h e  f i r i n g  of t h e ' f i r s t  charge  a t  a  predetermined t i m e ,  
the reby  p e r m i t t i n g  measurement of t h e  sound speed i n  t h e  s e d i -  
ment pa th  between t h e  p e n e t r a t o r  and a  hydrophone by computing 
the r a t i o  of  t h e  p e n e t r a t i o n  dep th  and t h e  t ime de l ay  between 
de tona t ion  and r e c e p t i o n  of t h e  r e p o r t  from t h e  f i r s t  charge.  

The ISP-1 i s  c u r r e n t l y  undergoing p re l imina ry  tests  on 
t h e  s l e d  t r a c k  a t  SNL i n  Albuquerque. These tests w i l l  be 
fol lowed by shal low water  tests i n  t h e  Gulf of  Mexico sou th  
of  Morgan C i t y ,  LA (Eugene I s l a n d  Block 258) i n  January 1982. 

Subsequent g e n e r a t i o n s  o f  gun-launched p e n e t r a t o r  systems 
t h a t  w i l l  employ improved t e l e m e t r y  and a g r e a t e r  v a r i e t y  of  
i n s t rumen t s  a r e  be ing  designed.  
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VII. SYSTEMS ANALYSTS 

Technical Program Coordinator: R. D. Klett 

Introduction - Primary Barrier Sensitivity 
R. D. Klett, SNLA 

Subseabed Disposal Safety Analysis 

C. M. Koplik, The Analytic Sciences Corporation 



Systems SDP A b s t r a c t  

R .  D.  K l e t t  

I n t r o d u c t i o n  

Of the  f o u r  sys t ems  f u n c t i o n s  i n  t h e  SDP, o n l y  s e n s i t i v i t y  and 
s a f e t y  s t u d i e s  were a c t i v e  the p a s t  y e a r .  ~ o s t / b e n e f i t  a n a l y s e s  
a r e  s chedu led  t o  s t a r t  l a t e  i n  FY'82, and o p t i m i z a t i o n  s t u d i e s  
w i l l  b e g i n  d u r i n g  t h e  e n g i n e e r i n g  f e a s i b i l i t y  phase  o f  t h e  p ro -  
gram. The i n i t i a l  p r imary  b a r r i e r  s e n s i t i v i t y  s t u d i e s  i n c l u d i n g  
h e a t  t r a n s f e r  and i o n  t r a n s p o r t  i n  t he  sed imen t  a r e  n e a r l y  corn- a 

p l e t e .  Ocean ;-on t r a n s p o r t  s e n s i t i v i t y  s t u d i e s  began late i n  
FY'81. S a f e t y  s t u d i e s  c o n c e n t r a t e d  on ocean  t r a n s p o r t a t i o n  and 
model ing pathways t o  man. O t h e r  s a f e t y  work i n c l u d e d  a n a l y s e s  of 
h a n d l i n g  and s t o r a g e  f a c i l i t i e s  and t h e  p r e d i c t i o n  o f  p o t e n t i a l  
a c c i d e n t  p r o b a b i l i t i e s  and consequences .  

Pr imary  B a r r i e r  S e n s i t i v i t y  

Heat  t r a n s f e r  and i o n  migra t , ion  s t u d i e s  u s i n g  computer programs 
MARIAH and I O N M I G  showed t h a t  c o n v e c t i o n  e f f e c t s  were n e g l i g i b l e  
even w i t h  t w i c e  the a l l o w a b l e  h e a t  g e n e r a t i o n .  T h i s  p e r m i t s  
the u s e  o f  t h e  sys t ems  programs ARRAYF and TRION t o  be used  
f o r  t h e  s ed imen t  s e n s i t i v i t y  s t u d i e s .  The i n i t i a l  t h e r m a l  
a n a l y s e s  e s t a b l i s h e d  l i m i t s  and sys t em r e s p o n s e  f o r , e a c h  o f  the 
independen t  v a r i a b l e s .  The i o n  t r a n s p o r t  s t u d i e s  a r e  n o t  com- 
p l e t e  b u t  t he  e f f e c t s  o f  c a n i s t e r  l i f e ,  l e a c h i n g  r a t e s ,  bedrock  
p r o x i m i t y  and p e r m e a b i l i t y  have  been  d e f i n e d .  The e f f e c t s  o f  
K and b u r i a l  d e p t h  a r e  c u r r e n t l y  b e i n g  i n v e s t i g a t e d .  T h e ' u s e  
09 the sed imen t s  t o  s e r v e  a s  a  p a s s i v e ,  s l o w - r e l e a s e  v a l v e  t o  
d i s p e r s e  1-129 i n  t h e  ocean  was s t u d i e d . ,  The r e l e a s e  r a t e s  
g e n e r a t e d  by TRION w i l l  be used  a s  i n p u t s  t o  MARINRAD t o  p r e -  
d i c t  dose  t o  man. 



2.  THI-CKUESS OF SEDIMENT BELOW THE CAMISTER AND P E R M E A B i L ' l i Y  OF THE BED ROCK HAVE NEGLIGIBLE 
EFFEC-S ON TOTAL I O N  RELEASE. . 

3. P L A C l l G  THE WASTE NEXT TO THE BED 'ROCK M I N I M I Z E S  I O N  L E L f A S E  FROM THE SEDIMENT. 

4 .  M I T E  THE EXCEPTION OF ANIONS I N  O X I D I Z I N G  SEDIMENTS, F.ELEASE RATES FOR A L L  ISOTOPES ANALYZED 
HAVE LARGE SAFETY FACTORS EVEN K I T H  PROPOSED EPA REGULATIONS FOR MINED REPOSITORIES 

. . 

5. REDUCING SEDIMENTS WlTH K D 1 s  > 0 . 2  M ~ / K G  COULD R E T A I C  T C - 9 9  WlTH 3 0  M B U R I A L  DEPTH. 

6. BURIAL I N  THE SEDIMENTS WOULD ACT AS A P A S S I V E  LOW R k T E  VALVE FOR RELEASE TO T i iE  DCEAN AND 
SUBSEfUENT D I L U T I O N  OF 1.129- 

, 7 -  K D 1 s  ARE UNIMPORTANT FOR SHORT H A L F - L I F E  ISOTOPES BECAUSE OF TYE LARGE SAFETY FACTOR AND FOR 
VERY LONG H A L F - L I F E  ISOTOPES BECAUSE THE ISOTOPES WILL REACH THE OCEAN WlTH ANY REASONABLE KD. 

8. B U R I A L  DEPTH I S  THE DOMINANT PARAMETER FOR L I M I T I N G  THE TOTAL RELEASE OF SHORT H A L F - L I F E  
ISOTOPES WITH H I G H  K D 1 s .  

9 -  @ U R I A L  DEPTH HAS L I T T L E  EFFECT ON ION RELEASE OF ISOTOPES N l T H  HALF L I V E S  AND LOW K D 1 s  
BUT THE MINIMUM EFFECT ON RELEASE I S  PROPORTIONAL TO THE DEPTH OF B U R I A L  SQUARED. 

10. FOR WA:TE PROPERLY EMPLACED I N  THE SEDIMENTS, PROTECTQIN OFFERED BY CANISTERS I S  NOT NEEDED FOR 
SHORT i A L F  L I F E  ISOTOPES AND I S  I N S I G N I F I C A N T  FOR LON3 HALF L I F E  ISOTOPES. CANISTERS COULD HAVE 
AN IMPIRTANT FUNCTION I N  THE EVENT OF AN ACCIDENT OR ? i T R I E V A L .  
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INTRODUCTION 

This report suiiwarizes che sLaLus of work performod 
by TASC In FY'81 on suLsedLed dispesal oafoty analysis. Safety 
analysis for subseabed disposal is divided into two phases: 
re-emplacement which iilcludes all tranoportation, handling, 
End emplacement activities; and lon term (post-emplaceuient), + which is concerned with the potentla azard after waste is 
safely emplaced. Details of TASC work in these two areas are 
provided in two technical reports (Refs. 1 and 2). The work 
to date, while preliminary, supports the technical arid environ- 
mental feasibility of subseabed disposal of HLW. 

PKE-KflLACEI.IEIJT SAFETY STUDIEE 

In order to assess system safe~y, a prototype tranc- 
portation system involving the handling, storage, shipping and 
emplacement of high-level waste (HLW) was developed. The sys- 
tem was particularized to the penetrometer emplacement concept 
and t b  the burusllicate IILW form, 
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Casks containing canisters of HLW are transported by 
truck or train from reprocessing plants or other originating 
sites to dedicated port facilities. Then the canisters are 
removed from their transportation casks, inspected for damage, 
and transferred to an interim storage pool. When a disposal 
ship is available, the.canisters are fitted with penetrometer 
nose cones, inserted into a transfer cask, and loaded into the 
disposal ship's storage area via an overhead crane. Instru- 
mented tafl sections are added to the canisters aboard the 
ship. When it is fully loaded, the ship transports the HLW 
to the final disposal site, where the canisters are emplaced 
into the seabed sediment. Each ship carries 144 canisters 
and 360 shipments are required to transport a quantity of 
waste equivalent to that contained in a land-based repository. 

A preliminary set of scenarios that lead to release 
of waste were developed for pre-emplacement operations. The 
following accidents were found not to be relevant threats to 
the integrity of the HLW canisters. 

Accidents during port loading operations 

Ship accidents involving short-term im- 
mersion of undamaged canisters, impact, 
and fire 

Accidents during emplacement operations. 

Ship accidents that can result in potential radio- 
nuclide releases to the sea include collision accidents, 
groundings, ramming accidents, and structural failure acci- 
dents. Event trees were developed for each accident type. 
Outcomes ranged from a floating ship from which all canisters 
could be recovered to a sunken ship from which recovery of the 
canisters was considered nearly impossible. 

Accident probabilities for each scenario were cal- 
culated using ship accjdent ~tatiatics from Ref, 3. The 
likelihood of some degree of accidental release over 360 
shipments is conservatively estimated to be 10-2. 

Subsequent efforts will complete the safety analysis 
by evaluating radionuclide release rates, transport in the 
tjater column, uptake by marine pladts and animals, and dose 
to man for each accident scenario. 

3. POST-EMPLACEMENT SAFETY STUDIES 

Work focused primarily on developing systems models 
for assessing the consequences of release of radioactive 
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materials into the ocean. These models are simple, flexible, 
and designed for conducting sensitivity analyses. 

The models,are implemented via the computer code 
MARINRAD (Marine Radionuclide Transport and Dose). The code 
can calculate radEzuclide concentrations in ocean water and 
sediment, doses to .aquatic biota, doses to man, population 
doses, integrated ~iopulation doses, and health effects. 

PURINRAD will be used in conjunction with t h e  Sanaia 
computer mudel TRION for post-emplacement safety analyses. 
TRION models the release of radionuclides from buried waste 
canisters through t\:e sediment and to the ocean. MARTNRAD 
will also be used t~ compute the consequences of pre-emplace- 
ment accident scenarios that result in release of waste into 
the ocean. 

Ocean transr~ort in MARINRAD is simulated by a com- 
partment model. The ocean is divided into sediment and water 
compartments ds determined by mixing processes within the 
ocean, TransFort processes that are considered include advec- 
tion, dispers.-on, sorption, diffusion, and sedimentation. 

Con-entrations of radionuclides within compartment 
biota are c~lculated using concentration factors. Transport 
of radion~ilides via aquatic food chains is assessed using a 
simple steady-state model. 

, A wide variety of pathways of exposl-lre to man are 
conside,:ed. These itlclude ingestJon of aquatic biota, external 
exposut? to contamin.ated water or sediments, and inhalation of 
spray Jr shore sediments. Doses to aquatic biota are also 

- compu.ed. 
Preliminary analyses werp conducted for a represenla- 

 ti^: ocean disposal scenario. Fifty-thousand canisters of 
HL.; were assumed to be disposed of in an area of 104 km2.' 
~.dionuclide inventories were computed using the ORIGEN com- 
.uter code (Ref. 4). A hypothetical disposal site off Cape 
edatteras in the Atlantic Ocean was chosen because of the 
availability of good data for predicting contaminant trans- 
port in that region. Information was also collected on con- 
centration factors, food chain transfer parameters, aquatic 
resources, dosimetry and health effects factors, and individual 
usage rates (a maximum individual aquatic diet was derived 
based on the diet of Japanese fishermen). 

Preliminary model runs SII,P,~PP~ both very low radio- 
nuclide concentration levels in seawater and small doses to 
individuals. Future work will involve refining the models 
and improving the data base. Ocean node13 will be particu- 
larized to potential HLW disposal sites in thc Atlantic an(! 
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Pacific. Sensitivity analyses will be conducted to identify 
important parameters. 

REFERENCES 

1. Ensminger, U.A., "Release Scenarios and Accident 
Probabilities for the Subseabed High-Level Waste 
Disposal Transportation System," The Analytic 
Sciences Corporation, TIM-3539-1, September 1981. 

2. Koplik, C.M., "A Systems Model for Assessing the 
Consequences of Release of Radioactive Material 
into the Ocean," The Analytic Sciences Corporation, 
TIM-3539-2, September 1981. 

3. "Hazardous Environments Experienced by Radioactive 
Material Packages Transported by Water," (DRAFT), 
prepared by Operations Research, Inc., for the 
Transportation Technology Center, Sandia Labora- 
tories, TTC-0081, October 1981. 

4 .  Croft, A.G., "ORIGENZ - A Revised and Updated Ver- 
sion of the Oak Ridge Isotope Generation and De- 

. pletion Code," Oak Ridge National Laboratory, 
ORNL-5621, July 1980. 



SUBSEABED DISPOSAL SAFETY 
ANALYSIS 

OCEAN RELEASE CONSEQUENCE MODELING 

MARINRAD: 
A MARINE RADIONUCLIDE TRANSPORT 

AND DOSE MODEL 

COMPARTMENT MODEL - CALCULATES WATER AND SEDIMENT 
NUCLIDE CONCEN'I'HA'I'IONS 

STEADY STATE FOOD CHAIN MODEL - COMPUTES BIOTA 
CONCENTRATION FACTORS 



OCEAN COMPARTMENT MODEL 

COMPARTMENT .MODEL EQUATJONS 

R.70457 

OCEAN 

BASIN 

GYRE - 

CHANCE IN ' TRANSFER CONCENTRATION NORMALIZED SOURCE TERM 

I 4  

CONCENTRATION COEFFICI ENTS 
WITH TIME 

+- 
EDDY 

I +  
4- B M L b ,  

NORMALIZED RELEASE INVERSE DECAY CONCENTRATIONS OF 
SnllRCE TERM RATE VOLUMES RATE PARENT NUCLIDES 

+ I  + I I t  t '  SEDIMENT 



SOURCE TERM ($1 

OPTION 1: INPUT VALUES FROM TRION 

OPTION 2: 

RELEASE NUMBER CANISTER INVENTORY LEACH RATE 
RATE 01: LOAD1 NG 

CANISTERS 

ATLANTIC OCEAN MODEL 

FIVE WATER COMPARTMENTS AND FIVE ASSOCIATED SEDIMENT 
COMPARTMENTS 

r SOUHCE TERMS (BASE CASE) 

- ORIGEN INVENTORY FOR MIXED OXlnE FUEI. 
- 4 ~ 1 0 + ~  CANISTERS 

- 50 MWc-YR/CANISTER 
- I O - ~ / Y R  LEACII RATE 



DEEP C 'IRCULATION IN THE WESTERN NORTH A 

CONCENTRATION VS TIME 

YEARS AFTER REMOVAL FROM REACTOR 



CONCENTRATION VS TIME 

YEARS AFTER REMOVAL FROM REACTOR 

CONCENTRATION VS TIME 

I I I I I I I , I 1 1 1. 

18 i3 I I I I I ' I"'" 

1 
,YEARS AFTER REMOVAL FROM REACTOR 



SENSITIVITY OF PEAK CONCENTRATION 
TO RELEASE RATE 

LEACH RATE (IIYR) 

' SIMPLIFIED FOOD CHAIN MODEL 

PREDATOR 2 7 

PREDATOR 1 

PREY 

WATER OR SEDIMENT 
COMPARTMENT 



PATHWAYS TO MAN MODEL 

INGESTION OF.ARUATIC BIOTA 

EXTERNAL EXPOSURE TO CONTAMINATED WATER OR SEDIMENTS 

v I A H A ; ~ ~ ' ~ O N ' O F  AIRBORNE SPRAY OR SliORE SEnlMENTs 

HISCELLANEQUS PATHWAYS (DESALINIZATION, SALT 
PpODUCr ION, ETC . ) 

UPTAKE RATES 

r POPIJI.ATION: DATA FROM FOOD AND AGHICUI.TURAL ORGANIZATION 
OF THE UN ON FISH RESOURCES OF THE OCEAN 

- CURRENT RESOURCES 
- MAXIMUM PROJECTED RESOURCES 



DOSE AND HEALTH EFFECTS FACTORS 

INGESTION 4ND LNliALATlON ' 

-' INREM' I1 COMPUTER C O D E  

. EXTERNAL EXPOSURE 

- NRC REGULATORY GUIDE 1.109 

CANCER INCIDENCE A N D  GENETIC EFFECTS 

- ICRP RECOMMENDATIONS 

BIOTA DOSE MODEL 

EXTERNAL EXPOSURE T O  WATER 

SEDIMENT EXPOSURE.(ASSUMES BIOTA LOCATED A T  SEDIMENT 
' INTERFACE) 

IN'TERNAI, EXPOSIJRE (TWO SETS O F  IIOSE FACTORS AVAI1.ABI.E 
DEPENDING O N  S I Z E  O F  ORGANISM) 



INDIVIDUAL DOSE BY COMPARTMENT 



FUTURE WORK ~, 

ASSESS CONSEQUENCES OF SHIP ACCIDENTS 

0 . '  CONTINUE SENSITIVITY STUDIES: IDENTIFY KEY PARAMETERS, 
RADIONIICLIUES , AND PATIIWAYS 

0 ' .  DETERMINE ALLOWABLE RELEASE RATES INTO THE OCEAN' 

SUBSEABED DISPOSAL SAFETY 
ANALYSIS 

. . .  

TRANSPORTATION SYSTEM: 
RELEASE SCENARIOS AND ACCIDENT PROBABILITIES 



SCOPE OF STUDY 

. PRESENT PROTOTYPE WASTE DISPOSAL TRANSPORTATION SYSTEM 

EVALUATE POTENTIAL  ACCIDENT SCENARIOS AND P R O B A B I L l T I E S  

SUBSEABED DISPOSAL TRANSPORTATION SYSTEM 

ORIGINATING SITE PORT HANDLING FACILITIES 

SUBSEABED 
DISPOSAL 

SlTE . 

LAND TRANSPORTATION SYSTEMS / 

/ 



HLW DISPOSAL SHIP 

DROP 
STATIONS 

HOT CELL 
. .. . . 

R.7318Y 
, - ,  .. . " .  : 2 

i s * .  . . . r ?  . . 
CANISTER HOIST AND ' 

DROP STATION 

TRANSFER CASK 
. SET O N  BOAR0 

HOT.CELL WALL 

CASK OPENED AND 
l lLW CANIS'IER REMOVED 



ACCIDENT SCENARIOS: 
THE FIVE KEY ENVIRONMENTS EVALUATED 
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SUBS€A#eU W S K M A L  TRAN#PORTATION SYSTEM: 
SUMMARY 

HANDLING, STORAGE, SHIPPING, AND EMPLACEMENT OPERATION WERE 
R.78472 

REVLEWEP 

POTENTIAL SHIP ACCIDENT SCENARIOS OF CONSEQUENCE WERE DESCRIBCD 
,4ND STRATIFIED BY 

- LOCATION 
- FATE OF SHIP FOLLOWING ACCIDENT 
- DECREE OF PRE-LOSS CANISTER DAMAGE 
ACCIDENT PROBABILITIES WERE DERIVED: 

- I'HVBABILITY OF SOME DEGREE OF ACCIDENTAL RELEASE IN 

360 SHIPMENTS IS OF ORDER l o - ?  
- PROBABILITY OF THE MOST SERIOUS RELEASE (COLLISION 
ACCIDENT OVFR CONTINENTAI. St1EI.F WITH SINKING AND NO 

RECOVERY) IS OF ORDER lo- '  

- PROBABII.ITY OF THE HOST LIKELY RELEASE (COLLISION 
ACCIDENT OVER CONTINEN'I'AL SHELF WITH TWO-WEEK LEACH 

FROM FLOATING SHIP) IS OF ORDER 

THESE PROBABILITIES ARE CO'NSIDERED TO BE CONSERVATIVELY HIGH 

~p)(t) is thq concentration of nuclide n at time t in 
coqparfment rq 

is a matrix of transfer coeffzcient for nuclide N 
il 

'm i s  the volume of cornpartrnhnt rn 

$r)(t) is the release rate of nqclide N at time t into 
compartment m 

A(~)' is the rgdioactive decay rate of nuclide N 

N is the number of canisters 

LOAD is the canister loading (HWe-yr/canister) 

I(~)( t) is the ~adionuclide inventory for nuclide N (Ci/MWe-yr) 

L is the leach rate 

E is the fraction absorbed In gur 

IJ is the radionuclide loss rate (l/yr) 

Q is the ingestion rate (kg/yr) 

b is the predator biomass (kg) 

fi is the fraction consurped of prey i 

CF is the stable element concentration factor 



SENSITIVITY STUDIES 

OBJECTIVE : Reduce the number of  variables, eliminate unnecessary research and development, and provide Inpu t  for 
design, safety ailalysis, cost /benefit studies, and design optimization. 

GOALS MILESTONES 

Completed R 8 1  FY82 FY83 M84 FY85 
Previously 

Thermal models (ARRAYF, TMAXl - X 
Thermal sensitivity - 
I o n  transport model ITRION) - 
Primary barr ier  sensit ivity - 
Physka l  and biological oceanographic 

compartmental model (MARINRAD I - 
Coupled prinrary and secondary bar r ie r  

sensit ivity - 

TM4XC - COMPUTES PEAK CANISTER TEMPERATURES AS A FUNCTION .OF WASTE 
PROPERTIES, THERMOPHYSI C A L  PROPERTIES ' A N D  D I M E N S I O N S ,  

ARRAYF - COMPUTES TEMPERATURES OF CANISTERS AND DI'SPOSAL MEDIA A S  A 
F U N C T I O N  O F  T I M E  FOR G I V E N  WASTE FORMJ C A N I S T E R  DIMENSIONS,  
REPOSITORY LAYOUTJ AND D I S T O S A C  M E D I A  P R O P E R T I E S ,  

TRION - MATRIX OF O P T I O N S  I N C L U D I N G :  

INSTANTANEOUS RELEASE FROM CANISTER OR CONSTANT RELEASE FOR 
A G I V E N  P E R I O D  OF T I M E  . 

1, PEAK RATE TO THE OCEAN, TIME OF PEAK RELEASE RATE AND 
T O T A L  ' RELEASE AS A F U N C T l  ON O F .  1 SOTOPE/SEDIMENT PROPERTI  ES, 
REPOSITORY D I M E N S I O N S J  LEACH RATE AND C A N I S T E R  L I F E *  

2. RELEASE, RATE TO THE OCEAN, INTEGRATED RELEASE AND OCEAN 
BURDEN AS A FUNCTION O F  T I M E  FOR G I V E N  REPOSITORY S P E C I -  
F I C A T I O N S ,  . 

4 ,  CONCENTRATION IN THE SEDIMENTS AS A FUNCTION OF TIME, . 
R A D I U S  AND DEPTH 

MARlNRAD -  OMP PART MENTAL MODEL WHICH I N C L U D E S  ADVECTlON,  D l  SPERSION, 
M I X I N G ,  TRANSFER TO SEDIMEN'TS AND THE FOOD C H A I N  

NEAR SHORE AND OCEAN OPTIONS 

COMPUTES DOSES TO B I  OTAJ MAN AND POPULATIONS P A R A M E T R I C A L L Y  



SAFETY ASSESSMENT 

OBJECTIVE: Provide Input for design; p m d l d  potentla! problems early In deslgn: Increase cost e f f e d l ~ n e s s ;  meet 
requirements.for' &ensing. 

COALS MILESTONES 

Completed FY81 FY82 FY83 M84 FY85 
Prevtously 

Pre -emplacement . . 
Release scenarios and accident , 

probabilities for transportation - ,. . , ' .  X 
Model land accidents and dose - . . 
Model sea transportation accidents 

and dose T X 
Prel iminary safety assessment - 

Post -emplacement 
Model radionuclide transport and 

dose - 
. . 

X 
Data acquisition and sensitivity - X 
P ~ e l i n ~ l n a r y  sarery assessment,- 

. . . . x .  

RISK ASSESSMENT AND RELATED 
COMPUTER CODES AT TASC 

CODE' ' ' - 
ORIGENZ' ' "  

WASTE . . 

BIODOSE 

MON C 

HUTRAN 
(consists of ORIGENZ; WASTE, 
BIODOSE and inputloutput 
routines) 

PREDOSE . . 

COMMENTS 

Oak Ridge Isotope Generation and 
BeplFtion Code. ~ost recent version, 
supersedes ORIGEA. Computes iso- . 
tope-inventory versus time following 
reactor irradiation. 

Advection and dispcreion contam? 
inant transport code. llodels waste 
cransporr from a mined repository 
through a network of one-dimen- 
sinaal pipes. Includes canister 
corrosion, waste leaching and 
groundwater hydrology submodels. 

Environmental transport, uptake, 
and dose code. Computes doses 
following release of radionuclides 
via surface or groundwater systems 
Dosimetry models based on BNWL 
work for NRC. 

Perfonns monte carlo simulations 
wi'th random sampling.. Handles 
~orrelgted~randoa variables. . . 
Four dlstrzbutions. 

Statistical analysis package used 
in conjunction with MONC. 

Systems code for risk analysis of 
waste disposal in mined reposi- , 

tories. Interfaces with MONC and 
SAS for sensitivity arid uncertainty 
analysis. 

Generic risk analysis of handling, 
storgge and transportation of 
solidified high-level waste. Systems 
code using event tree techniques. . 

AIRSIM Radionuclide air dispersion and dose 
code. Handles puff or plume 
releases. 



COST /BENEFIT 

OBJECTIVE: Establish accuracy requirements 'for data acquisition and models; define the required number of large scale 
computer runs; improve confidence. ' 

COALS MIRSTONES 

.Completed .. M81 FEZ . ~ 8 3  N84 M85 
Previously 

, , 
. . 

Relate data and modeling cpsts 
to safety - , 

. . X 
. . 

. . .  
Define accuracy requiremen's ' - ,  . , . .  , , . 

. ,  . based on economics - . , 
. . . .  . . . 

, , 

Dose 

Variations of Costs and Value of Health Detriment Resulting 
from Emissions as a Function of R e s i d u a l  Collective Dose 

1 



Horizontal Spacing Sensitivity - Squere Array 

1 Canister /Well --- 4 Canisters /Well 
With 0.787 R e f e r e n c  
Waste Concentration 

Horizontal Spacing I m )  

SEDIMENT CONDUCTIVITY SENSITIVITY 

loo l 
0. OMQ 0. &B 0. M)U O.OOl6 0.0020 

.:=. .. 

Sedimerit Conductivity ( k ~  l m o c  ' . 



Age Of HLW Sensitivity 

0.3'm Diameter Canister 

o L  I 1 1 

o 50 loo 
Age O l  Waste A t  Time Of Burial  I Y r l  

canister Length Sensivvity 
. 

Heated Length ( m) 



. .  ' 
. . 

. , 

THERMAL SENSITIVITY f UMMARY. . . : 

Limit ing Variables , '  

Depth .of burial i s '  insensitive greater than 4 m. 
Horizontal spacing 'is insensitive greater than 11 m. 

~ ~ e r a t i o n a i  variables 

10% decrease i n  sediment conductivity decreases loading 9%. 
10% decrease. in 'sediment heat. capacity decreases loading 1%. 
10% increase in sediment porosity decreases conductivity 6%, 
l nsensitive to, permeability.. . . ' 

Design Variables 

Tf?mp~rat\ lr f l  rise i y  l inear function of waste cnn~entrat ign,  
5 year change i n  waste aye changes loading approximately 30%. 
Temperature rise i s  proportional to I radius) l e 7 .  

Canister length is  insensitive greater than 18 m. 
Canisters per well i s  insensitive greater than 6 per well. 
Verlicol spo~ ing  of canisters is insensitive greoter thon 7m. 



. ,.. Release Rate Equivalents of Canister Life and Burjal Depth . 

, . 
, . . . 

. .. . . ;  . .. . . ' 1 ,  . 
' . ' ~ e d u d ! o n s  In-Total R e l e a y  To The :ocean .caused.By Storage 

. . - . . ~ n d l ~ r " ~ a r i i s ! e r  Delay And By A Constant ,waste Leach Rate' . . .  . . 
1 . . .  

' #  

kc la t ion  Time l t i t ~ l f  Life . . 



Preliminary EPA Release Limits For ~ i n e d  Geologic Repositories 

. . 

Radionucl ides 

Americium -241  
Americium -243 
Carbon - 14 
Cesium - 135 
l odi ne - 129 
Neptunium -237 
Plutonium -235 
Plutonium -239 
Plutonium -240 
Plutonium -242 
Radium - 226 
Technetium.- 99 
Strontium - 90 
T in  - 126 

Curies 
I 

. . ' .  

. . '  Each release l imit represents the  max~mum cumulative 
total radionuclide release per 1,000.metric tons of heavy 

, '  metal that can occur over a'ny 10,000 year period: ' ' 

. . .  . . . . . . .  
, 

Subseabed Bu!ial Depth Vs. Distributipn Coefficient Required To Keep 

Tc - W Release Below Preliminary EPA Limits ( 1.43 C i  IMTHM) 
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. . , Prel iminary .Ion. Transport Results 
. . .  , 

. . ., - . . .  . .  . . . . . . . 
. '. . . . 

. .' ' . I  . 
, , 

For waste k n p l a a @  in the sediments, protection offered by canisters 
i s  not needed for short half l ife isotopes and i s  insignificant for long 
half / i fe isotopes. Canisters could have an important function i n  the 
event of an accident o r  retrieval. 

With the exception of anions, release rates for all isotopes analyzed 
have large safety factors even with proposed EPA regulations for 
mined repositories. 

. . 
3 oeep' bu r i a l  or sediments with K D> 0.2 m /.kg could retain Tc- 99. 

Bur ia l  i n  the sediments would act as a passive low rate valve for 
release to the ocean and subsequent dilution of 1-129. 

K D 1 s  are unimportant for short ha l f - l i fe  isotopes because of the 
large lsafety factor and for long half - l i fe isotopes because the isotopes 
will reach the ocean for any reasonable Kg: 

Canister driven thermal convection is  negligable even with twice the 
reference heat load. 

~ h i c k n e s s  of sediment below canister and permeability of the 
'bed rock have negligable effects on total ion 'release. 

Bur ia l  depth has l i t t le effect on total ion release, with long 
half l ives and low KD's Put t h e T n . i m u . m  effect on release 
rate is proportional to the depth of. bur ia l  squared. - 



V I I I .  CHEMICAL RESPONSE STUDIES 

T e c h n i c a l  P rogram C o o r d i n a t o r :  &. H .  B r u s h  

I n t r o d u c t i o n  

L. H .  B r u s h ,  SNLA 

C a n i s t e r  S t u d i e s  

N .  J ?  Magnani ,  SNLA 

Near F i e l d  S t u d i e s  

W. E .  S e y f r i c d ,  Jr.  a n d  ' E .  'c. T h o r n t o n  - 
' ' U n i v e r s i t y  o f  Minnesota,  

. . 

S y n o p s i s  o f  FY81 A c t i v i t i e s  - Near  F i e l d  S t u d i e s  

J .  L. Krumhansl ,  SNLA 

P a r  F i e l d  R a d i o n u c l i d e  T r a n s p o r t  I n v e s t i g a t i o n s  

K .  L .  E r i c k s o n ,  SNLA 

D i f f u s i o n  o f  N e p t u n y l ( V ) -  a n d  P e r t e c h n e t a t e  Tons i n  
M a r i n e  S e d i m e n t s  

F .  S c h r e i n e r ,  S .  F r i e d ,  A .  M .  F r l e d m a n ,  
Argonne N a t i o n a l  L a b o r a t o r y  265 

R a d i ~ l y t i c  O x i d a t i o n .  of T e c h n e t i u m  D i o x i d e  

. . K .  L .  Nash,  S .  F r i e d ,  A .  M .  F r i e d m a n ,  
Argonne N a t i o n a l  L q b o r a t o r i e s  

C h e m i c a l  E x p e r i m e n t s  o n  JSHTB 

P .  L. S a y l e s ,  W!oods H o l e  O c e a n o g r a p h i c  I n s t i t u t i o n  274 

. , 



In t roduct ion  

L .  H .  Rrush, SNLA 

The p r e s e n t a t  ions,  for t h e  Chemical Response Group w i l l  
proceed i n  t h e  fol1awin.g prder:  , Canis te r  (iJick Magnani) , 
Near-Field Studies  ( B i l l .  Seyfr ied ,  aim ~ r u m h a n s l )  ; Far- 
F ie ld  Studies    en Erickson, Fel-ix, Schre iner ,  Sherm F r i e d ) ,  
and F i e l d  V e r i f i c a t i o n  ( ~ r e c l  Say'les) .. We a r e  t5us  proceeding 
f roin t h e  waste. package outward . to  t h e  far - f  ie1.d sediments. 
W e  a t e  omi t t ing  t h e  waste ~ o r m  because t h e  Subseabed Di.sposal 
Program, at th.:! re,quest, of DOG Headquarters, does n o t  fund 
any w a s  te-form .researcl.i. . ,  . . 

' P r e s e n t .  today. but  not sc'neduled . t o  speal: i s  Rruce Bunker 
of Sandia. Bruce is s t a r t i n g  a  s p e c i a t i o n  study t o  de te r -  
',nine i E, radionbciirles leache'd. froin t h e  waste ,package would 
behave i n  t h e  .far ' f - i e l d  a s  predj-cted by labor&,to,ry s t u d i e s  
using simple :i'oni.e spec ies .  We' r e  looking for\?rard, .to. 'nearing 
.from Bruce, next year .  . . ,  . . 
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* .  
' . CANISTER STUPIES 

N .  J, Magnani * * 
Sandia  Nqt ional  L a b o r a t o r i e s  
Albuquerqye, New Mexico 87185 

T h i s  p r e s e n t a t i o n  qummarizes t h e  a c t i v i t i e s  aimed a t  developing 
a n u c l e a r  waste  c a n i s t e r  f o r  t h e  U.S. Subseabed Disposal  Program. 
Th i s  work i s  c o o r d i n a t e d  w i t h  work suppor t ing  d i s p o s a l  o f  n u c l e a r  , 
was tes  i n  g a l t  snvironmqnts.  I n  t h i g  p r e s e n t a t i o p  c a n i s t e r  p r i -  
m a r i l y  r e f e r s  t o  a c o r r o s i o n  r e s i s t a n t  overpack b u t  could  r e f e r  t o  
t h e  c o n t a f n e r  i n t o ' w h i c h  t h e  wasbe i s  poured i f  t h i s  component were 
n o t  t o  be encased i n  an overpack.  

The g o a l  o f  o u r  program is t o  q u a l i f y  a m a t e r i a l  f o r ,  and t o  
deve lop  a c a n i s t e r  which w i l l  s u r v i v e  i n  t h e  subseabed environment 
f o r  hundreds t o  1000 y e a r s .  The c a n i s t e r  i s  n o t  cons ide red  t o  be 
a v i a b l e  b a r r i e r  beyon4 t h i s  t i m e  frame even though it may w e l l  
s u r v i v e  f o r  s i g n i f i c a n t l y  longer  p e r i o d s  o f  t ime ,  There a r e  two 
d i f f e r e n t  approaches  be ing  c o n ~ i d e r e d  t o  m e e t  t h i s  o b j e c t i v e .  The 
f i r s t  and most h e a v i l y  pursued approach i s  t o  s h ~ w  t h a t  a very  
c o r r o s i o n  r e s i s t a n t  m a t e r i a l  i s  n o t  s u s c e p t i b l e ,  w i t h  a h igh degree  
o f  conf idence ,  t o  envi ronmenta l  degrada t ion  i n  t h e  r e p o s i t o r y  
environment.  W e  have s e l e c t e d  TiCode 1 2  (Ti-0.8% Ni-0.3% Mo) a s  
o u r  primary c a n d i d a t e  m a t e r j a l .  T i  i s  a l s ~  being s t u d i e d  and would 
be  proposed i f  t h e  maximum tempera ture  i n  t h e  ~ e p o s i t o r y  i s  < 1 5 0 ' ~ .  
The second approach i s  t o  a c c u r a t e l y  de termine  t h e  r a t e  o f  degrada- 
t i o n  o f  a m a t e r i a l  t h a t  c o r r o d e s  b u t  does s o  i n  a p r e d i c t a b l e  
manner i n  t h e  r e p o s i t o r y  environment and t o  des ign  t h e  system s o  
t h e r e  i$ a c o r r o s i o n  al lowance w i t h  a s u f f i c i e n t  margin o f  s q f e t y .  
The l a t t e r  apprqach h a s  an  advantage t h a t  it might b e  more e a s i l y  
defended i n  an a d v e r s a r y  environment. Howqver, t h e  use  o f  a 
mass ive  c a n i s t e r  and t h e  subsequent  g e n e r a t i o n  of  l a r g e  q u a n t i t i e s  
of c o r r o s i o n  p r o d u c t s  might c r e a t e  a new c l a s s  of  problems. 

One o f  t h e  impor tan t  a r e a s  o f  o u r  program d e a l s  w i t h  t h e  e f f e c t  
o f  r a d i a t i o n  on t h e  d i s p o s a l  environment and on c o r r o s i o n  p rocesses .  
A r e p o r t ,  " F f f e c t s  of Rad ia t ion  qn t h e  Chemical Environment Sur- 
rounding Wqste C a n i s t e r s  $n Proposed Reposi tory  S i t e s  and P o s s i b l e  
E f f e c t s  on t h e  Corros ion Process" ,  SAND-81-1677, by R .  S. Glass  has  
been p repared .  The r e p o r t  concludes  i n  a subseabed environment t h e  
p r o d u c t s  o f  r a d i o l y s i s  o f  pure  wa te r  w i l l  be dominant wi th  H2 and 
H O2 t h e  s t a b l e  molecular  s p e c i e s .  A number o f  u n s t a b l e  s p e c i e s  
wi ich  cou ld  a f f e c t  c o r r o s i o n  p r o c e s s e s  w i l l  a l s o  form. Experimental  
s t u d i e s  and r a d i a t i o n  f i e l d s  have shown t h e  pH i s  n o t  a f f e c t e d  and 
H 2  was t h e  o n l y  s t a b l e  s p e c i e s  genera ted  which was i d e n t i f i e d .  (The 

*This work suppor ted  by t h e  U .  S. Department of  Energy under Con t rac t  
DE-AC04-76-DP00789. 

**A U .  S , Department o f  ' ~ n e r g y  f a c i 1 i . t ~  



measurements were'not made in situ.) Auger analysis of oxide 
films showed no measurable differences in film composition or 
thickness due to irradiation. 

Another research activity is directed toward the integration 
of electrochemical and surface study techniques to study the for- 
mation of the protective films which form on titanium alloys. If 
we could accurately determine the conditions required to destroy 
passivity of Ti and the conditions where Ti will not repassivate 
if the film is disrupted, and then show these conditions cannot 
realistically be obtained in the repository environment, we will 
have almost solyed the pr~blem. Kinetics of .transport of species 
such as hydrogen through the film would remain to be determined. 
Some of the techniques being used to study the kinetics of film 
formation and the composition of the films are Raman spectroscopy 
coupled with an in situ ele~trochemical cell and Auger analysis 
of films after selected treatments including irradiation. An , 
effort is also directed at the study of H embrittlement/stress 
corrosion cracking. We have previously down that if the passive 
film is disrupted in a cathodic environment TiCode 12 can be 
embrittled. Our present program is focusing on assessing the 
tolerance of the material to hydrogen at temperature and the 
kinetics of transport into the metal. Both gaseous and electro- 
chemical H2 charging techniques are being used and studies 
utilizing tritium and tritiafed water coupled with autoradiographic 
techniques are planned. 

The effects of welding TiCode 12 on its corrosion properties 
are also being studied. To date welding has not affected the 
corrosion response in our test environments. A program studying 
the sensitization of TiCode 12 has shown that some corrosion 
enhqncement occurs in boiling HC1 environments following specific 
heat treatments; for example, 680'~ for 15 minutes. Enhanced 
corrosion has not been observed in realistic environments. These 
studies will be used to define the most appropriate weld schedules 
for TiCode. 

Our program to study the corrosion behavior of cast iron in 
subseabed environments is focusing on defining the corrosion rate 
of cast iron in deaerated seawater and brine as a function of 
temperature. These data coupled with the temperature profile of 
the canister will lead to a required canister thickness. Thc 
canister will probably have to be approximately 20 cm thick and 
therefore the generation of oxidizing species in the environment 
by radiation would be greatly reduced, i.e., the canister will 
act as a radiation shield. The rate of generation and availability 
of these oxidizing species will be expected to control the corro- 
sion rate. 

The areas of greatest uncertainty and with the greatest 
potential for problems are radiation effects and H2 embrittle- 
mcnt/stress corrosion crackj.ng. Major efforts will continue in 
these areas over the coming year. 



P rogram Objectives: 

(1) Demonstrate a material can survive in a subseabed 
environment for  several hundred to 1000 years. 

(2) Design and fabricate a canister (overpack) out of 
the selected material. 

Corrosion Resistant Canister 

TiCode 12 leading candidate 

Measure the general corrosion rate and demonstrate 
a mechanism change wi l l  not occur. 

S h w  that material w i l l  not be susceptible to locallzed 
attack i n  any reasonable environment 

Hw do we defend the extremely long extrapolations of 
data which are necessary? 

"Corrodingu Canister 

Cast i r o n  or caG steel 

Measure the corrosion rate accurately and design with a 
corrosion allowance and margin of safety. 

Must  show mechanism wi l l  not change with time. 

Definition of t he  environment becomes mnre critical since 
the corrosion process w i l l  be controlled by the availability 
of oxidizing species. 

Must  consider emplacement of larger and heavier package. 

Must consider effect of corrosion products on transport 
of radionuclides. 



Radiation Effects 

"Effects of Radiation on  t h e  Chemical Environment 
Sur round ing  Waste Canisters in Proposed Repository 
Sites and Possible Effects on  the Corrosion Process, 
SAND-81-1677 in press. 

, . ~ a d i o l y s i s  products of p u r e  water w i l l  be important 

. :c12-a likely, . t rans ient  . species 
. .  , . .. 

. . 

, . "1.n general metals;. . wh ich  possess . ful ly protective. 
adherent s u ~ a c e ' , o x i d e ~ f i l m s ~ - s h o u l d  be least affected 

..',, . . . by the  ox/djzi.ng radiolysls products in aqueous. ' " .  
, . 

solution. I ! .  : . . . . 
. .  . 

, .  . , , .  
. . 

~ x ~ e r i m e n t a l  p r o g r a h  . , . . 

. TiCode 12 corrosion rates in seawater not greatly 
affected by a radiation f ield (2 p m l y e a r  at l o7  radsl. 

, -  pH not affected by radiation field. , 

H2 i s  the  only  species generated wh ich  has been 
identif ied thus ,  far. 

H2 Embritt lementlStress Corrosion Cracking 

. Studies t o d e t e r m i n e  the  kinet ics 'of Hz charging, b d h  
gaseous and clectrochsmical arca"~.lnder way. 

.Mechanical property tests under  way o n  charged material. . . 

TiCode 12 specimen fkom PNLISNL test contained 
700 ppm Hz wi th  n o  effgct on  mechanical properties 
o r  f racture mode at 175 C, f racture mode change 
3t room temperature. 

Tests under  way t o  determine solubi l i ty l im i t  of Hz as a 
funct ion of teniperature. 

Crack propagationtests under  way at elevated temperature 
( 2 0 0 ~ ~ ) .  



Physical Metallurgy 

Sensitization study . <  

. . Region identified but effect n o t v e r y  ' . 
signif icant 

. '  
9 Optimization of thermomechanical treatment 

schedule 
. . 

Effect of alloy chemistry on properties , 

Alloy additives 

I n~yur l l lug 

, . . pH- 

rlcl Concentration   moles/^ 

Corroding Canister 

Corrosion rates i n  deaerated brine a,nd seawater 
being measured as a function of temperature. 



Corrosion Resistant Material  

Ti  o r  Ti-& 2% Pd 

Cast Steel & Cast I r o n  

Pi t t ing 

S. C. C. 

Jo in ing 

Developing a hot  cell stress corrosion cracking 
capability. 

French Program 

Emphasizing electrochemical studies 

In  screening stage of t h e i r  program 

t Alloy systems s t i l l  being studied 

Ti.  - Ti and Ti-0.2% Pd 

Z r  - Zircaloy 4 

Ni - Hasteloy C-276, lncone l  625, l ncoloy 825 

Fu tu re  Activities, Emphasis on  

Stress corrosion cracking studies i n  radiation 
fields 

Effects of H2 on properties 

Hz t ransport kinet ic studies 



NEAR FIELD STUDIES 
7- 

W.E. S e y f r i e d , , J r .  and E.C. Thornton 

F e a s i b i l i t y  assessment  of subseabed d i s p o s a l  o f  h igh l e v e l  r a d i o a c t i v e  
was te  r e q u i r e s  in fo rmat ion  p e r t i n e n t  t o  chemical  r e a c t i v i t y  o f  t h e  sediment- 
seawate r  system,  bo th  f o r  n e a r  . f i e l d  and f a r  f i e l d  environments.  Although t h e  
f a r  f i e l d  is recogn ized  as t h e  primary b a r r i e r  t o  r a d i o n u c l i d e  m i g r a t i o n ,  t h e  
n e a r  f i e l d  is a l s o  impor tan t  i n  t h a t  it w i l l  . ac t  a s  t h e  i n i t i a l  b a r r i e r  
c o n t r o l l i n g  t h e  f l u x  o f  chemical  s p e c i e s  t o  t h e  f a r  f i e l d  and w i l l  i n f l u e n c e  
s i g n i f i c a n t l y  t h e  rate o f  w a s t e - c a n i s t e r  c o r r o s i o n .  

Experiments performed a t  t h e  U n i v e r s i t y  o f  Minnesota u s i n g  Dickson 
hydrothermal  a p p a r a t u s  have i d e n t i f i e d  and documented p r o c e s s e s  c o n t r o l l i n g '  
s o l u t i o n  pH and fo o f  t h e  sediment-seawater system a t  2000-30n0Cl 5nO bars.. 
Theac prrscejaeu ll lcsude: 

( 1 )  D i s s o l u t i o n  and r e d u c t i o n  o f  Mn02 and Fe203-containing phases;  
(2) Oxida t ion  of FeO-containing phases  and o r g a n i c  m a t t e r ;  
( 3 )  P r e c i p i t a t i o n  of magnesium h y d r o x y s u l f a t e  and Mg-s i l i ca te  phases  

( s a p o n i t e l ;  and 
( 4 )  D i s s o l u t i o n  of d e t r i t a l  i l l i t e ,  c h l o r i t e ,  q u a r t z ,  f e l d s p a r ,  v o l c a n i c  

d e b r i s  and z e o l i t e s .  

C a l c u l a t i o n s  i n d i c a t e  t h a t  t h e  n e a r  f i e l d  environment w i l l  be  c h a r a c t e r i z e d  by 
m i l d l y  a c i d i c  pore  s o l u t i o n s  (pH 2 11.0) and fo2 1 10-15 a t  3000C. These parame- 
t e r s  should be  used t o  a s s e s s  t h e  r e l a t i v e  c o r r o s i o n  r e s i s t e n c e  o f  v a r i o u s  
a l l o y s  f o r  c a n i s t e r  c o n s t r u c t i o n .  

Although 300°C, 500 b a r s  approximates  c o n d i t i o n s  i n  t h e  immediate v i c i n i t y  
o f  a c a n i s t e r  c o n t a i n i n g  h i g h - l e v e l  r a d i o a c t i v e  waste  emplaced i n  seabed 
sed iment ,  t h e  n e a r  f i e l d  is a c t u a l l y  c h a r a c t e r i z e d  by an extremely pronounced 
t empera tu re  g r a d i e n t .  Thus we have condycted a d d i t i o n a l  exper iments  designed t o  
o b t a i n  a b e t t e r  unders tand ing  o f  p roce3ses  i n t r i n s i c  ' t o  serliment.=seawater 
i n t e r a a t i o l ~ s  111 rmesponse t o  a d i s t i n c t  t empera tu re  g r a d i e n t .  Our f i r s t  exper i -  
ment o f  t h i s  k ind  provided a tempera tu re  g r a d i e n t  o f  200°C. The "hot" zone o f  
t h e  p r e s s u r e  v e s s e l  was main ta ined  2 3000C, whi le  t h e  vcool l l  zone was mainta ined 
% 100°C. The d i s t a n c e  from t h e  "ho tN zone t o  t h e  v c o o l v  zone was approximately  - 
20 om. Sediment used f o r  t h i s  experiment was m e t a l l i f e r o u s  and s m e c t i t e - r i c h  
( p o o r l y  c r y s t a l l i n e )  and was f r o p  t h e  Gian t  Pist .on Core (CPC-3) r e t r i e v e d  fr.om 
t h e  Wti-1 reg ion .  A sediment /seawater  mass r a t i o  o f  5 was employed. I n  addi-  
t i o n ,  a p o r t i o n  o f  waste  g l a s s  s imulan t  (PNL 76-68) was p o s i t i o n e d  i n  t h e  300°C 
zone t o  provide i n f o r m a t i o n  on waste  s imulan t  a l t e r a t i o n  i n  a sediment-seawater 
system and i ts a f f e c t  on sediment and s o l u t i o n  composi t ion as a f u n c t i o n  o f  
t empera tu re .  The exper imenta l  system permi t t ed  sampling o f  s o l u t i o n  from t h e  
"cool" zone,  and t h u s ,  a means was a v n l l ~ h l e  t o  o b t a i n  in fo rmat ion  pertinent t o  
a l t e r a t i o n  p r o c e s s e s  o c c u r r i n g  w i t h i n  t h e  sediment "core." 

I n  g e n e r a l  changes  i n  s o l u t i o n  chemis t ry  i n  t h e  "cool" zone were s i m i l a r  t o  
t h o s e  documented d u r i n g  c o n s t a n t  t empera tu re  exper iments  a t  200-3000C; t h a t  is,  
c o n c e n t r a t i o n s  of K ,  S i 0 2 ,  Mn, and CT ( t o t a l  i n o r g a n i c  carbon)  i n  s o l u t i o n  
i n c r e a s e d  whereas Mg, Ca, and SO4 decreased.  These changes i n  s o l u t i o n  che- 
m i s t r y  can  b e s t  be i n t e r p r e t e d  as r e s u l t i n g  from minera log ic  m o d i f i c a t i o n s  of  
t h e  sediment  i n  t h e  "hot" zone. These i n c l u d e  s m e c t i t e  format ion,  d i s s o l u t i o n  
o f  i l l i t e  and v o l c a n i c  g l a s s  a s  w e l l  a s  o x i d a t i o n  o f  o r g a n i c  m a t t e r  by 
Mn02-containing phases .  Other  changes  i n  s o l u t i o n  chemis t ry ,  however, appear  t o  
be  r e l a t e d  t o  a l t e r a t i o n  o f  t h e  waste  g l a s s .  These inc lude :  t h e  marked i n c r e a s e  
i n  B and C 1  c o n c e n t r a t i o n s  i n  s o l u t i o n ;  and ,  t h e  r e l a t i v e l y  high ($6.0) pH. 



Upon removal o f  t h e  sediment and waste  s imulan t  from t h e  p r e s s u r e  v e s s e l  a t  
t h e  t e rmina t ion  o f  t h e  experiment it was obvious  t h a t  s i g n i f i c a n t  changes had 
occur red  i n  t h e  p h y s i c a l  p r o p e r t $ e s  o f  t h e  g l a s s  and a l s o  o f  t h e  sediment 
exposed t o  t empera tu res  1 2000C. Although we have n o t  a s  y e t  q u a n t i f i e d  t h e s e  
f i n d i n g s  t h e r e  can  be no doubt t h a t  s m e c t i t e  format ion e f f e c t i v e l y  decreased  t h e  
porosit ; .  and p e r m e a b i l i t y  o f  t h e  sediment a s  evidence by p a r t i a l  l i t h i f i c a t i o n  
o f  t h e  sediment and through SEM o b s e r v a t i o n s .  The g l a s s  was thoroughly a l t e r e d  
t o  a mixture  o f  s m e c t i t e ,  z e o l i t e  ( ? ) ,  i r o n  o x i d e s ,  and a n h y d r i t e .  These 
i n t e r e s t i n g  r e s u l t s ,  however, need t o  be f u r t h e r  e v a l u a t e d  b e f o r e  an a c c u r a t e  
and unequivocal  model o f  sediment and g l a s s  waste  s imulan t  a l t e r a t i o n  i n  a t h e r -  
mal g r a d i e n t  can be formal ized.  
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Figure  1. fo  -jB diagram ' a t  300°C, 500 b a r s  i l l u s t r a t i n g  s t a b i l i t y  f i e l d  o f  
m e z a l l i f e r o u s  and s m e c t i t e - r i c h  ( s o l i d  s q u a r e s )  and i l l i t e - q u a r t z -  
r i c h  ( s o l i d  c i r c l e s )  sediment.  

F i g u r e  2. Minera l - so lu t ion  a c . t i v i t y  diagram f o r  t h e  Mg0-K20-Si02-A1203.-H20 and 
Mg0-Ca0-Si02-A1203-;20 s y s t e m  a t  300°C, 500 b a r s .  React lon pa th  
d e p i c t e d  by ".arrows is t y p i c a l  o f  sediment(MPG1-seawater i n t e r a c t i o n  
a t  300°C. 

. . 

F i g u r e  3 . .  Mineralogic  changes t y p i c a l l y  observed as a r e s u l t  o f  sediment(MPG)- 
seawate r  i n t e r a c t i o n  a t  200-300°C, 500 b a r s .  

F i g u r e  4 .  Schematic illustration of p r e s s u r e  v e s s e l  used f o r .  t empera tu re  g ra -  
d i e n t  exper iments .  

F i g u r e  5 .  Change i n  c o n c e n t r a t i o n  of. K ,  Ca, S.i02,,  and Mg- i n  s o l u t i o n s  sampled 
from t h e  "cool"  zone (2 1000C) of  t h e  t empera tu re  g r a d i e n t  exper i -  
ment. 

F i g u r e  6 .  ~ o n c e n ' t r a t i o n s  o f  Mn, B ,  CT, ( t o t a l .  i n o r g a n i c  c a r b o n ) ,  and pH i n  so lu -  
t i o n s  sampled f rom t h e  "cool" zone (2  1000C) o f  t h e  t empera tu re  g ra -  

. d i e n t  experiment.  

Figlire 7 .  photograph q f  e n t i r e  sediment c o r e  subsequent  t o  t e r m i n a t i o n  o f  t h e  
t empera tu re  g r a d i e n t  experiment. 

F i g u r e  8. Photograph of t h e  t o p  ("cool" zone) p o r t i o n  of t h e  sediment c o r e  from 
tempera tu re  g r a d i e n t  experiment.  

F igure  9. Photograph o f  t h e  bottom ("hot"  zone) p o r t i o n  o f  t h e  sediment c o r e  
from tempera tu re  g r a d i e n t  experiment.  

F i g u r e  10. SEM photomicrograph (2: ~ O U X S  of serliluei~t from t h e  "cool" zone 
( 2 1 0 0 0 C )  from t h e  t empera tu re  g r a d i e n t  exper iment .  

F i g u r e  11. SEM photomicrograph (2 800x1 of sediment from t h e  "hot'l zone 
(2 2000C) from t h e  t empera tu re  g r a d i e n t  experiment.  

F i g u r e  12. Re l fec ted  l i g h t  photomicrograph o f  waste  s imulan t  from t h e  tem- 
p e r a t u r e  g r a d i e n t '  experiment.  

F1gur.e 13. SEM photornicrr.~g!.apti (750X) o f  wa8t.e s imulan t  from t h e  t empera tu re  
g r a d i e n t  experiment.  
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SYNPOSIS OF FY81 ACTIVITIES 

J. L. Krumhansl (Sandia) 

Over the last year activities have focused on three areas 

relevant to predicting the response of the near-field environment. 

The first task undertaken was the improvement of the thsrmo- 

chemical data base used in modeling sediment-seawater interactions. 

A Dickson ~ydrothermal Apparatus has been brought on line and 

procedures have been established far characterizing ~olid run 

products. The second area of investigation concerns the effects 

of gamma radiation on sediment-seawater mixtures. Dry samples 

have been submitted for irradiation to assess whether significant 

structural damage occurs to the clay lattices in such an environ- 

ment. A method has also been devised that employs small TiOode 

sample containers for irradiating solutions and recovering gaseous 

radiolysis products. A third area af exp~timentatisn eoncerne 

the poeaible uraniluu ptiases whlch may form in a hydrothermal marine 

environment. To date a variety of well crystallized phases have 

been synthesized at 250°C. A partial indexing of the x-ray 

diffraction patterns generated by these materials indicates that 

with increasing solution pH there is a tendency for the N ~ / U  ratio 

in some of the precipitated phases to increase. 



URANIUM PHASE STUDY 
(J, L, KRUMHANSL: 100-260°C) 
(L, BRUSH: 2 5 - 1 0 9 O C . )  
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PRELIMIf4ARY RESULTS - 25O0CJ N A / U O ~  =. 1 2 , 5  

INITIAL FINAL PHASES OBSERVED X-RAY 
PH PH OPT 1 w - y  C H A R A C T E w  

34 4 ,1  4,O ' A >>  B aU02(0H)2 

35 11,2. 4 ,4  I! >' B aU92(0H)2 

3E 4 , 4  4 ,6  D >>  B SPI 1 I 

37 .7,0 . 483 D >> B SPI I I 

40 4 , l  3 - 8  C,E >>  B SPI, I 1  

4 1  4 ,3  4,O E > B j  C SPI, 11 
42 4 , s  4,2 E > B  SPI, I 1  

43 6,8 4 ,4  D > F  S P l l I  

44 7 ,8  4 ,6  G > F  S P I I I  

E = RECTANGULAR OR SQUARE ORANGF PI ATFS 
* 

F = YELLOW BLADES - DOVE TAILED 

G = VERY FINE GRAINER YELLOW PRFCIPITATE 
"MAY DL DIrrERellT (SROWTH HABI I b  U t  I H t  SAME 

MATERIAL 
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1) DRY CLAY SAF+PLES SUBMITTED FOR! IRRADIATION 

12) I ,?  CM3 TICODE 12 VESSELS DESIGNED AND FABRICATED 
FOR IRRADIATION O F S O L U T I O N S A N D S E D I M E N T -  

: ' SEAWATER SLURRIES 

ACTIVITIFS - .  FY 82 





SMECTITE STAB I L I  TY STUD1 ES 

' X-RAY Dl FFRACTION FOR BULK STRUCTURE 
' TEN - MORPHOLOGY 

- CRYSTAL STRUCTURE 
- COMPOSITION 

3)  STUDY NONTRON ITE SOLUBILITY 
FROM 2 0 0  TO 39g°C  



RATION FOR THIN Frill E.D.S, 

(RELATIVE WEIGHT PERCENT) 

ASSFSSMFNT OF FXCMArlFF CAPACITY 'US I NG Cs 

1 76.4 M~a/100 G 0 ~ . 0 ! 5 7  EQ PER 022 (OH)4 FORKULA UNIT 

T IVE  E.D.S. AWYSES OF SED 2-1 (BEFQ& 
A m  - - 

THE ABOVE ANALYSES ACCOUNT FOR 97z OF THE P O I N T S  EXAMINED I N  

SAN-300-5 B AND 83% OF THE POINTS EXAMINED IN SED 2-1, 
ANALYSES ARE R E L A T I V E  WEIGHT PERCENT 



.FAR FIELD RADIONUCLIDE TRANSPORT INVESTIGATIONS* 

. .. ' r  . 

K. L.  rickso on 
Sandia National Laboratories** 
.Albuquerque, New Mexico 87185 

Studies of sorption and diffusion oE radionuclides in 

smectite-rich red.clay are 'providing . , the Subseabed Disposal 
. . 

Program wit'h es:;ential data for predicting far-field radionuclide 
. . 

transport. ' ,~reviously,. sorption equilibrium'data for Rb, Cs, 
. . 

Sr; Ba, ch', ~ g , '  Ce, Pm, E;,: Gd, U, Pp, Am and Cm were reported, 

and concentration pro.files from diffusion experiments with Na, 

Cs, Ba, Ce, and Eu were determined. In general, the results from 

the diffusion experiments were consistent with predictions based 

on solutions to the diffusion equation using appropriate boundary 

conditions and'the sorption equilibrium data. However,.a small 

fraction,~usually.mgch less than one percent, of the total amount 

of the nu-lide used in each diffusion experiment migrated much 

further than 'predicted. :The anomalies in the diffusion data for 

europium were'considered to be o£ most concern and have been 

investigated during the .past year. In particular, additional 

experiments were conducted to examine development of the anomalous 

profiles as a function of time and of the method for initially 

introducing the diffusing nuclide to the clay samples. Analogous 

experiments with other sorbents also were performed. Although 

a single mechanism for accelerated transport may not be appropriate 

for all nuclides, it appeirs that the anomalous europium 

concentration profiles represent the effects of competing chemical 

* This work supported by the U. S. Department of Energy under 
contract DE-AC04-76-DP00789. 

**  A U. S. Department of Energy facility. 



reactions, probably hydrolysis, which produce small amounts of 

transient, weakly sorbing species. It further appears that the 

decay times for such transient europium' species are sqffictently 

small so that such competing reactions will have negligible impact 

on long-term, far-field radionuclide transport. 



F. SCHI(EINER, S. F q D  & A. FRIEDMAN 
Chemistry Div i s ion ,  Argonne Na t iona l  Laboratory,  9700 South Cass Avenue, 
Argonne, I l l i n o i s  60439 

ABSTRACT 

+ 
The d i f f u s i o n  of t h e  235?lp02 and 95,??c04- - ions  h a s  

been measured d i r e c t l y  i n  sample c y l i n d e r s  of two d i f f e r -  
e n t  sediments from t h e  f l o o r  of t h e  deep sea .  I n  smec t i t e -  
r i c h  sediment nor s h i e l d e d  from con tac t  wi th  a tmospher ic  
oxygen t h e  fo l lowing  v a l u e s  were obta ined f o r  t h e  e f f e c -  
t i v e  d i f f u s i o n  c o e f f i c i e n t s  of neptunyl- c r t e c h n e t a t e -  
i o n s ,  r e s p e c t i v e l y :  D ~ ~ ~ ( N ~ ~ ~ + )  = 1.5 x ;:'l$ 1~2s-1 and 
Deff (Tc04-) = 3.2 x 10- m 2 s - l .  Under anoxic c o n d i t i o n s  
i n  sediment w i t h  known reducing p r o p e r t i e s ,  t h e  per techn-  
e t a t e  i o n  appear s  t o  undergo slow reduc t ion  and t h e  e f -  
f e c t i v e  d i f f u s i o n  c o e f f i c i e n t  of the  reduced s p e c i e s  of 
Def f  (Tc, red)  = 1.1 x 1014 m2s-I r e f l e c t s  a  s u b s t a n t i a l  
dec rease  of t h e  m o b i l i t y  of t h e  lower-valent technetium. 

INTXODUCTION 

The d i s p o s a l  of n u c l e a r  waste  i n  t h e  sediment of t h e  deep s e a  r e l i e s  on t h e  
sediment t o  p rov ide  a n a t u r a l  b a r r i e r  prevent ing leached r a d i o n u c l i d e s  from 
reaching t h e  biosphere .  It is  t h e r e f o r e  e s s e n t i a l  t o  v e r i f y  t h e  m o b i l i t y  be- 
hav io r  of those  r a d i o n u c l i d e s  t h a t  r e p r e s e n t  a  hazard t o  t h e  environment.  

A method f o r  t h e  d i r e c t  measurement of i o n i c  m i g r a t i o n  r a t e s  i n  s e a - f l o o r  
sediments  has  been r e p o r t e d  p rev ious ly  a long with  e f f e c t i v e  d i f f u s i o n  c o e f f i -  
c e n t s  f o r  t h e  t ransuranium elements  plutonium and americium [ l ] .  The same 
nethod has  now been app l i ed  t o  determine t h e  mobi l i ty  behavior  of t h e  pe r t ech-  
n e t a t e  and neptunyl(V)-ions i n  ocean f l o o r  sediments  of d i f f e r e n t  o r i g i n .  The 
exper imen ta l  procedure  f o r  t h e  de te rmina t ion  of e f f e c t i v e  d i f f u s i o n  c o e f f i c i e n t s  
invo lves  t h e  fol lowing s t e p s :  F i r s t ,  samples of t h e  sediments  a r e  made up i n  
t h e  shape of r i g h t  c y l i n d e r s ,  12.5  rmn high and 14.4 mm i n  diameter .  A t  t h e  t ime 
of sample p r e p a r a t i o n  a  s u i t a b l e  q u a n t i t y  of t r a c e r  n u c l i d e  is added t o  t h e  top 
h a l f  of t h e  c y l i n d e r  and placed i n  i n t i m a t e  c o n t a c t  wi th  the  bottom h a l f  a t  a  
c r o s s - s e c t i o n a l  p lane.  During p r e p a r a t i o n  and s t o r a g e  t h e s e  samples a r e  con- 
t a i n e d  in po lye thy lene  tubes  and prevented from dry ing  out  by keeping them i n  
a n  atmosphere of s a t u r a t e d  vapor of sea water.  

A f t e r  an  a p p r o p r i a t e  t ime span  dur ing which t h e  r a d i o n u c l i d e  t r a c e r  has  
t h e  oppor tun i ty  t o  d i f f u s e ,  t h e  concen t ra t ion  p r o f i l e  of t h e  t r a c e r  i n  t h e  
sample c y l i n d e r  i s  measured, and an  e f f e c t i v e  d i f f u s i o n  c o e f f i c i e n t  i s  determined 
by matching t h e  observed c o n c e n t r a t i o n  d i s t r i b u t i o n  t o  t h e  expected c a l c u l a t e d  
curve. I n  o rde r  t o  measure t h e  a c t i v i t y  as a f u n c t i o n  of c r o s s - s e c t i o n a l  l e v e l  
i n  t h e  sample t h e  sediment  is rubbed o f f  on long s t r i p s  of f i l t e r  paper ,  .which 
a r e  l a t e r  d iv ided  i n t o  s m a l l  squares  2  x  2  an i n  s i z e  f o r  assay of t h e  a c t i v i t y .  
I n  t h e  c a s e  of 9 5 m ~ c  t h e  204 keV y- rad ia t ion  was recorded wi th  a  germanium- 
l i t h i u m  d e t e c t o r ,  wh i l e  t h e  low-energy r a d i a t i o n  of 2 3 5 ~ p  (approximately 20 keV) 
was measured wi th  a  s i l i c o n - l i t h i u m  X-ray d e t e c t o r .  

* ~ a s e d  on work performed under t h e  ausp ices  bE che Sandla  ?iaLiuiral b b o ~ o t o r y  
Program Cont rac t  Number 74-1160. 



RESULTS 

Technetium. Di f fus ion  samples containing 9 5 m ~ ~  a s  radionucl ide t r a c e r  were 
made up with two d i f f e r e n t  sediments. a smect i te-r ich red c l a y  from !PG I and a 
sediment with reducing p r o p e r t i e s  stemming from shallower depths. The reducing 
sediment was suppl ied  by R. Heath, Oregon S t a t e  Universi ty .  Corva l l i s ,  Oregon. 
It was kept  i n  an i n e r t  atmoqphere of n i t rogen  throughout t h e  experiment t o  
avo id  i n t e r f e r e n c e  from atmospheric oxygen u n t i l  the  samples were processed f o r  
counting of t h e  r a d i o a c t i v i t y .  

The d i s t r i b u t i o n  of t h e  technetium i n  t h e  smect i te-r ich sediment was de te r -  
mined a f t e r  d i f f u s i o n  had taken p lace  f o r  4.7 hours and f o r  17.24 days, respec- 
t i v e l y .  The sample t h a t  had been l e f t  f o r  17.24 days showed a uniform d i s t r i -  
b u t i o n  of r a d i o a c t i v i t y  throughout, showing the  per techne ta te  ion ,  which was 
t h e  chemical form i n  which the  t r a c e r  was appl ied  t o  the  sediment, t o  have a 
f a i r l y  high mobil i ty .  The d a t a  obtained from the short-time sample a r e  s h q  
i n  Fig. 1. I n  matching a ca lcu la ted  curve t o  the observed d a t a  points  i t  i s  . 
important e6 t i t  t h e  s e c t i o n  of low a c t i v i t i e s  near the  f r o n t  end of t h e  sample. 
The s o l i d  curve in Fig.  1 represen ts  the  expected d i s t r i b u t i o n  of a t r a c e r  mgving 
wi th  an e f f e c t i v e  d i f f u s i o n  c o e f f i c i e n t  of Def = 3.0 x an2,-I. 

DISTANCE FROM END OF SAMPLE, mm 

Fig.  1. Rela t ive  a c t i v i t y  of 9 5 m ~ c  i n  smect i te-r ich sediment from !PG I.  
Di f fus ion  time: 4.7 hours. So l id  l i n e :  ca lcu la ted  d i s t r i b u t i o n  f o r  D * t  a 

5.10-2 cm2. 

I n  t h e  samples made up wi th  reducing sediment and i n  the  absence of oxygen , 

a more complex a c t i v i t y  d i s t r i b u t i o n  is observed. Fig. 2 shows d a t a  obtained 
B i t e r  a d i i i u s i o n  time of 1.12 days. f i e  movement of the  per techne ta te  i o n  
through the sediment is  c l e a r l y  evident  from the a c t i v i t y  near t h e  f ~ n n t  rnd of 
t h e  sample. However, t h e  d a t a  po in t s  cannot be matched by a simple d i f f u s i o n  
curve because t h e  t r a n s i t i o n  from low t o  high a c t i v i t y  i n  the  region of the 
o r i g i n a l  i n t e r f a c e  between a c t i v e  and i n a c t i v e  sediment occurs a t  a r a t e  which 
is  t o o  l a r g e  t o  be compatible w i t h  t h e  concentrat ion p r o f i l e  i n  o ther  p a r t s  of 



DISTANCE FROM END OF SAMPLE, mm 

Fig.  2. R e l a t i v e  a c t i v i t y  of 9 5 9 c  i n  oxygen-free reducing sediment ,  d i f f u s i o n  
time 1.12 days. 

t h e  sample. f i i s  behavior  sugges t s  an  immobilizing process  i n  compe t i t ion  w i t h  
d i f f u s i o n .  F u r t h e r  evidence f o r  t h e  immobi l i za t ion  of t h e  technetium i s  ob- 
t a i n e d  from t h e  d a t a  s h v  i n  Fig .  3. 

DISTANCE FROM END OF - SAMPLE, mm 

Fig .  3. R e l a t i v e  a c t i v i t y  of 9 5 9 c  i n  oxygen-tree i'ediicing sedimenr ; d i l l u s l b i i  
t ime;  65.13 days. 



I n  a sample l e f t  f o r  65.1 days the bulk of t h e  technetium is s t i l l  i n  the upper 
h a l f  of t h e  sample and only a minor f r a c t i o n  of t h e  a c t i v i t y  shovs up i n  the  
l o v e r  p a r t .  The process  of inmobil izat ion a t  work i n  t h i s  case is m p s t  l i k e l y  
t h e  reduc t ion  of the hep tava len t  techneti* t o  t h e  t e t r a v a l e n t  s t a t e ,  leading 
t o  t h e  p r e c i p i t a t i o n  of i n s o l u b l e  technetium dioxide. This  chemicaJ reac t ion ,  
however, must occur slow enough t o  permit a f r a c t i o p  of t h e  per techne ta te  t o  
d i f f u s e  i n t o  t h e  i n a c t i v e  region of the  sediment. 

Neptunium. As i n  t h e  case of per techne ta te  d i f f u s i o n ,  samples 4 t h  2 3 S ~ p  as  
t r a c e r  nucl ide were made up with the m e c t i t e - r i c h  UPG I c l a y ,  and with the 
reducing sediment. The valence s t a t e  of thp neptunium when i t  was appwed t o  
t h e  sediment was 5, i . e .  t h e  neptunium,was presen t  i n  t h e  s t o c k  s o l u t i o n  as  
NpO$ ion. 

While no movement of t h e  neptunium i s  d i s c e r n i b l e  a f t e r  allowing 5 .1  hours 
f o r  d i f f u s i o n ,  a longer time shows the  t r a c e r  t o  migrate. Figure 4 represents  

- . . . - - . - DISTANCE -. - . FROM END OF SAMPLE, mm 

Fig.  4. R e l a t i v e  activity of 2 3 5 ~ p  i n  smect i t e - r ich  sediment from 1PG I; dashed 
s e c t i o n s  of curve: ca lcu la ted  d i s t r i b p t i o n  f o r  3*t = 6 .10 '~  cm2; s o l i d  s e c t i o n  
of curve: c a l c u l a t e d  d i s t r i b u t i o n  f o r  D*t = 5 x loe3 cm2. 

d a t a  obtained from a sample of smect i te-r ich tiPG I clay t h a t  was processed a f t e r  
46.2 days. I n  t h i s  case,  even though atmospheric oxygen i s  not  excluded and 
t h e  sediment cannot be considered a reducing type,  a s i m i l a r  p a t t e r n  of a c t i v i t y  
i s  obtained a s  f o r  the  Tc i n  t h e  reducing sediment. P a r t  of the  neptuqiurn 
a c t i v i t y  Is c l e a r l y  evident  a t  t h e  f r o n t  end of the  sample, but the concentra- 
t i o n  curve does no t  have t h e  shape expected f o r  simple d i f f u s i o n .  For neptu- 
nium t h e  t r a c e r  d i s t r i b u t i o n  curves look s i m i l a r  under non-reducing and under 
reducing condit ions.  This i s  evident  from a comparison of Fig. 4 wi th  Tig. 5 ,  
which shows t h e  n e p t u n i m  a c t i v i t y  i n  a sample of reducing sediment $n an anoxic 
environment. By i n t e r p r e t i n g  t h e  observed shapes of the  concent ra t ion  curves 
a s  being the r e s u l t  of the s ipul taneous operat ion and two processes ,  v i z .  d i f -  
f u s i o n  and chemical immobilization, an es t imate  f o r  the  e f f e c t i v e  d i f f u s i o n  
c o e f f i c i e n t  of t h e  mobile f r a c t i o n  can be given. The number obtained from the 
d a t a  of Figs. 4 and 5 is  Deff(PJp) = 2 x an2s-l,  and is presumably char- 



a c t e r i s t i c  f o r  the  mobi l i ty  of t h e  neptunyl(V)-ion. The p rocess  r e s p o n s i b l e  
f o r  t h e  immobil izat ion of t h e  neptunium has  no t  been i d e n t i f i e d .  I t  may be con- 
j e c t u r e d  t h a t  t h e  pen tava len t  nep tuny l  s p e c i e s  undergoes s low r e d u c t i o n  i n  t h e  
s l i g h t l y  a l k a l i n e  medium of t h e  s e a  wa te r  and forms an  i n s o l u b l e  p roduc t ,  o r  
t h a t  perhaps  a  s t r o n g  i n t e r a c t i o n  w i t h  t h e  c o n s t i t u e n t  mine ra l s  of t h e  sediment 
l e a d s  t o  t h e  g radua l  f i x a t i o n  of t h e  r ad ionuc l ide .  

. 
DISTANCE.FROM END OF SAMPLE, mm - - - -  

Fig .  5. R e l a t i v e  a c t i v i t y  of 2 3 5 ~ p  i n  oxygen-free reducing sediemnt; d i f f u s i o n  
time: 50.17 days; s o l i d  l i n e :  c a l c u l a t e d  d i s t r i b u t i o n  f o r  D*t  = 9 . 1 0 - ~  an2; 
dashed l i n e :  c a l c u l a t e d  d i s t r i b u t i o n  f o r  D . t  = 2 - 1 0 - ~  cm2; dashed-dotted l i n e :  
c a l c u l a t e d  d i s t r i b u t i o n  f o r  3 - t  = 6 . 1 0 - ~  an2. 

CONCLUSIONS 

The s tudy  of t h e  m o b i l i t y  of technetium i n  t h e  ocean-f loor  sediments  shows 
t h e  p e r t e c h n e t a t e  i o n  t o  be s u f f i c i e n t l y  s t a b l e  t o  permit  d i f f u s i o n  w i t h  a n  
e f f e c t i v e  d i f f u s i o n  c o e f f i c i e n t  of iIef (Tc01,-) = 3 x an2s - l .  Th i s  v a l u e  
is  of t h e  same magnitude as t h e  e f f e c t i v e  d i f f u s i o n  c o e f f i c i e n t  of h igh ly  
mobl lc  opooiee ouch as ~ n +  rind 'I-. It i s  cons i scen t  wi th  t h e  known l a c k  of 
i n t e r a c t i v e  r e t a r d a t i o n  f o r  a n i o n i c  s p e c i e s .  Observat ions  i n  t h e  r educ ing  
sediment i n d i c a t e  c l e a r l y  t h a t  technetium can be e f f e c t i v e l y  immobilized by 
chemical reduct ion.  

The r e s u l t s  of measurements w i t h  neptunium show t h i s  .element t o  be  substan-  
t i a l l y  more mobile than  t h e  t ransuranium elements plutonium and americium. On 
t h e  o the r  hand, t h e  neptunyl(V)-ion undergoes a  chemical change t h a t  l e a d s  t o  
t h e  f i x a t i o n  of t h e  rqd ionuc l ide  i n  non-reducing and i n  reducing sediments .  

REFERENCES 

1, S. F r i e d ,  A. Friedman, and F. Schre ine r ,  A Study of t h e  !!ability of 
Plutonium and Americium i n  Clay, Annual .V.epott, September 1980, S a ~ ~ r l i a  
Na t iona l  Laboratory Report No. SAND 81-7114. 



K. L. Nash, S. Fried and A. M. Friedman 
C 

Chemist+ ni  vi s i  nn, Arqonsq NatisnnA Laboratory, f 9 4 0 0  Sou h €ass Avenue, Argonne. Illinnis f in439 

Abstract 

Samples of the insoluble technetium dioxide (Tc02) were 
slurried in distilled water and in seawater and allowed to 
oxidize under the intluence of their o q  radiation 

Under these conditions only about 10-15% of the Tc was oxi- 
dized. When the technetium solutions were subjected to 
greater radiation fields by addition of 2 4 4 ~ m  the oxidation 
of the technetium to pertechnetate was virtually complete. 

In the case of Tc02 slurries without added radioactivity it 
wds fuund that the eoficentratlon of pertechnetate ion, Tc~L,, 
reached a maximum and then declined to about one-half of 
that maximum value. 

*work performed under the auspices of Sandia ~ational 
Laboratory under contract number 74-1160. 



Introduction 

Design of an effective radioactive waste repository requires 
considerable knowledge of the solution chemistry and sorp- 
tive behavior of the radioactive species to be isolated. 
Many fission products and the important actinide elements 
exhibit multiple oxidation states in environmental media 
necessitating knowledge of the behavior of each of the po- 
tential terms. One aspect of the environment surrounding a 
repository ~hown to be important to the speciation of acti- 
nide elements is radiolysis of the watpr surrounding the 
repository. 

In a continuation of studies of the effect of radiolysis 
on the speciation of important radioactive species, the 
present report outlines the results of a study of the radio- 
lytic oxidation of Tc02 by alpha radiation from 244~m. 
Previous results1f2 on the effect of radiolysis on plutonium 
and neptunium speciation indicated that both oxidation and 
reduction occurred in those systems. Plutonium was stabi- 
lized primarily in the tetravalent state in distilled water 
and seawater, though small amounts of the higher oxidation 
states were also present. Neptunium was stabilized in the 
pentavalent state and was quite soluble in both media. In 
a saturated brine, both plutonium and neptunium were present 
primarily in the hexavalent state. 

Among the long-lived fission products, technetium and iodine 
are of great concern, because they exist in aqueous solu-. 
tions as anionic spe~ies and as such, exhibit high mobility 
through most rocks. In the case of technetium, the two most 
stable forms are Tc (IV) - (TcOz solid) anb Tc (VII) (Tc04- - 
perfechnetate anion). In this investigation, the effect of 
radiolysis on a solution contacting solid Tc02 was deter- 
mined. 

A 0.15 M stock solutidn of.NII,TcOl, was analyzed spectro- % 

photometrically using spectral bands at 246 nm (~=6220) and 
289 nrn (~=2360). Technetium dioxide Tc02'2H20 was.prepared 
by reduction of NH4Tc04 using granulated zinc and concen- 
trated H C ~ ~ .  Black. solid Tc02'2H20 was washed with dilute 
ammonium hydroxide to remove traces of zinc then, centrifuged 
and air dried. The quantity of Tc02-2H20 prepared in each 
of four test tubes was inferred by using measured'aliquots ., 
of the stock solutions. Eight milliliters of distilled 
water were introduced into each of two tubes while eight 
milliliters of Copenhagen seawater were added to each of 
the other two. The amount of Tc in each test tube was 



calculated to be 535 I J ~  in the case of $he distilled water 
sample and 840 ug in the case of the seawater sample. Into 
one each of the distilled water and the seawater samples 
sufficient 2 4 4 ~ m  was introduced to give an alpha radiation 
dose of 1.39 x 10 d/min/ml. Each test tube was equipped 
with a micromagnet, sealed with a serum cap and stirred on 
a specially modified magnetic stirrer. Tiie pH changes were 
insignificant. Periodic samples were withdrawn to allow 
determination of soluble technetium by radiochemical tech- 
niques. The experiments were allowed to continue for five 
months. 

Technetium was assayed radiometrically using liquid scinti~ 
llation methods. A calibration curve was prepared by meking 
dilutions of a spectrophotomet~ically assayed solution of 
NH4Tc0 , samplinq these dilutions, and counting. The rrnlint- 
ing efriciency vla this method was found to be greater than 
96% in the concentration range 2 x to 2 x M. 

In the experiments containing 244~m, the amount of activity 
in the periodic samples attributable to 2 4 4 ~ m  alpha parti- 
cles saturated the counting system. This problem was solved 
by preextracting the sample with a ten-fold volume excess of 
10% Aliquat 336 in toluene after first acidifying the sample 
with a small amount cf concentrated HClU4. This method gave ' 

99% Tc04 extracted while only 0.04% 2 4 4 ~ m  was extracted. 
Any extracted 2 4 4 ~ m  was at a sufficiently low concentration 
to allow discrimination against the high energy alpha radi- 
ation in the counting system. Aliquat 336 caused no quench- 
ing of the scintillations. 

Results and Discussion -- 
In each of the unirradiated experinlents, an increase in the 
soluble technetium concentration (to 5.3 x M in dis- 
tilled water and 6.3 x 10'~ M in seawater) was observed in 
the 30-50 day interval of the experiment. After 50 days, 
the concentration of technetium in solution declined and 
leveled off at about 3.0 x M in both media. The un- 
expected rise and decline in soluble technetium may be 
attributable to the normal solubilization of Tc02 (with 
some radiation-induced oxidation to Tc04- included) to an 
equilibrium level, followed by co-precipitation with silica 
leached from the glass vessel by radiolysis products of 
water. 

The addition of 2 4 4 ~ m  has a dramatic effect on the speci- 
ation of technetium. At equilibrium, technetium was found 
completely oxidized to Tc04- and achieved the molarity 
calculated from the amount of solid Tc02. As shown in 
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F i g u r e  l a .  F i r s t  o r d e r  p l o t  o f  t e c h n e t i u m  s o l u b i l i z e d  by 
a l p h a  r a d i o l y s i s  o f  Tc02(,)  i n  d i s t i l l e d  w a t e r  
( p H  = 6 . 7 7 ( 2 0 . 1 2 ) ) .  

F i g u r e  l b .  F i r s t  o r d e r  p l o t  of t e c h n e t i u m  s o l u i i i l i z e d  by 
a l p h a  r a d i o l y s i s  o f  Tc02( , )  i n  s e a w a t e r  (pH = 
8 . 2 7 ( + 0 . 0 4 1 ) ) .  - 



Chemical Experiments on ISHTE 
F. L. Sayles 

Woods Hole Oceanographic I n s t i t u t i o n  

1. I n t r o d u c t i o n  

Two chemical zxper iments  are planned f o r  i n c o r p o r a t i o n  on ISHTE t o  p rov ide  
v e r i f i c a t i o n  o f  l a b o r a t o r y  da ta  and model 1 ing.  These experiments w i l l  d i r e c t -  
l y  address t h r e e  aspects  o f  t h e  behavior  o f  sediments undergoing heat ing.  
Chemical t r a c e r s  w i l l  be used t o  t e s t  p r e d i c t i o n s  o f  m i g r a t i o n  r a t e s  and ad- 
s o r p t i o n  behav io r  based upon l a b o r a t o r y  experiments. The t r a c e r s  w i l l  a l s o  be 
used t o  ~noni  t o r  phys i ca l  t r a n s p o r t  o f  bo th  f l u i d  and p a r t i c l e s  i n  t h e  near- 
f i e l d .  These experiments a re  based upon t h e  deplo.ynent o f  t r a c e r  imp lan ta t i on  , 
prnbcr, i n  the n e a r - . f i e l d  and, f o r  cnnt.rnl, i n  t h c  f a r . . , f i ~ l d ,  Tn v e r i f y  prp- .. 
d i c t i o n s  o f  t h e  chemical  m o d i f i c a t i o n  o f  t h e  sediment m a t r i x  as a r e s u l t  o f  
hea t ing ,  two pore  wa te r  sampl ing dev ices a re  be ing  developed f o r  deployment 
f r o m  ISIITE. Because o f  t h e  extreme temperature cot idi  t l o n s  e x i s t  i i ~ y  i i ~  the 
n e a r - f i e l d  and t h e  wate r  depth o f  t h e  experiment,  i n  s i  t u  sampl ing dev ices a re  
e s s e n t i a l .  Pore water  sampl ing w i l l  be done i n  bo th  n e a r - f i e l d  and f a r - f i e l d ,  
t h e  l a t t e r  t o  se rve  as a c o n t r o l .  

2. Equipment Design and Development 

a) Pore Water Sa~nplers  - The bas i c  techno logy  f o r  pore  water sampling i n  
t h e  deep sea has been developed over  t h e  p a s t  decade. These fundamental con- 
cep t s  a re  d i r e c t 1  y appl i c a b l e  t o  sampl ing f rom ISHTE. Development requirements 
a r e  l i m i t e d  t o  a c t i v a t i o n  dev ices and i m p l a n t a t i o n  cy l i nde rs .  A c t i v a t i o n  i s  
p lanned t o  u t i l i z e  t i m e r s  t o  reduce demands on t h e  onboard computer. Pre l im-  
i n a r y  des ign o f  t h e  imp1 a n t a t i o n  c y l  i nde rs  t o  pe rm i t  r e t r a c t i o n  a f t e r  sampl i n g  
i s  cnmpl ete.  

A sampl ing u n i t  t o  meet t h e  smal l  s ca l e  o f  t h e  ISHTE s imu la t i on  experiment 
has been designed and b u i l t .  This w i l l  be used i n  t h e  November NSRDC t e s t s .  
The u n i t  w i l l  c o l l e ~ t  s i x  po re  water samples o f  approximate1 y 13 rnl. The Sam-. 
p l  i n g  i s  spaced t o  cover  t h e  temperature range o f  2 0 0 ~ ~  t o  5 ' ~ .  The r e l a -  
t i o n s h i p  o f  t h e  sampl ing t o  p r e d i c t e d  isotherms i s  i n d i c a t e d  i n  F igure  1. The 
f i l t e r  u n i t s  a re  o f  monel, 0.5 p pore  s i ze ,  t h e  spacers o f  po l ysu l f one  and 
t e f l o n .  

b )  Tracer D i f f u s i o n  Probes - The t r a c e r  probe des ign i s  based upon u t i l i -  
z a t  i o n  o f  t h e  "peeper" concept t o  deterr~r.ine cu r l cen t ra t ions  o f  species i n  pore 
water.  The concept r e l i e s  upon d i f f u s i o n  o f  spec ies across a permeable mem- 
brane t o  e q u i l i b r a t e  s o l u t i o n  i n s i d e  t h e  probe w i t h  t h e  s o l u t i o n  o f  t h e  ad ja-  
c e n t  sediment. When a s e r i e s  o f  separate. chambers a re  c u t  i n t o  a s i n g l e  
probe, a p r o f i l e  o f  composi t ion w i t h  depth can be ob ta ined  b y  ana l ys i s  o f  t h e  
s o l u t i o n s  f r om  t h e  i n d i v i d u a l  chambers. By adding t r a c e r s  t o  one o f  t h e  cham- 
bers ,  usual1 y mid- length a long  t h e  probe, t h e  m i q r a t i o n  o f  t r a c e r s  can be mon- 
i t o r e d  i n  one dimension ( v e r t i c a l l y ) .  Th is  dev ice  has been designed and de- 
veloped f o r  use on ISHTE and f o r  genera l  use i n  t h e  deep sea as a f r e e  v e h i c l e  
t o  determine d i f f u s i v e  and advec t i ve  processes i n  sediments. 

Design o f  a p ro to t ype  probe has been completed and severa l  u n i t s  have been 
b u i  1 t and deployed i n  Buzzards Bay, Mass. The s a l i e n t  f ea tu res  o f  t h e  probe 
a re  summarized i n  F i gu re  2. 



O r i g i n a l  1  y, deploynents i n vo l ved  a d d i t i o n  o f  t h e  t r a c e r  spike, 3 6 ~ 1  i n  
a1 1  experiments t o  date, p r i o r  t o  imp lan ta t i on .  Th is  was found t o  lead  t o  a  
l o s s  o f  sp i ke  du r i ng  t r a n s i t  t o  t h e  s e a f l o o r  f rom t h e  suppor t  sh ip ,  and, more 
ser ious ,  a  sma l l  b u t  de tec tab l e  r e l ease  o f  t r a c e r  du r i ng  imp lan ta t ion .  This 
a f f e c t s  a l l  analyses above t h e  source as C 4 0  a t  t = 0, b u t  has no s i g n i f i -  
can t  e f f e c t  on d i s t r i b u t i o n s  below t h e  source. To remedy t h e  leakage problem 
a  remote r e l ease  has been b u i l t  and i nco rpo ra ted  i n t o  t h e  probes. The sp i ke  
o f  3 6 ~ 1  i s  now re leased  t o  t h e  source chamber o n l y  a f t e r  t h e  probe i s  im- 
p l an ted  i n  t h e  sediment. 

3. Experimental Resu l t s  

a) Tracer  Experiments i n  Buzzards Bay - Analyses o f  samples ob ta ined  f rom 
a  number o f  deployments o f  t r a c e r  probes i n  Buzzards Bay have been completed. 
Exposure t imes averaged about 14 days, t h i s  p e r i o d  be ing  s u f f i c i e n t  f o r  migra- , 
t i o n  o f  on t h e  o rde r  o f  20 cm. The o b j e c t i v e s  o f  t h e  s t ud i es  t o  da te  have 
been t o  i n v e s t i g a t e  t h e  behavior  o f  t h e  peeper probes, t o  develop c o r i n g  tech-  
n iques adequate t o  preserve o r i g i n a l  geometry, t o  develop and r e f i n e  sediment 
sampl ing techniques cons i s t en t  w i t h  geometr ic cons t r a i n t s ,  and t o  mod i f y  t h e  
probes and sampl ing as r equ i r ed  t o  make p o s s i b l e  accura te  assessment.of  t h e  
three-dimensional d i s t r i b u t i o n  o f  t r a c e r s  about a  source. 

I n  t e s t i n g  t h e  v a l i d i t y  o f  t h e  peeper concept f o r  mon i t o r i ng  t r a c e r  d i  s- 
t r i b u t i o n  i t  i s  most u s e f u l  t o  compare t h e  composi t ion o f  s o l u t i o n s  i n  t h e  
pass ive (as opposed t o  source)  probe chambers w i t h  t h a t  i n  t h e  ad jacen t  sed i -  
ment. Data f rom two experiments i n  which t h e  probe was overcored a t  t h e  end 
o f  t h e  two week deployment are presented i n  F i gu re  3. The da ta  f o r  05 August 
i n c l ude  two s e t s  o f  sediment samples c o l l e c t e d  f r om  d i f f e r e n t  v e r t i c a l  sec- 
t i o n s  o f  sediment. .The concurrence o f  t h e  da ta  s e t s  i s  exce l l en t ,  w i t h  t h e  
excep t ion  o f  a  s i n g l e  da ta  p o i n t .  The chambers a c t u a l l y  y i e l d  concen t ra t ions  
t h a t  a re  i n t e rmed ia te  between t he  two sediment values, a l though t he  d i f f e r -  
ences i n  a l l  cases a re  i n s i g n i f i c a n t .  A  d i f f e r e n c e  between chamber and ad ja-  
c e n t  sediment can be seen i n  t h e  25 September experiment;  however, t h e  d i f f e r -  
ences a r e  smal l  and have o n l y  marg ina l  i n f l u e n c e  upon t h e  es t ima t i on  o f  d i f -  
f u s i o n  c o e f f i c i e n t s .  This smal l  d i f f e r e n c e  appears t o  be l i n k e d  t o  pos t -  
depl  oynent movement r a t h e r  than f a i l u r e  o f  t h e  chamber equi  1  i b r a t i o n  concept. 

A  p r ima ry  o b j e c t i v e  i n  t h e  des ign o f  these experiments i s  t h e  c h a r a c t e r i -  
z a t i o n  o f  m i g r a t i o n  through d i f f u s i o n  c o e f f i c i e n t s .  The data o f  F igure  3 por-  
t r a y  t h e  d i f f u s i o n  c o e f f i c i e n t s  o f  t h e  sediments i n t o  which t he  probes were 
i nse r t ed ,  t h e  s lope  o f  t h e  p l o t s  be i ng  equal t o  -114Dt. D i f f u s i o n  c o e f f i -  
c i e n t s  c a l c u l a t e d  f rom t h e  d a t a  o f  F i gu re  3 a re  summarized i n  Table 1. The 
va lues f o r  t h e  05 August experiment agree w i t h i n  a  few pe r  cent,  w e l l  w i t h j n  
t h e  es t imated  o v e r a l l  e r r o r .  The 25 September va lues a re  on1 y  s l i g h t 1  y  more 
d ive rgen t ,  w i t h  t h e  agreement be ing  e n t i r e 1  y  s a t i s f a c t o r y .  

The cores were sampled t o  p rov i de  a  s e r i e s  o f  h o r i z o n t a l  sec t ions  ( i  .e., 
a t  f i x e d  depth)  down t h e  l e n g t h  o f  t h e  probe. Th is  was done i n  o rder  t o  i n -  
v e s t i  ga te  v a r i a t i o n s  i n  d i f f u s i v i t y  w i t h  depth below t h e  i n t e r f a c e .  The d i f -  
f u s i o n  c o e f f i c i e n t s  determined f o r  each ho r i zon  a re  summarized i n  Table 2. 
They a r e  subd iv ided  a t  a  depth o f  24 cm. This  has been done somewhat a r b i -  
t r a r i  l y ,  b u t  r e f l e c t s  t h e  f a c t  t h a t  a l l  c a l c u l a t e d  d i f f u s i o n  c o e f f i c i e n t s  
above 24 cm are  l e s s  than those a t  g rea te r  depth. Th is  i s  t h e  reverse  o f  what 
would general  1  y  be expected as po ros i t y ,  and usual  1  y decreases w i t h  depth. A 



s i n g l e  lower  d i f f u s i o n  c o e f f i c i e n t  i s  n o t  c o n s i s t e n t  w i t h  t h e  model as 1nC i s  
n o t  a  1  i n e a r  f u n c t i o n  of r2 (F igu re  4) f o r  da ta  c o l l e c t e d  2 o r  more cm above 
t h e  source. Some o f  t h e  non-1 i n e a r i  t y  may be due t o  re leases  o f  3 6 ~ 1  du r i ng  
imp lan ta t i on ,  b u t  t h e  genera l  1  y  lower  va lues o f  lnC, as compared t o  those 
below t h e  source, must r e f l e c t  r e a l  v a r i a t i o n  i n  d i f f u s i o n  c o e f f i c i e n t  w i t h  
depth. Experiments employ ing remote r e l ease  o f  t r ace r s ,  e l  i m i n a t i n g  es- cape 
o f  3 6 ~ 1  du r i ng  imp lan ta t i on ,  a re  under way and w i l l  he l p  r eso l ve  t h e  o r i g i n  
o f  t h e  unusual behav io r  i n  t h e  upper 20 cm o f  sediment. 

The r e s u l t s  g i v e  some i n d i c a t i o n  o f  be ing  i n f l uenced  b y  processes beyond 
t h a t  o f  s imple d i f f u s i o n .  A1 though t h e  lower  d i f f u s i o n  c o e f f i c i e n t s  i n  t he  
upper sediments would l e a d  t o  an asynmetry i n  t h e  i n v e n t o r y  about t h e  source, 
t h e  maximum r e l a t i v e  concen t ra t i on  should s t i l l  be observed i n  t he  p lane  o f  
t h e  source. Th is  appears n o t  t o  be t r u e  (F igure  5)  i n  one case. The maximum 
va lues  o f  C/Co a re  seen t o  be deeper than t h e  source i n  t h ree  of f ou r  sediment 
columns. The chamber does n ~ t  S ~ Q W  t h i s .  We b e l i e v e  tha t .  t h i s  has occurred 
as a  r e s u l t  o f  " f l ~ t a t i ~ n "  ~f the probe n f  a h o ~ ~ t .  3 cm du r i ng  sampl i n g  as s rc.-. 
s u l t  o f  t h e  repeated shocks g iven  t h e  sediment du r i ng  t h e  d r i v i n g  o f  t he  over- 

'- 

core. It i s  no tewo r t hy  t h a t  a  probe recovered from t h e  sediment w i t h o u t  cor-  
i n g  does n o t  show such an o f f s c t .  Fur ther ,  w h i l e  t h e  errec.1 i s  q u l t e  marked 
f o r  t h e  po l  yethylene probe w i t h  a  d e n s i t y  o f  < 1.0 (da ta  o f  F igure  5), i t  i s  
b a r e l y  de tec tab l e  w i t h  a  p o l  ysu l fone probe w i t h  a  d e n s i t y  c l ose  t o  t h a t  o f  wet 
b u l k  sediment. 

b )  S t a b i l i t y  Tests - I n  o rde r  t o  meet o u r  o b j e c t i v e s  we must n o t  o n l y  
have t h e  hardware, b u t  we must a l s o  know t he  concen t ra t i on  o f  a1 1  t r a c e r s  used 
i n  t h e  chamber a t  a n y t i m e .  Losses o f  t h e  t r a c e r s  should occur  o n l y  as a  r e -  
s u l t  o f  d i f f u s i o n  and r e a c t i o n  ou t s i de  , o f  t h e  probe chambers. I t  i s  t h e r e f o r e  
e s s e n t i a l  t o  t e s t  t h e  behav io r   spikes i n  t h e  chamber a t  t h e i r  work ing 
concen t ra t ion .  Experiments t o  do t h i s  have been r u n  f o r  some two months under 
t h r e e  cond i t i ons :  1) an a c i d  s o l u t i o n  o f  h i g h  concen t ra t i on  t h a t  w i l l  be r $ -  
leased t o  t h e  chamber a f t e r  a t ta inment  o f  a  thermal  st.eady s t a t e  h e l d  a t  84 C; 
2 )  a seawater s o l u t i o n  o f  (1 )  d i l u t e d  20- fo ld  a t  room temperature and 3) so lu -  
t i o n  ( 2 )  maintained a t  84-C. The t r a c e r s  be ing  s t ud i ed  i nc l ude  1 3 7 ~ s ~  
8 9 ~ r ,  238~u ,  241Am, 1 5 5 ~ ~ ~  5 5 ~ e ,  and 6 0 ~ 0 .  

The r e s u l t s  n f  t h e  f i r s t  s t a b i l i t y  t e s t s  i n d i c a t e  t h a t  t h i s  ' i s  t h e  aspect 
o f  t h e  o v e r a l l  exper iment  t h a t  w i l l  r $ q u i r e  t h e  most a t t e n t i o n .  Tn t h e  a c i d  
s o l u t i o n  t h e  spec ies a re  s t a b l e  a t  84 C and can be s t o red  f o r  t h e  r e q u i s i t e  
t.ime ( F i g u r e  6).  I n  t h e  heated seawater, however, losses f rom s o l u t i o n  o f  
b o t h  t h e  t r a n s i t i o n  meta ls  and europium a re  r a p i d  (F i gu re  7) .  Pu and h f o l -  
1  ow Eu. At room temperature 1  nsses are s lower  b u t  a re  c l e a r 1  y  underway (F ig -  
u r e  8). The apparent l o s s  o f  Sr i s  be l i e ved  t o  be spurious. 

New experiments a re  b c i n g  i n i t i a t e d  i n  which t h e  spikes a re  bc i ng  added i n  
d i f f e r e n t  o rde r  t o  m in im ize  pH e f f e c t s .  I n  add i t i on ,  t h e  s o l u t i o n s  have been 
f i l t e r e d  (0.1 IJ) t o  e l i m i n a t e  heterogenous n u c l e a t i o n  s i t e s  i n s o f a r  as poss i -  
b l e .  We do n o t  know, p resen t l y ,  i f  these e f f o r t s  w i l l  be successfu l .  We a re  
t r y i n g  them as t h e  s imp les t  approach t o  take.  Should losses s t i l l  occur, then  
an i n v e s t i g a t i o n  o f  t h e  pH range o f  s t a b i l i t y  wi  11 be undertaken and t h e  cham- 
b e r  b u f f w e d  t o  meet these  requi re~i ier i ts .  We p r e f e r  t o  avo i d  t h e  ' l a t t e r  i f  
p o s s i b l e  as t h i s  c o u l d  produce a  s l i g h t  p e r t u r b a t i o n  o f  pH i n  t h e  immediate 
v i c i n i t y  ( -  1 cm) o f  t h e  source chamber i n  f i e l d  deploynents.  



Table 1 

Comparison o f  d i f f u s i o n  c o e f f i c i e n t s  determined f rom 
peeper chamber analyses w i t h  analyses o f  pore  waters  f r om 

sediment ad jacen t  t o  t h e  chambers. Sampling o f  t h e  pore  waters  
u t i l i z e d  sediment ove r  a 2 cm i n t e r v a l  f r om t h e  probe.chamber. 

Values i n  u n i t s  o f  10-6 cm2lsec. 

05 August 25 September 

Probe - D = 10.7 Probe - '  D = 11.4 
0-2 cm Sec t ion  A - D = 10.5 0-2 cm - D = 12.1 
0-2 cm Sec t i on  B - D = 10.8 

Table 2 

D i f f u s i o n  c o e f f i c i e n t s  determined i n  h o r i z o n t a l  s e c t i o n s  
a t  va r i ous  depths i n  t h e  sediment below t h e  wate r  sediment i n t e r f a c e .  

Values i n  u n i t s  of 10-6 cmzlsec. 

Depth Below I n t e r f a c e  (cm) 
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Overview - Biological Workshop 
L. S. Gomez, SNLA 

Introduction 

The Subseabed biology program is concerned with eco- 
system.transport to man as well as with effects on man and 
biota of radionuclides which may be released from canisters 
of high-level nuclear waste. We are primarily concerned 
with possible accident scenarios ranging from ship accidents 
in port to accidents in which canisters are not implanted 
in the deep-sea sediments. 

The biology program consists of model development and 
biological data acquisition. Data acquisition research 
will be discussed during this session. M. G. Marietta will 
discuss biological modeling during his presentation on 
Environmental Studies Modeling. 

Figure 1, an outline of the Multicompartmental Foodweb 
Transport Model illustrates areas of research being conducted 
by principal. investigators at Scripps Institution of Ocean- 
ography. Benthic biology research being performed by R. R. 
Hessler's group will be discussed by Camilla Ingram. She 
will report on a) the characterization of various organisms 
found in deep-sea benthic communities, b) work on amphipod 
energetics studies and c) the relevance of amphipod studies 
to the Subseabed Disposal Program. 

A. A. Yayanos will report on deep-sea biophysics re- 
search in the following areas: a) isolation of bacteria 
from new and old deep-sea samples and incorporation of them 
into the deep-sea microbial culture collection, b) repro- 
ductive rates of selected bacteria ds a function o f  temper- 
ature and pressure, c) sensitivity of bacterial strain CNPT-3 
to increased temperatures and to doses of x-rays, 4) thermal 
inactivition studies, e) isolation of an obligately baro- 
sphilic bacterium, and f) continuing the development of 
techniques to determine the standing stock of microbes in 
the ocean. A. A. Yayanos will also report on K. L. Smith's 
research over the past year dealing with measurement of 
metabolic activity rates of abyssal populations and commun- 
ities and with samplir~g Llle abyssapelagic fauna which occupy 



t h e  deep-sea benthic boundary layer. L. S. Gomez w i l l  sum- 
marize reports  submitted by V.  T .  Bowen, Woods Hole Oceano- 
graphic I n s t i t u t i o n  on fa l lou t  radionuclides and bioavail- 
a b i l i t y .  K i r k  Smith from the East-West Center i n  Hololulu, 
Hawaii, w i l l  report  on derivation of hazard indices fo r  
nuclear wastes. Final ly ,  L.  S. Gomez w i l l  discuss biolog- 
i c a l  research recommendations for  the  Subseahed Disposal 
Program and outlined i n  the report of the Jackson Hole 
Workshop. The t i t l e  and contents of the report a re  shown 
i n  Figure 2 .  

A n  in ternat ional  group ~f approximatsly 50 oecana- 
graphic s c i e n t i s t s  met a t  Jaakoon IIole, Wyul~~lrly,  from 12 
t o  16 January, 1981, under the sponsorhip of Sandia National 
Laboratories ( 3 N L )  ku  conslder the biological and re la ted 
chemical research which w i l l  be needed t o  assess the poten- 
t i a l  hazards of disposl  of high-level radioactive waste 
( i  . e. waste with radioact ivi ty  concentrations of h u n d r e d s  
of tl~oubdk~ds of cur ies  per l i t e r  i n  the form of v i t r i f i e d  
so l id  encased i n  metal l ic  canis ters  and implantcd several  
tens of meters i n t o  the  sediment of the abyssal ( > 4  km depth) 
sea bed). 

The s teer ing cornrnittee for  t h i s  workshop consisted 
of Michael M u l l i n  (chairman) (~cripps Tnsti tution of O c e a i ~ ~  
ography), ~ i l l i a r n  Pearcy (~regnr ,  S t a t e ) ,  C. Ross Med(l?l 

(Oregon S t a t e ) ,  Peter Jumars (universi ty of Washington), 
Vaughan Bowen (woods Hole Oceanographic Tnsti tution,  and 
Leo Gornez ( S N L ) .  Of t h i s  committee, V. Bowen and G .  R .  
Heath receive fi.nancia1 support for  research from SNE. 
T h e  majority of the  invi tees  receive no salary or  research 
support from SNL. Several SNL employees and contractors 
and graduate students a t  Scripps Institiiticrn o f  Oceanography, 
served as reporters of the  proceedings as Q e l l  as contrib- 
uting t o  the discussions, and SNL program managers were 
available for consultation. Also attending, as observers, 
were four s c i e n t i s t s  from Bet t i s  Atomic Power Laboratory, 
one from the U .  S .  Environmental Protection Agency, one 
from I n t e r s t a t e  Electronics Corporation, and one from Marine 
Ecologi cal  consultant.^. 

The f i r s t  day of the  meeting was devoted t o  providing 
bac'kground information on the  U .  S .  Subscabed Disposal Pro- 
gram ( s D P ) .  D .  R .  Anderson presented an overview and dis-  
cussion of the program's current s ta tus ;  M .  Marietta described 



the  development of models for  predicting dispersal  of radio- 
isotopes i n  the sea; and A .  Yayanos discussed the current 
s t a t e  of biological research i n  the  program. Also, J. Rider 
outlined plans for  seabed disposal of the reactorless hu l l s  
of nuclear submarines. 

A se r ies  of plenary t a lks  was then given i n  order t o  
bring the diverse par t ic ipants  i n  the meeting t o  a  common 
level  of understanding i n  several areas of science. The 
topics reviewed were d is t r ibut ion  patterns of deep-water 
organisms ( R .  Hessler);  t ransfer  between benthic ( the  bottom) 
and pelagic ( the  water column) regions (B. Hargrave); the  
turnover and physical/chemical modification of sediments 
by organisms (R. Al le r ) ;  and radioecology, radiation e f fec t s ,  
and concentration of radioisotopes i n  marine organisms 
( S .  ~ o w l e r ) .  Abstracts of the plenary t a lks  a re  presented 
i n  Section I11 of the report.  

Thereafter, the  work of the meeting was conducted by 
four subgroups, each led by a  previously designated chair- 
man, dealing with radioecology, chemical and microbial 
processes, the benthic region and i t s  organisms, and the 
water column. Each group attempted t o  ident i fy  important 
gaps i n  our understanding, and t o  suggest research t o  elim- 
ina te  these gaps, bearing i n  mind the following p o s s i b i l i t i e s ,  
which had no probabi l i t ies  assigned t o  them: 1) successful 
emplacement of canis ters ;  2 )  correct emplacement but pre- 
mature release of material due t o  breaching or  unanticipated 
corrosion and leaching; 3 )  emplacement a t  depth but incom- 
p le t e  closure of the penetration hole; 4)  canis ters ,  e i the r  
in t ac t  or  breached, lying on or near the  surface of the  
abyssal seabed but not necessarily a t  the disposal s i t e ;  
5 )  canis ters ,  e i the r  in t ac t  or breached, lying on the bottom 
i n  shallow water (continental  shelf or  slope, seamount, 
e t c . )  due t o  accident during transport .  

The marine environment which the conference considered 
consists ,  i n  simplest terms, of abyssal sediments ( t o  a  depth 
of 50 m below the ocean f loor )  and the i n t e r s t i t i a l  pore 
water w i t h i n  the sediments; the  layer of water immediately 
above the bottom and affected strongly by it ( the  benthic 
boundary layer, several  tens of meters th i ck ) ;  the  midwater 
regions (3-4 k m ) ;  the  uppermost several hundred meters, 
the  oceanic shelves and slopes; and the organisms i n  eac'h 
of these regions. The primary concerns of the  s teer ing 
committee were 1) possible pathways and ra t e s  of movement 



of radioisotopes i n  the  ocean, and 2 )  how organisms con- 
t r i b u t e  t o  or control  these pathways and ra tes .  Given the 
or ien ta t ion  of the  par t ic ipants ,  the conference devoted more 
e f f o r t  t o  these issues than t o  the related (and important) 
problems of the e f fec t s  of subseabed disposal on the envir- 
onments themselves (an "environmental impact" approach) or  
attempts to  calcul-ate potent ia l  doses of radiation t o  man 
( a  "radiat ion protection" approach). 

The subgroups each prepared a  preliminary s e t  of com- 
ments and reco~nrnendations which were discussed by the whole 
group and subsequently revised for  incorporation in to  t h i s  
report .  The comments and recommendations here presented 
r e s u l t  from intensive discussion within subgroups and some 
suggestions from the whole qroup, but were n ~ t  necessarily 
agreed upon even by a l l  members of a  subgroup. They thus 
represent majority opinions within subgroups, b u t  not neces- 
s a r i l y  una~limous ones. As the  subgroups worked rather  inde- 
pendently, the format of presentations differed somewhat 
frorn group t o  group, but cross references t o  topics discussed 
by more than one group have been inserted.  T h e  remainder 
oE the rsport  consis ts  oE a  l i s t  of recormnenclations drawn 
from the subgroup reports ,  arranged according t o  the environ- 
ment where research i s  required (sect ion 11); abstracts  of 
the  p l e n a r y  ta lks  ( sec t ion  111); the reports  of the sub- 
groups themselves (Section IV); and appendices (Section V ) .  
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H = R. R. Hessler 
S = .K. L. Smith, Jr .  
Y - A. A. Yayanos 

Figure 1. Multicorr~partl~~erltal Foodweb Model. This model 
r ep resen t s  programmatic s t r u c t u r i n g  of t h e  
b i o l o g i c a l  t r a n s p o r t  processes  and d a t a  for 
f u t u r e  i n t e r f a c i n g  with phys ica l  d i s p e r s i o n  
models and f o r  s e l e c t e d  dose-to-man c a l c u l a t i o n s .  
Areas of research by p r i n c i p a l  i n v e s t i g a t o r s  
a t  Scripps Institution of Oceanography are in-  
d ica ted  by i n v e s t i g a t o r ' s  i n i t i a l .  
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SUBSEABED DISPOSAL PROGRAM 

ANNUAL MEETING, OCTOBER 1981 

BENTHIC BIOLOGICAL STUDIES 

Rober t  R. H e s s l e r  

A s  a f i r s t  s t e p  i n  a s s e s s i n g  t h e  importance of t h e  b i o l o g i c a l  
community f o r  d i s p e r s a l  and i n c o r p o r a t i o n  of r a d i o n u c l i d e  w a s t e s ,  i t  is  
n e c e s s a r y  Co de te rmine  t h e  composi t ion of t h e  b i o l o g i c a l  community, t h e  
abundances,  and f u n c t i o n a l  r o l e s .  The e lements  which compose t h e  b e n t h i c  
community a r e  l i s t e d  below w i t h  a b r i e f  summary of t h e  s t a t u s  of o u r  
knvwledge r e g a r d i n g  them. The n a n o b i o t a  ( p r o c a r y o t e  and eucaryo te ,  
organisms -2-50 urn) have been p a r t i a l l y  c h a r a c t e r i z e d  f o r  t y p e s ,  volumn 
and d i s t r i b u t i o n  w i t h i n  t h e  sediment .  The meiofauna ( F o r a m i n i f e r a  and 
metazoans -50-300 um).and t h e  macrofauna (metazoans -300 urn - 2 have 
been a d e q u a t e l y  c h a r a c t e r i z e d  f o r  taxonomic c a t e g o r y ,  d e n s i t y ,  and 
h o r i z o n t a l  and . v e r t i c a l  d i s t r i b u t i o n  on and i n  t h e  sediment .  A s  a  r e s u l t  
of our  amphipod t r a p p i n g  program, we have determined t h e  s p e c i e s  compo- 
s i t i o n  and many a s p e c t s  of t h e  b e h a v i o r  and p o p u l a t i o n  dynamics of t h i s  
p o r t i o n  of t h e  h i g h l y  m o t i l e  organisms.  Methods f o r  e s t i m a t i n g  amphipod 
d e n s i t y  have been developed,  b u t  such  d e t e r m i n a t i o n s  a w a i t  f u t u r e  c r u i s e s .  

Organisms which we know v e r y  l i t t l e  about  and t h a t  we p l a n  t o  
s t u d y  i n  t h e  f u t u r e  a r e  manganese nodule  f a u n a ,  s e s s i l e  o r  s lowly  m o t i l e  
megafauna (metazoans >2 cm), h i g h l y  m o t i l e  megafauna such as f i s h  and 
organisms which are n o t  scavengers ,  and e p i b e n t h i c  p lank ton .  Each of 
t h e s e  las t  groups  can be  i n v e s t i g a t e d  ( a t  l e a s t  p a r t i a l l y )  u t i l i z i n g  
photography. A f r e e  v e h i c l e  camera sys tem f o r  s t u d y i n g  t ime  c o u r s e  
a c t i v i t i e s  of s e s s i l e  and s lowly  m o t i l e  megafauna h a s  been developed t h i s  
y e a r .  A towed f i s h / s l e d  stereocamera sys tem h a s  been p a r t i a l l y  des igned ,  
b u t  h a s  been d e f e r r e d  due t o  l a c k  of funds .  E p i b e n t h i c  p l a n k t o n  would be  
b e s t  s t u d i e d  u s i n g  a n e a r  bottom, o p e n i n g / c l o s i n g  p l a n k t o n  n e t .  

I n  a d d i t i o n  t o  de te rmin ing  s p e c i e s  composi t ion and abundance,  we 
have sought  t o  unders tand  t h e  f u n c t i o n a l  r o l e s  of t h e  more abundant  
members of t h e  deep-sea community. The amphipod e n e r g e t i c s  s t u d y  was 
des igned  w i t h  t h i s  purpose  i n  mind. T h i s  s t u d y  ' h a s  u t i l i z e d  a  s h a l l o w  
w a t e r  ana log  t o  i d e n t i f y  p h y s i o l o g i c a l  pathways of p a r t i c u l a r  importance 
t o  r a d i o n u c l i d e  d i s p e r s a l  and i n c o r p o r a t i o n  by amphipods. Of t h e  v a r i o u s  
exper iments  performed t h i s  l a s t  y e a r ,  t h e  most i n t e r e s t i n g  showed t h a t  
t h e  . r a t e  a t  which organisms p r o c e s s  food i s  dependent  on t h e  a v a i l a b i l i t y  
of a d d i t i o n a l  food.  T h i s  i s  a n  obv ious  a d a p t a t i o n  t o  a s p o r a d i c  food 
s o u r c e  and i s  l i k e l y  t o  b e  a  p h y s i o l o g i c a l  b e h a v i o r  t h a t  deep-sea amphi- 
pods a l s o  have. Due t o  l a c k  o f  f u n d s  t h i s  work h a s  been t e rmina ted .  

The m a j o r i t y  of our  work t h i s  p a s t  y e a r  h a s  c e n t e r e d  on f u n c t i o n a l  
r o l e s  amphipods c a p t u r e d  a t  MPG-I p robab ly  have. We have been a b l e  t o  
determine. fimdame.ntal. c h a r a c t e r i s t i c s  of t h e s e  p o p u l a t i o n s  i n c l u d i n g  



v e r t i c a l  d i s t r i b u t i o n  p a t t e r n s  which c o r r e l a t e  wi th  phys ica l  f e a t u r e s  of I 

t h e  b e n t h i c  boundary l a v e r .  The m o t i l e  scavenging amphipods may be  
d iv ided  i n t o  two g u i l d s :  t h e  demersal g u i l d  composed of t h e  sma l l e r  
s p e c i e s ,  and t h e  p e l a g i c  g u i l d  composed of Eurythenes g r y l l u s .  These 
g u i l d s  have been s e p a r a t e d  on t h e  b a s i s  of p h y s i c a l  s i z e ,  p o s i t i o n  i n  t h e  - 

water  column, and t h e i r  h o r i z o n t a l  d i s t r i b u t i o n  p a t t e r n s .  

The v e r t i c a l  d i s t r i b u t i o n s  of t h e s e  two g u i l d s  appear  t o  be  cor re -  
l a t e d  w i t h  p h y s i c a l  f e a t u r e s  of  t h e  b e n t h i c  boundary l a y e r ,  s p e c i f i c a l l y  
t h e  Ekman l a y e r  and t h e  r a t e  of  v e r t i c a l  eddy d i f f u s i o n .  The ben th i c  
boundary l a y e r  i s  de f ined  a s  a  mixed l a y e r  of water ad j acen t  t o  t h e  
sediment ,  c h a r a c t e r i z e d  by uniform s a l i n i t y  and temperature  and bounded 
above by s t r a t i f i e d  water .  Within t h e  lower p o r t i o n  of t h e  b e n t h i c  
boundary l a y e r  a  t u r b u l e n t  Ekman l a y e r  e x i s t s  which is  t h e  r e s u l t  of 
f r i c t i o n a l  d rag  and C o r i o l i s  f o r c e s  dec reas ing  t h e  mean c u r r e n t  v e l o c i t y  
from some background v e l o c i t y  t o  zero  ( i n  theory)  a t  t h e  sediment wat-er 
i n t e r t a c e .  Based on d a t a  from GEOSECS S ta .  212 (30°N 160°W), the benthic. 
boundary l a y e r  a t  MPG-I ex tends  t o  500-550 m and has  a weakly s t r a t i f i e d  
upper  boundary. Utilizing t h e  f o r m ~ ~ l a s  i n  A r m i  1977 and a mcan b a c k g r o u ~ ~ d  
c u r r e n t  v e l o c i t y  of 2  Cm S - ' ,  t h e  approximate he igh t  of t h e  Ekman l a y e r  
i s  4 m. 

The C w n  g u i l d s  appear  t o  have two d i f f e r e n t  f eed ing  s t r a t e g i e s  
f o r  e x p l o i t i n g  food f a l l s  and o t h e r  n u t r i t i o n a l  sources .  The demersal 
g u i l d  (wi th  r a r e  excep t ions )  remains w i t h i n  one meter  of t h e  sediment. 
These amphipods probably i n t e r a c t  cont inuous ly  wi th  t h e  sediment and 
a r e  i n  a  p o s i t i o n  t o  be  aware of and u t i l i z e  sma l l  food f a l l s  such a s  
f e c a l  p e l l e t s  and c a r c a s s e s  of smal l  f i s h  and c rus t aceans .  

E u x t h e n e s  g r y l l u s ,  as t h e  s o l e  meluber oE the  pe lag i c  g u i l d ,  - -- 
appea r s  t o  have developed a  s t - ra tegy  t h a t  enab le s  them t o  p r imar i l y  
e x p l o i t  l a r g e  food f a l l s .  Th i s  i s  suggested by t h r e e  f a c t o r s :  ( l j  The 
pr imary d i s t r i b u t i o n  of E. g r y l l u s  i s  3-50 m above t h e  sediment.  (2) The 
d e n s i t y  of E. doubles  nea r  t h e  t op  of the  Ekman l a y e r ,  where the 
c u r r e n t  v e l o c i t y '  i n c r e a s e s  r e l a t i v e  t o  t h e  water  helow. ( 3 )  The d e n s i t y  
i n c r e a s e s  t o  a  peak a t  20 m y  dec reases  above t h a t ,  and above 50 m f a l l s  
t o  less than one i n d i v i d u a l  caught  pe r  t r app ing  e f f o r t .  This  c o r r e l a t e s  
w i t h  t h e  r a t e  of v e r t i c a l  eddy d i f f u s i o n  f o r  MPG-I (22f 12 cm2s-I).  
Using t h e  formulas  developed by Kupherman and M ~ o r e  (1981.) f n r  r a l c u l a t i n g  
t h e  v e r t i c a l  e x t e n t  of an ndor t r a c e ,  2 / 3  of t h e  odor would be below 
20 m a f t e r  two t i d a l  c y c l e s  (1 t i d a l  c y c l e  = 1 .7 .4  h ) .  With t h e  r a t e  of 
v e r t i c a l  eddy d i f f u s i o n  found a t  MPG-I, organisms above 50 m would be  
aware on ly  of expep t iona l ly  l a rge  faad fal.1.s. This  means E. g r y l l u s  above 
50 m probably r e l y  on p r e d a t i o n  t o  f i l l  most of t h e i r  n u t r i t i o n a l  needa. 

A r m i ,  Laurence 1977 The dynamics of t h e  bottom boundary l a y e r  of t h e  
deep ocean. In :  Bottom Turbulence, Prnc. of t h e  8 t h  I n t .  Liege 
Colloq. on Ocean Hydrodynamics, J . C . J .  Nihoul, E d i t o r ,  E l sev i e r  

Kupherman, S t u a r t  L. and Douglas E. Moore 1981 Phys i ca l  oceanographic 
c h a r a c t e r i s t i c s  i n f l u e n c i n g  t h e  d i s p e r s i o n  of d i s so lved  t r a c e r s  
r e l e a s e d  a t  t h e  s e a  f l o o r  i n  s e l e c t e d  deep ocean s tudy  a r e a s .  SAND80-2573 
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A. A. Yayanos 

ABSTRACT 
DEEP-SEA BIOPHYSICS 1980-81 

1 A co l lec t ion  of deep-sea heterotrophic bacteria has been 
established and i s  now being maintained a t  deep-sea pressures and 
2 C. Rigorous measures have been taken t o  minimize the 
probabi l i ty  of loosing the cultures due t o  cold room equipment 
f a i l u r e  or  human error. The bacter ia or ig inate  from depths 
between 2,000 and 10,500 m. Thus the studies of the depth 
dependence of bacter ia l  funct ion and propert ies can be addressed. 

(2) A very detai led study has almost been completed on the depth 
dependence of t he ' ra te  of reproduction of deep-sea heterotrophic 
bacteria i n  nut r ient  media under simulated deep-sea condit ion i n  
the laboratory.. Among the character is t ics of these bacteria are: 
that  they a l l  prefer  elevated pressures f o r  growth; tha t  they 
have a\pressure f a r  optimum growth that  i s  less than that  a t  
t he i r  depth of or ig in;  that  the values f o r  t h e i r  generation times 
are between 5 and 25 hours; and, that  they do not grow above 15 C 
a t  deep-sea pressures. 

(3)  Preparatory work has been done t o  determine the ra tes of 
thermal inact ivat ion of a few selected deep-sea iso la tes as was 
done with i so la te  CNPT-3. 

(4)  An instrument has been constructed and i s  being used t o  study 
bacter ia l  processes along thermal gr.adier l t9  a t  high pPessures. 
The apparatus accomodates eight pressure vessels along the same 
temperature gradient. 

(5) The rad iosens i t i v i t y  of bacter ia a t  simulated deep-sea 
conditions continues t o  be studied when time permits. It would be 
premature t o  draw any conclusions but i t  does not appear that  
deep-sea bacteria are unusually radiosensit ive. 

6 I t  i s  important t o  be able t o  determine how many bacter ia 
there at-e i n  various par ts  of the water cnlumn and sediments. An 
epifluorescence microscope was converted i n t o  . a  f low 
fluorocytometer. This instument w i l l  a l low f o r  the detai led 
evaluation of the use of fluorescent dyes f o r  detecting a l l  
bacteria, par t i cu la r  s t ra ins  of bacter ia and other 
microorganisms. Flow fluorocytometry i s  chracterized by a high 
data r a t e  of about 1,000 pa t i c les  per second. 



DEEP-SEA MICROBIOLOGY 
TYPES OF SAMPLES 

IDENTIFY TYPES OF DEEP-OCEAN SAMPLES 

IDENTIFY CONSTRAINTS ON SAMPLING 

DESIGN AND FABRICATE SAMPLING DEVICES 

BEGIN A PROGRAM OF SAMPLING THE DEEP-SEA 

OBTAIN AXENIC CULTURES FROM SAMPLES 

BUILD A COLLECTION OF DEEP-SEA MICROBES 

LABORATORY STUDIES OF DEEP-SEA MICROBES 

BEGIN MICROBIAL ECOLOGY 

WATER 

SEDIMENTS 

ANIMALS 

RETRIEVAL CONSTRAINTS 

ISOTHERMAL TRANSFER TO LABORATORY 
USUALLY 2 C 

MAINTAIN  AT HIGH PRESSURE-ALWAYS? 
AS GREAT AS 1,070 ATM , 

AXENIC PROCEDURES 
WHFN NECESSARY? a 

SAMPLING DEVICES 

POLYVINYLCHLORIDE WATER BOTTLES 

POLYVINYLCHLORIDE GRAVITY CORERS 

THERMALLY INSULATED FREE VEHICLE 
TRAP 

INSULATED PRESSURE-RETAINING 
ANIMAL TRAP 





SWMARY OF TIFT DEPLOYMENTS: THERMAL HISTORY A N D  CATCHES 

LOCATION DEPTH TMPERATURE 
DE PLOmENT CATCH 

UTITUOE-LWCITUDE L O C A L E  (MnERS) AT OEPTH IN TIFT SURFACE 
MITERS 

Aug 20. 1978 30° 9.6'N 157O 59.2'U cent ra l  North 5.821 - 2 C  8 . 5 C  -27C gamphlpods 
Pacific 

Dec 13. 1978 11° 20.5'N 142' 25.8'E Merlene Trench 10.476 (2 C -5.5 C -28 C 1 amphipod 

Dec 21. 1978 11° 36.2'N 142O 18.O'E Yell of k r l -  5.672 -2 C . (6 -28C Uamphlpods 
ana Trench 

Dec 11. 1979 31° 39.O'N llgO 47.01M Patton t c e r p -  3.800 -2 C <5 C -16 C Uster 
mcnr I Eastern 
Pacific)  

Jan 7. 1980 32' 26.O'N 118' 7.O'M Sen Clmente 1.829 -2 C (5 C -16 C Ampipod!. benthic wrm; 
Had16 f'l h Yarallperuj. 

aelenurus) 

Feb 21. 1980 32' 26.0tN 118' 7.O'Y Sen Clslpente 1.975 -2 C (5 C -16 C Ystcr 
&sin 

MY 22. 1980 32' 25.01N ll8O 6.01Y Sen Clemente 1.975 -2 C (5 C -16 C Yster 
&sin 

Jun 3 .  1980 31° 53.01N l lgO 54.OUM Patton E s c a r p  3.584 -2 C 3 C -16 c 1 smphlpod 
mect 

- -- 

Aug 20. 1960 32O 26.01N 118' 7.O'Y Sen Clemente 1.957 -2 C (5 C -16 C bphlpods  ( > S O ~ )  
&sin 

Nov 9. lY80 lo0 29.2tN 12d0 21.B1E Yell of Phi- 6! 163 '2 C 5.9 C 1 8  C lmphipods 
l i p p l l ~ c  h cuull 

Nov 10. 1980 lo0 32.6'N 12b0 33.6'E h i l i p p l n e  8.639 - 2 C  6.7 t -28 C hphipods  
Tranoh 

Nov 11, 1980 lo0 20,Z'N 126' 30 ,3 'F  WnE! of pll- '7.111 -2 c 8 , s  c -28 c h ~ l m s  
l ippine Trench 

-. . . . . .. - .  . 
Yuv 13. 1980 lo0 35 .Z11  126O 35.5'L m i l i p p i n e  9, b95 -2 C 9.5 C '28 C bphlpods  

trench 

Yov 1 C .  1986 10' 3q.3'N 126' 38.6'E R l l l p p i n e  9.563 -2 C 6 . 2 C  -28C &phipods 
Trench 

Nov 20. 1980 11° 36.01N 142' 8.6'E Mall of M r i -  6.790 -2 C 13.2 C -28 C hphlpods  
arlu lrerlen 

NOv 21. 1980 11' 17.O'N 142O 13.4'E Msrisna Trenoh 10.015 -2 C 5 '4  C -28 C bPhiPods 

Nov 26. 1980 11' 27.14N 142O 12.8'E Us11 o r  Marl- 8.961 -2 C 2.6 C -28 C Meter ample  
sna Trench 

NOW 27. 1480 11' 29.U1N 142' ll.2IE Mall of Marl- 7.981 -2 C 7.4 C -28 C Ystcr a p l c  
an8 Trench 

NOV 2e. 1980 l l"  2 9 . 3 ' ~  142O 12.2'E us11 o f ' k r l -  8.058 -2 c 4.8 C -28 C hphlpods  
m a  Trench 

Nov 29. 1980 11° 28.1'8 142O 15.O'E Yall of Marl- 9.257 -2 C 3.5 -28 C Imphipods 
sne Trench 

--.o1w Son Clmente 1.829 2 C <5 C 16 C bphlpods  
Risln 



S I T E S  SAMPLED TO DATE 

SAN CLEMENTE BASIN-2,000 METERS 

PATTON ESCARPMENT-3,800 METERS 

CENTRAL NORTH PACIF IC-5 ,900  METERS 

P H I L I P P I N E  TRENCH-6,000 TO 
10,080 METERS 

MARIANA TRENCH-6,000 TO 10 ,700  
METERS 

LABORATORY PROCEDURES 

KEEP SAMPLES COLD 

KEEP SAMPLES AT HIGH PRESSURE 
MOST OF THE T IME 

GET AXENIC CULTURES WITH NUTRIENT 
MEDIA S O L I D I F I E D  WITH S I L I C A  GEL 

MAINTAIN CULTURES AT HIGH PRESSURE 
AND LOW TEMPERATURE (2 C> 

INSURE CULTURE COLLECTION I S  NEVER 
WARMED 

STUDY CULTURES UNDER SIMULATED 
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EVALUATION OF X H C  TYP:CAL PROCEDURES FOR STUDYING DEEP-SUl MICIUS2 

Im s l t u  CONDITIONS UATER RETRIEVAL CONDITIONS IKUBATION CONDITIONS 

TYPE OF SAMPLE LOCATION DEPTH T AT DEPTH P AT EPTM T,,, TIME AT I,,, Pads TIME I T  P,;, 7 P p(SURV1VAL) Rff. 

- 
Sediments from cen t ra l  1.707 z. 2.5 C 173 t o  60; I 1 bar A l  haps 1 0 24 
g rav i ty  and Worth to bars  bar 
pis ton-  core r s  pacif ic  5.942 

Ocean 
Sediments ?ran m i l l p  1.023 2. 2.5 C 104 t o  a 1 bar Ho?rrsto 2.5 1 0 t o  1 40 
cores and pine to 1,060 bars blway3 acd and 
grabs Trench 10.462 30 C 1.013 

bars  
Water and sed- Pacif ic  To 20 t o  2.5 A few bars  >22 3 Aiuays 1 bar Kl ua 7s 22 C 1 0 16 

. imenta Ocean over C t o  over bar 
5.000 500 bars 
m 

Water taken Indian To 20 to 2 C Up t o  200 >20 : Always 1 bar A: ua ys 25 C 1 0 t o  1 
bar 

7.  
with a N i d l n  Ocean 2.000 bars  
bog sampler m 
Sediment kca Western 4, 490 s.. 3 C 500 bars  1 bar ~l ua yz 4 C 1 0 t o  1 29 
a core . Atlant ic  a bar 

(Icean 
Sediments from h e r t o  8.13~1 ca.  2 .5 c 625 and 2. 8 C 1 bar 3 c 82 6 4 0 t o  1 28 
grav i ty  core r s  Rico and - 786 bars and 

TVench 7.750 785 
bars  

Cut contants  Aleutian 7,05C, e. 1.5 C 715 bars 1 bar 3 C 760 0 t o  1 30 
of on smphlpod Trench m bars  

Scdinents and Atlant ic  396 to ca .  .2. S C 4 t 3  525 I 1 bar A l U a y l  14 1 o 30' 
Mn nodules and 5102 m - bars to bar 
f ran  dredges Pacific 18 C 
and cores  B e a n s  .. .---- 

Voter mder  ltlanti ' i ;  3.550 'A. 2.5 c 360 t o  529 3 c Ai ways 360 and Lnp 3 c 360 1 - 33 
prerrure &*an t o  bars  529 bars  md 

5.225 529 
m bars  

a)  D e n o t e s  lack o f  d a t a .  b) p { ~ ~ ~ ~ ~ ~ G  was est~mated from e q n .  f or f rom F i g .  5 .  



CONCLUSIONS 
DEEP-SEA BACTERIA ARE EXTREMELY 
PSYCHROPHILIC 

ALL TRUE DEEP-SEA BACTERIA FROM 
DEPTHS GREATER THAN 2,000 METERS 
ARE BAROPHILPC 

THOSE BAROPHILIC BACTERIA THAT 
GROW AT ATMOSPHERIC PRESSURE ARE . 
ADVERSELY AFFECTED BY INCREASING 
TEMPERATURE 

INCREASING TEMPERATURE ACCELERATES 
THEIR GROWTH AT DEEP-SEA PRESSURES 

THE PRESSURE OPTIMAL FOR CELL 
D I V I S I O N  A T . 2  C I S  A PRESSURE LESS 
THAN THAT AT THE DEPTH OF ORIGIN 

THE PRESSURE OPTIMAL FOR CELL 
D I V I S I O N  I S  DIAGNOSTIC FOR DEPTH 
OF ORIGIN 

MUCH (MOST?> PREVIOUS DEEP-SEA 
MICROBIOLOGY HAS BEEN DONE WITH 
SPURIOUS DEEP SEA MICROBES 

MORE CONCLUSIONS 

HETEROTROPHIC DEEP-SEA BACTERIA 
GROWING WITH GENERATION TIMES OF 
BETWEEN 5 AND 30 HOURS CAN BE GOT 
FROM COLD DEEP-SEA WATER, 
SEDIMENTS AND ANIMALS 

APPLIED DEEP-SEA MICROBIOLOGY I S  
A V I R G I N ,  F I E L D  



A c t i v j t y  Rates of Abyssal Communities 

(K. L.  Smith) 
Task #1 

a .  Benthic boundary l a y e r  i n  t h e  c e n t r a l  and ea s t e rn  North Pac i f i c .  

I. A chemical and b io log ica l  cha rac t e r i za t i on .  Deep-Sea Research (submitted).  

Nitrogenous n u t r i e n t  p r o f i l e s  immediately above and below t h e  sediment-water 

i n t e r f a c e  a s  well  a s  sediment organic carbon, t o t a l  n i t rogen ,  and macrofaunal 

abundance and biomass were evaluated on a  t r a n s e c t  of  5 s t a t i o n s  across  t h e  , 

c e n t r a l  and ea s t e rn  North Pac i f i c .  This t r a n s e c t  extended from t h e  c e n t r a l  " 

gyre area no r th  of Hawaii t o  t h e  Santa Ca ta l i na  Basin o f f  t h e  southern 

Ca l i fo rn i a  coas t .  A f r e e  veh ic l e  grab respirometer  was used t o  c o l l e c t  n u t r i e n t  

water samples a t  c l o s e  i n t e r v a l s  from 48 cm above t o  15-20 cm below t h e  sediment- 

water i n t e r f ace .  This f r e e  veh ic l e  was a l s o  used t o  recover  undisturbed 

sediment samples f o r  macrofaunal' and organic carbon and t o t a l  n i t rogen  analyses.  

Bottom water hydrocasts  and g rav i ty  cores  supplemented t h e  f r e e  veh ic l e  samples. 

Ammonium and n i t r i t e  p r o f i l e s  above t h e  sediment-water i n t e r f a c e  revealed con- 

s i d e r a b l e  v a r i a b i l i t y  up t o  48 cm a t  a l l  s t a t i o n s  and'  were d i s t i n c t l y  d i f f e r e n t  

from bottom water hydrocast samples taken a t  2  m a l t i t u d e .  N i t r a t e  p ro f i . 1 . e~  

were more uniform. Sediment n u t r i e n t s ,  organic carbon and t o t a l  n i t rogen  

p r o f i l e s  were a l s o  e r r a t i c  i n  t he se  oxygenated sur face  sediments (15-20 cm) 

suggest ing t h e  he terogenei ty  of t h e  sediments and of t h e  overlapping r eac t ions  

occurr ing  i n  t h e  d iagenes is  of  organic mat te r .  Macrofawial abundance and 

biomass, and su r f ace  organic carbon and t o t a l  n i t rogen  increased from west t o  

e a s t ,  with a  t r end  towards l a r g e r  animals a t  t h e  e a s t e r n ' s t a t i o n s .  These 

longi tudina l  g r ad i en t s  from west t o  e a s t ,  corresponded t o  increas ing  sur face  

primary product iv i ty .  



b. Benthic boundary l aye r  i n  t he  c e n t r a l  and ea s t e rn  North P a c i f i c .  

11. Sediment community oxygen corlsumpticrn and n u t r i e n t  exchange. Deep-Sea 

Research (submitted) . 

Oxyge~ consumption and n u t r i e n t  exchange r a t e s  of t h e  sediment community 

were measured a t  f i v e  s t a t i o n s  (13 subs t a t i ons )  on a ' t r a n s e c t  t r ave r s ing  t h e  

c e n t r a l  and ea s t e rn  North Pac i f i c .  These i n  s i t u  measurements were made us ing  -- 

t h e  f r e e  veh i c l e  grab respjrometer  (FVGR) on f o u r  c r u i s e s  from summer 1978 t o  

winter  1981. 

Oxygen consumption of  t h e  sediment community along t h e  t r a n s e c t  ranged 

over  two orders  of  magnitude from a low of 0.08 r n l  0 m-2 h- 2  a t  s ta .  CNP (MPG-I) 

t o  2 . 7  m l  0 2 m  -2 h-l a t  S ta .  SCB. There was an obvious t rend  of i nc r ea s ing  

oxygen consumption r a t e s  from west t o  e a s t .  

Nut r ien t  f l u x  r a t e s  across  t h e  sediment-water i n t e r f a c e  was h igh ly  va r i ab l e  

a t  t h e  f i v e  t r a n s e c t . s t a t i o n s .  However, t h e  general  t r e n d  was one of increased  

r e l e a s e  r a t e s  of  combined ni t rogenous compounds ( n i t r a t e ,  n i t r i t e ,  and ammonium) 

from west t o  e a s t .  N i t r a t e  and ammonium were t h e  most s i g n i f i c a n t  con t r i bu to r s  

t o  t h e  f l u x  of n i t rogen  we measured wi th  t h e  in te rmedia te  compound, n i t r i t e ,  

being evolved i n  l e s s e r  concent ra t ions .  

Task #5 

Aquarium ene rge t i c s  of t h e  s a b l e f i s h ,  Anoplopoma f imbria .  Jour .  Fish.  Res. 

Bd. Canada ( i n  p r e s s ) .  

Inges t ion ,  growth, r e s p i r a t i o n  and exc re t i on  r a t e s  and white muscle 

chemical composition ( l i p i d ,  p ro t e in  arid water conten t ) .were  measurcd on 

1abora tory .he ld  Anoplopoma f imbria .  Thjs spec i e s  i s  a common benthopelagic  f i s h  

along t he  P a c i f i c  coas t  of North America occur r ing  a t  depths between 100 and 1550 meters.  



A. f imbr ia  were co l l ec t ed  o f f  southern Ca l i fo rn i a  a t  a depth of 470 meters and - 
maintained a l i v e  i n  aquar ia  f o r  over s i x  months. In most experiments A. 

f imbr ia  were f ed  a l a rge  r a t i o n  (14% of wet body weight) every 7 - 10 days. 

Growth r a t e s  of  aquaria-held f i s h  were two t o  t h r ee . t imes  higher  than those 

repor ted  f o r  f i e l d  f i s h .  - A. f imbr ia  on a reduced r a t i o n  l eve l  (4% of  wet body 

weight) grew a t  r a t e s  similar t o  growth r a t e s  of f i e l d  I i s h ,  bur t h e  white 

muscle composition va r i ed  s i g n i f i c a n t l y  from t h a t  of f i e l d  f i s h .  Respirat ion .- 

r a t e s  were s e n s i t i v e  to  s i z e  and oxygen tens ion  a t  a constant  tenlperaturp. n* 

8 ' ~ .  Oxygen consumption f o r  a 0.25 kg f i s h  was 137.4 t 29.8 m l  O 2  . kg-' . h-' 

compared t o  44.1 m 1  O2 . kg-' . h-' f o r  a 2.78 kg f i s h .  Oxygen consumption 

r a t e s  f o r  one f i s h  dropped 78% a s  t h e  oxygen s a t u r a t i o n  dropped from 100% t o  

below 10%. An e s t ima te  of energy a l l o c a t i o n  f o r  . d i f f e r e n t  s i z e  c l a s s e s  of 

A. f imbr ia  based on expanded energy i n  growth, metabolism and ni t rogenous - 

excre t ion  showed 22% on inges ted  c a l o r i e s  were spent  on r e s p i r a f i ~ n .  60% nn 

growth, and 4.7% on ni t rogenous excre t ion  f o r  a 0.25 kg f i s h .  In con t r a s t ,  a 

2.78 kg f i s h  spent  21% of  inges ted  c a l o r i e s  on r e s p i r a t i s n ,  10% on growth a ~ ~ d  . - 

9.396 i l l  ni t ro&enous excratinn; t h e  remaining calurles may be coi l t r ibuted t.o 

gonadal devel.opment and o t h e r  production products  (e.g. mucus) i n  l a r g e r  f i s h .  
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B a c t e r i a  and' P lu ton ium i n  Marine 

Environments 

Anne E. Carey 

Vaughan T. Bowen 

bloods Hole Oceanographic I n s t i t u t i o n  

b!oods Hole, Massachusetts 02543 

ABSTRACT 

We have looked  f o r  c o r r e l a t i o n s ,  p o s i t i v e  o r  negat ive,  between t h e  

concen t ra t i ons  o f  f a1  l o u t  plutonium' and o f  1 i v i n g  b a c t e r i a l  c e l l s  i n  a 

number o f  oceanic  wa te r  o r  sediment columns. The absence o f  c l e a r - c u t  

r e l a t i o n s h i p s  suggests t h a t  b a c t e r i a l  biomass cannot  be a ma jo r  v a r i a b l e  

e i t h e r  i n  t h e  sed imenta t ion  o f  p lu ton ium downward i n  t h e  wa te r  column, o r  

i n  p lu ton ium r e m o b i l i z a t i o n  i n  t h e  sediments. I n  v i t r o  s t ud i es  o f  Pu 

uptake by c u l t u r e d  sediment b a c t e r i a  show t h a t  t h e  b a c t e r i a l  c e l l  . su r face  

i s  l e s s  a t t r a c t i v e  t o  Pu i n  s o l u t i o n  than  i s ,  f o r  i ns tance ,  t h a t  o f  

diatoms. Arguments a r e  presented suggest ing t h a t  any . r e l a t i o n s h i p  between 

b a c t e r i a  and Pu must be mediated by  p h y s i o l o g i c a l  and chemical e f f e c t s .  

Fo r  Submission t o  Limnology and Oceanography 



Plutonium and some other  transuranium elements have been released 

world-wide especia l ly  as components of 4a l l ou t  from atmospheric tes t ing of 

nuclear weapons, from the SNAP-9A burnup (Hardy e t  a1 . 1973) ,and local ly  

as  low level l iquid  wastes from nuclear generation of e l e c t r i c  power 

(Hetherington 1976; Health and Safety Directorate, C E C ,  1978; Livingston 

e t  a1 . 1982) ; a var ie ty  of other  sources, l e sse r  and more local ,  have 

been described. Field s tudies  conducted by our 1 aboratory have indicated 

t h a t  the marine sedimentation of plutonium i s  mediated largely by biogenous 

par t i cu la te  matter (Noshkin and Bowen 1973; Labeyrie e t  a l .  1976; Bowen 

e t  a l .  1976). Recent discussions have a l so  emphasized the probable import- 

a'nce of bacterial  production of exometabolites, and control of Eh condi-. 

. t ions ,  in the  remobil izat ion of P u  in ra r ine  sediments (Bowen e t  a l .  1976; 

. Livingston and Bowen 1979; Bowen e t  a1. 1980). High sediment inventories 

,of f a l l o u t  P u  appear to  cor re la te  with high local bioturbational ac t iv i ty  (Bowenet a1 . 
t o  be pub1 ished) where ' sedimented, part icle-associated Pu i s  rapidly 

removed down away from the possi bi 1 i  ty  of horizontal transport .  Sediments 

in  such areas tend a l so  t o  be high i n  organic content, and, by inference, 

may contain greater concentrations of bacteria.  

Bacteria are known t o  be important in the  geochemical cycling of many 

other  metals. They are  known t o  oxidize and/or reduce iron (Kucera and Wolf 

1957), manganese (Nealson 1978), mercury (Jernelov 1969) and copper (Beswick 

e t  a1. 1976). Bacteria are  thought t o  be involved in the mobilization of 

t i n  in  the  estuarine environment (Hallas and Cooney 1980). That bacteria 

might be important in  the biogeochemistry of Pu and other act inides  was of 

i n t e r e s t  t o  U S ,  and led us t o  conduct t h i s  study. 



To examine t h e  r o l e  o f  b a c t e r i a  i n  t h e  mar ine geochemistry o f  Pu, we 

conducted f i e l d  s t ud i es  i n  which we meau red  Pu concen t ra t i ons  i n  wa te r  and 

sediment columns, and i n  these same sa,mples enumerated t o t a l  b a c t e r i a l  . 

numbers. I n  a d d i t i o n ,  we began l a b o r a t o r y  experiments designed t o  de te r -  

mine t h e  r a t e s  and amounts o f  b a c t e r i a l  uptake o f  2 3 7 ~ u ,  an i so tope  which 

does n o t  occur  i n  t h e  environment. The r e s u l t s  o f  these  two compl imentary 

s t u d i e s  have shed some new l i g h t  upon t h e  r o l e  o f  mar ine b a c t e r i a  i n  t h e  

b i  ogeochemi s t ry o f  Pu. 
I 

Th i s  work would n o t  have been p o s s i b l e  w i t h o u t  t h e  k i n d  coopera t ion  

o f  many o f  ou r  co l leagues.  I n  p a r t i c u l a r  we would 1 i k e  t o  thank J. E. 

Andrews, L. Brady, B. J. Brockhurst ,  and W. R. C larke,  who performed t h e  

r a d i o c h e m i c a l  a n a l y s e s  o f  s e d i m e n t  a n d  w a t e r  s a m p l e s ;  D. M. 

. . B i s h o p ,  who a s s i s , t e d  w i t h  m i c r o s c o p y ;  D. A. D i o n  a n d  K.  H .  

Nealson, who p rov ided  c u l t u r e s  o f  t h e  b a c t e r i a  used i n  t h i s  s tudy;  J. C, 

Burke, S. A. Casso, W. R. C larke,  A. G. Gordon, J. E. Goudreau, D. R. Mann 

and D. L. Schneider who a s s i s t e d  i n  t h e  c o l l e c t i o n  o f  wa te r  and sediment 

samples; and t h e  o f f i c e r s  and crew o f  R / V  KNORR and R / V  THOMAS WASHINGTON. 



Materials and Methods . 

Field sampling fo r  t h i s  study was "done on R/V KNORR cruise  69, leg 2, 

from Halifax, Nova Scotia,  to  Woods Hole, Massachusetts, i n  September and 

October 1977. The s ta t ion  locations are  shown on the char t l e t  as Figure 1. 

Detailed bathymetry could not be reproduced on t h i s  scale ,  b u t  i t  should be 

noted t ha t  core 18 was located i n  a small, shallow basin. Water samples 

were obtained with a 140- l i t e r  sampler (Bodman e t  a l .  1961). Sediment cores . , 

were obtained using a 21-cm diameter gravity coring device in a tripod frame (Burke 

e t  a1 . 1982). Immediately a'fte.r.. col lect ion,  water samples f n r  radiochemical 

analysis  were . pumped . i nto-acid-washed 55-1 i t e r  1 inear-polyethyl ene Deldrums 

and 10-ml a l iquots  f o r  microbial assay were rr~sovrld by s t e r i l e  pipct te ,  

. fixed with 0.1 ml 8% glutaraldehyde and refrigerated.  Cores were extruded 

.immediately a f t e r  col lect ion (Bowen e t  a l .  1976). Sediment a l iquo ts '  (1 cc)  . 

were obtained, a f t e r ' t h e  cores were subdivided in to  s l i c e s ,  with a 3-cc 

p l a s t i c  syringe whose end had been cut off  w i t h  a clean razor blade. ' These 

samples were di luted ,with 9 ml of s t e r i l e  3% NaC1, fixed with 0.1 ml 8% 

gl utaral  dehyde and refr igerated.  Sediment samples f o r  radiochemical 

analysis were stored in 16 ounce polystyrene ja r s  whose screw caps were 

sealed with p las t i c  tape. 

An additional s e r i e s  of water samples were obtained. hy ident.ica1 

procedures, i n  the central  North Pacific on R/V THOMAS WASHTNCTDN., cruise 

RAMA-02 in  April-May 1980. 

Radiochemical analyses of Pu in water a n d  sediment were perfomlcd 

according t o  the methods described by Livingston e t  a1 . (1975). After 

radiochemical separation,  plutonium w$s electrodeposi ted on polished s ta in-  

l e s s  s tee l  discs and the isotopic  composition determined by alpha spec- 

trometry. 



' .  Epifluorescent microscopy was used t o  make d i rec t  counts of acridine- 
\ 

orange stained bacteria,  according t o  the method of Hobbie e t  a l .  (1977), 

as modified by Watson e t  a1 . (1977). 

Cultures f o r  uptake studies were grown in  medium K, composed of 750 ml 

inshore seawater and 250 ml d i s t i l l e d  water, enriched w i t h  2 g peptone, 

0.5 g yeast  ex t rac t ,  200 mg MnS04-H20 and 1 mg FeS04.7 H20 one l i t e r  

f lasks  cnntaining 500 ml of cul ture  medium were inoculated with 1 m1 of a 

stationary phase cul ture  and incubated, w i t h  shaking, a t  18 + 2°C fo r  48 I 

hours. Cell s were harvested by centrifugation in  s t e r i  1 e 1 inear polyethylene 

250 ml bot t les  a t  5500 rpm (4920 x G )  a t  5°C in  a Sorval RC-2B centrifuge 

fo r  20 minutes. The c e l l s  were washed twice with 50 ml s t e r i l e  Sargasso 

Sea water, and resuspended in 20 ml. s t e r i l e  Sargasso Sea water. Then 3 ml 

of t h i s  ce l l  suspension were added t o  500 ml of s t e r i l e - f i l t e r ed  SargassO 

Sea water f n ' s t e r j l e  ] - l i t e r  tared f lasks .  Before f i l t r a t i o n ,  the pH 
.. . 

the sea water had been raised t o  9.1 by the addition of NaC03, t o  pre- 

compensate f o r  the acidic  t racer  solution,  added l a t e r  (Fisher e t  a l .  1980). 

Dead c e l l s  were prepared by heating 5 ml of the washed ce l l  suspension 

in a s t e r i l e  20 ml screw cap tube i n  a 45°C water bath fo r  20 minutes. 

Serial d i lu t ion and plating showed t ha t  the c e l l s  were no longer viable 

a f t e r  t h i s  treatment. However, the  c e l l s  appeared fn tac t  upon microscopic 

examination. 

Dry weights were determined by f i l t r a t i o n  of small a1 iquots of the ce l l  

suspension through tared,  25 mm diameter, 0.2 urn pore-size Nuclepore f i l t e r s , ,  

r insing the f i l t e r s  with 3 5-ml portions of 3.2% NH4COOH and drying t o  con- 

s t an t  weight a t  60°C (Ffsher and Scl~viarzenbach' 1978). 

Pl utoni um used in 1 aboratory experiments was 2 3 7 ~ ~  obtained from 

Argonne National Laboratory. Production and purification of t h i s  radio- 

nuclide have been described by Fowler e t  a l .  (1975). Plutonium-237 decays 



by electron capture to  2 3 7 ~ p ,  emi t t i ng  X-rays of 101 keV. These X-rays 

were measured by a Harshaw 7.5 c~rr we1 l-otype crysta l  of NaI(T1). and data 
/ 

stored in a Nuclear Data 130 512-channel pulse-height analyzer s e t  to  

analyze pulses corresponding t o  10-820 keV over the  f i r s t  128 channels. 

The energy range used t o  in tegra te  the 2 3 7 ~ p  X-rays was from 80 t o  140 keV. 

Ten uCi of 2 3 7 ~ u  a s  a dry n i t r a t e  residue were taken up in 10 ml 

1 N  HN03 t o  prepare a primary stock. Then 0.15 ml of t h i s  stock was 

di luted t o  10 ml in  1 N  HN03 t o  give a working stock solution containing 

88.54 t 0.97 counts/second/gram. The 2 3 7 ~ u  i s  unavdidably contaminated , 

with 2 3 6 ~ ~  and 2 3 8 ~ u ,  byproducts of i t s  production. These longer-lived 

alpha-emitting nuclides do not i n t e r f e r e  with ' the use of 2 3 7 ~ u  as a photon- 

emi t t i n g  t racer .  

P11.ltonIum prepared i n  t h i s  manner was determined t o  be t r i va l en t  or 

t e t rava len t  by the  method of copreci pi t a t ion  on neodymium f luor ide  (Nelson 
. . 

and Lovett 1978). Plutonium was added t o  cultures via glass microvolumetric 

p ipe t t e s  in  100 u 1 t o  250 u 1 volumes. Addition of the acidic  2 3 7 ~ ~  solution 

resul ted in a f ina l  pH nf the seawatcr rnediiil~~ of  approx~mately '7.5. 

Flasks were sampled periodically by r~rnnv ing 40 ml illiquots w l ~ l e h  wore 

then f i 1 tered by vacuum through 47 -mm diameter 0.2 v m pore-si ze Nucl epore 

f i l t e r s .  The f i l t r a t e s  were retained in 50 ml p las t i c  centrifuge tubes. 

F i l t e r s  were p u t  in tn  wpara te  soda-lime gldss tubes and covered with 

5 m l  CUT 0.5 N HNBl f o r  gamma counting, as  described above. A t  the end 
- 

of each experiment, 10% or  l e s s  of the to ta l  added 2 3 7 ~ ~  could be recovered 

from the walls of experimental f lasks .  Blank , f lasks  ( t o  which no ce l l s  

were added) were handled in the  same manner as experimental f lasks .  About 

3% of the  2 3 7 ~ u  was associated w i t h  each blank f i  1 t e r .  
The organi sms used were Gram negative, heterotrophic marine bacteria. 

St ra in  37B was isola ted from a Pacif i~~manganese nodule by K. H. Nealson 

of Scripps Ins t i tu t ion  of Oceanography. s t r a i n  . ~ ~ 1 5  'was isola ted from a 

shallow water sediment core taken from Buzzards Bay, Massachusetts, by 

0. A. Dion a t  WHOT. 



Results 

For convenience in in terpreta t ion we have presented most of our data 

i n  graphital form. 
b 

In Figure 2a are shown the prof i les ,  vs depth, of concentration of 

2 3 9 , 2 4 0 ~ u  and of abundance of bacteria in the water column a t  two 

s ta t ions  whose locations are shown in Figure 1. Bars around each point 

indicate the one sigma uncer ta int ies ,  calculated from the counting s ta-  

t i s t i c s  f o r  2 3 9 , 2 4 0 ~ u  and from the var iab i l i ty  of counts of a number of 

repl icate  f i e l d s  fo r  the bacterial  numbers. In Figure 2b are  shown the 

same s e t  of data a t  an open-ocean N.  Pacific s ta t ion .  

In Figure 3 are  shown s imilar ly  profiles vs depth in sediment, of 

concentration of 2 3 9 y 2 4 0 ~ u  and of abundance of bacteria,  i n  the four 

sediment cores whose locations are shown in Figure 1. Around each point 

ver t ical  bars indicate the represented sampl i  ng  interval , whi 1 e horizontal 

bars indicate uncertainties calculated as above. Also, f o r  each core, we 

have plotted the wet weight to  dry weight r a t i o  of each section analyzed, 

and have indicated both the depth of the overlying water and the inventory 

of 2 3 9 ' 2 4 0 ~ u  calculated to  reside i n  the whole sediment column. The resu l t s  

of these bacterial  enumerations in sediments represent min imum numbers-, due 

to  the inherent d i f f i c u l t i e s  i n  counting c e l l s  on sediment par t i c les ,  be- 

cause of the i nab i l i t y  t o  see c e l l s  underneath sediment par t ic les .  

In addition t o  the four cores represented in  Figure 3, we had data 

fo r  the two upper centimeters of three other cores, whose locations a lso  

are shown i n  Figure 1. We have collected in Table 1 the measured 

2 3 9 ' 2 4 0 ~ u  concentrations and bacterial  numbers of the upper sections of 

a l l  7 cores. 

Figure 4 shows the curves versus 'time of 2 3 7 ~ u  uptake by bacterial  

i so la te  378. Vertical bars around each point indicate the 1 sigma uncertainty 

calculated from the counting s t a t i s t i c s .  The i n i t i a l  ra tes  of uptake are 

similar f o r  l i ve  and fo r  ki l led ce l l s .  After 72 hours, however, the dead 



c e l l s  had taken 50% of the  available t racer ,  while the l iving ce l l s  had 

taken only 40%. 

Figure 5 shows, s imilar ly ,  the curves, versus time, of 2 3 7 ~ u  uptake 

by bacterial  i s o l a t e  BB1.5. In t h i s  casc, the curves f o r  l i ve  or fo r  dead 

c e l l s  a re  essen t ia l ly  indist inguishable.  

Discussion 

O u r  laboratory has considerable data ,  collected over the past 25 

years,  on the concentrations of Pu  and other fa1 1 out-derived a r t i f i c i a l  

radionucl ides i n  marine water, sediments, and macroorgani sms. Because of 

the near impossi bi 1 i t y  of col1 ec t i  ng samples of natural populations of 

microorganisms from the  open ocean i n  su f f ic ien t  quant i t ies  to  analyze fo r  

low leve l s  of a r t i f i c i a l  radionuclides, our f i e l d  studies have been sup- 

plemented with .laboratory s tudies  of uptake of Pu by marine microorganisms 

in  cul ture .  Recently, our colleagues (Fisher e t  a1 , 1980) reported data 

on P u  uptake by marine phytoplankton i n  culture.  They concluded tha t  mush 

of the Pu introduced t o  the marine envi ronnlent would quickly associate 

with par t i c les  which could then ac t  as vectors f o r  Pu transport  to  the 

sed'ls~ents. D18turns seem to  serve as e f f i c i en t  col lectors  and transporters 

of Pu (Fisher e t  a1 . 1980). Bacteria, while lacking any s o r t  of potentially 

long-lived t e s t s  l i k e  the  s i l i c a  f r u s t ~ ~ l e s  of diatoms, might s t i l l  be in ter-  

mediaries in  the  t r an s f e r  of Pu t o  inorganic de t r i t u s  and sediments. 

I t  seemed possi h le  t o  us t ha t  the numbers of bacteria in  marin.e waters 

and sediments might be corre la ted with the concentrations' of Pu. This might 

be expected e i t he r  i f  P u  association with non-sedimenting or slowly sedi- 

menting bacteria were involved in  the  s o r t  of mid-depth Pu maxima t ha t  

have been described (Noshkin and Powen 1973; Labcyrie e t  a l .  1976; Bowen 



e t  a l .  1980), o r  if a s s o c i a t i o n  w i t h  b a c t e r i a  on t h e  su r f ace  o f  sediment ing 

p a r t i c l e s  were impo r t an t  i n  med ia t ing  t h e  t r a n s f e r  o f  wa te r  column Pu t o  

t h e  sediments. I n  t h e  f i r s t  case we would expect  a positi;e, i n  t h e  second 

a negat ive,  c o r r e l a t i o n  of b a c t e r i a l  abundance w i t h  Pu concen t ra t ion .  Thus 

we under took t h i s  s tudy  t o  determine whether b a c t e r i a  i n  t h e  wa te r  column 

assoc ia ted  w i t h  d e t r i  t a l  p a r t i c l e s  a f f e c t e d  t h e  d i s t r i b u t i o n  o f  Pu i n  sea- 
.-, 

water ,  o r  whether t h e  t o t a l  numbers o f  b a c t e r i a  cou ld  a c t  as i n d i c a t o r s  

of t h e  processes a f f e c t i n g  Pu r e t e n t i o n  i n  mar ine sediments. Th i s  t ype  o f  

s tudy  was o n l y  r e c e n t l y  made p o s s i b l e  through t h e  use o f  a c r i d i n e  orange 

s t a i n i n g  and e p i f l u o r e s c e n t  microscopy: techniques (Hobbie e t  a1 . 1977; 

Watson e t  a l .  1977) t h a t  a l l o w  d i f f e r e n t i a t i o n  o f  b a c t e r i a  f rom n o n l i v i n g  

d e t r i t a l  p a r t i c l e s  o r  f r om  sediment p a r t i c l e s ;  and make t h e i r  enumerat ion 
. . 

r e l a t i v e l y  easy and independent of c u l t u r e  techniques.  

Examinat ion o f  F i gu re  2a shows t h e r e  i s  no concordance i n  these wate r  

columns between Pu concen t ra t i on  and b a c t e r i a l  abundance. . In  bo th  cases, 

as expected, t h e  sur face wate r  con ta i ns  by f a r  t h e  g r e a t e s t  number o f  

b a c t e r i a ;  a t  s t a t i o n  14, i n  t h e  S t r a i t  o f  Be1 l e  I s l e ,  t h e  su r f ace  Pu con- 

c e n t r a t i o n  was as low as observed,.whereas a t  s t a t i o n  8, on t h e  Nova Sco t i a  

shelf , ,  surface Pu was a t  an i n t e rmed ia te  cancent . ra t ion.  At, b o t h  s t a t i o n s ,  

b a c t e r i a l  concen t ra t i on  was l owes t  a t  100 my b u t  t h i s  corresponds n e i t h e r  

t o  maxima n o r  minima i n  t h e  Pu curves. 

The da ta  summarized i n  F i gu re  2b re fe . r  t o  a d i f f e r e n t .  s i t u a t i o n .  As 

Bowen e t  a l .  (1980) have shown, t h e  No r t h  P a c i f i c  Ocean i s  a lmost  every- 

where cha rac te r i zed  by a sha l low mid-depth maxim~lm i n  Pu concen t ra t ion ,  

t h a t  i s  bo th  s t r o n g l y  pronounced (more t han  10 X su r f ace  Pu co.ncentrat ions)  

and very  s t a b l e  i n  p o s i t i o n  (p robab ly  no change i n  depth between 1972 and . 

1979). Somewhat l e s s  w i d e l y  d ispersed  across t h e  N. P a c i f i c  i s  a second, 



l e s s e r ,  Pu concentration maximum in the water close t o  the sediment surface. 

Both of these features  were sampled a t  the s ta t ion  represented in our 

Figure 2 b, but nei ther  shows any convincing association with fluctuation 

of bac t e r i  a1 numbers. 

Evidently, i f  bacter ia  a re  involved in processes tha t  resu l t  e i the r  

in  the  retention of P u  in  the  water column o r  i n  i t s  removal hy s~d i rn~nt ' a t ion ,  

o ther  fac to rs  a1 so involved obscure an,y obvious correlations het.wwn t . h ~  twn .. a 

ahundances. 

There seems t o  be no corre la t ion of Pu concentration with bacterial  

numbers in  sediment cores e i the r .  Figure 3 shows tha t  of the four cores 

examined, the highest bacter ia l  numbers were found in core 29, a sandy 

sediment from a near-shore location,  j u s t  off  Gay Head, MA, i n  37 m of 

water. A t  the surface of t h i s  core, we measured only 42 t 1.3 dpm 239~u/kg 

dry weight, l e s s  than half the  concentrations of 2 3 9 ~ ~  measured a t  nearby 

s i t e s  in Buzzards Bay, MA (Livingston and Bowen 1979) where sediments had a 

greater  amount of clay (Shol kovi t z  and Carey unpublished data) .  Livingston 

and R n w ~ n  ('1474) reported two other Gay Head. corcs, from 1374, onc ranging 

about 48-57 dpm Pu/kg in  the upper (mixed) 8 cm, and the  other ranging. 

76-80 over the same depth range. These cores, a l so ,  are  indicated by t he i r  

low wet t o  dry r a t i o s ,  t o  have been lower in clay content than i s  typical 

of Buzzards Bay. The small surface t o  volume r a t i o  of the sandy Gay Head 

sediments appears simply t o  provide l e s s  area fo r  Pu attachment. Clearly, 

however, t h e  occurrence on the sediment grains of bacteria i n  much greater 

numbers was not e f fec t ive  in overcoming tha t  deficiency. 

In cores 13, 18, and 22 (Figures 3-5) the  surface 2 3 9 y 2 4 0 ~ u  values 

range from 50' t o  150 dpm/kg, ye t  the bacterial  numbers are  essen t ia l ly  the 

8 same fo r  a l l  three  cores,  7.5 t o  9.7 x 10 ce l l s /cc  sediment. The 239, 24OPu 

2 inventory i n  core 13 i s  1.1 mCi/km , and in core 18 the  inventory i s  2;5 



2 m C i / k m  . There i s  a difference i n  these inventories of a fac to r  of 2.3, 

8 8 ye t  the mean bacterial  numbers are  8 x 10 and 7.5 x 10 ce l l  s/cc of 

sediment, an ins ignif icant  difference between the two cores. The higher 

inventory of Pu in core 18 . i s  par t ly  related t o  i t s  position ( a t  s t a t ion  8) . 

in a small, shallow depression tha t  may be collecti.ng f i ne  sediment par t ic les  

deposited over a larger  area; tha t  t h i s  i s  not the whole story i s  shown by 

the re la t ive ly  high Pu  in the surface sediment, by the f ac t  tha t  t h i s  con- 

centration extends through the upper 5-6 cm ( in  contras t  to  the quasi- 

exponential decrease of P u ,  with depth i n  core, in  core 13) ,  and by the  

high wet-to-dry ra t ios .  These l a s t ,  3.6 a t  the surface,  do not f a l l  below 

3.2 unti l  the 10 cm leve l ,  in  contras t ,  f o r  instance, .with core 13, where 

t h i s  r a t i o  was 3.18 a t  the  sediment surface. Bacterial numbers show no 

correlation w i t h  any of these differences.  We had expected tha t  the higher 

proportion of f ine  grained material in core 18 (shown by the higher wet- 

.to-dry r a t i o ) ,  and the intense biological a c t i v i t y  tha t  has resulted in 

mixing Pu uniformly down t o  6 cm or  so, would each have favored higher 

concentrations of bacteria.  I t  i s  evident t ha t ,  however bacteria may be' 

involved i n  the delivery o r  immobilization of Pu t o  shallow water marine 
' 

sediments, the absolute abundance of l i v e  bacterial  c e l l s  i s  no indicator 

of such involvement. 

I t  should be noted tha t  core 18 i s  by no means typical of continental 

. she1 f , closed basin, cores. Livingston and Bowen (1979) reported a 

se r ies  of cores taken in 1974 in the Wilkinson Basin, in the Gulf of Maine 

j u s t  north of Cape Cod. Although t h i s  se r ies  includes cores with surface 

sediment wet-to-dry r a t i o s  as high as .4.8 and as  low as  1.5, none shows 

as 'high Pu a t  the sediment surface, as great  a depth of uniform mixing, 

or as high a Pu  inventory, as our core 18. In f a c t  our core 13 comes c loser  



i n  a l l  respects t o  looking 1  i  ke a  member of t h i s  ser ies .  

. Of course, none of our data concerning bacterial  abundances speaks 

t o  questions of qua1 i  t a t i v e  differences between bacterial  populations a t  

various depths i n  e i t h e r  water column or  sediment. Bowen e t  a l .  (1976; 1980) 

followed arguments t h a t  Stephens (1975) had raised in other connections t o  

suggest t h a t  Pu remobilization in sediments may be mediated by i t s  in te r -  
I 

act ion with specif ic  organic exometabol i  t e s  of those sediment bacteria t ha t  .,: 

a r e  r e s t r i c t ed  t o  the narrow interface (zero 02. zero HZS -- n r  very nearly) 

between oxygenated and reducing zones. 

Work by Aller and Yingst (1980) showed tha t  in near-shore marine 

sediments the type of substra te  available fo r  bacterial  oxidation, ra ther  

than the to ta l  number of c e l l s  present, controls the ra tes  of biogeochemical 

processes 1  i  ke su l f a t e  reduction and ammonia production. Jqrgensen (1977) 

found t h a t  i n  a. shallow, brackish f jo rd ,  the numbers of su l fa te - r~r l~ tc ing  

bacter ia  did not cor re la te  w i t h  the su l f a t e  reducing ac t i v i t y  in the sediment. 

He a l so  found tha t  the  su l f a t e  reducers were responsible f o r  about half of 

the  carbon metabolized in those shallow sediments (4-12 meters), while Aller 

and Yingst (1980): found t h a t  the su l fa te  reducers were responsible f o r  

metabolizing s l i gh t l y  l e s s  of the  carbon in  sediments a t  two s ta t ions  (15 

and 34 meters depth) in  Long Island Sound. These workers also concluded 

t h a t  a  substantial  proportion of the avai lable  carbon i s  metabolized as 

par t  of the  sulfur  cycle in  shal'low, marine sediments. The organic cnm- 

pounds which serve as substra tes  f o r  Desulfovibrio are  few ( l a c t a t e ,  

pyruvate, succinate,  and malate) and a re  oxidized to  aceta te  and then ex-  

creted (LeGall and Postgate 1973). Oxidation of most of the organic 

matter in  sediments by su l f a t e  reducing bacteria requires the i n i t i a l  

degradation of organic matter t o  these simp1 e  organic acids by feraentat i  ve 



organisms (Jqrgensen 1977). One c o u l d  imagine t h i s  process o f  o rgan i c  

m a t t e r  f e rmen ta t i on  t o  l a c t a t e ,  malate, e tc . ,  o c c u r r i n g  i n  t h e  zones o f  

low O2 and l ow  H2S pos tu l a t ed  by  Bowen e t  a l .  (1976; 1980) as a c t i v e  zones 

o f  Pu remob i l  i z a t i o n .  

It d i d  seem wo r t hwh i l e  t o  examine, i n  v i t r o ,  t h e  i n t e r a c t i o n  o f  Pu i n  

s o l u t i o n  w i t h  b a c t e r i a l  c e l l s .  For  o u r  i n i t i a l  experiments we chose f ou r -  

v a l e n t  Pu, and two b a c t e r i a l  s t r a i n s ,  378 f rom a deep ocean ferromanganese 

concre t ion ,  and BB15 f rom sha l low wate r  sediment i n  Buzzards Bay, MA. The 

curves versus t ime  of uptake o f  2 3 7 ~ u  t r a c e r  from seawater s o l u t i o n  by 

l i v e ,  b u t  n o t  growing, o r  by k i l l e d  c e l l s  o f  these b a c t e r i a  a re  shown, 

r e s p e c t i v e l y ,  i n .  F igures  4 and 5. T racer  concen t ra t i ons  were w i t h i n ,  b u t  

c l o s e  t o  t h e  upper end o f ,  t h e  range o f  Pu concen t ra t i ons  t h a t  have been 

repo r t ed  i n  na tu re ,  as d.iscussed b r i e f l y  by F i she r  e t  a l .  (1980). A t  these 

' t r a c e r  concen t ra t ions ,  however, an accep tab le  s i g n a l  t o  background r a t i o  

f o r .  t h e  uptake measurements r e q u i r e d  t h e  use o f  q u i t e  unna tu ra l  concentra-  

t i o n s  o f  b a c t e r i a :  whereas, as shown i n  F.igure 2, we have measured ba-c te r ia  

4 5 i n  t h e  coas ta l  ocean o n l y  i n  concen t ra t i ons  i n  t h e  range 5.10 t o  5'10 p e r  

ml (compared t o  r e s u l t s  o f  Watson e t  a l .  (1977, a l s o  unpubl ished r e s u l t s )  

6  who have measured b a c t e r i a l  numbers o f  1 x 10 pe r  ml i n  open ocean su r f ace  

6 waters  and as h i gh  as 6 x  10 p e r  ml i n  u p w e l l i n g  waters  o f f  t h e  southwest 

8  coas t  o f  A f r i c a ) ,  we have used 10 c e l l s  pe r  m1 f o r  o u r  experiments.  Yet 

even these l a r g e  numbers of b a c t e r i a l  c e l l s  accumulated a t  most 50% o f  t h e  

added t r a c e r  a f t e r  3  days exposure. F i s h e r  e t  a l .  (1980) found t h a t  d ia tom 

c e l l s  would accumulate most o f  t h e  added Pu i n  f a r  s h o r t e r  exposure 

pe r i ods  than  employed i n  ou r  experiments.  



cel 

In most of t h e i r  experiments, Fisher e t  a1 . (1980) had lo5 diatom 

6 2 Is/ml, presenting an area af 7-5 x 10 u m  c e l l  surface/ml. In our 

8 experiments we used 10 bacter ia l  cells/ml,  which provided an area of 

1.6 x lo8 vm2 c e l l  surface/ml. So there  was about'20 times more bacterial  

c e l l  surface avai lable  f o r  Pu attachment, b u t  there was s t i l l  f a r  l e ss  Pu 

adsorption by the  bacter ia l  c e l l s .  . . , 
Comparisons of Pu accumulation by l i v e  o r  by ki l led c e l l s  show tha t  

the  r e su l t s  are  s imi la r  in  the  two organisms used i n  t h i s  study (and other 

r e su l t s  not shown here).  We feel  tha t  i n i t i a l l y ,  a t  l e a s t ,  Pu-association 

with bacterial  cef f s i s  primarily a passive phenomenon. Other resu l t s  (Carey 

and Bowen, in  p repara t ion)  show tha t  c e l l s  which had deposited MnOZ had 

greater  amounts of P u  associated with them than did c e l l s  which had not 

formed Mn02 deposits . 
Bacterial a c t i v i t y  in  sediments i s  a primary fac to r  in controll ing 

the  geochemistry of many elements, as d i s c l ~ s s ~ d  i n  the introduction. Oxi- 

dation of organic compounds by bacteria in  sediments, where oxygen can become 

depleted,  resu l t s  i n  s u f f i c i en t  lowering of the Eh to  allow reduction of 

metals, most notably iron and manganese. The resul t ing ferrous and man- 

ganous ions become mobile i n  the  pore waters and can be transported upwards 

t o  reg.ions where the  redox conditions a re  oxic enough t o  cause oxidation 

of metals and precipi ta t ion as oxides and hydroxides. Plutonium,. which i s  

known t o  be adsorbed strongly onto oxyhydroxides of both Fe and. Mn,. could 

be solubi l ized in the  pore waters when the  sol id  phase t o  which i t  had- 

been adsorbed i s  dissolved a t  low Eh. In addit ion,  upward transport  of 

Mn and Fe ions in the  pore waters can r e su l t  in the displacement of P u  

adsorbed onto clay minerals, and effect ively  solu'bil i r e  Pu  in t h i s  fashion. 

This "displaced" Pu  may be mobile in the pore waters a lso .  



The reduc ing  c o n d i t i o n s  created. by b a c t e r i a l  a c t i v i t y  m igh t  a l s o  se rve  

t o  cause Pu reduc t i on .  Hexavalent Pu, of a l l  Pu species, i s  p robab ly  t h e  

most s o l u b l e  i n  seawater. Reduct ion t o  pen tava len t  may change i t s  a f f i n i t y  

f o r  carbonate ions,  and e f fec t  t h e  s o l u b i l i t y  somewhat. Reduct ion t o  t e t r a -  

v a l e n t  p robab ly  would decrease t h e  m o b i l i t y  o f  Pu i n  pore waters,  because 

t h i s  spec ies i s  l e s s  s o l u b l e  i n  seawater t han  e i t h e r  o f  t h e  more o x i d i z e d  

species. Reduct ion o f  p o t e n t i a l l y  mob i l e  Pu (V I )  tb Pu ( I V )  p robab ly  f i x e s  

t h e  Pu and p reven ts  i t s  t r a n s p o r t  i n  t h e  pore waters.  

Simple o rgan i c  ac i ds  a r e  a l s o  capable o f  complexing Pu e f f e c t i v e l y .  Pu , 

( I V )  forms s t a b l e  complexes w i t h  a c e t i c  o r  o x a l i c  ac ids.  It a l s o  can be 

compl exed by phosphate, which i s  produced by bac te r i a l :  .ac t ion  upon o rgan i c  

m a t t e r  a t  depth i n  near-shore sediments. So t h e  m o b i l i t y  o f  Pu ( I V )  i n  

reduc ing  c o n d i t i o n s  may be enhanced by m i c r o b i a l  a c t i v i t y  i n  sediments. 

Edgington e t  a l .  (1976) found t h a t  50-100% o f  Pu i s  s o l u b i l i z e d  a f t e r  

a 20-minute exposure t o  a c i  t r a t e - d l  t h i o n i  t e  s o l u t i o n .  A c i  t r a t e -  

d i  t h i o n i  t e  s o l  u t i o n  would s o l  u b i l  i ze e a s i l y  reduced compounds 1 i ke Mn and 

Fe tiydrous ox ides.  T h e i r  da ta  i m p l y  t h a t  Pu cou ld  be d i s so l ved  and 

mob i l  i z e d  if sediments become anox ic  and reduc ing.  

I n  t h e i r  s tudy  o f  Pu i n  an a1 k a l i n e ,  f r eshwa te r  pond, B o n d i e t t i  and 

Trabalka (1980) found t h a t  Pu was assoc ia ted  w i t h  UV-absorbing o rgan i c  

m a t t e r  o f  apparent  mo lecu la r  we igh t  6000-10000, which t hey  concluded t o  be 

f u l v i c  ac i d .  A t  t h e  Bhabha Atomic Research Centre, I nd i a ,  much e f f o r t  has 

- been devoted t o  t h e  s tudy  o f  t h e  i n t e r a c t i o n s  o f  humic and f u l v i c  ac i ds  

w i t h  b o t h  a r t i f i c i a l  and n a t u r a l l y  o c c u r r i n g  a c t i n i d e  elements i n  nearshore 

sediments. I n  genera l  t h e  work has shown a d d i t i o n s  o f  humic ac i ds  t o  be 

e f f e c t i v e  s o l u b i  1 i z e r s  o f  a c t i n i d e s ,  i n c l u d i n g  Pu, h o l d i n g  them mos t l y  i n  

non - i on i c  f o rm  t h a t  r e s i s t s  uptake by ion-exchange res i ns .  P r e c i p i t a t i n g  

humic ac ids ,  o r  humates, on t h e  o t h e r  hand, can -carry a c t i n i d s  from, s o l u t i o n  

w i t h  t h e  sediment, i n  forms t h a t  a r e  q u i t e  r e s i s t a n t  t o  chemical o r  b i o -  

l o g i c a l  a t t ack .  These i n v e s t i g a t i o n s  a r e  r e p o r t . ~ d  hy P i l l a i  e t  a l .  (1977). 

Josh i  and Ganguly (1977), Desai (1980), and Mathew and P i l l a i  (1980). 



Conclusions 

The resu l t s  of these .  exper.iments and f i e l d  studies imply tha t  bacteria 

a re  not primary vectors in  the delivery of Pu  to  marine sediments. The 

a f f i n i t y  of Pu  f o r  the bacterial  ce l l  i s  much l e s s  than i t s  a f f i n i t y  fo r  

diatoms, as reported by our colleagues, Fisher e t  a1 . (1980). That bacteria 

have a ro le  in  P u  a t t ach~l~en t  ' lo  or  removal from par t ic les  in  the water 

column i s  s t i l l  a poss ib i l i ty ,  but the ro le  i s  probably m i n ~ r ,  Plutonium 

delivery to  sediments i s  most' 1 i kely on larger  biogenic part.icles 1 i  ke 

fecal pel l e t s ,  a s  demonstrated by Higgo e t  a 1  . (1977), . o r  diatoms, as sug- 

gested by Fisher e t  a1 . (1980) and by Olson and Bowen (1980). 

However, i t  i s  reasonable t o  expect t ha t  once Pu has been transported 

t o  the sediments, the  ro le  of bacteria i n  P u  biogeochemistry becomes more 

, prominent. The typek of. reactions mediated by fermentative and su l f a t e  

reducing bacteria in sediments are l i ke ly  to  a f f ec t  Pu mnhility i n  sediments. 

Changes in redox conditqons and chelation by compounds produced by f e r -  

mentati ve reactions of bacteria in sediments are  probably among the primary 

means' of bringing about changes in P u  geochemistry in sediments. 

Important work t o  be done in the fu tu re  t o  examine fu r ther  and with 

luck t o  elucidate the role  of marine bacteria in Pu geochemistry includes 

s tudies  of the e f fec t s  of bacterial  exometabolites on the reduction of Pu 

and t h e  efficacy of bacterial  exometabol i t e s  in  solubil ization of Pu i n  

sediments. Studies such as these should he1 p t o  predict  Pu  behavior in the 

- marine environment. 



TABLE 1 

2 3 9 9 ' 2 4 0 ~ u  and Bacterial Cell Counts from Surface Sediments 

of Nearshore North At lant ic  Cores 

Core Cm depth 239, 24OPu ' 
Number i n  core Cells/cc sediment dpm/kg 

* Extrapolated values 



FIGURE LEGENDS 

Figure 1. Location of s ta t ions  taken on R / V  KNORR cruise  69, leg  2.  

Cores were taken a t  the ,locations indicated by the ,  closed 

c i r c l e s  and water prof i les  a t  s t a t ions  indicated by the 

crosses. Sta t ion 18 was located in a small, shallow basin. 

Figure 2a. Prof i l es ,  versus depth, of 2 3 9 ' 2 4 0 ~ ~  and of bacterial  i.ilr~~lber.s 

i n  the w a t ~ r  column a t  2 s ta t ions  from R / V  KNORR cruise 69-2. 

Water s t a t i on  14 was a t  the same location as core 22,and water 

s ta t ion  8 was a t  the same location as c n w  18, as shown i n  

Fig. 1. Horizontal bars represent one-sigma uncer ta int ies ,  

calculated from the counting s t a t i s t i c s  f o r  239,240pu 

from the  va r i ab i l i t y  of counts of 10 or  more repl icate  f i e l d s  

f o r  bacteri  a1 numbcrs. 

Figure 2b. A prof i l e ,  versus depth, of 2 3 9 s 2 4 0 ~ ~  and of bacterial  numbers 

i n  the water column from a s ta t ion  incthe N .  Pacific.  Horizontal 

bars represent one-sigma uncer ta int ies ,  a s  described fo r  Fig. 2a. 

Figure 3. Prof i les ,  versus depth. of' 2 3 9 9 2 4 0 ~ ~ . ~ ,  and of b t c t c ~ i  a1 n~n-nhpr, 

i n  four sediment cores whose locations a re  shown in Fig. 1. 

Vertical bars represent the sampling in te rva l s ,  and horizontal 
0 

bars represent one-sigma uncer ta int ies ,  a s  described in the 

legend f o r  F ig .  2. The open c i r c l e s  represent the  wet/dry r a t i o  

f o r  the sediments. The depth of overlying water and the calculated 

2 3 9 ' 2 4 0 ~ u  inventory a r e  indicated fo r  each sediment column. . 



Figure 4. Uptake of 2 3 7 ~ u  by bac t e r i a l  i so l a t e  378 i n  cul ture .  Closed 

diamonds represent uptake by 1 ive c e l l s ,  and open c i r c l e s  

represent uptake by heat-kil led ce l l s .  Vertical bars represent 

one-sigma uncertainties from the counting s t a t i s t i c s .  

Figure 5. Uptake of 2 3 7 ~ u  by bacterial  i so l a t e  378 in cul ture .  closed 

diamonds represent uptake by l i v e  c e l l s ,  and open c i r c l e s  

represent uptake by heat-ki 11 ed ce l l  s .  Vertical bars represent 

one-sigma uncer ta int ies  from the counting s t a t i s t i c s .  
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ABSTRACT 

Data a r e  p re sen ted  showing 2 3 9 ~ * 2 4 0 ~ ~  concen t r a t i ons  and b a c t e r i a l  abundance, 

a s  determined by d i r e c t  c e l l  counts ,  i n  wa te r  s t a t i o n s  i n  t h e  Aleut ian  Trench. ' " 

NO c o r r e l a t i o n s  are seen  between t h e  d a t a  s e t s ,  f u r t h e r  suppor t ing  t h e  hypothesis  
- .. 

t h a t  b a c t e r i a l  biomass i s  not  a major f a c t o r  i n  determining Pu d i s t r i b u t i o n s  

!n m a . r f , n ~  water C O ~ U ~ S .  

For Submiooion t o  Limnolagy and Oceanugraphy 

 his work has been suppor ted  by t h e  Department of Energy, and i t s  v a r f ~ ~ ~ s  
precu r so r s ,  under  c o n t r a c t  EY-76- , and v i a  SANDLA Labora tor ies ,  
under c o n t r a c t  11159, and by t h e  GEOSECS program. . 



In t roduc t ion  

I n  t h e  P a c i f i c  Ocean, t h e  d e l i v e r y  of  plutonium has had two sources ,  

worldwide atmospheric  f a l l o u t  (Hardy e t  a l .  1973) and l o c a l ,  c lo se - in  f a l l o u t  

from t h e  atmospheric  t e s t i n g  o f  nuc lear  weapons (Joseph et a l .  1971). The A .  

geochemistry o f  t h e  a r t i f i c i a l  r ad ionuc l ides  thus  introduced i n t o  t he  P a c i f i c  
, 

- 

may be ve ry  d i f f e r e n t ,  r e f l e c t i n g  t h e s e  two sources.  D i s t r i b u t i o n s  of  23'9, 24OPu 

- .. -a 

i n  p a c i f i c  water  columns d i s p l a y  f e a t u r e s  un l ike  t hose  of  Pu d i s t r i b u t i o n s  a 

i n  o t h e r  oceans s t u d i e d  by our l abo ra to ry  (Bowen e t  a l .  1980). Two l aye r s  o f  

h lgh  Pu water  a r e  observed over  much o f  t h e  P a c i f i c  t h a t  has  been s tud i ed ;  

one a shal low subsurface  l a y e r  between 300 and 750 m, depending upon l a t i t u d e ,  

and ano the r  somewhat l e s s  widely d i s t r i b u t e d  and o f  l e s s e r  Pu concent ra t ion ,  

j u s t  ,above t h e  bottom.. The i n a b i l i t y  of  a n c i l l a r y  hydrographic da t a  t o  exp la in  

t h e  e x i s t e n c e  of  p a r t i c u l a r l y  t h e  shal low, h igh  Pu wate r  l ed  u s  t o  look f o r  

b i o l o g i c a l  i n d i c a t o r s .  Some o f  t h i s  work has been r epo r t ed  (Carey and Bowen 

.Sub-pi-.) and has shown no concordance o f  b a c t e r i a l  numbers i n  oceanic water  

columns wi th  Pu d i s t r i b u t i o n s .  The work presented  h e r e  f u r t h e r  extends our 

knowledge o f  t h e  l a c k  of  tho  a s s o c i a t i o n  o f  b a c t e r i a l  numbers w i t h  Pu d i s t r i -  

bu t ions  i n  t h e  P a c i f i c  Ocean. 
, 

The work would not  have been p o s s i b l e  wi thout  t h e  ex t ens ive  work o f  t hose  

. people a s s o c i a t e d . w i t h  t h e  GEOSECS program, t h e  radiochemical  l a b o r a t o r i e s  a t  

Woods Hole Oceanographic I n s t i t u t i o n s  and a t  Lawrence Livermore Labora tor ies ,  

and t h e  o f f i c e r s  and crew of  B/V THOMAS WASHINGTON and R/V MELVILLE.. 



Methods 

.GEOSECS station 218, over the Aleutian Trench at 50' 26.8'N, 176' 35.01w,. 

was occupied'by R/V MELVILLE on 4 October 1973. The large volume water samples I 

/ 

from GEOSECS'stations were collected in modified Gerard samples (Roether 1971) . 
as described by Bowen et al. (1980) and then stored'in 60-liter linear poly- : ' .. 

ethylene Deldrums. Radiochemical analyses were performed at WHOI according to 
- - .  -. 

methods which have been described (Wong et al. 1970; T.ivingston et a l .  1975) 

or at Lawrence Livermore Laboratories according to published methods (Marsh 4 . 

et. al. 1975; Wong et al. 1978; Noshkin et al. 1976). Plutonium data were 

obtained by alpha-spectrometry, a method which cannot distinguish 2 3 9 ~ ~  from 

240~u. Hence the data are presented as the sum of the :two isotopes and indicated 

238,24OPu. 
as 

Laboratory intercomparison exercises have shown that the data obtained 

by these two laboratories using the various methods are comparable. In addition,' 

duplicate analyses of these GEOSECS samples performed by either laboratory 

have given- reproducible results. 

Water samples fr6m station 1 on cruise R A h  15 on R/V THOMqS WASHINGTON 

were taken over the Aleutian Trench at 52' 54.3'4 163' 1.8'~ on 21-22 June 1981,. 

Samples were collected with a 140-liter sampler (Bodman et al. 1961) and then 

pumped into 60- liter linear polyethylene Deldrums. A 1  (r1trnt.s nf 100 m1 wars 

saved for microbiological analysis. To each of these samples was added 2 ml 

of 50% glutaraldehyde (Eastman). The samples were then refrigerated. for 

approximately 1 month until analyzed at WHOI. 

Bacterial cells were enumerated by direct counting of acridine'orange 

stained cells with epifluorescent microscopy, according to the method of Hobbie 

et al. (1977). as modified by Watson et nl. (1977). Cells were counted using a 

Zeiss microscope with an epifluorescent illuminator consisting of a lOOW halogen 

lamp, a BG12 excitation filter, an LP510 barrier filter an an FTSIO beam splitter. 



Resul ts  

The p r o f i l e  of  2 3 9 ~ 2 4 0 ~ ~  i n  water samples from GEOSECS s t a t i o n  218 i s  

shown i n  Fig. 11. Plutonium-239,940 concentrat ions show a shallow, broad 

maximum around 300 meters. This maximum of 0.25 f 0.02 dpm/lOO kg i s  s i x  times 

g r e a t e r  than t h e  surface  concentrat ion of 0.04 f 0.01 dpm/lOO kg. From t h i s  

shallow maximum t o  about 2000 meters, the re  i s  a gradual decl ine  i n  Pu concen- 
- ._. 

239,24OPu , t r a t i o n  through the  water colum t o  about 4500 meters, whereupon the ..,, 

concentrat ions increase  t o  the bottom. I n  the  deepest sample, about 100 meters 

above the  bottom, t h e  239 . .. J ., ''0pu concentrat ion of 0.13 _+ 0.02 dpm/100 kg i 8  

th ree  times the surface  concentrat ion and hal f  the  concentrat ion of the shallow 

maximum. 

The r e s u l t s  of the  b a c t e r i a l  c e l l  counts a r e  shown i n  F ig  1%. The surface  

5 
sample had 6.8 f 2.5 x 1 0 .  ce l ls /ml .  Bacter ia l  counts a r e  maximum a t  100 m, 

6 
where 7.0 _+ 3.4 x 10 ce,lls/ml were observed. From 100 t o  500 meters, the 

b a c t e r i a l  numbers dec l ine  by about a f ac to r  of f ive .  From the re  to  6532 m, 

4 ,the b a c t e r i a l  numbers a r e  near ly  constant ,  about 1.2 x 10  cel ls /ml .  

I n  ' the  th ree  deepest  samples (5000 meters.and deeper) more morphologically 

d i s t i n c t i v e -  c e l l s ,  l i k e  vibrios,  and s p i r a l l a e ,  were observed than i n  the  shallower 

. .  samples. 



Discuss ion  

The occurrence o f  two widespread l a y e r s  of  Pu-rich water  i n  t h e  P a c i f i c ,  

one a shal low, subsurface  l a y e r  a t  300-750 meters depth, and another  j u s t  above 

t h e  bottom, has  been d i scussed  i n  d e t a i l  by Bowen e t  a l .  (1980). The occurrence 

. . 
o f  t h e s e  Pu-rich wa te r s  was f i r s t  discovered i n  sampies c o l l e c t e d  i n  1973 

du r ing  t h e  GEOSECS program. Subsequent sampling i n  1978-1981 (Bowen e t  al. 
- .. : z  

1980; a l s o  unpublished r e s u l t s )  has shown t h a t  the  shallow l a y e r  of Pu-rich 

wa te r  h a s  n o t  sunk s i g n i f i c a n t l y  since 1973. f i r  high 2 3 9 a 2 4 0 p ~ / 1 3 7 ~ ~  ratfa. 1 

i n . t h e  water  samples from t h e  P a c i f i c  and t h e  extens ive  occurrence of t h e  two 

l a y e r s  o t  h igh  7 3 9 ~ 2 / 4 0 ~ u  water   o ow en e t  a l .  1980) a r e  f e a t u r e s  unseen i n  any 

o t h e r  ocean thus  f a r  s tud ied .  These observa t ions  suggest  t h a t  t h e r e  may be some 

v e r y  i n t e r e s t i n g  and d i f f e r e n t  geochemical processes a t  work on t h e  Pu i n  t h e  

P a c i f i c ,  which was d e l i v e r e d  both a s  worldwide atmospheric f a l l o u t  and a s  c lose - in  

f a l l o u t  from t h e  atmospheric  t e s t i n g  o f  'nuclear  weapons i n  t h e  1950's and 1960's.  

.Bowen e t  a l . '  (1980),found t h a t  t h e  shal low l a y e r  o f  high Pu water has 

no coinc idence  wi th  any o f  t h e  hydrographic parameters t o  which one might look 

f i r s  t t o  h e l p  e x p l a i n  t h e  widespread, temporally and s p a t i a l l y  s table ,  occut-re.noe 

t h i s  water  mass. Pu contours  show no re1,at ionships t o  maxim o r  minima of 

d e n s i t y ,  of 02 ,  o r  o f  s a l i n i t y  which might h e l p  exp la in  t h i s  f e a t u r e  of  Pu 

d i s t r i b u t i o n  i n  t h e  North P a c i f i c .  

I n  t h e  decp l a y e r  o f  h igh  Pu water ,  in the Aleu t i an  Trench (g rea t e r  than  

' 5000 meters)  t h e  2 3 9 s 2 4 0 ~ u  concen t r a t ion  inc reases  s i g n i f i c a n t l y  over t h e  mid- 

. dep th  concen t r a t ion  and i s  t h r e e  t imes t h e  concen t r a t ion  of the  surfar.e 239, 24OPu 

concen t r a t ion .  This  i n c r e a s e  i n  2 3 9 p 2 4 0 ~ u  concen t r a t ion  i n  t he  deep water  

may be a s s o c i a t e d  w i t h  Pu r e s o l u b i l i z a t i o n  from sediments a s  a . r e s u l t  of  t he  

b i o l o g i c a l  p r o d u c t i v i t y  i n  t h e  sediments. This  concept 'has been discussed by 

Bowen e t  a l .  (1980).   ow ever, t h i s  deep, h igh  Pu water  has been seen i n  



samples taken over much of  t he  P a c i f i c  Ocean (Bowen!.etal. 1980), inc luding  

a r e a s  i n  t h e  c e n t r a l  N. P a c i f i c  of  low benth ic  product iv i ty ,  c o l l e c t i v e l y  

known as the  P a c i f i c  marine dese r t .  This  high Pu water  i s  thought t o  o r i g i n a t e  

i n , t h e  Aleut ian  Trench and spread r a p i d l y  southward out  o f  t h e  Trench and i n t o  

the  c i r c u l a t i o n  of  t h e  North P a c i f i c  Bottom water  (Baren e t  a l .  1980). 

Previous work done i n  t h i s  l abo ra to ry  (Fisher  e r  a l .  1980; Olson and 
. . 

Bowen 1981; Carey and Bowen, i n  p re s s )  addressed t h e  ques t ion  of  Pu a s soc ia t ions  

w i t h  b i o l o g i c a l  phenomena. Pu - in t e rac t ions  wi th  b a c t e r i a  i n  t he  water column , 

were thought t o  be poss ib l e  explanat ions  of  t h e  observa t ions  of Pu-rich waters  

i n  t h e  P a c i f i c  Ocean. Resu l t s  thus f a r  have shown no convincing evidence 

of  an a s s o c i a t i o n  wi th  b a c t e r i a l  numbers i n  ocean water 'columns wi th  plutonium 

d i s t r i b u t i o n s .  A r e c e n t  c r u i s e  i n  t h e  no r theas t e rn  P a c i f i c  presented t h e  

cppoe r tun i ty  t o  sample water  over  t h e  Aleut ian  Trench i n  a l o c a t i o n  near  t o  

GEOSECS s t a t i o n  218, a l s o  loca t ed  i n  t he  Aleut ian  Trench. Resu l t s  presented 

by 'Bowen e t  a l .  .(1980) a r e  convincing i n  the  s t a b i l i t y  o f  t hese  high Pu water  

masses and i n  t h e i r  widespread occurrence.  Thus-. I f e e l  i t  i s  appropr i a t e  t o  

compare ' r e s u l t s  of b a c t e r i a l  counts  from water  samples taken i n  1981 t o  radio-  

chemical d a t a  from GEOSECS samp,les obta ined  i n  1973. pre l iminary  radiochemical 

. .  r e s u l t s  (D. M. Nelson, pe r sona l  communication) confirm t h e  v a l i d i t y  of t h i s  

cnmpnrf  on- D i s t r i b u t i o n s  of  2 3 9 * 2 4 0 ~ u  from RANA 15,  s t a t i o n  1, a r e  nea r ly  

i d e n t i c a l  t o  t hose  from GEOSECS s t a t i o n  218. 

, The r e s u l t s  o f  t h e  b a c t e r i a l  counts  show t h a t  t h e r e  i s  an  inc rease  i n  

, b a c t e r i a l  numbers from the  s u r f a c e  t o  100. m. This  i s  a s  might be expected 

i n  waters  a s  product ive  a s  those  over  the  Aleu t i an  Trench (Larrance 1971). 

From 100 m t o  t h e  deepes t  sampl .~ ,  t h e  d e c l i n e  i n  numbers of b a c t e r i a  i s  s i m i l a r  

t o  t h a t  r epo r t ed  from RAMA 02, s t a t i o n  178. (Carey and Bowen, $ub?i.hted).,.a.cfd 

a l s o  similar t o  what would be expected i n  most oc'eanic water  columns. There seems 



t o  be  no c o r r e l a t i o n ,  e i t h e r  p o s i t i v e  o r  negat ive ,  of  t h e  numbers of b a c t e r i a  . 

w i t h  t h e  concen t r a t ions  of  Pu i n  t h e  water  column. The broad Pu maximum cen- 

t e r e d  around 300 m seems t o  be independent of t h e  b a c t e r i a l  d i s t r i b u t i o n s .  

The . increase  i n  Pu concen t r a t ion  i n  t he  deep wa te r s ,  from about 5000 m 

t o  t h e  bottom, i s  not  p a r a l l e l e d  by a n  i n c r e a s e  i n  b a c t e r i a l  numbers. However,' 

t h e r e  is  a g r e a t e r  p ropor t ion  of  morphological ly d i s t i n c t i v e  c e l l s  i n  the  deep 
- .. -. 

samples. This  obse rva t ion  f i t s  w e l l  wi th  the  observed h igh  s tanding  crop o f  

b e n t h i c  organisms (Jumars and Hess l e r  1976) and the  h igh  0 -consumption da t a  
2 

r e p o r t e d  by Pamatmat (1973). 

Conclusions 

The mic rob io log ica l  and radiochemical  ana lyses  o f  water  o f  t h e  Aleut ian  

Trench presented  he re  co r robora t e  previous r e s u l t s  from waters  i n  t he  c e n t r a l  

N . . P a c i f i c  which e x h i b i t  s i m i l a r  d i s t r i b u t i o n s  of b a c t e r i a l  numbers and Pu 

concen t r a t ions .  These r e s u l t s  f u r t h e r  t h e  conclusion t h a t  d e s p i t e  t h e i r  major . 

c o n t r i b u t i o n  t o  t h e  biomass i n  ocean water  columns (Watson 1978) b a c t e r i a  . .. 
are probably not  primary v e c t o r s ' i n  t h e  c c n t r o l  of Pu d i s t r i b u t i o n s  i n  oceanic 

waterc .  
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la. Concentrations of 2399240~u in water samples from GEOSECS stirion 218, 

at 50' 26.gtN, 176' 35.0tW. The samples were taken on 4 October 1973, 

Horizontal bars represent 1-sigma uncertainties from the counting statistics.. 

Sonic depth at this station was 7301 meters. Calculated 239s 2 4 0 ~ ~  inventory 

2 in the water column is 3,'29.mCi/km , 

lb. BhCterial rluders in water samples from RAMA 15, station 1, at 52' 54.3'N, 

163' 1.8'W. The samples were taken on 21-22 June 1981. Horizontal bars 

represent 1-sigma uncertainties from counting ten or more replicate fields. 

Sonic depth at this station was meters. 
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P h y s i c a l  Oceanography R e s e a r c h  P l a n  and G e n e r a l  Overview 
S. L. Kupferman, SNLA 

A t  t h e  B ig  Sky Workshop i n  J a n u a r y  1981  t h e r e  was a n  i n i t i a l  
a s s e s s m e n t  o f  p r o c e s s e s  r e l e v a n t  t o  a s u b s e a b e d  p r e d i c t i o n  model .  
On t h e  b a s i s  o f  t h i s  i n f o r m a t i o n ,  a r e s e a r c h  p l a n  was p u t  
t o g e t h e r  f o r  t h e  P h y s i c a l  Oceanography g r o u p  by S.  L. Kupferman 
and M .  G. M a r i e t t a .  Rased on  a p r e l i m i n a r y  a s s e s s m e n t  o f  t h e  
r e s u l t s  o f  t h e  Big  Envelope  m e e t i n g  i n  Sep tember ,  1981 ,  w e  d o  n o t  
b e l i e v e  t h a t  t h e  b a s i c  t h r u s t  of t h i s  r e s e a r c h  p l a n  w i l l  b e  
changed .  

The s t a r t  o f  a Sand ia - funded  f i e l d  program ( w i t h  t h e  
e x c e p t i o n  o f  t h e  p r e s e n t l y  a c t i v e  r a d i o i s o t o p e  p rog ram)  w i l l  
p r o b a b l y  be d e l a y e d  a t  l e a s t  u n t i l  FY 1984 b e c a u s e  o f  f u n d i n g  
c o n s t r a i n t s .  The mode l ing  w i l l  p r o c e e d  a s  o u t l i n e d  i n  t h e  p o s t -  
Big  Sky r e s e a r c h  p l a n .  W e  p l a n  t h a t  models  w i l l  be  up,  r u n n i n g  
and i n t e r f a c e d  by August  1982;  t h i s  w i l l  l e a v e  u s  s u f f i c i e n t  time 
t o  c o n d u c t  s e n s i t i v i t y  s t u d i e s  i n  p r e p a r a t i o n  f o r  w r i t i n g  t h e  
s t a t u s  r e p o r t  i n  FY 1983.  

W e  a n t i c i p a t e  t h a t  t h e  B ig  Enve lope  m e e t i n g  r e p o r t  w i l l  b e  
r e a d y  t o  g o  t o  t h e  p r i n t e r s  i n  FY 1982.  



P R I N C I P A L  T A S K S  FOR P H Y S I C A L  OCEANOGRAPHY 

1) UNDERSTANDING T H E  B A R R I E R  PROPERTIES O F  

T H E  . W A T E R  C O L U M I ~  

3 )  A S S I S T  IN THE DEVELOPMENT A N D  IMPLEMENTATION 

OF A PROGRAM F O R  ASSESSING THE O C E A N I C  HLW 

~ I C P O G ~ L  P L ~ 1 4 3  OF O T H C ~  N n 9  I U N S  

MODEL I NG PHILOSOPHY 

1. O B T A I N  B E S T  A V A I L A B L E  M O D E L S .  

2 .  U Y ~ K A U ~  UY I N C L U D I N G  ADDIT IONAL  P H Y S I C A L  P R O C E S S E S  
J U D G E D  TO BE I M P O R T n i ~ i ' .  D ~ V ~ L U I J  NEW MODELS I F  
N E C E S S A R Y -  

3; VERIFY B Y  E X P E R I M E N T  T H A T  ALL PHYSICAL  P R O C E S S E S  
A R E  R E P R E S E N T E D  C O R R E C T L Y -  
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Big Envelope Meeting 
A .  R. Robinson, Harvard University 

The presentation summarized in a preliminary form the 
findings of a workshop held in September 1981 in order to apply 
existing knowledge in physical oceanography and related ocean 
science to the task of the physical oceanography component of the 
Environmental Sciences section of the SDP. The presentation is 
well introduced and summarized by quoting from the first draft of 
the meeting report introduction: 

"This report attempts to deal in a comprehensive way with the 
physical processes relevant to the time history of dissolved 
material emanating from a source somewhere on the deep bottom I 

of the world's ocean. In addition, it deals with some of the 
related chemical, and to a lesser extent biological, processes 
which are important if the material is reactive and 
interactive. Some of these physical and related scientific 
processes are well known, some are poorly understood, and 
indeed, others may as yet remain undiscovered. The physical 
processes that are known and that may influence the dispersion 
of the material throughout the ocean are catalogued and 
comprehensively discussed in this report. Those processes that 
are poorly understood are noted along with research 
recommendations for acquiring adequate comprehension. Those 
chemical and biological processes that are believed to interact 
with the physics in determining the dispersion of the material 
are also noted and their contact points indicated. The format 
adopted to organize the presentation is to follow a passive 
tracer from its initial dispersion within the bottom boundary 
layer, through its transport by various processes, into the 
overlying deep water column, through its subsequent course of 
mixing and stirring as its overall size increases from 
mesoscale to planetary scale. Processes are described in 
general formulas, numerical ranges of quantitites are given and 
available uncertainties presented. Within the development of 
this comprehensive release description of Section 11, when 
processes of a general nature, such as small scale vertical 
mixing, are indicated, a connection i s  made to Section 111, 
which deals with fundamental processes and internactive 
processes not restricted to the physics of dissolved material. 
Section I11 also discusses various statistical and 
deterministic measures of concentration distribution. Section 
IV deals with geographical questions concerning both 
fundamental processes and the large scale consequences of 
release from some specific sites. This report is intended to 
act as a necessary and updateable physical framework for more 
complete considerations of the fate of released radionuclides 
and for site specific release scenarios. It serves as a 
quantitative vehicle for the identification of critical 
research requirements. these are presented both as they occur 
in context and then summarized, integrated, and discussed in 
Section IV. 



"The meeting and the preliminary working group sessions upon 
which this report is based was called to evaluate and carry on 
some of the calculations needed to determine the relative 
importance of processes previously identified (Marietta and 
Robinson, 1980) as bearing most closely on the problem of 
describing and predicting the dispersion of radionuclides 
released from a source on the deep sea floor and to develop 
research priorities for measuring parameters or elucidating 
processes which have emerged as key, based on the work carried 
out at this meeting. A problem of this nature touches on 
almost all aspects of oceanographic science since it 
encompasses processes over the widest range of time and space 
scales. In order to arrive at a useful description and 
predictors of environmental impact, we have elected as a ased 
problem to consider the concentraction field of a dissolved 
substance releasted from a ddep ocean bottom source since the 
solution of the problem will be a fundamental component of any , 
solution in which the released consituent displays more 
complex, reactive behavior. Thus, when the problem of the 
behavior of a bottom released dissolved constituent has been 
successfully considered, we can examine and compare the 
behavior of-various classes of chemical elements, having 
differing chemical and biological cycles, in a rational and 
systematic manner. to this end, the attendees at the meeting 
comprised mainly physical oceanographers, expert in areas 
believed on the basis of preliminary efforts to be critical to 
the dissolved constituent prediction problem. Also present 
were a number of chemists, biologists, and geochemists with 
wide ranging interests, whose primary function was to indicate 
areas where nonphysical oceanographic processes could have 
critical influences on concentration fields of various classes 
of dissolved elements. 

"With this quantitative framework of physical processes, 
including points of interaction with biological, chemical, and 
particuiate processes, the SDP can (1) incorporate the best 
process parameterizations now available in numerical m6dels 
for simulating test releases, (2) proceed in a 16tjieal manner 
to study more difficult parts of the physical oceanographyic 
problem for which existing applicable knowledge is not yet 
available, (3) identify important processes that must be 
studied numerically in order to estimate their relative 
importance to this problem, (4) analyze specific release 
scenarios by employing the included simple calculations, ( 5 )  
incorporate explicitly and by state-of-the-art parameter- 
ization relevant processes in a hierarchy of circulations 
models for release simulations, and (6) pursue an orderly 
quantification of required biological and chemical 
interactions. This report will serve as a work plan which can 
be updated when necessary and provide guidance for scientists 
involved in deep ocean waste disposal for several years." 

The presentation included reporting of important 
quantitative findings which are still under review by the 
participating experts, and therefore are not included in the 
published version in the annual report. Interested parties can 
contact Dr. S. L. Kupferman at SNL for further information. 



B I G  ENVELOPE MEET 1 NG 

PURPOSE 

1. EVALUATE AND C A R R Y  OUT SOME OF THE CALCULATIONS NEEDED 
TO D E T E R M I N E  THE R E L A T I V E  I M P O R T A N C E  OF P R O C E S S E S  
I D E N T I F I E D  A T  THE BIG S K Y  W O R K S H O P  AS B E A R I N G  T H E  MOST 
C L O S E L Y  ON T H E  SOP P -  0. P R E D I C T I O N  P R O B L E M  ( 1 . E .  F I N D  
K E Y  P R O C E S S E S ) .  

2 .   EVEL LOP A  D E T A I L E D  RESEARCH S T R A T E G Y  FOR A )  M E A S U R I N G  
K E Y  PARAMETERS,  B )  T E S T I N G  THE MODELS TO B E  D E V E L O P E D -  . .  , . . <  

3. IDENTIFY AND DETERMINE THE I M P O R T A N T  I N T E R F A C E S  B E -  
TWEEN P. 0. AND O T H E R  T E C H N I C A L  E L E M E N T S  OF T H E  PROGRAM, 
AND Q U A N T I F Y  T H E I R  I M P A C T -  

P R E L I M I N A R Y  PLANNING 

A L L A N  ROBINSON,  NOVEMBER, 1980, CAMBRIDGE, MA. )  

1) EXCHANGE P R O C E S S E S  BETWEEN BBL AND THE DEEP W A T E R  F O R  T H E  
C A S E  OF A  F L A T  OR S L O P I N G  BOTTOM OR FOR G E N E R A L  TOPOGRAPHY.  

2 )  C R O S S  I S O P Y C N A L  AND C R O S S  FRONTAL MIXING PROCESSES INCLUDING 
H I G H . L A T 1 T U D E  RESPONSE AND C O A S T A L  B O U N D A R I E S .  

3 )  SIMPLEST R E L E V A N T  S T A T I S T I C A L  MEASURES OF T R A N S P O R T  
D I S T O R T I O N ,  D I L U T I O N  A N D  EXCHANGE FROM L O C A L I Z E D  SOURCES 
A S  F U N C T I O N S  OF  T I M E  AND S P A C E  S C A L E S ,  I N C L U D I N G  A  R E V I E W  
OF S O L I T O N  O B S E R V A T I O N S .  

4 )  INFERENCES ABOUT C I R C U L A T I O N  AND G Y R E  PERMEABIL ITY  FROM 
B O T H  N A T U R A L  AND M A N - R E L A T E D  C H E M I C A L ,  R A D I O C H E M I C A L  A N D  
I S O T O P I C  SOURCES.  



T O P I C A L  SUBGROUPS 

2 )  SMALL SCALE:  C.  G A R R E T T  (DU,  CHAIRMAN) 

C .  S. Cox ( S I O ) ,  R .  SCHMITT ( W H O I )  

INCORPORATE TRE BEST PROCESS PARAMETERIZATIONS AVAILABLE 
IN NUMERICAL MODELS FOR SIMULATING TEST RELEASES 

PROCEED IN A LOGICAL MANNER TO STUDY MORE DIFFICULT PARTS 
OF THE PHYSICAL OCEANOGRAPHIC PROBLEM FOR WHICH EXISTING 
APPLICABLE KNOWLEDGE IS NOT YET A V A l L A B L E  

IDENTIFY IMPORTANT PROCESSES THAT MUST BE STUnTED 
NUMERICALLY IN ORDER TO ESTIMRTE THEIR RELATIVE 
IMPORTANCE TO THIS PROBLEM 

ANALYZE SPECIFIC RELEASE SCENnRIOS BY EMPLOYING THE INCLUDED 
SIMPLE CALCULATIONS 

PURSUE AN ORDERLY QUANTIFICATION OF REQUIRED BIOLOGICAL AND 
CHEMICAL INTERACTIONS 



REPORT: 

DISPERSAL FROM DEEP OCEAN SOURCES: P H Y S I C A L  AND 

RELATED S C I E N T I F I C  PROCESSES. 

" T I M E  HISTORY OF DISSOLVED M A T E R I A L  

RELEASE0 A T  THE SEA BOTTOM" 

A PROCESS ORIENTED GENERAL SCENARIO 

r PROCESSES Q U A N T I F I E D  W I T H  2 ESTIMATES,  "HOLES" 

r S I T E S  OF I N T E R E S T  (OR OF KNOWN PROPERTIES)  DISCUSSED 

r "HOOKS" FOR B I O L O G I C A L  AN0 CHEMICAL PROCESSES 

r C R I T I C A L  RESEARCH RECOMMENDATIONS GENERATED 

F I R S T  CUT AT AN ENDURING, IEiPROVABLE CENTRAL FRANEWORK 

WHICH CAK BE U S E 0  FOR E X A M I N I N G  AND CONPARING THE BEHAVIOR 

OF VARIOUS CLASSES OF CHEMICAL ELEMEI!TS, H A V I N G  D I F F E R I N G  

CHEMICAL AND 8 I O L O G I C A L  CYCLES. I N  A R A T I O N A L  AND 

SYSTEHATI  C MANNER 



B I G  E N V E L O P E  R E S E A R C H  R E C O M M E N D A T I O N S  

r S I T E  S P E C I F I C  CURRENT AND HYDRO S T A T I S T I C S  - DEEP AND 

R R L  ( P R O C E S S  T n E N T T F T C A T I O N )  

r B B L / I N T E R I O R  E X C H A N G E  M E C H A N I S M  E X P T S .  

r HIGH RESOLUTION MODEL SIMULATIONS FOR EDDY D I S P E R S I O N  

AND S T R E A K S  

r COHERENT O ( 1 0  k m ' s  S E P A R A T I O N )  R E L E A S E  OF  F L O A T  C L U S T E R S  - 
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The  e n v i r o n m e n t a l  m o d e l i n g  p r o g r a m  i s  c o n c e r n e d  o n l y  w i t h  
a c c i d e n t  s c e n a r i o s  f o r  t h e  S D P  a l t h o u g h  i t  a p p l i e s  d i r e c t l y  t o  
o n g o i n g  o r  f u t u r e  l o w - l e v e l  d i s p o s a l  o p t i o n s  t h a t  do  n o t  
i n v o l v e  e m p l a c e m e n t  o f  t h e  w a s t e s  i n  t h e  s e d i m e n t s  b e n e a t h  t h e  
w a t e r  c o l u m n .  The p r o b l e m  i s  t o  t r a c e  t h e  r a d i o n u c l i d e  
m i g r a t i o n  f r o m  a  b o t t o m  s o u r c e  o f  r e l a t i v e l y  s m a l l  i n i t i a l  
d i m e n s i o n  t h r o u g h  t h e  o c e a n i c  w a t e r  c o l u m n ,  i n c l u d i n g  t h e  
i n o r g a n i c  and  l i v i n g / n o n - l i v i n g  o r g a n i c  m a t e r i a l  w i t h i n  i t ,  t o  
w h e r e v e r  t h e  w a s t e  m a t e r i a l  comes i n t o  c o n t a c t  w i t h  man. We 
m u s t  know w h e r e  t h e  r e l e a s e d  w a s t e  m a t e r i a l  g o e s ,  when i t  g e t s  
t h e r e ,  a n d  how much g e t s  t h e r e  i n  o r d e r  t o  do a  c o m p l e t e  
r a d i o l o g i c a l  . a s s e s s m e n t  f o r  d o s e s  t o  man. A l o n g  t h e  way,  we 
n e e d  t o  know how much o f  t h e  m a t e r i a l  i s  t a k e n  u p  b y  s e l e c t e d  
m a r i n e  s p e c i e s  i n  o r ' de r  t o  do  a  r a d i o l o g i c a l  a s s e s s m e n t  f o r  
d o s e  t o  b i o t a .  T h e s e  t w o  p a r t s  o f  t h e  p r o g r a m  o b j e c t i v e  f o r  
e v a l u a t i n g  e n v i r o n m e n t a l  f e a s i b i l i t y  m u s t  b e  s t u d i e d  on a l l  
s p a c e  and  t i m e  s c a l e s  f r o m  s o u r c e  s c a l e s  t o  t h e  u l t i m a t e  f a t e  
o f  t h e  r e l e a s e d  r a d i o n u c l i d e s  i n  t h e  w o r l d  o c e a n ;  

I n  o r d e r  t o  a c c o m p l i s h  a  p r e l i m i n a r y  r a d i o l o g i c a l  a s s e s s m e n t  b y  
t h e  end  o f  FY83,  an a m b i t i o u s  m o d e l i n g  p r o g r a m  was i n i t i a t e d .  
Our  a p p r o a c h  was t o  i d e n t i f y  t h e  b e s t  e x i s t i n g  o c e a n  m o d e l s  f o r  
e a c h  p a r t  o f  t h e  d i s p e r s i o n  p r o b l e m ,  b r i n g  t h e s e  m o d e l s  t o  SNLA 
w i t h  t h e  b e s t  h i s t o r i c a l  d a t a  t h a t  we c o u l d  a s s e m b l e ,  m o d i f y  
t h e  m o d e l s  f o r  w a s t e  d i s p o s a l  p u r p o s e s ,  and  t h e n  i n t e r f a c e  t h e m  
i n  a  s c i e n t i f i c a l l y  r e a s o n a b l e ,  y e t  r e a l i s t i c ,  way .  The  
m o d e l i n g  p r o b l e m  was d i v i d e d  i n t o  t h r e e  p a r t s  c o r r e s p o n d i n g  t o  
d i f f e r e n t  r e g i o n s  ( s p a c e  s c a l e s )  o f  t h e  w a t e r  c o l u m n :  t h e  
b o t t o m  b o u n d a r y  l a y e r ,  a  r e g i o n a l  s c a l e  ( a n  o p e n  b l o c k  o f  o c e a n  
o f  a b o u t  1000  km) ,  and  t h e  l a r g e  s c a l e  ( f r o m ' r e g i o n a l  u p  t o  
f u l l  b a s i n  s c a l e  o r  e v e n  t h e  w o r l d  o c e a n ) .  B e t w e e n  t h e s e  
p a r t s ,  t h e r e  a r e  m o d e l i n g  p r o b l e m s  c o n c e r n e d  w i t h  t h e  
i n t e r f a c i n g  o f  t h e  b b l  m o d e l  w i t h  v a r i o u s  i m p o r t a n t  s e d i m e n t  
t r a n s p v r t  p r o c e s s e s ,  t h e  e x c h a n g e  p r o c e s s e s  b e t w e e n  t h e  b b l  and  
t h e  m e s o s c a l e  o r  r e g i o n a l  m o d e l ,  t h e  e m b e d d i n g  o f  t h e  r e g i o n a l  
m o d e l  i n  t h e  l a r g e r  s c a l e  m o d e l ,  a n d  t h e  i n t e r f a c i n g  o f  t h e  
v a r i o u s  t r a n s p o r t  m o d e l s  w i t h  t h e  u l t i m a t e  r a d i o l o g i c a l  
a s s e s s m e n t .  



T o w a r d  t h i s  end ,  l a s t  y e a r ' w e  r e p o r t e d  t h a t  ( 1 )  t h e  
o n e - d i m e n s i o n a l  b b l  m o d e l  f r o m  F l o r i d a  S t a t e  U n i v e r s i t y  h a d  
b e e n  a c q u i r e d  a n d  m o d i f i e d  f o r  w a s t e  d i s p o s a l  s t u d i e s ;  ( 2 )  t h e  
t w o - d i m e n s i o n a l  o p e n - o c e a n  r e g i o n a l - s c a l e  m o d e l  f r o m  H a r v a r d  
was o p e r a t i o n a l  a t  SNLA; i . e . ,  t e s t  p r o b l e m s  h a d  been  
r e p r o d u c e d ;  and  ( 3 )  t h e  t h r e e - d i m e n s i o n a l  l a r g e - s c a l e  m o d e l  
f r o m  GFDL was a l s o  o p e r a t i o n a l  a t  SNLA. 

D u r i n g  t h e  p a s t  y e a r ,  some o n e - d i m e n s i o n a l  b b l  s e n s i t i v i t y  and  
p r o c e s s  s t u d i e s  h a v e  b e e n  c o m p l e t e d ,  a n d  a  t h r e e - d i m e n s i o n a l  
b b l  m o d e l  h a s  b e e n  o u t l i n e d .  The  p r o c e s s e s  s t u d i e d  w i t h  t h e  
o n e - d i m e n s i o n a l  m o d e l  h a v e  b e e n  s p a t i a l l y  v a r y i n g  t o p o g r a p h y ,  
u p / d o w n - s l o p e  p u m p i n g ,  and  t h e  e f f e c t s  o f  a  t i m e - v a r y i n g  
f o r c i n g  v e l o c i t y .  N e x t  y e a r  t h e  t h r e e - d i m e n s i o n a l  m o d e l  s h o u l d  
b e  a v a i l a b l e  f o r  e x t e n s i v e  p r o c e s s  s t u d i e s  i n c l u d i n g  e x c h a n g e  
p r o c e s s e s  b e t w e e n  t h e  b b l  and  t h e  o v e r l y i n g  w a t e r .  A l s o ,  an 
a d d i t i o n a l  b b l  a c t i v i t y  has  b e e n  t o  u s e  t h e  e c o s y s t e m  b o x  m o d e l  I 

t o  s i m u l a t e  c a r b o n  f l u x  i n  t h e  deep  n c e a n .  T h i s  r e p r e s e n t s  a 
s t e p  t o w a r d  e v e n t u a l l y  i n t e r f a c i n g  t h e  b b l  s e d i m e n t ,  
b i o l o g i c a l ,  and  c h e m i c a l  p r o c e s s e s  w i t h  a  b b l  p h y s i c a l  
c i r c u l a t i o n  m o d e l .  

The  l a r g e  s c a l e  w o r k  was n o t  v i g o r o u s l y  p u r s u e d  t h i s  p a s t  y e a r  
due  p r i m a r i l y  t o  t i m e  and  manpower  c o n s t r a i n t s .  W o r l d  w i n d  
S t r e s s ,  t e m p e r a t u r e ,  s a l i n t y ,  a n d  t o p o g r a h i c  d a t a  was p r o v i d e d  
b y  GFDL s o  we c a n  b e g i n  l a r g e  s c a l e  s i m u l a t i o n s  o f  t h e  N. 
A t l a n t i c ,  N. P a c i f i c ,  and  W o r l d  Ocean c i r c u l a t i o n .  Some 
p r o g r a m  m o d i f i c i a t i o n  w i l l  b e  r e q u i r e d  f o r  w a s t e  d i s p o s a l  
p u r p o s e s ,  b u t  GFDL h a s  a l s o  h e l p e d  w i t h  t h e s e  c h a n g e s .  We 
e x p e c t  t o  h a v e  t h e  c a p a b i l i t y  o f  s i m u l a t i n g  r e l e a s e s  a t  t h e s e  
l a r g e  s c a l e s  v e r y  s o o n .  O f  c o u r s e ,  an e x t e n s i v e  s t u d y  o f  t h e  
m o d e l  c h a r a c t e r i s t i c s  w i l l  b e  r e q u i r e d  b e f o r e  m o d e l  r e s u l t s  c a n  
b e  p r o p e r 1 . y  e v a l u a t e d  and u s e d .  How t h i s  w o r k  i s  a c c o m p l i s h e d  
w i l l  d e p e n d  on  a v a i l a b l e  r e s o u r c e s .  

M o s t  o f  t h e  m o d e l i n g  e f f o r t  d u r i n g  t h e  l a s t  y e a r . w a s  s p e n t  on  
t h e  r e g i o n a l  s c a l e  w o r k .  U s i n g  t h e  t w o - d i m e n s i o n a l  o p e n - o c e a n  
m o d e l ,  a  c a r e f u l  r e s o l u t i o n  s t u d y  was f i n i s h e d ,  an  e x t e n s i v e  
s t u d y  o f  t h e  s y s t e m  f o r  f i l t e r i n g  s m a l l  g r i d  s c a l e  n o i s e  was 
c o m p l e t e d ,  a n d  a  s y s t e m a t i c  e x t e n s i o n  o f  t h e  m o d e l  i n  p h y s i c a l  
p a r a m e t e r  s p a c e ,  e s s e n t i a l l y  f r o m  t h e  M O D E  r e g i o n  t o  t h e  
K u r o s h i o  E x t e n s i o n  r e g i o n ,  was b e g u n .  A  c o m p a n i o n  
t w o - d i m e n s i o n a l  d i s p e r s i o n  p r o g r a m  was w r i t t e n  and  a  r e s o l u t i o n  
s t u d y  c o m p l e t e d .  S i m u l a t e d  r e l e a s e s  o f  m a t e r i a l  i n  an e d d y  
f i e l d  d r i v e n  b y  r e a l  o c e a n  d a t a  (MODE r e g i o n )  and  an e v a l u a t i o n  
o f  a p p r o p r i a t e  d i a g n o s t i c s  f o r  s u c h  r e l e a s e s  was b e g u n .  A  
s t u d y  u s i n g  t h e s e  m o d e l s  t o  l o o k  a t  p a r t i c u l a t e  s c a v e n g i n g ,  
b i o l o g i c a l  r e p a c k a g i n g ,  and p a r t i c u l a t e  b r e a k d o w n  was s t a r t e d .  
T h i s  i s  t h e  f i r s t  s t e p  , f o r  , i i ~ l e r . F a c . i r ~ y  t h e  b i o l o g i c a l ,  c h e m l c a l  
and  p a r t i c u l a t e  p r o c e s s e s  w i t h  t h e  p h y s i c a l  p r o c e s s e s  a t  t h i s  
s c a l e .  A t h r e e - d i m e n s i o n a l  o p e n - o c e a n  m o d e l ,  w h i c h  i s  an 
e x t e n s i o n  o f  t h e  t w o - d i m e n s i o n a l  m o d e l ,  was a c q u i r e d  f r o m  
H a r v a r d ,  a n d  t h i s  m o d e l  i s  now o p e r a t i o n a l  a t  SNLA. The  
s t u d i e s  w h i c h  h a v e  b e e n  c o m p l e t e d  w i t h  t h e  t w o - d i m e n s i o n a l  
m o d e l  w i l l  now b e  e x t e n d e d  w i t h  t h e  t h r e e - d i m e n s i o n a l  m o d e l  
i n c l u d i n g  t h e  e x t e n s i o n  o f  t h e  d i s p e r s i o n  p r o g r a m  t o  
t h r e e - d i m e n s i o n s .  



STREAMNNCTION CONTOURS FDR A BAROCLINJC MODE S I M U U T I O N  WITH S l X  LEVELS 

MODEL TYPE SOURCE MODIFY INTERFACE INTERFACE POSSIBLE 
CHEM/BIOL MODELS TRACER TEST 

1 - 0  
BBLM 

3 - 0  

C IRC 
2 - D  

REM OISP 
EGCM 

CIRC 
3 - 0  

D I S P  

LSM 3-0 

FD 

F D ( ? )  

F E 

FE  

FE  

F E 

FD 

FSU 

SNLA 

HARVARD 

SNLA 

HARVARD 

SNLA 

GFDL 

- 

- 

YES 

- 

YES 

- 

YES 

- 

YES 

YES 

YES 

YES 

- 

BBL/REM , 

EXCHANGE 

PROCESSES 

MODEL 

EMBEDDING 

- 

2 2 2 ~ n ,  2 2 8 ~ a ,  

Cu, C, 

N 

2 3 0 ~ h ,  2 1 0 ~ b ,  

2 1 0 ~ o ,  'Hee, 

2 8 ~ a  

'H, Pu, Mn I 



MRTICALLY INnORATfD STMAMWNCI ION FOR THE NORTH ALTAHIlC 

STREAMFUNCTION CONTOURS FROM A MODE REGION SIMULATION STARTING AT 18 PERIODS 

TINE - 109.440 



Pu Oxidat ion  S t a t e s  i n  t h e  A l e u t i a n  Trench and C e n t r a l  North P a c i f i c  

V. T.   ow en 
Woods Hole I n s t i t u t i o n  o f  Oceanography 

In l a s t  year ' s  Progress Report we described the resu l t s  of our f i r s t  

two cruises  using i n  s i  t u  pumps, ' f i  1 t e r s  and. chemi sorption car t r idges  

i n  the central  N .  Pacific water column. The most notable points were 
I 

tha t :  

a )  In the upper part  of the  water column (1500m and l e s s )  par t ic le-  

associated Pu ranged only 4% t o  10% of the t o t a l ,  but a t  3000m 

was 25 t o  43% of the  to ta l  ; below 3000m the par t icula te  f rac t ion  

appeared t o  f a l l  again t o  about 4-5% u n t i l ,  jus t  over the bottom 

i n  the  deep high-Pu layer,  i t  was l e s s  . than 2%. 

b) Ratios of 2 4 1 ~ m  t o  2 3 9 s 2 4 0 ~ u  i n  the dissolved phase ranged 10 t o  . 

30%, hhereas i n  the  par t icula te  phase they ranged mostly above 

100% and as high as 300%. 

c )  Ratios of 5 5 ~ e  t o  239 '240~u  i n  the  par t icula tes  were much higher 

i n  1980 than in 1979; in 1980 they ranged 250 t o  400, except a t  

the shallow Pu maximum, where the  r a t i o  was 30, and i n  the deep . 

h igh Pu  layer where i t  exceeded 2500. 

Since reporting those data we have gathered a substantial  amount of 

new data from the same s e t  of samples. We have a lso ,  working in coopera- 

t i  on wi t h  Don Nel son (Argonne), obtai nerl the f i r s t  open-ocean water 

column measurements of Pu oxidation s t a t e s .  These data a re  s e t  out in 

Tables IV-E- I and IV-E-2 

The oxidation s t a t e  data especia l ly  a re  qui te  excit ing: . 

1 )  In the upper part  of the water column (300m t o  the surface) oxidized 

and rcduccd Pu are present i n  subequal amounts, the r a t i o  probably . 



n o t  s i g n i f i c a n t l y  d i f f e r e n t  from 1, consider ing t h e  measurement 

unce r ta in t y .  

2) I n  t h e  shal low Pu maximum and below i t  down t o  750m, t h i s  r a t i o  

f a l l s  t o  t h e  range 0.5 t o  0.7 -- c e r t a i n l y  s i g n i f i c a n t l y  d i f f e r e n t  from 

1. Furthermore, i n  t h i s  layer ,  5/6 t o  7/8 o f  t he  ox id ized Pu i s  

apparent ly  present  as  5-valent.  

3)  It appears probable t h a t  below lOOOm thc oxidizcd' ' rcduccd r a t i o  

re tu rns  t o  about 1, u n t i l  one reaches the  deep high-Pu layer .  

4) I n  t he  deep high-Pu l aye r ,  however, t h i s  r a t i o  drops t o  0.1 o r  less. 

On t h e  A leu t i an  Trench c r u i s e  o f  R.V. THOMAS WASHINGTON i n  1981 (see 

above i n  Sect ion 11) ox ida t i on -s ta te  t race rs  and acids were added t o  

112 t h e  water  b a r r e l s  f i l l e d ,  and these samples brought back t o  Argonne 

f o r  ana lys is .  We have n o t  y e t  seen the  data, b u t .  telephoned repo r t s  

f rom Nelson show t h e  - f o l  1  owi ng d i  f ferences : ' 

5)  Over the  Trench t h e  whole water column, i n c l u d i n g  t h e  shal low Pu 

maximum shows oxidized:reduced Pu r a t i o s  about. 1, down to  the depth 

o f  t h e  Trench s i l l .  

6 )  I n  t h e  Trench, which i s  f i l l e d  (as i t  was when sampled i n  1973 on 

GEOSECS) w i t h  high-Pu water, t he  r a t i o  o f  ox id ized t o  reduced Pu 

f a l l s  t o  0.1 o r  less ,  as i t  d i d  i n  1980 i n  t he  high-Pu-deep water. 

7) The data a l s o  show t h a t  t h e  Pu concentrat ions a t  t h e  shal low Pu 

maximum, and i n  t h e  high-Pu bottom water have no t  changed s ince 

1973; the  shape o f  t he  Pu concent ra t ion  curve a t  t h e  shal low Pu 

maximum does appear somewhat broadened, t h e  maximum concentrat ion o f  

0.25 ~ ~ I I I  per 100 ky exLerrdirly f r . ~ l i ~  dbuuL 250 to  800111, whereas i n  

1973 i t  was seen o n l y  a t  about 250 and 400m depths. 



Analys is  of f r a c t i o n s  o f  these samples i s  s t i l l  proceeding. I t  w i l l  . 

be ev ident ,  from the  data summary above, t h a t  t he  l oss  o f  in format ion,  

because o f  t he  incomplete sampling on t h i s  c ru ise ,  was r e a l l y  ser ious.  

Another p o i n t  addressed by  the  1980 data i s  t h e  p o s i t i o n  o f  t he  

eastern edge o f  the  deep high-Pu l a y e r  i n  t he  N. P a c i f i c .  On Figure 
I 

IV-E-1 the  pos i t i ons  o f  the  t h r e e  re levan t  GEOSECS (1973) s t a t i o n s  are  

s e t  out:  t he  unringed s t a t i o n  a t  150°W showed no evidence o f  t he  deep h igh  

Pu l aye r ,  whereas i t  was present  a t  bo th  the  s t a t i o n  about 160°W and t h a t  

about 168OW. On the  1980 c ru ise ,  i t  was s t r o n g l y  present  a t  t he  s t a t i o n  

(one occupation) a t  163OW (double-r inged), w h i l e  a t : t h e  s t a t i o n  a t  

158O45'W (double-r inged) the  data suggest we were j u s t  a t  i t s  edge: 

The s t a t i o n  was occupied 7 times i n  t he  pe r i od  29 A p r i l  t o  17 May 1980; on 
' ' 

5 o f  these days the  high-Pu deep l a y e r  was s t r o n g l y  present,  on one i t  

was absent, c l e a r l y ,  and on one Pu concent ra t ions  were d e f i n i t e l y  . 

i nc reas ing  toward the  bottom, even though the  h ighes t  concentrat ion,  

about 0.09 dpm Pu, was l ess  than the  0.10 we u s u a l l y  use as ou r  

c r i t e r i o n .  It i s  even more i n t e r e s t i n g  when one arranges the  occupa- 

t i o n  by t ime: on 29 A p r i l  no High-Pu deep layer;, un 29/30 April t he  

beginning o f  i t s  development, and from 3 t o  17 May t h e  l a y e r  always 

present. Th is  appears t o  us t o  t i e  down the  general p o s i t i o n  of t h e  

eastern edge o f  t h i s  l a y e r  as w e l l  as cou ld  be, t o  suggest t he re  has 

bee11 no niajur- r~~uverr~ent o f  the edge f rom 1973 t o  1970, b u t  t o  h i n t ,  a t  

least., t h a t  t he  edge undergoes appreciable excursions t h a t  a re  e l  t h e r  

seasonal o r  1 unar. Fur ther  i n v e s t i g a t i o n  o f  t h i s  should be. undertaken. 



TABLE IP- -1  

PARTICULATE 'LS  TOTAL ACTINIDES AND IRON-55 ' 
I N  H. PACIFIC WATER COLUMNS - 1980 

 SAMPLE^.* ' 3 S ~ ~ ~ l ~ ~ ~ ~ ~  SOLUBLE PARTICLES 
Clhol e 

Depth uolume Water 
Sta. - m. 1 .  dpm. 100 kq Particles A . 5 " ~ e / ~ u  ,*,Pu - - 5 5 ~ e / ~ u  

* - 
Samples collected ' i n  s i t u '  w i t h  battery powered ,pump, Mlcrowynd F i l  t?r a ~ d  Mn02 

chemlsorptive cartddge 



TABLE E- E - x 

PLUTONIUM OXIDATION .STATES IN  N. PACIFIC WATER COLUCIN - 1980 

SAMPLES* 2,39p240~u i n  d i s i n t e g r a t i o n s  per  minute per 100 kg 
A 

Depth La t i t ude  REDUCED . OXIOIZED RATIO 
Sta. - m. . N. TOTAL jIII o r  IV)  j V  and/or VI)" ( v l x  J I I I - I V ) / ( V - V I )  

107 Surface 29'59.7' 0.044*0.005 . 0.020*0:.?04 0.024+0.005 

0.053*0.005 0 . 0 3 1 * 0 . j 0 4 ~  0.022*0.005 

135 Surface 30~02 .8 '  . 0.042k0.005 0.020*b.@2 0.022+0.002 

0.044*0.005 0.019k0.002 0.024+0.002 

101 Surface 24O01.5' 0.056*0.006 0.028*0.007 

116 300 30~01.2 '  0.330k0.006 . 0.171t0.008 
0.320*0.020, 0.157i0.016 

101 1 '  550 24'01.5 ' 0.595~0.04 0.162*0.011 
r: 

0.675*0.04 ' 0.235*0.010 

120 550 30~03 .0 '  0.600*0.03 0.238k0.01 . 

* Samples from 160-1. Bodman Bo t t l es ;  Pu separations ,done on sh ip  as soon as samples re t r i eved .  

A NdF3 p p t t e  In presence o f  C r ~ 0 ~ ~  and excess SO4'. 

.+ NdF3 p p t t e  a f t e r  t r e a t i n g  f i l t r a t e  from above (A) w i t h  excess FeSO4. 

NdF3 p p t t e  frbm f l l  t r r t e  a f t e r  5102 adsorpt ion (pH 7) o f  Pu 111, I V ,  V I .  



FIGURE IV -E -1  
HClRTH P A C I F I S  D!EP HIGH Pu LAYER 

EASTERN EDGE: 1973 -  A ; 1980-  
Not Present In 1973-0 

32O I I I I I 1 I I I I 

LATITUDE WEST 
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Instrumentation Development Activities 

D. M. Talbert 

There are currently six major instrumentation development ac- 
tivities in the SDP exclusive of the ISHTE project. Three of 
these activities were being actively pursued during FY 81; three 
existed in some state of suspension. These six development 
activities included the Long Coring Facility (LCF), the Pene- 
trator Survey Instrument (PSI) and the In-Situ Vane Shear (IVS) 
as active programs and the Sandia Seabed Work Platform, the Giant 
Conical Net, and the ~obile Abyssopelagic Animal Assessment Acous- 
tic Array as activities currently suspended due to funding limi- 
tations. , 

The LCF will be the only activity reported on in this section. 
The only PSI activity currently underway is discussed in the 
En~placement Studies section. The IVS development is a three 
part activity: development of a stand alone unit, a unit for the 
ISHTE simulation laboratory work, and a unit for deployment as 
part of the full scale ISHTE. Only the ISHTE simulation unit 
currently exists and is discussed in.the Thermal Response Studies 
section. 

The LCF is a joint NSF - Sandia development activity. The SDP 
commitment through FY 81 to this activity is approximately 
$629,000. This funding has supported general system definition 
and development, preliminary configuration definition, and model 
development at URI and at Sandia. Anticipated funding for FY 82 
is approximately $245,000 for the delivery of a phase one in- 
strumentation package suitable for immediate use on the standard 
piston corers and for ultimate use on the long core. 

A general overview of the project and a discussion of the model- 
ing activities are given in this section. 

INSTRUMENTATION DEVELOPMENT -.  - 

LONG CORING FACIL ITY (LCF)  

0 SANDIA SEABED WORK PLATFORM ( S W P )  

0 GIANT CONICAL NET ( G C N )  

0 PENETRATOR SURVEY INSTRUMENT ( P S I  ) 

I N  S I T U  VANE SHEP.R ( I V S  1 . 

e MOBILE ABYSSOPELAGIC A N I M A L  
ASSESSMENT P.COUSTICAL ARRAY ( M A 5  ) 
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DENVER, COLORADO 

LONG CORE FACILITY, A.H.  DRISCOLL 

The s t a t e d  ob jec t ive  of  t h e  Long Core F a c i l i t y ,  (LcF) ,  remains t h a t  of 
t h e  des ign ,  development, and production of  a  h ighly  r e l i a b l e  deep sea  coring 
system capable of recovering 50 meter long cores o f ' l l c m  diameter from oceanic 
depths while  u t i l i z i n g  a  s e l e c t  number of support ve s se l s .  Previous modeling 
work performed by Sandia has confirmed t h e  f e a s i b i l i t y  of t h i s  technique and 
t h e  cu r r en t  work i s  concerned with t h e  engineering design of t h e  var ious  sub- 
systems which compose t h e  LCF. To d a t e ,  t h e  URI' Design Group and LCF Working , 
Group have de t e rmhed  t h a t  t h e  56 meter cor ing  system can be produced u t i l i z i n g  
e x i s t i n g  technology. 

Work during t h e  FY 81 per iod  has been concentrated on t h e  refinement and 
design of an a c t i v e  p i s ton  con t ro l  system, s e l e c t i o n  of a  s u i t a b l e  b a r r e l  coupling 
design,  and design of  t h e  core head instrumentat ion systems. During t h i s  work, 
a c t i v e  i npu t  was rece ived  from t h e  computer modeling group a t  Sandia and t h e  r e -  
finement of v a r i o u ~  design concepts subsequently e f f ec t ed .  'The s t a t u s  of each 
of t h e  t h r e e  major t a s k s  pursued during FY 81 i s  a s  fol lows:  

1. Active P is ton  Control  

A t  p resent  two approaches t o  t h i s  problem a r e  being a c t i v e l y  pursued by t h e  
design group a t  U R I .  The f i r s t ,  and primary system i s  t h e  Hydrostat ic  Accum- 
u l a t o r  P is ton  (HAP) which was s e l ec t ed  f o r  development based on i t s  a b i l i t y  
t o  recover  a  usable  sample even i n  t h e  event of a  p i s ton  con t ro l  system fa i lu re .  
I n  t h i s  un l ike ly  event a  core  would be  obtained of no l e s s  a  q u a l i t y  than 
t h a t  ob ta inable  with conventional cor ing  devices 

The HAP system i s  based.on t h e  use of a parachute t o  provide a  r e s t r a i n i n g  
fo rce  un the p l s tun  d u r l l ~ g  cule1ng. The ~rlvtlull u r  Ll~e plsLu11 wuuld b e  cul~Ll.ul- 
l e d  by a  valve between t h e  evacuated upper s ec t ion  of t h e  HAP and t h e  o i l  
f i l l e d  lower s e c t i o n .  THE HAP w i l l  be capable of reducing i t s  length  during 
cor ing  thereby maintaining a  cons i s t en t  p i s ton  pos i t i on  during t h e  sequence. 
This  a b i l i t y  w i l l  compensate f o r  increases  i n  i n t e r n a l  wal l  f r i c t i o n  which 
r e s u l t  i n  co re r  plugging and sample d is turbance  i n  conventional devices.  

Development of  t h i s  design i s  a t  a  po in t  where a  reduced length  model of 
t h e  valving and body w i l l  be t e s t e d  during FY 82, along with i t s  assoc ia ted  
c o n t r o l  e l e c t r o n i c s .  

The second a l t e r n a t i v e , t h e  Free Act iva t ing  P i s ton ,  (FAP) i s  under s tudy .  
Conceptually t h i s  system would u t i l i z e  an independent p i s ton  within t h e  
b a r r e l  s t r i n g ,  bu t  un l ike  t h e  HAP t h e r e  would be no connection t o  t h e  de- 
ployment cable .  Movement of t h e  p i ~ t o n  would be con t ro l l ed  by a two s t age  
valvc l oca t cd  betwecn t h e  p i s ton  and an cvacuatcd chamber i n  t h e  core head. 

By c o n t r o l l i n g  t h i s  va lve  t h e  movement of t h e  p i s ton  can he con t ro l l ed  
during coring and would be capable of responding t o  t h e  fo rces  generated by 
sample drag i n  t h e  core b a r r e l .  



2. Barrel Coupling Design 

During FY 81 a finite element analysis of a slip over coupling and a 
wedge type coupling were performed by the Sandia modeling group. The results 
of these analysis were inconclusive as to the identification of a singularly 
superior design. Instead of further analysis a program of physical model 
testing was developed by the URI Design Group in order to identify an 
operational coupling design and to provide model confirmation for the Sandia 
group. 

Preliminary model tests utilizing full size coupling sections are currently 
being prepared in order to evaluate both coupling designs. Based on the . 
results of these tests a second series is planned for FY 82 where actual 
sections constructed of the HY 80-100 steel will be evaluated at Lehigh 
Universityusinga'5jOOO;0001b. Baldwin facility. Upon completion of these I 

 test^ a final dcsign of the coupling system will be produced. 

3. Core Head Instrumentation 

During FY 81 a suite of core head electronic systems was developed which 
would monitor both the mechanical performance of the corer and provide a 
sample quality monitoring function. The suite of instruments being developed 
include 1) Acoustic Release/Altimeter, 2) Rotation and Tilt Recorder, 3) Power 
and Control Unit, 4) Piston Motion Sensor, 5) Cable Angle Sensor, 6) Telemetry 
Package, and 7)  Deck Unit. 

Each individual i11sLrunen.t has been designed to include three distinct su'b- 
assemblies per unit. Under this design scenario the power supply and digital 
sub-assernblies are common to all instruments and the remaining sensor interface 
is the only unique sub-assembly. This approach has been taken to reduce design 
time and to provide as high a level of commonality between instruments as is 
possible. 

During FY 82 the construction of selected instrument systems- will begin and 
field testing will be accomplished before the end of FY 82. Support for the 
design of the LCF is presently a duality shared by Sandia National Laboratory 
(SNL) and the National Science Foundation, (NsF). Under this structure SNL 
directly supports the development of the core head instrumentation systems 
and the control components required in the piston control system. The NSF 
portion of the projecL is cvrlcerned with the mechanical design, of the device 
and its support equipment, i.e. the winch and cable system. 

During FY 82, due to the reduction in available research funds, attempts to 
obtain support outside of the normal funding group will be made. These attempts 
will take the form of proposal submissions to both theBedfordInstitute of 
Oceanography (~anada) and the RIjks Geologische Dienst. (.Netherlands). This 
approach was deemed practical given the status of the LCF as a scientific 
facility rather than a single purpose device. 

The attached figures disp1n.y the system configuration as of October 1981 
along with details of the various components under development. 



LONG CORING FACILITY 
GENERAL CONFIGURATION OF SYSTEM 

91,000 kg. 
0-300 MPM 

TRACTION 

I ,  

HORIZONTAL OCEANOGRAPHIC RESEARCH VESSEL 
I t ; i ; L ~ b ~ v  ti I'U I LN I I A L  U3C1'13 IDCNTlr lED 

5 7 0 0 0  M LENGTH POLYESTER 

t- C A B L E  DOUBLE BRAID 
7 0  m m  DIA. 
95,000 kg. BREAK STRENGTH 

RIBBON PARACHUTE SUPPORT SYSTEM 
66 M DIAMETER ,40 M* AREA 
(DEPLOYED NEAR BOTTOM ) 

3 X  19 W l RE ROPE SECTION 
3 8 m m  DIAMETER 
75,682 k . ELASTIC 
100,909 &g. BREAK STRENGTH 

9 
-SEMI-STREAMLINED CORE WEIGHT 

WITH INTERNAL CABLE STORAGE 
AND INSTRUMENTATION 

STEP TAPERED BARREL STRING 
120 m m  1.0.-222 mm,171 m m  ,and 146mm O.D.'s 
MATERIAL: HY-100 or EQUIVALENT 

ACTIVE PISTON CONTROL DEVICE INSIDE BARREL 
(HYDROSTATIC ACCUMULATOR PISTON) 



STEEL CABLE 
PARACHUTE 



HYDROSTATIC ACCUMULATOR P I  STON (HAP) 

ALWAYS GET CORE - EVEN IF IT DOESN'T WORK 

I~INIMAL MAINTENANCE - REPLACE ENTIRE H.A.P,  AT SEA 

REQUIRES VALVE OPERATION AT 10,000 P S I  
VALVE OPERATES IN A CLEAN ENVIRONMENT 

HIGH RELIABILITY 

REQUIRES MINIMAL R & D - OTHER THAN VALVE 

REQUIRES PARACHUTE 2 SEPARATE CABLE 

PHYSICAL SIZE REQUIRES H,A,P,  TO EXTEND INTO CORE 

WEIGHT AFTER PENETRATION 

EASY ADAPTABIL ITY  TO OTHER P IST f lN  GflRFRS 

HAP VAl  VF 

HIGH FLOW RATE - 200 GPtl  
OPERATE AT HIGH PRESSURE - 10,000 P S I  
QUICK RESPONSE - 0.05 ~0..0,10 SEC, 
SMALL SIZE - LESS THAN 3 INCH DIAMETER 

FREE PISTON 

L 

IF IT DOESN'T WORK - NOR CORE 

Id0 PARACHUTE OR CABLE TO PISTON REQUIRED 

TWO STAGE SERVOVALVE USED 

VALVE OPERATION AT 10,000 PSI  REQUIRED 

VALVE MAY REQUIRE SOME DEVELOPMENT 

REQUIRES CHAMBER (s)  TO STORE BARREL WATER 

ALSO NEEDS CHAMBERS FOR HYDRAULIC OIL ii NITROGEN 

~ E D U C C S  CORE W C I  GkiT AVA I  LADLC VOLUHE 

CONCEPT REQUIRES PIPING OR HOSES, FITTINGS, ETC.  

POSSIBLE FOULING OF VALVE SECOND STAGE WITH DEBRIS 

COULD BE A PROBLEM 

MAINTENANCE REQUIRED - MORE THAN H ,A .P .  
REQUIRES MORE DEVELOPMENT THAN 1 1 .  A ,  P ,  



PISTON CONTROL 
FREE PISTON 

SEAWATER 7 ,N2 AT PRESSURE 

SERVOVALVE 

CONTROL 

SUPPLY PRESS. 

SERVOVALVE 

RUBBER BOOT 
TO M A I N  RESERVOIR 

F T  VACUUM 



WEDGE TYPE COUPLING 

FASTNERS 7 

/- 
COUPLING 

\ 
CORE BARREL CORE BARREL 

G - 
F_ 

SLIP OVER COUPLING 

CORE B A R R E L  CORE BARREL 

CORE BARREL MATERIAL 

CORROSION RESI S T A K E  

FATICUE BEHAVIOR 

MACHINABILITY 

FRACTURE TOUGHNESS ON IMPACT AT COLD TEMPERATURES 

HIGH Y IELD STRESS 





ACOUSTIC R F I  F A S E  F U N C T I O N S :  

1 1 ~ ~ ~ ~ ~ ~ ~  DISTANCE FROM CORE WEIGHT TO SEDIMENT 

DETERMINES RELEASE A L T I T U D E  

ACTIVATES MECHANICAL RELEASE MECHANISM 

S I G N A L S  OTHER INSTRUMENTS 

FUNCTION BEFORE RELEASE: 
PROVIDE TILT STATUS AND SPIN STATUS 

S I G N A L S  TO T H E  TELEMETRY SYSTEM 

ESTARLI SH NORTH REFERENCE 

FUNCTION DURING PENETRATION : 
RECORDS HEADING vs TIME 

R E C O R ~ I N G  RATE OF 20 SAMPLES PER SECOND 

F U K T  I O N  AT PULLOUT : 
PROVIDE TILT ANGLES AND FINAL HEADING DATA 

10 THE TELEMETRY SYSTEM 

APPLICATION;  
SAMPLE DOCUMENTATION 

CORER CONTROL 



SIGNALS: 
m 

TWO COMPONENT SYSTEM 
1 - CORE HEAD TELEMETRY EQUIPMENT 
2 - SHIPBOARD TELEMETRY EQUIPMENT 

INSTRUMENT POWER ON 

~NSTRUMENT POWER OFF 

Aux 1 * 
Aux 2 * 

CORFR TO S H I P  

#O ALARM ':* 
TILT ALARM ee 

SPIN ALARM 

SONAR BOTTOM ACQU 1 S I T  I ON 

RELEASE CONFIRMATION 

SLOW S E R I A L  DATA OR 

EQUIVALENT (AT PULLOUT) 

AUX ! REPLY 

AUX 2 REPLY 

* TWO A U X I L I A R Y  COMMANDS ARE INCLUDED W I T H  REPLY S I G N A L S  FOR 

TEMPORARY 

EXPERIEMTNS "RIDING" THE CORER FROM TIME TO TIME 

.@ ** ANY ONE OF THESE THREE STATUS SIGNALS ALSO SERVES A S  A POWER 

ON I N D I C A T I O N .  

PISTON CONTROI SYSTFN FOR H.A,P, 

CONTAINED WITHIN THE H.A.P.  
SELF-POWERED DURING PENETRATION 

CONTROLS CONTRACT I ON RATE OF H ,A ,  P , BY MODULATION 

THE DUTY CYCLE OF THE CONTROL V A L V E .  

ACTIVATED B Y  P I  STON L I F T I N G  OFF MECHANICAL STOPS 

ABOVE THE CORE-CUTTER 

SONAR MONITORS DISTANCE TO SAMPLE SURFACE, 

CORER CnNTRBL 
SAMPLE DOCUMENTATION 



RETH I EVES AND RECORDS DATE FROM RECORDING INSTRUMENTS 

ON CORER 

USED FOR G U l C K  F I R S T  E X A M I N A T I O N  OF DATA, 

U S I N G  ANY S E R I A L  T E R M I N A L ,  

IIAY BE USED TO LOAD THE RECORDED DATA INTO SOME 

OTHER COMPUTER OR A N A L Y S I S  SYSTEM. 

NAY BE USED TO PRESET OPERATIONAL PARAMETERS OF THE 

CORER INSTUMENTS,  

FRIMARY FUNCTION IS TO RECORD DATA FROM CERTAIN uk IHE CORCR 

INSTRUMENTS WHICH THEMSELVES PERFORM I N  - S I T U  DATA RECORDING, 

1 ~ 1 3  D A T A  1 E  RECORDED nN I l I G I T A L  CASSETTES, AND MAY B E  DOWN LOADED 

TO O T l l C n  IElSTRUMENTs FOR A N A L Y S I S .  

PROTABLE, BATTERY OPERATED 

;:IARlc.s n A T A  RECORDS W I T H  INSTRUMENT I D E N T I  F 1CATION.r T I M E  D A T E  CODES 

SEALED I.INIT,m INTENDED FOR USE I N  WET DECK C O N D I T I O N S ,  



SYSTEM COST PER DAY AT SEA 

COST PER 5 0 ~  CORE IN 5 0 0 0 ~  

HOURS REQUIRED TO OBTAIN 

5 0 ~  SAMPLE AT ( 5000~ )  DEPTH 

VESSEL ALTERTATIVES AT 

PRESENT 

SCHEDULING TIME FOR ACCESS 

TO SYSTEM 

FLEXIBILITY OF VESSEL TO 

PERFORM R O U T I N E  S C I E N C E  

CORES THAT CAN BE ACQUIRED 

PER DAY (24 HOURS) 

SAMPLE DIAMETER 

SAMPLE AREA 

5 0 ~  SAMPLE VOLUME 

SYSTEM COMPONENTS AVAIL, 

FOR OTHER A P P L I C A T I O N S  

CORE/DR I LL STR ; NG 

INSTRUMENTED TO MONITOR 

SAMPLE Q U A L I T Y  

L C F  

30,000 10,000 (INCLUDING OPERATOR 

40,000 2,000 

32 5 
DYNAMICALLY POSITIONED 

DRILL SHIPS 6 

VARIABLE, BUT NORMALLY 

LONG L E A D  T I M E  1 YEAR 

DEDICATED TO D R I L L I N G  FULLY V E R S A T I L E  

OR HPC A L L  ASPECTS 

1 2 TO 3 (100-150~) 

6 ,4  CM 11,4 CM 

12,5 C M ~  45 C M ~  

1 ~ 7 1 ~ ~  6 , 1 3 ~ 3  

NO-DRILL SHIP CAN BE YES-WINCY SYSTEM, 

USED FOR OTHER PURPOSES, BARREL SECTIONS, 

I , E ,  LOGGING E T C ,  INSTRUMENTATION 

DOWN HOLE COMPASS COMPASS, ROTAT I O N  

HEAT FLOW I N  FUTURE A L T I T U D E ,  I N C L I N A T I O N  

I N - S I T U  SAMPLE Q U A L I T Y  

MON I TOR 



SYSTEM COST I N  DOWN 

PHASE PER DAY 

ABILITY TO USE MODIF IED  

SYSTEM TO OTHER VESSELS 

(LESS THAN SUM) 

WATER DEPTH LIMITS 

1  EATHE HER LIMITATIONS 

USE AS TOOL FOR 

HCG 1 ORAL STUD I E 3  

~IAXIMUM SEDIMENT SHEAR 

STRENGTH 

MAX I MUM SAMPLE LENGTH 

ACHIEVEADLE 

DYNAMICALLY POSITIONED ~IOST OF UNOLS FLEET 

DRILL SHIP 

MIN 5 0 0 ~  WITH 6 9 0 0 ~  MAX 

HIGHLY USEFUL 
LIMITED BY c u s ~  

MAJOR ADVANTAGE 

1200 G M / C M ~  WITH PENE- ' 

TRAT ION 

TO 3000 G M / C M ~  WITH RETARDED 

STROKE, REGS, ADDIT IONAL  LOWERING 

TO ACHIEVE DEPTH 

9 . 5 ~  SECTION PER STROKE (SOFT 

SEDIMENT) SHORTER IN STIFF 5 0 - 6 0 ~  SAMPLE 

MATERIAL RECOVERY SINGLE 

STROKE 



Modeling Studies For Long Coring Facility 

C. H. Karnes, S. N. Burchett, E. A. Aronson - Sandia National Labs 

The computer modeling studies for the Long Coring Facility has 
been in two areas during FY'81. The first is a refinement of 
the structural response affecting buckiing and bending due to , 
non-normal entry into standard and 50 percent stiffer sediments, ,. 
and the second is the development of a model for the transient 
response of the hydraulic actuator piston control system. 

The bending response is presented for the geometry presented in 
Fig. 1 identified as Corer F1 having a 13 mm wall thickness in 
the lower section 25 mm in the center and 63.5 rnrn in the upper 
section. Since the 50 m long corer is very long and slender 
and may not be released in exactly a vertical orientation, the 
'calculations have been performed for orientations deviating 
from vertical by up to three degrees. Figs. 2 and 3 show the 
lakeral deflection and bending stresses for the core barrel as 
a function of entry angle measured from vertical. It shows 
that the addition.of a drag term due to the lateral motion of 
the weight stand has a negligible effect on the peak bending 
deflection. 

The results represented by the circles and squares are for 
penetration into the sediment considered standard for the LCF 
design, that from LL44-GPC3 having a logarithmic function of 
sediment depth. A set of calculations was also done for a 
sediment which was 50 percent stiffer than the standard sediment 
to determine its response to a surprisingly stiff sediment. 
Fig. 3 shows that even a 1.5 degree entry angle into the 
atai ldard aediment will eausc a 3 t r c 3 3  of 300 IIPa vrhioh io tho 
yield stress for mild steel. These calculations predict uniform 
bending stress neglecting the effects of stress concentrations 
in joints and couplings. It is concluded that entry angles must 
be controlled very carefully and even with a barrel wall thick- 
ness of 63.5 mrn in the upper 15 m section, a medium-to-high 

' 

strength steel must be used with careful attention paid to 
coupling stress concentrations. 

For the analysis of the piston control system, it is important 
to recall that the piston must be held stationary once the corer 
enters the sediment in order to prevent mechanical distortion of 
the core sample. One of two proposed piston control systems is 
the hydraulic actuator piston which is attached to a parachute 
similar to that used on LL44-GPC3. 



The p a r a c h u t e  used a l o n e  a s  a  p a s s i v e  p i s t o n  r e s t r a i n t  would 
be p u l l e d  down s e v e r a l  me te r s  by t h e  f o r c e  r e q u i r e d  t o  hold t h e  
p i s t o n  s t a t i o n a r y .  The h y d r a u l i c  a c t u a t o r  shown s c h e m a t i c a l l y  
i n  F i g .  4 c o n t a i n s  t h e  p i s t o n  ( lower p a r t  o f  Uni t  2 )  and a  low 
p r e s s u r e  c a v i t y  (Uni t  1). The ambient p r e s s u r e ,  Pw, p r e s s u r i z e s  
t h e  o i l  r e s e r v o i r  i n  Uni t  2 and s u p p l i e s  t h e  energy t o  c o n t r a c t  
t h e  a c t u a t o r  a s  t h e  c o n t r o l  v a l v e  d i s c h a r g e s  t h e  o i l  i n t o  t h e  low 
p r e s s u r e  c a v i t y .  The c o n t r o l  v a l v e  r e c e i v e s  i t s  s i g n a l  from an 
a c c e l e r o m e t e r ,  i n t e g r a t o r  and microprocessor  l i m i t  i n t o  Uni t  2 .  
T h i s  feedback c o n t r o l  loop  opens and c l o s e s  t h e  c o n t r o l  v a l v e  
i n  such  a  way t o  keep Uni t  2 ,  t h e  c o r i n g  p i s t o n ,  a t  ze ro  v e l o c i t y .  
A shor t - r ange  a c o u s t i c  d e v i c e  b u i l t  i n t o  Uni t  2 de te rmines  t h e  
v e l ~ c i t y  of Uni t  2 a s  it approaches t h e . s e d i m e n t  a f t e r  c o r e r  
t r i p  and a f t e r  t h e  p a r a c h u t e  l i f t s  t h e  h y d r a u l i c  a c t u a t o r  p i s t o n  
o f f  i t s  e l e c t r o n i c  s t a r t  swi tch .  T h i s  s u p p l i e s  t h e  e l e c t r o n i c  
i n t e g r a t i n g  c i r c u i t  w i t h  an i n i t i a l  v e l o c i t y  so  t h a t  t h e  p i s t o n  
can be c o n t r o l l e d  t o  z e r o  v e l o c i t y .  

A p r e l i m i n a r y ,  t r a n s i e n t  a n a l y s i s  of  t h e  c o n t r o l  system has  been 
accomplished by o b t a i n i n g  a  numerica l  s o l u t i o n  t o  t h e  set o f  
coupled  d i f f e r e n t i a l  e q u a t i o n s  which d e s c r i b e  t h e  motion of  
U n i t s  1 and 2 .  The motion of Uni t  3 ,  t h e  c o r e  b a r r e l  i s  p re -  
s c r i b e d  a s  a  r e s u l t  of  a  p r e v i o u s  s o l u t i o n  w i t h  t h e  p i s t o n  being 
he ld  f i x e d .  The fo l lowing  e f f e c t s  a r e  cons ide red :  pa rachu te  
d r a g ,  buoyancy, mass changes of U n i t s  1 and 2 ,  p r e s s u r e  d i f f e r e n c e s ,  
f r i c t i o n  between components and between t h e  c o r e  sample and c o r e  
b a r r e l ,  t h e  sediment s h e a r  s t r e n g t h  v e r s u s  d e p t h ,  and t h e  sediment 
b e a r i n g  c a p a c i t y .  

F i g .  5 shows t h e  r e s u l t s  of t h e  f i r s t  s e r i e s  o f  ca l~cuJ .a t ions  f o r  
t h e  p i s t o n  p o s i t i o n  v e r s u s  t i m e  a f t e r  t h e  c o n t r o l  system i s  
t u r n e d  on. The g a i n  shown a s  a  parameter  i s  t h e  f a c t o r  r e l a t i n g  
t h e  p i s t o n  v e l o c i t y  ( t o  be c o n t r o l l e d  t o  z e r o )  t o  t h e  s i g n a l  which 
d r i v c a  t h e  o o n t r o l  v a l v e  open. These results show that a g3i.n nf 
100 i s  r e q u i r e d  t o  keep t h e  p i s t o n  s t a t i o n a r y  w i t h i n  t h e  10  c m  
g o a l  ., 

F u t u r e  work on t h e  mechanical  r e sponse  of t h e  c o r i n g  system w i l l  
be t o  conf i rm t h e  v a l i d i t y  of t h e  f i n a l  mechanical des ign .  Ad- 
d i t i o n a l  a n a l y s e s  of  t h e  h y d r a u l i c  a c t u a t o r  p i s t o n  c o n t r o l  sys -  
t e m  w i l l  be performed t o  de termine  t h e  s e n s i t i v i t y  t o  o t h e r  
c o n t r o l  pa ramete r s  such a s  c o n t r o l  v a l v e  re sponse  c h a r a c t e r i s t i c s .  
An e f f o r t  w i l l  a l s o  be i n i t i a t e d  t o  a n a l y z e  t h e  response  o f  t h e  
f r e e  p i s t o n  c o n t r o l  concep t  which a l s o  u s e s  t h e  ambient p r e s s u r e  
a s  a  power source .  



FIG 

FIG. 1 Stepped Tapered Barrel Geometry 
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FIG. 3 Bending S t r e s s  Due T o  Non-Normal E n t r y  



F I G .  4 Schemat ic  O f  H y d r a u l i c  A c t u a t o r  P i s t o n  C o n t r o l  System 
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X I I .  TRANSPORTATION STUDIES 

'Fechnica l  Program C o o r d i n a t o r :  D. R .  Anderson 

Conceptua l  S h i p  Design 

C .  G .  S h i r l e y ,  SNLA: M .  Miller and C .  C h r y s s o s t o m i d i s ,  
Massachuse t t s  I n s t i t u t e  o f  Technology 393 



SUBSEARSD NUCLEAR WASTE DISPOSAL CONCEPT'\IAL SHIP DESIGN 

C. G. Sh i r l ey  
Transpor ta t ion  System Development and Tes t ing  D i v i s i o n  4553 

Sandia Nat ional  Labora to r ies  

M. M i l l e r  and C. Chryssostomidis 
Nuclear Engineering and Ocean Engineering Departments 

Massachussetts I n s t i t u t e  o f  Techno1 ogy 

ABSTRACT , 

Concepts f o r  t r anspo r t i ng  r a d i o a c t i v e  waste by sh ip  from a spec ia l i zed  p o r t  

f a c i l i t y  t o  an ocean s i t e  f o r  d isposal  i n  t h e  subseabed have been i nves t i ga ted  t o  

devel op a re fe rence  t r a n s p o r t a t i o n  system f o r  r i s k  ana l ys i s  purposes. The inves-  

t i g a t i o n  inc luded sh ip  design requirements, r a d i o a c t i v e  ma te r i a l  s torage methods, 

and methods o f  hand l ing  t h i s  ma te r i a l  du r i ng  l oad ing  a t  t he  p o r t  and i n  prepara- 

t i o n  f o r  emplacement i n  t he  subseabed. I n  t h i s  phase o f  t h e  work, emplacement o f  

f ree- fa1  1 penet ra to rs  was assumed. The design concept has been developed f rom 

a rev iew o f  e x i s t i n g  and developing technologies f o r  handl ing and storage o f  

r a d i o a c t i v e  ma te r i a l  s  and from cons idera t ions  o f  sh ipboard  cond i t ions .  The con- 

cep t  incorpora tes  t r a n s f e r  casks f o r  1 oading t he  sh ip  w i t h  assembled penetrometers, 

a  water pool f o r  s torage aboard sh ip  w h i l e  i n  t r a n s i t ,  and i n d i v i d u a l  drop s t a t i o n s  

i n  the  pool f o r  t he  penetrometers. The concept i s  descr ibed a t  a l e v e l  o f  d e t a i l  

which e luc ida tes  t h e  main ideas; t h e  d i r e c t i o n  o f  f u r t h e r  analyses which would be 

requ i red  i n  o rder  t o  c a r r y  concept development forward i s  a l s o  ind icated.  

For t he  purposes o f  t h i s  study, r a d i o a c t i v e  waste i s  considered t o  be e i t h e r  

spent f u e l  (SF) from l i g h t  water r eac to rs  (LWRs) o r  the  h igh  l e v e l  waste (HLW) 

which der ives  from reprocessing t h a t  fue l .  I n  bo th  cases, i t  was assumed t h a t  t h e  

fuel  was ou t -o f -core  f o r  a minimum of t en  years, and t ha t '  i t  was encapsulated i n  

a form s u i t a b l e  f o r  f i n a l  d isposal  i n  t h e  subseabed. 



I 
Main concl usi ons and recommendations include: 

A water pool i s  the obvious choice for storaqe of the penetrometers . 

aboard ship. In particular, the requirements for radiation shielding, 

cr i t ica l i ty  control, and decay heat removal can be easily met. Never- 

theless, i t  would be worthwhi,le t o  investiqate the possibility of 

adopting the convection vault dry storage method for this application. 

The transfer cask method for ship loading and the individual drop- 

station method for disposal a t  sea have two main advantages: 

a )  a reduction i n  the number of waste canister and penetrator 

handling operations aboard ship b o t h  in dock and a t  sea, and 

h )  a simple penetrator release mechanism, consisti.ng of a two- 

step valve operation., 

Further, work t o  he done in the area of penetrometer/disposal technique 

design, and loading operations a t  port: 

a )  Improvements in penetrator design. incl udi'ng : incorporation of 

booster and el ectronic monitoring devices, analysis of pos~ibl e 

ddr!rayt! on irnpaot w l t h  the sea bed. 

h )  Dctail cd investigation of ball valve design, 1 eakage rates, torque 

requirements, actuator devices, space requlrements, manufacturing, 

instal 1 ation and maintenance costs. 

c )  Uesign of cranes and  control systems for the shore-ship cask transfer. 

d )  Development of technology concepts for alternate disposal techniques. 

Prel iminary results support the feasihil i ty of the shi,p design. However, 

areas of uncertainty exist,  especially i n  the prediction of loads on the 

ship. I t  i s  recognized that the calculations performed need refinement 

in view of the unconventional nature of the ship t o  be designed. A fur- 

ther detail ed s ta t ic  analysis (for  the s t i l l  water bending and torsional 



moment) and a  p r o b a b i l i s t i c  ana l ys i s  ( f o r  wave induced bendinn and 

t o r s i o n a l  moments) should f o l l o w  i n  t h e  nex t  phase o f  t h e  Subseabed 

Program. Other impor tan t  analyses t o  be performed i nc lude  seakeeping 

ana lys is ,  f loodabl  e  1  ength and damaged s t a b i l i t y ,  f a t i g u e  ana lys is ,  

o p t i m i z a t i o n  s tud ies  f o r  sh ip  parameters and ' s t r u c t u r a l  op t im i za t i on  

and an economic eva lua t i on  of  t h e  system. Seakeepdng ana l ys i s  perhaps 

i s  t h e  nex t  major study t h a t  needs t o  be undertaken because i t  w i l l  , 

deterwine t h e  opera t ing  c h a r a c t e r i s t i c s  o f  t h e  proposed vessel.  The 

present  concept i s  adequately developed, however, t o  support t ranspor-  

t a t i o n  system r i s k  analyses. 



SUBSEABED NUCLEAR WASTE DISPOSAL 

- .  

CONCEPTUAL SHIP DESIGN 

OBJECTIVES 

EXAMINE EXISTING SYSTEMS AND DEVELOP NEW 

CONCEPTS FOR SEA TRANSPORT ANDSHIPBOARD 

HANDLING OF NUCLEAR WASTE 

ASSIST IN PLANNING TECHNOLOGY DEVELOPMENT 

TASKS 

EXAMINE SHIP DESIGN FEATURES AND REQUIREMENTS 

REVIEW fJiiIPB6ARD 3TORAOC UI ' I  IUNtS 

EVALUATE SHIPBOARD HANDLING METHODS 

EXAMINE SAFETY FEATURES AND REQUIREMENTS 



OVERLAND TRANSPORTATION TO PORT FACILITY 

SHORESIDE STORAGE ANDPREPARATION 

t TRANSFER TO SHlP 

SHIPBOARD STORAGE AND MONITORING IN TRANSIT 

OFF-LOADING FOR SUBSEABED EMPLACEMENT 
. - 

SHORESIDE STORAGE AND PREPARATION 

RECOMMEND WASTE CANISTER PREPARATION FOR 

DISPOSAL BE PERFORMED AT THE PORT FACILITY 

MINIMIZE SHIPBOARD HANDLING AND EQUIPMENT 

REQUIREMENTS 

INCLUDE PENETROMETER ASSEMBLY 

TRANSFER TO SHlP 

TUNNEL TRANSFER - NOT RECOMMENDED 

DEGRADATION OF SHlP STRUCTURAL 

INTEGRITY 

DIFFICULTY IN SHlP BALLASTING, 

ALIGNMENT. AND MATING 

TRANSFER CASK - PREFERRED METHOD 

DEMONSTRATED TECHNOLOGY 



DRY AIR-COOLED VAULT - REQUIRES FURTHER ANALYSIS 

WET POOL STORAGE - BASIS FOR CURRENT CONCEPT 

WET POOL STORAGE CONCEPT 

r CAPACITY - 512 PCNCTnOMETERS 

SHIELDING - 3.0 METEHS UF WATER 

DECAY HEAT REMOVAL - 300 GPM FLOWRATE 

CHI I ICALITV CONTROL - WORST CAGE Koff  

LESS THAN 0.95 

4Bm 

TOP VlEW 

! 

SIDE VlEW 

3.0m 

t z 

PENETROMETER RACK 
b 



OFF-LOADING FOR SUBSEABED DISPOSAL 

PENETROMETER EMPLACEMENT - FREE-FALL DROP 

PEVETROMETER RELEASE CONCEPTS: 

CONVEYOR 

SLIDING RACK 

CAROUSEL 

FIXED RACKICRANE 

FIXED RACKIINDIVIDUAL DROP STATIONS 

LOCKING RING- 

PENETROMETER 

BALL VALVES 

VENT 3- - TO PUMP 

I 
PENETROMETER RELEASE MECHANISM 



CONCEPTUAL SHlP DESIGN 

BREADTH - 30m 

LENGTH - 200m 

DRAFT - l l m  

SPEED - 16 knots 

DISPLACEMENT - 5 1200 tonnes 

HOLD STRUCTURAL FEATURES 
- .  - 

CLOSED CELLUAR WING TANKS 

LONGITUDINAL AND COLLISION BULKHEADS 

CONCLUSIONS AND RECOMMENDATIONS 

PENETROMETER ASSEMBLY. AT PORT FACILITY 

SHlP LOADING BY TRANSFER CASK 

WATER POOL STORAGE ABOARD SHlP 

INDIVIDUAL PENETROMETER DROP STATION6 

NEXT IMPORTANT STEP IN SHlP DEVELOPMENT: 

SEAKEEPING AND DETAILED STRUCTURAL 

ANALYSES 
sadia Latmtaies 



X I I I .  SOCIAL ENVIRONMENT (LEGAL AND INSTI'IUTIONAL) 

T e c h n i c a l  Program C o o r d i n a t o r s :  D.  R .  Anderson 
K .  R .  Hinga 

I n t r o d u c t i o n  - Overv iew and  Program P l a n  

K .  R .  H inga ,  Anachem, I n c .  

P u b l i c  E d u c a t i o n  a n d  P a r t i c i p a t i o n  

J .  E. K e l l y ,  U n i v e r s i t y  o f  New Hampshire  

Management Sys tems  

L. S u s s k i n d ,  M a s s a c h u s e t t s  I n s t i t u t e  o f  Technology  

L e g a l  Comments 

H .  Herrmann 
( p r e s e n t e d  by K .  R .  H i n g a )  



I n t r o d u c t i o n  - Overview and Program P l a n  
K .  R .  Hinga,  Anachem, I n c .  

A b r i e f  overv iew o f  t h e  d r a f t  Program P l a n  f o r  t h e  S o c i a l  
Environment ( R e g u l a t o r y  and I n s t i t u t i o n a l  S t u d i e s )  was p r e s e n t e d .  
The T a b l e  of  C o n t e n t s  ( F i g u r e  1) shows t h e . o r g a n i z a t i o n  of  t h e  
p r o j e c t .  

The Re fe rence  R e g u l a t o r y  System ( T a b l e  1) was chosen  t o  
a t t e m p t  t o  a n t i c i p a t e  t h e  problems and t ime  n e c e s s a r y  t o  
implement an adequa te  r e g u l a t o r y  regime.  The London Dumping I 

Convent ion was i d e n t i f i e d  a s  t h e  most l i k e l y  v e h i c l e  f o r  hav ing  . 
t h e  l e g a l i t y  o f  t h e  subseabed d i s p o s a l  concep t  f o r m a l l y  
e s t a b l i s h e d .  The Educa t ion  programs ( F i g u r e  2 )  have a l r e a d y  
s t a r t e d  w i t h  s c i e n t i s t s  and d e c i s i o n  makers ,  and i n  t h e  n e x t  few 
y e a r s  w e  w i l l  c o n c e n t r a t e  more e f f o r t s  on i n t e r e s t  g r o u p s  and  t h e  
g e n e r a l  p u b l i c .  



LEGAL AND REGULATORY l OP I cs 

CLAR I.F I CAT I ON or: LEGAL REG I ME 

NEPA 

LICENSING 



Table 1-Reference Regulatory System 

OPERATION TYPE OF DATE REGULATORY BODY * 
RE GU LAT I ON REGULATIONS U.S. INTERNATIONAL 

NEEDED 
--- --------------------------.---- 

REPOSITORY AND 
EMPLACEMENT 

REPOSITORY AND 1988 
WASTE PACKAGE 
PERFORMANCE 

EPA LDC 

MONITORING 
~ - - 

TYPE AND 1398 
FREQUENCY 

NOAA NE A 

DOCK FACILITY 
AND SHIPS 

WORKER SAFETY 1998 
EXPOSURE LIMITS 
SHIP SAFETY 

OSHA 
NRC 
USCG IMCO 

LAND TRANSPORTATION SHIPPING 
REGULATIONS 

DOT 
1998 NRC 

PACKAGING FACILITY SAFETY AND NRC 
QUALITY ASSURANCE 1998 OSHA 

MANAGEMENT 1398 DOE NEA 
------ - --- 

*EPA-Environmental Protection Agency 
LDC-London Dumping Convention 
NEA-Nuclear Energy Agency 
OSHA-Occupational Safety and Health Agency 
NRC-Nuclear Regulatory Commission 
USCG-U.S. Coast Guard 
IMCO-Intergovernmental Maritime Consultive Organization 
DOT-Department of Transportation 



Sector of the Puklic ----------- 

Scientists 
Physical 
Engin.eering 
Soc ia 1 

Government Decision-Makers 
Advisory Agencies 
Regulatory Agencies 
Congress 

Interest Groups 
Environnental Groups 
Industry Groups 

General Public 

Appropriate ?lodes of Communication 

Program Invo lvernsnt 
Peer-reviewed Pub~ications 
Presentat ions 
Workshops 

Briefings 
Congressional He3rings 
FJorkshops 
SDP-Publications 
Information 3xchmges 

Briefings 
TVoxkshops 
SDP-Publications 
public Meetings 
Mass Xedia 
Program Involvement 

SDP-Publications 
Public Meetings 
Mass Fedia 

Figure 2. 



A b s t r a c t  

Annual R e p o r t ,  FY 8 1  

P u b l i c  E d u c a t i o n  and P a r t i c i p a t i o n  

A s  p r e s c r i b e d  i n  S t e p  1 of  t h e  P u b l i c  E d u c a t i o n  and  
P a r t i c i p a t i o n  P r o c e s s  ( a t t a c h m e n t  I), i n d u s t r y ,  p u b l i c  
i n t e r e s t  g r o u p s ,  and  d e c i s i o n - m a k e r s  were b r i e f e d  a b o u t  
t h e  Subseabed  D i s p o s a l  Program.  I n  r e g a r d  t o  p u b l i c  
i n t e r e s t  g r o u p s ,  D r s .  H o l l i s t e r  and K e l l y  were i n v i t e d  
t o  p r e s e n t  t h e  t e c h n i c a l  and  p o l i c y  a s p e c t s  o f  t h e  Subseabed  
Program a t  a  p u b l i c  forum i n  Hawaii  s p o n s o r e d  by t h e  H a w a i i  
League o f  Women V o t e r s ,  t h e  H e a l t h  P h y s i c s  S o c i e t y ,  and t h e  
East-West C e n t e r .  The s p o n s o r s  v i d e o t a p e d  t h e  forum f o r  a  
f i l m ,  e n t i t l e d  "Slowly  Dying Embers:  R a d i o a c t i v e  Waste and 
t h e  P a c i f i c , "  which  w i l l  b e  shown on t e l e v i s i o n  i n  H a w a i i .  
I n  r e s p o n s e  t o  r e q u e s t s  f o r  i n f o r m a t i o n  abou t  t h e  Subseabed  
Program,  C o n g r e s s i o n a l  S t a f f ,  R e p r e s e n t a t i v e s ,  and  S e n a t o r s  
( a t t a c h m e n t  2 )  were b r i e f e d  abou t  t h e  Subseabed  Program a s  
l e g i s l a t i o n  r e l a t e d  t o  t h e  Program moved t h r o u g h  Congres s  
( a t t a c h m e n t  3 ) .  S c i e n c e  o r i e n t e d  p u b l i c a t i o n s  a l s o  were 
c o n t a c t e d  a b o u t  t h e  Program ( a t t a c h m e n t  4 ) .  

S u b m i t t e d  by 
P r o f .  John  E .  K e l l y  
Complex Sys t ems  R e s e a r c h  C e n t e r  
O'Kane House 
Univ .  o f  N e w  Hampshire  
Durham, NH 03824 



Attachment 1 

public Education and Participation Process 

3TEF 1 DRIEPING3 WITH INDU3TRY, PUBLIC INTEREST 

GROUPS, AND DECISION-MAKERS (1981---) 

STEP 2 WORKSHOPS WITH SUBGROUPS FROM STEP 1 

( 1982-84) 

STEP 3 SCOPING SESSION WITH STEP 2 PARTICIPANTS 

AND OTHER INTERESTED PARTIES (1985-86) 

S'yEP 4 PUBLIC PARTICIPATION UNDER THE NATIONAL 

ENVIRONMENTAL POLICY ACT (NEPA) (1986-88) 



Attachment 2 

Public Participation in the Subseabed Program FY 81 

Participants: 

Industry 

Electric Power Research Institute (EPRI) 
Gulf States Utilities 
Potomac Electric Power Company (PEPCO) 

Public Interest 

Hawaii Health Physics Society 
League of Women Voters: 
League of Women Voters - Hawaii 

Senate : 

Asseltine, Jim 
Staff-Environment and Public Works' 
Nuclear Regulation Subcommittee 

Burgess, Barbara 
Legislative Assistant (L.A.) to Sen. Laxalt (R-NV) 
(Appropriations Committee) 

Chakoff, Elliot 
staff-~nergy Committee 
(Sen. McClure R-ID) 

Cooper, Ben 
Staff-Energy Committee 
(3en. Johnston D-LA) 

Crow, Stcvc 
Staff-Appropriations' Energy and 
Water Subcommittee 
'(Sen. Hatfield R-OR) 

Freihoffer , Dan 
L . A .  to Sen. Humphrey (R-NH) 
(Energy Commit tee) 



Gilman, Paul 
Staff-Energy Committee 
(Sen. Domenici R-NM) 

Gleason, Jack 
L.A. to Sen. Weicker (R-CT) 
(Appropriations, Energy Committees) 

Granger, Dick 
L.A. to Sen. Hatfield (R-OR) 
(Appropriations, Energy) 

Gwaltne , David P Staf -Appropriationso Energy and 
Water Subcommittee 

Jordan, Jim 
L.A. to Sen. Stennis (D-MS) 
(Appropriations) 

Lane, Carol 
Staff-Sen. Schmitt (R-NM) 
(Appropriations, Commerce) 

Maginnis, Tom 
L.A. to Sen. Hatfield 
(Appropriations, Energy) 

McCluskey, Bill 
Staff-Commerce's Ocean Policy Study 
(Sen. Packwood R-OR) 

Moore, Curtis 
Staff-Environment and Public Works' 
Toxic Substances Subcommittee 

Peterson, Andy 
L.A. to Sen. Rudman (R-NH) 
(Appropriations) 

Tsongas, Sen. Paul (D-MA) 
Energy committee 
Foreign Relations Committee 

Tyson, Mitch 
L.A. to Sen. Tsongas (D-MA) 
(Energy, Foreign Relations) 

Vance, Ann 
L.A. to Sen. Wallop (R-WY) 
(Energy) 



Walsh, Tom 
L.A. to Sen. ~umpers (D-AR) 
(Energy, Appropriations) 

Wicklund, Bob 
L.A. to Sen. Weicker (R-CT) 
(Energy, Appropriations) 

House : 

Dravo, Andrea 
Staff-Interior Committee 
(Rep. Udall D-AZ) 

Dugan, Jack 
Subcommittee Staff Director 
Science and Technology's Energy Research and 
Production Subcommittee 
(Rep. Bouquard D-TN) 

Durkin, Patrick 
L.A. to Rep. Gregg (R-NH) 
(Science and Technology) 

Eustaquio, George 
Administrative Assistant (A.A.) to Rep. Won Pat (D-Guam) 
(Interior) 

Freiwale, Joyce 
Staff-Science f Technology's Energy Research Subcommittee 
(Rep. Lujan R-NM) 

Godown, Lee 
L.A. to Rep. Ottinger (D-NY) 
(Science and Technology) 

Greer, Me1 
Staff-Appropriations 

Gregg, Rep. Judd (R-NH) 
Science and Technology Commit tee 

Hobsuri , Pr iscilla 
L.A. to Rep. Lowery (R-CA) 
(Science and Technology) 

Ketcham, Rob 
Special Energy Asgistant 
Science and Technology Committee 
(Rep. Fuqua D-Fla.) 



Krebs, Martha 
Subcommittee Staff Director 
Science and Technology's Energy Dev. and Applications 

Lundine, Rep. Stanley (D-NY) 
Science and Technology Committee 

Malow, Dick 
Staff-Appropriations' HUD-Independent Agencies 
Subcommittee 

Markey, Rep. Edward (D-MA) 
Energy Committee 
Interior Committee 

Mnss, Tnm .- -. 

Science and Technology's Science Subcommittee 

Potter, Frank 
Staff Director 
Energy and Commerce Committee 

Richardson, Mary Ann 
L.A. to Rep. Lundine (D-NY) 
(Science and Technology) 

Schaef fer , Eric 
L.A. to Rep. Schneider (R-RI) 
(Science and Technoloqy) 

Schneider, Rep. Claudine (R-RI) 

Star, Roger 
L.A. to Rep. Gore (D-TN) 
(science and ~echnology', Energy and Commerce) 

Stein, Ralph 
DOE Fellow 
Science and Technology's Energy Research Subcommittee 

Wallace, Lee 
Minority Staff Director 
Energy Resear~h Subcommittee 

Ward, Mike 
Counsel 
Energy and Commerce's Energy Conservation Subcommittee 

Won Pat, Rep. Antonio (D-Guam) 
Interior Committee 

Office of Technolosv Assessment 

Barnard, Bill , 



Attachment 3 

DEPARTMENT OF ENERGY AUTHORIZATION 

HOUSE ACTION 

SUBCOMMITTEE ON ENERGY RESEARCH AND PRODUCTION 

In March the Subcommittee asked DOE to reduce its 

Civilian Waste Management budget of $206.241 million 

by $15 million (7%). DOE responded by reducing 

Subseabed by $3 mil.ljon, from $6.5 million (Reagan 

Request) to $3.5 million (46%). 

COMMITTEE ON SCIENCE AND TECHNOLOGY 

Congressman Judd Gregg attached Report Language to 

the full Committee bill in May: "Radioactive waste 

management is a long-term scientific and institutional 

problem . . .  an international as well as national problem . . .  
The Subseabed Disposal Program is an efficient, well- 

managed international research and development project . . .  
(and) should be continued as an international option as 

well as a national alternative . . .  It should be funded at 
sufficient levels to determine whether subseabed disposal 

is scientifically and technically feasible." 

But the $3.5 miilion funding level for Subseabed was 

maintained by the full Committee. 

RECONCILIATION CONFERENCE 

The Reconciliation Conference is a new step in the 

authorization process in which all authorization bills 

are considered 3s on6 rn.thcr t h s . n  P.P separate  b i l l s .  

The Reconciliation Conference eliminated detailed budget 

items, such as Subseabed $3.5 million item, in July. 

DOE was authorized to spend $194.124 for Civilian Waste 

Management on programs of its choice. However, nuclear 

waste legislation now moving through Congress will deter- 

mine which programs DOE Will Support. 

SENATE ACTION 

COMMITTEE ON ENERGY AND NATURAL RESOURCES 

The Committee authorized DOE to spend a bulk sum on 

all research acr  i v i t  ies. 



9 7 ~ ~  CONGRESS 
IST SESSION S. 1662 

To cstublish n limited..prog-ra~n for Federal storage of spent fuel from civilian 
nuclear powerplants, to set forth a Federal policy, initiate a program, and 
establish a national schedule for the disposal of nuclear waste from civilian 
activities, and for other purposes. 

IN THE SI3NAT.N (.)P 'I'H E UNIrI'EU STArl'ES 

SEPTEMBER 24 (legislative day, SEPTEMBER 9), 1981 

Mr. ~ I C C L U R E  (for himself, Mr. STAFFORD, Mr. DOMENICI, Mr. SIMPSON, and 
Mr. SYMMS) introduced the follo\ving bill; which was read twice and referred 
jointly to the Committee on Energy and Natural Resources and the Commit- 
tee nn Envirhnment and Public Works. with the proviso that either 
committee reports the bill, the other committee shall be obligated to report 
the bill in t h i r t ~  calendar days (not including days on which the Senate is in 
recess for more than three days) or be discharged from further consideration 
thereof 

A BILL 
'Yo establish a limited program for Federal storage of spent fuel 

from aivi1in.n ni~c*lear pnwerplants, to set fnrth IL Fedetl~l  

policy, initiate a program, and establish a national schsdulc 

for the disposal of nuclear waste from civilian activities, and 

for other purposes. 

i Be zt, enacted b y  the Senate and House of Hepresenta- 

2 rives of  the United ,States of America in  Congress assembled, 



NUCLEAR WASTE LEGISLATION 

SENATE ACTION 

THE PROPOSED NUCLEAR WASTE POLICY ACT OF 1981 

(SENATE BILL #1662) CONTAINED NO PROVISION FOR CONTINUING 

RESEARCH AND DEVELOPMENT OF ALTERNATIVE WASTE DISPOSAL 

TECHNOLOGIES, SUCH AS SUBSEABED DISPOSAL. 
SENATOR WALLOP (R-WYOAIING) PROPOSED, AND SENATOR TSONGAS 

( D-MA) SECONDED, THE FOLLOWING' AMENDMENT WHICH THE ENERGY 
COMMITTEE ACCEPTED BY UNANIMOUS CONSENT.ON 21 OCTOBER 1981. 

THE COMMITTEE THEN PASSED S-1662 AND SENT IT TO THE' FULL 

SENATE WHERE IT IS EXPECTED TO PASS. 

The Secretary shall continue and acceler- 

ate a program of research, development, and investigation of 

alternative means and technologies for the permanent dis- 

posal of high-level radioactive wastes from civilian activities, 

atomic energy defense activities of the  Secretary and Federal 

research and developrne~lt activities. Such prograni shall in- 

clude examination of various waste disposal options. 

HOUSE ACTION 

THERE ARE SIX NUCLEAR WASTE BILLS IN VARIOUS STAGES OF 

DEVELOPMENT IN THE HOUSE. SOME OF THESE PROVIDE FOR 

CONTINUATION OF ALTERNATIVE TECHNOLOGIES. IT IS UNCERTAIN 

WHICH, IF ANY, OF THESE BILLS WILL SUCCEED IN TIIE I-IOUSE 

AND THEN GO TO THE HOUSE/SENATE CONFERENCE. 



Attachment 4 

SCIENCE ORIENTED PUBLICATIONS CONTACTED 

AAPG EXPLORER 

B IOSCIENCE ' 
D l SCOVER 

EOS " 

GEOT l ME S 

NATURAL HISTORY + 

NUCLEAR NEWS 

OCEAN SCIENCE NEWS 

OCEANS " 

OMN l 

SC IENCE DIGEST 

SCIENCE NEWS 

SC'ltNCt 81 

SCIENTIFIC AMERICAN 

se IQUEST 

SEA FRONTIERS + 

SMITHSONIAN + 

OVERVIEW ARTICLES 

SC IENCE 
ENVl  RONMENTAL SCIENCE AND TECHNOLOGY 

* . a r t i c l e  

+ Contact  by N a n c y  Penrose  



Management Systems 
L. Susskind, Massachusetts Institute of Technology 

Our task is to design a management system capable of 
delivering high level waste to carefully selected and monitored 
subseabed. sites at the least possible cost, in a 'fashion that 
respects all appropriate national 'and international legal 
guidelines. The design of the management system must not only 
fit our regulatory context but also minimize political conflict 
as well. 

To do this, we have specified a "most likely case" that , 
presumes reprocessing, presumes retrievability, presumes ( a t  
least at the outset) an East Coast port, and presumes a,US- 
initiated effort. We have analyzed the likely sources of 
institutional and interest group opposition given our initial 
design assumptions. We are now beginning the task of specifying 
the ways in which changes in the "base case" might respond to 
(and minimize) opposition. We have also identified the basic I 

management science and social science research needed to build a 
minimally acceptable understanding of the systems and conflicts 
involved. 

We have identified ten components of a subseabed management 
system: 

land transportation 
storage and reprocessing 
port transfer 
sea transport, emplacement, and retreival 
monitoring 
security 
safety and accident prevention 
emergency response 
development and administration 

coordination and control 

Dased on a detailed review of existing studies and 
discussions with a range of consultants (especially at a workshop 
in Cambridge, Massachusetts in July, 1981), we have identified 
the key issues involved in the design of each of the ten 
management system components. 



SUBSEABED DISPOSAL OF HIGH LEVEL 
RADIOACTIVE.WASTE: 

MANAGEMENT SYSTEM DESIGN AND SOCIAL 
IMPACT ASSESSMENT 

Massachusetts Institute of Technology 
Prof. Lawrence Susskind, Principal Investigator 

October 1981 

I. COMPONENTS OF A MANAGEMENT 
SYSTEM 

II. IDENTIFICATION OF KEY MANAGEMENT 
ISSUES 

Ill. SOURCES AND TYPES OF CONFLICTS 

I. COMPONENTS OF A MANAGEMENTSYSTEM 
A. Land Transportation Component 
B. Storage and Reprocessing Component 
C. Port TraiPsfer Component 
D. Sea Transport, Emplacement and Retrieval Component 
E. The Monitoring Component 
F. The Security Component 
G. Safety and Accident Prevention Component 
H. Emergency Response Component 
I. Development and ~dministratiod Component ' \ J. Coordination and Control Component 



11. IDENTIFICATION OF KEY MANAGEMENT 
ISSUES 
A. Lend Transportation Component 

1. Selection o f  routes 

2. Specification of modes of transportation 

3. Loading and off-loading procedures 

4. Frequency and volume of shipments 

B. Storage and Reprocessing Component 

I. Distribution of solidification, repackaging, storage and 
reprocessing activities (at reactor / AFR) 

2. Selection of storage and reprocessing sites 

3. Design of storage and reprocessing facilities 

4.. Control of access t o  storage and reprocessing facilities 

C.'Port Transfer Component 

1. Selection of port sites 

2. Design of port facilities 

3. Control of access to  port facilities 

4. Storage at ports 

D. Sea Transport, Emplacement and Retrieval Component 

1. Specification of ocean routes 

2. Specification and design of carrier and emplacement units 

3. Emplacement site selection 

4. Specification and design of retrltrvul system 

5. Storage of retrieved material 

E. The Monitoring Component 

1. El~ments of monitaring system 
a. For transportation systems 
b. For storage and retrieval systems 
C. For port handling 
d. For emplacement and retrieval 
e. For emergency response 

2. Scope of monitoring (environmental, economic and sociel 
impacts) 

3. Storage, retrieval, and analysis of monitoring information 

4. Standards for response 



II. IDENTIFICATION OF KEY MANAGEMENT 
ISSUES 

F. Security Component 

1. Elements of the security system 
a. During transport 
b. During storage and reprocessing 
c. During port handling . 
d. During emplacement and retrieval 

2. Scope o f  security provided 

3. Responsibility for security 

4. Standards for response to  security violations 

G. Safety and Accident Prevention Component 

1. Assignment of risk and liability 

2. Safety standards 
a. t o r  employees 
b. For general public 
c. For natural environments 

3. Accident prevention procedures 

4. Public education and awareness of safety procedures 

,H. Emergency Response Component 

1. Standards for emergency response 

2. Responsibility for emergency response 

3. Prbt6dUrbS alld PIPIIS 

I. Development and Administration Component 

1. Financing, nnginnnring end construction of all system 
components 

2. Day to  day supervision of all employees and contractors 

3. Regulatory reviews and compliance 

'I. Moltimizotion of aost-offactiveness 

5. Imposition of fallback arrangements 

J. Coordination and Control Component 

1. Ownership 

2. Coordination of international responsibilities and agreements 

3. Coordination of intergovernmental responsibilities and 
agreements 

4. Coordination of interagency responsibilities and agreements. 

5. Accountability for systems breakdown or failure 

6. Responsibility for public participation 

7. Research and development 



Ill. SOURCES AND NPES'OF CONFLICTS 
A. Conflicts Over international Control of System 

Components . 

B. Conflicts Over Intergovernmental Control of System 
Components 

C. Conflicts Over Financial Responsibility 

D. Conflicts Over Liability and Appropriate Levels of Risk 

E. Conflicts Over Public Perceptions of Risks Versus 
Benefits 

F. Conflicts Over Governmental Versus Private Responsibility 

G. Conflicts Over Performance Standards 



Legal Comments 

H. Herrmann (Presented by K. R. Hinga) 

Two sections of the Law of the Sea test have language that 
could be construed in such a way as to present problems for the 
establishment of a subseabed disposal operation. The first is a 
provision that requires that "activities in the area shall be 
carried out with reasonable reqard for other a c t i v i t i ~ s  in the 
marine environment.'' The t e x t  clearly defines as a reasnnahl~ 
activity exploration bv drilling, which wnll ld conflict with a I 

subseabed repository. Changes in the text are offered that would 
mitigate this problem. The second is the difficulty with the 
ambiguous definition of "dumping" and a lack of a definition of 
"marine environment." 



"LONG TERM OR PERMANENT USE OF ANY PART OF THE 

AREA, OTHERWISE C O N S I S T E N T  W I T H  THE TERMS OF 

T H I S  CONVENTION, S H A L L  NOT, I N  AND OF ITSELF 

C O N S T I T U T E  A C L A I M  OR E X E R C I S E  OF SOVEREIGNTY 

OR SOVEREIGN R I G H T S  OVER, OR AN A P P R O P R I A T I O N  

OF, ANY SUCH PART OF THE AREA OR THE H I G H  S E A S , "  

'5 ,  ( A )  f f D ~ ~ ~ ~ ~ ~ ' f  MEANS: (I ANY DELIBERATE DISPOSAL 

OF WASTES OR OTHER MATTER FROM VESSELS, A IRCRAFT,  

PLATFORMS OR OTHER MANMADE STRUCTURES A T  SEA ONTO THE 

SEABED OR I N T O  THE WATER COLUMN ABOVE ' 

ARTICLE I, SECTION 1 (5) (A )  "DUMPING" MEANS: 

(1) ANY DELIBERATE DISPOSAL OF WASTES INCLUDING 

I N C E N E R A T I O N J  OR OTHER MATTER FROM VESSE'LSJ 

A IRCRAFT,  PLATFORMS OR OTHER MANMADE STRUCTURES 

A T  S E A ,  

, , , , S O L I D  M I N E R A L S  I N  THE OCEAN FLOOR A T  

DEPTHS OF MORE THAN THREE METERS, 



PART X I ,  SECTION 3 
ARTICLE 147 (1) 

"ACTIVITIES IN THE AREA SHALL BE CARRIED OUT WITH 

REASONABLE REGARD FOR OTHER A C T I V I T I E S  I N  THE 

MAR I NE E N V I  RONMENT I' 

NOTHING CONTAINED IN THIS ARTICLE SHALL BE CONSTRUED TO 

FORECLOSE THE POTENTIAL  BENEFITS TO MANKIND FROM THE AS 

YET THEORETICAL, OR TOTALLY UNFORESEEN, ACTIVITIES IN, 

nR IISFS OF a THF AREA AND THE MARINE ENVIRONMENT, WHICH 

TECHNOLOG~CAL CHANGE AND PROGRESS I N  I H t  NkAH ANU U1S- 

TANT FUTURE MAY MAKE POSSIBLE, THERE SHALL BE NO PRE- 

SUMPTION IN FAVOR OF THE ACTIVITIES OR USES SET FORTH 

IN THIS CONVENTION OVER FUTURE ACTIVITIES OR USES NOT 

S P E C I F I C A L L Y  MENTIONED, IRRESPECTIVE OF THE NATURE, 

SCOPE, AND DURATION OF SUCH AS YET NON-DESIGNATED 

ACTIVITIES OR USES, PROVIDED THAT THE LATTER ARE SITED 

SO AS TO MINIMIZE INTERFERENCE WITH OTHER ACTIVITIES 

OR USES AND ARE OTHERWISE I N  COMPLIANCE WITH THE PRO- 

VISIONS OF THIS CONVENTION, 



X I V .  INTERNATIONAL SEABED D I S P O S A L  

T e c h n i c a l  P r o g r a m  C o o r d i n a t o r :  D.  R .  A n d e r s o n  

Seabed W o r k i n g  G r o u p  S t a t u s  R e p o r t  

D .  R .  A n d e r s o n ,  SNLA 

I n t e r n a t i o n a l  T r e n d s  

D .  R .  A n d e r s o n ,  SNLA; C .  D. H o l l i s t e r ,  Woods H o l e  
O c e a n o g r a p h i c  I n s t i t u t i o n  



Seabed Working Group Status Report 

D. R. Anderson, SNLA 

During the last year, the International Seabed Working Group 
(SWG) added an ad-hoc Task Group to look at the social scientific 
problems of the SWG within each country. The UK, US, and NEA 
have studies now under way, and a status report will be given at 
the next Annual Meeting, in March in La JoPPa, California, 
Several new countries have joined (Figure 1) over the past year; 
Switzerland and'Belgium are observers (observer status is the , 
first step in joining the SWG). As you are all painfully aware, 
the US funding has been decreasing over the last two years; I 
hope it will stabilize at a level of approximately $5,000,000 
expense--the level at which we are now. The non-US funding for 
the international program is approximately $1,000,000 greater 
than the US funding, and the differential is expected to increase 
(Figure 2). As an example, the UK currently splits their funds 
for HLW disposal equally between mined and subseabed disposal. 
From my limited vantage point, it is obvious that very soon the 
other SWG participating countries will dominate the program, and 
thus I have asked the US International SWG participants.to help 
develop a Five-Year Plan. In this way we can influence the long- 
term development.of the international program before we lose our 
scientific leadership. The next three viewgraphs show the 
outline of the Five-Year Plan. Any comments, additions, or 
changes will be appreciated. 
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YEARS 

Total Non U. S. 

UK. 

CEC 

France 
 etherla lands '. 
Japan 
Canada 
'Switzerland 

Participation 

S ubseabed Disposal - ~ r h ~ r a r n  
Comparison Of l nternat ional Funding .Levels 



1982 1983 1984 1985 1986 1 --- 
Complete preliminary radionuclide risk 

and transport prediction X 

Complete detailed radionuclide risk 
and transport prediction 

ffl . Com~lete initial Dhase of sensitivity 
studies for each Task Group: 

SSTG # SRTG 
4 u WFCTG 

POTG 
BTG 

h ESTG 
m 

Make successful-emplacement and 
accident scenario predictions 

Submit sununary document 

Compile and analyze data 

Develop site criteris 
C 

'I Complete sensitivity studies 
m 

Recommend reference s i t e  - 
Submit summary document 

- 
2 a Perform G&G survey 

Dovclop otandard bench-marking 
problems for model testing 

u I 
U 0 
e, !-I r l w  
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$ 

Carry out near-bottom activities 
(acoustic and deep sediment 
sampling) 

Submit summary document 
*To be covered in thc next Five-Year Plan. 
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Thermal 
Develop models 

a 
Develop models 

0 Estimate model input parameters 

~ c ~ u i r e  laboratory model input 
parameters 

Make verification tests 

a 

o u 
O 
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Near field chemistry 
Develop models 
Acquire laboratory model input 

Acquire preliminary parameters 
Acquire parameters 
Complete sensitivity studies 
Make preliminary predictions 
Verify models using field data 
Make long-term predictions for 

. parameters 
Make verification tests 
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Submit summary document 
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Far field chemistry (ion transport) 
Deveiop radionuclide transport 
models X 

Acquire laboratory model input 
parameters: Kd and permeability 

Make experimental design 
Make verification tests 
Perform LCF experiments 

Mechanical ( shallow) 
Develop mudels 
~ c ~ u i r e  laboratory model input 
parameters 

Make verification tests 

Mechanical (deep) 
Develop models 
Generic 
Refined 

Acquire laboratory model input 
parameters 

Make verification tests 

Complete sens?.ti,vit.y s t . u d i . e s  for 
above-listed five areas 

*To be covered in the next Five-Year Plan. 



Complete sensitivity studies 
Develop leach tests 
Perform glass + sediment leach tests 
Perform glass + sediment + corrosion 
product leach tests: 

Corrosion-resistant canister 
Controlled-corrosion canister 

preform glass-in-damaged-canister 
leach tests 

perforin scoping experiments (corrosion) 
Select reierence canister type 
Perform welds and closing-pressure 
equalization tests 

Develop s void--f rcc pnclcngc 
Complete preliminary engineering design 
of waste package 

Submit summary document 

Complete sensitivity studies 
Develop preliminary emplacement models X 

.4 Develop preliminary mechanical parameter a 
3 data base 

*To be covered in the next Five-Year Plan. 

2 9 
o 

n u  

a m 

a, G 

a 
3 

4 0 
td L4 

td .4 r 
4J " 

4 3 td 
muh 
m.4 
a, cl u ' 

H 
a 
m 

Complete preferred-option preconceptual . 
design 
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Field "proof of concept" mechanical test 
Design port and dock facilities and sea 
transport system 

Draft additional chapter for LDC 
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to the international seabed disposal .,, 
program v 

Incorporate LbC chapter 
Submit summary document 

.4 Design and develop retrieval system 
Design and develop monitoring system 
SUBIIIP.L: SsiliIUi'lhYjJ LL~CL~I I I& I I~  



International Trends 

D. R. Anderson, SNLA 
C. D. Hollister, Woods Hole Oceanographic Institution 

During the last year we have briefed many of the US 
organizations which are involved in setting international policy. 
In addition, Dr. Hollister has made a concerted effort to become 
involved with several of the international scientific 
organizations which have influence over waste disposal in the 
oceans. They are listed in the attached viewgraph. 6 

~hrough membership in these organizations and Dr. Anderson's 
involvement in the SWG, the following trends can be seen to be 
developing: 

(1) The European community is becoming more interested in 
the SWG and its rapid development. 

(2) The European community is placing more of its HLW 
disposal funds into the assessment of the subseabed option. 

(3) The SWG is actively developing a strategy for adapting 
the international treaties to allow the safe, environmentally 
sound disposal of HLW into geologic formations beneath the 
oceans. 

(4) There are only two treaties which have an effect on 
possible subseabed implementation: the London Dumping Convention 
and the Law of the Sea (if the latter is ratified). . 



Table 1 

I N T E R N A T I O N A L  E F F O R T  

ORGANIZATIONS WHICH ARE INVOLVED WITH SUBSEABED 

1975 IAEA (International Atomic Energy Agency, Vienna) 

1975 IMCO (Intergovernmental Maritime Consulting 
I 

Or~anization, London) 

1976 MEA (Pauclcar Bnergy Aqency , Paris) 

1979 ICSU (International Council of Scientific Unions, Paris) 

1980 East-West Centcr, Hawaii 

1981 NATO (North Atlantic Treaty Organization, Bruxelles) 

ORGANIZATIONS WHICH SHOULD BE INVOLVED WITH SUBSEABED 

IIASA (International Institute for Applied Systems Analysis, 

Vienna) 

UNEP (United Nations Environmental Program, Nairobi) 



XV.  SUMMARY REMARKS 

D .  R .  A n d e r s o n ,  P r o g r a m  M a n a g e r  



Summary Remarks 

D.  R .  Anderson, Program Manager 

SITE - Les Shephard - 
A n  acceptable s i t e  has been found i n  the  Pac i f ic  and 

by the end of 1983, a l l  the  archival data for the Atlant ic  
w i l l  have been reviewed and several  cruises w i l l  have gone 
t o  the s i t e s  receiving the highest rnarks as assessment'will  
have been made as t o  the acceptabi l i ty .  

' The main problem i n  t h i s  area i s  the poss ib i l i ty  of 
a  natural convection c e l l  i n  the  sedimentary layers due t o  
heat moving outward from the mantle of the  earth.  

THERMAL - Mark Percival 

In  t h i s  section,  the models have been developed, the  
important propert ies have been measured, the model has been 
exercised. The re su l t s  indicate t h a t  the  heat flows througi~ 
the sediments by a  conduction process and there i s  no apprec- 
iab le  pore water movement due t o  the heat source i n  the  
sediments. 

The main problem remaining t o  he answered i s  the ver i f -  
i f i ca t ion  of the model through both large laboratory t e s t s  
and the  ISHTE f i e l d  t e s t .  (1984 f ie lding date)  

SEDIMENT MECHANICAL BREACHMENT - Joe l  Lipkin 

I n  t h i s  section,  the one-dimensional models have been 
developed and are  operational,  the propert ies t o  feed those 
models have been estimated; and the model has been exercised. 
The re su l t s  indicate  tha t  1) the buoyancy ef fec t  (burp) 
i s  not a  problem; 2) the  can sinks a  b i t  i n to  the sediments, 
and the sediment which i s  warm but a t  a  distance from the 
canis ter  w i l l  r i s e  s l igh t ly ,  but i n  neither case is the 
movement greater  than 1 m. 

The m a i n  problems ident i f ied a t  t h i s  time are  the funding 
and the time needed for  the long term property t e s t s  tha t  
a re  needed t o  acquire necessary properties. 



EMPLACEMENT - Dan Talbert  

I n  t h i s  sect ion the  one-dimensional models have been 
developed and a re  i n  operation, the material propert ies t o  
feed those models have been estimated, and the model has 
been exercised. The re su l t s  t o  date indicate tha t  1) the 
hole does indeed close;  2 )  a  f r ee - fa l l  penetrometer with 
a  terminal velocity of about 30 m per second w i l l  penetrate 
approximately 30 m i n t o  the red clay sediments of the  Pacific.  
The beqinning development phases of a  boosted penetrator 
which is  planned t o  penetrate up t o  100 m a re  underway. 

The main problem ident i f ied  i n  t h i s  area is the presence 
of sand layers which are  almost impossible t o  penetrate. 

SYSTEMS - Bob Kle t t  

In  t h i s  sect ion the systems models a re  up for the  
canis te r ,  the near f i e l d  thermal and the f a r  f i e l d  chemical 
sect ions .  The propert ies have been estimated and the  models 
exercised. The re su l t s  a re  as follows: 

1) a  canis ter  is not needed i f  the waste package has 
been correct ly  emplaced i n  the  sediments. For example, 1/10 
t o  1 1 2  m of addit ional  depth in to  the sediment i s  equival~ent 
t o  a thousand-year wast.e package. 

2 )  I n  the thermal section,  the  important parameter 
i s  t'ne thermal conduction. T h e  pore water does not move 
appreciable distances i n  the sediment during the thermal . 
period. 

3 )  In  the f a r  f i e l d  section,  the posit ively charged 
ions with long ha l f - l ives  and high K s do not get out of 
the  sediment. The posi t ively charge8 ions with low K s  
and short  or intermediate half- l ives  do not get out o? 
t he  sediment. The negatively charged radionuclides with 
reasonably high KDs do not get out of the sediments. The 
iodine with i t s  essent ia l ly  i n f i n i t e  h a l f - l i f e  and low KD 
w i l l  get out, however, the  sediments can be used as a  slow 
r e l i e f  valve t o  keep the concentration a t  a  very low level  
during d i lu t ion  and isotopical  dispersion. As f a r  as the  
heat  and ion t ransport  i s  concerned, the  old theory of 
placing the canis te r  i n  t h in  sediment half-way between the 
sediment water in te r face  and the basement rock i s  not impor- 
t a n t .  The canis ter  can be placed d i rec t ly  on the basement 
rock and the same protect ive r e su l t s  w i l l  be obtained unless 
the  basement rock outcrops i n  the  near v ic in i ty .  



The r isk and safety  analysis has been made on cer ta in  
sections of the pathways back t o  man. The r i s k  has been found 
t o  be small. 

The main problem i n  t h i s  section i s  the need for  more time 
and data t o  complete both the systems and the safety  analyses. 

THE NEAR FIELD - Larry Brush 

I n  t h i s  section, the models have been developed, the  
propert ies have been estimated, the models have been exer- 
cised. The resu l t s  show tha t  a canis ter  can be b u i l t  t h a t  
can l a s t  fo r  a reasonable l i fe t ime of hundreds of years. 

One of the main problems i n  t h i s  area is tha t  there  i s  
no way t h a t  we can t e s t  a thousand year can and prove it i s  
re l iab le .  We can, however, do some accelerated t e s t ing  t o  
give u s  indications tha t  cer ta in  known f a i l u r e  mechanisms are  
not important -- such as hydrogen embrittlement, depassivation 
of the TICODE 1 2 ,  and speciation of the radionuclides a f t e r  
the canis ter  and waste form have been breached. 

There i s  no waste form work underway i n  the subseabed program. 

FAR FIELD - Larry Brush 

I n  t h i s  section,  the  models have been developed, the  
main propert ies have been measured, the model has been 
exercised, and the  main accomplishments are  as follows: 

1) None of the posi t ively charged ions get  out of the  
sediment i f  the waste package i s  placed correct ly  a t  depths 
of 30 t o  50 m. 

2 )  The negatively charged ions may not get out depending 
on t h e i r  sorption coeficients ( ce r t a in  reducing sediment 
strongly sorb T c ) .  The sediments can be used as a slow 
release valve for  the  release of 12 ,  which has an essent ia l ly  
i n f i n i t e  ha l f - l i f e .  

The main problem i n  t h i s  area remains the  proof t h a t  
speciation of the radionuclides to form n e ~ i t r a l  or negatively 
Charged non-sorbing ions does not occur. 



BIOLOGY - Leo Gomez 

I n  t h i s  section,  the  models have been developed, the  
propert ies  have been estimated, the model i s  now being exer- 
cised.  The re su l t s  t o  date  a re  mainly from the f i e l d  exper- 
iments which are  underway t o  help quantify the radiation 
s e n s i t i v i t y  of deep water organisms. 
The radiat ion s e n s i t i v i t y  of one-deep sea bacter ia  i s  the  
same as i t s  shallow water analogs. 

'I'he main problem i n  t h i s  area i s  the development of 
the tools  necessary t o  acquire the  c r i t i c a l  propert ies for  
the r ! ! r>(q~ I s . 

PHYSICAL OCEANOGRAPHY - Stu Kupferman 

Approximately one-half of the  Phase I models have been 
developed, the propert ies  fo r  those operating models have 
been estimated. A l l  of the remaining Phase I  models w i l l  be 
completed by the end of F Y  1982. The resu l t s  t o  date show 
t h a t  waters (which may contain radionuclides) i n  the mid- 
ocean areas of i n t e r e s t  both i n  the  Atlantic and the Pac i f ic  
outcrop a t  the poles i n  times of 100 t o  300 years. 

The problem i n  t h i s  area i s  the acquisi t ion of the  
necessary propert ies.  

INSTRUMENTATION - Dan Talbert 

The large coring f a c i l i t y  is moving forward slowly. 
No insurmountable technical  problems have been ident i f ied .  
I t  s t i l l  seems t h a t  we can acquire a  50 m undisturbed core 
using t h i s  technology. 

The main problem i s  limited funding. 

TRANSPORTATION - C l i n t  Shirley 

Land transportat ion networks have been s e t  up which 
we can use as need a r i s e s .  A preliminary design of a  ship 
for  the  handling of f r ee  f a l l  penetrometers has been com- 
pleted.  



7.onclusions t o  date  are: 

1) This sect ion of the  program does not need de ta i led  
work u n t i l  other phases of the  program have moved f a r the r  
forward. 

2 )  The emphasis during the  next year should be placed 
on the information needed for  safe ty  assessments and for  the  
development of a  conceptual design. 

SOCIAL ENVIRONMENT - Ken Hinga 

The concensus from t h i s  sect ion is  t h a t  we must do 
addit ional  soc ia l  s c i e n t i f i c  research. we are  currently 
i n  the  same phase of development t h a t  the  physical sciences 
were several  years ago i n  t h a t  the  research plan i s  incom- 
p le te ,  thus there  i s  some hesitancy i n  what should be done 
next. 

We do know, however, t h a t  we must inform and educate 
the decision-makers and s c i e n t i s t s .  The conclusion i s  t h a t  
i f  the  concept continues t o  be found technically feas ib le ,  
we can accomplish the  needed soc ia l  s c i e n t i f i c  changes. I f  
it i s  found t o  be unfeasible,  we can a l so  stop the  program 
very eas i ly .  

INTERNATIONAL PROGRAM - D.  R .  Anderson 

There i s  increased i n t e r e s t  both by par t ic ipa t ing  coun- 
t r i e s  and by new countries as well i n  the  subseabed program, 
i n  t h a t  i n  the l a s t  two years four new countries have joined 
the  Seabed Working Group. In  addit ion,  although the  funding 
for  the  Subseabed Disposal Program has decreased i n  the  United 
S ta tes ,  i n  a l l  the  other par t ic ipa t ing  countries the  funding 
has e i the r  increased or held constant over the  past  years.  

Conclusions from not only the  in ternat ional  program 
but the contacts t h a t  have been made i n  the  in te rna t iona l  
community indicate  the  following: 

1) Given the  i n t e r e s t  and funding levels  ins ide  and 
outside the  United S ta t e s ,  we can expect t o  lose  the  leader- 
ship  of t h i s  program within the  next couple of years.  



2 )  Outside forces w i l l  drive the U .  S. program rather  
than forces inside the  United States .  

3 )  The soc ia l  s c i e n t i f i c  problems i n  the Atlant ic  
a re  d ras t i ca l ly  d i f f e ren t  than those i n  the  Pacif ic  and 
both need t o  be addressed. 
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