
UNITED STATES 
ATOMIC ENERGY COMMISSION 

OAK R I D G E  OPERATIONS 
P.O. BOX E 

OAK RIDGE,  TENNESSEE 37830 
AREA COO€ 615 
TELEPHONE 4 3 - 8 6 1  1 

#oV 1 9  1969 

Ralph Elson, Director,  Contract D iv i s ion  

REQUEST FOR CONTRACT ACTION 

It i s  requested t h a t  you take the necessary steps to pcocess the fo l l ow ing  
described contract  act ion (CA) : 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Nature of Action Requested: 

[ ] Selection of New Contractor and/or Negotiat ion o f  Contract 
Number : 
Contractor: 

[ Xj Modi f i c a t i  on o f  Contract 
Number: AT-(Il-I)-498 
Contractor: Wvmlty et 74x89 8t  krMa 

Nature of Services To Be Covered by Contract: 

T i t l e :  

Tvpe of Contract: 

[ X ] Support Agreement [ 3 Cost Type [ ] Other 

Amount of AEC Funds To Be Obliqated by This CA: % o * ~ ? ~  
AEC Percentaqe o f  Est. Total  Cost To Be Shown by This CA: 

Research 

"lruftrpwt of ltrdlawcl~das 1~ N a k r  (r#rt Rlvw 
and Ecaloglcrl Sy8-1. 

tm 

Fern MC-481 (Corrt. A*) fr. Milton 
t~ S. R, Srplrle dtd '10128-69 

Laboratory and Univers i ty  D iv i s ion  

1 1 3 S I l U  



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

APPEND1 X ''A" 

For the Contract Period October 1 ,  1969, through September 30, 1970. 

A-I RESEARCH TO BE PERFORMED BY CONTRACTOR 

The Contractor will apply the computer program of  the model r i v e r  and eco- 
system developed under work previously supported by the AEC to  an 
ac tua l  river o r  river system and t o  the discharge from selected nuclear  
power s t a t i o n s ,  In p a r t i c u l a r :  

1. 

2. 

3. 

4. 

5.  

Adaptation of exi s ti ng computer programs t o  predi ct detent ion 
and t r anspor t  of radionuclides i n  water,  sediments and biomass 
of streams . 
Application of the computer program to p red ic t  the t r anspor t  of 
radionucl ides  re leased  from a nuclear  power r eac to r  i n t o  a 
selected reach of a stream. 

Continuation of long-term, s teady  s t a t e  experiments, using the 
model r i v e r  system for  predic t ion  of f ac to r s  and coefficients 
needed f o r  computer program under various environmental condi t ions 
of selected streams. 

6enera l iza t ion  of the computer program for predic t ion  of 
t ransported 'radionuclides i n  r i v e r  systems from current or f u t u r e  
planned nuc lear  power s t a t i o n s .  

Evaluation of the uptake and r e t en t ion  of organi cal ly  bound tri ti um 
and tritium oxide by b i o t a  i n  flawing and non-flowing systems; 
and incorporat ion of the uptake and r e l ease  coefficients obtained 
i n t o  the program descr ib ing  radionucl ide transport. Measurement 
of equi l ibr ium r a t e s  for tritium i n  b io ta  and sediments will be 
inves t iga ted .  Such measurements ui 11 include the retention and 
movement of tritium through plankton rooted p l an t s  and small fish. 

The Principal Inves t iga to r  expects  t o  devote approximately 10% of time 
during the academic yea r  and 100% of time durinq two sranmer months 
t o  the work. 



UNIVERSITY OF TEXAS -2- 

A-I1 WAYS AND MEANS OF PERF'IRMANCE 

CONTRACT YO. 4T-(11-1)-490 

(a) Items Included i n  T o t a l  Estimated Cost: 

(1) Salaries and Naqes: 

Dr, E .  F. Gloyna, Pr incipal  Investigator 
3 Research Associates 
Nuclear Chemi s t 
Research Ass i s tant  
Research Analyst 

(2) Employee Benefits: 

(3 )  Computer Time: 

(10 hours @ $300.00/hr) 

$42,624, Or) 

1,076 .cJo 

3,m.m 

(4) Materi a1 s and Supol i es : 1,OOO.OO 
Chemicals , glassware , and computer 

cards and paper 

- (5)  Travel: 1 ,Ooo.Oo 

(6)  Pub1 i ca t i  ons : 1,390.00 

(7) Ind i rect  Costs (20% of d i r e c t  costs): 10,o0O*oc) 

(b) Items Significant t o  the Performance o f  t h i s  Contract, 
But txcluded From Computation of Total Cost and Frbrn 
Consideration i n  Prooortioning Costs: 

None 

(c) Time o r  Effort of Principal Investiqator t o  be Contributed 
y Contractor: 

None under th is  paragraph 

A-I11 The t o t a l  estimated cost of items under A - I 1  (q) above for the 
contract period stated i n  t h i s  Appendix "A" i s  $60,00r).00; the 
Comnission w i l l  pay 100% of the actual costs o f  these items in-  
curred during the contract period stated i n  t h i s  Appendix "A", 
subject t o  the provisions of A r t i c l e  I11 and A r t i c l e  B - X X V I I .  
The estimated AEC support cost f o r  the contract period stated i n  
t h i s  Appendix "A" i s  $60,000.00. 

I I 3 0 1 8 0  



U S A.FOMIC ENERGY COMMISSION ACCPI) e-4 BI 

CONTRACT AUTHORIZATION 

a.A. TO S .  R .  Saplrie, m e r  
oak Ridge Operations Office 

University of Texas 
Austin, Te- 

CONTRACTOR (Narc. A U w a ,  D r p u t u m I .  et#. )  

See attacbed UA. 

t .  AUTNOR1UTIOI( 1. DATE 
m. 

a.m. FROM Milton Shau, Director 
Division of Reactor De 

4.0. PRINCIPAL INVESTIGATOR (S) 

Contractor &auld be requested to prepare a r d e e d  cort e e u t e  r e f l e c w  the 
University's contribution on baste o f  a 
should be forvarded to the hhagamwrt Ssrvlcrs Branch, RDT. 

program. Two copierr of rrucb e8ti.o- 

D. I 6. TERM OF CONTRACT 

0 NEW CONTRACI m RENEWAL OTHER See attached I lA.  

0 FIXED PRICE 

0 y r d ~ L  R E S E A R C H I U P P O R T  AGREEMENT (SRSA) 

a. RECOMMENDED m P C  Of CONTRACT: 0.  PROPCRTY TITLE TO VEST IN: 

0 AEC 
0 CONTRACTOR 

0 OTHER 

0 CO.T REIMDURSEMEM 

Attachments: 
Form U A  
Proposal 

7.  CONTRA& NUMOP3 

AT( ll-l)-4gO 
10. SCCURITT CLASSlFlCATlO)lr 

Work to be atepry- 

as defined by AEC Mand Appendu 3401. 

IFm 



1. PROPOSED C @ K T R & C T O R :  h i W i S i t y  of Texas 
Au s t in, Texas 

2. PROJECT TITLE: TRAXSPOKT OF RADIONUCLIDES IN WATER (NODEL RIVER AND 
ECOLOGICAL SYSTEM) 

. 3. RECOMMENDATION TO: 

ACCEPT UNSOLICITED PROPOSAL AS BASIS FOR NEGOTIATIOK OF CONTRACT: 

PROPOS?\L NO. Renewal Proposal for Deriod 

0 AR'ARD COSTRACT KITHOUT SOLIClTIKG PROPOSALS FROM OTHERS 

D.4TED 5/1/69 As mended by 
10/1/69 to 9/30/70 letter 7-15-69 

4. RECOMMENDATION RELATED TO: 

G NEWPROJECT - -  
INCREASE IN SCOPE OR COST OF PROJECT PREVIOUSLY AUTUORIZED: 

PREVIOUSLY AUTHORIZED PER FORM 11-A DATED 

COSTR.4CTED FOR BY CONTRACT NO. AT(l1-1)-490 P.A. NO. 
. 

5. PROGRAM DESCRIPTION AND JUSTIFICATION--SEE ANNEX *'A** 

..c: 

6. CONTRACTUAL JUSTIFICATION--SEE ANNEX "6" 

7. SCOPE OF WORK FOR CONTRACT--SEE ANNEX "C" 



1') -- 70 -- 60,030 - -  -0-  60,000 

- f Y 

FY 

60,000 60,000 TOT.4I.S 

ESTIMATED COST OF A X Y  FURTHEI: WORE;, FOR WHICH 
I.'UTUHE AUTtiORIZ.4TIONS KILL BE NECESSAHY, TO 
COMPLETE E\TII;E PROJECT: 

FY 

FY 

FY 

TOTALS 

COSTS PREVIOUSLY AUTHORIZED ON PROJECT: 

F R O M 1 0 / 1 / 6 1  TO q / w / h q  2 3a1' - 333,911 - 
TOTAL ESTILUTED COST OF ENTIRE PROJECT 393,911 393,911 

9. ESTIMATE OF FUNDS TO BE INITIALLY OBLIGATED 
IN CONTRACT 5 60,000 60,000 

-E THIS AMOC'ST IS TO FUND THE ENTIRETY OF THE KORK RECOMMENDED IN MSEX "A". 

0 THIS A!!lOUNT IS TO FUND ONLY A PAHT OF THE TOTAL PROJECT RECOMMENDED IN ANNEX. "A", 
SPECIFICALLY THE FOLLOU'ING PERIOD OR TASKS.: 

* 

IO. FUNDS FOR ITEM 9 PROVIDED TO FIELD OFFICE AS FOLLOWS: 

Cost ce i l ing  in  the amount of $60,000 is provided in current financial 

plan for Oak 3idge Operations Office. 

C o s t s  are t o  be charged to  B&R # 04 60 40 01. 

1 1 .  COSTS CHARGEABLE TO BUDGET ACTIVITY: OPER..ITI,UC 04 60 40 01 ; EQUIP Y E K T  



. 

0 COhTRACT TO SPECIFY REQLTIRED COSIPLETIOS D.\TE OF 

. 0 COSTRACTTOBEFOR PERIODOF MOST HS , ST .4RT 1 NG 

14. T ITLE TO EQUIPMENT: 

TO VEST lh 0 .4EC OR 0 CONTRACTOR, EXCEPT AS FOLLOWS: 

N /A 

Category ADT 
IS. TECHNICAL REPORTING REQUIREMENTS: 

Des ignot ion* Hqs. Of ficc' 

INFOR\l.U TECHNICAL PROGRESS LETTER - MONTHLY NONE 

-R&D PROGRESS REPORT - QUARTERLY NONE 

R&D SULISL4RY REPORT - ANNUAL NONE 

R&D TOPICAL REPORTS (LIST ON REVERSE) 

R&D FINAL REPORT 

UC-70 10 

UC-70 10 

CONTR-4CTOR TO MAKE WANDARD DlSTHIBUTlON PER f l D 4 S O O  OR M-3679 FOR CATEGORY DESIGNATION SHOIM. OR 
_ -  

PROWDE REPRODUCIBLE MASTERS TO DTIE FOR SUCH DISTRIBLTIOS. 

** TO BE DETERLIINED BY FIELD OFFICE, UNLESS NUMBER HERE SPECIFIED. 

0 COhTR.!CTOR TO XWKE ADDITION.4L SPEC1.C DISTRIBUTIOX. AS FOLLOKS: 

DRAFT OF AK'NUAL =FINAL REPORT TO BE SUBMITTED TO RDT FOR IIEVIEK. 

REPOHT TO IJC ISSUED 30 DAYS AFTER HDT APPROVAL OF DRAFT. 

FIELD OFFICE TO EY.&UATE REPORTS AXD PROVlDE CO\lJIENlS AND RECO\l>lEND:ITIONS 
(INCLUDING FUTURE KORK) TO RDT. 



Topical Reports Requirements 

1. A computer program describing the transport and retention of 
radionuclides i n  a freshwater system. 

2. A comparison of a predicted and m earured radionuclides transport 
and retention i n  a real river system. - L- 

3. The description of organically bound tritium and tritium oxide 
in  the biota of flowing and non-flowing freshwater syatems. 



.. 
17. OTHER CONTRACTUAL DATA: 

Highest priority i s  to be assigned to the application of the mathematical 
model  for the prediction of the transport of radionuclides released from 
a nuclear power plant site. 

Such work i s  to  be completed and reported.upoa by September 30, 1970. 

. 

THE PROPOSER'S COST ESllMATE H4S NOT BEEN SUBJECTED TO FINANCIAL REVIEW IN HEADQUARTERS. CONSE- 
QUkNTLY, THE AMOUNTS SHOW I N  ITEMS 8 .OD 9 ABOVE ARE SUBJECT TO ADJUSTMENT BY THE FIELD OFFICE 
BASED ON ITS REVIEW OF THE COST ESTIMATE IN THE COURSE OF NEGOTIATING THE CONTRACT, EXCEPT AS 
FOLLOW: 

- .  
18. CLASSIFICATION CATEGORY: Unclassified 

(IF CLASSIFIED, SHOF HERE CONCURRENCE OF DIVISION OF CLASSIFICATION: 

19. F IELD OFFICE TO NEGOTIATE AND ADMINISTER CONTRACT: Oak Ridge 

21. 0 RDT PARTICIPATION IN CONTRACT NEGOTIATION IS DESIRED, AS FOLLOWS: 



AhVEX "A" 

PROGWI! DESCRIPTION A 3  D JU STlFICAT ION 

Knowledge of the behavior of radionuclides released to freshwater environ- 
ments particularly the transport, retention and movement throughout the 
biota is important to the proper siting, d2sign end operating control of 
nuclear power stations. Research work at the University of Texas on the 
model river has provided much useful radionuclide transport information. 
Also considerable information has been gained through operating experience 
at Oak Ridge, Savannah River, Hanford and at commercial nuclear power 
stations. There remains a need to incorporate this information into a 
form that can be used to predict the behavior of radionuclides at a given 
location prior to the release of these radionuclides to the environment 
and to demonstrate the accuracy of such a prediction technique. 
step, i.e. the development of a computer program, was completed at the 
University of Texas this summer. 
by predicting transport and comparing with field measurements at a location 
where radionuclides are being released into a river system. 
pated that a nuclear power plant location will be selected from which 
field data are already and will continue to be available thus minimizing 
the field work required by University of Texas of personnel. 
is highly qualified to perform this work and has an excellent record of 
performance on previous AEC sponsored work. 

The first 

The next step is to verify the program 

It is antic- 

The contractor 

... . ... ~ 

.- 
,L ,. * 



ANNEX "B" 

COPjTRACTUAI, JI! S T 11: ICAT ION 

The wark ou t l ined  i n  t h i s  u n s o l i c i t e d  proposal  i s  the r e s u l t  of o r i g i n a l  
i d e a s  and concepts developed by th2 p r i n c i p a l  s t a f f  of the Univers i ty  of 
Texas comxncing in 1961 and i s  n o t  i n  response to  a s o l i c i t a t i o n  bg AEC 
made t o  the con t r ac to r .  

The work included i n  t h i s  proposa l  does n o t  dupl ica te  r e sea rch  a l ready  
i n  p rocess  o r  contemplated by AEC, and supplements the Nuclear Sa fe ty  
research e f f o r t s  being c a r r i e d  o u t  a t  PNL, ANL, O m .  

I n  view of t h e  preceeding and t h e  unusual e x p e r t i s e  of tte P r i n c i p a l  In- 
v e s t i g a t o r  (Dr. E. F. Gloyna) a s  w e l l  as t h e  a v a i l a b i l i t y  of previous ly  
developed f a c i l i t i e s  and computer codes,  i t  i s  recomnended t h a t  t h e  proposed 
one y e a r  ex tens ion  of t h i s  program be approved. . 

- .  



SCOPE CF WOK\: Fort CO::TKl\CT 
d 2 , * f f  -1 7 2 r  W I : ~  

q A p p l y  t h c  compiiter progr'tm of the model river dr.d ecos)stem developed 
Under wc.1-1: prcviously sepported by the ACC t o  an actual river or river 
systcrn and to the discharge fro.2 selected ~ u c l c a r  power stations. in 
part icu l z r :  

c 

1. Adaptation of existing computer programs to predict detention and 
transport of radionuclides in water, sediments and biomass of !. 

streams . 
2. Application of the computer program to predict the transport of 

radionuclides released from a nuclear power reactor into a selected -' 

reach of a stream. 

3.  Continuation of long-term, steady state experiments, using the 
L model river system for prediction of factors and coefficients 

needed for computer program under various environmental conditions 
of selected streams. 

4. Generalization of tb computer program for prediction of transported - 
radionuclides in river systems from current or future planned 
nuclear power stations. 

5 .  Evaluation of the uptake and retention of organically bound tritium 
and tritium oxide by biota in flowing and non-flowing systems; and 
incorporation of the uptake and release coefficients obtained into 
the program describing radionuclide transport. 
equilibrium rates for tritium in biota and sediments will be in- 
vestigated. 
.movement of tritium through plankton rooted plants and small fish. 

J - : 
Measurement of 

Such measurements will include the retention and 
s 



- 
W 

cs 



Post O&r Box 7726 
AC J12, 471-1353 

THE UNIVERSITY OF TEXAS AT AUSTIN 
OFFICE O F  SPONSORED PROJECTS 

AUSTIN, TEXAS 78712 

November 7,  1969 

U. S. Atomic Energy Commission 
Laboratory and University Division 
Pos t  Office Box E 
Oak Ridge, Tennessee 37830 

Attention: Dent C. Davis, Jr. 

Subject: Proposal  for Renewal of Contract 
AT -( 11 - 1) -490, submitted by 
E. F. Gloyna on June 25, 1969 

Gentle men: 

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

Very truly yours,  

JJ:cr 
Enclosure [k 

cc: E. F. Gloyna 



I 

BUDGET 

The estimated costs  are  $60,000 under a lump-sum contract. The duration 
of this particular project and funding period is estimated a t  one year, October 1, 1969, 
to September 30, 197'0, inclusive. 

, Total 

SUARES AND WAGES $ 4 2  624 00 . . . . . . . . . . . .  . . . . . . . . . .  (Salaries paid from Government contract fund's at The 
University of Texas at Austin conform to the rates 
approved by the Board of Regents for salaries paid 
from regular University funds .) 

Dr. E. F. Gloyna 0 Principal Investigator (10% 
Academic year and 100% for two summer months)* 

Dr. Y. Yousef, Assistant Project Director and 

Dr . F . Masch,  Professor of Civil Engineering , 
Modeling Speciality (5% Academic year and 100% 
for one summer month) 
Dr. Allen White, Research Engr .-Scl. , Computer 

$ 5,556.00 

Research Engr.-Sci. (100% of time) 11,000 .oo 

1,778 .OO 

10,000 -00 

10,000.00 

3,090.00 

1,200.00 

Specialist  (100% of time) 

Nuclear Chemist (100% for ten months) 

Research Analyst, Typis t ,  etc, (25% of t ime)  
One Graduate Research Assistant (50% of time) 

MATERIALS, SERVICE, AND EQUIPMENT . .  : . . . . . . . . . . . .  
(This item includes the operation of the flume, purchase 
of t e s t  equipment , expendable materials 8 minor equipment 
i t e m s ,  and occasional services of others not included In 
Salaries and Wages .) 

Computer (10 hrs @ $300.00/hr) 3,000 .OO 

Chemicals and Glassware 500.00 
Computer cards and paper 500 0 00 

1,300 .OO Publications, DraftIng , etc.  

TRAVEL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
(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 lo$ per 
m i l e  in  lieu of actual expense, plus per diem on the quarter- 
day basis .) . 

5,3 00 . 00 

1,000.00 

I 1 3 8 1 9 2  I 



e.-* - 
UNITED STATES GOVERNMENT 

Memorandum 
TO : Rllton shrw, Mtrttor, Dlvlrlm of 

lbrctor D m l o p r n t  I Technology, HQ. ~ A T S :  JULY 18, 1969 

FROM : Herman M. Roth, Director 
Laboratory and University 01 vision , OR 

Reference i s  made t o  wr memorandum o f  
submitting the renewal proposal and progred report &der the 
subject contract. 

g, 1- 

We are enclosing for your information and use copies o f  the 
following l i s t e d  documents submltted by the rns t i t u t i on  i n  
connection w i th  renewal of the contract: 

[ 1 Revised Budget 

[ ] Financial Statement 

[ 3 Endorsement o f  Proposal 

[ 1 200-Word Sumnary 

[ 3 Request f o r  Additional Funds 
[ X] Let-? dr- 3ul 

E. F. 61oym 

erman M. Roth 

Enclosure( s) : 
ltr dM 7-15-69 EFQ b YIL (4 ~yr . )  



T H E  U N I V E R S I T Y  OF T E X A S  
COLLEGE OF E N G I N E E R I N G  

AUSTIN,  TEXAS 78712 

Department of Civil Engineering 
Environment& Hedtb Engineering 
Engineering Ldortatories Bnilding 305 

Dr. -W. J .  Larkin, Chief 
Reactor Contracts Branch 
Laboratory and University Division 
Oak Ridge Operations 
U .  S. Atomic Energy Commission 
P. 0. BoxE 
Oak Ridge, Tennessee 37830 

Dear Dr. Larkin: 

July 15,  1969 

In response to  conversations which we have had on the telephone with the  
Washington Office, AEC, we would l ike to  ammend our proposal to include the 
following task and budget increases .  

Task 

It is proposed to  evaluate the  uptake and retention of organically bound H 
and tritium oxide biota in nonflowing and flowing ecosystems. Following this  
study the  transport of tritium will be monitored in a model river system. Finally, 
the  uptake and release coefficients describing the  transport of tritium through a n  
ecosystem will be incorporated into the  overall transport model .  

Measurement of equilibrium ra tes  for tritium in  biota and sediments will be 
investigated. Such measurements will include the retention and movement of 
tritium through plankton, rooted plants,  and s m a l l  f ish.  

Dr. Kwie, Ph.D., Organic Chemistry, has had experience in some work of 
this  type. He is a member of our research faculty and will be personally involved 
i n  th i s  study. 

The precise methodology has  not been decided upon, but the model ecosystems 
and flumes presently being used i n  this project will be made available for the  tritium 
effort. 

Budget 

to $60,000. 

- 
3 

It is estimated that the  overall budget mus t  be  increased from about $52,000 

.-?- L ONTRACTS - -' .' ; ,a .- e &zk _4) 

- 
w 
(23 
-.'i 
s Project Director 
+- E FG:st 

cc: Mr. Craig Roberts 
Dr. W. W. Kwie 
M r .  Jens Jacobson 



UNITED STATES 
ATOMIC ENERGY COMMISSION 

OAK RIDGE OPERATIONS 
P.O. BOX E 

OAK RIDGE, T E N N E S S E E  37830 
AREA COO€ 615 
TELEPHONE 4U3-86611 

We are submitting for your review and appropriate action the 
following information concerning the contract which will explm 
On ~ 1 6 , 1 9 m t  

1. Renewal Proposal 
2. Progress Report 
3. Financial S ta temen1 
4. 200-Word S u m r y  

We shall appreciate your advising us of your decision so that yc 
may proceed w i t h  the necessary contract action a t  the earliest 
postlble date. 

Q u a I I l  
Enclosures : 
As Listed Above 

Hennan M. Roth, Director 
Laboratory and University Division 
Oak Ridge Operations 



President 

THE UNIVERSITY OF TEXAS AT AUSTIN 
O F F I C E  OF THE P R E S I D E N T  

AUSTIN, TEXAS 78712 

June 25, 1969 

U. S. Atomic Energy Commission 
Laboratory and University Division 
Post  Office Box E 
Oak Ridge, Tennessee 37830 

Attention: Dr. W. J. Larkin,  Jr. 
Chief 
Reactor  Contracts Branch 

Subject: Contract AT -( 11- 1)-49 0 

Gentlemen: 

We a r e  pleased to transmit six copies of Dr. Earnes t  
F. Gloyna's proposal for  renewal of his  AEC re sea rch  
contract  AT-(11-1)-490. 
of cognizant officials of the University. 

This proposal has the approval 

Fur ther  information relating to the technical portions of 
this proposal may be obtained f rom Dr. E. F. Gloyna, 
Department of Civil Engineering, The University of Texas 
at Austin. 
Mr, J ens  Jacobsen, Executive Director, Office of Spon- 
sored Pro jec ts ,  The University of Texas at Austin, Pos t  
Office Box 7726, Austin, Texas 78712. 

Contractual matters should be referred to  

I NH: s s 
Enclosures:  6 cys proposal 

7 cys progress  report  
4 cys summary  o ?  

cc: Dr. E. F. Gloyna 

! 

.y 2 7  



NOTICE OF RESEARCH PROJECT 
SCIENCE 1NFORMATION EXCHANGE 

SMI THSON IAN INST ITUTl ON 

Us. ATOMIC ENERGY COMMISSION 

PUBLICATION SlSlf-78a 
SI€ NO. 

AEC CONTRACT NO. 

SUPPORTING DIV. OR OFFICE: 
NAME & ADDRESS OF CONTRACTOR OR INSTITUTION. (State the division. department, or professional school. medial, graduate 
or other, with which this project should be identified.) 
Environmental Health Engineering Laboratories 
Department of Civil Engineering 
The University of Texas at Austin 
Austin,  Texas 78712 

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

TITLE OF PROJECT: 

NAMES, DEPARTMENT, AND OFFICIAL TITLES OF PRINCIPAL INVESTIGATORS AND OTHER PROFESSIONAL SCIENTIFIC 
PERSONNEL: (not including gndwte students) engaged on the prOiect, a d  fmior ,  of mutyear devoted to the projm by oach pmon. 

E. F. Gloyna, Prof., CE - Princp. Invest .  - 100% - 2 mo.; 10% - 9 mo. 
p. Masch,  Prof., CE - 100% - 1 mo.; 5% - 9 mo. 
Y. Yousef, Asst. Proj. Dir. and R e s .  Eng. - 100% - 12 mo. 
A. White, Computer Spec. - 100% - 1 2  mo. 

NO. OF GRADUATE STUDENTS ON PROJECT: 2 NO. OF GRADUATE STUDENT MAN-YEARS: Each student 50% of t i m  
SUMMARY OF PROPOSED WORK: (200.300 words. omit Confidmtid Dotal. Summaries are exchnged with gomnnunt ud privrto 
.gancirs supporting r d .  m suupgl’i to imatigaten upon nquat, and m y  be published in AEC docurmnts. Mako ummrr i r  sub 
dmntive, giving initially md for each annual rsvirion the following: OBJECTIVE: SCIENTIFIC BACKGROUND FOR STUDY: PRO- 
POSED PROCEDURE: TEST OBJECTS AND AGENTS. 

(SEE CONTINUATION PAGE 1) 

RESULTS TO DATE: 

During FY 69 the transport of radionuclides in rivers was simulated using a 
rough mathematical model. The prediction model was partially verified through 
t h e  u s e  of the test flume (model river) for 

A mathematical model was dev 

releases of 85~r. 

of radionuclides 
‘into sediments. 

PROGRAM CATEGORY NO. 
BUDGET 
PRIMARY 
SECONDARY DATE: 

INVESTIGATOR - 00 NOT USE THIS SPACE 

i 1 3 e - i 9 1  ’ 



CONTINUATION PAGE 1 
Notice of Research Project 
Science Information Exchange 

SUMMARY OF PROPOSED WORK 

It is proposed to: 

1. Adapt the existing computer programs so that the model river and 
ecosystem data can  b e  used to  predict retention and transport of radionuclides 
in water, sediments,  and biomass; 

2 . Apply the  derived experimental data to a field problem or to a hypothetical 
nuclear power plant and s t r e a m  system; 

3. Relate the transport of radionuclides re leased from nuclear power reactors 
to mathematical models ;  

4 .  Establish a planning program for field verification; 

5 .  Initiate a planning program for the application of prediction models on 
whole river systems as applicable to the Federal Power Commission's concept of 
nuclear power reactor requirements; 

6 .  Continue evaluation of uptake and re lease  characteristics of Zn, C o  and 
Ru; and 

7. Conduct long-term, steady s ta te  experiments, for verification purposes, 
using the model river system. 
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Schedule 189a 
Justiilcation ior Operating Cos ts  & Equipment Obligations 

For Reactor Development Programs 

1. Budget Activity No .  2 .  Office 
04 60 40 01 1 OR 

(1) Col.  7-17 Col .  18-20 
4.  Method of Reporting 
. 1. Monthly 4 .  Annual 

2.  Quarterly 5 .  Other 
3. Semi Annual 

Oak Ridge Operations Office 
Field Office or Laboratory 

3 .  Project Title 
Transport of Radionuclides in Water (Mode l  
River and Ecological System) CO. 21-80 

5. Person i n  Charge Principal I nv e s tigat or 

E. F .  Gloyna 

Ident . 
OMIT 

Col. 2-6 

7. Working Location-City 

Univ . of Texas Austin 

6. Contractor 

12) Col. 7-26 Col. 27-43 

June 1, 1969 
Date 

8 .  State 9.  Type 

Tex 2.AEC Lab 0490 NA 

Col. 

1 .Industry 

3. Educational 
4 .Government 
5. Other Non 

Col.  Profit 

44-47 
12. Reactor 15 .Lead Branch 

NS-ES 
1.Conv.CP 
2 .  Adv . Conv . CP 
3 .Fast Breeder CP 3.NR 
4. Space Electric 
5. Space Propulsion 
6. Ship Propulsion 6. Other 
7.Terr.Low Power 
8 .Other 

Col.  58 Col. 59 Col. 60 C O ~ .  61-65 

1 .Central Station 
2 .  Military 
3. Space 
4. Other Civilian 
5 .  Nuclear Support 

16. PPB Identification 

01. 66 
17. Materials 

Code , 
Col. 67-74 

21. ManYears 
I 

Fro 10 
dMon;h ;;y, Yegai 

Col .  7-12 

I 

From ,Moyt? ,Y;;j 
C0113-18 

Scientific 
Other Direct 

Total Direct ( N o  Fractions) 
( 3) 
22 .  costs 

a) Direct Salar ies  
b) Materials & Services  

- c) Subcontracts 
- d) Irradiation & Unit Costs 

Total Direct C o s t s  w 
ca e) Indirect Cos t s  
-l 

s f )  Fee 
d Total Cos ts  (In Thousands) 

Col. 19-24 
FY 1971 (BY) 

4 4 
1 1 

5 5 
COl. 25-83 COl. 29-32 

- - 

26,250 3 7,3 00 
. .  7 , 084 6,500 

0 . O  
0 0 

.. 33,334 43,800 .,, 
. 6,666 8,760 

40,000 52,560 

7 

0 -- 0 

Col.  37-45 Col.  46-54 

4 
1 
5 

Col. 33-36 

- 

37,300 
6,500 

0 

.52,560 
Col. 55-63 
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23. Goods & Services on Order 
(In Thousands) 

l4) 
2 4. Equipment 

a) B&R Classification 

(In Thousands) 
b) Equipment Obligations 

c) Equipment Costs 
(In Thousands) 

FY 1969 (PY) FY 1970 (CY) FY 1971 (BY) 
0 0 

Col. 7-13 COl. 14-19 Col. 20-25 

0 0 
C O 1 2 6 - 3 6  

0 0 
COl. 42-46 COl. 47-51 C O l .  37-41 

0 0 
C O l .  52-56 COl. 57-61 COl. 62-66 

NOT APPLICABLE 
26. Dates  and Title of Publications (Other than Progress Reports) 

a) Armstrong, N.  E .  and E. F. Gloyna,  "Mathematical Models for the Dispersion of 
Radionuclides in  Aquatic Systems" , Proceedings of the 2nd National Symposium 
on Radioecology, Ann Arbor, Michigan, pp. 329-335, May 15-17, 1967. 

b) Shih, C.  S. and E.  F. Gloyna, "Influence of Sediments on the  Transport of Solutes", 
Presented a t  the American Society of Civil Engineers' National Meeting on Environ- 
mental Engineering, Chattanooga , Tennessee , May 13-17 , 1968. (Publication 
pending . ) 
Presented at  the American Society of Civil Engineers' National Meeting on Water 
Resources Engineering, New Orleans,  Louisiana, February 3-7, 1969. (Publicatior 
pending .) 

c) Shull, R. D. , and E.  F. Gloyna,  "Transport of Dissolved Wastes  in  Rivers", 

- -  

27. Scope 
The contractor will  continue to conduct research directed toward development of 

a mathematical prediction model which can  be used to predict the transport of radio- 
nuclides produced by nuclear power reactors through aquatic systems. 

~ , Experimentation sha l l  include: (Annex I ,  Work Plan, page 8) 
1. Adaptation of existing computer programs so that the model river and ecosystem 
data c a n  be used to predict retention and transport of radionuclides in  water, sedi- 
ments,  and biomass: 

2 .  Apply the derived experimental data to a field problem or to a hypothetical nuclear 
power plant and stream system: 

3 .  Relate the  transport of radionuclides released from nuclear power reactors to 
mat h e  mat ical models : 

4.  Establish a planning program for field verification; 

1 1 3 8 8 0 1 3  . 
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Schedule 189a (Continued) 
~ 

2 7.  Scope (Continued) 

5 .  Init iate a planning program for the application of prediction models on whole river 
sys tems as  applicable to the Federal Power Commission's concept of nuclear power 
reactor  requirements; 

6. Continue evaluation of uptake and re lease  characterist ics of Zn, Co and Ru; and 

7. Conduct long-term, steady state experiments , for verification purposes, using 
t h e  model river system. 

28.  Relationship to Other Federally Financed Projects 
The model river study is related to the problems associated with nuclear power 

plant development. The project is related to  fu l l  scale river studies on the Columbia 
River being carried out by the  U. S. Geological Survey and the Pacific Northwest 
Laboratory and the completed Clinch River s tudy conducted at  ORNL. This project 
is related to the  OWRR Project at The University of Texas which proposes to study 
aerat ion and reaeration of model river systems.  Furthermore, the project is applicable 
to any new study involvinu the location of a nuclear facility on any watershed. 

2 9 .  Technical accomplishments i n  FY 1969 

rough mathematical model. The prediction model was partially verified through the  
use of the  test flume (model river) for batch r e l eases  of 85Sr. 

The delay i n  transport of radionuclides caused  by the  interaction of Cesium-137 
between flowing water and bed sediments was investigated. The greatest uptake rate,  
K s t l  by bed sediment was 88.7 x [ (cpm/cm2)/(cpm/cm3)]/sec with a velocity of 
1.65 fps  and a flow rate of 0.345 cfs/ft. In  this case the sediment transport rate was 
0.0795 lbs/sec/ft. 

A mathematical model was developed des'cribing the migration of radionuclides 
into sediments. The relative concentration of radionuclides on the surface of bottom 

coefficient and t i m e  a f te r  migration started. 

determined, in  the research flume, under a variety of organic loads and hydraulic 
conditions.  Milk and domestic sewage were u s e d  a s  organic pollutants. Photosynthesi: 
and respiration rates were calculated. 

30. Expected resul ts  i n  FY 1970 

to a useful predictive model. The objective wil l  be to predict retention and transport 
of radionuclides in water, sediments and  biomass in  model river systems. Coefficients 
will be established for steady state conditions. The experimental data will be applied 
to hypothetical field conditions where nuclear power plants are or will be located. 

31. Expected results in  FY 1971 
By 1971 it will be possible to apply the  prediction model to a section of some 

selected stream. Possibly a stream. in  South Carolina will be chosen. 
32. Expected results beyond budget year 

The project will be continued. 

During FY 69 the transport of radionuclides in  rivers was simulated using a 

- sediments t o  that  i n  bed sediments was found to be a function of depth, diffusion 

Dissolved oxygen sag curves and the  diurnal variation of dissolved oxygen were 

The major effort will be directed to the adaptation of existing computer programs 

. 
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3 3 .  Description and Justification of Major Materials, Subcontract Items and other unusual 
significant cos t  items. 

Materials & Services FY 1966 FY 1967 FY 1968 FY 1969 FY 1970 N 1971* 
Supplies 2 ,000  2 , 0 0 0  4 ,000  4,000 1,000 1,000 
Report Preparation 1,500 1,500 1,500 1,500 1,500 1,500 
Decontamination 1,000 1,000 834 834 0 0 

Flume Repairs, Mod. 1,500 500 2 50 250 0 0 
Com put er Tim e 1,500 500 500 500 3,000 3,000 

Total 7,500 5,500 7,084 7,084 5,500 5,500 
*FY 1971 Budset will depend on selected site for field studies. 
34. Description and Justification of all  equipment items 

N o  AEC capital  equipment will be purchased. 
35. Special  Reactor Materials Requirements 

36. Irradiated Material Reprocessing 

37. Irradiation Services Budget. .6, irradiation units 

38. Proposed Obligations for Related Construction Projects, i f  any 

None 

None 

None 
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Proposal to  the Atomic Energy Commission 

From T h e  University of Texas 

For Funds t o  Support Research on 

Transport of Radionuclides in  Water 

( M o d e l  River and  Ecological Studies) 

for t he  period 

October 1 , 1969 - September 30, 1970 

ABSTRACT 

This is a request from The University of Texas for a cooperative lump- 

sum contract i n  the amount of $52,560.00 for the  period October 1 , 1969 - 
September 30, 1970, inclusive. Present contract No, AT(11-1)-490 expires 

September 30, 1969. 

The most recent technical reports and papers have described the simula- 

t ion of sustained releases to  selected river environments, effects of organic 

pollution and the role of organic pollution and oxygen balance in transport. 

An overall evaluation study is now i n  progress. A final summary report 

for the  entire contract period will  be completed by September 30, 1969. 

This report will summarize the previously issued technical reports and research 

efforts. 

Future studies proposed include: (1) adapt existing computer programs 

so that  the model river data c a n  be used  to effectively predict retention and 

transport of radionuclides in water, sediments,  and biomass: (2) apply the  

derived experimental data to  hypothetical or field situations: (3) relate the 

~ transport of radionuclides re leased from nuclear power reactors to mathematical 

models; (4) establish planning program for field verification; (5) initiate 

planning program for the application of prediction models on w h l e  river systems 

as defined by the Federal Power Commission; (6) continue checking the uptake 

and release characteristics of "Zn, '*CO and lo3Ru; and (7) conduct long- 

term, steady s ta te  studies using the  model river. 

, 



SUMMARY OF RESEARCH UNDER 

TRANSPORT OF RADIONUCLJDES IN WATER SERIES 

THROUGH FY 1968 

Extensive research has been undertaken on the behavior of radio- 

nuclides in rivers. Experiments have involved both the development of 

physical and mathematical models. Analytical and numerical solutions 

to differential equations have been developed which a s s i s t  i n  predicting 

the transport of pulses  (unsteady state) of radionuclides through a model  

river. This, combined with a thorough study of a real  river system involving 

Sr and C s  led to the  development of a conceptual m o d e l  which illustrates 

the  importance of various environmental stresses on t h e  transport and 

detention of radionuclides. Through these studies and model development, 

considerable insight has  been gained regarding t h e  possible  behavior of 

radionuclides in  river systems. The expense and effort has  

been much less than that required to conduct full-scale river experiments. 

Quarterly reports were submitted regularly . Topical reports were 

submitted a s  specific phases of the project were completed. Since most 

of the  phases of this  project were associated with either master 's  or doc- 

toral  research projects , topical reports were published as the  faculty approved 

the  thes i s  or dissertation. 

Titles of reports exclusive of those released during FY 1969 are listed 

below: 

1. 

t I 3 8 8 0 5  

2 .  

3 .  

Reynolds, T. D: and E. F. Gloyna, Radioactivity Transport 
in Water--Transport of Strontium and Cesium by Stream and 
Estuarine Sediments , Technical Report No.  1 to the U .S. 
Atomic Energy Commission, 117 pp., (June, 1963). 

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

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

3 



4. 

5. 

6. 

7. 

8 .  

9. 

10. 

11. 

. 1 2 .  

Bolch, W. E. and E.  F.  Gloyna, Radioactivity Transport in 
Water--Behavior of Ruthenium i n  Alqal Environments , Tech- 
nical Report N o .  4 t o  the U.S. Atomic Energy Commission, 
55 pp. , (September, 1963). 

Rowe, D. R.  and E .  F.  Gloyna , Radioactivity Transport in 
Water--The Transport of Z d 5  in an Aqueous Environment, 
EHE-09-6403, Technical Report No .  5 to the U.S. Atomic 
Energy Commission, 101 pp. ,  (September, 1964). 

Clanton, U. S. a n d  E. F. Gloyna, Radioactivity Transport 
in  Water--Sorption and  Release of Radionuclides by Sedi- 
ments of the Guadalupe River, EHE-10-6404, Technical 
Report No.  6 to the  U . S .  Atomic Energy Commission, 64 pp. 8 

(July, 1964). 

Yousef, Y. A. and E. F. Gloyna, Radioactivity Transport in  
Water--The Transport of COS8 in  an Aqueous Environment, 
EHE-12-6405, Technical Report No. 7 to the U . S .  Atomic 
Energy Commission, 121 pp., (December, 1964). 

Copeland 8 B J .  and E. F. Gloyna 8 Radioactivity Transport 
i n  Water--Structure and Metabolism of a Lotic Community, 
Part I (April-July, 1 9 6 4 ,  EHE-02-6501, Technical Report 
No. 8 to the  U.S. A t o m i c  Energy Commission, 51 pp.,  
(February, 1965). 

Bhagat , S. K.  and E. F Gloyna , Radioactivity Transport i n  
Water--Transport of Nitrosylruthenium in a n  Aquatic Environ- 
ment, EHE-11-6502, Technical Report No.  9 to the U . S .  
Atomic Energy Commission, 144 pp., (November, 1965). 

Shih, C .  S. and E. F. Gloyna, Radioactivity Transport i n  
Water--Transport of Sr85 and Cs-137 i n  an  Aquatic Environ- 
ment, EHE-01-66028 Technical Report No.  10 t o  the U . S .  
Atomic Energy Commission, 97 pp., (January, 1966). 

Canter, L. W. and  E. F. Gloyna, Radioactivity Transport i n  
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). 

Shih, C S. and E. F. Gloyna, Radioactivity Transport i n  
Water--Mathematical Model for the  Transport of Radionu- 
c l ides ,  EHE-04-6702, Technical Report No. 12  to the  U.S .  
Atomic Energy Commission, 179 pp., (June, 1967). 

13. Purushothaman, K. and  E. F. Gloyna, Radioactivity Transport 
i n  Water--Transport of 85Sr and 137Cs Under Induced Clay 
Suspensions, EHE-12-6701, Technical Report No. 13 to the  
U.S. Atomic Energy Commission, 120 pp., (January, 1968). . 

. 4  



14.  

15. 

16. 

Armstrong, N . E.  and  E .  F .  Gloyna , Radioactivity Transport 
i n  Water--Numerical Solutions of Radionuclide Transport 
Equations and Role of Plants i n  SR-85 Transport, EHE-12- 
6703, Technical Report No.  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 Trans- 
port, EHE-04-6803, Technical Report No, 16 to the U . S .  
Atomic Energy Commission, 61 pp. , (May, 19683. 

SUMMARY OF RESEARCH FY 1968 - FY 1969 

The following reports were  prepared and  will be submitted to AEC 

prior to September, 1969: 

1. Kudo, Akira and E .  F. Gloyna , Radioactivity Transport in Water -- 
Interaction Between Flowing Water  and Bed Sediment, EHE-69-03 , 
CRWR-36 , Technical Report N o .  17 to the U.  S . Atomic Energy 
Commission, 152 pp. , (January, 1969). 

The  purpose of this  research w a s  to determine the delay in 

transport of radionuclides caused by the interaction between flowing 

water and bed sediments.  This interaction phenomenon for cesium- 

137 was observed by using a set of flumes, each 50 feet in length 

and a model river which w a s  200 feet long. 

The greatest  uptake rate, K s t ,  by bed sediment was 88.7 
2 3 

x [(cpm/cm )/(cpm/cm )]/(sed with a velocity of 1.65 fps 

and a flow rate of 0.345 cfs/ft. In  this  case t h e  sediment transport 

rate w a s  0.0795 lbs/sec-ft . 
A mathematical model was  developed describing the migra- 

tion of radionuclides into the sediments. The relative concentration 

of radionuclides on the  surface of the bottom sediments to tha t  in  

the bed sediment was found to be a function of 2/(2 fi) , where 2,  

. 5  



D ,  and t ,  respectively, are  the depth of bed sediment from the 

surface,  diffusion coefficient of Cesium-137 in  water, and time 

after migration started. 

2. Pit terson,  C .  C .  , Kudo, Akira, El ler ,  J. M. and E.  F. Gloyna, 
Radioactivity Transport in  Water -- The Role of Organic Pollution 
and Oxygen Balance in Transport, EHE-69-09, CRWR-42, 
Technical Report No.  18 to the  U . S .  Atomic Energy Commission, 
49 pp., (May, 1969). 

The ecological environment of a river system was simulated 

with a research flume. Dissolved oxygen sag curves and the diurnal 
variation of dissolved oxygen were determined under a variety of 
organic was te  loads and hydraulic conditions. Powdered milk was 

used as  the  pollutant. 

Photosynthesis less respiration was calculated from dissolved 

oxygen and inorganic carbon data.  N e t  photosynthesis to nighttime 

respiration ratios were calculated at five points throughout the length 

of the  flume. Respiration rates were a l so  calculated with the use  

of respirometers and BOD reduction data. 

The following report is now in preparation and will be submitted to the 

Atomic  Energy Commission prior to October, 1969: 

Yousef, Y. A .  and E.  F. Gloyna, Radioactivity Transport in Water -- 
Summary Contractual Report, Technical Report No.  19 to the U.S.  
Atomic Energy Commission (To be released October, 1969). 

SCIENTIFIC SCOPE AND OBJECTIVES 

Data need to be adapted to existing computer programs in order to predict 

the  transport of radionuclides released from a hypothetical nuclear power plant 

into a selected stream. 

To achieve the  objectives certain continuation experiments and evaluation 

techniques will be conducted: 

1. Adaptation of existing computer programs to predict detention and 

transport of radionuclides in  water, sediments and biomass of streams 

through the  u s e  of data obtained from model river and ecosystem studies. 



2 .  Application of the  computer program to predict the transport of radio- 

nuclides re leased from a nuclear power reactor into a selected reach 

of a stream. If it is not possible to locate a river whereby a modest 

tes t  can be conducted or where assistance can be obtained i n  developing 

the test, a hypothetical river problem will be solved. 

3 .  Continuation of long-term, steady state experiments, using the model 

river system for prediction of factors and coefficients needed for com- 
puter program under various environmental conditions of selected streams. 

4. Generalization of the  computer program for prediction of transported 

radionuclides i n  river systems from current or future planned nuclear 

power stations.  

The Work Plan i n  Annex I ,  page 8 ,  relates the proposed work for FY 1970 to 

previous studies and future field applications. 

The major efforts as outlined above are depicted in the  work plan. A t  least 

two topical reports will be developed for FY 1970. 

PERSONNEL 

The Principal Investigator will  be E .  F .  Gloyna; Assistant Project Investigator 

will be Dr. Y. A .  Yousef; Research Engineer-Scientist, Computer Specialist will 

be Dr. Allen White, 

Advisers from areas other than those actively participating in the Environ- 

mental Health Engineering program will be Dr. B. J. Copeland, Assistant 

Professor, Institute of Marine Science: Dr. F. Masch, Associate Professor, 

Coastal  Engineering and  Hydraulics: Dr. H. Bold, Professor of Botany. 

Research Assistants will be part-time faculty and graduate students. 

Additional staff will include electronics repairman, programmers, and general 

help. 

In addition to acting as a n  Advisor to this project, Dr. Masch will spend 

5% of the  academic year and 100% time of one month (summer) in active research . 
' on this project. 

7 
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Complete biographical information is included for Dr. E .  F. Gloyna, 

Dr. F. M a s c h ,  Dr. Y.  A .  Yousef, and Dr. Allen White. (See Attachments 

1-4 .) 

OTHER FINANCIAL ASSISTANCE 

Students holding fellowships supported by U.  S. Public Health Service, 

National Science Foundation, Federal Water Pollution Control Administration, 

etc., may participate i n  this project, and their thesis  or dissertation research 

may be included in  various reports. Otherwise, no other agency except The 

University of Texas is contributing to the support of th i s  research project. 

MATERIALS, EQUIPMENT, AND FACILITIES 

By January 1, 1970 a $500,000.00 Water Resources Research Facility 

will  be completed. It will be located adjacent to the present radionuclide 

transport project. 

A l l  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. 

Most of the laboratory equipment, as  well as  utilities, will be furnished 

by The University of Texas. 

Some of the available equipment consis ts  of data acquisition units, spectro- 

photometers, electron microscopes, X-ray diffraction machines, a 512-channel 

gamma spectrometer, a n  electrometer for counting gaseous and liquid samples, 

a variety of window and windowless proportional flow counters,  a gas  flow 

proportional counting system, and a n  automatic low-level beta counter. 
’ 

A flume has  been constructed at the Balcones Research Center Laboratories 

that  is being used a s  a model for evaluating radionuclide movement. This site 

was  chosen because there a re  several  large existing tanks that can be made 

available for this  study. These tanks were formerly used as settliM tanks. 

They vary in size from 50 feet to  150 feet in  diameter and are about 8 feet deep. .. . 
* 9  



The tanks can be used t o  grow aquatic organisms in  sufficient quantities to 

conduct realistic experiments i n  the flume. Also, adequate shelter is available 

adjacent to the tanks for laboratory and instrumentation storage. 

The Environmental Health Engineering Research Laboratories a re  available 

for this work, a s  well  as  those in  the  Department of Civil Engineering. Other 

scientific groups on the campus of The University of Texas are  available for 

consultation. 

. .  

. .. 
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BUDGET 

The estimated costs are $52,560.00 under a lump-sum contract. The duration 
of this  particular project and funding period is estimated at  one year, October 1 , 1969, 
to September 30,  1970, inclusive. 

Total 

SALARIES AND WAGES . . . . $35,800.00 
(Salaries paid from Government contract  funds a t  The 
University of Texas c o n f o n  to the  rates approved by 
the  Board of Regents for salar ies  paid from regular 
University funds .) 

Dr. E. F. Gloyna, Principal Investigator (10% 
Academic year and 100% for two summer months)* 

Dr. F. Masch, Professor of C iv i l  Engineering, 
Modeling Speciality (5% Academic year and  100% 
for one summer month) 

Dr. Y. Yousef, Assistant Project Director and 

Dr. Allen White, Research Engr. -Sci., Computer 

Two Graduate Research Assis tants  (50% t i m e  each) 

$ 4,500.00 

1 , 800.00 

Research Engr.-Sci. (100% of time) 12,000.00 

Specialist  (100% of time) 10,000.00 
5,000.00 

Research Analyst, Typist, etc. (50% of t ime)  2 , 500.00 

MATERIALS, SERVICE, AND EQUIPMENT . . . . . . 5,500.00 . 
(This i t e m  includes the operation of the flume, purchase 
of test equipment, expendable materials,  minor equip- 
ment items, and occasional services of others not included 
in  Salaries and Wages.) 

Computer (10 hrs @ $300 .O'O/hr) $ 3,000.00 

Chemicals and Glassware 500.00 

Computer cards and paper 500.00 

Publications, Drafting , etc. 1,500.00 

TRAVEL . . . . . . . . . . . . . . . . . . . . . . . 1,000.00 
(Transportation expense of persons engaged in  the work, 
including transportation by plane or rail and Pullman, or 

m i l e  i n  lieu of actual expense,  plus  per  .diem not to exceed 
$16.00 per day on the quarter-day basis.)  

' by private car a t  an  allowance of not to exceed lo$ per 



BUDGET (Con'd) 

INSURANCE* * ' 

(Workmen's Compensation Insurance coverage,  a s  may 
be required by University regulations under t h e  Univer- 
s i ty ' s  self-insuring plan; plus Federal Social  Security.) 

. INSTITUTIONAL OVERHEAD AND INDIRECT COSTS**. . . . 
(Shared rate of 20% of all costs exclusive of overhead.) 

Total 

$ 1,500.00 

8,760.00 

$52,560 . 00 TOTALREQUESTEDFROMAEC . . . . . . . . . . . . . 
*Estimated Project Director for nine months is about $2,500.00. Also, graduate 
s tudents  who are  o n  traineeships are not included i n  the cost contribution because 
t h e  amount is not known presently. I n  the pas t ,  one  or more such  students have 
made contributions to t h e  project. These efforts are equivalent to about one full 
t i m e  employee . 
The current University provisional overhead rate is 32, 3% of salaries  and wages. 
The Univers i ty '~  contribution to the project i s  the difference between 2096 of total 
direct costs  and the audited indirect cost rate of 32. 370 of salaries  and wages $2,803.00 ' 

ADMINISTRATIVE INFORMATION 

The University of Texas represents: (a) tha t  it has  not employed or retained 
any  company or person (other than a full-time bona f ide employee working solely for 
The University of Texas) to solicit  or secure this contract  and (b) that it has not 
paid or agreed t o  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 t h e  award of th is  contract; and agrees  
to furnish information relating thereto a s  may be requested by t h e  Contracting Officer. 

-- 

Further information relating to the technical portions of th i s  proposal may be 
obtained from Dr. E . F . Gloyna , Engineering Laboratories Building 305 , Department 
of Civi l  Engineering (Environmental Health Engineering) 8 The University of Texas , 
Austin, Texas. 78712 0 telephone GReenwood 1-5602 . Non-technical administrative 
and contractual matters should be referred to t h e  University's dffice of Sponsored 
Projects, Post Office Box 7726, Austin, Texas 78712, telephone GReenwood 1-1353. 

. 

.*. 

. . . .  

1 1 3 8 8 1 4  

.. 

I -  
\ 

1 



FINANCIAL STATEMENT 

Expected Balance 
Total Project Expenditures E s t ima t ed at Expiration of 

Category Allowances to Date Expenditure C ont ract 

Personnel 23 , 960.00 13,068.58 10,891.42 -0- 

Travel 1,500.00 420.13 1 8 079 87 -0- 

OASI and WCI 1,290.00 146.04 1,143.96 -0- 

Other Expenses 6,584 .OO 5,196.38 1,387.62 -0- 

Indirect 6,666.00 3,766.23 28099.77 -0- 
22,597.36' 17,402.64 - 0- 

The University's contirbution to the project  through June 30, 1969, is estimated 
at $2,583. For the period July 1, 1969 through September 30, 1969, the Univer- 
s i ty ' s  contribution will be $860. 00. 

barnes t  F. %loyna 
Pr i nc ip a1 Inve r ti gat0 r 

Norman Hackerman, President 
The Univerrity of Texas at Austin - 

1 1 3 2 6 1 5  
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BIOGRAPHICAL DATA SKETCH 

Name:. Earnest F .  Gloyna 

- Title: Professor of Civil  Engineering (Environmental Health Engineering) 
Director, Center for Research in  Water Resources 
Director, Environmental Health Engineering Research Laboratories 
The University of Texas a t  Austin, Aus t in ,  Texas 78712 

Born: - 

Honors: Tau Beta Pi; Sigma Xi; Chi Epsilon; Phi Kappa Phi; Honorary 
Member, Southwestern Society of Nuclear Medicine; The Harrison 
Prescott Eddy Medal , Water Pollution Control Journal (1959); 
Water Resources Division Award, American Water Works Journal 
(1959); American Men of Science; Who's Who in the Southwest; 
Who's Who In Atoms, International (1961); Who's Who i n  Engineering 
(1962); Leaders i n  American Science (1962); Dictionary of Inter- 
national Biography-( 1963-65); Who's Who in American Education 
(1963-64); World Who's Who i n  Science (1966); "ex. Sot. ASCE 
Paper Award (1968) 

Na tiona 1 Society of Prof es s iona 1 Engineers 
American Insti tute of Chemical Engineers 
American Society of Civil  Engineers 
American Association of Professors i n  Sanitary Engineering 
American Water Works Association 
Water Pollution Control Federation 
Diplomate, American Academy of Sanitary Engineers, The American 

American Society for Engineering Education 
U . S . -Mexico Border Public Health Association 

Membership i n  Professional Orqanizations: 

Environmental Engineering Intersociety Board 

Publications : Over 150 

14 
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Consultants hips and Significant As sig nments  : 
Select Committee o n  National Water Resources , U. S. Senate; 

U.S. Public Health Service; U.S. Air Force; U.S. Army; 
World Health Organization; Pan American Health Organization 

50 Major Industries 
20 State and Local Agencies 

EXPERIENCE 

Teachins : Professor of Civil&n&eering, The University of Texas at Austin, 

Associate Professor, The University of Texas 8 1953 - 1959 I 
Lecturer, Postgraduate School of Medicine , Department of 

Industrial Medicine, The University of Texas Medical 

Assistant Professor, The University of Texas, 1949 - 1953 

Instructor, The University of Texas, 1946 - 1949 

1959 - present 

SChOOl, Galveston, Texas, 1954 - 1960 

(incl. a two-year leave of absence) 

Courses  Tauqht: 

Graduate U nderqraduate 

Properties of Water, Water Supply Water Supply and Wastewater 

Water Quality Improvement Water Resources: Hydraulics 
Advanced Laboratory, Water Quality Water Resources: Industrial Waste 

Advanced Water and Air Analysis Air Resources: Industria1 Hygiene 
Advanced Design of Water and 

Advanced Municipal Sanitation . 
Vector-Borne Di sease  Control Laboratory 
Radiological Health Highway Engineering 
Administration of Municipal Public Surveying 

Works 
Research Seminar - Water Resources, 

Air Resources, and Environmental 
Health 

and Treatment Dis posa 1 

Measurement and Process Control Treatment 

Design of Water and Wastewater 

Environmental Health and Sanitary 
Wastewater Systems System s 

Thesis 
bisser ta t ion 

Non-Teachinq Professional Experience: 
Consultant to numerous industrial organizations and governmental 
agencies on water and air  resources a s  well as radiation control 

, 
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PUBLICATIONS 

1. 

2 .  

3. 

4. 

5. 

6. 

7, 

8. 

9 .  

10. 

11. 

12 I 

September, 1968 

"Flow Measurements i n  a Sewage Disposal Plant,'' Proc., 31st Texas 
Water and Sewage Works Short Course, 150-52 (February 1949). 

"Laboratory-Size Pump Developed, with K.W. Cosens  , Industrial 
Hygiene Newsletter, 2, 13 (March 1949). 

"Treatment of Controlled Dairy Waste in the Milk Plant," Southern 
Products J.,  46, 84-91 (October 1949). 

"Sanitation-Treatment of Controlled Dairy Wastes  in  the  Plant, " 
Beacon, 26-28, 36-40 (1950 Edition). 

"Milk Was te  Treatment on an  Experimental Trickling Filter, Water 
and Sewage Works,  97, 11, 473-478 (November 1950). 

"Radioactive-Contaminated Laundry Waste and Its Treatment , with - 

J. C. Geyer,  Office of Tech. Services, U.S. Department of 
Commerce, Research Report No. NYO 4514, 9-24 (September 11, 
1952). 

"Laboratory Contact Fil ters,  Proc. , 5th Annual Gulf Coast  Regional 
Conf. on Industrial  Health (September 1952) 

"Rotary Tubes a s  Experimental Trickling Filters, with R. F. Comstock 
and C .  E. Renn, Sewage and Industrial Wastes ,  24, 11, 1355-57 
(November 1952). 

"Reduction of Radioactivity i n  Water," J .  American Water Works Assn., 
_. 46, 66-78 (January 1954). 

"Oxidation Ponds, *I with E. W. Steel, Office of Tech. Services, U. S. 
Department of Commerce, Bull. Wash-275, 10-35 (April 15,  1954). 

:"Opportunities for t h e  Civil  Engineer in the Atomic Energy Industry and 
the Resultant Challenge, 'I J. of Engineering Education, - 44, 590-92 
(June 1.954). 

Ver t ica l  Separators Aid in Experimental Trickling Filters, with 
M.  Smith, Public Works Magazine, 85, 75-7.6 (June 1954): 
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13.  

14.  

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

"Radioactive Contaminated Laundry Waste  and I ts  Treatment, Part I ,  
Preliminary Experiments, It Sewage and Industrial Wastes ,  26, 
6 ,  777-789 (June 1954). 

"Radioactive Contaminated Laundry Was te  and Its Treatment, Part 11, 
Treatment by Gnt inuous  Flow Over Slime, 
Wastes,  26, 7 ,  869-886 (July 1954). 

Sewage and Industrial 

"Recent Developments in  Radioactive Waste  Treatment, (Four Parts), 
ASCE, The Texas Engineer, Part I ,  24, 6-12 (September '1954); 
Part II, 24, 9-10 (October 1954); Part 111, 24, 8-11 (November 
1954); Part IV,  24, 5-6 (December 1954). 

lsDetergents-Classification , Public Works Magazine, 85, 85-86, 
118-119 (December 1954). 

"Detergents-The Effect of Detergent Containing Wastes on Biological 
Forms and Water Uses , "  Public Works Magazine, 86, 95-96, 
133-137 (January 1955). 

"Concentration of Radioactivity i n  Oxidation Ponds, with E. W. Steel ,  
Sewage and Industrial Was te s ,  - 27,  8 ,  941-56 (August 1955). 

"Nuclear Notes I ,, with ASCE Comm . on Sanitary Engineering Aspects 
of Nuclear Energy, Civi l  Engineering (Monthly Column, May 
1954 - June 1956). 

"Graphite Ore a s  a Filter Materiaf," with L. Hirsch, Southwest Water 
Works J . ,  38, 15-20 (June 1956). Reprinted in  Tank Topics 8 

National Tank C o . ,  Tulsa (June 1956). 

"So.me Design Considerations for Oxidation Ponds 0 ' '  with E. R. Hennann, 
Roc. 0 Sanitary Engineering Div. 8 ASCE, 82,  SA4, 1047-1-20 
(August 1956). 

"Summary of Investigations on  the  Removal of Radioisotopes from Waste  
Water by Oxidation Ponds," with E. R. Hermann, Office of Tech. 
Services, W . S. Department of Commerce, Research Report No. 
TID-7517 (Pt. 1-a), 26-46 (October 1956). 

"Radiation P r ~ t e c t i o n , ~ ~  with J. C .  Rude; M.D., Texas State J. of ' 

Medicine, 2, 853-60 (December 1956). 
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24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

"Design of Oxidati n Ponds, 'I with E .  R .  H rmann, Assn.  Interamericana 
d e  Ingenieria Sanitaria - Organo Oficial ,  Mexico (1957). 

"Uranium Recovery from Saline Solutions by Biological Slimes, with 
B. B.. Ewing, Nucleonics, l5, 78-81 (January 1957). 

81Discussion on Algae in  Waste Treatment,: with E. R. Hermann, Sewage 
and Industrial Wastes ,  29, 455-57 (April 1957). 

**Radioactive Waste  Treatment, I* Proc. , Oklahoma Industrial Wastes 
Conf. (September 1957). 

"Development of Design Criteria for Was te  Stabil ization Ponds, " with 
E. R. Hermann, Office of Tech. Services ,  U.S. Department of 
Commerce, AECU-3481, 153 pp. (1957). 

"Storage of Reactor Fuel Wastes  in  Salt Formations, Fixation of Radio- 
act ivi ty  i n  Stable, Solid Media," with R. s. Schechter and s. 
Serata Office of Tech. Services, U. S. Department of Commerce, 
TID-7550, 70-84lMarch 1958). 

"Waste Stabilization Ponds, Part I. Experimental Investigations, 
with E. R .  Hermann, Sewage arid Industrial Wastes ,  30, 511-538 
(April 1958). 

"Waste Stabilization Ponds, Part 11. Field Practices with E. R. 
Hermann, Sewage and Industrial Was te s ,  30, 646-651 (May 1958). 

"Waste Stabilization Ponds, Part 111. Formulation of Design Equations , 
with E. R. Hermann, Sewage and Industrial Wastes ,  30, 963-975 
(August 1958). 

"Developing a Water Re-Use Program , The Municipal South, 5, 22-26, 
(May 1959). 

"Oxidation-Reduction Potential Measurements i n  Was te  Treatment 
Systems," with W. R. Drynan, Southwest Water Works J . ,  4 l ,  
3, '28-40 (June 1959). I 

"Water Re-Use in  Texas ,I1 with E. R. Hermann and  W. R. Drynan, 
J .  American Water Works Assn. , S l ,  768-780 (June 1959). 
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36. 

37. 

38. 

39. 

40. 

41. 

42. 

43. 

44. 

45. 

"Temperature Rise i n  Underground Storage Sites for Radioactive Wastes,  
with R .  S .  Schechter, Chemical Engineering Progress Symposium 
Series ,  J .  Nuclear Engineering, 55, 303-310 (1959); also repro- 
duced in  Nuclear Engineering, Part VII, American Insti tute of 
Chemical Engineers, - 55, 27, 117-124 (1959). 

"Thermal Considerations i n  the Storage of Radioactive Wastes  in  Salt 
Formations, 
Was te s ,  3l, 1165-1174 (October 1959); Engineers Joint Council, 
New York (19 59) . 

with R.  S. Schechter, Sewage and Industrial 

"Design Principles for Underground Salt Cavities,  with S. Serata, 
Proc., Sanitary Engineering Div., ASCE, SA3, 86, 2468, 1-21 
(May 1960): Engineers Joint Council, New York (1959). 

"Radiological Health in  Engineering, University Curricula i n  Radio- 
logical Health, Symposium held at Princeton, N. J. (August 2-4, 
1960), U.S. Public Health Service, U.S. Govt. Printing Office: 

,1961, 0-581667, 57-60 (1960). 

"Radioactivity in  Texas Streams, with W. R. Drynan and D. F. 
Smallhorst, Proc. , Second Sanitary Engineering Conf. , 28-33 
(January 1960). 

"Reactor Fuel Waste  Disposal Project, It et al., Industrial Radioactive 
Was te  Disposal,  Hearings before the  Special Committee on 
Radiation of the  Joint Committee on Atomic Energy, Congress of 
t he  U. S 0 86th Congress,  First Session on Industria1 Waste  
Disposal,  2, 2223-2279 (January-February 1960). 

' 

"Present and Prospective Means for Improved Re-Use of Water, with 
J.  B. Wolff, J. C. Geyer, and A. Wolman, U.S. Senate Select 
Committee on National Water Resources 8 Comm. Print No. 30, 
54 pp. (March 1.960). 

"Water Quality Evaluation, '' with R. S . Schechter , Public Works, 9 l ,  
108-112 (April 1960). 

#'Monitoring of Water Samples and Contamination, 'I Radiological 
Sciences Conference Final Report, Denton, Texas (April 1960). ' 

IIComputational Aids for Forecasting Water Quality," with R.  S. Schechter, 
J .  Water Pollution Control Federation, 32, -514-520 (May 1960). 
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46. 

47. 

48 . 

49 

50. 

51. 

52 0 

* 53. 

54. 

55. 

Dr. E. F. Gloyna 

**Underground Waste  Disposal  and Ground Water Contamination,*# e t  a l .  , 
J. American Water Works Assn. 8 52, 619-622 (May 1960). 

8oSanitary Engineering Aspects of Nuclear ~ n e r g y , ~ ~  et a l .  8 ROC. 8 

Sanitary Engineering Div. 8 ASCE, SA38 8 6 8  2476, 87-110 (May 
1960). 

"Oxygen Depletion i n  Streams 0 Electronic Computers i n  Engineering 
Education, Annual Report, The Ford Foundation Rolect, Curhiag- 

. .&&;.. 
"Survey of Ground Water Contamination and Waste  Maposal RactUa~~y 

et a1 0 88 J. American Water  Works Assn. 0 5 2 0  1211-1219 (Se@&&ar 
1960). 

MallOy, InC. 8 Ann Arbor, E536-E541 (August 1960). 
_ *  3. 

. -  - 

"Principles of Structural Stability of Underground Salt Cavities 0 with 
6 .  Serata, J. Geophysical Research, 6 5 8  9 ,  2979-2987 (September 
1960). 

"Creep Measurements i n  Salt Mines," with T. D. Reynolds, Roc., 
Fourth Symposium on  Rock Mechanics 8 Mining Engineering Series 8 

Pennsylvania State University , 11 - 17 (March-April 196 1). 

"Must Water Treatment be High Priced?" Proc. 8 Water Resources Conf. # 

U.S. Public Health Sentice, Ddllas (May 1961). 

"Radioactivity i n  the  Surface Waters  of Texas 8 with W . R. Drynan dnd 
D. F. Smallhorst, Southwest Water Works J. 8 43, 31-35 (August 
1961). 

Versat i l i ty  of Electrometers for Low Level Radioactivity Measurements , a 
with J. 0. Ledbetter, Public Works Magazine, 93, 11 8 87-90 
(May-June 1962) . 

"Petrochemical Wastes  Effects on Water," Four Parts, with J. F. Malina, 
p. 8 Industrial Water and Was te s ,  Part I,  1 0  ' 5 8  134-138 (September- 
October 1962); Part n8 1 0  6,  157-161 (November-December 1962); 
part.311, 8 8  1, 14-22 (January-February 1963); Part IV, 88 2 ,  33-36 
(March-April 1963). Water a n d  Sewage Works Reference Number - 110, R-262-285 (October 1963). 

' 

. .  

.. 
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56. 

57. 

S8. 

59 m 

60 . 

61 . 

. 62. 

63 . 

64 . 
65 . 

66. 

*#Discussion of Paper No.  1 2 ,  Sec. l--'Determination and Charting of 
t h e  Waste  Load in  a Flowing Stream, '-4. Muller-Neuhaus, Advances 
in  Water Pollutlon Research Proc. of the Firs t  International Cgnference 
on Water Pollution Research, London (1962), 254-259. 

"Radiological Health," Roc. ,' First Seminar, Urban Planning for Environ- 
mental Health, Austin (January 24-25, 1963) . 

"Low Cost Waste  Treatment-Waste Stabilization Pond8 ern Proc., Uaited 
Nations Conference on the Application of Science and TedmoIOQY 
for the Benefit of Less  Developed Areas, Geneva, Switzetriand 
(1963) . Natural.Resources--Energy, Water, and River Basin 
Development, L, 282-291 (February 1963) 

- < *  
+ -  

"Predicting Inorganic Quality of Water  for Industry," with I. 0. Ledbetter, 
hoc. , Third Annual Industrial  Water and Waste  Conf. , Rice 
University, Houston, 23-24 (June 1963) . 

"The U s e  of X-Ray Fluorescence in  Determining StrontiUm and Calcium 8" 

with S. K. Bhagat and W. A. Felsing, Jr. 8 J. Water Pollution 
Control Federation, 35, 7, 893-902 (July 1963). 

"Environmenta1 Radionuclides in  Municipal Wastewater, a with S.K. 
Bhagat, Water and Sewage Works, u, 6, 205-209 (June 1963): 
Environmental Health (India) 8 v8 3 (July 1963) 

"Environmental Radionuclides in a Water  supply," with W. A. Pelsing, 
Jr., Water and Sewage Works, 110, 7, 245-250 (July 1963). 

"Temperature Effects on Was te  Stabilization Pond Treatment with 
V. Suwannakam, Symposium, Waste  Treatment by Oxidation Ponds, 
Central Public Health Engineering Research Institute, Nagpur, 
~ n d i a ,  1-14 (October 29-30, 1963) . 

"Chapter 1 0  , Problems i n  Water Re-Use, Official Bulletin, Arizona 
Water  and Pollution Control Assn., XXIII,. 1, 64-77 (1963) . 

"Heat Generation by Radioactive Was te s ,  'I with H. J. Longley and 
C . W. Christenson, Proc. , Sanitary Engineering Div . , ASCE, 
SAl, 90, 43-66 (February 1964) . 

Predictive Techniques for'Water Quality--Inorganics , " with J.O. Ledbetter, 
Proc. 8 Sanitary Engineering'Div., ASCE, SA1, 90, 127-151 (February 
1964). 
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67. 

68. 

69. 

70. 

71. 

72. 

- 73. 

74. 

75. 

76. 

"Efecto de la temperatura en  el tratamiento de aquas residuales mediante 
estonques de establizacion," with V. Suwannakafn, Boletin de la 
Oficina Sanitaria Panamericana, G o  43,  LVI, 2 ,  128-139 (February 
1964). 

"Abstract 8 Uptake and Release of Radionuclides by Stream Sediments 8 " 
with T. D. Reynolds, J. Watea Pollution Control Federation, 3 6 8  
3 8 279-280 (March 1964). 

Christenson, Ceramic &e, H# 6 ,  63-72 .(June 1964); Part fl, sad; 
:A? ;. 7 (July 1964); Pafi 11, 8 0 8  8 (August 1964). 

"Uptake and Release of Radionuclides by Stream Sediments # " with T. D. 
Reynolds 8 Advances i n  Water Pollution Research Roc 8 2nd Inteb 
national Conference on Water Pollution Reseurch, Tokyo, Japan, 

"Radioactive Was te  Msposal, Part 1," with S. D. Stoddard and C .  W e  

I .@.k 
- +<., 

- 1 8  151-164 (August 1964) 

"Mscussion of Power D l s s i p a t h  in Biological Flocculation, " Proc., 
2nd International Conference on Water Pollution Research, Tokyo, 
Japan, 2 8  212-214, (August 1964). 

"New Aspects of Biological Waste Treatment Design, " with W. W. 
Eckenfelder 0 Jr . 8 Proc . 8 35th International Congress of Industrial 
Chemistry, Warsaw, Poland, 26 pp. (September 15-19, 1964). 
Translated into Polish 

"What Exploration Geologists Should Know About Pollution, proc . , 
A Symposium--Oil and Water 0 Southwestern Federation of Geolo- 
gical  Societies 8 Austin (January 29 8 1965). Southwest Water 
works Journal, 47, 7, 30-34 ( w o k  1965). 

"Dispersion Measurements in Open Channels, with C.. C .  Patterson, 
Proc. 0 Sanitary Engineering Mv. 0 u C E 0  SA3, 9 1 0  4347, 17-29 
(June 1965). 

"Treatment of Activated Sludge in Stabilization Ponds, " with C . P. 
Fisher, J. Water Pollution Control Federation, 37, 11 , 1511-1520 
(November 1965) . 

"Correlating Coliform Bacteria with E. Coli Bacteriophages in Shellfish, " 
with Y. Kott, Water & Sewage Works, 22, 11 8 424-426 (November 
1965). 
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77. 

78. 

79 . 

80. 

81 . 

82. 

83. 

84 . 

85. 

86. 

"Transport of Radionuclides in  a Model River," with S. K. Bhagat, 
Y. Yousef, and C ., Shih, Proc. , International Atomic Energy 
Agency Symposium on the  Disposa l  of Radioactive Wastes  into 
Seas ,  Oceans,  and Surface Wate r s ,  Vienna, Austria (May 16-20 , 
1966), pp. 11-32. 

"Waste  Stabilization Pond Concepts  and  Experiences, " World Health 
Organization, Water Disposal ,  1.65 Rev. 66.1, 65 pp. (1966). 

"Bassins De Stabilisation Des Dechets  Notions Theoriques et Danneer 
D'Experience I " Document prepare pour le Service de 1' Evacuation 
des d e h e t s ,  Division d e  1'Hyglene du MIilu, Organisa'tioa 
Mondiale de  la Sante, 65 pp. (1966) . Translated Into Yugoslavian.. 

"Formal Discussion - Paper 1-6 'Algal Cultures as  a Means to Asqess the 
Fertilizing Influence of Pollution, '* with E. Espino de la 0, Roc., 
Third International Conference on Water Pollution Research, 
Munich, Germany (September 5-9 8 1966); Copyright Water Pollution 
Control Federation, Washington, D.C., pp. 1-8 (1966) 

-5$ 
"Estimating the Effect of Return Flows, with Dan M. Wells, American 

Water Works Assn. Annual Conference, Bal Harbor, Florida 
(May 22-27, 1966) J. American Water Works Assn. # 59, 7, 
805-814 (July 1967). 

"Major Research Problems i n  Water  Quality, '  Water Research, presented 
at the Seminar in Water Resources Research, Colorado State 
University, 479-493 (1966) 

"Diseno de  Lagunas de Estabil izacion ,de Aquas Negras # Tema IV, 
Lasunas de  Estabilizacion 8 Universidad Nacional Autonoma d e  
MedCO, MexfCO, D. Fer  104 pp. (June 1966). 

"Environmental Control-Waste Management;" hw:. , 41st Conference 
of State Sanitary Engineers, Washington, D.C. 8 17-20 (June 6-10, 

. 1966). 

"Water Res.ources and Conservation, with W. W. Eckenfelder, Master 
Brewers' Association Tech. Quarterly, 38 1 8  85-93 (January 1967). 

*'Suppression of .Photosynthetic Oxygenation," with D. Thirumurthi, 
Water and Sewage Works 8' ~ i 4 ,  3, 83-88 (March 1967) . 

h I 3 8 8 2 5  
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87. 

88. 

89. 

90. 

91. 

92. 

93. 

94. 

95. 

'I N i t ro s y 1 ruth n l u m  - Nitro Complexes i n  Aqueous Environment ,  " 
wlth S. K. Bhagat, J .  Water Pollution Control Federation, 3, 
3 , 334-345 (March 1967). 

"Transport of Organic and Radioactive Wastes , I' with Neal E. 
Armstrong and Larry W. Canter, Water and Wastes  Ensineerine 
pp. '54-56 (July 1968). 

"Development of Blological Treatment Data for Chemlcal Wastes ," 
with D. L. Ford Engineering Bulleth of Purdue Univ, #.:b-*d tlm 22nd 
Industrlal Waste  Conference ,. Lafayette, Indiana 8 Part me, 292-309, 
(May, 1967). A . - - ' ' *. L I .  

"Mathematical Models for the  Dlsperslon of Radbnuclldes An Aquatic 
Systems 8 "  wlth Neal E. Armstrong , Presented at the 2nd National 
Symposium on Radioecology , Ann Arbor , Michigan, 17 pp. 
(May 15-17 , 1967). Pub. pendlng in Conf. Proc. 

"Effect of Organic Compounds on Photosynthetic Oxygenation, Part 1. 
Chlorophyll Destruction and Suppresslon of Photosynthetk Oxygen . 
Production, " with Ju-Chang Huang , Journal of Water Research , 
2, S , pp. 347-366, Birmingham , England ( July 1968). i 

"Effects of Organlcs on  Photosynthetl'c Reoxygenatlon , Part 11. Deslgn 
Modlflcatlon for Waste  Stablllzation Ponds , " wlth Ju-Cbang 
Huang, Journal of Water Research, 2, 6,  459-469, Blrmingham, 
England (August 1968). 

"Mathematlcal Model br the  Transport of Radionuclides in Stream 
System," with C h l a  Shun Shlh, Presented at the  Health Physics 
Soclety Mldyear Topical Symposlum , Environmental Surveillance 
in Vicinity of Nuclear Facllitles , Augusta 8 Georgia (January 24-25 , 
1968). Pub: Pending An Symposlum Proc. 

"Numerical Solutlons of Radionuclide Transport Equations , " with Neal 
Armstrong, Presented a t  the 63rd Natlonal Meetlng of the American 
Insti tute of Chemlcal Engineers , St. Louis , Mlssouri (-February 19, 
1968). Pub. pendlng In Water - 1968. 

'The Role of Algae in  Degrading Detergent Surface Actlve Agents , " wlth 
Ernst Davls , Presented a t  Short School , Texas A & M Universlty 
(March 3-8, 1968). Pub. pendlng in Journal-of Water Pollutlon 
Control Federation. 
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96. "Influence of Sediments on the Transport of Solutes," with Chia Shun 
Shih, Presented at the American Society of Civil Engineers' 
National Meeting on Environmental Engineering, Chattanooga, 
Tennessee (May 13-17, 1968). Pub. pending. 

. .  
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PARTIAL LIST OF PROFESSIONAL REPORTS 

A. Public Agencies 

1. 

2. 

3 .  

4. 

5 .  

6. 

7. 

0. 

8 

I 1 3 8 8 2 8  

Oxidation Ponds--Radioactivity Uptake and Alqae Concentration 8 

with E. W. Steel ,  San. Eng. Labs. Tech. Report No. 1 t o  
the  Atomic Energy Commission, 75 pp. (February 28, 1954). 

Oxidation Ponds--Waste Treatment Studies, Radtoisotow Uut &e, 
and Algae Concentration, with E. R. Hemann and W. R. Drynan, 
San. Eng. Labs. Tech. Report No. 2 to the Atomic Energy 
Commission, 90 pp. (June 1, 1955): ' 

Development of Design Criteria for Waste Stabilization Ponds, 
with E. R. Hemann,  San. Eng . Labs. Final Report to the 
Atomic Energy Commission, 154 pp. (March 1, 1957). 

Water Re-Use in  Texas, with E. R. Hermann and W. R. mnan, 
Report to t h e  U. S. Department of Interior, The Bureau of 
Reclamation, Area Planning Office, Austin, 149 pp. (June 
1957). 

peactor Fuel Waste  Disposal--Geolwy of Salt Domes and Storage 
Possibi l i t ies ,  with W. R. Muehlberger and E. L. Trice, San. 
Eng. Res. Lab. Tech. Report to the U.S. Atomic Energy 
Commission, 29 pp. (November 1, 1958). 

Backqround Radioactivity i n  Texas Waters--Evaluation of the 
Vibrating Condenser Electrometer for Measuring Radioactivity 
i n  Water 8 with J .  0. Ledbetter, San. Eng. Res. Lab. Tech. 
Report to t h e  Texas State Dept. of Health, 53 pp. (November 
1958) . 

Backcrround Radioactivity i n  Texas Waters--Water Treatment 
Sludges 8 with H. E. mig8 San. Eng. Res. Lab. Tech. 
R e p o r t  to the  Texas State Dept. of Health, 53 pp. (1958). 

Reactor Fuel Waste  Disposal Project--Development of Design 
Principle for Disposal into Underground Salt Cavities , with 
S. Serata 8 San. Eng. Res. Lab. Tech. Report t o  the U.S. 
Atomic Energy Commission, 173 pp. (J.anuary 1959); .Office 
of Tech. S e n i c e s  8 U;S. Dept. of Commerce, Research Report 

* NO. TID 6317. .. 
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9 .  Reactor Fuel Waste  Disposal Project--Pressure Temperature Effects 
on Salt  Cavities and Survey of Liquefied Petroleum Gas  Storaqe, 
with K. E. Brown and F. W. Je s sen ,  San. Eng. Res. Lab. Tech. 
Report to the U .S. Atomic  Energy Commission , 114 pp. (January 
1959); Office of Tech. Services,  U.S .  Dept. of Commerce, 
Research Report No. TXD 5718. 

10. A Report Upon Present and Prospective Means for Improved Re-Use 
of Water , with J .  B. Wolff, J. C. Geyer, and A. Wolman, 
Report to Select Committee on National Water Resourcc8, U.8.  
Senate ,  195 pp. (February 15, 1960). 

11. Reactor Fuel Waste  Disposal  Project-Thermal Considerations in the 
Storage of Radioactive Wastes  in Salt Formations , with R. S. 
Schechter, San. Eng. Res. Lab. Tech. Report to the  U.8. Atamic 
Energy Commission, 61 pp. (June 1, 1960). 

12. Radioactivity-Levels in Surface Waters,  1958-1960 8 with W. R. 
Drynan, San. Eng. Res. Lab. Tech. Report to Texas State Dept. 
of Health, 251 pp. (June 30, 1960). 

13. Reactor Fuel Waste  Disposal Project--Permeability of Rock Salt and 
Creep of Underqround Salt Cavities , with T. D. Reynolds, San. 
Eng. Res. Lab. Tech. Report to the U.S. Atomic Energy Com- 
mission, 1 2 1  pp. (December 30,  1960); Office of Tech.Sentkes, 
U.S. Dept. of Commerce, Research Report No. TID 12383. 

14. Environmental Radioactivity--2--Food , with J . A. Eure 8 Environmental 
Health Eng . Lab. Tech. Report to the U.S . Public Health Sentice, 
69 pp. (July 31, 1961). 

15. . Environmental Radioactivit~--3--Waste Waters 8 with S. K. Bhagat , 
Environmental Health Eng. Lab. Tech. Report to the U.S. Public 
Health Service , 98  pp. (January 3 1 , 1962). 

~ 16. Heat Generation in the Disposal of Hiqh Level Radioactive Wastes ,  
with H. J .  Longley and C. W. Christenson, Los Alamos Scientific 
Lab. Report to the U. S. Atomic Energy Commission, 84 pp. (January 
1962); Office of Tech. Sewices ,  U.S. Dept. of Commerce, Report 
No.  TID4500. 

I 1 3 8 8 2 9  
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17.  Environmental Radioactivity--4--Summary , wf th S. K. Bhagat, W. R. 
Drynan, W. A .  Felsing,  Jr .  , and J .  A. Eure, Environmental 
Health Eng . Lab. Tech. Report to the U.  S . Public Health Service 8 

26 pp. (March 3Q, 1962). 

18. Environmental Radioactivity--1--Water, with W. A. Felsing, fr.,  
Environmental Heal th  Eng . Lab. Tech. Report to the U .So Public 
Health Service,  82 pp. (August 1, 1962). 

19 . Predictive Techniuues for Water QualitY--fnorqanics 0 with J .  0 . 
Ledbetter, Enviroqnental Health Eng. Lab. Tech. Report to the 
U .S . Public Health Service, 72 pp. (December 1962). 

20. 1 d es 
by Stream and Estuarine Sediments, with T. D. Reynolds, 
Environmental Heal th  Eng. Lab. Tech. Report to the U.S. Atomic 
Energy Commission, 117 pp. (June 1, 1963). 

21 Radioactivity Transport in Water-The Dispersion of Radionuclides 
in Open Channel Flow, with C. C. Patterson, Environmental 
Health Eng. Lab. Tech. Report to the U.S. Atomic Energy 
Commission, 87 pp. (June 1, 1963). 

22. Radioactivity TransDort in Water--Environmental Behavior of Nitro- 
sylruthenium, with A. H. Story, Environmental Health Eng. Lab. 
Tech. Report to the  U.S. Atomic Energy Commission, 89 pp. 

. (June 1 , 1963). 

23. Radioactivity Transport in Water-Behavior of Ruthenium in Algal 
Environments , with  W. E. Bolch, Environmental Health Eng . 
Lab. Tech. Report to the U.S. Atomic Energy Commission, 56 pp. 
(September 1 , 1963). . 

24. Galveston Bay Water  Quality Study-Historical and Recent Data , 
with J . F . Malina , Jr. , Center for Research i n Water Resources 
and Environmental Health Eng. Lab. Tech. Report to the Texas 
Water Pollution Control Board (March 1, 1964). 

25. Radioactivity Transport in Water-Sorption and Release of Radionu- 
c l ides  by Sediments of the  Guadalupe River , with U. Clanton, 
Environmental Health Eng. Lab. Tech. Report to the U.S. Atomic 
Energy Commission, 64 pp. (July 1, 1964). 

i I 3 8 8 3 0  28 . 



ATTACHMENT 1 

Dr. E .  F. Gloyna 

' 65 

Environment , with D. R. Rowe Environmental Health Eng . Lab. 
Tech. Report to the U.S. Atomic Energy Commission, 101 pp. 
(September 1 , 1964). 

26. Radioactivity Transport in Water--The Transport of Zn in an Aaueous 

58 
27 . Radioactivity Transport in Water--The Transport of Co in an 

Aaueous Environment 8 with Y. A . Yousef, Environmental Health 
Eng. Lab. Tech. Report to t h e  U.8. Atomic Energy Commission, 
116 pp. (December 1, 1964). 

28. Radioactivity Transport in Water-Structure and Metabolism of JI 
ktic Community. Part I (ADril-yuly 1964),, with %., 3. -land, 
Environmental Health Eng. Lab. tech. Repa% to the U.8. Atam'ic 
Energy Commission, 51 pp.' (February 1, 1965). .a 

29. Relative Toxicity of Omanics  to Chlorella Pyre noidoea, with D . 
Thirumurthi, Technical Repor t  to the Water Supply and Pollution 
Control Division, U.S; Public Health Service, 97 pp. (November 1 8  

1965). 

30 . Radioactivity Transport in Water--Transport of Nitrogylruthenlum in 
a n  Aquatic Environment, with S. K. Bhagat, Technical Report to 
the  Atomic Energy Commission, 144 pp. (November 1965). 

31, The Interactions of Iron with Soil Orqanic Acids 8 with W . IC. Oldham, 
Technical Report to the Engineerlng Foundation, 85 pp. 
(December 1965). 

32. Return Flows in Texas--Quality and Quantity of Municipal and 
Jndustrial Wastewater Streams, with Dan M . Wells 8 Technical 
Report to the Texas Water Development Board (January 20, 1966). 

33. .Radioactivity Transport in Water--Transport of Sr-85 and Cs-137 in 
an h a t i c  Environment 8 with Chia-Shun Shih, Technical Report  
to the  Atomic Energy Commission, 97 pp. (January 20, 1966) . 

34. Return Flows--Impact on Texas Bay Systems , with H. S. Curington, 
Dan M . Wells,  Frank D. Masch ,  and B. J. Copeland 8 Technical 
Report to the Texas Water Development Board (January 31 8 1966). 

35. Manaqement of Return Flows in  Texas with Dan M. Wells , Technical 
Report to the U .S. Public .Health Service (August 1966). 
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36. Radioactivity Transport in  Water--Mathematical Model for the 
Transport of Radionuclides, with Chia-Shun Shih, Technical 
Report to  the Atomic Energy Commission, 179 pp. (May 1967). 

37. Radioactivity Transport in Water--Transport of Cr-51 in an Aqueous 
Environment, with Larry W. Canter, Technical Report to the  
Atomic Energy Commission, 263 pp. (May 1967). 

38. Nitrification and Denitrification in a Model Waste  Stabilization Pond, 
with Jorge A g u i r r e ,  Technical Report to the Pederal Water Pollutiaa 
Control Adminis t ra t ion ,  83 pp. &lay 19678. , 

Ju-Chang Huang, Technical Report  to the Pederal Water Pollutlon 
Control Administration, 192 pp. (August 1967) 

- f  
- - ,  . LA. :r . 

39. Effects of Toxic Omanics  on Photosvnthetlc-RsaxYP enatioq, with 

40. Environmental Contamination by Radioactive Substances, with 
Environmental Radiation Exposure Advisory Committee, technical 
Report to U.S. Public Health Senrice, (December, 1967). 

41. Radioactivity Transport in Water--Transport of 85-Sr and 137-Cs 
Under Induced C lay  Suspensions, with Krishnier Purushothaman, 
Technical Report to the U. S . .Atomic Energy Commission 
(January, 1968) 

42 . Radioactivity Transport in Water--Numerical Solutions of Radionuclide 
Transport Equations and Role of Plants in 85-Sr Transport, with 
N e a l  Armstrong 8 Technical Report to the U S Atomic Energy 
Commission (January 1968). 

. 

, 
43. 

44 . 

45. 

46. 

Radioactivity Transport in Water-Simulation of Sustained Releases 
to Selected River Environments , with Roger Shull, Technical Report 
to. the U.S :.Atomic EherQy.Commisslob.(May 1968). 

Sulfide Production in  Was te  Stabilization Ponds, with Ernest0 Espino, 
Technical Report to the Federal Water Pollution Control Administra- 
t i o n  (May 1968). 

Radioactivity Transport in Water--Effects of Omanic Pollution on 
with Kazuhiro Futagawa, Technical 

Report to the U. S . Atomic Energy Commission (May 1968). 

Advances in Water Quality Improvement, Edited with W. Wesley 
Eckenfelder, Jr . ,  The University of Texas Press, Austin and 
London (1968). 
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B. Private Groups 

1. Evaluation of Graphilter as a Substitute for Sand in Water Filtration 
Plants, with L. Hirsch, Progress Report to  Graphilter Corp. , 
36 pp. (July 1 , 1955). 

2. The Effects of Treated Sewaqe on the Mountain Creek Resenroir 
System 8 Report to Dallas Power and Light Co. 8 Dallas 8 13 pp: 
(September 13 8 1955) . 

3 . The Water  Quality of the  San Antonio River, Report to Forrest and 
c o t t o n 8  Consulting Engineers Dallas I 53 pp. (June 1956) 

Investicration into the Failure of the Amarillo Sewage Treatment . 4. 
Piant, Report to City of Amarillo, 14 pp. (February 26, 1957). 

5 . The Treatment of Acid Wastes ,  Report  to Southwestern Graphite 
company, BWet, T W S ,  21 pp. (May 1957). 

6. Treatment of Sewaqe for Water Injection, San. Eng. Res . Lab. 
Report to Magnolia Petroleum Co. , 48 pp. (September 258 1957). 

7. The Permeability of Rock Salt , Repor t  to Olson , Mecklenburger, von 
Holst ,  Pendleton, and Neuman, Pan-American Oil Co. Project, 
Chicago, 22 pp. (February 1960). 

Report on Wildlife and Recreational Resources of Chocolate Bayou, 8. 
Report to Monsanto Chemical Co. , St. Louis, 39 pp. 
(March 30 , 1962). 

9 ,  A Report on Waste  Treatment, Environmental Health Eng. Lab. Tech. 
Report for Jefferson Chemical Co. 8 Inc. 8 port Neches 8 Texas , 
66 pp. (July 1962). 

10. Cavity Smcinq  Studies for Solution Mining of Potash SO00 Feet 
Below the  Ground Surface, with E. A. Rtpperger, Report 
Prepared for Pittsburgh Plate G l a s s  Co. , (August 1 8  1962). 

11 . Report on Biolwical Waste Treatment , Report to  Humble Oil  and 
Refining Company, Baytown, Texas, 37 pp. (May 20, 1966). 

i I 3 8 8 3 3  
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12. Report on Biological Waste  Treatment, wi th  D. L. Ford, Report to 
Thompson Chemical Company, St .  Louis, Missouri, 41 pp. 
(January 1967). 

13. Report on Biological Waste Treatment, with D. L. Ford, Report to 
Jefferson Chemical Company, COIUO~, Texas, 38 pp. (February 
1967) . 

14. Results of Wastewater Treatment Sunrev, Report to Stagecoach Inn, 
SdadO, Texas, 17 pp. (April 1967). 

15. Report on Biolocrlcal waste Treatment, with D. L. rotd, Regmet to 
the  Rue Oil Company, Smiths Bluff Refinery, Nederland, Texas, 
52 pp. (March 1967). 

16. Report  OBL Biological W a s t e  Treatment, with D. L. Ford, Report to 
Atlantic-Richfield Company , Atreco Refinery, Port Arthur, Texas 0 

58 pp. (May 1967). 

17 . A Survey of Waste D i s m s a l ,  with A. H. Ullrich, Report to Copropiedad 
Electrica Grupo Quimico, Monterrey, Nuevo Leon, Mexico, 
66 pp. (July 1967) 

18. A Report on Bioloqical Was te  Treatment for the Merichem Company, 
Houston, Texas, with D. L. Ford and N. K. Burleson, Center 
for Research in Water  Resources, The University of Texas at 

- Austin (i968). 
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PARTIAL LIST OF CONSULTANTSHIPS 

1. Amarillo, City of 
2. 
3. Atlantic Ri chfie Id 
4. Brackenridge Hospital, Austin 
5 .  Bryant-Curington Consulting Engineers 

. 6 .  Convair (General Dynamics Corporatiod 
7 .  Dallas  Power and Light Company 
8. El Paso Products 
9.  Engineering-Science , Inc . 

Army Chemical Center, Nuclear Defense Laboratory 

10. Esso Research & Engineering 
11. 
12. Goodyear Rubber Company 
13. Graphite Corporation of America 
14. 
15. Gulf Oil  Corporation 
16. 
17. Hundley and Halff Engineers 
18. International Paper Company 
19. . Jefferson Chemical Company 
"q&" Loa Alamos Scientific Laboratory 
21 . Magnolia Petroleum Company 
22 . The Merichem Company 
23. Monsanto Chemical Company 
24. Morton Salt  Company 
25. Neches Butane 
26. Northern Natural Gas 
27. Pan American Oil 
28 . 
29. Pittsburg Plate G las s  Company 
30. Pure Oil  Company 
31. San Marcos,  City of 
32. Shell  Oil  Company 
33.  Shreveport, City of 
34. Southwestern Graphite 
35. State Hospital, Austin 

37. Turner, Collie & Braden 
30. 
39. 
40. U. S. Senate 
41. 

Forrest and Cotton Consulting Engineers.  

Guadalupe - Blanco River Authority 

Humble Oil  and Refining Company 

r& 
-7% 

Pan American Sanitary Bureau 8 World Health Organization 

' 36: Tracor, Inc. 

U .. S . Public Health Service, Radiological Health Division 
U . S. Public Health Service 8 Water Resources Division 

World H ea1 th Organization 

.. 
s 

33 1 I 3 8 8 3 5  , 



. .  
ATTACHMENT 2 

EiXOGRAP5IICAI DATA 

NZime: 

Title: 

AZdm s 8: 

Birthdate: 

EducaHorr: 

Fra& D. Masch 

Professor of Civil Engineering 

Department of Civil Engineering 
The Vniveraity of Texas at A m t i n  
Austin, Texas 78742 Phone: (AC 512) 47i-1375 

€ionore: 

-- 
Tau Beta Pi; Chi Epsiloa; Sigma Xi; Natiaaal Scbnce 
Foundation, Science -Faculty Fellow8 hip; Ifngbee ring 
Foundation Faculty Improvement Grant, 1963-64; Lisbed 
in Who'e Who ia South and Southwest and Loadrrr in 
American Scieace; Who's Who in T-e Today; T-8 
Section ASCE, Technical Paper Award, 1966; Texas 
Section ASCE, John B. Hawley Award, Februalry, 1967; 

Membership in Profersional Societier: 
American Society of Civil Engineers; American Geophysical 
Union; hternatlonal Aeoociation for Hpdraulic Ressorcb; 
American Society for Engineering Edrrcstion; American 
Society for the' Advancement of Science; Registered Profer- 
sional Engineer (Texas) 

Profeseional and Technical Society Aeeignments: 
* Chairman, Task Committee on Ero~ion of Cohesive Materials, 

Sedimentation Committee, Hydraulicr Divirion,American 
Society of Civil Engineers, 1961- 

Applied Hydraulics, American Society for Engineering 
Education, 1962-65 

Chairman, Civil Engineering Division Committea No. 5, 

Council on Wave Research, The Engineering Foandr. tion, 

Coastal Engineering Research Council, American Society of 
1962-64 

Civil Engineers, 1964- 
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NAME: 

DATE OF BIRTH: 

BIRTH PLACE: 
NATIONALITY: 

DEGREES OBTAINED: 

ATTACHMENT 3 

BIOGRAPHICAL DATA 

Y. A. Y o u s e f  

U. A. R. 

HONORARY SOCIETIES: 

EXPERIENCE: S i h c e A H ,  196s 
a. H e a d o f P m t  

ROteCtiOn DW.8 U* A *  R e  A *  

* 
.-a- -,. **Ti ,. __ 

. Y  

c.  Teaching for one year in the University of Asmu# on 
subject of water suppl;&d public bsalth o 

Publlc Util i t ies  in Technical Research. 

0 

d. Working Mth the &!mtral Egyptian EstabIishmsnt'tS 

h o r n  A\agust 1960 U r n  March 1965, for my W.D. 
tant la The University 

** *x 
degree and part time Re 
of Taxas 

in the U. A, R. Ministry of frrlgation in cbaxge of a u r v ~ n g ,  
levelling, planning, designing and exemtlng irrigation 
projects such as canals, barmges and bridges. 

.'; +?: *-&. - .a 
PrOm JUe 1952 U n t i l  August, 19608 A&w ;S C i k  b&k 

PUBLICATIONS: Co-author in: 
--. 1 . mColiform in  Waste  Stabilization Ponds 8 Thesis, 

The University of Texas ,  January, 1962. 

2.  "Th? Transport of 6oCo i n  an Aqueous Environment, 
The University of T'exas, Ph.D. Dissertation, January, 
1965. .. 
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Y. A .  Yousef 

PUBLICATIONS: (Con'd) 3 .  "United Arab Republic Programme for Management and 
Treatment of Low and Intermediate Level Radioactive 
Waste," Symposium on Practices in the Treatment of 
Low and Intermediate-Level Radioactive Wastes, 
SM-71/67., I . A . E . A . ,  Vienna, (Dec. 5-10, 1965). 

4. "Transport of Radionuclides in a Model River," Symposium 
on Radioactive Wastes Into Seas, Oceans and Surface . 
Waters, SM-72/2, I.A.E.A. , Vienna, (1966). 

. 

5. Behavior of Certain Radionuclide8 hi The Aquatic Ecology 
of frrmailla C ~ M  

1967030th Septa 1968) fa 
7. "Affinity of Irrnailla Canal 

- 
*a' . r; 2*% 

*; I -6 -- 

. .  
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BIOGRAPHICAL DATA 

NAME: William A .  White 

TITLE: Research Engineer-Scientist 

DATE OF BIRTH: 
EDUCATION: 

HONORS: Chi Eprilon, Sigma X i  

AWARDS: 

.PROFESSIONAL AFFIXU!TIONS: 

U.S. public Health Senrice Traineeship, 1966-1968 

' @-* society 0b:cfiil Engineers 
Ahehren Geophyclical Union 
Tsxar Water Pollution Control Assodadon 

1964-1966 - Res Eagineer Scientist, The U 
.+ 

FXPERIENCE: 

Scientisii 
4 

PUBLICATIONS: of the Movement of Dredge 
Sediments as a Density Current, ,, - Master's Thesis 

2 .  "Thermal Structum in Inland Cooling -Ponds" (Publication 
Pending), herloan Geophvelcal Unian. 

3. "Circulation in Shallow Estuaries' (ducat ion  Pen-), 
American Geophysical Union. 

4. 'A Numerical Model for the 8hul  
in Shallow Irregular Est-s, ( 
TWhnkd Report EYDL.~-6sOl H-u 
Laboratory, The University of Texas at Au 

1969, 123 pp. 
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S. it. S a p i r i  

UNITED STATES 

ATOMIC ENERGY COMMISSION 
WASHINGTON. D.C. 20545 

ger, Oak Ridge Operations 0 

SUM. AUG 4 1969 
ice 

BBQUBST FOR FOREIGN TRAVEL FOR EARNEST F. GIAlyNb 9-y3 7 9 G A r r  
AB requested in Herman M. Eoth's memorandum of June 23, 1969, the 
request for  foreign travel for  Earnest F. Gloyna, University of 
Texas a t b s t i n ,  has been reviewed by this Division. 

BDT does not consider that there is  suf f ic ien t  prograumatic interest 
in the proposed conference a t  Cadarache to  ju s t i fy  Hr. Gloyna's 
participation. 
foreign t ravel  be disapproved. 

It is  therefore recanmended that th i s  request for  

RDT:DP:202 

mclosure: 0 4  
Form AEC-445 f o r  G l a y a a  

d ? J b  + 
M i l t o n  Shaw, Director, Division of 
Reactor Development and Technology 

cc: H. M. Both, Director, Laboratory &Universi ty  Div., OB00 
D. F. Cope, RDT Senior S i t e  Representative, ORNL 



Dr. William J. Larkin, Chief 
Reactor Contracts Branch 
U. S. Atomic Energy Commission 
Oak-Ridge, Tennessee 37850 

3: 

5. Irmdiatton effects on ecosystem. 

Faoh Dr. Earnest F. Gloyna 
Project Director 

Thls paper wh1 be based  on non-claskfled experimental re'su1t.s- --*I 

. - .  

derived fmm regparch sponsored under contract No. AT-(ll-1)-490. - _  L. 

r 



Sept. 
5-12, I! 

9/ 5/ 69 

91 71 69 

911 2/69 

9/13/69 

A .  Grauby, 

d e  Cadarache H. J a m m e t  

Centre de 
9 Etudes Nucle  res Sec. Gen. 

France 

- ?  - I - -  - 

Lv Austin, Texa 

A r  Cadarache, F nce 

Lv Cadarache, F nce 

A r  AustiR, Texa 
. L - -  

Symposium de  
e oecolog Rad 

- -  - - - .  
' -  - - - )  - 

r, w ~ a r )  

xx 

urn 0 Not a p w b l b l e .  - 1  Not a p p l k a b l e  

s 100040 r -  

C A M  L l o  k a * o d  as MI- (a) For A K  a n p l d  by tho kavrlr'r wprriror; fb) Fa+ bnrrocror mploy~r, by ch. 
a d  r.rgonriblo f a  supowising tho odivitios imdwd in tho prog0l.d M g n  hwol or o(h.r o6cial rospaaiblo for 
O p p u m i n Q * ~ u n d n t h o k r n n  dhcattmd. - -  - 

\ \ \ 

00, RAVBBI'S "Q" QfAuKt ANR MlE 
OR-9493-NY . .  (Issued as OR-9493 April 2 4 ,  1950) (not sure if it is active) 

b . E N # W C M W * N D w  - -  

Recommended Approval - .  
/ 

E. S. Perry, Acting D h t .  Chairman 





T H E  U N I V E R S I T Y  O F  TEXAS 
COLLEGE OF E N G I N E E R I N G  

AUSTIN, TEXAS 78712 

Department of Civil Engimcring 
Enuironmental Healtb Engineering 
Engineering Laboratorirs Building 305 

Dr. William J .  Larkin, Chief 
Reactor Contracts Branch 
Laboratory and  University Division 
Oak Ridge Operations 
U. S. Atomic Energy Commission 
P. 0. BoxE 
Oak Ridge, Tennessee 37830 

July 1 0 ,  1969 

Dear Dr. Larkin: 

Attached is a COPY of the  paper which I propose to present a t  the 
Symposium d e  Radioecologie Continentale a t  Cadarache, France, September 
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TRANSPORT OF RADIONUCLIDES I N  
A MODEL AQUATIC SYSTEM* 

Earnest F. Gloyna** 

. 

ABSTRACT 

This paper descr ibes  some selected investigations on radionuclide 

transport. 

mathematical model which reasonably predicts the transport of various radio- 

nuclides under different environmental conditions. 

The overall objectives of these studies have been to develop a 

The ecological environment was  partially controlled, but a l l  aspects  

were monitored. River systems were simulated with the aid of a research 

flume or "model" river. Laboratory .and aquaria studies simulated closed eco- 

systems.  
. _  

Basic hydrodynamic relationships were used to establish flow regimes; 

and uptake and release data were used to provide values for the various co- 

efficients. 
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1.0  INTRODUCTION 

The movement of radionuclides in a stream is known to  be a function 

of hydrodynamic mixing, physical sorption, biological up-take and chemical 

changes as related to environmental s t r e s ses .  Because the fate of released 

radionuclides depends on the many environmental factors which influence 

. biota , bottom sediments, and suspended debris,  few investigators have con- 

s idered more than one or two of t h e s e  parameters at a t ime .  Similarly, 

little attention has  been given to  the  t a sk  of assembling these  various trans- 

port relationships into working mathematical models .  

Y e t ,  there is a growing base of information which describes the be- 

havior of radionuclides in aquatic ecosystem3 and it is possible t o  write 

partial differential equations which represent many of the significant partici- 

pating phenomena. Unfortunately, many of the  aquatic systems are  so com- 

plex that  the  resulting equations defy analytical  solutions and frequently 

render numerical solutions impractical . The t a sk  of modeling radionuclide 

transport  therefore becomes one of developing simplified but meaningful re- 

la t ionships .  

These s tudies  were made with the thought of examining simplified 

ecological systems , determining response of each component t o  various types 

of inputs ,  and modeling these  responses with numerical or analytical solu- 

t i ons .  This paper presents some illustrative da ta ,  and describes some of 

t h e  modeling techniques. 
. .  . .  

2 .0  ECOLOGICAL SYSTEM 

By definition an  ecosystem is any area of nature that includes living 

. and non-living substances.  which interact to produce an 'exchange of materials 

between t h e  living and non-living parts''). This  is a broad concept which 

includes flowing and non-flowing aquatic systems as used in these investiga- 

t ions .  
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Responses 

from instantaneous 

of total ecosystem and 

and continuous release 

ecosystem components resulting 

of radionuclides were studied in 

aquaria.  These were conducted to  simulate radionuclide re leases  into well- 

mixed bodies of water and to  provide information for model river s tudies .  

Model river s tudies  were performed t o  determine component 'and whole 

system response to instantaneous and continuous re leases  of radionuclides in 

a stream 

different 

2 . 1  

were 60 

filled to 

l i t e rs  of 

operated 

mixing. 

2.2  

environment and separate component responses were modeled for 

environmental s t r e s ses .  

Aauaria: Non-flowing experiments were conducted in  aquaria which 

centimeters (cm) long, 26 c m  wide, and 36 cm deep. They were 

a depth of about 7 c m  with lake sediment, and contained about 24  

water.  Fluorescent lamps provided an  artificial sunlight. These were 

on a 1 2  hour on-off cycle. Mechanical stirrers provided the desired 

According t o  dye studies completed mixing occurred within two minutes. 

Model River: The m o d e l  river consiSted of metal flumes, water sup- 

reservoirs , and pumping systems. The 'major flume system was  61 meters 
1 .  

long, 0.76 m wide,  and 0.61m deep. For some experiments the flume was 

divided into two channels .  The slope was adjustable and the maximum flow 

was  about 400 liters perminute. 

Figure 1. 

real  river are shown in Figure 2.  

An overall view of the flume is given in 

The hydraulic characterist ics of the mode l  river with reference to  a 

Sediment from a local l ake 'was  placed in  the flume to a depth of 

about 17 cm.  X -ray diffraction analysis  indicated that the  sediment contained 

about a n  equal amount of clay,  quartz, calcite, and dolomite. The organic 
. .  

. content was less than  2 percent. The. effect of particle s i z e  on the ion ex- 

. change capacity is given in Figure' 3 .  The medium s i ze  was  0.150 mm while 

10 percent was  smaller than 0.050 mm and 90 percent was  smaller than 

1 1 3 8 8 5 1  
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0.300 mm. 

In some experiments plant and animal life was permitted to grow un- 

In other experiments macro-rooted plants til a degree of stability developed. 

such as Myriophyllum, Potamoqeton, and Vallisneria were planted in bottom- 

less containers spaced a t  various intervals along the flumes. 

Two reservoirs, each  having a capacity of 2,000 cubic meters,  were 

used  in association with the model river. One reservoir was used as a sup- 

ply and recycle system while the second was used as an  effluent monitoring 

tank .  

3.0 EXPERIMENTAL PROCEDURE 

Initially, field s tudies  were conducted in real river systems utilizing 

fallout materials such as strontium and cesium. However, it soon became 

apparent that much more data were needed on the behavior of other radio- 

nuclides which might be in the effluent of nuclear power reactors, specifi- 

ca l ly ,  z inc,  cobalt, chromium, and ruthenium. This led to the detailed 

laboratory tests and confirmatory aquaria and' flume investigations. 

Detailed data were obtained on uptake and release of selected 

radionuclides under different environmental stresses. Factors which may in- 

fluence uptake or release were carefully monitored. 

In order to cope with the  t a sk  of data collection.and ana lys i s ,  con- 

t inuous monitoring systems were installed: computerized data reduction pro- 

grams were developed; and " m o  d e 1" e c o  s y s t e m s were developed. 

Some of the instrumentation provided continuous data on dissolved oxygen, 

useable  light, filtered l ight,  pH, water and air  temperature, and oxidation- 
.. 

reduction potential (ORP). , Measurements were made as. required on: radio- 

nuclide concentrations and ionic species;  carbon dioxide content; total biomass 

. spec ie  diversification: velocity and flow characteristics; sediment concentration 

and  movement; and productivity/respiration (P/R) . Finally, detailed laboratary 

.. 
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support s tudies  were conducted to  es tabl ish the chemical s ta te  of the radio- 

nuclides under each  of the  various environmental control conditions. 

3.1 Ecological Studies: Ecological data  were obtained from taxonomy, 

biomass, and productivity s tudies .  Basically, t h i s  endeavor attempted t o  

descr ibe what type of biota was present, how much was there, and how it in- 

teracted with the  non-living components such as dissolved gases  and nutri- 

en t s .  

Plant biomass was obtained by pressing a pipe having a diameter of 

1 5  c m  into the  sediment, removing a l l  plants within the pipe, sorting, dry- 

ing at llO°C, and weighing each spec ies  of plant. These weights were then 

converted to grams of dry weight per square meter of bottom surface area 

(gms OZ/rn2/day). 

were identified during the sorting process while a lgae were identified by 

Both plants and animals were identified. Large plants 

culturing them in water samples in the laboratory and then examining them. 

(3) Productivity was determined from oxygen data(2)  and from pH data . 
These methods a re  based on the theory that  diurnal ‘changes in oxygen and 

carbon dioxide a re  caused by biological activity and diffusion through the air- 

water interface. Contributions from diffusion can be subtracted to  give 

oxygen produced in photosynthesis and taken up in respiration, and carbon 

dioxide taken up in photosynthesis and released in respiration. Gross pro- 

duction, PG, is the  total amount of oxygen produced in photosynthesis and 

has  units of gms OZ/m2/day. 

the  oxygen removed by respiration during photosynthesis.  ’ Respiration, . R ,  is 

N e t  production, PN,  is gross production minus 

the  total amount of.oxygen used in respiration and has  units of gms 

02/m2/day. 
. .  

The ratio of gross photosynthesis‘ to respiration, PG/R, is a measure 

. of the  energetic balances of the  ecosystem. If PG/R is l e s s  than 1 .O , the  

1 I 3 8 8 5 9  



5 

system is heterotrophic; i f  it is greater than 1 .O, it is autotrophic. 

3.2 Radionuclide Analysis: Radionuclide samples were counted on a 

multi-channel gamma spectrometer. Counting errors were maintained within 

10 percent. Corrections were made for self-absorption, efficiency of count- 

ing,  and decay so that final data  were logged as disintegrations per minute 

. (dpm) or microcuries (u c) . 
3.3 Water Analysis: Two types of water samples were collected and pro- 

The first types of samples were those in which a n  aliquot was taken ces sed .  

without any attempt to separate  either dissolved or suspended fractions from 

the water. The other types of samples were those in which the  suspended 

and dissolved fractions of a water sample were separated and radionuclide 

concentrations determined. The desired fractional separation w a s  obtained 

by either centrifugation or centrifugation plus filtration through a membrane 

filter (0 .45 micron opening) . The radioactivity content for both the  filtrate 

and the suspended material retained on the filter paper was measured. 

3.4 Sediment Analysis: The sediment sampling device is shown in 

Figure 4 .  I t  is composed of a plunger, lucite tube,  and sampling rod. The 

average inside diameter of the lucite tubes is 2.30 c m ,  and the  cross- 

sectional area is 3.81 c m  . 2 

The sample core was  either mixed and analyzed or the  .core was cut 

into five sections corresponding to incremental depths of about 1.5 c m ,  and 

a .portion from each section analyzed. 

3.5 Plant Analysis: Leaves were collected,  washed,  or wiped and 

washed prior to detailed radiological analysis .  The weight of these  samples 

varied from about 300 mg to 1,600 mg. These samples,  including wash 

water  and wipings , were analyzed for radioactivity. 
.. 
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4.0 TRANSPORT MODELS 

As has  been demonstrated repeatedly, ecosystem contamination is a 

function of initial activity levels  and contact t i m e .  Usually the uptake and 

release functions cannot be delineated because not enough plant samples a r e  

taken.  This problem of inadequate data makes it difficult to examine the 

plant response as a radionuclide plume passes .  Consequently, it is neces- 

sary to address  ourselves directly to the subject of dispersion in streams, 

its measurement, and its significance to ecosystem responses.  

The basic transport equation for flow in the  x direction of a three- 

. dimensional system may be written as: 

1 

where C is the  concentration at any point x, y ,  z, 0 is the  velocity in the  

kZ are  the  turbulent dispersion coefficients in the  x, 
kY 

x direction and kx, 

y ,  and z direction respectively.  Taylor(4) found that concentration curves 

could be represented by a simplified form of 'Eq. 1. 

-. -.. 

- ac - aC = D L 7  a2 c - u x  
ax 

a t  

where DL is called the longitudinal dispersion coefficient. A solution to 

th i s  equation for a point source is - (x-Ot) 
C(X,t) = - M  e 4DLt 

A/4nDLt 

2 

3 

where M is the  m a s s  introduced and A is the channel cross-sectional a rea .  

Fischer") has  pointed out that initial dispersion of a point source 

does not follow Taylor's equation, but rather takes  the shape of a skewed 

normal distribution because of the dominance of convection over diffusion. 
. .  

However, at some point downstream, the  curves approach a form where the  

. Taylor equation is valid. According to Sheppard, this  initial period may be  
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considered as the t i m e  required for the introduced material t o  a s sume  the 

shape of the already established velocity gradients ( 6 )  . 
Shih and Gloyna developed 'a dispersion model t o  predict dispersion 

as well  as uptake and release from the sorption phases(7) .  For a general 

case it has  the form 

where ai is a propoltionality constant for phase i ,  ki is the mass transfer 

coefficient for phase i ,  gi (C) is a transfer function relating the  concentra- 

t ion of activity in the water to the  equilibrium level in phase i ,  and Ci is 

the  specif ic  activity in the  i-th of n sorption phases .  The other terms in 

t h e  Taylor one-dimensional diffusion model have been defined previously. The 

activity in Ci is determined by 

5 

. . For plants and sediments the term g(C) is linear and has  the 

Freundlich isotherm form 

*. 6 X n - = kC = kC m 
so that  Eq. 5 is l inear and can be  solved using one sorption phase and the 

following boundary and init ial  conditions: 

c(x, 0) = O r  x+o 

C(x, t )  = C, (finite) lim ' 

t + w  

7 

8 

9 

10 

where 6 (t-0) is the delta function. The solution is similar t o  Eq. 3 with 

a Bessel function term included. 
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Probably one of the more frustrating aspec ts  of dispersion studies is 

the  measurement of the mean flow time and dispersion coefficient from observed 

concentration-time curves.  I t  need only be noted tha t  because the dispersion 

coefficient is calculated from the second moment of the curve, its magnitude is 

directly affected by the length of t h e  tail used. 

Methods a r e  available for calculating the mean flow and the disper- 

sion coefficient with little or no error if at least two concentration curves are 

obtained from s ta t ions wel l  downstream 

and second moments (centroid, t and 
C'  

and  

. -  

- ti , - 
tc 

from the point of release. The first 

variance, CT respectively) are  calculated 2 
t '  

i . =  1, 2 ,  ..., n 11 

i = 1, 2 ,  ..., n 
cci t; 

* * 2  = 
t cci 

2 

12 

where C and t a r e  concentration and t i m e  a t  interval i on the concentration-time i i 

curve which has  been divided into n intervals. 
-. 

Using these  resut ls  the mean velocity of the tracer cloud between 

s ta t ions is 

- - x1 - x2 

u1 tc C 
- t  

1 2 

where X1 and X2 a r e  dis tances  from the point of release t o  s ta t ions 1 and 2 

13 

respectively. The dis'persion coefficient is calculated by 
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r 1 

u1 1 -- 
DL - 2 1 4  

where the centroid time and its variance are calculated for both stations.  

Station 2 i s  assumed to  be downstream from Station 1. 

A compartmental model for the  aquaria may be applied to these 

studies since only three compartments are present: namely, water, sediment, 

and plants. If the flux of radionuclides into and out of these compartments 

is considered and i f  the  plant and sediment compartments exchange material 

( 6) . with the water phase only,  then a mamillary system is said to  exist.. . 
The movement of radionuclides i n  th i s  system may be described by the general 

equation 

O n. n 
a C  a c j=1, 2, ..., n ,  i # j  

* -  cj = c  i j  i - c Ji j '  
i =1 i - 1  

15  

where Ci and C are the microcurie levels in the i-th -, and'j-$h compartments 
0 1 

respectively,  C is the t i m e  rate of change of the activity in the j-th com- 
1 

partment, and a is the fraction of ' the  material in the i-th compartment 
il 

which is transferred to  the  j-th compartment per unit t i m e ,  t. The aquaria 

systems are described by Eq. 15 i f  n is 3 and aZ3 and a are equal to 32 

zero. The transfer ra tes  may be obtained by using several points on the 

time-concentration curves and by modifying Eq .  1 5  so that for compartment 1, 

= c  - C ' a  c , m = i ,  2 ,  ..:, r i = 1  a i l C i m  i=2 li l m  

- 
0 n - 

w 
c3 
03 

n 
1 6  

C T .  
*- where m is the sample number and r is  the number of samples needed to  ob- 

t a in  a solution - in this' case four. The case is simpler for compartments 
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2 and 3 ,  for 

0 

m = l ,  2 - a ~ l  '2m; '2m 1 2  l m  . 
= a  C 

and 

,o  
C = a  C - a  C ' r n = l , 2  3m 13  l m  31 3m 

17  

18 

a and a - 1 2 ;  21 '  a13 '  31 may be calculated. 
Using determinants, a 

5,- 0 COMPARTMENTAL MODELING EXAMPLE 

As shown in Figure 5 the transfer. ra tes  are not constant with re- 

spect to t ime.  The small drawing shows that coefficients a and a '  
12  21  

(1 - water. compartment, 2 - sediment compartment) decrease rapidly during 

the first few days  then level out to  constant values.  This initial stage is 

the  t i m e  when the tracer "catches up" with the system. 

partmental model is usually applied only to systems in study state, the 

Though the com- 

initial stage may be modelled i f  the transfer coefficients are changed to  

i j  
-b-rt 

a - 
a 

i j  = 
1 -e 

1 9  

where b and r are constants and t is t i m e .  A typical solution to the com- 

, partmental model is shown in  Figure 5. In th i s  case the integrating inter- 

val  was 0.01 days.  For this example the transfer coefficients remained 

fairly constant after five days ,  and this permitted the calculatinn of transfer 

coefficients between sediment and water. 

6.0 SEDIMENT AS A RADIONUCLIDE RESERVOIR 

The relative concentration of radionuclides on the surface of the 

bottom sediments to that in  the bed sediment was found to  be a function of 
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z / (2  

from the  surface, diffusion in the water and t i m e  after migration began. 

6), where Z ,  D ,  and t respectively,  a re  the depth of bed sediment 
, 

Figure 6 shows the uptake rates  of 'several radionuclides for non-flowing 

aquaria systems. For streams with low velocities the uptake ra tes  were 

slightly higher. 

It appears that  the penetration of a sorbate into the  bottom sediments 

may be based on a mass balance relationship. By considering the total mass 

of sorbate retained in a cube of sediments with infinitesimal depth,  Ad, and 

unit area it is possible to write Equation 20. 

M(d,t) + M(d + Ad,tl1 Ad 2o 
2 M(d,t) - M(d + Ad,t) = p'(t) [ 

where 

M(d,t)  = Total m a s s  of sorbate per unit area at depth d and 
t i m e  t 

. . M(d+ Ad,t)  = Total mass of sorbate per unit area at depth 
d + A d  and t i m e  t 

Ad = infinitesimal depth 

P' (t) = probability of being retained in the '  sediments for 
unit m a s s  of sorbate per unit length of penetration 
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7.0 PLANTS AS A RADIONUCLIDE RESERVOIR 

Any discussion of the importance of plants as  a reservoir for radionuclides 

h a s  to be qualified i n  space  and t i m e .  This is true for any component of a river one 

may wish to  consider. 

The space dimension is considered because of the variable distribution 

of plant biomass, plant type and water quality. From the aquaria and model river 

s tudies ,  literature data ,  and consideration of the sorption model, it becomes obvious 

that  plant uptake of radionuclides may be completely defined for any given plant type, 

biomass, surface to volume ratio (concentration factor indirectly), pH, concentration 

of competing ions and radionuclides. For certain radionuclides like 85 Sr, pH, competing 

ion concentration and plant type are  not very important in  natural waters and uptake 

may be predicted by biomass and surface to volume ratio data alone. 

The amount of radionuclides taken up by plants during instantaneous 

release is significant for a short period, Table 1. Studies i n  the model river show, 

on a percent bas i s ,  that  65Zn and sa Co.are retained for relatively long periods of 

'137 t i m e  while 8sSr and C s  a re  released quite rapidly. Plants such as  Vallisneria 

americans Michanx actually play a n  insignificant role in *'Sr transport. In  the 

case of 8sSr the uptake by plants was similar to that normally.observed for solid 

particles. In terms of total  radionuclides contained in  plants during the whole 

experiment, the percentages drop drastically. For lo3Ru and . Sr respectively, a a5  

maximum of 5 percent and 1 percent were found in the plants under favorable con- 

ditions . 
.. 

It was possible to 'simulate observed uptake data 'by using the dis- 

persion equation solution a s  a n  input;' Notably, estimates of the  mass transfer 
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coefficient , k and t h e  equilibrium concentration fact or, k 2 '  C ,  
have to  be made 

for each  system since attached algae markedly affected these values.  

Plant uptake i n  continuous re lease  appeared to  be lower on a mass 

balance bas i s  than in  instantaneous re lease  s ince  plants contained only about 

5 percent of the  "Sr'activity after two days  of release.  However, 

Table 1. Radionuclides in  Plant Phase During Instantaneous 
Release Experiments 

0 12 .o 30.0 2 0 . 0  14.0 16.0 
5 9.5 12  .o 3.5 3 .0  5.0 

10 8 . 0  8 .0  2.5 2 . 0  4 .0  
30 4 . 0  5.0 1 .0  1 .o - 
60 1.5 2.0 0.5 0.5 - 

~ ~ ~ ~ ~~ -~ ~ 

* R e f .  9 
** Ref.  10 
*** R e f .  7 
**** Ref. 11 

-. -<. 
t h i s  apparent contradiction is dismissed when sorption rates of plants and sediments 

are compared. Since plants reach their  maximum adsorption quickly and begin 

desorbing while the sediments are still tending toward their maximum level ,  the 

plants would exhibit a n  abnormally high percent of radionuclides at their  peak 

uptake. A similar situation would occur under the  continuous release conditions 

until  t he  sediments "caught up," after which t i m e  plants would contain their 

observed percentage of Sr. 

- - 
W 
03 
QD 

c;; 
CI- 

85 

- .  
8.0 EFFECTS OF POLLUTION STRESS ON SORPTION 

A polluted stream was simulated in  the model river by simultaneously 

releasing biodegradable waste and 85Sr (0.05 x 10-3uc/ml). The init ial  chemical 

oxygen demand (COD) in +he polluted channel was 190 mg/l. 



A s  shown i n  Figure 7 ,  t h e  85Sr concentration i n  sediments containing 

degradable organic solids was  higher than that found in the unpolluted sediments. 

Also, a significant increase in  "Sr penetration was observed in the polluted 

sediments,  Figure 8 .  The decreased penetration coefficient suggested that the 

biological activity and sorption was probably an  important factor in  controlling 

the migration of sorbate into the  sediments. The rates  of uptake , deposition and 

release are  controlled, a t  least to a considerable degree,  by the  velocity, tVpe of 

suspended sediment, and  t h e  environmental factors which influence the chemical 

and biological activity.  

An example of the  environmental changes brought about through the intro- 

duction of a biochemical oxygen demand (BOD) load is shown in  Figure 9 .  There is 

a marked diurnal change in  dissolved oxygen (DO) a s  well a s  a measurable photosynthesis- 

respiratipn (P-R) change downstream. 

. 

9 - 0 DISCUSSION 

Numerical and analytical  solutions to  the dispersion equation with sorption 

terms for plants and sediments have been investigated. Certain restrictions a re  imposed 

on  the analytical  solution by the initial and boundary conditions. The numerical 

solution allows greater versati l i ty.  The error obtained in  the numerical solution 

of the  dispersion equation is dependent on  the incremental dis tance and time, and 

on  the size of the dispersion coefficient and mean velocity. It has  been determined 

tha t  the best "cut-off". point for determining how much of the concentration-time 

c u w e  to u s e  in  calculating t h e  dispersion coefficient was obtained when the point 

jus t  less than one-tenth from the peak concentration was included. 
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11.0 

Examples of observed and calculated results are given i n  Figures 10 

11. Continuous releases  of Sr provided the necessary data. If the velocity 85 

15 

and 

had 

been greater, the  observed curves would have been estimated better. In this  c a s e ,  

t h e  velocity was  only 16  cpm and the dispersion coefficient was 900 c m  /min. 

Values of k ,  and mass transfer coefficient,  respectively, were 260 dpm/gm/dpm/ml 

and  0.03 per hour. In  both cases a refinement in coefficients would have improved 

t h e  first.  

2 

CONCLUSIONS 

1. Considerable insight has  been gained into the behavior of radioactive 

wastes in  river systems with relatively small nonflowing and flowing ecosystems. 

Gathering the same information by observation of real  systems would have required 

considerably greater t i m e  and expenditures. 

2 . Both explicit finite-differences in  numerical and analytical  solutions . -  
have been derived for defining transport. It seems that the numerical solutions 

offer more promise because of the ease of setting boundary and init ial  conditions. 
a .  

3 .  The numerical solution of t h e  dispersion model has been used to 

predict transport curves of *'Sr after instantaneous release with less than 3% error. 

4. The uptake and release of radionuclides in plant and sediments have 

been modeled fairly well. Rapid transfer to plants was followed by slower transfer 

to sediments. Plants released rapidly in  response to equilibrium conditions while 

sediments continued to take up activity through penetration. Equilibrium concentrations 

were effected by diurnal oxygen fluctuations. 
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UNITED STATES 
ATOMIC ENERGY COMMISSION 

OAK RIDGE OPERATIONS 
P.O. BOX E 

OAK RIDGE, TENNESSEE 37830 
A R E A  C O D E  615 
TELEPHONE 485-861 1 

JUN 2 3  1968 

Mlltorr Shan, Mrrctor, Dlv,  o f  Reactor Development I Technology, HQ 

PROPOSED FOREIGN TRAVEL 

In accordance w i t h  the provisions of Manual Chapter AEC-1501, we are 
enclosing six copies of Form AEC-445 completed by the following 
individual : 

Name : Earnest f. Bloynr 

Period of Travel : w m r  ~ 1 3 ,  1969 

Please advise us of your decision on this travel as soon as possible. 
If the travel i s  approved, indicate i f  a trip report is required 
(AEC IAD 1501-11). 

0LE:LAF 

Enclosure: 
Form AEC-445 (6) 

A 

Laboratory and University Division 
Oak Ridge Operations 

Cont. Br. L & U D i v .  

- 



T H E  U N I V E R S I T Y  OF T E X A S  
C O L L E G E  OF E N G I N E E R I N G  

AUSTIN, TEXAS 78712 

Department of Civil Engineering 
Environmental Health Engineering 
Engineering Laboratories Building 305 June 1 6 ,  1969 

Dr. William J. Larkin, Chief 
Reactor Contracts Branch 
Laboratory and University Division 
Oak Ridge Operations 
U. S.  Atomic Energy Commission 
P.  0. BoxE 
Oak Ridge, Tennessee 37830 

PROPOSED FOREIGN TRAVEL - CONTRACT NO. AT-(11-1)-490 

Dear Dr. Larkin: 

The following information is provided for the completion of AEC-445 
(Request for Approval of Official Foreign Travel): 

1. Date of departure from Austin - September 5 ,  1969; 

2 .  Date of arrival i n  Cadarache, France - September 7, 1969; 

3. Date of departure from Cadarache, France - September 1 2 ,  1969; 

4.  Date of arrival in  Austin - September 13,  1969; and 

5 .  There are  sufficient avaiable funds in  the contract to  cover the 
estimated cost of this travel. 

Environmental Health Eng'ineering 

EFG:st 
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PROPOSED FOREIU TRAVEL - C O M  AT-(11-1)-490 

0.rr Dr, 6loynrt 

tOtrr M C - U S  (R wtt for Apprwral of  W f i c l a l  Forrlgn Trawl) 
t r a m i t t a d  to th 7 s OCIIco by your lrtkr of dum 3 are bel 
held tn thlr offlcr wlthout action pmdlng m d p t  o f  the fo  law- 
Ing l r t fomtlont  
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t8d t n f ~ t l o n  4s reC8lved. m wll l  f o m r d  T When the above 
your request to C Headquarten for  contfdrratlon. 



Department of Civil Engineering 
Environmental Healtb Engineering 
Engineering Laboratories Building 305 

T H E  UNIVERSITY OF T E X A S  
C O L L E G E  OF E N G I N E E R I N G  

AUSTIN, TEXAS 78712 

June 3, 1969 

Dr. William J .  Larkin, Chief 
Reactor Contracts Branch 
Laboratory and University Division 
U .  S. Atomic Energy Commission 
Oak Ridge Operations 
P. 0. Box E 
Oak Ridge, Tennessee 37830 

Dear Dr. Larkin: 

Transmitted herewith a re  the  original and seven copies of 
my "Request for Approval of Official Foreign Travel" t o  attend 
and participate in  an  International Symposium on Continental 
Radioecology in  France, September 8-11 , 1969. 

If there is any other information needed please let m e  
know. 

/ -  

_- Sirigerely , 
-> 

F. Gloyna, 

L 
&lib - -  
Professor 

Environmental Health Engineering 

EFG: st 

Enclo res: Original and seven copies of "Request for Approval of !?l Official Foreign Travel" 

t I 3 8 8 8 1  



Dr. Earnest F. (iloyna 

Health Englmclrlng 
Dspa-nt o f  C l v l l  Englnmrlng 
College o f  Englneerlng 
7be Unlverrlty o f  futrr 
Englneertng Laboratorla8 Bulldlng 305 
Awtln, Texas 78712 

D i  TWCtOr, Eav? KmE!ntal 

FOREI~N mm - COWTMCT 110, ~ ~ ~ ( 1 1 ~ 1 ) ~  - ~IVERSITT w TUUE 

DW or. aim@: 
Thlt I s  I n  reply to your l e t te r  o f  lhy 2, 1969, d w e l n  you 
request pemlsslon to attend and partlclpate In an Intematfonrl 
Symposium on Contlnenkl Radioecolqy. Rque8ts f o r  W l g n  
travel at AEC expense are submitted on Fonn AEC-445 to #1s 
o f f l a  and are approved by AEC Herdquarten. Enclosed I s  F m  
AEC-445 and lnstructlmr for  l t s  coapletlm. 

Yhsn thio form f s  recelved I n  thlr offlce. properly caupletad, 
we wlll request that MC Headquarters g l r r  eanrlderrtlorr to yaur 
request to use MC funds I n  ?he perfonunce o f  thlr trawl. 

$1 

OLEaUF D f l  

Y l l l l a m  3, Larkln, Chlef 
%tor Contrrcts Branch 

a rarciry, mi, Unlvenlty Dfvlslon Bo . ,. 



Depmtmcnt of Civil Enginerring 
Environmentd Healtb Enginewing 
Engineering Laboratories Building 305 

T H E  U N I V E R S I T Y  OF T E X A S  
COLLEGE OF ENGINEERING 

AUSTIN, TEXAS 78712 

Dr. W. J.  Larkin, Acting Director 
Reactor Division 
Oak Ridge Operations Office 
P.  0. BoxE 
Oak Ridge, Tennessee 37831 

Dear Dr. Larkin: 

May 2 ,  1969 

This is a request for permission to attend and participate 
in  an  International Symposium devoted to Continental Radio- 
ecology t o  be held September 8 - 11, 1969, near Aix-en-Provence 
in France and to  uti l ize contract funds for defrayment of travel, 
per diem, and registration expenses.  

The paper I will  present will be "Radionuclide Transport 
in Model River Systems. " 

/G[A E' -g 
I estimate the expenses to be $-. Fun s are 

available from my grant AT(11-1)-490, Transport of Radionuclides 
in Water (Model River and Ecological Systems). 

S A r e l y ,  

L U  

Environmental Health Engineering 

EFG :m hb 


