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Memorandum

71E4A40

TO ! Ralph Elson, Director DATE:

Contract Division 0CT 6 1867

FROM @ s Herman M. Roth, Director
Laboratory and University Division

SUBJECT: REQUEST FOR CONTRACT ACTION
OLE:JDB

H30704

It is requested that you take the necessary steps to process the
following described contract action:
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1. Nature of Action Requested:

4 7_‘&7 “oN %04

/] Selection of New Contractor and/or
Negotiation of Contract
Number:
Contractor:

=
— /73

6848 L
Py yyire: 1
7
WQ

[x/ Modification of Contract
Number: AT-(L0-1)-2789
Contractor: Virginia Institute of Marine Science
Gloucester Point, Virginia 23062

~0/) =L A2 QP YD)

Nature of Services to be Covered by Contract: Research

Title: "Concentration of Suspended Radioactive Wastes Into V///
Bottom Deposits”

3. Type of Contract: zii' Support Agreement 1:7 Cost-Type [:7 Other

4, Amount of AEC Funds to be Obligated by this Contract Action: None

5. AEC Percentage of Estimated Total Cost to be Shown by this C/A: N/A

6. Description of Other Changes to be Covered by Contract Action:

Modify contract to provide for the performance of additional research

to be completed during the:period January 1, 1968, through June 30, 1968,
without additional funds. There is no significant change in the scope
of the work.

7. Authority: Form AEC-481 (Contract Authorization) from John R. Totter

to S. R. Sapirie dated September 29%1( &ﬁ
erman M. Roth

4284
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Form AECA481
4 (667)

—

ALcPR 8481 U.S. ATOMIC ENERGY COMMISSION 1. oate 3. AUTHORIZATION
CONTRACT AUTHORIZATION SEP 2 9 167 BM-68-181
3.A. TO S.f. FROM .
S. R. Sapirie, Manager ﬁ)John R. Totter, Director
Oak Ridge Operations Office Division of Biology and Medicine, HQ

4.A. CONTRACTOR (Name, 4ddress, Department, stc.)
Department of Applied Scilence

4.8. PRINCIPAL INVESTIGATOR(S)

VIRGINIA INSTITUTE OF MARINE SCLENCE Dexter S. Haven
Gloucester Point, Virginia 23062
.. EXTENSION WITHOUT FUNDS 6. TERM OF CONTRACT 7. CONTRACT NUMBER
{0 NEW CONTRACT O nenewar  Xorwer| 1-1-68 thru 6-30-68 AT (40-1)-2789
8. RECOMMENDED TYPE OF CONTRACT: 9. PROPERTY TITLE TO VEST IN: 10. SECURITY CLASSIFICATION:
g :::TD :f:l::unosmzur D otHer g etE)SATRACTOR Work to be performed is under cntc.gory_l_
(f SPECIAL RESEARCHSUPPORT AGREEMENT.(SRSA] as defined by AEC Manual Appendiz 3401.

11, PROJECT TITLE

"CONCENTRATION OF SUSPENDED RADIOACTIVE WASTES INTO BOTTOM DEPOSITS"

12. MEADQUARTERS TECHNICAL CONTACT

Dr. Charles L. Osterberg M"”é@ ’7‘/ @":érﬂﬁ:‘“;?

*  FINANCING
A. OPERATING EXPENSES

New AEC Funds (Initial AEC Support ceiling, if SRSA). . . ... . ... ..., s -0-
Estimated AEC Balance From Prior Term, if any . . . . . . ¢ . . i it ittt it i i ennoenen $
Total AEC Funding (If SRSA, % of Total Cost, up to Maximumof ). .......... 3
Estimated Contractor Contribution, if any . . . . . . . . . it it it i i it e e $
Total Estimated Project Cost . . . . . .. it it ittt it e et e e $

Budget and Reporting Classification: 06 05 02
Allotment Transfer: (06-81-91 (24)
B. PLANT AND CAPITAL EQUIPMENT
Budget and Reporting Classification:
Allotment Transfer:
14. SPECIAL PROVISIONS AND INSTRUCTIONS:

The technical aspects of the proﬁosed work have been reviewed and are approved. A need currently exists for the results of the research or other
work that is to be undertaken. None of the AEC funds shall be used tc confer a fellowship.

lease keep us informed as to any problems encountered in your negotiations, as well as the date of execution of this contract and the amount of

funds obligated. If the budget as negotiated differs substantially from that in the proposal, please forward a copy of the revised budget to Head-
auarters.

ot already submitted, a 200-word summary of the proposed work should be forwarded by the contractor as soon as possible after negotiation of
e contract,

This is to authorize an extension without funds requested by D. S. Haven
to C. S. Shoup dated September 13, 1967.

18. SCOPE OF WORK

Research on the uptake of radionuclides by marine organisms.
H 9786
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VIRGINIA INSTITUTE OF MARINE SCIENCE
GLOUCESTER POINT. VIRGINIA 23062

September 13, 1967

Dr. C. S. Shoup

Chief, Biological Branch
Research Development Section
U. S. Atomic Energy Commission
Oak Ridge, Tennessee

Dear Dr. Shoup:

We are replying to your letter of S September 1967 in which you
inquire about the status of contract number AT(40-1)-2789. During
1967, we asked for a terminal year and our contract will end 31 December
1967. At the present time, we do not plan to request renewal.

We are presently closing out all aspects of the program, but
several small projects require additional work. Consequently, we are
asking you for a 6-month extension of the contract period without
additional pay. This extension will make possible the completion of
several interesting projects and will keep the present team of biologists
together for the purpose of preparing approximately five manuscripts

for publication. At the end of this extended period, we will, of course,
submit our final report. .

Sincerely,

DobS. o s

Dexter S. Haven, Head
Department of Applied Science

DSH:br

CONTRACTS<2 74 f(l/ﬁ)

K 9209
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UNITED STATES GOVERNMENT

Memorandum

TO * R. G. Humphries, Director DATR:
Contract Division

FROM : Herman M. Roth, Director
Research and Development Division

SUBJECT: REQUEST FOR CONTRACT ACTION

ORS:JDB

It is requested that you take the necessary steps to process the
following described contract action:

1.

6'

L

Nature of Action Requested:

[:7 Selection of New Contractor and/or
Negotiation of Contract
Number:
Contractors:

£§7 Modification of Contract
Number: AT-(40-1)-2789
Contractor: Virginia Institute of Marine Science
Gloucester Point, Virginia

Nature of Services to be Covered by Contract: Research

Title: "Concentration of Suspended Radioactive Wastes into
Bottom Deposits"

Type of Contract: [27 Lump-Sum [:7 Cost-Type [:7 Other

Amount to be Obligated by this Contract Action: $21,995.00

Description of QOther Chénges to be Covered by Contract Action:

Modify contract to provide fer the performance of additiomal
research to be completed during the period January 1, 1967
through December 31, 1967. The AEC will support the project
in the amount of $21,995 in new funds. Title to equipment, if
any, shall vest in the contractor under authority of the
Atomic Energy Act of 1954 since the contractor's contribution
is expected to equal or exceed the value of the equipment,

Authority:
Form AEC-481 (Contract Authorization) from C. L. Dunham to

S. R. Sapirie dated January 16,,1967
"‘7Jn\ W
i ﬁerman M. Roth

4030°%
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VIRGINIA INSTITUTE OF CONTRACT NO, AT-(40-1)-2789
MARINE SCIENCE

APPENDIX A"
For the Contract Period January 1, 1967 through December 31, 1967.

A-1 RESEARCH TO BE PERFORMED BY CONTRACTOR

The Contractor will continue studies of the concentration of
suspended radiocactive wastes from marine organisms into bottom
marine deposits to include studies of the movements of pellets
from common filter feeder organisms, filtering phenomena in
oyggers, sediment mixing with kaolin or sand activated with

as tracer, concentration and mixing phenomena with studies
of amphipods, ostracods, and polychatae. Sediment mixing by
the invertebrates, sinking of pellets, and filtering rates
will be studied by appropriate sized clays.

A-11 APPROXIMATE LEVEL OF RESEARCH EFFORT

Approx,
(a) Contractor Personnel: % of time
Mr. D, S, Haven, Principal Investigator 10%
Research Associate » 100%
3 Graduate Students 100%
Secretary As Needed

(b) Premises, Facilities, and Materials to be
Furnished by the Contractor:

Laboratories and facilities necessary to conduct research
on the concentration of suspended radiocactive wastes into
bottom deposits will be available. Equipment available
includes a gamma spectrometer system with graphic recorder,
proportional counting system, auxiliary scaler with
detectors, survey meters, fume hood, muffle furnace,

drying oven, constant temperature water bath, oyster
grounds, scuba diving gear and other related instruments.

A-II1 ITEMS OF EQUIPMENT TO BE PURCHASED OR FABRICATED BY CONTRACTOR
COSTING $500 OR MORE

None
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CONTRACT AUTHORIZATION

1. DATE a. 'A.Loﬂ’NOIIZAT!ON
JAN D¢ )
s w | BM-67-313

3.A. TO
S. R. Sapirie, Manager
Oak Ridge Operations Office

3.8. FROM
e T %ém K o
Division of Biology and Medicine, HQ

4.A. CONTRACTOR (Nams, 4ddress, Department, ¢tc.)
Department of Applied Science
VIRGINIA INSTITUTE OF MARINE SCIENCE
Gloucester Point, Virginia 23062

4.8. PRINCIPAL INVESTIGATOR (S)

Dexter S. Haven

8. TERM OF CONTRACT

7. CONTRACT NUMBER

{0 NEW CONTRACT X RENEWAL O otHer| 1-1-67 thru 12-31-67 AT (40-1)-2789

8. RECOMMENDED TYPE OF CONTRACT:
X FIXED PRICE
{J COST REIMBURSEMENT
o

t1. PROJECT TITLE

O Aec

9. PROPERTY TITLE TO VEST IN:

10. SECURITY CLASSIFICATION:

Work to be performed is under catezo
X coNTRACTOR pe e =

as defined by AEC Manual Appendix 3401,

“CONCENTRATION OF SUSPENDED RADIOACTIVE WASTES INTO BOTTOM DEPOSITS™

12. HEADQUARTERS TECHNICAL CONTACT
Mr. Jared J. Davis

13. FINANCING (New AEC Funds, Not Ta Excerd dmoffuis Indiceted ) :

A. OPERATING EXPENSES
Budget and Reporting Classification: 06 05 02
Allotment Transfer: 06-71-91 (24)

8. PLANT AND CAPITAL EQUIPMENT . ..
Budget and Reporting Classification:

Allctment Traonsfer:

D R I I T BN S

ceeeneane.. 8 21,995
+ 1,000 Unexpended Balanc

14. SPECIAL PROVISIONS AND INSTRUCTIONS:

The technical aspects of the proposed work have been reviewed and are approved. A need currently exists for th lts of th h th
work that is 10 be undertaken. None of the AEC funds shall be used 1o cgnfer a fellowship. 7 or et ¢ Teseareh or ofer

Please keep us infurmed as to any problems encountered in your vegotiations, as well as the date of execution of this contract and the amount of
funds obligated. If the budget as negotiated differs substantially from that in the proposal, please forward a copy of the revised budget to Head-
quarters.

gnm alra;ﬂy submitted, a 200-word summary of the proposed work should be forwarded by the coatractor as soon as possible after gegotiation of
¢ contract.

NOTE: TERMINAL YEAR.

18. SCOPE OF WORK

Research on the uptake of radionuclides by marine organisms.

[RERANEENE Y
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UNCLAS RENEWAL HAS BEEN APPROVED FOR VIRGINIA INSTITUTE OF MARIME
SCIENCES CONTRACT AT/40<1/-2T789 AND C/A BM=67-313 IN THE AMOUNT OF
i $21,995 PLUS UNEXPENDED - FOR A TERMINAL YEAR WILL BE FORWARDED TO YOU
BY MAIL WEDNESDAY, JANUARY 11, 1967, PLEASE NOTIFY VIRGINIA INSTITUTE
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BT

SIS IS B TSR
PoyoA b U

H 255

JAN 11 8%



S B T R P T

QPYWNN. FURM W0 ®
"

UNITED STATES GOVERNMENT

Memorandum

TO ! Go ke Demham, Birester DATE: geptemver 30, 1966
Division of Kiolegy & Medieine, IQ

proM : Herman M. Roth, Director
Research and Development Division, OR

susiect: RENEWAL OF CONTRACT NO. AT-(40-1)- WITH VINGINIA INSTITUTS OF
T SARDE sCIMGE (R DEXYER 8, NAVEN

We are submitting for your review and appropriate action the
following information concerning the contract which will expire

on Dessmber 31, 19648

1. Renewal Proposal (
2. Progress Report (
3, Financial Statement (
L. 200-Word Summary (

(

S« Depriat

We shall appreciate your advising us of your decision so that
we may proceed with the necessary contract action at the

earliest possible date.

Herman M. Roth

l S LS

Enclosures:
As Listed Above

»Cs C. 8. Showp, dmo

D. 3. Zashry, report
Alics Browm

R. L. Sannon, BTIE, w/reprint,
progress report and Form ARC-427

1126851
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VIRGINIA INSTITUTE OF MARINE SCIENCE
GLOUCESTER POINT. VIRGINIA 23062

September 23, 1966

Dr. C. S. Shoup
Chief, Biology Branch
Research and Development Division

U. S. Atomic Energy Commission
P. 0. Box E

Oak Ridge, Tennessee 37831

Dear Dr. Shoup:

Enclosed you will find six (6) copies of the following: Progress
Report for 1966 for Contract No. AT-(40-1) 2789, "Concentration of
Suspended Radioactive Wastes into Bottom Deposits"; a 200-word summary;
our expenditure statement for 1966; a 10 per cent.voucher; and a renewal
proposal for Contract No. AT-(40-1) 2789 for 1967.

Sincerely,

DS, Howe

Dexter S. Haven, Head
Department of Applied Science

DSH:br

Enclosures 44 777,

ce: Dr. William J. Hargis, Jr.

(. OBLO
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September 26, 1966

RErRPDITURE SIATRMNENT

Expenditures from Jemuary 1, 1966 thru September 30, 1966

Slassifisation

Terseansl
Naterials & Supplies
Iandirect Costs

Bstimated Costs « October 1,
1968 thru December 31, 1966

Yirzinls Institute of ARC
Narine feiepes

$ 863.00 $11,142.60
2,153,785
—2ald3.88
863,00 14,450.23
-t 800 <La222.17
1,147.00 22,373.00

$15,313.23

~$2206.17
23,520,00



PR 11 TR I 1] ot Al l iliudu .

RENEWAL PROPOSAL
Concentration of Suspended Radicactive Wastes

into Bottom Deposits

by
Dexter Haven, Senior Investigator
Virginia Institute of Marine Science

Gloucester Point, Virginia

The Senior Investigator requests that the U. S, Atomic Energy
Commission consider renewal of Contract No. AT-(40-1) 2789 for the
period 1 January 1967 to 31 December 1967.

The Senilor Investigator does not receive financial support from
any other Federal agency.

The program will be under the direction of Mr. Dexter Haven,
assisted by Mr. Reinaldo Morales-Alamo. Radiobiological studies will
be supervised by Dr. Morris L. Brehmer, Head, Radiobiology Section.
Identification of marine invertebrates will be done by Dr. Marvin L.

Wass, Ecology-Pollution Department.

Proposal for 15967

This is the last yea. funds will be requested under Contract No,
AT-(40-1) 2789, Studies have previously investigated many aspects o:
biodeposition. A final year is necessary, however, to complete studies

now in progress and to evaluate existing data.
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Studies for 1967

Two studies planned lor 1967 consist ol projects planned for
previous years but which vere not completed due to time limitations.

1) It is planned to study sinking rates of fecal pellets from
several common filter feeders. The impurtance of this study is based on
findings that fecal pellets may form a large portion of the solids
retained by 44 J sieves. That is, biodeposits and possible associated
radionuclides may be transported in estuarine waters in the form of
large pellets as well as in the form of fine particles in the clay-
silt size range. Transport rates of these heavy pellets by currents
will not be the same as the smaller suspended particles, Data on
sinking rates will be useful in estimating possible rates of transport.

It is proposed to hold oysters, barnacles, and tunicates in aquaria
to obtain fecal pellets. After an hour, fecal pellets will be
collected. Settling rates will be determined in a Rapid Sediment
Analyzer. This apparatus was developed by the Woods Hole Oceanographic
Institute for measuri.g electronically sectling velocity of sand
grains. It consists of a column of water .n a tube, Passage of
particles past a point in the bottom of the tube 1s recorded
electronically on a tape (Zeigler, Whitney and Hayes, 1960).

2) Studies with the Coulter Counter during 1965 and 1966 showed
that oysters may filter from suspension significant quantities of
inorganic particles about l.y in size. Results will be verified
using kaolinite labeled with Xr83, Activated clay of a size determined
by a Coulter Counter will be suspended in water in a closed system,

Oysters will be placed in these containers and allowed to filter

‘:'(;. A
I T GRS RV RN
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particles from suspension. Samples of the water will be removed at
intervals. One sample vill be filtered through a 0.2 p millipore
filter; efficiency of Iiltration will be based on activity retained
on the filters. The second sample will be used in the Coulter Counter
to determine number and size of these particles.

3) Preliminary studies in 1966 clearly demonstrate that sedimeant
mixing may be followed using kaolinite or sand activated with Kr85.
The technique appears to be superior to our older method using clays
labeled with Celd4 or with fluorescent parcicles. In the latter
studies the time required to count a single sample was often
excessive; with celds possible reaction with substrate chemicals was
always a possibility. As a consequence of the indicated utility of
xr8> labeled materials, it is planned to continue sediment mixing

studies with this technique in 1967. These studies will follow

several lines:

A. During 1966, it was shown that C. filigera was capable of

concentrating radionuclides from a wide area of the sediment surface
into a relatively nairrow zone around its burrow. This biological
process appears to be a previously unreporied phenomenon. More precise
studies are needed to chow total area "swept' by a single animal,
rapidity with which sediments are concentrated, and if other groups

of animals have a similar ability. Experiments are planned in which

C. filigera will be placed in sediment filled aquaria to which has

been added a surface film of kryptonated kaolinite. Samples of surface
sediments will be taken in an exact pattern at intervals from the

aquaria to determine distribution af particles in relation to

animalse
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B. Similar studies will be made with other invertebrates which
have feeding habits similar to that of C. filigera.

C. It is proposed to study vertical mixing of sediments by several
animals shown to be dominant in the area but which were not investigated
during 1966. These will include two species of amphipods A. vadorum

and A. macrocephala, the polychaete Nephtys incisa, and the ostracoed

Sarsiella zostericola. Animals will be held in sediment aquaria and

kryptonated clay added to the surface sediments. Later, cores will be
taken at 0.5 and 1.0 cm intervals and activity measured.

D. There appears to be a slight loss of activity with time for
kryptonated kaolinite and a larger loss for kryptonated sand. These
results will be checked again in 1967 so that a "correction factor"

may be applied to the above studies.

R Y
S
PO WA l
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Personnel

Biographical Sketch

Senior Investigator--Time allotted to project, 10%

Name--Haven, Dexter S. Title--Associate Marine Scientist

Date of birth-JimigllE Place of birth--

Illinois

Educational Experience
Degree < Date
- -
e -

Employment Experience

Title or Nature

Dates Employer of Work

1948-49 U. S. Fish § Wildlife Service Marine Biologist

1949 to date Virginia Institute of Marine Marine Biologist

Science
Publications

1. Haven, D. 1551, A quick drying ink for labeling cellulose
acetate slides. Copeia. 1941(3):252.

2. Haven, D., and J. D. Andrews. 1957. Survival and growth of
Venus mercenaria, Venus campechiensis, and their hybrids in
suspended trays and on natural bottoms. Proc. Natl. Shell-
fish. Rssoc. 47 (1956):43-49,

3. Haven, D, 1957, Distribution, growth, and availability of
juvenile croaker, Micropogon undulatus, in Virginia. Ecology
38(1):88-97,

4, Haven, D. 1959, Effects of pea crabs, Pinnotheres ostreum,
on oysters, Crassostrea virginica. Proc, Natl. ohellfish.
Assoc. 49:77-86.

5. Andrews, J. D., and D. S, Haven. 1959. Fresh-water kill of
oysters (Crassostrea virginica) in James River, Virginia 1958.

6. Haven, D. €5¢. Migration of the croaker, Micropogon
undulatus. Copeia 1959(1):25-30. ’

7.

Haven, D, 1961, Eurasian water milfoil in the Chesapeake Bay
and the Potomac River. Water management in the Potomac

Estuary. Interstate Commission on the Potomac River Basin,
196l.



8.

9.

10.

11.

12,

13.

B LU b Al B T
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Haven, D. 1962, Seasonal cycle of condition index of
oysters in the York and Rappahannock Rivers. Proc. Natl.
Shellfish. Assoc. 51(1960):42-66.

Haven, D. 13562. Supplemental feeding of oysters with
starch. Chesapeake Sci. 6:43-51.

Haven, D. C., and R. Morales-Alamo, 1965. Apparatus for
holding individual oysters under equal water flows. Limnol,
and Oceanogr. 10(4):605-606.

Haven, D. S., and R. Morales-Rlamo. 1966. Use of fluorescent
particles to trace oyster biodeposits in marine sediments.

Jour. Conseil, Conseil Perm. Intern. Exploration Mer 30(2):
267-269. : :

Haven, D. S., and R, Morales-Alamo, Aspects of biodeposition
by oysters and otlrer invertebrate filter feeders. Limnol.
and Oceanogr (in press).

Haven, D, S., and R. Morales-Alamo. Relation of bicdeposition
by oysters to depuration. Proceedings First National
Conference o:.:. Depuration (in press).
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Biographical Sketch

Research Assistant--Time allotted to project, 100%

Name--Morales-Alamo, Reinaldo Title--Marine Scientist A

Date of birth--SjSNEEEEN® Place of birth--EsaE™

Educational Experience

- Degree Institution Conferring Date
<k L =)

Graduate Vork--giiis e
e —

Employment Experience

Dates Employer Title or Nature
of Work
1956-57 U. S. Fish & Wildlife Service Shellfish Biologist
1957 to date Virginia Institute of Marine Marine Scientist
Science
Publications

1. Nichols, Maynaird M., and R. Morales-Alamo. 1963.
Productividad en sistemas marinos marginales (Productivity in
marginal marine systems). Comunicaciones y Resumenes de

Trabajos, Conf. lLatinoamerican Para el Estudio de las Regioncs
Aridas, 1963, Buenos Aires, p. 61.

2. Harrison, W., and R. Morales-Alamo. 1964. Dynamic properties
of immersed sand at Virginia Beach, Virginia. Tech. Memo. No.

9, Coastal Engineering Research Center, U, S. Army Corps of
Engineers. 52 p.

3. Haven, D, S., and R. Morales-Alamo., 1965. Apparatus for
holding individual oysters under equal water flows. Limnol.
and Oceanogr. 10(4):605-606.

4, Haven, D, S,, and R. Morales-Alamo. 1966. Use of fluorescent
particles to trace oyster biodeposits in marine sediments.

Jour. Conseil, Conseil Perm. Intern., Exploration Mer 30(2):
267-268.

S. Haven, D, S., and R. Morales-Alamo. Aspects of biodeposition
by oysters and other invertebrate filter feeders. Limnol.
and Oceanogr. (in press).

6. Haven, D, S., and R. Morales-Alamo. Relation of biodeposition
by oysters to depuration. Proceedings First National
Conference on Depuration (in press).
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JI. Institution Facilities Available

The following equipment and facilities are available at the
Virginia Institute of Marine Science:

l.
2,

S.

17800

REE NI

Five Permanent Buildings

Radiobiology Laboratery

Gamma spectrometer system with graphic recorder
Proportional counting system

Auxiliary scaler with detectors

Survey meters

Fume hood

Muffle furnace

Drying oven :

Stainless steel-rexperiment and preparation tables
Metering pump

Chemistry Laboratory

Drying oven

Muffle furnace

Klett-Summerson colorimeter

Beckman DU Spectrophotometer with flame and UV attachment
Micro and llacro Xjeldahl digestion and distillation units
Sartorius single pan analytical balance

Christian Becker double pan analytical balance
Fume hood

Hot plate

Beckman ‘'llodel G" pH meter

Constantc iemperature culture cabinet
Vacuum pumps

LECO Carbon Analyzer

Glassware and chemicals

Coulter Counter

Woods Hole Rapid Sand Analyzer

Wet Laboratory

Non-metallic sea water system
Experiment tables

Holding troughs

Constant temperature water bath
20-pen recorder

Field Equipment

80' R/V LANGLEY

55' R/V PATHFINDER

26' R/V OBSERVER

34' R/V W. X. BROCKS

37' R/V INVESTIGATOR
Institute-owned oysicer grounds
SCUBA diving gear
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Budget

For Contract Period 1 January 1967 through 31 December 1967

I.

A.

cl

A
7

Pohe W

I

Approximate level of research effort.

Approx. % of
time for
eontract work

Contribution

by AEC Funds
Institution Requested

Personnel

Principal Investigator

Dexter Haven 10%
Others:

Research Associates

Reinaldo Morales-Alamo 100%
3 graduate students 100%
Secretarial services 1.5%

Social Security, 4.2%

Workmans Compensation, 1.6%

Materials & Supplies

Chemicals & glassware

Kryptonated sand

Nuclear instrument repair

Film badge service

Filters--cotton and millipore

Plastic sheet for building holding aquaria

Disposal of radiocactive solids

Travel

Indirect Costs (10% of A and B)

Total

;
[y
o s

$ 1,313 none

none $ 8,040
none 8,100
none 240
688
262

§17,330(A)

1,000
1,000
250
75
250
200
500

300
$3,575

2,090
$22,995

(B)



D.
E.

-10-
Unexpended funds from 1966
Total funds requested for 1967

$ 1,000

$21,995

Déiter S. é%ven

Senior Investigator

illiam J. Hargié;‘
or

Institute Difsgt

0 mmare e
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UNITED STATES GOVERNMENT

Memorandum

TO

FROM

SUBJECT:

R. G. Humphries, Director DATE:

Contract Division

Pre 281965

Herman M. Roth, Director
Research and Development Division

REQUEST FOR CONTRACT ACTION

ORS:JDB

It is requested that you take the necessary steps to process the
following described contract action:

1.

Nature of Action Reguested:

[/  Selection of New Contractor and/or
Negotiation of Contract
Number:
Contractor:

427 Modification of Contract
Number: AT-(40-1)-2789

Contractor: Virginia Institute of Marine Science
Gloucester Point, Virginia

Nature of Services to be Covered by Contract: Research

Title: ™MConcentration of Suspended Radiocactive Wastes
Into Bottom Deposits™

Type of Contract: 127 Lump Sum [:7 Cost-Type [:7 Other

Amount to be Obligated by this Contract Action: $18,459.00

Description of Other Changes to be Covered by Contract Action:
Modify contract to provide for the performance of additional
research to be completed during the period January 1, 1966 through
December 31, 1966. The AEC will contribute $18,459 in new funds
to the project. Title to equipment shall vest in the Contractor
under authority of Atomic Energy Act of 1954.

Authority:
Form AEC-481 (Contract Authorization) from C. L. Dunham to
S. R. Sapirie dated December 21, 1965.

Jé ‘
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CONTRACT NO. AT-(40-1)-2789

MARINE SCIENCE

APPENDIX "A"

For the Contract Period January 1, 1966 through December 31, 1966

A-I

A-IT

A-IT

RESEARCH TO BE PERFORMED BY CONTRACTOR

The Contractor will continue to conduct research on the concen-
tration of radiocactive waste materials into bottom deposits in

the estuarine environment by filter feeding organisms such as
oysters, tunicates, and barnacles. This work will include such
approaches as efforts directed at (1) determination of how
representative radionuclides associated with suspended silts,

clays, algae, bacteria or detritus are removed from suspension

by filter feeders and how fimly these same nuclides are bound

to particles in the biodeposits, (2) obtaining a broad comprehension
of the entire process of biodeposition in a typical estuary, and

(3) determination of the concentration or dispersal of fecal
pellets in estuaries.

APPROXTMATE LEVEL OF RESEARCH EFFORT

Approx.
(a) Contractor Personnel: % of time
Mr. Dexter Haven, Principal Investigator 10%
Research Associate 100%
3 Graduate Students 100%
Secretarial Services As Required

(b) Premises, Facilities, and Materials to be
Furnished by the Contractor:

Laboratories and facilities necessary to conduct research
on the concentration of suspended radiocactive wastes into
bottom deposits will be available. Equipment available
includes a gamma spectrometer system with graphic recorder,
proportional counting system, auxiliary scaler with
detectors, survey meters, fume hood, muffle furnace,
drying oven, constant temperature water bath, oyster
grounds, scuba diving gear and other related instruments.

ITEMS OF EQUIPMENT TO BE PURCHASED OR FABRICATED
BY CONTRACTOR COSTING $500 OR MORE

None



(1-64)
ARcre 8481 U. 8. ATOMIC ENERGY COMMISSION 1. DATE 2. AuTHORIZATION
CONTRACT AUTHORIZATION DEC 2 1 W69 M- 66-288
8.A. TO 3.8. FROM

S. R. Sapirie, Manager
Oak Ridge Operations Office

4fr¢
C. L. Du » .3 Director
Division bf Biology & Medicine, HQ

£.A. CONTRACTOR (Newe, dddress, Department, ric.)
Department of Applied Science
VIRGINIA INSTITUTE OF MARINE SCLENCE
Glougester Point, Virginia ">

o o

4.8, PRINCIPAL. INVESTIGATOR (8)

Dexter S. Haven

..
NEW CONTRACT

6. TERM OF CONTRACT

XX renswaL O orven| 1-1-66 thru 12-31-66

7. CONTRACT NUMBER

AT (40-1)-2789

8. RECOMMENDED TYPE OF CONTRACT:

9. PROPERTY TITLE TO VEST IN:

10, SECURITY CLASSIFICATION:

X rFixeo pricE 8 AEC X conTRAcTOR Work to be o wd 1
CONTRACTOR UNDER AUTHOR. | Work to be performed is under category
0 COST REIMBURSEMENT ITY OF PUBLIC LAW 85.934.This has —

been determmaed
O . objectives of the diomic Energy Commission.

be sa_furtherencs of the| as defined by AEC Manual Appendix 3401,

11. PROJECT TITLE

"“CONCENTRATION OF SUSPENDED RADIOACTIVE WASTES INTO BOTTOM DEPOSITS"

1. HEADQUARTERS TECHNICAL CONTACT

Mr. Jared J.' Davis 1/9

13. FINANCING (Nrw 4BC Funds, Not To Exceed dmonnts Indicated):

A. OPERATING EXPENSES . ....... sees v
Budget and Reporting Classification: 06 05 02
Allotment Transfer: 06-61-91 (24)

B. PLANT AND CAPITAL EQUIPMENT ,.
Budget and Reporting Classification:
Allotment Transfer:

.l.l...‘..l.l.'.ll.."“ 18,459

+ 3,914 Unexpended Balanc

© 0 060000000 C¢00 000000000 ‘

14. SPECIAL PROVISIONS AND INSTRUCTIONS:
The technical aspects of the p

work have been reviewed and are approved. A need currently exista for the results of the research or other
work that is to be undertaken. None of the AEC funds ahallbeusedmcmera fellc:thip. o al *

Please keep us informed as to an
funds obligated. I the budget

y problems encountered in your negotiations, as well as the date of execution of this comtract 2nd the amount of

f 43 negotiated differs substantially from that m the proposal, please forward a copy of the revised budget to Head-
uarters.
If oot alrendynbmitwd,nZ(X)-wnrdmmm:.rycithepmpowdmknhouldbefornrdedbytheconumunomupouibledtuugodntiond

the coatract.-

19, SCOPE OF WORK

Research on the uptake of radionuclides by marine organisms.

F12567:1

0gc 231960
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UNITED STATES GOVERNMENT

Memorandum

TO

FROM

F Co L Sirester DATE: geptember Ju, 1945
wa & Nedicine, Iq
: Herman M. Roth, Director

Research and Development Division, OR L]

SUBJECT: RENEWAL OF CONTRACT NO. AT-(40-1)- FPe9 WITE VYINGINIA INSTITVYS OF

MARIRR SCINNCS (DR. DRITER S, NAVEN)
Rs D8 .

We are submitting for your review and appropriate action the
following information concerning the contract which will expire

on Deeember 31, 19654

1. Renewal Proposal

2. Progress Report (
3. PFinancial Statement ( by doounent
4, 200-Word Summary (: ol 3 e

We shall appreciate your advising us of your decision so that
we may proceed with the necessary contract action at the
earliest possible date,

P Rolm_

rman M. Roth

Enclosure:
As Listed Above

BC: C. 3. Sheuwp, Wenels.

B S s e
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RENEWAL PROPOSAL
Concentiration of Suspended Radiocactive Wastes
into Bottom Deposits
by
Dexter Haven, Senior Investigator
Virginia Institute of Marine Science

Gloucester Point, Virginia

The Senior Investigator requests that the U. S. Atomic Energy
Commission consider renewal of Contract No. AT (40-1) 2789 for the
period 1 January 1966 to 31 December 1966.

The Senior Investigator does not receive financial support from
any other Federal agency.

The program will be under the direction of Mr. Dexter Haven,
assisted by Mr. Reinaldo Morales-Alamo. Radiobiological studies will
be supervised by Dr, Morris L. Brehmer, Head, Radiobiological Section.
Identification of marine invertebrates will be done by Dr. Marvin L.
Wass.

Since submission of the first progress report in 1960, research
has indicated that biodeposition may be a major factor in estuarine
ecology and for review purposes, a summary of the progress and the

program's objectives is given prior to the presentation of this year's

research proposal.

Review
Basically, biodeposition in the estuarine environment is associated
with the feeding of filter feeders such as oysters, tunicates, and

R BN
b ) ot
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barnacles. In this process detritus, clays, silts, sand grains,
bacteria, algal cells ard other particulate matter are filtered from
suspension, ingested and later voided as fecal strings or pellets,
Radioactive particles or radionuclides adsorbed or associated with any
of these previously listed particles will also be removed from suspension
and deposited with the fecal material. Fecal pellets or strings are
compacted or aggregated with mucus and are not transported by currents
at the same rates as the original components.

A second important part of biodeposition is the distribution and
dispersion of fecal pellets (biodeposits) after they are voided by the
various organisms. A portion will be transported from their site of
deposition by currents; others will be ingested by bottom invertebrates,
broken down by bacteria or incorporated into bottom deposits, creating

possible concentration of radionuclides adjacent to concentrations of

filter feeders.

Objectives

The overall objectives of the present program may be outlined as
follows:

1. To determine how representative radionuclides associated with
suspended silts, clays, algae, bacteria or detritus are removed from
suspension by filter feeders and how firmly these same nuclides are
bound to particles in the biodeposits.

2. fTo obtain a broad comprehension of the entire process of
biodeposition in a typical estuary. That is, to understand the groups
of animals involved, quantities of biodeposits produced and to determine
the physical and chemical characteristics of biodeposits.
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3. To study concentration or dispersal of fecal pellets in
estuaries. This will include rate at which pellets are broken down,
their sinking rates, and the quantity suspended in the water. Most
important of all is a study of how biodeposits are incorporated into
sediments by the action of benthic animals.

The basic reason for such a detailed knowledge of the process as
outlined in 2 and 3 is that in the event nuclides are introduced .into
suspension, their initial and perhaps their final distribution will
parallel that of particles in the biodeposits.

Proposal for 1966

In 1966 it is planned to continue studies with the Coulter Electronic
Particle Counter to determine minimum size of particles which oysters
might remove from suspension.

Experimental design will be the same as in 1965. Oysters and other
test animals will be held in experimental troughs where they will
continually receive filtered water containing particles of known size.
This objective will be achieved by filtering water entering the troughs
through cotton filters which remove particles larger than 1p. To
these troughs will be added particles of silts, clays or algal cells
of known size. Sizes and numbers of particles entering and leaving
each trough will be measured with the Coulter Counter.

The purpose of continuing these studies another year is that
results in 1965 indicated that efficiency of particle removal by oysters
decreased below 4 n to 5 u and that considerable volumes of particles
below 1.2 p are not filtered. Many particles in sea water are in the

0.5 to 1.o‘P range, and if isotopes are associated with these small

ha e
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particles, many would not be removed by the oyster during feeding.
That is, it is important to determine minimum size of particles removed
from suspension.

Attempts to measure particle removal in the 1.0 p range in 1965
were only partially successful. This occurred because the design of
the Counter is such that it will not give accurate results when particle
number (in any given size range) exceeded 20,000 particles in 0.5
microliters. It is frequently necessary to dilute samples with filtered
sea water. This dilution is not a problem with larger particle sizes
but in the 1.0 to 1.5 u range, the number of natural particles is
tremendous and dilution is necessary. Attempts at dilution were not
successful, since sea water used for dilution was filtered through a
0.4S‘p menbrane filter; this filtered sea water often contained more
particles in the 0.5 to 1.0 p range than the original sample. In 1966
the same experimental design will be used, but artificial sea water
containing low particle numbers will be used as a diluting media.

If time permits, the preceding study of filtration in relation to
particle size will be supplemented by a similar study using isotopes
in a closed system. Clays or bacteria, of a size which has been
determined by the Coulter Counter, will be labelled with Cel44 and then
fed to oysters. Quantities removed will be measured. This study was
originally proposed for 1965 but our inability to determine minimum
size of particles filtered prevented us from starting it.

The animal sediment study in the York River begun in February 1965
has been most useful. Monthly cores taken at 5, 10, 20 and 40 feet have

defined animal communities and sediment types. Its value in the program
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is that if biodeposition or sediment mixing is a factor at these

depths, it must be associated with the observed populations and the

existing sediment types. Consequently, realistic laboratory studies

may be designed to study sediment mixing as it may occur in the estuary.
Sediments from the four depth zones will be introduced and placed

in small, separate plastic aquaria. Natural populations of invertebrates

present will be killed with fresh water or heat. Later, sea water will

be recirculated over these sediments through a surface baffle similar

to that described in the 1964 progress report. Later, representative

animals found at the lfour plots will be placed in separate containers.

Detritus-feeding annelids, like Cirriformia, representative of the

40-foot community will be placed in several containers with sediments
from that depth. In sediments from 5 and 10 feet, deposit feeders,
like Phoronis and Retusa, will be placed.

Sediment mixing will be followed in two ways: 1) oysters will be
fed algal cells labelled with P32 and the resulting feces and pseudofeces
containing the isotope will be placed on the surface of the sediments;
2) clays will be labelled with Cel44 and similarly placed in the
containers. Later, cores will be taken and activity at various depths
counted.

Certain animals, e.g., Clymenella, found at the 5 and 10-foot
stations ingest sand. This results in burial of surface deposits or
a mixing of these into the deeper layers. This will be studied by
introducing a thin film of Xryptonated sands of known particle size
on the surface of the sediments. Activity will be detected in samples
at various depths. This material will be obtained from the Radiation

Application Branch, Division of Isotopes Development.
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If Xryptonated sand is not available, then glass labelled with
Co60 will be obtained from the same source. This glass will be ground
to correspond with grain size of natural sediments.

In connection with the animal sediment study, the quantity of fecal
material voided by the filter-feeding mollusks noted at the S and 10-foot
stations will be studied. The animals will include Tellina, Mulinia,

and Macoma. Animals will be held in troughs of running sea water and
weights of biodeposit measured weekly.

The occurrence of fecal pellets in the York River will be studied
again at the stations used in the animal sediment study. One station
will be located at 40 feet and the second at 10 feet. During July,
hourly measurements of current velocity will be made, as well as
determination for total suspended solids. Water samples will be pumped
from 5 feet below the surface and 2 feet above the bottom and these
will be passed throuch a 125 p and a 44‘p screen. Materials collected
will be weighed and the percentage weight of fecal pellets in each
sample calculated. Later, weight of fecal pellets will be compared to

weight of total seston in the water.

]

1
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Budget and Personnel for Contract No. AT (40-1) 2789 for Concentration of
Suspended Radioactive Wastes into Bottom Deposits

Budget

For Contract Period 1 January 1966 through 31 December 1966

I.

B.

Approximate level of research effort.

Approx. % of Contribution
' time for by AEC Funds
Personnel contract work Institution Requested
Principal Investigator 10% $1,147 None
Dexter Haven
Others:
Research Associates
Reinaldo Morales-Alamo 100% None $7,344
3 graduate students 100% None 7,200
Secretarial services 3% None 200
Social Security & Insurance 220
Materials & Supplies
Chemicals & glassware 1,000
Kryptonated sand 2,000
Nuclear instrument repair 500
Film badge service 75
Tubes, 2000 p for Coulter Counter 250
New hard rubber pump for wet lab 600
Filters--cotton and milipore 500
Plastic sheet for building holding aquaria 250
Travel 200
~ Indirect costs Torale- 22:034
Unexpended funds on hand from 1963-65 3,914
Total funds requested for 1966 $18,459
Stgnd
/ﬁzizﬁy~.¢22u-—
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Personnel

Biographical Sketch

Senior Investigator - Time allotted to project, 10%

Name - Haven, Dexter S. Title - Associate Marine Scientist

Date of birth Jepiggll® Place of birth Illinois

Educational Experience

Degree Institution Conferring Date

= - =

Employment Experience
Title or Nature

Dates Employer of work
1948-49 U. S. Fish'§ Wildlife Service Marine Biologist
1949 to date Virginia Institute of Marine Marine Biologist
Science
Publications

1. Haven, D. 1951. A quick drying ink for labeling cellulose
acetate slides. Copeia. 1951 (3): 252,

2., Haven, D. and J. D. Andrews., 1957. Survival and growth of
Venus mercenaria, Venus campechiensis, and their hybrids in
suspended trays and on natural bottoms. Proc. Natl. Shell-
fish. Assoc. 47 (1956): 43-49,

3. Haven, D. 1957. Distribution, crowth, and availability of

juvenile croaker, Micropogon undulatus, in Virginia. Ecology
38 (1): 88-S

4, Haven, D. 19359. Effects of pea crabs, Pinnotheres ostreum,

on oysters, Crassostrea virginica. Proc. Natl. Shellfish.
Assoc. 49: -86.

5. Andrews, J. D. and D. S. Haven. 1959. Fresh-water kill of

oysters (Crassostrea virginica) in James River, Virginia 1958.
S N T T heaaea) o e T

6. Haven, D. 1959, Migration of the croaker, Micropogon
undulatus. Copeia 1959 (1): 25-30. ’

7. Haven, D, 1961l. Eurasian water milfoil in the Chesapeake Bay
and the Potomac River. Water management in the Potomac Estuary.
Interstate Commission on the Potomac River Basin, 196l.

[
C



8.

9.

10.

. L 14 bt L 9 T/ S | P

Haven, D. 1562, Seasonal cycle of condition index of
oysters in the York and Rappahannock Rivers. Proc. Natl.
Shellfish. Assoc. 51 (1960): 42-66.

Haven, D. 1962. Supplemental feeding of oysters with
starch. Chesapeake Sci. 6: 43-51.

Haven, D, S. and R. Morales-Alamo. Apparatus for holding
individual oysters under equal water flows. Limnol. and
Oceanogr. (In press).

Haven, D, S. and R, Morales-Alamo. Use of fluorescent
particles to trace oyster biodeposits in marine sediments.
Jour. du Conseil (In press). -
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Biographical Sketch

Research Assistant - Time allotted to project, 100%

Name - Morales-Alamo, Reinaldo Title - Marine Scientist A

Date of birth qume@ENillF Flace of birth{EuEEENENEN

Educational Experience

Degree Institution Conferring Date
-
Graduate Work - ouEEERENERssnpatehiyREy

Employment Experience
Title or Nature

Dates Employer of work
1956-57 U. S, Fish § Wildlife Service Shellfish Biologist
1957 to date Virginia Institute of Marine Marine Biologist
Science
Publications

1. Nichols, Maynard M. and R. Morales-Alamo. 1963. Productividad
en sistemas marinos marginales (Productivity in marginal marine
systems). Comunicaciones y Resumenes de Trabajos, Conf.

Latinocamerican Para el Estudio de las Regiones Aridas, 1963,
Buenos Aires, p. 61.

2. Harrison, W. and R. Morales-Alamo., 1964. Dynamic properties
of immersed sand at Virginia Beach, Virginia. Tech. Memo. No.

9, Coastal Engineering Research Center, U. S. Army Corps of
Engineers. 52 p.

3. Haven, D. S. and R, Morales-Alamo. Apparatus for holding
individual oysters under equal water flows, Limnol. and
Oceanogr. (In press).

4. Haven, D. S. and R. Morales-Alamo. Use of fluorescent particles
to trace oyster biodeposits in marine sediments. Jour, du
Conseil (In press).



II. Institution Facilities Available

ollowing equipment and facilities are available at the Virginia
Institute of Marine Science:

1, Five Permanent Buildings

2. Radiobiology Laboratory

[ “ "

Gamma spectrometer system with graphic recorder
Proportional counting system
Auxiliary scaler with detectors
Survey meters

Fume hood

Muffle furnace

Drying oven y .
Stainless steel experiment and preparation tables
Metering pump

3. Chemistry Laboratory

Drying oven
Muffle furnace

Klett-Summerson colorimeter

Beckman DU Spectrophotometer with flame and UV attachment
. Micro and Macro Xjeldahl digestion and distillation units

Sartorius single pan analytical balance

Christian Becker double pan analytical balance
Fume hood

Hot plate

Beckman "Model G" pH meter

Constant temperature culture cabinet
Vacuum pumps

LECO Carbon Analyzer

Glassware and chemicals

Coulter Counter

4. Wet Laboratory

Non-metallic sea water system
Experiment tables

Holding troughs

Constant temperature water bath
20-pen recorder

S. Field Equipment

80' R/V LANGLEY

55' R/V PATHFINDER

26' R/V OBSERVER

34' R/V W. X. BROOKS

37' R/V INVESTIGATOR
Institute-ovned oyster grounds
SCUBA diving gear
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VIRGINIA INSTITUTE OF MARINE SCIENCE
GLOUCESTER POINT. VIRGINIA 23062

September 28, 1963

EXPENDITURK STATEMZNT

Expenditures from Januvary |, 1968 thru September 30, 1968

Classificatibn Yirginia Institute of AEC
Marine Science

Perscanel $720.00 $ 9,448, 14
Material aad Supplies 1,540. 47
Iadirects Costs 557.95

$720. 00 $11,543.86 $12,263.86
Letimated Costs - October 1, 240. 00 $,371.44 $,611.44
1968 thru December 31, 1968

$960. 00 $16,915.00 $17,875.00

From prior coatract periods, $3, 914. 00 will be available for
filnancing the project during the contract period January |, 196
to December 3i, 19 .

G
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UNITED STATES GOVERNMENT

Memorandum

TO : R. G. Humphries, Director DATE:
Contract Division

VAN 37 963
FROM : Herman M. Roth, Director
Research and Development Division
SUBJECT: REQUEST FOR CONTRACT ACTION
ORS:JDB
It is requested that you take the necessary steps to process the

following described contract action:

1. Nature of Action Requested:

// Selection of New Contractor and/or
- Negotiation of Contract

Number:

Contractor:

/X/ Modification of Contract
Number: AT=-(40-1)-2789
Contractor: Virginia Institute of Marine Science
Gloucester Point, Virginia

2, Nature of Services to be Covered by Contract: Research

Title: '"Concentration of Suspended Radiocactive Wastes into
Bottom Deposits"

3. Type of Contract: 137 Lump-Sum 1:7 Cost-Type 1:7 Other

4. Amount to be Obligated by this Contract Action: $16,915.00

5. Description of Other Changes to be Covered by Contract Action:

Modify contract to provide for the performance of additional
research to be completed during the period January 1, 1965

through December 31, 1965, The AEC will support the project
in the amount of $16,915 in new funds,

6, Authoritz:
Form AEC-481 (Contract Authorization) from C. L. Dunham to

S. R. 8apirie dated January 15, 1965
N
WW 32u3

Herman M., Roth



VIRGINIA INSTITUTE OF MARINE SCIENCE CONTRACT NO, AT-(40-1)-2789

APPENDIX "A"

For the Contract Period January 1, 1965 through December 31, 1965,

A-1

A-11

A-III

1128881

RESEARCH TO BE PERFORMED BY CONTRACTOR

The Contractor will continue to conduct research on the concentration
of suspended radioactive wastes into bottom sediments of rivers and
estuaries by marine filter feeders such as oysters, clams, tunicates,
and barnacles. This work will include such approaches as (1) measure-
ment of the sizes of particles which oysters and other filter feeders
remove from suspension, (2) study of the mixing of biodeposits labeled
with Cerium-144 or Phosphorus-32 into deeper sediment layers by
invertebrates by measurement of activity at various levels in cores,
(3) efforts directed at determination of association between sediment
types with natural invertebrate populations which might be most
important in sediment mixing and biodeposition, and (4) measurement

of the quantities of fecal pellets in estuarine waters.

APPROXIMATE LEVEL OF RESEARCH EFFORT

Approx.

(a) Contractor Personnel: % of time

Mr. D. S. Haven, Principal Investigator 10%
Research Associate 100%
2 Graduate Students 100%
Secretary 3%

(b) Premises, Facilities, and Materials to be
Furnished by the Contractor:

laboratories and facilities necessary to conduct research on the

concentration of suspended radioactive wastes into bottom deposits
will be available.

Equipment available includes a gamma spectrometer
system with graphic recorder, proportional counting system, auxiliary
scaler with detectors, survey meters, fume hood, muffle furnace,
drying oven, constant temperature water bath, oyster grounds, scuba
diving gear and other related instruments,

ITEMS OF EQUIPMENT TO BE PURCHASED OR FABRICATED BY CONTRACTOR COSTING

$500 OR MORE

None
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(1-04)
ARCPR 8481 U.8. ATOMIC ENERGY COMMISSION L. DATE 2. AUTHORIZATION
JAN 15 105
CONTRACT AUTHORIZATION BM-65-355
8.A. TO 3.8. FRON
S. R. Sapirie, Manager C. L. Dunham, M. 0., D
Qak Ridge Operations Office Division of Biology & Medicine
&.A. CONTRACTOR (Nowe, dddress, Degortuent, sts.) 4.8. PRINCIPAL INVESTIGATOR (8)
VIRGINIA INSTITUTE OF MARINE SGLEMCE
Gloucester Point, Virginia Dexter S. Haven
.. 8. TERM OF CONTRACT ! 7. CONTRACT NUMBER
[ NEW CONTRACT A menewaL  [JorHsr| 1=1-65 thru 12-31-65 AT (40-1)~2789
8. RECOMMENDED TYPE OF CONTRACT: 9. PROPERTY TITLE TO VEST IN: 10. SECURITY CLASSIFICATION:
& "xtn:"::::u RSEMENT 8 QgiTRACng CUO:J:: c:sgr_on. Work to be performed is under category [
g coer bion Ueemad e b1 fuvikrgace ol 14| as defined by AEC Manual Appendix 3401
(=] obtectives of the dtomic Energy Commisnien.
11. PROJECT TITLE

""CONCENTRATION OF SUSPENDED RADIQACTIVE WASTES INTO BOTTOM DEPOSITS™
12. HEADQUARTERS TECHNICAL CONTACT e
Mr. Jared J. Davis ¢/é[
18. FINANCING (New 42C Fuads, Not To Bxceed uf:/zwn

A. OPERATING EXPENSES

X l.l...‘ L BN BN B ) .‘l.........‘...."...." 16’915
Budget and Reporting Classification: 06 05 02

Allotment Transfer: 06_5 1-91 (24)
B. PLANT AND CAPITALEQUIPMENT s cccseescscocvsascsnsnssssssee $
Budget and Reporting Classification:
Allotment Transfer:
14. SPECIAL PROVISIONS AND INSTRUCTIONS:

The technical aspects of the p work have been reviewed and are approved. A need currently exists for the results of the research or other
work that is to be undertaken. Noae of the AEC funds shall be used to confer a fellowship.

Please keep us informed as to any problems encountered in your negotiations, as well as the date of execution of this contract and the amount of

funds obligated. If the budget as negotiated differs substantially from that m the proposal, please forward a copy of the revised budget 1o Head-
quarters.

tllfienm already submitted, a 200-word summary of the proposed work should be forwarded by the contractor as soon as possible after negotiation of
contract.

185, SCOPK OF WORK

Studies of the role and importance of benthic marine fauna in delivering
seston, including radiocactive materials or organisme, to the sediments
and the redistribution of sediments by beathic organisms.

_ciet.co i 160
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UNITED STATES GOVERNMENT

Memorandum

TO

Slsoehee : | ]
G be he ol = DaTs: Sepheuier 88,

Herman M. Roth, Director
Research and Development Division, OR

RENEWAL OF CONTRACT NO, AT-(40-1)- $9@P W¥2 VIMOINTA DTN &
WASEE CTENE 0N, SExUR 8, W)

We are submitting for your review and appropriate action the
following information concerning the contract which will expire

on usasine 83, 000

1. Renewal Proposal (
2, Progress Report (

3. FPinancial Statement (» ehuhd .“
4, 200-Word Summary

. Sumssy apant (O) ol o S350

We shall appreciate your advising us of your decision so that
we may proceed with the necessary contract action at the
Bnclosure :

earliest possible date,
iéfrman M. Roth
As Listed Above

80 G, 5. Thawp, Wimal.
‘ B 5. Tasiny, Wisegrass vpert
Al oo, _—



RENEVAL PROFOSAL
Concentration of Suspended Radioactive Wastes
into Bottom Deposits
by
Dexter Haven, Senior Investigator
Virginia Institute of Marine Science

Gloucester Point, Virginia

The Senior Investigator requests that the U. S, Atomic Energy
Commission consider renewal of Contract No. AT(40-1) 2789 for the period
1 January 1965 to 31 December 1965, The research objectives, scientific
background and literature reviewed are essentially the same as in the
original contract proposal, or as in the 1963 proposal.

The Senior Investigator does not receive financial support from
any other Federal agency.

The program will be under the direction of Mr. Dexter Haven,
assisted by Mr. Reinaldo Morales=-Alamo. Radiobiological studies will be
supervised by Dr., Morris L. Brehmer, Head, Radiobiological Section.
Identification of marine invertebrates will be done by Dr. Marvin L. Wass.

During 1965 the proposed program will largely be a continuation
of 1964 studies.

In 1964 an extensive series of studies was planned using a Coulter
Counter, A delay in the arrival of this equipment and a later defect in
one of its components allowed only a portion of the planned work to be
completed. The instrument now appears operational and experiments comple-
ted to date seem to indicate that oysters allow many particles in the
1l to 2 u size range to pass through its filtering system., In view of
the encouraging results obtained so far in 1964, the original proposal

[ 17000 1s still the basis for proposed work in 196S. E 5301
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It has been indicated that adsorptive capacity of various ions
on clays is partly a function of particle size as shown by Harman and
Fraulini (1940). Consequently, a study is planned to determine sizes of
particles removed from suspension by various filter feeders. The basis
of the study is that if a filter feeder removes only small particles
with adsorbed radionuclides, the activity of the biodeposits might be
relatively great. Removal of only large particles might result in bio-
deposits with lower levels of activity.

It is planned to hold oysters and other test animals in experimental
troughs where they will continually receive filtered water containing
particles of known size, This objective will be achieved by filtering
water entering the troughs through cotton filters which remove particles
larger than 1 micron. To these troughs will be added particles of silts,
clays or algal cells of known size, Sizes and numbers of particles
removed will be measured with the Coulter Counter.

If time permits the preceding study of filtration in relation to
particle size will be supplemented by a similar study using isotopes in
a closed system. Clays and bacteria, of a size which has been determined
with the Coulter Counter, will be labeled with Cel%%or P32 and then fed
to oysters. Quantities removed will be measured.

Studies on the occurrence of fecal pellets suspended in the York
River estuary will continue since the preliminary study showed appreciable
quanticies being transported as part of the suspended load. Detritus
and/or sediment traps will be placed at several depths in the estuary and
weight of fecal pellets settling into the collectors will be measured in
relation to the other components.

Studies will be made to determine what portion of the total suspend-

ed load in estuarine waters is composed of fecal pellets. This will be
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done by flowing river water through a fine plankton net to collect fecal
pellets, phytoplankton, zooplankton, and large particles of detritus.
These will be separated into various size ranges by sieving. The weight
of the particulate matter passing through the net will be estimated by
comparative retention on membrane filters.

Settling rates of fecal pellets in estuarine waters will be measured
as a basis for estimating rates of transport of particles in the estuary
by currents.

A study is proposed on the relation between sediment type, sediment
mixing, and animals living in the sediment. Studies in 1968 and 196§ indi-
cated that certain groups of filter feeders are most effective in removing
suspended sediments from the water while other groups of animals are
primarily associated with the mixing of biodeposits into subsurface
sediments.,

Sanders (1960) has shown a definite relation between grain size of
sediments and animal populations. Relation of these findings to the present
work would indicate which sediments support relatively large populations
of filter-feeders, and those which support only sediment ‘mixers"., It
would be useful to know if the "filterers" live in the same sediment types
as the "mixers"'. 1In theAevent of contamination of estuarine waters with
radionuclides certain sediment types, by virtue of their animal populations,
might be associated with large quantities of radiocactive sediments.

The pronosed study will be carried out in the laboratory and in the
field,

A series of York River sediments ranging from those with high silt=
clay content to those composed largely of sand will be collected and
placed in laboratory tanks so as to retain natural populations. A pump
will be used to recirculate water to those tanks through an aerating

column. Biodeposits with adsorbed P32 or Cel44will be added. Later,



activity of sediments at various levels will be measured, and results
expressed as activity per unit weight of dry sediment. RAnimal populations
in tanl:s will be determined by screening representative samples obtained
with a Petersen grab prior to placing them in the tanks.

Animal-sediment relationships will be studied in the field by
analysis of sediment types and estimation of their animal populations.
Sediment type analyses will be made using standard techniques outlined
by Xrumbein and Pettijohn (1938) and nomenclature designations will be
based on comparative ratios between sands, silts and clays following
Shepard (1354). Animal populations will be estimated on the basis of
numbers per square meter as determined by Petersen grab samples.
Sediments will be screened through a 0.5 mm screen and all animals
collected and identified,¥

Our studies for the past four years have established the magnitude
of removal of suspended particulate matter from the water by oysters and
other filter-feeders and the permanence of biodeposits in bottom
sediments. The studies proposed for 1965 will further elucidate the
close association between filter-feeders, other bottom=dwelling animals
and the sediments they inhabit and the significance of such relationships
in the event of radioactive contamination of estuarine waters. Therefore,

continuation of these studies is considered critical for our better under-

standing of the processes involved.

*Identification of all benthic animals will be made by Dr. Marvin Wass,
Dept. of Ecology=-Pollution,
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Budget and Personnel for Contract No. AT (40-1) 2789 for Concentration of

Suspended Radioactive Wastes into Bottom Deposits.

Budget
Por Contract neriod 1 January 1965 through 31 December 1865,

I. Approximate level of research eifort.

Approx. % of

time for Contribution by AEC Funds
A, Personnel concract work Institution Requested
Principal Investigator
Dexter S, Haven 10% 960 None
Others:
Research Associates
Reinaldo Morales-Alamo 100% None 7,032
2 graduate students 100% None 4,800
Secretarial services 3% None 200
Social Security & Insurance 220
B. Materials & Supplies
Chemicals & glassware 1000
Film badge service 75
Tubes, 2000 u and 3000 u
for Coulter Counter 600
Metering pumps 500
Filters 500
Plastic sheet for building
holding aquaria 250
Travel 200
C. Indirect Costs 1538
960 $ 16,915

/

Dexter S. Haven

Senior Investigator
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Biographical Sketch

Senior Investigator - Time allotted to project 10%

Name - Haven, Dexter S. Title - Assoc. Marine Scientist

Date of birth4fjj s ® Place of birth SEEBSUEEENe 111.

Educational Experience

Degree Institution Conferring Date
R _—
4R R

Employment Experience

Title or Nature

Dates Employer of work

194849 U. S. Fish § Wildlife Service Marine Biologist

1949 to date Va. Inst. Marine Science Marine Biologist
Publications

1, Haven, D, 1951, A quick drying ink for labeling cellulose

2.

3.

S.

7.

8.

acetate slides. Copeia. 1951 (3):252.

Haven, D. and J. D. Andrews. 1957, Survival and growth
of Venus mercenaria, Venus campechiensis, and their hybrids
in suspended trays and on natural bottoms. Proc. Natl,
Shellfish, Assoc. 47 (1956): 43-49,

Haven, D. 1957. Distribution, growth, and availability
of juvenile croaker, Micropogon undulatus, in Virginia.
Ecology 38 (1): 88-97,

Haven, D. 1959. Effects of pea crabs, Pinnotheres ostreum,

on oysters, Crassostrea virginica. Proc, Natl, Shellfish.
Assoc. 43: 77-86.

Andrews, J. D. and D. S. Haven, 1959. Fresh-water kill of

oysters (Crassostrea virginica) in James River, Virginia
1958. Proc. Natl, Shel%%isﬁ. Assoc. 49: 29-49,

Haven, D, 1955, Migration of the croaker, Micropogon
undulatus, Copeia 1959 (1): 25-30. ’

Haven, D, 1961. Eurasian water milfoil in the Chesapeake
Bay and the Potomac River. Water management in the Potomac

Estuary. Interstate Commission on the Potomac River Basin,
1961.

Haven, D. 1962. Seasonal cycle of condition index of

oysters in the York and Rappahannock Rivers. Proc, Natl.
Shellfish. Assoc. 51 (1960): 42-66.
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Biographical Sketch
Research Assistant = Time allotted to project 100%

Name Morales=-Alamo, Reinaldo Title Marine Scientist A

Date of birth yEEENN® Place of birth NN,

Educational Experience

Degree Institution Conferring Date
-

Graduate Work - SRR
Employment Experience

Dates Employer Title or
1956=~57 U. S, Fish & Wildlife - Nature of work
Service : Shellfish Biologist

1957 to date Va. Inst. Mar. Science Marine Biologist

Publications
1. Nichols, Maynard .. and R. Morales-Rlamo. 1¢33. Producti-~
vidad en siscemas marinos marginales (Productivity in
marginal marine systems). Comunicaciones y Resumenes
de Trabajos, Conf. Latinoamerican Para el Estudio de las

Regiones Aridas, 1963, Buenos Aires, p. 61.

2, Harrison, W. and . .orales-Alamo. In Press. Dynamic
properties of immersed sand at Virginia Beach, Virginia.
Tech. Memo. Coastal Engineering Researci Center, U. S.

Army Corps of Engineers. 37 p. + 10 figs.
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Institution Facilities Available

The following equipment and facilities are available at the
Virginia Institute of Marine Science

1. Five Permanent Buildings

2. Radiobiology Laboratory

Gamma spectrometer system with graphic recorder
Proportional counting system

Auxiliary scaler with detectors

Survey meters

Fume hood

Muffle furnace

Drying oven

Stainless steel experiment and preparation tables
Metering pump

3. Chemistry Laboratory

Drying oven

Muffle furnace

Klett-Summerson colorimeter

Beckman DU Spectrophotometer with flame and UV attachment
Micro and Macro Kjeldahl digestion and distillation units
Sartorius single pan analytical balance

Christian Becker double pan analytical balance
Fume hood

Hot plate

Beckman "Model G" pH meter

Constant temperature culture cabinet
Vacuum pumps

LECO Carbon Analyzer

Glassware and chemicals
Coulter Counter

4. Wet Laboratory

Non=metallic sea water system
Experiment tables

Holding troughs

Constant temperature water bath
20-pen recorder

5. Field Equipment

80' R/V LANGLEY

55' R/V PATHFINDER

26' R/V OBSERVER

34' R/V W, K.. BROOKS ~ L
27' R/V INVESTLIGATOR
Institute-owned oyster grounds
SCUBA diving gear
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MONWEALTH OF V'RGIN "

VIRGINIA INSTITUTE OF MARINE SCIENCE

GLOUCESTER POINT. VIRGINIA 23062
September 17, 1964

EXPENDITURE STATEMENT

Expenditures from 1 January, 1964 thru 30 September, 1964

Classification Virginia Institute of AEC
Marine Science
Salaries $720.00 $ 6,842,99
Travel 388,83
Contractual Services 93,20
Supplies and Equipment 8, 370, 26
Indirect Costs 8, 89
$720,00 $15,704,17 $16,424,.17

Estimated Costs - 1 October,
1963 thru 31 December, 1964 240,00 4,295,83 4,535, 83

$960, 00 $20,000,00 $20, 960,00

~ ~\ 2R3
[ S A R R L (‘)- L
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UNITED STATES GOVERNMENT

Memorandum

TO ! R, G, Humphries, Director DATR: JAN 2 9
Contract Division 64

PROM : Harman M. Roth, Director
Research and Development Division

suBJECT: REQUEST FOR CONTRACT ACTION

ORS :JDB

It is requested that you take the necessary steps to process the
following described contract action:

1.

6.

Nature of Action Regueued:

// Selection of New Contractor and/or
Negotiation of Contract
Rumber :
Contractor:

&/ Modification of Comtract
Number: AT-(“'O-I)-2789

Contractor: virginia Institute of Marine Science
Gloucester Point, Virginia

Nature of Services to be Covered by Contract: Research

Title: "Concentration of Suspended Radioactive Wastes into
Bottom Deposits”

Type of Contract: _/E/' Lymp-Sum /_-7 Cost-Type /_-7 Other

Amount to be Obligated by this Contract Action: $20,000,00

Description of Other Changes to be Covered by Contract Action:

Modify contract to provide for the performance of additional
research to be completed during the period January 1, 1964
through December 31, 1964, The AEC will support the project
in the amount of $20,000 in new funds,

Authority:
Form AEC-481 (Contract Authorization) from C, L, Dunham to

S. R, Sapirie dated JanuEw 2, 196&» /2
rman M, Roth

~
‘e
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CONTRACT NO, AT-(40-1)-2789
APPENDIX "A"™

For the Contract Period January 1, 1964 through December 31, 1964,

A-1

A-I1

RESEARCH TO BE PERFORMED BY CONTRACTOR

The Contractor will continue to conduct research on the concentration
of suspended radicactive wastes into bottom deposits by marine filter
feeding organisms such as clams, mussels, tunicates, and barnacles.
This research will include such approaches as (1) estimation of the
initial distribution and dispersion of biodeposits in marine sediments,
(2) investigation of the sizes of particles ingested by filter feeders,
(3) use of radioisotopes and other techniques to estimate rates at
which surface biodeposits are incorporated into deeper sediment layers
by mud-dwelling marine organisms, and (4) study of the occutrence and
abundance of fecal pellets in plankton,

APPROXIMATE LEVEL OF RESEARCH EPFORT

Approx.
(a) Contractor Personnel: % of time
Dr. D, S. Haven - Principal Investigator 10%
Research Associate 100%
Graduate Student 100%
Secretarial Services 2%

(b) Premises, Facilities, and Materials to be
Furnished by the Contractor:

Laboratories and facilities necessary to conduct research on the
concentration of suspended radicactive wastes into bottom deposits
will be available. Equipment available includes a gamma spectrometer
system with graphic recorder, proportional counting system, auxiliary
scaler with detectors, survey meters, fume hood, muffle furnace,
drying oven, constant temperature water bath, oyster grounds, scuba
diving gear and other related instruments.

A-II1I ITEMS OF EQUIPMENT TO BE PURCHASED OR FABRICATED BY Estimated
CONTRACTOR COSTING $500 OR MORE

Cost

1., Bacteria and Cell Counter with 2 extra tubes $5,720,00
2, Ultraviolet Illuminator 880.00
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DATE

AUTHORIZATION NO.

U. 8. ATOMIC ENERGY COMMISSION

CONTRACT AUTHORIZATION

S. R, Sapirie, Manager
Oak Ridge Operations Office

1.A. TO

Division of LBiology & Medicine, |

8. PRINCIPAL INVESTIGATOR(S)

2.A. CONTRACTOR (Name, Address, Depariment, etc.)

Virginia Fisheries Laboratory
VIRGINIA INSTITUTE OF MARINE SCIENCE

Dexter S. Haven
Gloucester Point, Virginia

3. 4. TERM OF 1-1=-64 thru | 5. CONTRAcCT 6. PROJECT
[ NEW CONTRACT [] AMENDMENT [§ RENEWAL CONTRACT 12-31-64 L4o:i’5‘:§'}89 AGREEMENT NO.
7. RECOMMENDED TYPE OF CONTRACT: 8. PROPERTY TITLE TO VEST IN: | ©. SECURITY CLASSIFICATION:
(Fircd-price, cost-type, & option of your office, etc.) {0 AEC @ CONTRACTOR Wark to be performed is under cate-
Fixed-price a 5"";:'"‘!',;“_2 f}'vld Office gory TX—I_T oK c}eﬁned by AEC
anual Appendix .

10. PROJECT TITLE

CONCENTRATION OF SUSPENDED RADIQACTIVE WASTES INTO BOTTOM DEPOSITS

1. HEADQUARTERS TECHNICAL CONTACT 12. BUDGET AND REPORTING CLASSIFICATION(S)

(by subactitity sumber)
Arnold B, Joseph (Al A ) \ovie/ [ 06 05 02

13. FINANCING '

(3 BY ALLOTMENT TRANSFER —

[] BY FINANCIAL PLAN
Allotment Transfer Chargeable: 06=41-91(24)

MAXIMUM AMOUNT OF AERC FUNDS AUTHORIZED FOR THEK PERIOD

ESTIMATED OBLIGATION AUTHORITY AVAILABLE FROM PREVIOUS
CONTRACT PERIOD s
NEW OBLIGATION AUTHORITY TO BE PROVIDED FOR IN THE
CONTRACT s 20,000
ESTIMATED CONTRACTOR CONTRIBUTION (If applicabie) .
TOTAL AMOUNT OF CONTRACT AUTHORIZED s

}. SPECIAL PROVISIONS AND INSTRUCTIONS:

The technical aspects of the proposed work have been reviewed and are approved. A need currently exists for the results of the
research or other work that is to be undertaken. None of the AEC funds shall be used to confer a fellowship.

Please keep us informed as to any problems encountered in your negotiations, as well as the date of execution of this contract and the
amount of funds obligated.

THE FOLLOWING ITEMS ARE APPLICABLE, I[F CHECKED:

O Headquarters has not made a detailed review of the following expense items, which should be investigated as part of any contract
negotiation :

O Overhead O General and Administrative
3 1t is desired that this contract be funded for its entire term.

O Equipment costs

O Transfer allotment to cover the period

to is attached.

,
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STAMDARL Famed i, 08

Oﬁice Memomndum e UNITED STATES GOVERNMENT

0o ,%b Sigecter oary SUOVURES 30, 1963
Nvielies of od Wiicine, W
MOM : Herman Y. Roth, Director
Kesearch and Development Division, ORO
- T AL 2990 - YDA TS W
suppacT: S edinidl Gl i 1. ntfliel' 3B ®. 5 0. DOV
L

We are submitting for your review and appropriate action the

fol i concerning the contract which will expire
£ iy 207 Wy

l. Renewal Proposal (.’
2., Progress Report (
3. Financial Statement ( P4
4, 200-Word Summary (

We shall appreciate your advising us of your decision go that '
we may proceed with the necessary contract action at the

earliest posgssible date.

Enclosure:
As Listed Above
8 6. 8, Moy, Wamsl,
Be 5. Sasiey, W/pvegress megert

les e/ —
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23062
Seprember 24, 1963

Or, C. 5. Shaup

. $. Azom:¢ Energy Commisaion
Researc . & Develofmant Division
Post Office Bax B

Osk Ridge, Tennessee
Dear Dr. Shoup

Ve are encloeing six copies of the progress report

and the sxpenditure statemen: for work coapleted under contrect
AT=(40=1)=273% sincs January 1, 1963

Alsc enclosed are six ccpies of a renewal proposal “.r

conirac: APe(iCel)=2735 for che psriod January 1, 1964 :hrough
December 31, 1964

rd

Sincerely,

ter S. ven

CO=I nvestigator

CO=Inves:icator

iriancTs—27 87U Ay

DSH/¥:
Enclosures
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EXPENDITURE STATEMENT
Supenditures - | Jenvasy 1980 - 30 Segbonder 1963
Chasolfiguijen m <AEC
Selastes 8134, 00 $8619,. 00
Toavel
Ceutvashul Sesvieses 40, 8
Supplise sad Equipment 3088, 86
o Com MW R asms
Butimated Coste -
§ October 1963 Bhee
31 Desomber 1% a0 Sl _awew
51784, 00 520000, 50 $31,736. 00
Roy J.'TWaﬂer, t. Administrative
Director

L1285 9Y
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RENEWAL PROPOSAL

Concentration of Suspended Radioactive
Wastes Into Bottom Deposits

by ,
Dexter S. Haven, Senior Investigator

Virginia Institute of Marine Science
Gloucester Point, Virginia

The Senior Investigator requests that the U, S. Atomic Energy
Commission consider renewal of contract no. AT-(40-1)-2789 for the
period 1 January 1964 through 31 December 1964. The research
objectives, scientific background, and literature are reviewed in
the original proposal. However, since several of the original
objectives of the program have been achieQed there will be a shift
in emphasis to problems defined by the completed research.

Problems related to the field ecology and physiology will be
handled by the Senior Investigator. Radiobiological studies will be
conducted in the radiobiological laboratory under the supervision of
Dr. Morris L. Brehmer, head, radiobioclogical section.

Studies will continue on rates at which biodeposits accumulate
on natural bottoms in the estuary, Fluorescent minerals or fluores-
cent particles will be fed various filter feeders in the laboratory.
Later the animals containing ingested "labeled" particles will be
placed in the river. Subsequent transport or mixing of the deposits
will be followed by identifying the fluorescent particles in cores
under ultraviolet light.

Fluorescent grain-count data from levels in the cores will be
analyzed by appropriate statistical methods, such as trend-surface
analysis, multiple regression analysis, and three factor analysis.

WThese computations will be done on electronic, digital computers.
{

-
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Various authors have indicated that adsorptive capacity of
various ions on some clays is a function of particle size. Conse-
quently, a study is planned to determine sizes of particles removed
from suspension by variocus filter feeders. In this study it is
planned to hold test animals in an "open" system where they will
continually receive water containing solids of known density and size.
Attention will be given particles in the 1.0 to 10.0 microns size
range, In this study, pre-filtered water will be introduced into
troughs containing various animals. To these troughs will be added
particles of silts and clays of known size, as well as bacteria and
algal cells. Size ranges of particles entering and leaving the
troughs will be measured with a Coulter Counter.

The preceding study of particle size and filtration will be
supplemented by a similar study using isotopes in a closed system.
Clays or bacteria will be labeled with €137 or P32 and then fed to
oysters. Quantities removed will be plotted against particle size.

Isotopes will also be used to study rates at which surface
deposits of feces and pseudofeces become incorporated into bottom
deposits. In this study, clays and bacteria will be labeled with
es137 and P32 and the mixture fed to oysters. Labeled deposits of
feces will then be placed in aquaria containing typical bottom
invertebrates such as annelids, crabs, and amphipods. Activity of
sediments at various depths will be recorded.

Preliminary studies indicate that plankton samples collected
a foot or two off the bottom in the York River estuary contain
tremendous numbers of fecal pellets. This aspect of the problem will

be studied in an effort to determine their origin.



Project Abstract

QOysters and other marine organisms filter large quantities
of water to obtain food. During feeding undigested material is
voided as fecal strings or pseudofeces, (biodeposits). Biodeposits
vary in density but evidence indicates a considerable quantity is
deposited on the bottom, and later resuspended by currents, while
a portion is incorporated into the bottom,

Biodeposition would be of importance in the event of an
accidental contamination of an estuary since the process removes
algae, silts and clays along with their associated radio-nuclides.

The prfﬁsged program will study the permanence of biodeposits

in marine sediments, sizes of particles removed, and the occurrence

of fecal pellets in plankton,
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PERSONNEL
Biographical Sketch

Senior Investigator - Time allotted to project 10%

Name - Haven, Dexter S. Title - Assoc. Marine Scientist

Date of birth GEENEEMSSEEERS Flace of birth NENRNENEET..

Educational Experience

Degree Institution Conferring Date
L 7 L]
S -

Employment Experience
Title or Nature

Dates Employer of work

1948-49 U, S. Fish & Wildlife Service Marine Biologist

1949 to date va. Inst. Marine Science Marine Biologist
Publications

1, Haven, D. 1951. A quick drying ink for labeling cellulose
acetate slides. Copeia. 1951 (3):252.

2. Haven, D, and J. D. Andrews., 1957, Survival and growth
of Venus mercenaria, Venus campechiensis, and their hybrids
in suspended trays and on natural bottoms. Proc. Natl,
Shellfish. Assoc. 47 (1956): 43-49,

3. Haven, D, 1957. Distribution, growth, and availability
of juvenile croaker, Micropogon undulatus, in Virginia.
Ecology 38 (1): 88«97,

4, Haven, D, 1959. Effects of pea crabs, Pinnotheres ostreum,
on oysters, Crassostrea virginica. Proc. Natl, Shellfish.
Assoc. 49: 77-86.

5. Andrews, J, D. and D, S, Haven, 1959, Fresh-water kill of

oysters (Crassostrea virginica) in James River, Virginia
1958, Proc. Natl. §heI§¥isﬁ. Assoc. 49: 29-49:

6. Haven, D, 1959, Migration of the croaker, Micropogon
undulatus. Copeia 1959 (1): 25-30. ’

7. Haven, D, 1961. Eurasian water milfoil in the Chesapeake
Bay and the Potomac River. Water management in the Potomac

Estuary. Interstate Commission on the Potomac River Basin,
1961.

8. Haven, D, 1962, Seasonal cycle of condition index of
oysters in the York and Rappahannock Rivers, Proc. Natl.
Shellfish. Assoc. 51 (1960): 42-66.
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Biographical Sketch
Research Assistant « Time allotted to project 100%
Name Morales-Alamo, Reinaldo Title Marine Scientist A

Date of birth WSS Place of birth-pEEESSEUNREEEY

Educational Bxperience'

Degree Institution Conferring Date
3. E

Graduate Work - School of Marine Science, Wm, and ﬁary
Employment Experience

Dates Employer Title or
1956=57 U, S. Fish & Wildlife - Nature of work
Service : Shellfish Biologist

1957 to date Va. Inst. Mar. Science Marine Biologist



Por contract period 1 January 1964 through 31 December 1964.

I, Approximate level of research effort

Approx. ¥ of
time for contract Contribution by AEC Funds
A, Personnel work Institution Requested
Principal Investigator
Dexter S. Haven 10% 960 None
QOthers:
Research Associates
Reinaldo Morales 100% None 6145
Graduate Student 100% None 2400
Secretarial Services 2% None 100
B. Materials & Supplies
Chemicals lassware 500
Film Badge Service 75
Coulter Counter Model B
with 2 extra tubes 5720
Ultraviolet illuminator 880
Metering pumps 500
Fluorescent minerals 250
Filters 500
Plastic sheets for building
holding aquaria 250
Computer time 500
Travel 180
C. Indirect Costs 2000

—560 $20,000



II. Institution Facilities Available

The following equipment and Ffacilities are available at the
Virginia Institute of Marine Science

1, Five Permanent Buildings
2. Radiobiology Laboratory

Gamma spectrometer system with graphic recorder
Proportional counting system

Auxiliary scaler with detectors

Survey meters

Fume hood

Muffle furnace

Drying oven

Stainless steel experiment and preparation tables
Metering pump

3, Chemistry Laboratory

Drying oven

Muffle furnace

Klett-Summerson colorimeter

Beckman DU Spectrophotometer with flame and UV attachment
Micro and Macro Kjeldahl digestion and distillation units
Sartorius single pan analytical balance

Christian Becker double pan analytical balance

Fume hood

Hot plate

Beckman "Model G" pH meter

Constant temperature culture cabinet

Vacuum pumps

LECO Carbon Analyzer

Glassvare and chemicals

4, Wet Laboratory

Nonemetallic sea water system
Experiment tables

Holding troughs

Constant temperature water bath
20-pen recorder

S. Field Equipment

80' R/V LANGLEY

55! R/V PATHFINDER

26' R/V OBSERVER
Institute-owned oyster grounds
SCUBA diving gear
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Form OR-589 (2/53) REQUEST FOR CONTRACT ACTION (submit in duplicate)
1. Chairman R &
. es, ev. Div,
TO: R. G. Humphries Contract Board. Prom:

It is requested that the Contract Board take the necessary action o process the following described con-
tract action in accordance with the provisions of Bulletin OR-O&M-19:

2. Nature of Action Requested

[] selection of New Contractor and [(X] Modification of Conmact
Negotiation of Contract. , No._AI=(40-1)~2789

&nnacm:J&;giMMri

Science, Gloucester Point, Virginia
(] Review and approval of Contract, Sub- (] Other (Explain)

contract or Purchase Oxder.
Number:
Name:

3. Nauute of Services to be Covered by Conrract

G s . D . —— T — — — T —— ——— — —— — — . —— — — v t—— — —— — — ——— ——- w— e - — — —— — —— — o — ——

Construction [ ] Aschitect-Engineer [ ] Other [X] (Explain) Research
4. Funding Amount to be Obligated by this Contract Action 3 20,000.00
Source of Funds S )
Approved ORO Financial Plan,________Quarter, Fiscal Year 18
Project No.—_____or, Activity No.__2.&_Q S 6 2
Funds o be Obligated: Allounent No.0k-3/-% By [F.Y. 1943 Funds)
Procurement Direcsive No. 3-20 Dated /- 6 2
Issuing Office

o -]
Concurrence in Funding Statement: (signed) Q ? M
/ Chief, Budget Branch

8. Project or Activity to be Covered by Conuact Action:

Location of Work: Construction Directive No.
Estimated Cost of Work to be Covered by this Contract Action $
Schedule; Date Work to Start Estimated Compledon Date

Description of Project or Activity:

(If more space is required use separate sheets and attach hereros)
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6. Conwuact Board Docket 1. Request s (sl
No. Daﬂﬁlﬁae

(To be assigned by
Board Secrewary)

BI0LOGY BRANCH
RESRARGH ARG DEVALOPMENTDIVISION

8. Complete Description of Services to be Purnished by Coatractor:

Headquarters designated research contract

TITLR: %Concentration of Suspended Radioactive Wastes into Bottom
Deposits®

(If mare space fs required use separate sheets and attach heretor)

9. Description of other changes to be covered by Modification:

Modify contract to provide for the performance of additiomal
research to be completed during the period January 1, 1963
through December 31, 1963. The AEC will suppert the project
in the amount of $20,000 in new funds.

(1f more space is required use separate sheets and attach hereun)

10. Negotiated Contracts. (Show why it appears desirable to negotiate new contract of to negotiate
modification to existing contract)

Form AEC-481 (Contract Amthorization) from C. L. Dunham
to S. R. Sapirie dated January &, 1963

(If more space is required use separate sheets and attach heretws)

11, Contracts, Subcontracts, or Purchase Orders Submitted for Review and Approval: (Furnish brief descrip-
tion of acdon in this space and attach pertineat documents)

None

12. Diguwe

Attach 3 statement summarizing the dispute together with pertinent documents and Background
Material, :

None

I

232 .
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VIRGINIA INSTITUTE OF MARINE SCIENCE CONTRACT NO. AT-(40-1)-2789
APPENDIX WAT
FPor the Contract Period January 1, 1963 through December 31, 1963.

A-1 RESEARCH TO BE PERFORMED BY CONTRACTOR

The Contractor will continue to conduct research on the concentration
of radiocactive wastes in the bottom sediment of marine enviromments.
The work to be undertaken will consgist of approaches such as (1) study
of the permanence of radionuclides in the biodeposition of materials
in the bottom sediments, (2) investigation of the role of filter feeders
such as clams, barnacles, mussels and tunicates in removing suspended
solids and associated radionuclides, (3) ecological and physielogical
factors influencing deposition rates in the natural enviromment, (4)
study of the rates at which deposits accumulate on natural bottoms,
and (5) laboratory studies of the influence of temperature, salinity,
and turbidity on biodeposition rates by marine organisms such as
oysters, clams, mussels, barnacles, and tunicates.

A-11 APPROXIMATE LEVEL OF RESEARCH EFFORT

Approx.
(a) Contractor Personnel: % of time
Dr. M, L. Brehmer and Mr. D. 8. Haven 102
Co-Principal Investigators
2 Research Associates 1002
1 Laboratory Aide 1007
Secretarial Assistance 25%

(b) Premises, Facilities, and Materials to be Furnished
by the Contractor:

Research laboratories and facilities necessary to conduct research
on the concentration of radicactive wastes in the bottom sediment
of marine enviromments will be available. Equipment available
include a gamma spectrometer system with graphic recorder, propor-
tional counting system, auxiliary scaler with detectors, survey
meters, fume hood, muffle furnace, drying oven, constant temperature
water bath, oyster grounds, scuba diving gear and other ralated

instruments.
Estimated
A-II1 RBQUIPMENT TO BE PURCHASED OR FABRICATED BY CONTRACTOR Cost
Metering Pumps $697.00
A=-IV _EQUI T TITLE TO WHICH IS TO REMAIN WITH GO T

None

A-V SUBSTANTIAL DEVIATIONS

Substantial deviations from the foregoing shall be discussed with and
subject to the written approval of the Commission.

A
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18, ENCLOSURES

N SN
) PROPOSAL DATRD. -
L] NOTIFICATION LETTER DA 4 1963

SR rorM TO 8% RETURNED

"JAN -7 1983

-y UNITED STATES ATOMIZ ENERGY COMMISSION 2. DATR JAN 4 1963
CONTRACT AUTHORIZATION Y. NUMBER
- x E%‘Eé%m,
S. R. Sapirie, Manager RENEWAL OF
Oak Ridge Operations Office o
CONTRACT NO.
FROM C. L. mn.hl‘ll, H.D., Directo ( : AT 40"1 -2789
Division of Biology & &u@ﬂ-.\d » n:sﬁzsnm%mmzm:—— '}9{.‘
Frank F. Hooper 5
N CONTRACTOR™ ) 7. PRINCIPAL INVESTIGATOR
: VIRENWIN TENSTI[TE oF MAVe Scicwes
VIRGLMIA FISHEKIES LABORATORY Morris L. Brehmer
Dexter S. Raven
9. PROJECT TITLE
COMCENTRATION OF SUSPENDED RADIOACTIVE WASTES INTO BOTTOM DEPOSITS
[16. RECOMMENDED TYPE 1T, TERM
B rixeo rricz
[] cOST REIMBURSEMENT 1-1-63 thru 12-31-63
T2. FINANCING TS PROPERTY }
NEW ARC FUNDS, NOT TO IXCRED . . . $ 20,000 7O VEST IN Az 1
BALANCE FRCOM PRIOR TERM . . . . . ] T o
K conTRAcTOR
ESTIMATED VOLUNTARY T3 ALLOTMERT TRANSFER CRARGEABLE
CONTRACTOR CONTRIBUTION . . . . §—
TOTAL PROJRCY . . . . . s : 06-31-91 (24)
TS BUDGET AND REPORTING CLASSIFICATION |18 BSECURITY
OPERATING COST® . . . . . . ., 06 os 02 m BE PERFORNED I8 UNDER CATESORY. - I
ZQUIPMENT COSTS (IF APPLICABLE) . . REUEITED pon’  [UAL SEOTION 3403. “Q” ALmARANGE B
THREMARKS:
THE TECHNICAL ASPECTS OF THE PROPOSED RESEASCH HAVE B AEXVIEWED AND ARS MEED CURRENTLY EXNTS POR
THE RESULTS OF THE RESEABCN THAT I8 TO BE UNDERYAKEN. msuunlmmmmlwm-mmno
B APPROVED IICEPY AB INDICATED BELOW. NONE OF THER mmmmuuonmmmnAmr.m
m*wn*mmmw*mm—wwm-m'ﬁ
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UNITED STATES GOVERNMENT

Memorandum

TO

FROM

SUBJECT:

Ce Lo Sunhany Vrestes DATE: Gaenbew 2, 1948
Sivisten of Bislegy end NMedfaise, Kasdguarters

Herman M. Roth, Director
Research and Development Division, Oak Ridge Operations

RENEWAL OF CONTRACT NO. AT-(40-1)- 3709 « VIROWNIs ISUIWIS
O IMATEE SCIANE QRMElS L. IEROER MNP XIS 5, TAND)

@3N

Ve a;e submitting for your review and appropriste action the

fellowing information concerning the contract which will expire
on Desember 31, 1%By

1. Renewal Proposal €
2. Progress Report (&)
3. Financial Statement (4}

We shall appreciate your advisging us of your decision so that
we may proceed with the necessary contract action at the

earliest possible date.
MW LolA_

Herman M. Roth

Enclosure:
As Listed Above

BCs ¢, 8, o, wesl,

De & Encixy repest
duuu—'
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Septemder 27, 1962

Ressarch and Development Divisien
Osk Ridge Opsratiens Office

U. 8. Atomic Energy Commission
Post Office Box B

Osk Ridge, Tennssses
IE; Contrest No. AT=(40-1)+2789

ATT: Dx. C. 8. M?. Chief
Bioclogy Brench

Dear De. Shoupt

Enclosed are six copies of the 88 Report and Renewal
for the ressarch centrect entitlad, "Cencentretien of
Suspended Radicactive Wastes into Bottom Deposits”. Three coples
of the summary @f ths proposed ressarch are included.

Sincerely yours,

Worris L. Krehmer

Pexter 5. Naven
Co-investigaters

M3/3h
Enclosures

I IS R

ARV



Expenditures - 1 Jaruary 1962 _ - 30 September 1962
— i
Wuhm 7,088.00 :.g.oo
t .89
Research Vessel Expenses 2,500,00 ’
Maintenance and Operation 2,%01.00 S82.0%
Indirect Costs

QLT w tm $25,704. 44

Egtimgated Coots -
1 October 1962 thru

31 December 194 sm% R &.%f‘ 10:354:56

Asgis Mainistrative Director

pa= 4 ige3



SRORRY OF PROPOGRD RESEARCH

Title of Project: Concentretion of Suspended Radicactive Wastes into
Bottom Deposits

l.-lndiddm;ctlmimtima mmumunudhumacwm
Gloucester Point, Virginia

Weter mass and incorporeting it inte bottom deposits. hecretically,
mmmnnmdumh&mmmmm‘m
(dwuimt)dummtra-mpcmunu&.

T™he meposed research will involve studies on the diedeposition
retes of other saring filter-fesders. Clams, barnacles, mssels, and
miumviuhu-dinmumi-nta. m«fmdntnt-p.r-
sture, turbdidity, salinity, and particle sizes on tiltering retes will
be investigated.

m«mnmm&mumu in naturel dottoms
unhmmdmmmmmmtuumafmm.
The stability of m«mitounhamwmmmao-
chemical techniques.

mmummummumwmm
biodepositions of Oystars, clams, mussels, barnaclss, and tunicates
will be investigated in a flowing sea water system. Previous
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Summary of Preposed Ressedrch
Jege 2

experinsnts wtilising static systems indicete rediemmclides &re resistmt
te descrption vhen incerpovated imte Medepositiems.

Noevis L. Beelmer

aae i Bwes
sigasveves of Primeipal Investigators

11258819
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RENEWAL PROPOSAL

Concentration of Suspended Radioactive Wastes Into Bottom Deposits
by
Morris L. Brehmer and Dexter S. Haven (Co-Investigators)

Virginia Institute of Marine Science, Gloucester Point, Virginia

The Co-investigators request that the U. S. Atomic Energy
Commission consider renewal of Contract No. AT=(40-1)-2789 for the
period 1 January 1963 through 31 December 1963. The research plans
for this period are basically as outlined in the proposal submitted
in application for the contract. Literature references relevant
to the investigation and supplementary information were submitted
in the original proposal.

Studies involving the permanence of radionuclides associated
with biodeposition require additional study. The use of three radio-
nuclides adsorbed on or incorporated into several species of bio-

seston and three types of clays under various salinity conditions

requires considerable time. In addition to the static permanence

studies now utilized in which the water overlying the biodeposition
contained in plastic tubes is withdrawn and tested for products of
leaching, a flow system will be devised in which a scintillation
detector is placed under a layer of biodeposited material in a
trough of flowing water. A strip chart recorder will be used to
monitor the decreasing level of radiocactivity contained in the

sediments. The flow system will prevent the establishment of an

equilibrium layer between the biodeposition and water.

The role of clams, barnacles, mussels and tunicates in removing
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suspended solids and associated radionuclides from the water mass will
also be investigated. The permanence of radionuclides in these
deposits will be studied by the methods described above.

Phosphorus=-32 "tagged" bacteria will be metered into the water
supply circulating over marine filter-feeders. The efficiency of the
filtering systems of the various organisms will be determined by the
nuclide uptake by the filter feeder as well as by the activity of the
biodepositions.

The ecological and physiological investigations will be
directed towards factors influencing deposition rates in the natural
environment. Research on biodeposition rates on polyethylene sheets
will be continued; however, stations will be relocated to include
several depths. Deposits accumulating on the sheets will be measured
and chemically analyzed to determine if biodepositions may be
differentiated from physical depositions on the basis of chemical
composition. Chemical analyses for carbon, calcium, magnesium, iron,
sodium, potassium, total phosphorus, total organic nitrogen, chloro=-
phylls and carotenoids will be run on sediments deposited on poly=-
ethylene sheets containing living oysters and on sheets containing
only oyster shells.

The second aspect of the field study will be a measure of the
rates at which deposits accumulate on natural bottoms. This phase
will utilize natural particles cocated with a flourescent dye. The
dye can be excited by ultraviolet light so the particles may be
recognized by the emission. "Labeled" particles will be placed on
natural areas supporting a filter~feeding animal population, and the
transport, mixing, or covering of the materials by subsequent

depositions will be followed by periodic.sampling.
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The saltwater laboratory study will be a continuation of the

influence of temperature, salinity, and turbidity on biodeposition

rates. Oysters, clams, mussels, barnacles, and tunicates will be

utilized in these investigations.
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PERSONNEL
Biographical Sketch

Co=-investigator - Time allotted to project 10%

Name - Haven, Dexter S. Title - Assoc. Marine Scientist

Date of Birth 4NN Place of Birth. NN, 111.

Educational Experience

Degree Institution Conferri Date

- aETeEENeT, $

- L NN
Employment Experience

Title or
Dates Employer Nature of Work
1948-49 U. S. Fish & Wildlife Service Marine Biologist
1949 to date Va. Inst. Marine Science Marine Biologist

Publications

1. Haven, D. 1951. A quick drying ink for labelling cellulose
acetate slides. Copeia. 1951 (3): 252.

2. Haven, D, and J. D. Andrews. 1957. Survival and growth of
Venus mercenaria, Venus campechiensis, and their hybrids in

suspended trays and on natural bottoms. Proc. Natl. Shellfish.
Assoc. 47 (1956): 43-49,

3. Haven, D. 1957. Distribution, growth, and availability of

juvenile croaker, Micropogon undulatus, in Virginia. Ecology
38 (1): 88-97.

4. Haven, D. 1959. Effects of pea crabs, Pinnotheres

ostreum
on oysters, Crassostrea virginica. Proc. Natl. ShelIfIsh.
Assoc, 49: 77-886.

S. Andrews, J. D. and D. S. Haven. 1959. Fresh-water kill of

oysters (Crassostrea v1£gzn1ca) in James River, Virginia 1958.
Proc. NatI. Shellfish Assoc 29-49,

6. Haven, D,. 1959, Migration of the croaker, Micropogon undulatus.
Copeaa 1959 (1): 25-30.

7. Haven, D. 1962. Seasonal cycle of condition index of oysters

in the York and Rappahannock Rivers. Proc. Natl. Shellfish.
Assoc. 51 (1960): 42-66,

f} Y

2o 91y
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Biographical Sket:h
Co-investigator - Time zllotted to Prcject 0%
Name Brehmer, Movris L Title Sr. Marine Scientist

Pate of Birth QUMD  Place of irth NPTl

Bducation Experience

Degree

Institution Conferripg Date
ey $§ >

— L
m : .

-

Employment Experience
Title or

Detes Employer Nature of Work

1851-55 Ill. Dept. Consexrvation Fisheries Biclogist

1955 Institute of Paper Chemistry  Technicel dide

1955-58 Mich. Inst. for Fisheries Ree. Graduate Fellow

13959 tc cate Va, Inst. Marine Science Marine Biolcgist
Publications

1. Brehmer, Morris L. 1959. Estuarine pollution research in

Virginia. Proc. Interscate Comn, Fotomac River Basin, {(May,
1959), pp. 27=-29.

2. Grzenda, A. R. ané M. L. Brehmer. 1840. A crantitative method

f~r the collection and measurement oL stream perinhyton., Limn.
and Oceenogr. 5 (2): 190-194,

Py ! ("‘;
L0090
1 ¥ e £ [<)
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Biographical Sketch
Research Assistant - Time allotted to project 100%

Name Morales-Alamo, Reinaldso Title Marine Scientist A

Date of Birth.EUENNSNENNR Place of Eivth <R

Education Experience

Degrese Institution Conferring Date
-

Graduate Work - IRy SR

Employment Experience

Title or
Dates Emnloyer Nature of Work
1956-57 U. S. Fish & Wildlife Service Shellfish Biol~gist

1357 to date Va. Inst. Mar. Science Marine Biolcgist
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Biographical Sketch
Research Assistant - Time allotted to project 1007
Name ¥arinner, J. E. Title Marine Scientist B

Date of Birth wequeER rl-ce of Birth Y Va.

Education Experience

Degree Institution Conferring Date
- -y
u -
Employment Experience
Title or
Dates Emplover Naturc of Work
1960 to date va. Inst. Marine Science Marine Biolcyist

HEFAR S B S
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For Contract Period 1l January 1963 through 31 December 1963.

I. Approximate Level of Research Effort

Approx. % of Contribution
time for contract by Institut- AEC Funds
A. Personnel work ion Requested
Principal investlgators
Morris L. Brehmer 10% $916 None
Dexter S. Haven 10% 840 None
Othersguvf R “
Research Associates
J. Ernest Warinner 100% None $6432
Reinaldo Morales 100% None 5880
Laboratory Aide B 100% None 2760
Secretarial Services 25% None 756
B. Materials and Supplies
emicals a Lassware 1000
Film Badge Service 75
C. Travel
2 Scientific Meetings 400
D. Equipment to be purchased or fabricated
Metering Pumps 697
F. Indirect Costs 2000 %;”,}ﬂ';ﬂ':
$1756 $20,000 g~ s
A

Mo¥ris L. Brehmer, Co=-investigator

422% J‘.éé{mh
xter S. Haven, Co-investigator
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IXI. Institution Facilities Available

The following equipment and facilities are available at the
Virginia Institute of Marine Science

1. Five Permanent Buildings
2. Radiobiology Laboratory

Gamma spectrometer system with graphic¢ recorder
Proportional counting system

Auxiliary scaler with detectors

Survey meters

Fume hood

Muffle furnace

Drying oven

Stainless steel experiment and preparation tables
Metering pump

3. Chemistry Laboratory

Drying oven

Muffle furnace

Klett-Summerson colorimeter

Beckman DU Spectrophotometer with flame and UV attachment
Micro and Macro Kjeldahl digestion and distillation units
Sartorius single pan analytical balance

Christian Becker double pan analytical balance

Fume hood

Hot plate

Beckman "Model G" pH meter

Constant temperature culture cabinet
Vacuum pumps

LECO Carbon Analyzer

Glassware and chemicals

4. Wet Laboratory

Non=-metallic sea water system
Experiment tables

Holding troughs

Constant temperature water bath
20-pen recorder

5. Field Equipment

80' R/V LANGLEY

55! R/V PATHFINDER

26' R/V OBSERVER
Institute-owned oyster grounds
SCUBA diving gear
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VIRGINIA INSTITUTE OF MARINE SCIENCE
VIRGINIA FISHERIES LABORATORY
GLOUCESTER POINT. VIRGINIA

May 28, 1962

Atomic Energy Commission
P.O. Box E

Oakridge,

Tennessee

Gentlemen:

Effective July 1, 1962 our name will be
changed from Virginia Fisheries Laboratory to Vir-
ginia Institute of Marine Science. This change,
brought about by an act of the Virginia Ceneral
Assembly of 1962, better describes the functions of
our organization in the broad field of research and

- education in marine science and service to all seg-
ments of the maritime economy.

Ve extend a cordial invitation to you to
visit our Institute.

Yours truly,

Il

Roy J. Washer

Administrative Assistant
RJW:ca Director

2
- F
I

A
e
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;/;[/ : /CQFTRACTS ~27¢
7 o

May 3 1 1262
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Form OR-569 (2/53) REQUEST FOR CONTRACT ACTION (submit in duplicate)
1. Chairman
. _Rese. & Dev, Div
TO: R. G. Humphries Contract Board. From: e ] )

It is requested that the Contract Board take the necessary action to process the following described con-
mact action in accordance with the provisions of Bulletin OR-O&M-19:

2. Nature of Action Requested

[] selection of New Contactor and (X] Modification of Contract

Negotiation of Contract. No. AT-(40-1)-2789

Conmactor:_Virginia Fisheries Laborntﬁ
Gloucester Point, Virginia

(] Review and approval of Contract, Sub=- [] Other (Explain)

contract or Purchase Oxder.

Number:

Name:

3. Nauwre of Services o be Covered by Contract

Construction [_] Architect-Engineer [_] Other [X] (Explain) Research
4. Funding Amount to be Obligated by this Contract Action $ 20,000.00
Source of Funds -
Approved ORO Financial Plan, _______Quarter, Fiscal Year 19__ ‘
Project No.____or, Activity No.

2 wiv.

Dat

Funds 1o be Obligated: Allptment NoAfe-
Procuremeat Direcpi )
Issuing Office

Concurreace in Funding Statement: (signed) £ s lbe

Chief, Budget Branch

196l Fundz

5. Project or Activity to be Covered by Contract Action:

Location of Work: Construction Directive No.,
Estimated Cost of Wotk to be Covered by this Contract Acdon $
Schedule: Date Work to Start Estimated Completion Date
Description of Project or Activity:

(If more space is required use separate sheets and attach heretos)
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8. Coawact Board Docket 7. Request Submitted By: (signed)

No. Date: —______Tide:
(To be assigned by DEC2 8 191 _ . ...
Board Sectetary) ’ CHIZZ, JIJLOGY DRANCH

RESEAF\CH AND DEVELOPMEBNT DIVISIOn

8. Complete Description of Services to be Furnished by Conmactor:

Headquarters designated research contract

TITLE: MConcentration of Suspended Radiocactive Wastes into
Bottom Deposits®

(1f more space is required use separate sheets and attach hereto:)

9. Description of other changes to be covered by Modification:

Modify contract to provide for the performance of additional

research to be completed not later than December 31, 1962, with
new AEC funds in the smount of $20,000,

(If more space is required use separate sheets and attach hereon)

10. Negotiated Contracts. (Show why it appears desirable to negotiate new contract of to negotiate
modification to existing contract)

Form AEC-481 (Contract Authorization) from C, L. Dunham to
S. R, Sapirie dated December 18, 1961

(If more space is required use separate sheets and attach heretos)

11. Contracts, Subconuacts, or Purchase Orders Submirtted for Review and Approval: (Furnish brief descrip~
tion of action in this space and attach pertinent documeants)

None

12. Dguwc

Attach a statement summarizing the dispute together with pertineat documents and Background
Material.

None

o
r~
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APPENDIX %AW
TITLE 11

This TITLE II describes the research program and cost estimates agreed
upon between the Commission and the Contractor.

1. PROGRAM

a. Scoge.and Plan of Approach:

The Contractor will continue to conduct research on the role of
fecal deposition by filter-feeding marine organisms such as the
oyster as a process in concentration of suspended radiocactive
waste materials into bottom deposits under field and laboratory
conditions. Bioe-and abiosesaton containing radionuclides will

be mixed and presented to marine filter-feeding organisms. at
rates commonly encountered in the marine environment, the feces
and pseudofeces collected and the permznence of the radionuclides
in the "biodeposition™ determined. Studies will be conducted to

determine the affects of turbidity and temperzture upon biodeposi-
tion.

2. BUDGET

a. Qutline of Cost Estimates:

(1) Salaries and Wages: $20,730.00
Dr. M. L. Brehmer and Mr. D. S. Haven
(¥ time each) $ 9,450.00
Biologists 11,280.00
(2) Equipment: 6,910.00
(3) Research Boat Expense (10 days @ $300/day: 3,000,00
(4) Maintenance and Operating Costs: 3,600.00

(5) Indirect Costs (10% of Direct Costs charged
to Commission - $18,190):

_1,819.00
TOTAL $36,059.00

b. Items of property to be procured or manufactured by the Contractor,
or to be furnished by the Govermment, title to which will vest or
remain in the Govermnment (see Article V)t None

Lo n
AR

Fl ~h
[ W I R
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e UNITED STATES ATOMIC ENERGY COMMISSION 2 DA&C 1 8 196}
CONTRACT AUTHORIZATION 3
BM-62-251
10 4. [J NEW CONTRACT
S. R. Sapirie, Manager ) RENEWAL OF
Oak Ridge Operations Office Q
CONTRACT NO.
FROM C, L. Dunham, M.D., Director AT (40-1)-2789
Division of Biology & Medicine . ! CHNI
L n REVIEWER B C/U-f/
SIAS e A A I. E. Wallen
6. CONTRACTOR / 7. INCI VESTIG
Virginia Fisheries Laborat
5 DEPARTMENRT — : razoty Morris L. Brehmer
Dexter S. Haven
5. PROJECT TITLE

16 RECOMMENDED TYPE

CONCENTRATION OF SUSPENDED RADIOACTIVE WASTES INTO BOTTOM DEPOSITS

B mxeo rrick
[] COST RERIMBURSEMENT

1T, TERM
1-1-62 thru 12-31-62

12, FINANCING

EQUIPMIENT COSTS (IF APPLICABLE) . .

T35 PROPERTY
NEW AEC FUNDS, NOT YO EXCEED . . . § 201000
BALANCE FROM PRIOR TERM . . . . . [ ] TITLR TO VEST IN D Axc
[X CONTRACTOR

ESTIMATED VOLUNTARY T4 ALLCTMENT TRANSFER CHARGEABLE

CONTRACTOR CONTRIBUTION . . . . e |

06-21-91(24)
TOTAL PROJECT . . . . . $ |
ND NG CLASSIFICATION 18, SECURITY

OPERATING COSTS . . . . . . . 06 05 02

1
Q" CLEARANCK IS

WORK TO BE PERFORMED I8 UNDER CATEGORY.

AS DEFINED IN ARC MANUAL SECTION 3403,
REQUESTED ro&

18. ENCLOSURES

{J PROPOSAL DATED. CNDD free m
2§ NOTIFICATION LETTER DATE ' /

[O-¥6RM TO BX RETURNED

THE TECHNICAL ASPECTS OF THRE PROPOSKD EESEARCH MAVE BEEN REVIEWED AND ARE APPROVED. A NERD CURBENTLY EX)
THE EESULTS OF THE RESEARCH THAT I8 TO BE UNDERTAKEN. THE BUDGET INCORPORATED IN THE PROMOSAL NAS BEEN ARV AND
18 APPROVED EXCEPT AS INDICATED BELOW. NONE OF THR ARC FUNDS SHALL BE USED FOR CONFERRING A FELLOWSHIP. ninie-

SR AAN 3 WA 28T
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RENEWAL PROPCSAL

The co-investigators request that the U. S. Atomic Erergy
Commission consider renewal of Contract No. AT~(40-1)-2789 for the
period 1 January 1962 to 31 December 1362.

A part of the initial year was devoted to the acquisition of
equipment, construction and modification of facilities, and the develop-
ment of the experimental designs for the research work. The progress
report summarizes the activities and results for the period 1 January
1961 to 31 August 1961.

The radiobiology part of Phase 2 of the project entitled "Fecal
deposition by filter-feeding marine organisms as a process in concentrat-
ing suspended radiocactive wastes into bottom deposits™ will be a contin-

uance of Phase 1 with modifications and extensions.

The chemistry involved in the adsorption of radionuclides on
type clay particles requires additional investigation. The discreet
particle sizes involved appears to determine the rate of specific adsorp-
tion. Clay particles in suspension in natural marine environments are
seldom discreet particles in that some conglomeraticn occurs among the
suspensoids. Complete dispersion in the laboratory results in atypical
adsorption levels and in an atypical particle being presented to the
filter-feeding marine orcanism. The second years abioseston-radionuclide
adsorption and “biodeposition™ study will involve a more intensive study
of particle size-adsorption-bioremoval rates.

The bioseston=radionuclide-biodeposition studies were confined
to natural climax communities during Phase 1. With the completion of
new culture facilities unialgal populations will be available to the

project. During Phase 2, known populations of phytoplankton organisms

G50
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will be cultured in media containing radionuclides. The cells will be
rinsed to remove surface radioactivity and a suspension of the cells
presented to filter-feeding organisms in the recirculating troughs
designed for this purpose. The feces and pseudofeces will be collected
and the activity of the "biodeposition" determined.

Bio-and abioseston containing radio nuclides will be mixed and
presented to marine filter-feeding organisms at rates commonly encountered
in the marine environment. The feces and pseudofeces will be collected
and the permanance of- the radionuclides in the "biodeposition" determined.

The oyster physiology portion of Phase 2 of the biodeposition study
will also be a continuation of the original study with certain modifi-
cations.

Studies during 1961 indicated that there were wide fluctuations
in quantities of materials remowved from the water mass as feces and
pseudofeces, and that oyster size was not as important as other factors.
At present, turbidity and temperature appear to be of major importance.
Consequently, it is planned to meter controlled quantities of silts and
clays of known size into troughs containing oysters. During these
studies, temperature will be raised from 0° to 30°C which is the range
encountered by oysters under natural conditions. Temperatures will be
controlled by circulating sea water through a constant temperature
apparatus, Sizes of particles removed from suspension as feces and
pseudofeces will be measured.

Experiments during the preceeding period indicate that oysters
may deposit measurable quantities of silt and clay on bottoms immediately
adjacent to the oysters. These preliminary findings must be confirmed
and extended. The stability of these depositions will also be investi-
gated. Therefore, during 1962 the study will be expanded to determine

the effects of changes in environmental conditions on "biodeposition"

rates of oysters.
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Biographical Sketch

Co~investigator - Time allotted to project 50%

Name - Haven, Dexter S. Title - Assoc. Marine Scientist

Date of Birch SENMNNEESNNR Plice of Birth NN T1l.

Educational Experience

Degree Institution Conferring Date
4 . 4 -
- L Y
Employment Experience
Title or
Dates Employer Nature of work
1948-49 U. S. Fish & Wildlife Service Marine Biologist

1949 to date Virginia Fisheries Laboratory Marine Biologist

Publications

1. Haven, D, 1951. A quick drying ink for labelling cellulose
acetate slides. Copeia. 1951 (3): 252.

2. Haven, D. and J. D. Andrews. 1957. Survival and growth of
Venus mercenaria, Venus campechiensis, and their hybrids in
suspended trays and on natural bottoms. Proc. Natl. Shellfish.
Assoc. 47 (1956): 43-49,

3. Haven, D. 1957. Distribution, growth, and availability of

juvenile croaker, Micropogon undulatus, in Virginia. Ecology
38 (1): 88-97.

4. Haven, D. 1959. Effects of pea crabs, Pinnotheres ostreum,
on oysters, Crassostrea virginica. Proc. Natl. Shellfish.
Assoc. 49: 77-86.

5. Andrews, J. D. and D. S. Haven. 1959, Fresh~-water kill of

oysters (Crassostrea virginica) in James River, Virginia 1958.
Proc. NatI, SheIIfish. Assoc. 49: 29-49,

6. Haven, D. 1959. Migration of the croaker Micropogon
undulatus. Copeia 1959 (1): 25-30. ’

7. Haven, D. Seasonal Cycle of condition index of oysters in the
York and Rappahannock Rivers, (in press).
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Biographical Sketch

Co-investigator - Time allotted to Project 50%

Name Brehmer, Morris L. Title Sr. Marine Scientist

Date of Birth 'l Place of Birth-GmuSNSmmg I11.

Educational Experience

Degree Institution Conferring Date

e ey -

AN .l
Employment Experience A
Title or

Dates Employer Nature of Work
1951-55 111, Dept. Conservation Fisheries Biologist
1955 Institute of Paper Chemistry Technical Aide
1955«583 Mich, Inst. for Fisheries Res. Graduate Fellow
1959 to date Virginia Fisheries Laboratory Marine Biologist

Publications

1. Brehmer, Morris L..1959. Estuarine pollution research in

Virginia. Proc. Interstate Comm. Potomac River Basin, (May,
1959), pp. 27=29.

2. Grzenda, A. R, and M. L. Brehmer. 1960. A quantitative method
for the collection and measurement of stream periphyton. Limn,
and Oceanogr. 5 (2): 190-194.
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Biographical Sketch
Research Assistant = Time allotted to project 100%
Name Morales-RAlamo, Reinaldo Title Marine Scientist A

Date of Birth4uENMSGEEB Place of Birch SN

Educational Experience

Degree Institution Conferring Date
4

Graduate Work - <t

Employment Experience

Dates Employer
1956=57 U. S. Fish & Wildlife Service Shellfish Biologist
1957 to date Va. Fisheries Laboratory Marine Biologist
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Biographical Sketch
Research Assistant = Time allotted to project 100%

Name Warinner, J. E. Title Marine Scientist R

Date of Birth JENNMMESNP> Place Of BirtheENRR Va.

Educational Experience

Degree Institution Conferring Date
S, ~ st )

Graduate Work , “SilllhetteuiiannseiNNy

Employment Experience

Title or
Dates Employer Nature of Work
1960 to date Va. Fisheries Laboratory Marine Biologist
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Materials, Equipment, and Facilities

The second years study of the biodeposition of inorganic

suspensoids will utilize the available facilities with additions for

Phase II of the ccniract.

The following equipment.and-facilities are available at the

Virginia Fisheries Laboratory:

1. Radiobiology Laboratory

.G

Gamma spectrometer system with graphic recorder
Proportional counting system

Auxiliary scaler with "student grade" detectors
Survey meters (0-20 mr. hr-1)

Fume hood

Muffle furnace

Drying oven

Stairless steel experiment and preparation tables
Metering pump

2. Chemistry Laboratory

3.

Drying oven

Muffle furnace

Xlett~Summerson colorimater

Beckman Il Spectrophotometzr with flame and UV attachment
Miciro and Macro Kjeldahl digesticn and distillaticn units
Sartorius single pan analytical balance

Christian Becker double pan analytical balance

Fume hocd

Hox ctlate

Beckmsn "Model G" pH meter

Constant temperature culture cabinet

Vacuum pump

Glassware and chemicals

Wet Laboratory

Non-metallic sea water system
Experiment tables
Holding troughs
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The following additional equipment will be required for Phase
IT of the contract,
Radiobiology Laboratory

Detection equipment for auxiliary scaler

1. B/A Model 810 BL Scintijlation Detector $ 1055,

2. B/A Model 821 B flow Counter and Sample Holder 230.

3. B/A Model 800 D Low Background Shield 275,
Survey meter 1

B/A Model 414 Log Survey Meter (0-3000 mr hr~-+) 400,
Film Badge Service 75.
Metering Pumps 450.

Chemistry Laboratcry

Glassware and Expendible Chemicals and Equipment 900.
Sedimentation Analyses Equipment 600.

Wet - Laboratory

Sargent (S-84895) Refrigerated Water Bath 1500.
Circulation and Meterirg Punps 450.
Plexiglass for Fabrication of Experimental Troughs 500,
Thermographs 475.

§ 6310,
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BUDGET
Salaries
Co-investigators (% time each) $9450, (1
Biologist "A"™ (2) 11280,
—§ 20,730
Equirment, Materials, and Facilities

- Radiobiology Laboratory Equipment $ 2485

Chemistry Laboratory Equipment 1500
Wet-Laboratory Equipment 2925(1
Boat Time (10 days at $300,/day) 3000
Laboratory Facilities
2 offices @ 50./month 1200¢2
2 Laboratories @ $100./month 2400¢1

$ 13,510

(i Expenses borne by Virginia Fisheries Laboratory - § 16,050
Amount charged to contract 18,190
Administrative Expenses (10% of above) 1,810

Total Project Cost - $ 36,050

Amount Requosted from U.S.A.E.C. = $20,000.

ris L. Brehmer, Co-investigator

Deie S Ly

Dexter S. Haven, Co-investigator
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Form OR-569 (2/53) REQUEST FOR CONTRACT ACTION (submit in duplicate)

1. - Chairman

TO: Res. & Dev. Div,

A e . Contract Board. From:
R. 3. Hump'iries ° td m

It is requested that the Contract Board take the necessary action to process the following described con-
wact action in accordance with the provisions of Bulletin OR-O&M-19:

2. Nature of Action Requested

Selection of New Contractor and [:] Modification of Contract
Negotiation of Contract, No,
Virginia Fisreries Laboratory Contactor:
Jloucester Point, Virzinia

[ Review and approval of Contract, Sub-
contract or Purchase Order.

Number:
Name:

(] Other (Explain)

3. Nature of Services to be Covered by Contract

Construction [ Architect-Engineer 3 Other [X] (Explain) Research
4. Funding Amount to be Obligated by this Contract Action s 20,000,00

Source of Funds

Approved ORO Financial Plan, Quarter, Fiscal Year 19__
Project No._____or, Activity No. 06 O,ﬂ o4 of
Funds to be Obligated: Alloupent No. 0 -//-70v(E.Y. 194/ Funds)

Procurement Dixecum
lssuing Office

Concurrence in Funding Statement: (signed)

Chief, Budget Branch

5. Project or Activity to be Covered by Conwract Action:

Location of Work: Constuction Directive No.
Estimated Cost of Work to be Covered by this Contract Action $
Schedule: Date Work to Start Estimated Completion Date
Description of Project ot Activity:

(If more space is required use separate sheets and attach heretos)




g
8. Conmact Board Docket 7. Request Sub:amed By: (lipd)%
No.,

D‘lﬂ e:C. 5. SHULYV
(To be assigned by

Boar ~nt 9 #1960 CHIEF, BIOLOGY BRANCH
d Secretary) . CeT2s : RESEARCH AND DEVELOFMENT DIVISION

8. Complete Description of Services to be Furnished by Contractor:

T

~

cqusarters dssirznated research contract
L3:

23
-
e

"Fecal Deccsition oy Filter-Fsecding .arirs Crzanisis as s Process
in Concentrating Suspended Radiocactivs s#astes into Zoticz Deposits!

(If more space is required use separate sheets and attach heretos)

9. Description of other changes to be covered by Modification:

MNew contract to ctrovide for the perforuance of research to be completzd not
later than December 31, 1961, with AEC funds in the a~ount of $20,0C0.
e L. Zrzhmer and D. S. XZaven =zs Co-Senior Investigatcrs.
for compliance with llznual Chapter ARC-7510.

Designate
Include crovisions

(If more space is required use separate sheets and attach heretar)

10, Negodated Contracts. (Show why it appears desirable to negotiate new contract or to negotiate
modification to existing contract)

Form AEC-481 (Contract Authorization) from C. L. Dunham to S. R. Sapirie
dated October 5, 1560

(If more space is required use separate sheets and atuach heretos)

11. Coantracts, Subconwacts, or Purchase Orders Submitted for Review and Approval: (Furnish brief descrip=
tion of action in this space and attach pertinent documents)

None

12. Digulu:

Attach 3 sutement summarizing the dispute together with pertinent documents and Background
Material,

None

M o



APPENDIX "AM
TITLE I

This TITLE I describes the research program and cost estimates agreed
upon between the Commission and the Contractor.

-
Lo

2

PROGRAM

de

Scope and Plan of Approach:

The Contractor will investigate the role of the oyster (Crassostrea
virginica) in removing inorganic suspenscids from marine waters.
Field studies and laboratory studies, utilizing radioisotopes, will
be made on the fecal depcsition of this organism observing (1) the
influences of temperature, salinity, and turbidity upon the size
range, type, and quantity of material removed from marine waters
and (2) the stability of "bio-depositions" with special emphasis

on the leaching rate of radionuclides from these depositions.

BUDGET

de

t.

Qutline of Cost Estimates:

(1) Salaries and Wages: $16,620.00
Dr. M. L. Brehmer and Mr. D. S. Haven
(3 time each) $6,900.00
Biologist L,920.00
Research Assistants L;800,00
(2) Equipment, Supplies, and Materials: 13,479.00
(3) Maintenance and Operating Costss 3,600.00
(L) Research Boat Expenses (20 cruises $300): 6,000,00
(5) Indirect Costs (10% of direct costs charged to
Commission ~ $18,182): 1,818.00

TOTAL $L1,517.00

Items of property to be procured or manufactured by the Contractor,
or to be furnished by the Government, title to which will vest or
remain in the Government (see Article V): None
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FORM AEC-481
REV. ¢-89

UNITED STATES ATOMIC ENERGY COMMISSION

CONTRACT AUTHORIZATION

2. DATE
oCT 5 - 980

3 NUMBER
BM - 61 - 99

S. R. Sapirie, Manager
Oak Ridge Operations Office

FROM

C. L. Dunham, M,D., Director
DBM

6. CONTRACT#

P
- [
A2 e ﬁ:f/“‘-—*;lﬁ/z‘ccé.

4 @ NEW CONTRACT
[] RENEWAL OF
O

CONTRACT NO.

S. RESPONSIBLE, TECHNICAL
REVIEWER -

1. E, Wallen

Virginia Fisheries Laboratory
(Virginia Marine Laboratory)

>

7. PRINCIPAL INVESTIGATOR

Dexter S, Haven, M.S.

8 DEPARTMENT

9. PROJECT TITLE

Morris L. Brehmer, Ph,D.

10. RECOMMENDED TYPE

FECAL DEPOSITION BY FILTER~FEEDING MARINE ORGANISMS AS A PROCESS IN
CONCENTRATING SUSPENDED RADIOACTIVE WASTES INTO BOTTOM DEPOSITS

6d F!XED PRICE
[0 COST REIMBURSEMENT

11, TERM
one year from date of contract

Sexdedexif st xSexddextk

FINANCING

NEW AEC FUNDS. NOT TO EXCEED . . . $ 20,000
BALANCE FROM PRIOR TERM . . . . . s
ESTIMATED VOLUNTARY
CONTRACTOR CONTRIBUTION . . . . §
TOTAL PROJECT . . . .. s

1

13 PROPERTY

TITLE TO VEST IN D AEC

] CONTRACTOR

14. ALLOTMENT TRANSFER CHARGEABLE

06-11-91 (24)

~15. BUDGET AND REPORTING CLASSIFICATION 16. SECURITY
OPERATING COSTS .06 04 08 01 WORK TO BE PERFORMED IS UNDER CATEGORY I

EQUIPMENT COSTS (IF APPLICABLE) ..

AB DEFINED IN ARC MANUAL SECTION 3403. 'Q"’

CLEARANCE I8
REQUESTED FOR
No

117. REMARKS:

NEGOTIATIONS.

18. ENCLOSURES

PROPOSAL DATED

OCT 5" wWag

8 NOTIFICATION LETTER DATED

m_rorm TO BE RETURNED

THE TECHNICAL ASPECTS OF THE PROPOSED RESEARCH HAVE BEEN AKVIEWED AND ARK APPROVED. A NEED CURRENTLY EXISTS FOR
THE RESULTS OF THE RESEARCH THAT IS TO BE UNDERTAKEN. THE BUDGET INCORPORATED IN THE PROPOSAL HAS BEEN REVIEWED AND
1S APPROVED EXCEPT AS INDICATED BELOW. NONE OF THE AEC FUNDS SHALL BE USED FOR CONFERRING A FELLOWSHIP. IF RADIO.
ISOTOPES AREC TO BE USED UNDER THE PROVIBIONS OF AKC MANUAL 7510, THE SAVINGS SHOULD BR CONSIDERED IN THE

A
A2 gt

oCT 7- 1961

I N o e
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study is to be based upon the feeding activity of £ilter-
feeding marine organisms and these organisms are vi y
inactive during the winter months. The Jamuary 1, 1961 -
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Fecal Deposition by Filter-feeding Marine Organisms
as a Process in Concentrating Suspended Radioactive
Wastes into Bottom Deposits

by

Dexter S, Haven, Molluscan Physiology Unit, and
Morris L, Brehmer, Basic Ecology-Pollution Research Section

Virginia Fisheries Laboratory

Summ ary

The possibility of coastal and estuarine contamination by
radionuclides was emphasized by recent ship collisions within Chesa-
peake Bay, Other avenues of contamination are also of concern, As
a result, itis important that we understand c'ompletely the processes
affecting the fate of radioacdtive particles gaining entrance into the

marine system, A thorough search d.tho available literature indicates

_. the paucity of data regarding the role of biological organisms in

removing ionic and particulate fission products from suspension,
Preliminary investigations with oysters indicate that enormous quan=
tities of organic and inorganic material are removed from suspension
and deposited on the bottom in a compa.cth semi-stable form, The
present project is designed to study this process of '"bio-deposition, "
Both field and laboratory studies are planned to investigate

the role of the oyster {Crassostrea virginica) in removing inorganic -

suspensoids f{rom marine waters. The influence of temperature,

salinity, and turbidity upon the size range, type, and quantity of t
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material removed will be considered, Also, experiments have been
designed which will yield information concerning the stability of
"bio-depositions' with special emphasis on the leaching rate of radio-
nuclides,
This study is designed as a three~year project involving two

half-time co-investigators, one full-time junior biologist, and two

graduate students,

We feel the information to be gained from the proposed project
is especially pertinent in this "nuclear age' with the increased use of

nuclear reactors in sea-going vessels and land-based installations,

Introduction

Chesapeake Bay ranks among the most productive estuaries
in the world, Buring 1958 a total of 437 million pounds of oysters,
crabs, menhaden, croakers, shad and other products were taken from
Virginia waters with a value of about 25 million dollars, Of this
total, oysters ranked first, with a value of 14 million dollars, Total
production in the Maryland section of the Bay totaled 66 million pounds
with a value of 12 million dollars, Many other human activities such
as shipping, commaunities, agriculture and industry ceater on this
heavily populated and rapidly growing area,

During recent years rapid advances in nuclsar energy have
increased the probability of accidental contamination of these waters

by several routes: (1) In peace time from fallout or during war from
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the use of atomic or thermonuclear weapons, (2) The accidental
discharge of wastes by industrial or research groups using radio-
isotopes for scientific investigations, (3) From the normal operational
wastes associated with the construction or operation of nuclear reactors
or high-level wastes released by accident from these reactors.

Of the three, contamination from nuclear reactors appears
to offer the greatest potential danger to the Bay in the absence of war
conditions, This assumption is based on the increased number of
nuclear-powered vessels operating in coastal waters and the extreme
likelihood that before very long nuclear power reactors will be located
on the Bay or its tributaries, The chances of accidents involving these
reactors are remote, but a possible sinking or collision of vessels or
accidental releases from power plants would increase the danger of
contamination and such happenings are not unknown, Then too, normal
operation of facilities of this type usually involve contamination of the
environment to a certain extent,

In the event of a nuclear accident it becomes imperative to
understand the processes which will disperse or concentrate radio=-
active materials, as all seafood from contaminated areas would prob-
ably be unfit for human consumption,

The dispersion of these radionuclides in concentratioan
exceeding the maximum permissable concentrations is effected by

tidal action and by the volume of inflowing fresh waters, The results
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of a recent government investigation in the Hampton Roads area
indicate that if dispersion and dilution do not reduce the concentration
to the maximum permissible level during the first few hours, then
many tidal cycles will be required to reduce the concentration appre-
ciably, During this period a combination of physical and chemical
forces will produce abiotic sedimentation, The processes responsible
have been described in the literature (Burbank, Lauderdale, and
Eliassen, 1955; Carritt and Harley, 1957; and others), Inorganic
material removed from suspension by these forces is loosely 'lncor-
porated into the hydrosol layer and is easily returned to suspension
by wave action or curreants, Many of these physical and chemical
factors which influence distribution have been partially studied, and
some conception of the expected distribution by these processes is
possible,

In contrast, a search of the literature indicates a paucity of
of research regarding the role of marine organisms in the gtabilization
of suspended radionuclides, Many of the nuclides in the water mass
will be ingested and assimilated as food or absorbed or adsorbed by
living plants and animals, Consequently, the final distribution of
radioactive matter may not depend solely on physical and chemical
conditions, but may be profoundly modified by the activity of living

organisms,

A review of all factors which cause deposition is beyond the

scope of this discussion, However, one important biological aspect

SIS
S
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of the problem has received very little study and may be a major
factor in initiating deposition of suspended radioactive materials
in bottom deposits, This process involves the deposition of fecal

materials on the bottom by filter-feeding marine invertebrates,

Ceneral Review of Deposition of Fecal Materials by

Filter-feeding Animals

Many marine invertebrates living on the bottom or in the
upper layera as plankton, filter large qaantities of water to obtain food,
During feeding, undigested material is voided in the form of fecal
pellets or strings, Fecal matter varies in density, but evidence indi-
cates that in shallow coastal water it settles to the bottom,

Data from the literature indicate that fecal material has a
high degree of stability, The volume of water filtered by a natural
population is enormous., Therefore, it may be assumed that the quan-
tity of radionuclides removed from suspension by biological action may
exceed that deposited by a combination of physical-chemical forces,
The "biodeposition' would also have a higher degree of stability due to
redigestion add compaction by additional bottorn-dwelling organismas,

Various authors (Moore, 1931, 1931a; Edge, 1934; Loosanoff
and Engle, 1947; Yonge, 1949; Moore and Kruse, 1956; and Lund, 1957

1957a) have cornmented on fecal materials of marine organismas,
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These authors show that oysters, crabs, scallops, copepods,barnacles,
tunicates, and other invertebrates void fecal material in compacted
pellets or strings of characteristic shape varying in length from less
than a millimeter to over eight millimeters,

Pseudofeces may also be formed by lamellibranchs, as obser-
ved by Fox, Sverdrup and Cunningham (1937), Yonge (1949), Loosanoff
and Engle (1947), Ballentine and Morton (1986), and Lund (1957).
Paeudofeces consist of suspended plankton materials rejected by the
mollusk's food-sorting mechanism, Unlike feces, such matter does not
pass through the animal's intestinal tract andis only loosely aggregated
into clumps and strings by mucus, Observation shows that pseudofeces

from Crassostrea virginica settle to the bottom after being ejected from

the ghall as do the feces,

Occurrence of Fecal Deposits in Marine Sediments

Moore (1933) and Moore and Kruse (1956) commented on the
presence of rod-shaped and ovoid pellets which are found in many
oceanic regions of the world in depths ranging up to 4,000 meters, On
occasions ''pellets" were extremely abundant, and the atthors suggest
they were truly fecal in origin, However, they were unate to associate
pellets with definite organismas,

More precise information exists on fecal matter deposited by
animals living in coastal area, Moore (1931a, 1933) states that in the

Clyde Sea area, fecal pellets from Calanus and euphauside are deposited
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at a rate approaching 33,4 mg. per square cm, per week during the
spring, He also states that in extreme cases the whole mud can
consist of pellets with no admixture of fine materials, and that it is
normal for pellets to form 40 per cent of the total sample, However,
in regard to this laat statement he implied that most pellets originated
secondarily from organisms such as maldanid worms ingesting bottom
“"mud, "

Fox, Sverdrup and Cunningham (1937) cite Dumas who says
that one thousand Cardium sp. individuals may produce fecal matter
to a depth of 0, 45 meters per square meter per year, or 1,250,000

cubic meters of mud per year in 250 hectares,

Fecal Deposits Produced by Oysters

A review of the literature indicates that oysters may deposit
large amounts of fecal matter, Ito and Imai (1955) state that in
Japanese waters a single raft of oysters, occupying 60 square meters,
will deposit 0,6 to 1, 0 ton of fecal material (dry weight) every year,
This is equivalent to six or ten tons per year wet weight,

Lund (1957) working at Aransas Pass in the Gulf of Mexico
in 1947 devised a quantative method for measuring quantities of wastes

voided by the oyster, Crassostrea virginiea, Utilizing aquaria and

specially designed troughs, he was able to collect all feces and pseudo-
feces produced by groups of oysters for varying periods of time, He

estimated that if a single layer of oysters was crowded so as to cover



all the area in one acre, then the volume of "oyster silt" deposited
would equal 35,9 cubic yards in eleven days, The equivalent dry
weight of this quantity was calculated as 8, 36 tons in the same eleven-
day period.

Research on quantities of fecal material deposited by oysters
began at the Virginia Fisheries Laboratory in the summer of 1959 and
utilized techniques developed by Lund (1957),

During a seven-week period in September and October 1959,
twenty-four oysters produced an average of 91 grams dry weight of
feces and pseudofeces each week, or 3,8 grams per week per gpyster,

Total quantities of fecal matter produeed by oysters growing
under natural conditions are best approximated by calculating the
density of oysters in commercial plantings, In Chesapeake Bay,
commercial growers often harvest 1,000 bushels of market oysters
per acre, Calculations utilizing data previcusly presented show that an
acre of oysters would produce about 2,500 pounds dry weight of feces
and pseudofeces each week, The maximum value would be 5,500
pounds per acre per week,

Rates at which fecal matter may accumulate on natural oyster
beds is probably less than the calculated amounts, but the problem has
never been studied,

A series of tests made in Texas (Lund, 1957) showed that

dried oyster feces contain about 73 per cent inorganic matter while
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similar tests at the Virginia Fisheries Laboratory indicated that
inorganic content of feces and pseudofeces may range up to 80
per cent, The low organic content of the deposition is significant
because, even if all organic matter were decomposed by bacterial
action, there would still remain a large quantity of mineral matter
unaffected by the process.

The oyster is only one of the many Pelycypoda in the Chesa-
peake Bay areas, and is outnumbered in many places by Venus

mercenaria, Mya aranaria, and approximately 43 other species,

Each of these organisms will add its fecal load to the bottom and total
quantities will certainly exceed that deposited by the oyster, Added

to this total will be fecal materials from tunicates, barnacles and
copepods, which are present in tremendous numbers, Data are lacking
on quantity of fecal wastes voided by these animals, and we may only

surmise that the total quantity is large,

Type and Size of Particles Removed from Suspension by Oysters

The quantity of fecal material deposited by oysters leads to
a consideration of the original state of thése particles in the water
mass, and the factors which regulate their rate of removal,

Studies reviewed by Korringa (1949) and Lund {1957) showed
that oysters may remove a wide variety of organisms from suspension
including yeast cells, chloroplasts, diatoms, bacteria, and protozoa

as well as non-living materials such as detritus, soluble starch,

o et
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milk, carbon black, and kaolin, These particles from strained from
the water with a mucous net which cover the gill ostia (MacGinitie,
1941; MacGinitie and MacGinitie, 1949), Particles trapped in the
mucus are transported to the oyster's palpa, where sorting may occur
during which certain particles are ingested while others are rejected
as pseudofeces, Ingestion, however, does not always imply digestion,
for frequently the feces will contain quantities of living organisms in
addition to inorganic matter (Yonge, 1926; Loosanoff and Engle, 1947;
Korringa, 1949; and others), Pseudofeces will also vary in composition
and may consist of living cells of various types and quantities or
organic and inorganic detritus loosely aggregated by mucus,

Particles removed from suspension by oysters range in size
up to large sand grains, while minimum sise is about two micra
and perhaps smaller (Jérgensen and Goldberg, 1953; Korringa, 1949).

Rates at which particles are removed from suspension vary
with ecological conditions, Turbidity, water temperature, cell con-
centration or type, presence or absence of a mucous net and many
other factors influence filtration rates (Loosanoff and Tommers, 1948;
Korringa, 1952; Jérgensen and Goldberg, 1953; Lund, 1957; Loosanoff,
1958).

Previous work on particle filtration is extensive, but the
workers have omitted one interesting aspect of the problem pertinent

to fecal deposition, They have not differentiated quantitatively between
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particles removed as feces and those removed as pseudofeces. This
{s an important distinction because the uitimate disposition of the two
substances in bottom deposits may be completely different, Particles
ingested and voided as feces are compacted, have bean acted on by
engymes, and may be greatly altered from their original composition,
vYonge (1926, 1935). Conversely, pseudofeces are simply rejected

materials loosely consolidated into strings or clumps by mucus,

Stability of Fecal Wastes in Bottom Deposits

In considering stabilization of radioactive materials by the
process of fecal deposition, it is recognized that deposits will initially
contain many nuclides whiéh were origimally suspended in the water
mass, However, the permanence of these fecal deposits and their
associated inorganic ions has never been determined,

Observations by Lund (1957) suggest that: "The self-ailt
deposit by the oyster is flocculated or somewhat coherent and resists
displacement by flow traction much more than the silt compounds pre-
cipited by gravity; therefore, the cleaning of an oyster bed by traction
would demand a faster flow of water than that required for movement
of the same particle by gravity., Furthermore, even if the oyster hed
is cleaned by tidal currents or wind action, the material of the self-

silt deposit does not readily return (deflocculate) to its original finely

divided state,,."

I B AT
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Many bottom-living invertebrates such as species of
echinoderms, annelids, crustaceans, and mollusks are of biological
importance in restricting further transport of bottom materials,
Many of these mud-dwelling organisms ingest bottom muds and form
firm pellets which may last for a hundred years and probably much
longer (Moore, 1931).

Bacterial decomposition or chemical action will release
inorganic ions and associated radioactive nuclides from fecal deposits
and many will be returned to the water mass., However, rates of

solution or leaching from deposits are matters of apeculation and must

be determined,
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Proposed Research for a Three-year Zeriod

I. ®roduction of fecal materials of oysters and other organisms will
be measured quantitatively, Representative organisms will be held
in troughs designed to retain feces and pseudofeces, fecal produce-
tion will be measured under environmental conditions encountered
at Gloucester Point, Virginia, The following points will be studied:

*A. Influence of temperature, salinity, and turbidity
on rates of fecal deposition by the oyster,

*B. Size range, type, and quantity of particles removed
from suspension as feces and pseudofeces, in rela-

tion to those originally present in the water mass,

C., Fecal deposition by other marine invertebrates,

I, The second phase of the study will investigate the ultimate dis-

position of feces and pseudofeces deposited on the bottom,

A, Permanence of fecal deposits will be studied in
aquaria and in large owtdoor tanks, Oysters will
be allowed to build up fecal deposits to 2 depth
of several inches, and then be removed, The
subsequent physical and chemical changes in these
deposits will be followed,

*B. Deposits associated with natural oyster beds will
be investigated, Rate of deposition of materials on
the bottom will be related to various environmental
conditions such as current velocity, salinity, etc,

*will be done during first year of study,



L. 1H Wl Al [ | PR . dedd

~1be

These natural bottom deposits will be examined
for particle size, microscopic appearance and
chemical composition,

I, The third phase of the study will be conducted in the Laboratory and
will atilize radiobiological techniques, Experiments will be based

on data obtained inl and 11,

*A. Radioactive plankton, clay and silt suspensions
with adsorbed radioactive ions and particles, will
be fed to oysters in standing water aquaria, Rates
at which these substances are removed from sus-
pension will be determined,

B. Fecal deposits obtained during this phase will be
held in standing water aquaria to determine how
permanently radioactive ions are associated with
fecal deposits, Rates of solution or leaching of
the various components will be followed using
standard radiobiological assay methods,

C. A special phase of this study will investigate the

possible ""stripping'" of radiocactive ions adsorbed
on particles in the oyster's gastro-intestinal tract,

It is proposed that all phases of the problem will be the joint
effort of Mr, Haven and Dr, Brehmer, Mr, Haven will be concerned

with problems in oyster physiology while Dr, Brehmer will supervise

radiobiological and chemical work,

*will be done during first year of study,
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Scientific Personnel

Dexter S, Haven, M,S., Assoclate Biologist, Oyster Physiologist (half-time)

Scientific experience:

Employed at Virginia Fisheries Laboratory from 1949
to present, From 1949 through 1954 did research on croaker
and juvenile fish in Chesapeake Bay, From 1954 to present

has been primarily concerned with oyster ecology.

Publications:

1. Haven, D, 1951, A quick drying ink for labelling
cellulose acetate slides, Copeia, 1951 (3): 252,

2, Haven, D, and J, D, Andrews, 1957, Survival and
growth of Venus mercenaria, Venus campechiensis,
and their hybrids in suspended trays and on natural
bottoms, Proc. Natl, Shellfish, Assoc., 47(1956):
43-49,

3, Haven, D, 1957, Distribution, growth, and avail-
ability of juvenile croaker, Micropogon undulatus,
in Virginia, Ecology 38(1): 88-97,

4, Haven, D, 1959, Effects of pea crabs, Pinnotheres
ostreum, on oysters, Crassostrea virginica,Proc,
Natl, Shelifish, Assoc. 49: 77-86,

5. Andrews, J. D, and D, S, Haven, 1959, Fresh-water
kill of oysters (Crassostrea virginica) in James River,
Virginia 1958, Proc, Natl, Shellfish, Assoc, ¥9:29-49,

6, Haven, D, 1959, Migration of the croaker,Micropogon
undulatus, Copeia 1959 (1): 25-30,
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Morris L, Brehmer, Ph, D,, Associate Biologist, Ecologist (half-time)

Scientific experience:

Technical Aide--Illinois Natural History Survey (1951)

Fisheries Biologist--Illinois Department of Conservation
(1951-1955)

Technical Aide--Institute of Paper Chemistry (1955)

Graduate Fellow--Michigan Institute for Fisheries
Research (1955-1958)

Associate Biologist-~Virginia Fisheries Laboratory
(1959 - )

Publications:

Grzenda, A, R, and M, L, Brehmer, A quantitative
method for the collection and measurement of
periphyton, Limn, and Oceanogr, {in Press),

Other Personnel: (full working time)
1, Biologist "A"

2. Graduate Assistants (2)

1176857
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M ATERIALS, EQUIPMENT, AND FACILITIES

The proposed study of the deposition of inorganic suspensoids
by oysters will require facilities and instrumentation for complete

physical, chemical, and radiological analyses,

The following equipment and facilities are available at the

Virginia Fisheries Laboratory:

1, Chemistry laboratory with the following equipment:

Drying oven

Mufll e furnace

Klett=Summerson celorimeter

Beckman DU Spectrophotometer with flame attachment
Micro and Macro Kjeldahl digestion.and distillation units
Sartorius single pan analytical balance

Christian Becker double pan analytical balance
Fume hood

Hot plate
Beckman ""Model G" pH meter

Constant temperature culture cabinet
Vacuum pump

Gldssware and chemicals

2, Room designated for radiobiology but not equipped
E quipment needed: {Prices quoted from Nuclear-Chicago Catalog)

1-Model 186 Imperial Scaler with variable low
{nput sensitivity to one millivolt for doing
alpha =d proportional counting $1,300

1- Model D555 Scintillation Detector, Well
Counter with sodium iodide crystal for
efficient measurement of low level gamma
emitting samples 1,067

1-Model 1810 gamma-~ray spectrometer for

reducing background and scatter radiation
for low level counting 857
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1-Model RS60, Cobalt-60, liquid reference source §$ 25
10 0-Model TT-1 plastic test tubes for well counter 8
1-Model D-47 gas flow counter, A sensitive,bighly
efficlent, window or windowless detector for
geiger or proportional counting 426
l1-Model VK-3 gas pressure regulator 42
1-Model 2100 PR gas and cylinder for proportional
counting 83
1-Model RT-3 Radlum D plus E solid reference
source (calibrated) for alpha and beta radiation 46
1-Model M5 sample changer 300
1=3037B lead shield for Model M5 sample changer 145
1-Model D47-P preamplifier, Used in proportional
counting for better plateau characteristics 140
leModel T-5 Automatic precision timer, To be used
when the preset time is desired over preset count 448
1-Continuous Laboratory Monitoring System - con=
sists of: Model 1619A Labitron complete with
- Model R11 probe and Model D-34 AC operated
ratemeter for aural and visual background
monitoring or for "frisking" body and clothing 400
1-Model 26127 portable alpha-beter-gamma survey
meter for measuring surface contamination 297
3-Film badges monthly to provide a written record
of personal exposure 2,55/
shipment 30
per year
1-Model N-2 radiation warning tape (containers) )
1-Model N5-A radiation warning signs(door, room) 2
1=Model N5-B radiation warning stickers(storage area) 2
$5,664
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Laboratory Furniture
l-Airflow fume hood - 6 feet wide
1-Muffle furnace
1-Drying oven
1-Hot plate

1=Sink Unit

Chemicals and Glassware

Chemicals and Glassware for Radiobiology
Laboratory

$1,490
295

170

95

365

$2,415

$1,000

3, Field Equipment available at Virginia Fisheries Laboratory

Fifty-five foot Oceanic Research Vessel '""Pathfinder"

Boats and motors

Aquaria and sea-water system
Outdoor sea tanks

Current meter

Additional Field Equipment required:

1-5CUBA mask type self-contained underwater
breathing apparatus with accessories

1-"'Standby" sea water pump with motor
1-Core sampler for collecting bottan deposits
l-Benthos sampler for collecting bottom sediments

l1-set standard sieves for screening bottom deposits

$ 500
500
100
150

150

$1,400
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4, Additional laboratory equipment required:

l-Research microscope for identification of
organic constituents of feces and pseudofeces
and for particle size determination

$1,500
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BUDGET
Co-investigators (half-time 1
each) $6,900
Biologist "A" 4,920
Graduate Students (two) 4,800

Zquipment, Materials, and Facilities

Isotope detection and measure-

ment equipment, Health Physics

equipment

Laboratory Furniture

Chemicals and Glassware

Field Equipment

Optical Equipment

"Pathfinder'" expenses (20 cruises

@ $300)

Laboratory Facilities (2 offices
@ $50/month) (2 laboratories
@ $100/month)

Contingencies

Indirect costs (10% of amount
requested from U, S. Atomic
Energy Commission)

5,664
2,415
2, 0002
1,400
1,500

6,0003

3,600}

500

$16,620

23,079

2,419 $42,118

l'Expense borne by Virginia Fisheries Laboratory
One-half expense borne by Virginia Fisheries Laboratory
3Two-thirds expense borne by Virginia Fisheries Laboratory

Summary

Costs borne by Virginia Fisheries Laboratory

$15,500

Amount requested from U. S, Atomic Energy Commission 26,618

$42,118
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Seacond Year
Salaries
Co-investigators (half-time 1
each) $7,050
Biologist "A" 5,160
Graduate Students (two) 4,800 $17,010
Equipment, Materials, and Facilities
Chemicals and Glassware 1,000
"Pathfinder' expense (20 cruises
@ $300) 6,0003
Laboratory Facilitics (2 offices
@ $50/month) (2 laboratories 1
@ $100/month) 3,600
Contingencies 500 11,100
Indirect costs (107: of amount requested
from U, S, Atomic Energy Commission) 1,346

1Expen-ea borne by Virginia Fisheries Laboratory
Two-thirds expense borne by Virginia Fisheries Laboratory

Summary
Costs borne by Virginia Fisheries Laboratory $14,550
Amount requested from U, S, Atomic Energy Commission 14,806
$29,456

$29,456
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Third Year
Salaries
Co-investigators (half-time 1
each) $7,200
Biologist "A" 5,280
Graduate Students (two) 4,800 $17, 280
Equipment, Materials, and Facilities
- Chemicals and Glassware 1,000
"Pathfinder'' expense (20 cruises 3
@ $300) 6,000
Laboratory Facilities (2 offices
@ $50/month) (2 laboratories 1
@ $100/month) 3,600
Contingencies 500 11,100
Indirect costs (10% of amount requested
from U, S, Atomic Energy Commission) 1,358 $29,738

lExpeme borne by Virginia Fisheries Laboratory
3Two-thirds expense borne by Virginia Fisheries Laboratory

Summary
Costs borne by Virginia Fisheries Laboratory $14,800

Amount requested from U, S, Atomic Energy Cominission 14,938

$29,738
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Summary of the Budget

Amount borne by Amount requested
V.F.L. from A.E.C, Total
FIRST YEAR $15,500 $26,5618 $ 42,118
SECOND YEAR 14,650 14,806 29,455
THIRC YEAR 14,800 14,938 29,738

L - __
BUDGET TOTALS $44,950 $56,352 $101,312
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Deles S Ayne

Dexter S, Haven, Associate Biologist

Moyp#is L. Brehmer, Associate Biologist

and Chairman, Department of Marine Science



