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UNITED STATES
ATOMIC ENERGY COMMISSION

H-h148_ *P7F

OAK RIDGE OPERATIONS
P.O. BOX E
OAK RIDGE, TENNESSEE 37830

1970
MY g E

.

AREA CODE 613
TELEPHONE 483-3611

Ralph Elson, Director Contract Division
REQUEST FOR CONTRACT ACTION

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

1. Nature of Action Requested:

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

Contractor:

[ X] Modification of gontract
Number: AT-{11-1)-490
Contractor: University of Texas

AHOLISOd3Y

2. Nature of Services To Be Covered by Contract: Research

Title:"Transport of Radionuclides in Water (Model River and Ecological
Systemg“

Type of Contract:

[ X] Support Agreement [ [ Cost Type [ ] Other
Amount of AEC Funds To Be Obligated by this CA: $18,000

AEC Percentage of Est. Total Cost To Be Shown by This CA: 100%

Description of Other Changes To Be Covered by This CA:

Provide for the performance of additional research during the period
October 1, 1970 through September 30, 1971. AEC Support Ceiling will

be fncreased from $60,000 to $78,000. Title to equipment shall vest
in the contractor under authority of PL-85-934,

[ag Y]

o A ‘.‘ “
2; Authority:

Memo frm M{lton Shaw, HQ, to S. R, Sapirie ’42’ '
dtd 8-28-70 W& . e

Herman M. Roth, Director
OLE:Lm . Laboratory and University Divisi
o,  CONTRACTS — 4 72 ( 72 ia.
/1"5” (Ei ’;1 :
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UNIVERSITY OF TEXAS CONTRACT NO. AT-(11-1)-490
APPENDIX "A"

For the Contract Period October 1, 1970 through September 30, 1971.

ARTICLE-I RESEARCH TO BE PERFORMED BY CONTRACTOR

The Contractor will continue investigations to develop techniques for
distinguishing and predicting biological changes resulting from release
of heated waters as compared with effects caused by other wastewaters,
and to study transport systems and characteristics related to tritium
movement in flowing and non-flowing ecosystem, to include (1) use of

a flume system, (2) effects of heated water on productivity and res-
piration in the ecosystem, (3) effects of various stresses, (4) the
characteristics of instantaneous and continuous release of tritium,

and (5) quilibrium concentrations and interchanges of tritium between
sediment, biomass, and water.

Dr. E. F. Gloyna, Principal Investigator, expects to devote
approximately 5% of his time or effort to the project.

ARTICLE-II WAYS AND MEANS OF PERFORMANCE

(a) Items Included in Total Estimated Cost:

(1) Salaries and Wages: $16,600.00

Research Associate
2 Research Assistants
Research Analyst

(2) Employee Benefits: 500.00

(3) Materials and Supplies: 1,000.00

Chemicals and Glassware

(4) Equipment to be Purchased or Fabricated
by Contractor: 0

a Equipment Estimated to Cost Less than $1,000:

e
None

b Equipment Estimated to Cost in Excess of $1,000:

None
(5) Computer Time: 400.00
(6) Travel: 665.00

1138891



IVERSITY OF TEXAS 2 CONTRACT NO. AT-(11-1)-490

ICLE-IIT

(7) Indirect Costs (Fixed at 20% of direct costs):

(b) Items, if any, Significant to the Performance of this
Contract, but Excluded from Computation of Support Cost

$ 3,835.00

and from Consideration in Proportioning Costs:

(1) Items to be Contributed by the Contractor:

Research Assistant including indirect costs
and fringe benefits.

(2) Items to be Contributed by the Government:
None

(c) Time or Effort of Principal Investigator(s) Contributed

by Contractor, but Excluded from Computation of Support

Cost and from Consideration in Proportioning Costs:

Approximately 5%

The total estimated cost of items under A-II (a) above
for the contract period stated in this Appendix "A" is
$23,000; the Commission will pay 100% of the actual
costs of these items incurred during the contract
period stated in this Appendix "A", subject to the
provisions of Article III and Article B-XXVII. The
estimated AEC Support Cost for the contract period
stated in this Appendix "A" is $23,000. -

The estimated AEC Support Cost in the preceding paragraph
includes $5,000 as estimated unexpended funds from the
previous period. For the purpose of calculating the pay-
ments under Article B-XI for the current period only,
$18,000 will be used as the estimated Support Cost.




UNITED STATES
ATOMIC ENERGY COMMISSION

WASHINGTON. D.C. 20545

AUG 2 8 1370
5338
S. R. Sapirie, Manager, Oak Ridge Operations Office g e
UNIVERSITY OF TEXAS - CONTRACT AT(11-1)-490 A A
(TRANSPORT OF RADIONUCLIDES IN WATER - MODEL RIVER AND ECOLOGICAL LA,(w
SYSTEM) A

This is in response to H. M. Roth's
concerning extension of the subject

We have completed our review of the
9-30-71) and concluded that further
decision is based upon our judgment

memo to me dated July 1, 1970
contract,

University's renewal proposal (thru
extension cannot be supported. This
of the relative importance of the

proposed study when compared with other more critical reactor development
and technology programs that must be supported within our very limited

resources,

Accordingly, it is requested that Contract AT(11-1)-490 be brought to an
orderly close by December 31, 1970 including the performance of the
following work:

1. Complete and prepare a report on the flume studies now underway
which are designed to test the previously developed mathematical
model of radionuclide tranmsport.

2, Complete the work and report the results of the aquaria studies
underway which are designed to investigate the uptake and reten-
tion of tritium,

3. Prepare a final summary technical report.

For performance of such work, additional funding in the amount of
$18,000 will be made available to OR. Budget Activity 04 60 40 Ol.

’) » -
Milton Shaw, Director

Division of Reactor Development
and Technology

cc: RDT Sr, Site Rep.,, ORNL Tl B

SEIWE g6 - .
B 7%77

AisG 3 1 197
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THE UNIVERSITY OF TEXAS AT AUSTIN
OFFICE OF SPONSORED PROJECTS
AUSTIN, TEXAS 78712

Post Office Box 7726
AC 512, 471-1353

October 26, 1970

United States Atomic Energy Commission
Oak Ridge Operations

P, O. Box E

Oak Ridge, Tennessee 37830

Subject: Proposal entitled '"Transport of Radionuclides
In Water (Model River and Ecological Studies)
Submitted by Dr. Earnest F. Gloyna, May 20, 1970

Gentlemen:

At Dr. Gloyna's request, we are submitting herewith two
copies of a revised budget for use with the subject proposal.

Very truly yours,

JJ/gg
Enclosures: 2

cc: Dr, Earnest F. Gloyna

CONTRACTS — ¢/ 92 (T2ta
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BUDGET

The estimated costs are $23,000.00 under a lump-sum contract. The duration
of this particular project and funding period is estimated at one year, October 1, 1970,

to September 30, 1971, inclusive. Total

SAIARIES AND WAGES .« ¢ & ¢ ¢ « & o o o o s s o s o s s « s s o0 044 0816,600,00
(Salaries paid from Government contract funds at The University
of Texas at Austin conform to the rates approved by the Board of
Regents for salaries paid from regular University funds.)

Principal Investigato@/ ( s 74 &6t {ime ) None
Research Associate (50% of time) : $ 3,200.00

2 Graduate Research Assistants (50% of time
each) 7.,000.00

Research Analyst, Typist, etc. (50% of time
each) ., 6,400.00

FLIES

MATERIALS, SERVICE, AND c e s e e s e e s e ... 1,400.00

peration of the flyme, pur se
le materials, mimnQr equipment
of others not inwluded in

Salaries.and Wages.)

Computer Tr e & 400.00
Chemicals and Glassware 1,000.00
TRAVEL & &+ ¢ ¢ 4 6 v e v o o o o o e o o o o o o o 665.0Q

(Transportation expense of persons engaged in the work, including
transportation by plane or rail and Pullman, or by private car at an
allowance of not to exceed 10¢ per mile in lieu of actual expense,
plus per diem on the quarter-day basis.)

INSURANCE . .. .. 500.00
(Workmen's Compensation Insurance coverage, as may be required
by University regulations under the University's self-insuring plan;
plus Federal Social Security.)

1138899



BUDGET (Continued)

Total

INSTITUTIONAL OVERHEAD AND INDIRECT COSTS** ., . ., . . e « o+ .« 3,835.00
(Shared rate of 20% of all costs exclusive of overhead.)

TOTAL REQUESTED FROM AEC . . . .. ..

**The University pmvidbs space, facilities, supplies, etc. for graduate students.
In additicn, salaries for faculty will be met by University. Actual University
contribution cannot be estimated.

ADMINISTRATIVE INFORMATION

- The University of Texas represents: (a) that it has not employed or retained

any company or person (other than a full-time bona fide employee working solely for
The University of Texas) to solicit or secure this contract and (b) that it has not

paid or agreed to pay to any agency or person (other than a full-time bona fide employee
working solely for The University of Texas) any fee, commission, percentage or
brokerage fee, contingent upon or resulting from the award of this contract; and arjrees
to furnish information relating thereto as may be requested by the Contracting Officer.

: Further information relating to the technical portions of this proposal may be
aobtained from Dr. E. F. Gloyna, Dean, College of Engineering, Taylor Hall 167,

The University of Texas at Austin, Austin, Texas 78712, telephone GReenwood 1-1166.
Non-technical administrative and contractual matters should be referred to the

University's Office of Sponsored Projects, Post Office Box 7726, Austin, Texas 78712,
telephone GReenwood 1-1353.

VED: APPROVED:
9 S Ungmal Signed by
A / AT e
arnest F. Gloyna / Bryce Jordan

Project Director Ad Interim President

A[ovc Céaz/z s IVIaJe /Ocr
Telecon w. %4 Or ﬁ/o/of«?’
NERELEE -2 FC

Ve
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r. tamast F. Gloyna, Dean
College of Engineering
University of Texas

Austin, Texas 78712

CONTRACT NO. AT-(11-1)-490
bear Or. Gloyna:

e /7
keference s made to your letter of September 15, 1970, with respect

to the extension, financing, and completion of work under Contract
No. AT-(11-1)-430.

Based on your request, we propose to extend Contract No. AT-(11-1)-490
through Septesber 30, 1571, and authorize the use of estimated unexpended
prior perfod funds up to $5,000 in addition to 318,000 new funding
authorized. The renewal period will run from January 1, 1571 through
September 30, 1971. Please submit a budget for this proposed renswal
period based on the approved financing. Tne information submitted should
be endorsed by an appropriate administrative officfal of the Unfversity.

Sincerely,

C. S. Shoup, Chief
kesearch Contracts Branch
OLE:U-ap/ ' Laboratory and Unfversity Dtvision

CC: J. M. Jacobsen, Univ. of Texas
worman Hackerman, Uniﬂmﬁﬁ'{g@g;sv Lione

LIS S 7w
L}x’ib e n . (7’ / )
sewrr . . CONTRACTS — 497 (Tatas)
L\ Phces [Adm. Ser. Br.[Res.Cont.Br.| | L)
C%{/ N L7
\lk‘ SURNAME p %d’é%
DATE p ]0'8°70 ...................................................................................................................................
Form AEC-318 (Rev. 9-53) 1U.S. GOVERNMENT PRINTING OFFICE : 1989— O-364-598

1138891



THE UNIVERSITY OF TEXAS AT AUSTIN
COLLEGE OF ENGINEERING
AUSTIN, TEXAS 78712

Office of the Dean September 15, 1970

Dr. Herman Ross

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

Oak Ridge, Tennessee 37830

Dear Sir:

Reference is made to our telephone conversation of September 11, 1970.
It is my understanding that my present AEC contract number AT(11-1)-490
will be renewed for an amount of about $18,000.

I would like to request that this grant be made for the period October 1,
1970, through September 30, 1971. Also, I would like to request permission
to carry over the unexpended funds in the present contract and add these

to the new grant. I estimate that I might be able to carry over about
$4,000 to $5,000.

I base my request on the fact that most of the projected work will be
undertaken by graduate students who are working on either Masters or PhD
degrees. Better projects can be defined and reports can be completed in
a more efficient manner if overall effort can be related to specific
assignments. 1 have gone over my budgets and by combining the new grant
with the projected carry over it will be possible for me to phase out this
project in an efficient manner. Also it will be possible for me to
complete the graduate student efforts now involved in this project and
thereby do a better job than if I were requested to complete the project
by January 1, 1970.

Hopefully this request meets with your approva

' —

‘arnest F. Gloyna
Project Director

EFG:im
cc: Mr. Craig Roberts

(3€¢o¢47 Aﬁ&4¢24éa; Lt &)ﬂf rlfﬂg
et tpoog. e Thecowt | s b



Milton Shaw, Director, Division of Reactor Development
and Technology, Headquarters

CONTRACT NO. AT-(11-1)-490 - UNIVERSITY OF TEXAS .,

The information contained 1n your memorandum dated August 28, 1970,
on the extensfon, funding, and completion of work under Contract No.
AI;‘I]-])-490 was relayed to the contractor by a letter from this
office.

On September 10, Earnest F. Gloyna, Principal Invesigator on Contract
No. AT-(11-1)-490, telephoned this office and requested that (1) the
contract be extended through June 30, 1971, the end of the school
year and (2) he be authorized to utilize between $3,000 to $5,000 in
estimated unexpended prior period funds tn addition to the $18,000
new funding authorized. I talked to Craig Roberts of your office
concerning the contractor's request and he offered no objection to
the proposed change in extending the period to June 30, 1971, and
allowing the University to use the unexpended funds. Therefore, we
propose to modify the contract accordingly.

_~CINAL SIGNID BY
T4ARD B MARTIN

rman M, Roth, Director
Laboratory and University Division
OLE:LM Oak Ridge Operations

L3 LJ o

4/

J/
VAN LR
Q; p ' TICED Adm./.§er

4 “surmamen | dley:o

%

Form AEC-318 (Rev. $-53) U.5. GOVERNMENT PRINTING OFFICE : 1969— O-364-598

11386849
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Or. Eammest F. Gloyna, Oean
College of Engineering
University of Texas
Austin, Texas 7872

CONTRACT 0. AT-{11-1)-490
Dear Dr. Gloyma:

Ne have suthorizatien to extend Contract No. AT-(11-1)-4%0 through
Decesber 31, 1970, with new AEC funds ia the amounmt of $18,000,
Please submit a revised budget as soon as possible based on the
Approved fimancing. Pleass have the revised t endorsed by
R appropriate administrative officia) of the University.

Your renewal proposal for extession of Coatract Mo. AT-(11-1)-490

was forwarded to oyr Headquartars office for review and considerstion.
AEC Headquarters cosmeats and instructions concerning the exteasion
and completion of the contract are as follews:

e bave completed our review of the University's

renswal proposal (thru 9-30-71) aad concluded

that further extensfon cansot be supportad. This

decisfon 15 based upon eur Judgment of the relative

importance of the propesed study when cempared

with other more critical reactor development and

tachaology programs that must be supportad within

our very limited resources. $

According’y, 1t 15 requested that Contract No.
AT-(11-1-490 be brought to an orderly clese by
Decembe - 31, 1970, including the performance of
the fo'lowing work:

1. ‘omplete and prepare a report on the flume

Dy studies now underway which are desfgned to . ... ... ... Cs e
test the previously developed mathematical /iviSALIN—S 70 T,
model of radfonuclide transport.

t138900
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Dr. Earnest F. Gloyna 2

2. Complete the work and report the results
of the aquaria studies underway which are
designed to investigate the uptake and
retention of tritium.

3. Prepare a final smmary technical report.

The additional funding of $18,000 is being made available for the
performance of the above work.

Your cooperation in this matter will be appreciated.

$Sincarely,

CRIGINAL SIANT™ BY
C. S SESTP

OLE: LN 7 4 Laboratory and University Division
CC: J. M. Jacobsen, Univ. of Texas
Norman Hackerman, Univ. of Texas

[

/‘ hplci» ’ . Ser, Br. Res.Cont.fr..
,sunnmzp Jedley:00/ | CS St‘ﬁud'z., .........................................................

4

Form AEC-318 (Rev. 9-58)

1138901
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Mr. J. M. Jacobsen

Executive Director

Office of Sponsored Projects
Post Uffice box 7726
University of Texas

Austin, Texas 78712

CONTRACT nO. AT-(11-1)-490
vear Mr. Jacobsen:

In addition to the renewal proposal and related material which
has been received on Contract No. AT-(11-1)-490, we need a report
number (URO-490- ) for the progress report portion of the renewal
proposal and a completed Form AEC-427 on the recoumended dispo-
sition of the report. e are enclosing a supply of Form AEC-427.

Your attention 1s invited to the enclosed copy of our letter dated
June 1, 1970, on renewal of Contract No. AT-(11-1)-490, and our
June 16, 1970 letter on the renewal documg...s required. Both
letters request that the progress report be numbered and that a
completed Form AEC-427 be submitted.

Your cooperation in fumisning us with the above requested infor-
mation as soon as possible will be appreciated.

Sincerely,
ORIGINAL 3:GNLD BY
C.S. SHUUY e

ST 6y S. Shoupy Chief
Research Contracts Lranch
OLE:LM /l//';// ;!w- ¢ Lapon;orytﬂnd University Division

gnclosures:
As stated above
5&3 ﬂf [- ' e Dy

cc: Earnest F. wloyna, Univ. ofiféi'as" CONTRACTS-— 'y ("L;/td /)

Form AEC-318 (Rev. 9-53) U.S. GOVERNMENT PRINTING OFFICE ; 1969— O-364-598

1 138G0¢




Jun16 97

Or. Eamest F. Gloyna
Dean

College of Engineering
University of Texas
Austin, Texas 78712

CONTRACT NO. AT-(11-1)-490
Dear Dr. Gloyna:

Thank you for the proposal which was submitted with the completed
Form 189a under Contract No. AT-(11-1)-490,

In addition to the renewal proposal document which we received, we
should 11ke to point out that we will also need the other related
matertial which {s requested in our letter of June 1, 1970, on renewal

of the contract. When we recefve the remainder of the required renewal
material; viz, (1) progress report appropriataly numbered with completed
Form-AEC-427, (2) financial statememt, and (3) 200-word summary, we will
forward the complete renewal gackage to AEC Headquarters for their
review and decision on renewal. We will then advise you as soon as we
receive our Headquarters' decision.

We note that the proposal does not provide for any time to be devoted

to the project by you. Do you plan to devote any time to the project?
If so, approximately what percentage?

We shall also appreciaje nccivin? an {temized listing of the materials,
services and equipment to be acquired with the $13,000 budgeted for these
expenses. '

Your cooperation s appreclated. -~ |
M - S1rparel yyesd by
L

-

F.'CLARK HUFTMAN
yodnae Jiz.Glark Huffman, Acting Chief
actor Contracts Branch
OLE:LM' Laboratory and University Division
Adm. Se
OFFICE P | . .appr oo cffog o] mmcrmmmmmmnee e e s oo e
MW
surname p |Medley: mmg
6-15-70

DATE P | eicimiacaacimciaeeaneeeene o
Form AEC-318 (Rev. 9-53)

1138903
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7{{/ ¢ /Z, o
UNITED STATES -7

ATOMIC ENERGY COMMISSION

OAK RIDGE OPERATIONS

P.O. BOX E AREA CODE 615
OAK RIDGE, TENNESSEE 37830 TELEPHONE 483-8611
July 1, 1570

#1100 Shaw, Firector, Divisien of Reecter Development and Technolegy, W

RENEWAL OF CONTRACT NO. AT-40ebbe (11-1)-490 WITH THE UNIVERSITY
oF TIms

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

On Seprambar 33, 1976:
1. Renewal Proposal 4
2. Progress Report
3. Financial Statemen{é
4. 200-Word Summary

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

possible date.

erman M. Roth, Director
s Laboratory and University Division
OLE &M v; Oak Ridge Operations

Enclosures:
As Listed Above

e
8C: 0. S. 1adhry, Wy Progress Report and Ferm AEC-427

C. S. Shoup, w/cy sncls
Alica ln-’ v

CONTRACTS — #/2¢ ( 7‘“”"*’)
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THE UNIVERSITY OF TEXAS AT AUSTIN

COLLEGE OF ENGINEERING
AUSTIN, TEXAS 78712

Department of Civil Engineering
Environmental Health Engineering

Engineering Laboratories Building 305 June 16, 1970

U. S. Atomic Energy Commission
Laboratory and University Division
Post Office Box E

QOak Ridge, Tennessee 37830

Dear Sir:

Transmitted herewith are four copies of the "Notice of Research
Project" for Renewal of Contract No. AT-(11-1)-490.

This is in compliance to the letter of June 1, 1970 from Mr. Herman M.
Roth, Director of the Laboratory and University Division, Qak Ridge
Operations.

Environmental Health Engineering

st

r ¥ Enclosure: 4 copies of "Notice of Research Project"

Lt
[mei]
I
<D
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THE UNIVERSITY OF TEXAS AT AUSTIN
OFFICE OF THE PRESIDENT
AUSTIN, TEXAS 78712

President

June 20, 1970

Laboratory and University Division
Oak Ridge Operations

U. S. Atomic Energy Commission
P, O. Box E

Oak Ridge, Tennessee 37830

Attention: Mr. F. Clark Huffman, Acting Chief
Reactor Contracts Branch

Gentlemen:

We are pleased to transmit a copyof a proposal prepared
by Earnest F. Gloyna, of our Department of Civil Engineering.

This proposal has the approval of cognizant officials of the
University.

Further information relating to the technical portions of

this proposal may be obtained from Dr. Earnest F. Gloyna,
Department of Civil Engineering, The University of Texas

at Austin. Contractual matters should be referred to Mr. Jens
Jacobsen, Executive Director, Office of Sponsored Projects,
The University of Texas at Austin, Post Office Box 7726,
Austin, Texas 78712.

y truly yoyrs,
Py
Norman Hackerman

NH/cv
»» Enclosures: 1 cy proposal
20 cys Financial Statement

cc: Dr. Earnest F. Gloyna

1138900



THE UNIVERSITY OF TEXAS AT AUSTIN
OFFICE OF SPONSORED PROJECTS
AUSTIN, TEXAS 78712

Post Office Box 7726
AC 512, 471-1353

July 7, 1970

United States Atomic Energy Commission
Oak Ridge Operations

P. O. Box E

Oak Ridge, Tennessee 37830

Attention: C. S. Shoup, Chief
Research Contracts Branch
Laboratory and University Division

Subject: AEC Contract No. AT-(11-1)-490

Gentlemen: » -
o~

We are in receipt of your letter dated July 2, 1970, in

regard to information which was not included in the re-

newal proposal for continuation of AEC Contract No.
AT-(11-1)-490.

Copies of Form AEC-427 are being forwarded to Dr. Gloyna.
By copy of this letter, we are asking Dr. Gloyna to complete
the form and return it directly to you with the required pro-

gress report number.

Very truly yours,

Associate Director

AJID/cv

cc: Dr. Earnest F. Gloyna

JuL 8 190

I3 S ,%W_

CONTRACTS — 474 ( 7o)
1138907
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FINANCIAL STATEMENT

Expected Balance

Total Project Expenqitures Estimated at Expiration of

Allowances to Date Expenditure Contract
Personnel 42,624.00 24,420.28 18,203.72 -0-
Travel 1,000.00 79.75 920.25 . -0-
OASI and WCO 1,076.00 510.47 . 5165.53 -0-
Other Expenses 5,300.00 2,580.34 2,719.66 .-0-
Indirect 10,000.00 5,518.17 4,481.83 -0-

CJ

1. Estimated Project Director for nine months is about $2,500.00. Also,
graduate students who are on traineeships are not included in the cost
contribution because the amount is not known presently. In the past, one
or more such students have made contributions to the project. These
‘efforts are equivalent to about one full time employee.

2. The University provides space, facilitie
students. In addition, salaries for fac
Actual University contribution cann

supplies, etc. for graduate
)e met by University.

estF. Gl?ﬁrna,' Principfl] Investigator
~ The University of Texas at Austin

ORIG: ™AL SIGNED BY
NORMAN HACKERMAN

Norman Hackerman, President
The University of Texas at Austin

1136908



oL . ¢ NCSCARCH PROJCCT SIE NO.
*  PUBLICATION NOTICE OF BT {Cil PROJCC

SISIE78a- AR ' SCIENCE INFORMATION EXCHANGE
. AUTHORIZED O SMITHSONIAN INSTITUTION
' U.S. ATOMIC ENERGY COMMISSION AEC CONTRACT NO.

SUPPORTING DIV. OR OFFICE:
NAME & ADDRESS OF CONTRACTOR OR INSTITUTION: (State the division, depariment, or professional school, medicsl, greduste
or other, with which this project shouid be identified.}

The University of Texas at Austin

Department of Civil Engineering

Environmental Health E%gineering

Engineering Labs. Building 307

Austin, Texas 78712

TITLE OF PROJECT:

Transport of Radionuclides in Water (Model River and Ecological System)

NAMES, DEPARTMENT, AND OFFICIAL TITLES OF PRINCIPAL INVESTIGATORS AND OTHER PROFESSIONAL SCIENTIFIC
PERSONNEL: (not including graduate students) engaged on the project, and fraction of men-yesr devoted 1o the project by ssch person.

Dr. Earnest F. Gloyna, Dean, College of Engineering and Professor, Department
of Civil Engineering+(10% academic year and 100% for two summer menths). .

Dr. E. Gus Fruh, Assistant Professor (10% academic year and 100% for one
summer month).

Dr. Y. A. Yousef, Assistant Project Investigator (100% of time).

NO. OF GRADUATE STUDENTS ON PROJECT: 4 _ NO.OF GRADUATE STUDENT MAN-YEARS: 2

SUMMARY OF PROPOSED WORK: (200-300 words, omit Confidential Data). Summaries are exchanged with governmant and privats
agencies supporting research, are supplied to investigaters upon request, and may be published in AEC documents. Make summaries ab-
stantive, giving initially and for sach annual revision the following: QBJECTIVE; SCIENTIFIC BACKGROUND FOR STUDY; PRO-
POSED PROCEDURE: TEST OBJECTS AND AGENTS. It iS the purpose of this investigation to develop

techniques for distinguishing and predicting biological changes resulting from
release of heated waters as compared to those effects caused by other wastewaters.
Also, the transport characteristics of different forms of tritium in flowing and
non-flowing ecosystems will be investigated.

Experiments will be conducted as follows:

1. A research flume (200 ft. long, 2.5 ft. wide and 2.0 ft. deep, and
partitioned at mid-width) will be insulated. Heat exchangers will be installed
to provide desired temperature levels.

2. The effect of heated water on diversity index and changes in productivity
over respiration of the ecosystem will be investigated.

3. The system will be subjected to various stresses such as temperature, low
dissolved oxygen and toxic material and the effect of these stresses on the bio-
physical characteristics of the ecological systems will be evaluated.

4. The transport characteristics of instantaneous and continuous releases of
tritium in the ecosystem will be modeled.

5. The equilibrium concentrations and interchangeable tritium between
sediment, biomass and water will be investigated.

RESULTS TODATE: A prediction model which describes the transport characteristics of
radionuclides in ecological system has been developed and verified in the research
flume. Mass transfer coefficients and concentration coefficients for plants and
bed sediments have been developed for vari radionuclides.

SCNTRACTS /) /72,

()

<0 PROGRAM CATEGORY NO. d?
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ALLIANE

Proposal to the Atomic Energy Commission
From The University of Texas at Austin
For Funds to Support Research on
Transport of Radionuclides in Water
(Model River and Ecological Studies)

for the period ) ,
October 1, 1970 - September 30, 1971

ABSTRACT

‘This is a request from The University of Texas at Austin for a cooperative
iump—sum contract in the amount of $60,000.00 for the period October 1, 1970 -
September 30, 1971, inclusive. Present contract No. AT (11-1)-490 expires
September 30, 1970.

The most recent topical report énd papers have described the simulation
of sustained releases to selected river environments, effects of organic pollu-
tion and the role of organic pollution and oxygen balance in transport.

An overall evaluation study and summary report was released in February,
1970, which summarizes the previously issued topical reports and research
efforts ha.sk been completed. A mathemati;al model for routing a radionuclide
through a model river system has been developed.

Future studies proposed include: (1) measurements of the species diversity
and changes in productivity resulting from thermal stresses, (2) effect of added
toxic materials on species diversity, (3) effects of thermal pollution on life
stages of fish, (4) transport characteristics of tritium in model river system
(research flume), (5) influence of diurnal changes on interchangeable tritium

"between biomass, sediment and water, and (6) measurement of equilibrium con-

centrations and mass transfer coefficients for tritium.



'SUMMARY OF RESEARCH THROUGH FY 1969

Extensive research has been undertaken on the behavior of radionuclides
in rivers. Experiments have involved both the development of physical and
mathematical models. Analytical and numerical solutions to differential equa-
tions have been developed which assist in»predicting the transport of pulses
(unsteady state) of radionuclides through a model rive;. This, combined with a
thorough study of a real rivér system involving Sr and Cs led to the development
of a conceptual model which illustrates the importance of various environmental
stresses on the transport and detention of radionuclides. Through these studies
and model development considerable insight has been gained regarding the possible
behavior of radionuclides in river systems. The expense and effort has certainly
been ml;lCh less than that required to conduct full-scale river experiments.

Quarterly reports were submitted regularly. Technical reports were sub-
mitted as specific phases of the project were completed. Since most of the
phases of this project were associated with either master's or doctoral research
projects, reports were published as the faculty approved the thesis or dissertation.

Titles of reports exclusive of those released during FY 1970 are listed below:

1. Reynold‘s T. D. and E. F. Gloyna, Radioactivity Transport in Water--

Transport of Strontium and Cesium by Stream and Estuarine Sedi-

ments, Technical Report No. 1 to the U. S. Atomic Energy Commis-

sion, 117 pp., (June, 1963).
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2. Patterson, C. C. and E. F. Gloyna, Radioactivity Transport in Water--
The Dispersion of Radionuclides in Open Channel Flow, Technical
Report No. 2 to the U, S. Atomic Energy Commission, 87 pp.,

(June, 1963).

3. Story, A. H. and E. F. Gloyna, Radicactivity Transport in Water--
Environmental Behavior of Nitrosylruthenium, Technical Report No. 3
to the U. S. Atomic Energy Commission, 89 pp., (June, 1963).

4, Bolch, W. E. and E, F. Gloyna, Radioactivity Transport in Water--
Behavior of Ruthenium in Algal Environments, Technical Report No. 4
to the U. S. Atomic Energy Commission, 55 pp., (September, 1963).

5. Rowe, D. R, and E.. F. Gloyna, Radioactivity Transport in Water --
The Transport of Zn " in an Aqueous Environment, EHE-09-6403,
Technical Report No. 5 to the U. S. Atomic Energy Commission,
010 pp., (September, 1964).

6. Clanton, U, S. and E, F. Gloyna, Radioactivity Transport in Water--
Sorption and Release of Radionuclides by Sediments of the Guadalupe
River, EHE-10-6404, Technical Report No, 6 to the U. S. Atomic
Energy Commission, 64 pp., (July, 1964).

7. Yousef, Y. A, and E. F. Gloyna, Radioactivity Transport in Water-~
The Transport of CO" in an Agueous Environment, EHE-12-6405,
Technical Report No. 7 to the U. S. Atomic Energy Commission,
121 pp., (December, 1964).

8. Copeland, B. J. and E, F. Gloyna, Radiocactvity Transport in Water--
Structure and Metabolism of a Lotic Community, Part I (April-July,
1964)., EHE-02-6501, Technical Report No.-8 to the U. S. Atomic
Energy Commission, S1 pp., (February, 1965).

« 9. Bhagat, S. K. and E, F. Gloyna, Radiocactivity Transport in Water--
_Transport of Nitrosylruthenium in an Aquatic Environment EHE-11-6502,
Technical Report No. 9, to tle U. S. Atomic Energy Commission,
144 pp., (November, 1965).

10. Shih, C. S. and E. F, Gloyna, Radioactivity Transport in Water--

' Transport of Sr®° and Cs-137 in an Aquatic Environment, EHE-01-6602,
Technical Report No, 10 to the U. S. Atomic Energy Commission, 97 pp.,
(January, 1966).

11, Canter, L. W, and E. F, Gloyna, Radioactivity Transport in Water--
Transport of CR-51 in an Aqueous Environment, EHE-04-6701+ Technical
Report No. 11 to the U. S. Atomic Energy Commission, 241 pp., (May,
1967). o

12. Shih, C. S, and E, F, Gloyna, Radioactivity Transport in Water--
Mathematical Model for the Transport of Radionuclides, EHE-04-6702,

Technical Report No. 12 to the U. S. Atomic Energy Commission,
179 pp., (une, 1967).
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13.

14.

15.

16,

17.

18.

o]

Purushothaman, K. and E. F. Glayna, Radioactivity Transport in

Water -- Transport of ~ - Sr and " Cs Under Induced Clay Suspensions,

EHE-12-6701, Technical Report No. 13 to the U. S. Atomic Energy
Commission, 120 pp., (January, 1968).

Armstrong, N. E. and E. F. Gloyna, Radioactivity Transport in Wa‘er--

Numerical Solutions of Radionuclide Transport Equations and Role of

Plants in SR-85 Transport, EHE-12-6703, Technical Report 14 to the
U. S. Atomic Energy Commission, 139 pp., (December, 1967).

Shull, R, D. and E. F. Gloyna ,_Radioactivity Transport in Water--

Simulation of Sustained Releases to Selected River Environments,

EHE-04-6801, Technical Report No. 15 to the U. S. Atomic Energy
Commission, 237 pp., (May, 1968).

Futagawa, K. and E. F. Gloyna, Radioactivity Transport in Water--

Effects of Organic Pollution on Radionuclide Transport, EHE-04-6803,

Technical Report No. 16 to the U. S. Atomic Energy Commission, 61
pp., (May, 1968).

Kudo, Akira and E. F. Gloyna, Radioactivity Transport in Water--

Interaction Between Flowing Water and Bed Sediment, EHE-69-03

CRWR-36, Technical Report No. 17 to the U. S. Atomic Energy
Commission, 152 pp., (January, 1969).

Patterson, C. C., Kudo, Akira, Eller, J. M. and E. P, Gloyna,

Radiocactivity in Water —~-The Role of Organic Pollution and Oxygen

in Transport, EHE-69-09, CRWR-42, Technical Report No. 18 to the

U. S. Atomic Energy Commission, 49 pp., (May, 1969).

-

36915



-)

SUMMARY OF RESEARCH UNDER
TRANSPORT OF RADIONUCLIDES IN WATER SERIES
FY 1969 -~ FY 1970

1. White, A. and E. F. Gloyna, Radioactivity Transport in
Water--Mathematical Simulation, EHE-70-04, CRWR-52,

Technical Report No. 19 to the U. S. Atomic Energy Commission,
(Feb, 1970).

A mathematical model has been developed for routing a radionuclide

through a model river system. The capabilities of this simulation model in-

clude the following characteristics:

1. It distributes radionuclide activity by advective and dispersional
mechanisms along the lengitudinal axis of the system.

2. It may be discretized into any number of segments (vertical
planes normal to the longitudinal axis) as may be appropriate
to describe spatial variations in radionuclide activity.

3. It is capable of treating instantaneous, continuous, or
time-varying releases of radionuclide activity.

4. 1t provides for a temporal description of radionuclide activity
throughout the system.

5. It provides for sorption and desorption by both plants and
bottom sediments.

- 2. Yousef, Y. A., Akire Kudo and E. F. Gloyna, Radioactivity
Transport in Water--Summary Report, EHE-70-05, CRWR-53,
Technical Report No. 20 to the U. S. Atomic Energy Commission,
80 pp., (Feb, 1970).

A transport model is presented which describes the behavior of radio-

’ nuclide movement in an ecological system, and considers hydraulic transport,
sediment sorption and desorption, and biomass uptake and release. Solutions
of the transport model are programmed and verified using data obtained from
the laboratory ecosystem and the research flume. The limitations and relative
importance of environmental factors affecting transport were evaluated. Recom-

mendations for the use of this prediction model are discussed.
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Flume experiments limited to fresh water systems and slow moving

streams were conducted. In general, radionuclide movement followed

the same pattern as Rhodamine B dye releases. However, discrepancies

were observed due to interactions of radionuclides with sediments, biomass

and organic debris. Therefore, before tests were conducted in the fully
instrumented flume (model river) , laboratory exp'eriments with small eco-
systems (aquaria) were conducted to help evaluate the functional form and
factors involved in prediction models.

The effects of specific environmental factors such as pH, temperature,

dissolved oxygen, oxidation-reduction potential sunlight were studied to
" estimate the uptake and release rates of radionuclides. The radionuclides

investigated included §SZn, 5800, 103Ru, 137Cs, 85Sr, and Slcr.

SCIENTIFIC SCOPE AND OBJECTIVES

It is the purpose of this investigation to develop techniques to distinguish

and predict the biological changes resulting from the releasge of heated waters
from those effects caused by other wastewaters in the stream ecosystems. It
is also required to study the transport characteristics of different forms of

-

tritium in flowing and non-flowing ecosystems.

To achieve the objectives, certain continuation experiments and evaluation
techniques will be conducted (FY 1971).

1.  The research flume will be insulated and heat exchangers will be
installed to provide constant heated water flowing through the flume from a
storage tank rich i'n phytoplankton.

2, The effect of heated water on diversity index and ch.anges in productivity

* over redspiration of the ecosystem will be investigated.

3. The system will be subjected to various stresses such as temperature,
low dissolved oxygen and toxic material and the effects of these stresses on the
biophysical characteristics of the ecological systems will be evaluated.

4, The transport charac teristics of instantaneous and continuous releases
of tritium in the ecosystem will be modeled.

5. The equilibrium concentrations and interchangeable tritium between
sediment, biomass and water will be investigated.

The major effect is outlined above and at least two topical reports will be

developed for FY 1971,



PERSONNEL

The Principal Investigators will be Dr. E. F. Gloyna and Dr. E. Gus Fruh;
.As.sistant Project Investigator will be Dr. Y. A. Yousef.

Advisors from areas other than those actively participating in the Environmental
Health Engineering Program will be consulted.

Research Assistants will be part-time faculty and gradu_ate students.
Additional staff will include electronics repairman, programmers and general
help.

Complete biographical information is included for Dr. E. F. Gloyna, Dr. E.
Gus Fruh, and Dr. Y. A. Yousef (see attachments 1 - 3).

OTHER FINANCIAL ASSISTANCE

Students holding fellowships supported by U. S. Public Health Service,
National Science Foundation, Federal Water Pollution Control Administration,
etc., may participate in this project, and their thesis or dissertation research
may be included in various reports. Otherwise, no other agency except The

-

University of Texas at Austin is contributing to the support of this research

project.

MATERIALS, EQUIPMENT, AND FACILITIES

By June 15, 1970 a $500,000.00 addition to the Water Resources Research
_ Facility will be completed. It is located adjacent to the present radionuclide
transport project.

All of the research centers and research laboratories at The University of
Texas are part of the graduate program. These laboratories and facilities
are, in part, made available for acquainting science and engineering students

with radiochemical techniques and the problems of radioactive waste treatment

and disposal.

cale
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Most of the laboratory equipment, as well as utilities, will be furnished
by The University of Texas.

Some of the available equipment consists of data acquisition units,
spectrophotometers, electron microscopes», X-ray diffraction machines, a
512-channel gamma spectrometer, an electrometer fpr oo‘unting gaseous and
~liquid samples, a variety of window and windowless proportional flow counters,
a gas flow proportional counting system, and an automatic low-level beta counter.

A flume has been constructed at the Balcones Research Center Laboratories
that is being used as a model for evaluating radionuclide movement. This
site was chosen because there are several large existing tanks that can be
made available for this study. These tanks were formerly used as settling
tanks. They vary in size from 50 feet to 150 feet in diameter and are about

8 feet deep.
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BUDGET

The estimated costs are $60,000.00 under a lump-sum contract.

12

The

-duration of this particular project and funding period is estimated at one year,

October 1, 1970, to September 30, 1971, inclusive.

SALARIES AND WAGES . . . v ¢ ¢ ¢t ¢ ¢ ¢ o o o o s
(Salaries paid from Government contract funds
at The University of Texas conform to the rates
approved by the Board of Regents for salaries
paid from regular University funds.)

Dr. E. Gus Fruh, Co-Principal Investigator
(10% Academic year and 100% for one summer

month) $ 3,000.00
Dr. Y. A. Yousef, Assistant Project Director

and Research Engr.-Sci. (100% of time) 13,200.00
Biologist (50% time) 4,000.00
Technician (100% time) 4,800.00
Two graduate Research Assistants (50% each) 6,000.00
Electronic Repairman (25% time) 2,000.00
Typist (50% time) ' 2,000.00
Employee benefits A 1,000.00

MATERIALS, SERVICE, AND EQUIPMENT . . . . . . .
(This item includes the operation of the flume,
purchase of test equipment, expendable materials,
minor equipment items, and occasional services
of others not included in Salaries and Wages.)

TRAVEL . ¢ ¢ v ¢ ¢ v o o s » e e s s e s s s e ae e
(Transportation expense of persons engaged in the
work, including transportation by plane or rail and
Pullman, or by private car at an allowance of not to
exceed 10¢ per mile in lieu of actual expense, plus
per diem on the quarter-day basis.)

Total Direct Cost & & & &+ &« ¢ & o o o & o s e e v o e

Indirect COSt & v ¢ ¢ 4 ¢ ¢ o o o s o« o o o « .

136821

Total

$36,000.00

13,000.00

1,000.00

50,000.00

10,000.00
$60,000.00
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ECOSYSTEM RESPONSE TO THERMAL STRESS

Objective and Scope
The purpose of this investigation is to develop techniques to distinguish
and predict the biological changes resulting from the release of heated waters

from those effects caused by other wastewaters in the stream eco;system. The

1
[§

scope of the project will include measurement of the species diversity and
changes in the productivity to respiration ratio of similar environments sub-
jected to long term singular and interacting stresses such as temperature,
low dissolved oxygen, and toxic materials, These measurements will be under-
taken at various time intervals starting with the initiation of the stress(es)
to the "acclimization” of the ecosystem to the stress(es). Other biological
measurements such as change in standing crop will be obtained as reqﬁired.
Because of the undefined characteristics and uncontrollable environmental
changes which occur in a natural stream, flumes with the capability of controlling
flow, velocity, temperature and other inputs will be utilized for the basic
aquatic environments.
Introduction
Discharge of heated waters generally affects the entire aquatic eco-
system - the interrelated biological, chemical, and physical system. A
.number of investigations have been undertaken to solve this problem (which
are summarized by Parker and Krenkel, 1969; FWPCA, 1968). However,
except for overall principles and concepts, this wealth of information generally
has not helped the design engineer or his counterpart in the water pollution
control agency in their attempts to solve the problem. The main reason for

the failure of research to give an answer is that most of the investigators

L1384922
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have considered the temperature problem in isolation from other problems.
Thus, if the engineer desires to know if a specific temperature increase will
affect a particular ecosystem, he must know not only the temperature require-
ments of the organisms present, but also must be able to assess the stress
placed on the organisms by low dissolved oxygen, toxic materials, silt
loads, etc. To do this, our engineering estimating techniques (and soon,
hopefully, our water pollﬁtion control regulations) need to be based on assessing
the ecological effects of each waste colléctively rather than individually.

One characteristic of a natural community which lends itself to such a
quantitative assessment is the relationship between the number of different
species of organisms present and the number of individuals representing each
species. This relationship, called the species diversity, is correlated with
community stability. The structure of a community is a complex of energy
flow pathways. Energy enters via the lower trophic levels and travels via
multiple pathways to the top carnivore level. The forces and flow of energy
(which are of unidirectional character througﬁ the comm‘unity as required by
the second law of thermodynamics) interconnect all species in all possible
combinations. Some of the species have specific "job"” responsibilities other
than direct energy _transfer. These particular species maintain diversification
of organisms in each trophic level so that a large number of energy pathways
are kept open.

If an ecosystem is subjected to an energy-requiring stress, the energy
required to survive that added cost will be removed from the energy pool
utilized for specific "job" responsibilities; e.g. diversification. In other

words, the several species that were supported by the overall energy systems

F136423
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to perform a specifically restricted task such as maintaining the diversifica-
tion of that system, will be replaced by a smaller number of species, each
.capable of fullfilling wider job responsibilities. Thus when the energistic
cost of supporting diverse populafions is switched to survival, the resulting
characteristic is a less diverse population designed to be more adaptable

and capable of surviving. Moreover, the additional energy required to survive
pollutional stresses suchA as low dissolved oxygen and toxic‘ity also leaves
less of an energy reserve for meeting any additional requirements of naturally
occurring stresses such as unusual temperature fluctuations. With species -
living closer to their physiologically adapted limits in polluted waters, these
limits are more readily exceeded causing the elimination of the species.

Literature Review

Maximum diversity exisfs if each individual belongs to a different species
and maximum diversity exists if all individuals belong to the same species
(wilhm, 1967; Wilhm and Dorris, 1966; Storrs et al, 1969). Thus, a com-
munity that contains only a few species with-large numi:ers of individuals

/
will have a low diversity and, conversely, one with a great number of species
each represented by a few individuals will have a highdiversity. There have
been severél differ'ent mathematical interpretations of the species diversity
concept, with most investigators presenting the data as a dive;sity index
(Odum, et al, 1960; Menhinick, 1964; and Wilhm, 1967). The advantages of
applying diversity indices derived from information theory is that they express
the relative importance of each species, are dimensionless, and are indepen-

dent of sample size (Wilhm and Dorris, 1968). Pielou (1966) has classified

sample collections into five different types, each type having a different

t1368924
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method for determining the sample's information content. Wilhm (1968)
substituted biomass units for numbers, more closely relating diversity to
energy distributions among species. He concluded that energy flow units
would be preferable to biomass units in a diversity index, but that measure-
ments were difficult to attain.

Several earlier workers analyzing the effects of pollution recognized~
the relationship between ;che species diversity of the aquatic organisms in
the area being studied and its water quality (Tarzwell and Gaufin 1953; Katz
and Gaufin 1953; Gaufin and Tarzwell 1956; Doudoroff and Warren 1957;
Bartsch and Ingram 1959). Although they did not specifically present their
data in the form of a diversity index, the relationship between number of
species and number of individuals was discussed and in some cases diagrammed.
The results show that in polluted streams the number of organisms are distributed
among more species the greater the distance from the pollution source.

The occurrence of bottom community types in estuarine areas has been
used to indicate varying degrees of water quélity (Filic; 1954, 1958; Reish
1960; McNulty 1961). The most polluted areas contained few or no organisms
while the less polluted areas had different associations than did the unpolluted

waters.

) Patrick et al.(1954), Hohn (1359) and Williams (1964) found that diatom

counts also provided a measure of water qualitir. The diatom populations

were reduced in polluted areas and their diversity was correspondingly lower.
Several workers have computed an actual diversity index in examining

the effects of pollution on aquatic organisms. Usihg the number of species

of zooplankton per 1000 individuals in a sample as an index of diversity,
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Odum et al,(1963), Copeland (1966) and Copeland and Wohlschlag (1968)
showed that species diversity increased as distance from a known pollution
source increased.

Diversity indices derived from information theory have been applied to
plankton and benthic macroinvertebrate samples collected during water
pollution studies. Patten (1962) described the annuél di.versity cycle of
phytoplankton in Raritan éay and showed a progressively decreasing diversity
from Lower Bay to the mouth of the Raritah River.

Wwilhm and Dorris (1966) studied benthic macroinvertebrates in Skeleton
Creek, Oklahoma, a stream polluted with domestic and industrial wastes.

The diversity indices showed an increase as distance from the sources of
pollution increased. Storrs et al.(1969) found that benthic macroinvertebrates
indices for San Francisco Bay were lowest in those areas under the greatest
environmental and pollutional stresses.

The literature indicates that in theory and with actual data, species
diversity indices can be used to indicate env‘ironmentalfand pollutional stress.
Little work has been accomplished with fish diversity in this regard, although
studies using fish have provided informatign about water quality for many years.
The complete absepce of fish from areas receiving domestic and industrial
wastes was used as an indication of grossly polluted waters by Katz and
Gaufin (1953). Tsai (1968) studied the effects of chlorinated sewage effluents
on fishes in the Patuxent River. The results indicate that diversity was

seriously reduced immediately below the effluent outfalls and increased as

distance from the source increased, with a species shift occurring downstream.
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Various diversity concepts have been utilized to determine the effects
of thermal pollution on an ecosystem. Wurtz and Dolan (1960) reported
that a hot water discharge reduced the diversity of the community on a reach
of the Schuylkill River. By suspending microscopic slides a few inches
under the stream surface above and below a source of heated water and
counting the species and individuals, Trembley (1960) reported that thé
periphyton was considera‘bly altered by the power plant discharge. A return
to normal conditions occurred approximately a mile downstream. Trembley
(1960) also studied the bottom fauna above and below hot water discharges.
In the zone of maximum temperature rise just below the outfall, there was a
significant reduction of species and individuals. In the cool water unaffected
by the thermal overflow, there was no reduction in macroinvertebrates. During
the cooler seasons of the year, there was repopulation of the areas affected
during the hot months by the thermal discharge. Coutant (1962) followed
Trembley and reported that the tolerance limit for a normal benthic population
was approximately SOOF and further rise in te.mperature ‘was accompanied by
extensive loss in numbers and diversity of organisms. Coutant (1962) observed
an increase in both variety and number of organisms as he progressed from hot
to cool water. From July to October in particular there was a substantial
’reduction in the number, diversity and biomass of benthic organisms in the
path of the heated water. Trembly (1960) made a detailed survey of the rooted

vegetation and found little difference in above and below the heated discharge.
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Trembley (1960) also reported on four years data for fish distribution at
a heated water discharge site. (Although no specific diversity indices were
calculated, his data are pertinent to the experimental procedure of this
project) . With the exception of one species, all the fish normally inhabiting
the unheated section of the river were found living in the heated section at
some time during the year. During the warm months of the year, rr_xost fish
species almost completel‘y avoided the zone of maximum hea;c. Repopulation
of the zone of maximum heat occurs in other months and during the cold
months there was a congregation and extended period of feeding activity of
many species in the heated zone.

It is apparent from a review of the literature that a major emphasis has
to be placed on the fish of commercial and sports fisheries importance.
Temperature effects on each life stage (egg, fry, fingerling, yearling and
adult) need to be determined for each species of fish. Particular emphasis
is needed on the following subject categories:

1. lethal and optimum temperatures and ‘the effect; (lethal and sub-

lethal) of temperature on reproduction and development;

2. movement and activity (including migration);

3. feeding anfi growth;

4. acclimation;

5. disease;

6. physiological responses more or less on the cellular level; and

7. compound stress (changes in conjunction with limiting conditions

such as oxygen).

11380928



[4v;
An excellent review for salmon is presented in Krenkel and Parker (1969).
Some studies have utilized multivariate techniques in assessing
éss.ociated environmental factors on fish. An excellent example is Alderdice
(1963) who conducted studies on the mean resistance times of juvenile
coho salmon acclimated ét 1200 (53.601’-‘) to 3 mg/1 of sodium pentachlorophenate
at various combinations of salinity, temperature, and dissolved oxygen.
Similar studies have not been conducted on the effect of multiple stresses
on a stream ecosystem. One of the main. difficulties is the inability to utilize
natural streams because of the uncontrollable variables which exist. Based
on the great amount of knowledge gained on biclogical systems from work
on the transport of radionuclides in a controlled flume environment, funds
. are requested for similar studies on modeling ecosystem changes resulting from
hot water discharges with and without other stresses. The results from this
study in conjunction with the results from an overwhelming number of investiga-
tions being conducted specifically on the singular temperature effects of hot
water discharges on important fish should aid the Atozn;c Energy Commission
significantly in their planning and site evaluation for new nuclear thermal

plants.

Experimental Procedure

The 200 foot long flume has been divided in two major sections and
will be insulated. Both sections of the flume will receive water from a 0.5
million gallon storage tank containing ground water. Water entering one of
the sections will be raised in temperature by a heat exchanger. At the upper
end of each flume section, three 40 foot long sub-flumes will be added. The

first of the sub-flumes in each section will receive a low dissolved oxygen
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stress; the second chromium (common in cooling waters to prevent algal
growth); and the third will function as a control. The effluents from each
sub-flume will mix and the ecosystem in the remainder of the flume will be
receiving a multitude of stresses.

The above set of experiments will be conducted in yvinter and summer
until the ecosystem acclimates to the stresses .

A data acquisition sfstem is available to record continubusly the
responses from a number of temperature and dissolved oxygen probes which
will be placed at different positivonsv in the sub-flumes and sections of the
flume. The dissolved oxygen probes will be utilized to determine productivity
to respiration ratios. Diurnal pH measurements will be intermittantly con-
ducted as a check. Benthos samples will be obtained for species, number
and mass determinations. Microscopic slides will be placed in the flume
to obtain the same information on the periphyton. The changes in rooted

. vegetation (planted in cans to prevent the expansion of roots throughout the

-

sediments) will also be measured.

In order to evaluate the effect of each individual factor (season, tempera-
ture, dissolved oxygen concentration and chromium concentration) as well as
the way eaéh effect depends on the other factors, the experiments will be
conduct‘ed according to a factorial design (Davis, 1963) so tha£ each factor
’1s varied in a regular way. This makes it possible to obtain a more complete
picture of what is happening than would be obtained by varying each of the
factors one at a time whileAkeeping the other constant. Designs of this sort,
moreover, lend themselves well to statistical analysis and can provide their

own estimates of experimental error. This is particularly useful in this type

of biological research in which the experimental errors are usually large
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compared with the effects being investigated, the cost of the individual
observations is not great, and extensive replication cannot be accomplished.
" During the spring as the temperature of the ground water in the storage
tank slowly warms, the temperature, dissolved oxygen and chromium stresses
will be fluctuated in both flume sections. Once again, a detailed factorial

design will be utilized to distinguish these short-term responses.
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TRANSPORT OF TRITIUM IN AQUATIC SYSTEMS

Objective and Scope

' It is the purpose of this research to study the transport characteristics
of tritiated water and orga‘nically bound tritium and its related effects in
small scale ecosystems (Research Flume). Retention and release of tritium
by biomass and bottom sediments will be investigated using slug and con-
tinuous discharges of tritium. Development or verification of prediction
models for transport of tritium will be undertaken after establishing all the
necessary coefficients.

Laboratory studies along with the model river studies will be conducted
to investigate the related effects and mechanisms responsible for the reten-
tion and release of tritium by biomass and sediments and the environmental
factors that influence the movement of tritium.

Introduction

Tritium, a radioactive isotope of Hydrogen, is produced by numerous
nuclear reactions and is released through operating hea:zy—water reactors,
light-water reactors, Tritium production plants and Thermonuclear reactions.

Jacobs (1970} stated that most tritium problems are encountered at
heavy-water reactors where the tritium hazard is as important as all other
radionuclide hazards combined under normal operating conditions.

Tritium is also formed from several fusion interactions of cosmic rays
with gases of the upper atmosphere which exits principally in the form of
water vapor and precipitates inv rain and snow. Previous studies indicated
that the concentration of Tritium in rain, ranged from 17 to 28 T. U. (1 T. U.
is one Tritium atom per 1018 hydrogen atoms) and the natural concentration

of Tritium in rivers was estimated to be 5 T. U.
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The fusion of light elements, Hydrogen (Hl) with its two other isotopes,
Deuterium (HZ) and Tritium (H3) , to form heavier and more tightly bound
nuclei can result in the release of significant amounts of nuclear energy.
Hydrogen is the most abundant, Deuterium occurs in nature with an abundance
of about one part in six thousands of hydrogen. Tritium, however, is a radio-
active isotope which must be manufactured. These later isotopes are of
great interest as fusion fuel. In order to make the nuclear fusion reactions
take place, temperature of the order of séveral million degrees are necessary

and they are referred to as "Thermonuclear Reactions" as follows:

2 2 3

H +H =He + N+ 3.2 Mev 1
mru? =md+ 5 +4.0 Mev 2
H3+H2=He4+N+17.6Mev 3
B+ B =He? + 2N+ 11.3 Mev 4

If an equal mixture of H2 and H3 is used as fusion fuel (Reaction 3), the
great majority (80%) of the released energy appears as kinetic energy of the
neutrons. To recover it, the neutrons must be slowed down in a moderator.
Since Tritium does not occur in nature, the neutrons must be used to generate
the Tritium'from Lithium.

N+L16=H3 +He4 + 4.8 Mev

As a result the heat generated in the moderator can be removed by a suitable
coolant and used to generate electrical power through a heat cycle.

Tritium has one of the highest maximum permissible body burden, 1 mc,
recommended by the ICRP because of its emission of extremely low energy

beta radiation during decay. However since Morgan (1964) stated that it

can be taken through the skin as fast as inhilation and because of its long
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" half-life (12.26 y), it poses a potential hazard.

Tritium in the Environment

* Tritium is usually released to the atmosphere in the form of water vapor
or tritiated hydrogen gas. Chamberlain and Eggleton (1964) estimated that
1,000 curries/day of tritiated water vapor would be permissible from a 60-
meter stack. Jacobs (1970) indicated that the continuous release of 1,000
curries/day would be abdut an order of magnitude lower than- the estimated
10,000 to 20,000 curries/day of natural tritium production. This tritium
will be deposited over continental areas or oceanic areas through rainfall
or downward diffusion of the released plume. Once tritium is deposited it
will follow several pathways through evaporation, seepage through the soil,
run-off and transpiration. In general, tritiated water is expected to behave
the same as ordinary water except for the slight difference in vapor pressure
which is caused by the larger mass of tritium atoms. After tritium is con-
densed it evaporates less than ordinary water. Tritium is found exclusively

in water molecules as BHZO or 3H HO which&ndicates —that the elemental

1

fission product atoms replace normal hydrogen atoms on the water molecules.

Smith (1965) and Blomeke (1967) indicated that Tritium has not been
monitored foutinely at most reactors, but has been measured in primary
coolants in several reactors and found to be about 0.5 to 5.0 u.c/cc in PWR's
’and about 0.005 to 0.05 uc/cc in BWR's. As a "rule of thumb" figure for
future tritium discharge estimates, an annual average value of roughly 0.4
curries per electrical megawatt has been used. Analysis of water samples

from the Savannah River (1963-1966) indicated that the tritium concentration

has averaged about 0.3 to 0.4% of the maximum permissible concentration of
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0.003 pc/ml. The tritium concentration in the Clinch River averaged
l.1x 10"4 pc/ml. Practically all the tritium released to surface water
would be expected eventually to enter oceans and seas,

Tritium of higher concentrations was detected in ground water, soil
and vegetation of Nuclear testing sites. Mason (1969) reported that the
levels of tritium in the Nevada test site Corps rangea frdm 2.0t0 3.0
puci/gm of dry tissue or }3.00 to 4.87 puci/ml of tissue wate;r of plants, radish.
potatoes, corn, beans, and onions, Tritium was noticed to be available
over considerable periods of time and does not leave the environment via
evaporation as suggested. Tritium profile in the soil indicates a maximum
concentration at a depth of approximately 70 cm, which is closely correlated
with the depth of the maximum desert rainfall penetration of this area.

Transport Characteristics of Tritium

Tritium water is expected to behave the same as ordinary water in
ecological systems except it exhibits a lower vapor pressure resulting from
its higher mass. It is interchangeable with fhe free an:i bound water of
the sediments and with tissue water in biota. Nir (1964) indicated that in
saturated soil, all the tritiated water will\be free water in macropores and
its velocity of movement will vary due to the diffusion characteristics into
the sediments.

Whenever Tritium-labelled water is émployed as a test solute or tracer
in biological systems, an appreciable exchange between tritium and labile
hydrogen atoms occur that frequently affects the productivity of biological

systems. The position of tritium within the cell is important. For example,
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Person and Scléir (1968) have considered the loss of colony forming ability
and the degradation of DNA by tritium incorporated into either DNA, RNA or
protein in E. coli.

Predictions by Parker, et al. (1966) of downstream concentrations
resulting from slug discharge of tritium in the Clinch River were made
.possible by assuming complete mixing. However, tﬁeir prédiction was
based only on dilution aﬂd no attempt was made to account f;)r detention
and release of tritium by bottom sedimenfs , biomass and dead zones. Struxness,
et al. (1967) indicated that full vertical and traverse mixing of tritium occurred
in the Clinch River within 4 to 6 miles downstream from the mouth of White
Oak Creek, the discharge point. Brown (1963) reported that lateral mixing
was complete in the Ottawa River after 2.5 miles of flow. An adequate
prediction model for transport of radionuclides was developed by Gloyna

and Associates (1967) which followed the form:

2 n
3c _ . 8 c .. 3c _ _
t = Dy N Usx - Z £k [G; (@ -G

i=1

~where
fi = mass of i-th sorbent affecting a unit volume of the flow zone
Ki = the mass transfér coefficients for phase “i"
Dx' = diffusion coefficient in the x~direction
U = mean velocity
Gi (c) = a transfer function relating the concentration of activity in
the water to the equilibrium level in the phase "i"
C, = the specific activity in the i-th position of the N-sorption

phases
I,
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The first two terms of this equation define the mixing characteristics
and dilution while the third term established the retention and release by
various aquatic surfaces. Retention of tritium by biomass and soil is
dependent on its form whether organically bound or tritium oxides. Esti-
mates of the capacities of surface water for tritium acceptance can be made
with less errors if a better understanding of the tranSport characteristics
of tritium in the ecologicél system exists. It is necessary t‘o adequately
establish the concentration factors and transfer coefficients for tritium
in the system and the influence of pollutional stresses such as temperature

and organic load on the transport characterisitcs should be understood.
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Production," with Ju-Chang Huang, Journal of Water Research,
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1138955



47

Dr. E. F. Gloyna January, 1970

107.

108.

109.

110.

111.
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