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UNITED STATES 

ATOMIC ENERGY COMMISSION 
OAK RIDGE OPERATIONS 

P.O. BOX E 
OAK RIDGE, TENNESSEE 37830 

Ralph Elson, Director Contract D iv i s ion  

REQUEST FOR CONTRACT ACTION 

AREA CODE 615 

TELEPHONE 485-56: 1 

I t i s  rques ted  that  you take the necessary steps t o  process the fo l lowing 
described contract act ion (CA): 

1 . Nature o f  Action Requested: 

[ 3 Selection o f  New Contractor and/or Negotiation o f  Contract 
Number: 
Contractor: 

T m o [ X ] Modif icat ion o f  on t rac t  
Number : AT- (1 1 -1 F -430 
Contractor: Unfversl ty o f  Texas 

. Nature of Services To Be Covered by Contract: Research 

T i  t l c :  "Trans ort of Radionucl Ides l n  Mater ()lode1 Rlver and Ecological 

Type of Contract: 

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

Amount of AEC Funds To Be Obligated by t h i s  CA: $18,OOO 

. AEC Percentage o f  Est. Total  Cost To Be Shown by This CA: 

. Descript ion o f  Other Chanqes To Be Covered by This CA: 
Pmvide for the perfomnce o f  addi t ional  research during the period 
October 1, 1970 through September 30, 1971. AEC Support Cc i l lng  ut11 
be Increased from $60,000 to $78,000. T i t l e  to equlpncnt sha l l  vest 
I n  the contractor under authority o f  PL-85-934. 

system ! 'I 

IO01 

1 

*Lr$  

7. Authori tv: 

?&xAu.u%atc.L~ Hem frm Mil ton Shaw, HQ, to S. R. Saplrie 
d td  8-26-70 

H e w n  N, Roth, Di rector  
Laboratory and Univcrsi ty  D iv i s i '  

c(-j[<-[uc1 s - L/ Td [ 7-0. Lcr ) 
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UNIVERSITY OF TEXAS 

A P P END I X 'I A 'I 

CONTRACT NO. AT- (1 1-1 )-490 

For the Contract Period October 1 ,  1970 t h r o u g h  September 30, 1971. 

ARTICLE- I 

ART1 CLE- I I 

RESEARCH TO BE PERFORMED BY CONTRACTOR 

The Contractor will continue investigations t o  develop techniques fo r  
dist inguishing and predicting biological changes result ing from release 
of heated waters as compared with e f fec ts  caused by other wastewaters, 
and to  study transport  systems and charac te r i s t ics  related to  tritium 
movement i n  flowing and non-flowing ecosystem, t o  include ( 1 )  use of 
a flume system, ( 2 )  e f fec ts  of heated water on productivity and res- 
pirat ion i n  the ecosystem, (3)  e f fec ts  of various stresses, ( 4 )  the 
charac te r i s t ics  of instantaneous and continuous release o f  tr i t ium, 
and (5) qui1 i brium concentrations and interchanges of tri t i  um between 
sediment, biomass, and water. 

Dr. E. F. Gloyna, Principal Investigator,  expects t o  devote 
approximately 5% o f  his time or e f f o r t  t o  the project. 

WAYS AND MEANS OF PERFORMANCE 

( a )  Items Included in Total Estimated Cost: 

Salar ies  and Wages: 

Research Associate 
2 Research Assistants 
Research Analyst 

Empl oyee Benef i ts  : 

Materi a1 s and Suppl i es: 

Chemi cal s and Glassware 

Equipment to  be Purchased or  Fabricated 
by Contractor: 

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

None 
4 

- b Equipment Estimated to  Cost i n  Excess of $1,000: 

None 

Computer Time: 

Travel : 

$1 6,600.00 

500.00 

1,000.00 

0 

400.00 

665.00 

I 1 3 8 8 9 1  



I V E R S I T Y  OF TEXAS 2 CONTRACT NO AT- (1 1 -1 ) -490 

( 7 )  I n d i r e c t  Costs (F ixed a t  20% o f  d i r e c t  costs) :  

Contract, b u t  Excluded from Computation of Support Cost 
and f r o m  Consideration i n  Propor t ion ing Costs: 

(1 )  

$ 3,835.00 

(b )  Items, i f  any, S i q n i f i c a n t  t o  the Performance o f  t h i s  

Items t o  be Contr ibuted by the Contractor: 

Research Ass is tan t  inc lud ing  i n d i r e c t  costs 
and f r i  nge bene f i t s  . 

(2 )  Items t o  be Contr ibuted by the  Government: 

None 

Approximately 5% 

ICLE-I11 The t o t a l  estimated cos t  of i tems under A - I 1  (a) above 
f o r  the contract  per iod  s ta ted  i n  t h i s  Appendix "A" i s  
$23,000; the Commission w i l l  pay 100% o f  the actual  
costs o f  these items incu r red  dur ing the cont rac t  
per iod s tated i n  t h i s  Appendix "A", subject  t o  the 
prov is ions of A r t i c l e  I 1 1  and A r t i c l e  B - X X V I I .  The 
estimated AEC Support Cost f o r  the cont rac t  per iod 
s ta ted  i n  t h i s  Appendix "A" i s  $23,000. . 

The estimated AEC Support Cost i n  the preceding paragraph 
includes $5,000 as est imated unexpended funds from the 
previous period. For the  purpose of ca l cu la t i ng  the pay- 
ments under A r t i c l e  B - X I  f o r  the cur ren t  per iod only, 
$18,000 w i l l  be used as the estimated Support Cost. 



UNITED STATES 

ATOMIC ENERGY COMMISSION 
WASHINGTON. D.C. 20545 

AUG 2 8 1970 
K""3 dJd 

S. R. Sapirie, Manager, Oak Ridge Operations Office st' - 3 ;  
4 
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UNIVERSITY OF TEXAS - CONTRACT AT(11-1)-490 
(TRANSPORT OF RADIONUCLIDES IN WATER - MODEL RIVER AND ECOLOGICAL 
SYSTEM) / 

This is in response to H. M. Roth's memo to me dated July I, 1970 
concerning extension of the subject contract. 

We have completed our review of the University's renewal proposal (thru 
9-30-71) and concluded that further extension cannot be supported. This 
decision is based upon our judgment of the relative importance of the 
proposed study when compared with other more critical reactor development 
and technology programs that must be supported within our very limited 
resources. 

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

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

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

3. 

For performance of such work, additional funding in the amount of 
$18,000 will be made available to OR. 

Prepare a final summary technical report. 
/ 

Budget Activity 04 60 40 01. 

Milton Shaw, Director 
Division of Reactor Development 
and Technology 

cc: RDT Sr. Site Rep., ORNL 

I 

t t 3 8 8 9 3  
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THE UNIVERSITY OF TEXAS AT AUSTIN 
OFFICE O F  S P O N S O R E D  PROJECTS 

AUSTIN, T E X A S  7 8 7 1 2  

Post Ofice Box 772G 
AC 512,471-1353 

October  26, 1970 

United States Atomic E n e r g y  Commiss ion  
Oak Ridge Operations 
P. 0. Box E 
Oak Ridge, Tennessee  37830 

Subject: P r o p o s a l  enti t led " T r a n s p o r t  of Radionuclides 

Submitted by Dr .  E a r n e s t  F. Gloyna, May 20, 1970 
In W a t e r  (Model River  and Ecological Studies) 

Gentlemen: 

A t  Dr. Gloyna's request ,  w e  are submitting herewith two 
copies of a revised budget f o r  u s e  with the subject proposal. 

L '/ JJk 
: Enclosures:  2 

cc: Dr. Ea rnes t  F. Gloyna 

I 1 3 8 8 9 4  



BUDGET 

The estimated costs a re  $2 3,000.00 under a lump-sum contract.  The duration 
of t h i s  particular project and funding period is estimated at one year,  October 1, 1970, 

Tota 1 to September 30,  1 9 7 1 ,  inclusive.  

SALARIES AND WAGES . . . . . . . . . . . . . . . . . . . . . . . . . . .  $16,600.00 
(Salar ies  paid from Government contract  funds at The University 
of Texas a t  Austin conform to the ra tes  approved by the  Board of 
Regents for s a l a r i e s  paid from regular University funds .) 

Principal hves tiga to&( C? 6 f  41 ) None 

Research Associate (50% of time) $ 3,200.00 

2 Graduate Research Ass is tan ts  (50% of t i m e  
each) 7,000.00 

Research Analyst, Typist ,  etc. (50% of t i m e  
each)  6,400.00 

MATERIALS, SERVICE, AND . . . . . . . . . . . . . . . . .  1,400.00 

Y y u i p m e n t ,  is i t e m  includes e x p k  th  peration of terials the  f ,\q+t e ,  pur 

Salar ie  and Wages.)  
and occasional  servi of others not i uded i n  

Computer 7; k d 400.00 

Chemicals and Glassware  1,000.00 

TRAVEL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  665.00 
(Transportation expense of persons engaged i n  t he  work, including 
transportation by plane or  ra i l  and Pullman, or by private ca r  at a n  
allowance of not to exceed  lo$ per m i l e  i n  l ieu of ac tua l  expense,  
plus per diem on the  quarter-day bas i s . )  

INSURANCE..  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  500.00 
(Workmen's Compensation Insurance coverage, a s  may be required 
by University regulations under t h e  University's self-insuring plan: 
plus  Federal Social  Security.) 

I 1 3 8 3 9 5  
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B UDG ET (C o nt inu e d) 

Total 

INSTITUTIONAL OVERHEAD AND INDIRECT COSTS** . . . . . . . . . . . 3 , 835.00 
(Shared rate  of 20% of a l l  costs exclusive of overhead,) 

TOTAL REQUESTED FROM AEC . . . . . . . . . . . . . . . . . . . . . . $23,000.00 
stimated Project Direc for nine months is a ut $2,500.00. \- nts who a r e  on k n o w n k t h e  trainee s are not included past%; the cost such\\, contri t ion be u s e  

made con 'butions to the project. se efforts a r e  eq lent to about ne ful l  
t i m e  emplo 

**The University provides space, facilities, suppl ies ,  etc. for  graduate students.  
In  additipn, salaries for faculty will be m e t  by University. Actual University 
contribution cannot be estimated. 

ADMINISTRATIVE INFORMATION 

The University of Texas represents:  (a) that  it has  not employed or retained 
any company or person (other than  a full-time bona fide employee working solely for 
The University of Texas) to solicit or secure  th i s  contract and (b) that  it has  not 
paid or  agreed to pay to any  agency or person (other than a full-time bona f ide employee 
working solely for The University of Texas) any  fee, commission, percentage o r  
brokerage fee, contingent upon o r  resulting from the  award of this  contract: and agrees 
to furnish information relating thereto as may be requested by the  Contracting Officer. 

: 

obtained from Dr. E. F. Gloyna, Dean ,  College of Engineering, Taylor Hall 167, 
The University of Texas a t  Austin, Austin, Texas 78712, telephone GReenwood 1-1166. 
Non-technical administrative and contractual matters should be referred to the 
University 's  Office of Sponsored Projects,  Post Office Box 7726, Austin, Texas 78712 , 
telephone GReenwood 1-1353. 

Further information relating to t h e  technical  portions of this proposal may be 

Project Director 

APPROVED: 

ongmd Simd bY 
~~~ 

Bryce Jordan 
Ad Interim President 



Trr. &?nest F. Gloyna, ban 
Collage of Englneartrg 
UnlwrslQ o f  Texas 
AuSttR, T a u  78712 

W e d  o(0 your mqwtt, ys propose to axtend Contract No. A T - ( 1 1 - 1 ) 4 9 0  
through Sep-r 30, 1971, and ruthorlte the Ute o f  estimated unexpended 
prior period funds up to f5,m i n  addition to $18,000 new fundlng 
autnorlzed. T h  renawul peryfod wl1l from January 1 ,  1971 ulm 
September 30, 1971. Please submit u budget for  this proposed mnswrl 
pwlod based on the approved ftnmclng. Tne information subiBlttad should 
be endorsed by an approprhta rddnlttrrtlw offtclal o f  the Untvrrslty. 



Ofice of the Dean 

THE UNIVERSITY OF TEXAS AT AUSTIN 
C O L L E G E  O F  E N G I N E E R I N G  

AUSTIN, TEXAS 7 8 7 1 2  

September 15, 1970 

D r .  Herman Ross 
U. S .  Atomic  Energy Commission 
P.O. Box E 
Oak Ridge, Tennessee 37830 

D e a r  S i r :  

Reference is  made t o  our telephone conversat ion of September 11, 1970. 
It is my understanding that my p resen t  AEC contract number AT(ll-1)-490 
w i l l  be renewed f o r  an amount of about $18,000. 

I would l i k e  t o  request  that t h i s  g r a n t  be made f o r  t h e  period October 1, 
1970, through September 30, 1971. Also, I would l i k e  t o  request  permission 
t o  c a r r y  over t h e  unexpended funds in t h e  present  cont rac t  and add these  
t o  the n e w  grant. I estimate t h a t  I might be  a b l e  t o  ca r ry  over about 
$4,000 t o  $5,000. 

I base my request  on t h e  f a c t  t h a t  most of the projected work w i l l  b e  
undertaken by graduate s tudents  who are working on e i t h e r  Masters or PhD 
degrees.  Better p ro jec t s  can be def ined and r e p o r t s  can be completed i n  
a mre e f f i c i e n t  manner i f  o v e r a l l  e f f o r t  can be r e l a t e d  t o  s p e c i f i c  
assignments. I have gone over my budgets and by combining the new g ran t  
wi th  the projected ca r ry  over it w i l l  be  poss ib l e  f o r  me  t o  phase out  th i s  
p ro jec t  in an e f f i c i e n t  manner. Also it  w i l l  be poss ib le  f o r  me  t o  
complete t h e  graduate s tudent  e f f o r t s  now involved i n  t h i s  p ro jec t  and 
thereby do a b e t t e r  job  than i f  I w e r e  requested t o  complete t h e  p r o j e c t  
by January 1, 1970. 

Hopefully t h i s  request meets with your approva 2 

EFG: j m  
cc: Mr. Craig Roberts 

d r n g s t  F. Gloyna 
Projec t  Director  

c 



Mlton Shm, Dlrrctor, Mvlrlon of Reactor Development 
and Techno1 ogy , tieadquarters 

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

The lnforratlon conklned I n  your manrandun dated August-28, 1970, 
on the extenrlon, fundlng, urd toapletlon o f  work under Contract ?be 
AT-(11-1)-490 was ml4ed  t o  the contractor by r le t ter  fma th is  
o f f lce .  

- 

On kp-r 10, Earnest F. Bloyna, Prlndpal Inveslgator on Contract 
No. AT-(ll-l)-4M), telephoned thlr offfce and requested that (1) the 
contract be exkndad through June 30, 1971 e the end o f  the school 
p a r  and (2) he be authorlzad to utlllre be- $3,000 to $5,000 I n  
tstlartad unexpended prlor period funds In addftlon to tbe $18,OOO 
new funding ruthorlzed. I t a l k e d  to Crrlg Roberts o f  your o f f l a  
concemlng the contractor's request urd ha offered no objection t o  
the proposed change I n  extending the purlod t o  June 30, 1971 , and 
allowing the Unlvarslty to use the unexpended funds. Therefore, m 
propose to modlfy the contract accordlngly. 

OLE:LU 
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Or. Earnut F. 6loynr 2 



Mr. 3. H. Jacobren 
kxecutl ve 01 rector 
Mflca of Sponsored Projects 
post Office box 7726 
Unl vert1 t y  o f  Texas 
Austln, Texas 78712 

CONTRACT HO. AT- (1  1-1 )-490 

mar Mr. Jacobsen: 

i n  addition to the renewal proposal and related aatarlal whlch 
has been recelvaa on Contract No. AT-(11-1)-490, we need a report 
number (URO-496- ) fo r  the progress report portlon o f  the renewal 
proposal urd a cmpleted Tom A€C-427 on the recoPaaended dispo- 
si t lon o f  the report. &a are enclosing a supply o f  F o a  AEC-427. 

Your attention i s  invited to the enclosed copy o f  our l e t t e r  dated 
June 1, 1970, on renewal o f  Contract b. AT-(11-1)-490, and our 
June 16, 1970 l e t t e r  cm the mnewal documii;; raqulred. Both 
letters request that the progress report be nrrabered and that u - 
w l e t e d  F O ~ P J  AEC-427 be Suhitted. 

Your cooperation i n  furnlsnfng us wlth the above requested infor- 
mation as soon as possible wlll be appreciated. 



Or. Ernest  F. 61oyna 
Dern 
College of Englneerlng 
unlvrrslty o f  Texu 
Austln, Texas 78712 

b a r  Or, Cloynr: 

Thrnk you for  the pmposal whlch was rubmltted w i t h  the coapletad 
Fom 189r under Cantract No. AT-(l l -1)490. 

In rddltlon to the renewal proposal docrrrrnt which we n d v e d ,  we 
should llke t o  polnt out that w Will also need the other related 
material whlch Is r q u t s k d  i n  our lettar of June 1, 1970, on mmr l  
of the contrrct. When we nmlve the rrarlader o f  tha nqulred r m m t  
materllr'l; vlz, (1) progress report appropriately n-nd with colppletd 
ForssJ1Ec-427, (2) flnanclal s t a k a e l l t ,  and (3) 200-word suIBllrry, wa Will 
forward the corsplete nnawal adage to AEC Headquarters for  thelr 
revlew md decision on mw8 P , We w l t l  then rdvtse you &s loon as wd 
receive our Herdquarterr' dec~t ion.  

Ma note that the pmporal doas not provide for any t iae  to be &VOW 
to the project by you. Do you plan to devote any time to tha project? 
I f  so , rpproxtiaately what percentage? 

Ue shall also rppmcla#e n c e l v l n  an ltmlred l l s t ing  o f  the aater l r ls ,  

expenses . 
Your cooperatton I s  approelated. - 

services wd quipsant to be acqu I red w i t h  the $13,000 budget4  for  these 

\ 
LjjC:; lark Huffman, Acting Chief 
.- i d  iSCbr Contracts Branch 

0LE:U Laboratory and Universlty Dlv is lon 

-- -----_----------.----- 
€UNT CG-4 9 c \  7-1) d i ------------------- ------.-------------- 

.------------------ -----------------------.- . . . . . . . . . . . . . . . . . . . . . .  

Form AEC-318 (Rev. 9-53) . 



ATOM 
U N I T E D  STATES 
C E N E R G Y  COMMISS 

OAK R I D G E  O P E R A T I O N S  
P O .  BOX E 

OAK RIDGE, T E N N E S S E E  37830 

3rly I ,  1m 

O N  

A R E A  CODE 615 
T E L E P H O N E  463-%11 

RENEWAL OF CONTRACT NO. AT-- (Il-t)-#O Mli 
*?mm 

We are submitting f o r  your review and appropriate act ion the 
fol lowing information concerning the contract which w i l l  expire 
on%qbmibu ai@, tm1 

1. Renewal Proposal 
2. Progress Report 
3. Financial Statemen 4 
4. ZOO-Word Sumnary 

We shal l  appreciate your advising us o f  your decision so t h a t  we 
may proceed with the necessary contract  act ion a t  the e a r l i e s t  
possible date. 

Laboratory and-Uni vers i ty  Div is ion 
Oak Ridge Operations 



Department of Civil Engineering 
Environmental Health Engineering 
Engineering Laboratorie~ Building 305 

THE UNIVERSITY OF TEXAS AT AUSTIN 
C O L L E G E  OF E N G I N E E R I N G  

A U S T I N ,  T E X A S  78712 

June 1 6 ,  1970 

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

Dear Sir: 

Transmitted herewith a re  four copies  of t h e  "Notice of Research 
Project" for Renewal of Contract No.  AT-( 11-1) -490. 

This is i n  compliance t o  t h e  le t te r  of June 1 ,  1970 from Mr. Herman M .  
Roth, Director of the  Laborato 
Operations.  

s ion ,  Oak Ridge 

Environmental Health Engineering 

s t  

r ,' Enclosure: 4 copies  of "Notice of Research Project" 



THE UNIVERSITY OF TEXAS AT AUSTIN 
OFFICE O F  THE PRESIDENT 

AUSTIN, TEXAS 78712 

President 
June 20, 1970 

Labora tory  and Universi ty  Division 
Oak Ridge Operat ions 
U. S. Atomic E n e r g y  Commiss ion  
P. 0. Box E 
Oak Ridge, Tennessee  37830 

Attention: Mr .  F. C la rk  Huffman, Acting Chief 
Reac to r  Contracts  Branch 

Gentlemen: 

We are pleased to t r ansmi t  a copyof a proposal  p repa red  
by E a r n e s t  F. Gloyna, of ou r  Department  of Civil Engineering. 
This  proposal  h a s  the approval  of cognizant officials of the 
Unive r si ty . 
F u r t h e r  information relat ing to the technical portions of 
this proposal  m a y  be obtained f r o m  Dr .  Ea rnes t  F. Gloyna, 
Depar tment  of Civil  Engineering, The University of Texas  
at Austin. Contractual  m a t t e r s  should be r e f e r r e d  to Mr .  J ens  
Jacobsen,  Executive Direc tor ,  Office of Sponsored P r o j e c t s ,  
The Universi ty  of Texas  at Austin, P o s t  Office Box 7726, 
Austin, Texas 78712. 

y t ru ly  o rs, && 
(Norman Hackerman 

NH /cv 
ri- Enclosures:  1 cy  proposa l  

20 cys  F inancia l  Statement 

cc: Dr.  E a r n e s t  F. Gloyna 

I t 3 8 9 0 b  i, :"92) 
' . 



THE UNIVERSITY OF TEXAS AT AUSTIN 
OFFICE OF SPONSORED PROJECTS 

AUSTIN, TEXAS 7 8 7 1 2  

POJ: O f i c  Box 7726 
AC 512,471-1353 

July 7, 1970 

United States  Atomic E n e r g y  Commiss ion  
Oak Ridge Ope rations 
P. 0. Box E 
Oak Ridge, Tennessee  37830 

. 

Attention: C. S. Shoup, Chief 
R e s e a r c h  Contracts  Branch  
L a b o r a t o r y  and University Division 

Subject: AEC Cont rac t  No. AT-(11-1)-490 

Gentlemen: 

We a r e  in  rece ip t  of your  l e t t e r  dated July 2, 1970, in  
regard  to information which w a s  not included in  the r e -  
newal proposal  fo r  continuation of AEC Contract No. 
AT - (11 -1) -49 0. 

- - r  ' I  / '.fa, - 
,-+ 

Copies of F o r m  AEC-427 a r e  being forwarded to Dr. Gloyna. 
By copy of this l e t t e r ,  we  a r e  asking Dr.  Gloyna to complete 
the f o r m  and r e t u r n  it d i rec t ly  to you with the required p ro -  
g r e s s  r e p o r t  number.  

Very  t ruly youra, 

. J. Dusek 4 s  sociate Di rec tor  

AJD/cv 

cc: Dr.  E a r n e s t  F. Gloyna 
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FINANCIAL STATEMENT 

Personnel  

Travel 

Expected Balance 
To tal  Project Expenditure 8 Estimated at Expiration of 
A llowa n c  e s to Date  Expenditure Contract 

42,624.00 24 ,420.28 18,203.72 -0- 

1 , 000.00 79.75 920.25 . -0- 

OASI and WCO 1,076 .OO 510.47 . 565.53 -0- 

Other  Expenses  5,300.00 2 , 5 8 0 . 3 4  2,719.66 -0- 

Indirect  10,000.00 5 ,518 .17  4,481.83 -0- 

1. Estimated Project Director for nine months is about $2,500.00. Also, 
graduate  s tuden t s  who a r e  on t ra ineeships  are not included in  the  cost 
contribution because  the amount is not known presently. In t h e  past, one 
or more s u c h  s tudents  have made contributions to the  project. These 
‘efforts are equivalent t o  about one  fu l l  t i m e  employee. 

2 .  The University provides spa  
s tuden t s .  I n  addition, sa la r ies  e m e t  by Univer 
Actual University contribution c 

0RIG:::AL SIGNED BY 
N O R M  HAMUw 

Norman Hackeman  , President 
The University of Texas at Austin 

1 1 3 8 9 1 1 8  
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M PROGRAM CATEGORY NO. 
-D BUDGET 
f3 PRIMARY 
-D NDARY 1 

PUOLICATION 
s ~ s I E - ~ ~ = .  BY AEC 

= -3 
DATE: Tune 17.  1970 

NOTICE: OF IICSCAIiCiI PROJCCT 
SCIE.NCI< 1 N l ~ O l ~ M A ' l ~ f  O N  I iXCI IANGE 

SMlTHSONlAN INSTITUTION 

US.  ATOMIC ENERGY COMMISSION 

BIE NO. 

AEC CONTRACT NO. 

L 
SUPPORTING DIV. OR OFFICE 
NAhlE & ADDRESS OF CONTRACTOR OR INSTITUTION: (state tlW diviwon. dopannwnt, W profrrloml rhoo(, n#d, Qdwu 
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Proposal to  the A t o m i c  Energy Commission 

From The University of Texas a t  Austin 

For Funds to Support Research on 

Transport of Radionuclides in  Water  

(Model River and Ecological Studies) 

for t he  period 

October 1, 1970 - September 30,  1971 

ABSTRACT 
I 
This is a r eques t  from The University of Texas at  Austin for a cooperative 

i m p - s u m  cont rac t  i n  the amount of $60,000.00 for the period October 1 , 1970 - 
September 30, 1971 , inclusive.  Present contract  No. AT (11-1)-490 expires 

September 30, 1970. 

The most recent  topical  report and papers  have described t h e  simulation 

of sus ta ined  r e l e a s e s  to se lec ted  river environments , effects  of organic pollu- 

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

An overal l  evaluat ion s tudy and summary report .was re leased  i n  February, 

1970 , which summarizes the  previously i s s u e d  topical  reports and  research 

efforts h a s  been  completed. A mathematical  model for routing a radionuclide 

through a model river system h a s  been developed.  

Future s t u d i e s  proposed include: (1) measurements of t h e  spec ie s  diversity 

and  changes i n  productivity result ing from thermal stresses, (2) effect of added 

toxic materials o n  s p e c i e s  divers i ty ,  (3) effects of thermal pollution on life 

stages of f i s h ,  (4) transport  charac te r i s t ics  of tritium in  model river system 

(research flume) , (5) influence of diurnal changes  on interchangeable tritium 

. between b iomass ,  sediment and water ,  a n d  (6) measurement of equilibrium con- 

centrat ions a n d  mass  t ransfer  coeff ic ients  for tritium. 
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.SUMMARY OF RESEARCH THROUGH FY 1969 

Extensive research  h a s  been undertaken on t h e  behavior of radionuclides 

i n  r ivers .  Experiments have  involved both the  development of physical  and 

mathematical models. Analytical  a n d  numerical solutions t o  differential equa- 

t i ons  have been developed which assist i n  predicting the  transport  of pulses  

(unsteady s ta te )  of radionucl ides  through a model river. This, combined with a 

thorough study of a r ea l  r iver sys tem involving Sr and C s  led  to the  development 

of a conceptual model which I l l u s t r a t e s  t h e  importance of various environmental 

stresses on the  transport  and  de ten t ion  of radionuclides.  Through these  s tud ies  

a n d  model development cons iderable  insight  h a s  been gained regarding the  possible  

behavior of radionuclides i n  river sys t ems .  The expense and effort has  certainly 

been  much less than tha t  required t o  conduct full-scale river experiments.  

Quarterly reports were submitted regularly.  Technical reports were sub- 

mitted a s  specif ic  phases  of the  project  were completed. Since m o s t  of the  

p h a s e s  of this  project were a s s o c i a t e d  with either master ' s  or doctoral  research 

pro jec ts ,  reports were published as t h e  facul ty  approved the  t h e s i s  or disser ta t ion.  

Titles of reports exc lus ive  of t h o s e  re leased  during FY 1970 a r e  l i s ted  below: 

1. Reynolds T. D. and  E .  F. Gloyna , Radioactivity Transport in  Water-- 

Transport of Strontium and Cesium by Stream and Estuarine Sedi- 

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

s ion ,  117 pp. , (June, 1963). 



2 .  

3 .  

4. 

5. 

6. 

7. 

8. 

. 9.  

10. 

11. 

Pat terson,  C. C .  and E.  F. Gloyna,  Radioactivity Transport in  Water-- 
The Dispersion of Radionuclides i n  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 in  Water-- 
Environmental Behavior of Nitrosylruthenium Technical Report No.  3 
to the  U. S. A t o m i c  Energy Commission, 89 pp.,  (June, 1963). 

Bolch, W. E. and  E .  F. Gloyna , Radioactivity Transport in W a , e E  
Behavior of Ruthenium 'in A l q a l  Environments, Technical Report No. 4 
to the  U. S. Atomic  Energy Commission, 55 pp., (September, 1963).  

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

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

Yousef, Y.  A. and E, 2. Gloyna,  Radioactivity Banspor t  in  Water-- 
The Transport  of Cod" i n  a n  Aqueous Environment, EHE-12-6405, 
Technical  Report No. 7 to the U.  S. Atomic  Energy Commission, 
121 pp., (December, 1964). 

Copeland ,  B .  J. and E .  F. Gloyna,  Radioactvity Transport in Water-- 
Structure and  Metabolism of a Lotic Community, Part I (April-July, 
1964).  , EHE-02-6501, Technical Report No.-8 to the U. S. Atomic 
Energy Commission, 51  pp. ,  (February, 1965). 

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

Technical  Report No.  9 ,  to tk U.  S . A t o m i c  Energy Commission, 
144 pp. ,  (November, 1965). 

. Transport of Nitrosylruthenium i n  a n  Aquatic Environment ,EHE- 11-650 2 ,  

Shih,  C'. S. and E.  F. Gloyna, Radioactivity Transport i n  Water-- 
Transport of Sr?' and Cs-137 i n  a n  Aquatic Environment, EHE-01-6602, 
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 in  Water-- 
Transport of CR-51 in  a n  Aqueous Environment, EHE-04-67017 Technical 
Report No. ,l1 to the U. S. A t o m i c  Energy Commission, 241 pp. ,  (May, 
1967). 

Shih,  C. S. and E. F.  Gloyna, Radioactivity Transport i n  Water-- 
Mathematical  Model for the  Transport  of Radionuclides, EHE-04-6702, 
Technical  Report No ,  1 2  to the  U.  S. Atomic Energy Commission, 
179 pp., (June, 1967). 
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13. Purushothaman, K.  a n d & .  F. Gl,ayr-a, Radioactivity Transport in 
Water -- Transport of OJSr and A3 'Cs  Under Induced Clay Suspensions, 
EHE-12-6701, Technical Report No.  13 to t h e  U .  S.  A t o m i c  Energy 
Commission, 120 pp. ,  (January, 1968).  

Armstrong, N .  E .  and E .  F. Gloyna, Radioactivity Transport in Water-- 
Numerical Solut ions of Radionuclide Transport Equations and Role of 
Plants  i n  SR-85 Transport ,  
U. S. Atomic  Energy Commission, 139 pp. ,  (December, 1967). 

14.  

EHE-12-6703, Technical Report 14 to the 

15. Shul l ,  R. D. and E. F. Gloyna, Radioactivity Transport in  Wster-- 
Simulation of Sustained Releases to Selected River Environments, 
EHE-04-6801, Technical Report No.  15 to the  U .  S. Atomic  Energy 
Commission, 237 p p . ,  (May, 1968). 

16. Futagawa , K. a n d  E. F. Gloyna , Radioactivity Transport i n  Water-- 
Effects of Orqanic Pollution on Radionuclide Transport, EHE-04-6803, 
Technical  Report No. 16 to the  U .  S. Atomic  Energy Commission, 61 
PP., (May, 1968) .  

17. Kudo, Akira and  E. F. Gloyna, Radioactivity Transport i n  Water-- 
Interaction Between Flowinq Water and  Bed Sediment, EHE-69-03 
CRWR-36, Technical  Report No.  17  to the  U. S . A t o m i c  Energy 
Commission, 152 pp. ,  (January, 1969).  

18. Pat terson,  C. C . ,  Kudo, Akira, Eller,  J. M .  and  E. F. Gloyna, 
Radioactivity in  Water --The Role of Organic Pollution and Oxyg en 
i n  Transport ,  EHE-69-09, CRWR-42, Technical Report No. 18 to the 
JJ. S. A t o m i c  Energy Commission, 49 pp. ,  (May, 1969).  

d 
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SUMMARY OF RESEARCH UNDER 

TRANSPORT OF RADIONUCLIDES IN WATER SERIES 
FY 1969 - FY 1970 

1. White, A .  and E .  F . Gloyna , Radioactivity Transport in  
Water--Mathematical Simulation, EHE-70-04, CRWR-52, 
Technical Report N o .  19 to the  U.  S. Atomic  Energy Commission, 
(Feb, 1970). 

A mathematical model h a s  been developed for routing a radionuclide 

through a model river system. The capabi l i t ies  of th i s  simulation model in- 

c lude  the following charac te r i s t ics :  

1. It dis t r ibutes  radionuclide activity by advect ive and dispersional 
mechanisms along t h e  lcngitudinal ax i s  of t h e  system. 

2 .  I t  may be d iscre t ized  into any number of segments (vertical 
p lanes  normal to t h e  longitudinal axis) a s  may be appropriate 
to descr ibe  spa t ia l  var ia t ions in  radionuclide activity.  

3 .  I t  is  capable  of treating ins tan taneous ,  continuous,  or 
time-varying relea ses of radionuclide activity.  

4 .  I t  provides for a temporal description of radionuclide activity 
throughout t h e  sys tem.  

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

2 .  Yousef, Y. A . ,  Akire Kudo and E.  F.  Gloyna, Radioactivity 

Technical Report N o .  20 to the  U.  S. Atomic Energy Commission, 
80 pp . ,  (Feb, 1970). 

EHE-70-05, CRWR-53, 

A transport mode l  is presented which descr ibes  the  behavior of radio- 

nucl ide movement in  a n  ecological system, and considers hydraulic transport ,  

sediment sorption and desorpt ion,  and biomass uptake and r e l ease .  Solutions 

of the  transport model a r e  programmed and verified using data obtained from 

t h e  laboratory ecosystem and t h e  research flume. The limitations and relat ive 

importance of environmental factors  affecting transport were evaluated. Recom- 

mendations for t h e  u s e  of th i s  prediction model are  d iscussed .  



Flume experiments limited t o  f resh water systems and slow moving 

s t reams were conducted. In general ,  radionuclide movement followed 

t h e  same pattern a s  Rhodamine B dye r e l e a s e s .  However, discrepancies  

were  observed due to interact ions of radionuclides with sediments,  biomass 

and organic debris .  Therefore, before tests were conducted i n  the  fully 

instrumented flume (model river),  laboratory experiments with small eco- 

systems (aquaria) were conducted to help evaluate  t h e  functional form and 

fac tors  involved i n  prediction models. 

. .  

The effects of spec i f ic  environmental factors  such as  pH,  temperature, 

dissolved oxygen, oxidation-reduction potential  sunlight were studied t o  

estimate the  uptake and release ra tes  of radionuclides.  The radionuclides 

invest igated included 65Zn , 58C0 , lo3Ru, 137Cs, 85 Sr, and 51Cr. 

SCIENTIFIC SCOPE AND OBJECTIVES 

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

and predict  t h e  biological changes resulting fm the  re lease  of heated waters  

from those  effects caused  by other wastewaters  in the  stream ecosystems.  It 

is a l s o  required t o  study the  transport character is t ics  of different forms of 

tritium in flowing and non-flowing ecosystems.  
4 

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

1. The research f lume will be insulated and heat exchangers will be 

instal led t o  provide constant  heated water flowing through the f lume from a 

s torage tank rich in  phytoplankton. 

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

3 .  The system will  be subjected t o  various s t r e s ses  such as temperature, 

low dissolved oxygen and tGxic material and the  effects of these  s t r e s ses  on the 

biophysical character is t ics  of the ecological systems will be evaluated. 

4. The transport charac te r i s t ics  of instantaneous and continuous re leases  

of tritium i n  the ecosystem will be modeled. 

5. The equilibrium concentrations and interchangeable tritium between 

sediment,  biomass and water will be investigated.  

The major effect is outlined above and a t  l e a s t  two topical reports will be 

developed for FY 1971. 
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PERSONNEL 

The Principal Invest igators  will  be Dr. E.  F .  Gloyna and Dr. E .  Gus Fruh; 
. .  
Assis tant  Project Invest igator  will  be  Dr. Y .  A .  Yousef. 

Advisors from a r e a s  other than those  act ively participating i n  the Environmental 

Health Engineering Program will be  consul ted.  

Research Ass i s t an t s  will  be part-time facul ty  and graduate  s tudents .  

Additional staff will include electronics repairman, programmers and general 

help.  

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

G u s  Fruh, and  Dr. Y. A .  Yousef ( see  attachments 1 - 3 ) .  

OTHER FINANCIAL ASSISTANCE 

Students holding fellowships supported by U .  S. Public Heal th  Service, 

National Sc ience  Foundation, Federal Water Pollution Control Administration, 

e t c .  , may part ic ipate  i n  t h i s  project , and their  t h e s i s  or  disser ta t ion research 

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

University of Texas a t  Austin is contributing to t h e  support of th i s  research 
c 

project . 
MATERIALS, EQUIPMENT, AND FACILITIES 

By June 1 5 ,  1970 a $500,000.00 addition to t h e  Water  Resources Research 

Faci l i ty  will  be completed.  It is located ad jacent  to the  present  radionuclide 

transport  project  . 
A l l  of t h e  research  centers  and research laboratories a t  The University of 

Texas are part of t h e  graduate  program. These laboratories and faci l i t ies  

a r e ,  i n  par t ,  made ava i lab le  for acquainting s c i e n c e  and engineering students 

with radiochemical techniques and the problems of radioactive was te  treatment 

and d isposa l .  

i I - > L * Y  !-+ r. 1 r,r IJ 



Most  of the laboratory equipment,  a s  wel l  a s  u t i l i t i e s ,  will  be furnished 

by The University of Texas.  
. .  

Some of the  ava i lab le  equipment cons i s t s  of data  acquis i t ion  u n i t s ,  

spectrophotometers,  e lectron microscopes,  X-ray diffraction machines ,  a 

512 -channel gamma spectrometer ,  a n  electrometer for counting g a s e o u s  and  

..liquid samples ,  a var ie ty  of window and windowless proportional f low counters ,  

a g a s  flow proportional counting sys t em,  and  an  automatic low-level beta counter. 

A flume h a s  been  cons t ruc ted  at t he  Balcones Research Cen te r  Laboratories 

t ha t  is being used  a s  a model for evaluating radionuclide movement. This 

s i t e  was chosen because  there  a r e  severa l  large existing t anks  tha t  can  be 

made avai lable  for t h i s  s tudy.  These tanks  were formerly u s e d  as set t l ing 

tanks .  They vary in  s i z e  from 50 feet to 150 feet in  diameter and  a r e  about 

8 feet deep.  
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BUDGET 

The est imated costs a r e  $60 ,000 .00  under a lump-sum contract .  The 
duration of t h i s  par t icular  project and funding period is est imated a t  one year ,  
October 1 ,  1970,  to September 30 ,  1971, inclusive.  

Total 

SALARIES AND WAGES . . . . . . . . . . . . . . .  
(Salar ies  paid from Government contract  funds 
at The University of Texas conform t o  the  r a t e s  
approved by t h e  Board of Regents for s a l a r i e s  
paid f r o m  regular Universi ty  funds .) 

Dr. E. G u s  Fruh , Co-Principal Investigator 
(10% Academic year  and 100% for one summer 
month) $ 3,000.00 

Dr. Y.  A. Yousef,  Ass is tan t  Project Director 
and Research Engr. -Sci.  (100% of t ime)  13,200.00 

Biologist (50% time) 4,000.00 

Technician (1 00% t i m e )  4 ,800.00 

Two graduate  Research Assistants (50% each) 6,000.00 

Electronic Repairman (2 5% t i m e )  2 ,000 .00  

Typist (50% time) 2,000.00 

Employee benefi ts  1,000.00 

MATERIALS, SERVICE, AND EQUIPMENT . . . . . . .  
(This i t e m  inc ludes  the  operation of t he  flume, 
purchase of t e s t  equipment,  expendable  mater ia ls ,  
minor equipment i t e m s ,  a n d  occas iona l  s e rv i ces  
of o thers  not included in  Sa lar ies  and Wages.)  

. . . . . . . . . . . . . . . . . . . . . . . .  TRAVEL 
(Transportation expense  of persons engaged in  the  
work, including t ransportat ion by plane or rail  and  
Pullman, or by pr ivate  c a r  at a n  al lowance of not to 
exceed lo$  per m i l e  i n  l ieu of ac tua l  expense ,  plus 
per diem on the  quarter-day basis.) 

Total Direct Cost . . . . . . . . . . . . . . . . . .  
Indirect  C o s t  . . . . . . . . . . . . . . . . . .  

$36,000.00 

13,000.00 

1,000.00 

50,000.00 

10,000 .oo 
$60,000.00 
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ECOSYSTEM RESPONSE TO THERMAL STRESS 

Objective and Scope 

The purpose of th i s  inves t iga t ion  is to  develop techniques to distinguish 

and  predict t he  biological  changes  result ing from the  re lease  of heated waters  

from those  effects c a u s e d  by  o ther  wastewaters  i n  t h e  stream ecGsystem. The 

scope  of the  project wi l l  inc lude  measurement of the  spec ies .  diversity and 

\ 
1 

changes  i n  the  productivity to respirat ion ratio of similar environments sub- 

jec ted  to long term singular  and  interacting stresses such  a s  temperature, 

low dissolved oxygen , a n d  toxic mater ia ls .  These measurements will  be under- 

taken  at various t i m e  in te rva ls  s tar t ing with the  init iation of t h e  s t ress (es )  

to t h e  "acclimization" of t h e  ecosys tem to t h e  stress(es) . Other  biological 

measurements s u c h  as change  i n  standing crop will  be obtained a s  required. 

Because of t h e  undefined charac te r i s t ics  and uncontrollable environmental 

changes  which occur  in  a natural  s t ream, flumes with t h e  capabi l i ty  of controlling 

f low,  velocity,  temperature a n d  o ther  inputs will  be uti l ized for the bas ic  
* 

aquat ic  environments. 

Introduction 

Discharge of hea ted  waters  generally affects t h e  ent i re  aquat ic  eco- 

system - t he  interrelated biological ,  chemical,  and physical  system. A 

-number of invest igat ions h a v e  been  undertaken t o  'solve th i s  problem (which 

a r e  .summarized by Parker and  Krenkel, 1969; FWPCA, 1968). However, 

except  for overal l  pr inciples  and  concepts  , t h i s  wealth of information generally 

h a s  not helped the  des ign  engineer  or  his counterpart i n  the  water  pollution 

control agency in  the i r  a t tempts  to so lve  the  problem. The main reason for 

t he  fai lure  of research  to g ive  a n  answer  is tha t  m o s t  of t h e  investigators 

t I 3 8 9 2 2  
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. 

have considered the temperature problem in  isolat ion from other problems. 

Thus,  i f  t h e  engineer des i res  to know i f  a spec i f ic  temperature inc rease  will  

affect a particular ecosystem, h e  must know not only the temperature require- 

m e n t s  of the  organisms present ,  but also must be able  to a s s e s s  the  s t r e s s  

placed on  t h e  Organisms by low d i s so lved  oxygen, toxic materials,  silt 

loads ,  etc. To do t h i s ,  our engineering estimating techniques (and soon,  

hopefully,  our water pollution control  regulations) need t o  be based  on a s s e s s i n g  

the  ecologica l  effects of each  w a s t e  co l lec t ive ly  rather than individually. 

One charac te r i s t ic  of a natural  community which lends itself t o  such  a 

quant i ta t ive  a s ses smen t  is the  re la t ionship  between the number of different 

s p e c i e s  of organisms present and t h e  number of individuals representing e a c h  

s p e c i e s .  This relationship,  called t h e  s p e c i e s  diversity,  is correlated with 

community s tab i l i ty .  The s t ructure  of a community is a complex of energy 

flow pa thways .  Energy enters  via t h e  lower trophic levels and t rave ls  via 

multiple pathways t o  the top carnivore leve l .  

(which a r e  of unidirectional charac te r  through the  community a s  required by 

The forces and flow of energy 

the  second l aw of thermodynamics) interconnect all spec ies  in  a l l  poss ib le  

combinations.  Some of t he  s p e c i e s  h a v e  spec i f i c  "job" responsibi l i t ies  other 

t han  d i rec t  energy transfer,  These particular spec ies  maintain diversification 

of organisms i n  e a c h  trophic leve l  so tha t  a large number of energy pathways 

a r e  kept  open.  

If a n  ecosystem is subjected to a n  energy-requiring s t r e s s ,  t he  energy 

required to survive that added cost wi l l  be  removed from the  energy pool 

ut i l ized for spec i f i c  "job" responsibi l i t ies :  e .g . diversification. In  other 

words,  t h e  seve ra l  spec ie s  that  were supported by the  overall energy sys tems 
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to perform a specif ical ly  res t r ic ted task  such a s  maintaining the  diversifica- 

t ion of that sys tem,  wi l l  be replaced by a smaller number of s p e c i e s ,  each 

.capable  of fullfilling wider job responsibi l i t ies ,  Thus when t h e  energ i s t i c  

cost of supporting d ive r se  populafions is switched t o  survival ,  the  resulting 

charac te r i s t ic  is a less d iverse  population designed t o  be more adaptable 

and  capable  of surviving . Moreover , the  additional energy required t o  survive 

pollutional s t r e s s e s  such  as low dissolved oxygen and toxici ty  a l s o  leaves 

less of a n  energy reserve  for meeting any additional requirements of naturally 

occurring s t r e s s e s  such  as unusual temperature f luctuat ions.  With spec ies  

living c loser  to their  physiologically adapted l i m i t s  i n  polluted waters , t hese  

l i m i t s  a r e  more readi ly  exceeded causing t h e  elimination of t h e  spec ie s .  

Literature Review 

Maximum divers i ty  e x i s t s  i f  e ach  individual belongs to a different spec ies  

and  maximum divers i ty  e x i s t s  i f  all individuals belong to t h e  same spec ies  

(Wilhm, 1967; Wilhm and Dorris, 1966; Storrs - et a1 1969). Thus,  a com- 
c 

munity that contains  only  a few spec ie s  with large numbers of individuals 

wi l l  have a low divers i ty  and ,  conversely,  one with a great  number of spec ie s  
1 

each  represented by a f e w  individuals will have a highdiversity. There have 

been severa l  different mathematical  interpretations of t h e  species diversity 

concept ,  with most invest igators  presenting the data as  a divers i ty  index 

(Odum, -- et aL, 1960; Menhinick,  1964; and Wilhm, 1967). The advantages of 

.applying divers i ty  ind ices  derived from information theory is t h a t  they express 

t h e  relat ive importance of each  s p e c i e s ,  a re  dimensionless , and a r e  indepen- 

dent  of sample s i z e  (Wilhm and Dorris, 1968). Pielou (1966) h a s  c lassi f ied 

sample col lect ions in to  f ive  different types ,  each  type having a different 
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method for  determining t h e  sample ' s  information content.  Wilhm (1968) 

subst i tuted biomass un i t s  for numbers,  more c lose ly  relating d ivers i ty  to 

energy distributions among s p e c i e s .  H e  concluded that  energy flow uni ts  

would be preferable t o  biomass uni t s  i n  a divers i ty  index, but tha t  measure- 

ments were difficult  to a t t a in .  

Several ear l ier  workers analyzing the  e f fec ts  of pollution recognized 

t h e  relationship between t h e  s p e c i e s  d ivers i ty  of the  aquat ic  organisms i n  

the  area being s tudied  and its water  qua l i ty  (Tarzwell and Gaufin 1953; Katz 

and Gaufin 1953; Gaufin and Tarzwell  1956; Doudoroff and Warren 1957; 

Bartsch and Ingram 1959). Although they  d id  not specif ical ly  present  the i r  

data  i n  t h e  form of a divers i ty  index,  t h e  relat ionship between number of 

s p e c i e s  and number of individuals  was  d i s c u s s e d  and in  some cases diagrammed. 

The r e su l t s  show that  i n  polluted s t reams t h e  number of organisms are distributed 

among more s p e c i e s  t h e  greater  t h e  d i s t ance  from the pollution source .  

The occurrence of bottom community types  in  es tuar ine a r e a s  h a s  been 

used  t o  ind ica te  varying degrees  of water  qual i ty  (Fil ice 1954, 1958; Reish 
* 

1960; McNulty 1961). The most polluted a r e a s  contained few or  no organisms 

while t he  less polluted a r e a s  had different a s soc ia t ions  than did t h e  unpolluted 

waters .  

Patrick et a1.(1954), Hohn (1959) and Williams (1964) found tha t  diatom 

counts  also provided a measure of water  qual i ty .  The diatom populations 

were reduced i n  polluted a reas  and  their  divers i ty  was  correspondingly lower. 

Several  workers have  computed a n  ac tua l  diversity index i n  examining 

the  effects of pollution on aquat ic  organisms. Using the  number of s p e c i e s  

of zooplankton per 1000 individuals in  a sample a s  a n  index of divers i ty ,  



Odum -7 e t  al,(1963) Copeland (1966) and Copeland and Wohlschlag (1968) 

showed tha t  spec ie s  divers i ty  inc reased  as  d i s t ance  from a known pollution 

s o u r c e  increased .  

Diversity ind ices  derived from information theory have been applied t o  

plankton and benthic macroinvertebrate samples  co l lec ted  during water 

pollution s tud ie s .  Patten (1962) descr ibed  the  annual  diversity cyc le  of 

phytoplankton i n  Raritan Bay and showed a progressively decreasing diversity 

from Lower Bay to the  mouth of t h e  Raritan River. 

Wilhm and Dorris (1966) s tud ied  benthic  macroinvertebrates i n  Skeleton 

Creek , Oklahoma a stream polluted with domest ic  and industrial  was tes .  

The divers i ty  ind ices  showed a n  i n c r e a s e  as d i s t ance  from t h e  sources  of 

pollution increased .  Storrs et al. (19 69) found tha t  benthic macroinvertebrates 

Indices  for San Francisco Bay were  lowes t  in  those  a reas  under t h e  greatest  

environmental and pollutional s t r e s s e s .  

The l i terature  ind ica tes  tha t  i n  theory and with ac tua l  da t a ,  spec ie s  
e 

diversi ty  ind ices  c a n  b e  used  to ind ica t e  environmental and pollutional s t r e s s .  

Li t t le  work h a s  been  accomplished with f i sh  d ivers i ty  i n  th i s  regard although 

s tud ie s  using f i sh  have  provided information about water qual i ty  for many years .  
.- 

The complete  a b s e n c e  of f i s h  from a r e a s  receiving domestic and  industrial  

wastes .was used  a s  a n  indicat ion of gross ly  polluted waters  by Katz and 

Gaufin (1953). Tsai (1968) s tud ied  t h e  effects of chlorinated sewage  effluents 

on  f i s h e s  i n  t h e  Patuxent River. The r e su l t s  ind ica te  tha t  divers i ty  was  

ser ious ly  reduced immediately below the  effluent outfal ls  and increased a s  

d i s t ance  from t h e  source  increased  , with a s p e c i e s  shif t  occurring downstream. 



Various d ivers i ty  concepts  have been u t i l i zed  to  determine t h e  effects 

of thermal pollution on  a n  ecosystem. Wurtz and  Dolan (1960) reported 

tha t  a hot water  d i scha rge  reduced t h e  divers i ty  of the  community o n  a reach 

of the  Schuylkil l  River. By suspending microscopic s l i des  a few inches 

under the stream su r face  above and below a source  of heated water and 

counting t h e  s p e c i e s  a n d  individuals ,  Trembley (1960) reported that the 

periphyton was cons iderably  al tered by the  power plant discharge.  A return 

to normal condi t ions occurred approximately a m i l e  downstream. Trembley 

(1960) also s tud ied  t h e  bottom fauna above and  below hot water discharges.  

In the  zone of maximum temperature rise j u s t  below the  outfal l ,  there was a 

significant reduct ion of s p e c i e s  and individuals .  I n  the cool water unaffected 

by the thermal overflow, there  was no reduction i n  macroinvertebrates. During 

t h e  cool.er s e a s o n s  of t h e  year,  there was  repopulation of the  a reas  affected 

during the  hot months by t h e  thermal discharge.  Coutant (1962) followed 

Trembley and reported tha t  t h e  tolerance l i m i t  for a normal benthic population 

was  approximately 90 F and  further r i s e  i n  temperature was  accompanied by 
* 
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extensive loss i n  numbers and diversity of organisms.  Coutant (1962) observed 

a n  increase  in  both var ie ty  and number of organisms a s  he progressed from hot 

to cool water.  From July to October in  particular there  was  a substant ia l  

reduction i n  t h e  number, divers i ty  and biomass of benthic organisms in  the  

path of t h e  hea ted  water .  Trembly (1960) made a de ta i led  survey of the rooted 

vegetation a n d  found little difference in  above  and  below the  heated discharge.  



Trembley (1960) a l s o  reported on four years data for f i sh  distribution a t  

(Although no specific diversity ind ices  were a heated water discharge s i t e .  

ca lcu la ted  , h i s  data  a r e  pertinent to the  experimental procedure of th i s  

project) .  With the  except ion of o n e  species , all the f i sh  normally inhabiting 

the  unheated sec t ion  of t h e  river were  found living i n  the heated sec t ion  a t  

some t i m e  during the  year .  During t h e  warm months of the  year ,  m o s t  f i s h  

s p e c i e s  almost completely avoided t h e  zone of maximum hea t .  Repopulation 

of t h e  zone of maximum heat  occu r s  i n  other months and during t h e  cold 

months there  was  a congregation a n d  extended period of feeding ac t iv i ty  of 

many s p e c i e s  in  the  heated zone.  

It is apparent from a review of t h e  l i terature that a major emphasis  h a s  

t o  be  placed o n  the f i s h  of commercial and  sports  f isheries importance. 

Temperature effects on  each  life stage (egg, fry, fingerling, yearling and  

adult) need to be determined for e a c h  s p e c i e s  of f i sh ,  Particular emphasis  

is needed on the  following sub jec t  categories:  

1. 

2 .  

3 .  

4 .  

5 .  

6. 

7 .  

e 

le thal  and optimum temperatures and the effects ( le thal  and sub- 

lethal)  of temperature on  reproduction and development: 

movement and act ivi ty  (including migration) ; 

feeding and growth; 

acclimation; 

d i sease ;  

physiological responses  more or  less on the cellular level ;  and 

compound s t r e s s  (changes i n  conjunction with limiting conditions 

such  a s  oxygen).  



An excel lent  review for salmon is presented in  Krenkel and Parker (1969) . 
Some s tudies  have  u t i l i zed  multivariate techniques i n  a s ses s ing  

a s soc ia t ed  environmental factors  on f i s h .  An excel lent  example is Alderdice 

(1963) who conducted s tud ie s  on t h e  mean r e s i s t ance  t i m e s  of juvenile 

coho salmon accl imated at 12OC (53.6OF) to  3 mg/l of sodium pentachlorophenate 

at various combinations of s a l in i ty ,  temperature, and dissolved oxygen. 

Similar s tud ie s  have  not been conducted on t h e  effect  of multiple stresses 

o n  a stream ecosys tem.  One of the  main diff icul t ies  is t he  inabili ty to u t i l i ze  

natural  streams because  of the uncontrollable var iables  which ex is t .  Based 

o n  t h e  great  amount of knowledge gained o n  biological systems from work 

o n  t h e  transport  of radionucl ides  in  a controlled flume environment, funds 

a r e  requested for  s imilar  s tud ie s  on modeling ecosystem changes resulting from 

hot water  d i scharges  with and without other stresses. The resul ts  from th is  

s tudy  in  conjunction with t h e  r e su l t s  from a n  overwhelming number of investiga- 

tions being conducted spec i f ica l ly  on  the s ingular  temperature effects of hot 

water  discharges on  important f i sh  should aid t h e  Atomic Energy Commission 

significantly in the i r  planning and site evaluation for new nuclear thermal 

a 

plants .  

Experimenta 1 Procedure 

The 200 foot long flume h a s  been divided i n  two major sec t ions  and 

will be insulated.  Both sec t ions  of the  flume wil l  receive water from a 0.5 

million gallon s torage  tank  containing ground water.  Water  entering one of 

t h e  sec t ions  wil l  be r a i sed  in  temperature by a heat  exchanger. A t  the upper 

end of each  flume sec t ion ,  th ree  40 foot long sub-flumes will  be added,  The 

f i r s t  of the sub-flumes i n  each  sec t ion  will  rece ive  a low dissolved oxygen 



stress; the  second chromium (common i n  cooling waters t o  prevent a lga l  

growth); and  the  third will  function a s  a control.  The effluents from each 

sub-flume wi l l  m i x  a n d  the  ecosystem i n  t he  remainder of t he  flume will  be 

receiving a multitude of stresses . 
The above  set of experiments will  be conducted in  winter and  summer 

unt i l  t h e  ecosys tem acclimates to  t h e  s t r e s s e s .  

A data acquis i t ion  system is ava i lab le  t o  record continuously t h e  

r e sponses  from a number of temperature and dissolved oxygen probes which 

wil l  be placed at  different posit ions i n  t h e  sub-flumes and sec t ions  of the  

flume. The d isso lved  oxygen probes wi l l  be ut i l ized to determine productivity 

to respirat ion ra t ios .  Diurnal pH measurements will  be intermittantly con- 

ducted a s  a check .  Benthos samples  wi l l  be obtained for s p e c i e s  , number 

and  m a s s  determinat ions.  Microscopic slides will  be  placed i n  the  flume 

to obtain t h e  same information on  the  periphyton. The changes in  rooted 

vegeta t ion  (planted in  c a n s  to prevent t h e  expansion of roots  throughout t h e  

d 

sediments)  wi l l  a l s o  be measured. 

I n  order to eva lua te  t h e  effect of each  individual factor ( season ,  tempera- 

t u re ,  d i s so lved  oxygen concentration and chromium concentration) as  well a s  

t h e  way e a c h  effect  depends on the other  f ac to r s ,  the  experiments will  be 

conducted according to a factorial  des ign  (Davis ,  1963) so tha t  each  factor 

is varied i n  a regular way. This makes it poss ib le  to obtain a more complete 

picture of what  is happening than would be obtained by varying each  of the  

factors o n e  a t  a t i m e  while keeping t h e  other cons tan t .  Designs of th i s  sort, 

moreover, l end  themselves  well  t o  s t a t i s t i ca l  ana lys i s  and  c a n  provide their  

own es t ima tes  of experimental  error. This is particularly useful  i n  th i s  type 

of biological  research  i n  which the experimental  errors a r e  usual ly  large 

t 1 3 8 4 3 0  



compared with the effects being invest igated,  t h e  cost of the individual 

observations is not g rea t ,  and  ex tens ive  replication cannot  be accomplished. 
. .  

During the spring as t h e  temperature of t h e  ground water i n  the  s torage 

tank slowly warms, t h e  temperature ,  dissolved oxygen and  chromium s t r e s s e s  

will be fluctuated in  both flume sec t ions .  Once aga in ,  a de ta i led  factor ia l  

des ign  will be  ut i l ized to d is t inguish  these  short-term re sponses .  

c 
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TRANSPORT OF TRITIUM I N  AQUATIC SYSTEMS 

Object ive and Scope 
. .  

It  is the  purpose of th i s  r e sea rch  to  s tudy  the  transport charac te r i s t ics  

of t r i t i a ted  water and organical ly  bound tritium and its related e f fec ts  in  

s m a l l  scale ecosys tems (Research Flume). Retention and r e l ease  of tritium 

by biomass and  bottom sediments  will be invest igated using s lug and  con- 

t inuous discharges of tritium. Development or verification of prediction 

models for transport  of tritium wil l  be undertaken after establishing all the  

necessa ry  coeff ic ients .  

Laboratory s tud ie s  along with t h e  model river s tudies  wil l  be conducted 

to inves t iga te  the  related effects and  mechanisms responsible for the reten- 

t ion  and r e l ease  of tritium by biomass and sediments and t h e  environmental 

fac tors  tha t  influence t h e  movement of tritium. 

Introduction 

Tritium, a radioact ive i so tope  of Hydrogen, is produced by numerous 

nuclear  react ions and  is re l eased  through operating heavy-water reactors ,  
c 

light-water reac tors ,  Tritium production plants  and Thermonuclear react ions.  

Jacobs (1970) s t a t ed  tha t  most tritium problems are  encountered a t  

heavy-water reactors  where t h e  tritium hazard is a s  important as  all other 

.radionuclide hazards  combined under  normal operating conditions.  
0 

Tritium is a l s o  formed from s e v e r a l  fusion interactions of cosmic rays 

with gases of t h e  upper a tmosphere which exits principally in  t h e  form of 

water  vapor and precipi ta tes  i n  rain and snow. Previous s tud ies  indicated 

tha t  t h e  concentration of Tritium i n  ra in ,  ranged from 17 to  28 T. U .  (1 T. U. 

is o n e  Tritium atom per 10 18 hydrogen atoms) and the  natural concentration 

of Tritium in rivers was  est imated to be 5 T. U .  
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1 The fus ion  of l ight e lements ,  Hydrogen (H ) with i t s  two other i so topes ,  

2 3 Deuterium (H ) and Tritium (H ) , t o  form heavier and more t ightly bound 

nuclei  c a n  resu l t  i n  t h e  r e l ease  of significant amounts of nuclear energy. 

Hydrogen is t h e  m o s t  abundant,  Deuterium occurs  i n  nature with a n  abundance 

of about one  part i n  six thousands of hydrogen. Tritium, however, is a radio- 

ac t ive  i so tope  which must be manufactured. These la te r  i so topes  a re  of 

grea t  in te res t  as  fus ion  fuel .  In order to make the  nuclear fusion reactions 

t a k e  p l ace ,  temperature of t h e  order of severa l  mi l l ion  degrees  are necessary 

and  they  a r e  referred to as "Thermonuclear Reactions" a s  follows: 

1 
2 2 3 H + H  =He + N + 3 . 2 M e v  

2 
2 2 3 1 

H + H  = H  + H  + 4 . 0 M e v  

3 
3 2  4 H + H  = H e  + N + 1 7 . 6 M e v  

4 
3 4 H + H 3 = H e  + 2 N + 1 1 . 3 M e v  

2 3 If a n  equal  mixture of H and H is used  as  fusion fue l  (Reaction 3 ) ,  the  

grea t  majority (80%) of the  re leased  energy appears  a s  k ine t ic  energy of the  

neutrons.  To  recover  it ,  t he  neutrons must be  slowed down i n  a moderator. 

S ince  Tritium d o e s  not occur  i n  nature ,  the neutrons must be used  to generate 

t h e  Tritium from Lithium. 

6 3 4 N + L i  = H  +He + 4 . 8 M e v  

As a resu l t  t he  hea t  generated in  the  moderator can be removed by a sui table  

coolant  and  u s e d  to genera te  e lec t r ica l  power through a hea t  cycle .  

Tritium h a s  one  of the  highest  maximum permissible body burden, 1 m c ,  

recommended by t h e  ICRP because  of its emission of extremely low energy 

beta radiat ion during decay .  However since Morgan (1964) s t a t ed  that it 

c a n  be taken  through the  sk in  as  fast as  inhilation and because  of its long 



half-life (12 .26  y) ,  it poses  a potent ia l  hazard.  

Tritium in  the  Environment 

. 

or tr i t iated hydrogen g a s .  Chamberlain and Eggleton (1964) es t imated tha t  

1,000 c u r r i e d d a y  of t r i t ia ted water  vapor would be permissible from a 60- 

. Tritium is usua l ly  r e l eased  to the  atmosphere i n  the  form of water yapor 

meter s t ack .  Jacobs (1970) ind ica ted  that  the  continuous release of 1 ,000  

curries/day would be  about a n  order of magnitude lower than t h e  est imated 

10,000 to 20,000 curries/day of natural  tritium production. This tritium 

will be deposi ted over  cont inenta l  a r e a s  or oceanic  a reas  through rainfall  

or downward diffusion of the r e l eased  plume. Once tritium is deposi ted it 

will follow severa l  pathways through evaporation, seepage  through the  soil, 

run-off and transpiration. In gene ra l ,  tr i t iated water is expected to behave 

the  same a s  ordinary water  except  for t he  sl ight difference in  vapor pressure 

which is caused  by the  larger  mass of tritium atoms. After tritium is con- 

densed  it evaporates  less than  ordinary water,  Tritium is found exclusively 

in  water molecules as  

f i s s ion  product atoms rep lace  normal hydrogen atoms on the  water  molecules.  

Smith (1965) and Blomeke (1967) indicated that Tritium h a s  not been 

3 3 H 0 or H HO which ' ind ica tes iha t  t h e  elemental  2 1 

monitored routinely a t  m o s t  r eac to r s ,  but has  been measured i n  primary 

coolants  in  severa l  reactors  and  found to be  about 0 .5  to 5.0 pc/cc i n  PWR's 

and about 0.005 to 0.05 pc/cc i n  BWR's. As a "rule of thumb" figure for 

- 

future tritium discharge estimates, a n  annual average va lue  of roughly 0.4 

curr ies  per e lec t r ica l  megawatt h a s  been used .  Analysis of water  samples  

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

.has averaged about 0 .3  to 0.4% of t h e  maximum permissible concentration of 



. 

0.003 pc/ml.  The tritium concentrat ion i n  t h e  Clinch River averaged 

1.1 x 10 

would b e  expected eventually to en ter  o c e a n s  and s e a s .  

-4 v c / m l .  Practically a l l  t h e  tritium released t o  surface water 

Tritium of higher concentrations was  de tec ted  i n  ground water,  soil 

and vegetation of Nuclear tes t ing sites. Mason  (1969) reported tha t  the 

l eve l s  of tritium in  the  Nevada test site Corps ranged from 2 .0  t o  3 .O 

wci /gm of dry t i s s u e  or 3.00 to 4 .87  wci/m1 of t i s sue  water of p l an t s ,  rad ish .  

po ta toes ,  corn,  beans ,  and onions.  Tritium w a s  noticed t o  be  avai lable  

over  considerable  periods of t i m e  and  d o e s  not leave  the  environment via 

evaporation as  sugges ted .  Tritium profile i n  t h e  soil indicates  a maximum 

concentrat ion a t  a depth of approximately 70 c m ,  which is c lose ly  correlated 

with the  depth of the  maximum dese r t  ra infal l  penetration of th i s  a r ea .  

Transport Character is t ics  of Tritium 

Tritium water is expected t o  behave t h e  same a s  ordinary water i n  

ecological  sys tems except i t  exhib i t s  a lower vapor pressure result ing from 

its higher mass. It is interchangeable  with the  free  and bound water of 
a 

the sediments  and  with t i s s u e  water  i n  b io ta .  Nir (1964) indicated that i n  

saturated soil, all t he  tr i t iated water  will 'be f r ee  water i n  macropores and 

its veloci ty  of movement will vary due  to t h e  diffusion character is t ics  into 

t h e  sed iments .  

Whenever Tritium-labelled water  is employed a s  a t e s t  so lu te  or  t racer  

i n  biological sys t ems ,  a n  appreciable  exchange between tritium and lab i le  

hydrogen atoms occur tha t  frequently affects t h e  productivity of biological 

s y s t e m s .  The posit ion of tritium within t h e  cell is important. For example,  

I 1 3 8 9 3 8  



Person and Sclair  (1968) have considered the  loss of colony forming abil i ty 

and t h e  degradation of DNA by tritium incorporated into e i ther  DNA, RNA or 

protein in  E .  coli. 

Predictions by Parker, et a l .  (1966) of downstream concentrations 

resul t ing from slug discharge of tritium i n  t he  Clinch River were made 

poss ib l e  by assuming complete mixing. However, their  prediction was 

based  only on  dilution and no at tempt  was  made t o  account  for detention 

and  r e l e a s e  of tritium by bottom sediments ,  biomass and dead  zones. Struxness,  

-- et a l .  (1967) indicated tha t  fu l l  ver t ica l  and t raverse  mixing of tritium occurred 

i n  t h e  Clinch River within 4 to  6 m i l e s  downstream from t h e  mouth of White 

Oak Creek ,  the d ischarge  point. Brown (1963) reported tha t  la te ra l  mixing 

was  complete i n  the  Ottawa River a f t e r  2 . 5  m i l e s  of flow. An adequate  

prediction model for transport  of radionucl ides  was  developed by Gloyna 

and  Assoc ia tes  (1967) which followed t h e  form: 

.. where 

= mass of i-th sorbent affecting a unit  volume of t h e  flow zone 
fi 

Dx 

Ki . = t he  mass t ransfer  coeff ic ients  for phase  ' I i "  

= diffusion coeff ic ient  i n  t h e  x-direction 

U = mean velocity 

Gi (c) = a t ransfer  function relat ing the concentration of act ivi ty  in  
the  water to the  equilibrium leve l  i n  the  phase  I I i "  

= t h e  specific ac t iv i ty  in  t h e  i-th position of t h e  N-sorption 
phases  'i 
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The first  two terms of th i s  equat ion def ine the mixing charac te r i s t ics  

and dilution while t h e  third term es t ab l i shed  t h e  retention and r e l ease  by 

various aquat ic  su r faces .  Retention of tritium by biomass and so i l  is 

dependent on its form whether organically bound or tritium oxides .  E s t i -  

mates of the c a p a c i t i e s  of sur face  water for tritium accep tance  c a n  be  made 

with less errors if a be t te r  understanding of t h e  transport  charac te r i s t ics  

of tritium in  the  ecologica l  system exists. It is necessary  to adequately 

es tab l i sh  the  concentrat ion factors  and transfer coeff ic ients  for tritium 

in t he  system and t h e  inf luence of pollutional stresses such  as temperature 

and organic load o n  t h e  transport  charac te r i s i tcs  should be  understood. 
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Oficina Sanitaria Panamericana, AKo 43,  LVI, 2 ,  128-139 (February 
1964).  

"Abstract, Uptake and Release of Radionculides by Stream Sediments,  'I 

with T . D. Reynolds, J. Water Pollution Control Federation, 36, 
3 ,  279-280 (March 1964).  

"Radioactive W a s t e  Disposa l ,  Part I , "  with S .  D. Stoddard and  C .  W. 
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Eckenfelder, Jr . ,  Proc. ,  35th International Congress of Industrial 
Chemistry,  Warsaw,  Poland, 26 pp. (September 15-19, 1964).  
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Environmental Heal th  Eng. Lab. Tech. Report to the  U. S.  Public 

-Hea l th  Serv ice ,  98  pp. (January 31, 1962;. 

16 .  Heat Generation i n  t he  Disposal  of High 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); Of f i ce  of Tech. Services ,  U .  S. Dept. of Commerce, Report 
No.  TID 4500. 
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17. Environmental Radioactivity--4--Summary, with S .  K .  Bhagat, W. R .  
Drynan, W. A .  Fe ls ing ,  J r . ,  a n d  J. A .  Eure, Environmental 
Health Eng . Lab. Tech. Report to the U.  S.  Public Health Service,  
26  pp. (March 3 0 ,  1962). 

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

19. Predictive Techniques for Water Quality--Inorganics, with J. 0. 
Ledbetter,  Environmental Heal th  Eng. Lab. Tech. Report to the  
U. S. Public Heal th  Service, 72 pp. (December 1962). 

2 0. Radioactivity Transport i n  Water--Transport of Strontium and  Cesium 
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). 

2 1 . Radioactivity Transport i n  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 Transport i n  Water--Environmental Behavior of Nitro- 
sylruthenium , with A .  H. Story,  Environmental Health Eng . Lab. 
Tech. Report to t h e  U.  S. Atomic  Energykommission, 89 pp. 
(June 1 ,  1963). 

23.  Safe  U s e  of Radioisotopes and Ionizinq Radiation, with R .  N .  Lit t le 
and W.  H. Wade ,  Prepared for u s e  within The University of Texas 
(June 1,  1963). 

24.  Radioactivity Transport i n  Water-Behavior of Ruthenium i n  Alqal 
Environments, with W. E .  Bolch, Environmental Health Eng . 
Lab. Tech. Report to the  U.  S. A t o m i c  Energy Commission, 
56 pp. (September 1,  1963). 

__ 

25. Galveston Bay Water  Quality Study--Historical and Recent Data ,  
with J. F. Mal ina ,  J r . ,  Cen te r  for Research in  Water  Resources 
and Environmental Health Eng. Lab. Tech. Report to t h e  Texas 
Water Pollution Control Board (March 1 ,  1964). 
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. 

26 .  

2 7 .  

28. 

29.  

30. 

31. 

32. 

33. 
- 

34.  

35. 

Radioactivity Transport i n  Water--Sorption and Release of Radionuclides 
by Sediments of the  Guadalupe River, with U .  Clanton,  Environ- 
mental Health Eng. Lab. Tech. Report t o  t he  U .  s. Atomic  Energy 
Commission, 64 pp. (July 1 ,  1964).  

Radioactivity Transport i n  Water--The Transport of Zn6’ in  a n  Aqueous 
Environment, with D. R.  Rowe, Environmental. Health Eng. Lab. 
Tech. Report to the  U. S .  Atomic  Energy Commission, 101 pp. 
(September 1 , 1964). 

58 Radioactivity Transport i n  Water--The Transport of Co 
Aqueous Environment, with Y. A .  Yousef, Environmental Health 
Eng. Lab. Tech. Report to the  U .  S .  Atomic Energy Commission, 
116 pp. (December 1 ,  1964).  

i n  a n  

Radioactivity Transport i n  Water--Structure and Metabolism of a 
Lotic Community, Part I (April-July 1964), with B .  J. Copeland, 
Environmental Health Eng. Lab. Tech. Report to the U .  S. 
A t o m i c  Energy Commission, 51 pp. (February 1 ,  1965). 

Relative Toxicity of Organics to Chlorella Pyrenoidosa, with D. 
Thirumurthi, Technical Report to the  Water Supply and Pollution 
Control Division, U.  S .  Public Health Service,  97 pp. 
(November 1 , 1965).  

Radioactivity Transport i n  Waier--Transport 03 Nitrosylruthenium in  
a n  Aquatic Environment, with S. K .  Bhagat , Technical Report to 
the  Atomic Energy Commission, 144 pp. (November 1965).  

The Interactions of Iron with Soil  Organic Acids,  with W. K .  Oldham, 
Technical Report to t h e  Engineering Foundation, 85 pp. 
(December 1965).  

Return Flows in  Texas--Quality and Quantity of Municipal and  
Industr ia l  Wastewater Streams, with Dan M .  Wells , Technical 
Report to the  Texas Water Development Board (January 2 0 ,  1966). 

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

Return Flows--Impact on  Texas Bay Systems, with H. S .  Curington, 
Dan M .  Wel l s ,  Frank D. M a s c h ,  and B.  J .  Copeland, Technical 
ReDort to the  Texas Water  Development Board (Tanuary 31 ,  1966).  
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36. Manaqement of Return Flows i n  Texas ,  with Dan M . W e l l s ,  Technical 
Report to t h e  U .  S .  Public Health Service (August 1966).  

37. Radioactivity Transport in  Water--Mathematical Model for t h e  
Transport of Radionuclides,  with Chia-Shun Shih,  Technical 
Report to t h e  A t o m i c  Energy Commission, 179 pp. (May 
1967).  

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

39. Nitrification and Denitrification i n  a Model Was te  Stabil ization 
Pond, with Jorge Aguirre , Technical Report to  the  Federal  
Water  Pollution Control Administration, 83 pp. (May 1967) . 

40. Effects of Toxic Organics on Photosynthetic Reoxygenation, with 
Ju-Chang Huang, Technical Report to t h e  Federal Water 
Pollution Control Administration, 1 9 2  pp. (August 1967).  

41.  The Role of the  Sanitary Enqineer in Environmental Engineering, 
-I et a l ,  Report presented to  the  Second National Conference 
on Environmental and Sanitary Engineering Graduate Educa- 
t ion ,  Evanston, I l l inois (August 28-30, 1967).  Published 
in  Proceedings Environmental a n d  Sanitary Enqineerinq 
Graduate  Education Report, Chapter 1 ,  1-13 (1967). 

42 . Environmental Contamination by Radioactive Subs tances ,  with 
Environmental Radiation Exposure Advisory c o m m i t t e e ,  
Technical  Report to U .  S. Public Health Service (December 
1967). 

43.  Radioactivity Transport i n  Water--Transport of 85-Sr and 137- 
C s  Under Induced Clay Suspensions,  with Krishnier 
Purushothaman, Technical Report to the  U. S.  A t o m i c  Energy 
Commission (January 1968) .  

44.  Radioactivity Transport i n  Water--Numerical Solutions of Radio- 
nucl ide Transport Equations and Role of Plants in  85-Sr 
Transport ,  wi th  Neal Armstrong , Technical Report to the  
U .  S.  A t o m i c  Energy Commission (January 1968).  
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. .  

4 5 .  

46.  

4 7 .  

48.  

49.  

50. 

51.  

52. 

53. 

Radioactivity Transport i n  Wa ter--Simulation of Sustained Releases  
to Selected River Environments , with Roger Shull , Technical 
Report to the  U .  S .  A t o m i c  Energy Commission (May 1968).  

Sulfide Production i n  Waste  Stabil ization Ponds , with Ernes to 
Espino, Technical Report to the  Federal Water Pollution 
Control Administration (May 1968). 

Radioactivity Transport i n  Water--Effects of Organic Pollution 
on Radionuclide Trans port , with Kazuhiro Futagawa , Technical 
Report to t h e  U .  S.  A t o m i c  Energy Commission (May 1968).  

Radioactivity Transport i n  Water--Interaction Between Flowinq 
Water  and Bed Sediments ,  with Akira Kudo, Technical Report 
to the  U .  S. A t o m i c  Energy Commission (January 1969). 

Radioactivity Trans port i n  Water--The Role of Organic Pollution 
and Oxygen Balance i n  Transport ,  with C .  C .  Pat terson,  
A .  Kudo, and J .  M . Eller,  Technical Report to the U .  S. 
A t o m i c  Energy Commission (March 1969). 

Oxyqen Prodxction and Loss i n  a Model River, - with James Eller, 
Technical  Report to Off ice  of Water Resources Research 
(January 1969) .  

Concentration of Cobal t  Solutions by Revers-e Osmosis - , with Dave 
Goff ,  Technical  Report to U .  S .  Army Nuclear Defense Laboratory 
(April 1969); Report N o .  1449 published by the  U .  S .  Army 
Aberdeen Research a n d  Development Center ,  Ballist ic Research 
Laboratories , Aberdeen Proving Ground, Maryland (September 
1969).  

Radioactivity Transport i n  Water--Summary Contractual Report , 
with Y .  A .  Yousef and  Akira Kudo, Technical Report to t h e  
U.  S. A t o m i c  Energy Commission (January 1970). 

Bactericidal Effects of Alqae on Enteric Orqanisms , with Ernst 
M .  Davis ,  Technical Report to the  Federal Water Pollution 
Control Administration (January 1970). 
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BOOKS 

1. Advances in  Water  Qual i ty  Improvement, Edited with W.  Wesley Eckenfelder,  
J r . ,  The University of Texas Press ,  Austin and London (1968).  

2 .  Principles of Radiological Heal th ,  with Joe 0. Ledbetter, Marcel Dekker, 
I n c . ,  N .  Y . ,  488 pp. (1969) .  

3 .  Water Qual i ty  Improvement by Physical  a n d  Chemical Processes ,  Edited 
with W. Wesley  Eckenfelder,  Jr . ,  The University of Texas Press ,  
Austin a n d  London (In P res s ,  to be re l eased  January 1970) .  

4 .  W a s t e  Stabi l izat ion Ponds--Basis for Wastewater  Treatment, Current 
Prac t ices ,  Selected Designs and Operating Suggest ions,  World 
Health Organizat ion,  Geneva ,  Switzerland (In Press, to be released 
1970) .  

c 
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B. Private Groups 

1. 

2 .  

3 .  

4 .  

5. 

6.  

7 .  

8. 

9. 

. 10.  

11. 

Evaluation of Graphi l ter  a s  a Substi tute for Sand in Water Filtration 
P lan ts ,  with L. Hi rsch ,  Progress Report t o  Graphilter Corp., 
36 pp. (July 1 ,  1955) .  

The Effects of Treated Sewaqe on t h e  Mountain Creek Reservoir 
System, Report to Ddllas  Power and Light Co.  , Dal l a s ,  13  pp. 
(September 1 3 ,  1955).  

The Water  Qual i ty  of the  San Antonio River, Report to Forrest and 
Cotton,  Consul t ing Engineers,  Dal las ,  53 pp. (June 1956).  

Invest igat ion into the  Failure of the  Amarillo Sewage Treatment 
Plant , Report to C i ty  of Amarillo, 14 pp. (February 26 ,  1957). 

The Treatment of Acid W a s t e s ,  Report to Southwestern Graphite 
Company, Burnet, Texas ,  2 1  pp. (May 1957).  

Treatment of Sewaqe for Water Inject ion,  - San.  Etlg. Res. Lab. 
Report t o  Magnolia Petroleum C o . ,  48 pp. (September 2 5 ,  1957).  

The Permeability of Rock Sa l t ,  Report to  Olson,  Mecklenburger, von 
Hols t ,  Pendleton, and  Neuman, Pan-American Oil C o .  Project, 
Chicago,  22 pp. (February 1960).  

c 

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

A Report on W a s t e  Treatment ,  Environmental Health Eng. Lab. Tech. 
Report for Jefferson Chemical Co.  , Inc . ,  Port Neches ,  Texas, 
66 pp. (July 1962). 

Cavi ty  Spacinq Studies  for Solution Mininq of Potash 5000 Feet 

(August 1 ,  1962).  
Below the  Ground Surface ,  with E .  A .  Ripperger, Report 
Prepared for Pit tsburgh Plate G l a s s  Co. 

Report on  Biological W a s t e  Treatment, Report to Humble Oi l  and 
Refining Company, Baytown, Texas ,  37 pp. (May 20 ,  1966). 
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1 2 .  Report on  Bioloqical W a s t e  Treatment, with D .  L .  Ford, Report to  
Thompson Chemical Company, S t .  Lou i s ,  Missour i ,  41 pp. 
(January 1967).  

13. Report on Biological W a s t e  Treatment,  with D. L .  Ford, Report to 
Jefferson Chemical  Company, Conroe, Texas, 38 pp. (February 
1967). 

1 4 .  Results of Wastewater  Treatment Survey, Report to Stagecoach Inn, 
Salado,  Texas, 1 7  pp. (April 1967). 

15 .  Report on Biological W a s t e  Treatment, with D. L .  Ford, Report to 
the  Pure Oi l  Company, Smiths Bluff Refinery, Nederland, Texas ,  
52 pp. (March 1967) .  

16 .  Report on Biological W a s t e  Treatment,  with D.  L .  Ford, Report to 
Atlantic-Richfield Company, Atreco Refinery, Port Arthur, Texas, 
58 pp. (May 1967) .  

17 .  A Survey of Was te  Di sposa l ,  with A .  H. Ullrich, Report to  Copropiedad 
Electrica Grupo Guimico, Monterrey, Nuevo Leon, Mexico, 
66 pp. (July 1967) .  

18 .  A Report on Biological Was te  Treatment for the Merichem Company, 
Houston, Texas, with D.  L .  Ford and N .  K .  Burleson, Center 
for Research in  Water  Resources, The Uhiversity of Texas a t  
Austin (1968).  

19 .  Results of Was te  Stabi l izat ion Pond Analysis, with Jorge Aguirre, 
Report to Planidro--Consultories d e  Engenharia Hidraulica E 
Sanitaria L tda . ,  Sao Paulo, Brazil, 25 pp. (November 20 ,  1968). 

2 0 .  Survey of Aerated Laqoon, Report t o  Humble Oil and Refining Company, 
Baytown, Texas, 50 pp. (January 16, 1969).  

21. Preliminary Survey of Wastewater  Treatment and Water Quality 
Management P rac t i ces ,  Report to The Government of Jamaica and 
Pan American Sanitary Bureau/WHO, Kingston, Jamaica,  27 pp. 
(June 1969). 
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2 2 .  T h e  Petrochemical Industry--A Profile of Wastewater Treatment, 
with Engineering-Science, I n c .  , Report t o  Robert S .  Kerr 
Water Research Center ,  Federal Water Pol lut ion Control 
Administration (In press ,  to be released i n  1 9 7 0 ) .  
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PARTIAL LIST OF CONSULTANTSHIPS 

1. 
2. 
3 .  
4. 
5 .  
6. 
7. 
8 .  
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16.  
1 7 .  
18. 
19. 
20. 
21. 
22. 
23. 
24 .  
25. 
26. 
27. 
28. 
29.  
30.  
31.  
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 

The Aluminum Company of America 
Amarillo, Ci ty  of 
Army Chemical Center 
Atlantic Richfield 
Brackenridge Hospi ta l ,  Austin 
Bryant-Curington Consulting Engineers 
C onva ir  (Genera 1 Dynamics C orporat io n) 
Dal las  Power and Light Company 

' 

E l  Paso Products 
Engineering-Science, Tnc. 
Esso Research IS Engineering 
Flu or C or porat ion 
Forrest and Cotton Consulting Engineers 
Goodrich-Gulf Chemicals  l n c .  
Goodyear Rubber Company 
Graphite Corporation of America 
Guadalupe - Blanco River Authority 
Gulf Oi l  Corporation 
Humble Oi l  and Refining Company 
Hundley and Halff Engineers 
Interns t ional Pa per  C o m  pa ny 
Jefferson Chemical Company 
Los Alamos Scient i f ic  Laboratory 
Magnolia Petroleum Com pa ny 
The Merichem Company 
Monsanto Chemical Company 
Morton Sal t  Company 
Neches Butane 
Northern Natural  G a s  
Pan American Oi l  
Pan American Sanitary Bureau, World Health Organization 
Pittsburg Plate  G l a s s  Company 
Pure Oi l  Company 
Reichhold Chemica l s ,  Inc .  
San Jacinto River Authority 
San Marcos ,  C i t y  of 
Shell O i l  Company 
Shreveport, C i ty  of 
Southwestern Graphi te  
State Hospi ta l ,  Austin 
Sun Oil  Company 
Texas-U. S .  Chemicals Company 
Tracor, Inc .  

Nuclear De,anse Laboratory 
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44 .  Turner, Col l ie  & Braden 
4 5 .  
46. U. S.  Public Health S e w i c e ,  Water  Resources Division 
47 .  U.  S. Senate  
4 0 .  World Health Organization 
49.  Zurn 

U .  S. Public Health Serv ice ,  Radiological Health Division 
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NFIME : E.  Gus Fruh 

PRC S EN T POS IT IO N : 

As si s ta n t Profc s so r  
Environmental Flea lth Engineering Progi%m 
Civi l  Engineering Dzpartment 
Tho Univcrslty of Texas , 

BUSINESS ADDRESS: 

Engineering h bora torie s Building 3 05 
The University of Texas 
Austin,  Texas 78712 
Telephone: GR1-5 602 

. RESiDEKCE ADDRESS: 

PERSONAL DATA: 

Birth Place: 
Birthdate : 

C hildrcn : 

EDUCATIOX: 

ORGANIZATIONS: 

AWWA , PSCE , VJa te r  Pollution Control Fcdera t ion,  
Chi  Epsilon, Slgma X i ,  Texas Academy of Science, 
Amcrican Chc-r'ical Society,  Limnology and. Oceanography 



EXPERIENCE: 
Re search Project Dircctor - "Enzymatic Technique for Detection 

of Surplus Phosphorus Uptake by Activated Sludge 
Federa 1 WLiter Pollution Control Administration. 

I' 

Project Director - "Limnological Inve s t igs t ions  on 
Texas Impoundments for Water  Quality ManaGement 
Purposes ,  'I Office of Water  Resources Research. 

Project Director - "Selectiw Wiihdrswsl s t  Lake 
Living s t o n ,  'I Office of Water  Re sources  R e  search .  

Project Director - "Colorado River - Highland Lakes 
Study, 'I Texas Water  Quality Board. 

Other .," ' 

c 

5 '  

/ 

Co-Director - "Ecological and  Biological Studies  on  
Galvestoil  Bay, I' Texas  Water  Quality Board. 

Project Consul tant :  "Pollution Control and  Water  Quality 
Management Study, 'I The W e s t  Central  Texas Council  
of Governments.  (present) .  

Project Consul tant :  Spring Creek Auxiliary Water  Pollution 
Control Project Development of Scientific Parameters 
for  t he  Control of Pollution from Combined Sewer 
O v e r f o w s  and the  Quant i ta t ive Assessment  of the  
Ecology of Jamaica Bay, New York (present) .  

Colleague Reviewer: U . S . Geologicgl Survey Invest igat ion,  
Brazos River Reservoirs Studies  on the Quality of Water  
a n d  Stra t i f jcat ion of Possum KinGdom , Whitney , Hubbard 
Creek ,  Proctor a n d  Belton Reservoirs (Sept , 19 67).  

Committee Consul tant :  Biological and Ecological Studies 
for Galveston Bay, Texas Inter-University Water  Resources 
Research Agreement (June - Sept ,  1966). 

Post-doctoral  Research Fel low,  University of Wiscons in ,  
Project - "Effect of Eutrophication on the  Water  Resources 
of the  Yahaia River Bas in ,"  (Jan,  1965 - Jan ,  1966). 

Consul tan t  City of Madison Technical Committee on 
Lake Mendoia Problems (Jan,  1965 - Jan ,  1967). 

Engineer,  "Raritan Bay a n d  Bathing Beach Investicjation, " 
N e w  York Department of Hcal ih  (Jme - Scpt ,  1961). 



_ -  

(Chapter  of ~ o a k s )  

1. 
Chancres on Strmniflow, Universi ty  of Texas  Press  , Austin ( 1 9 6 9 ) .  

"Urban Effec ts  o n  Qual i ty  Streamflow" in Thc  Effects of --- JVatcrshcci 

2 .  
Freshwater"  i n  Acivanccs in  \Vater Qual i ty  Improvement , edi ted by E .F. 
Gloyna and W .W. Eckenfclder, Universi iy  of Texas Press (19G8). 

"Biological Response t o  Nutr ients  - Eutrophica tion Problems i n  

3 .  
"Eutrophication" in  Stream Analysis  and  Thermal Pollution Traininq Manual , 
Volume 11. 
Universi ty  of Texas Press  , Austin (1968). 

(With Krenkel , P .A .  , Eckenfelder  , W .W. , and Gloyna , E .F .) 

Prepared for Poland Projcct - 26 ,  World Health Organization, 

4 .  
Principles  2nd ApDlications of Inv'ater Chemistry,  edited by S. Faust and 
J.  h 'unter,  John Wiley and  Sons  (1967). 

(Referred Articles) 

(With G . F .  Lee) "Sorption of Ces ium 011 Stratified hqica , 'I in  

// 

1. 
a n d  Raw Water Quality of a Subtropical. Texas Impoundment , I' Texas Journal 

(With R . B  . Higgins)  "Relationship between the Chemj.ca1 Limnology 
(, .- - 

of Science ,  X X ,  1 , 

2 .  "The Overall 
Federat ion,  39 ,  9 ,  

3 .  (With G. F. 
3 ,  26  (1966). 

13-32 (1968). 

Picture of Euirophica t ion"  Journal Water  Pollution Control 
1449-1463 (1967). e 

Lee) "The Aging of a Lake" Industrial Water  Engineering , 

4 .  . . (With K .M . Stewart  , G .F . Lee , and G .A.  Rohlich) "Measurement of 
Eutrophication and Trends 'I Journal W a t e r  Pollution Control Federation , 38, 
1237 (1966). 

(Reports) 
.-' 

1 .' 
Alga e 'I (19 69). 

(With H .G .  Moore) "Surplus Phosphorus Uptake by Microorganisms - 

2 .  ('With H.G.  Moore and  R . B .  Higgins)  "Surplus Phosphorus Uptake 
b y  Microorganisms - Batch T e s t s  Wjth Dilute Activated Sludge Cultures"  
(1969). 

*. . 
.3 



TOT.4 L P 11 D T .TC AT IONS (con t inu sd ) 

(Reports. . .> 
3. 
Determina t ion of the  E f f e c t  of Urbanizs t ion o n  Impoundment Water Quality" 
(1969). 

4 .  
Highland Iakes - Determination of the  Effec t  of Shoreline Dsvelopment 
o n  Impoundment U'ater Quality" (1969). 

(iVith E.M. Davis)  "Water Quality of t h e  IIighland Lakcs - 

(\Vith D .L .  Pittman and  E . M  . Davis )  "Water Quality of the 

5 .  
of Texas  Impoundments for  Water Quality Mamgemen t  Purposes - Tne 
Dis!ribution of Coliform Bacteria i n  Strs t i f ied Impoundments" (19 6 9 ) .  

(With A .  C . Gravel  and E .  M. Davis )  "Lininologica 1 Invest isat ions 

6. (With E . M .  Davis )  "Limnological Invest igat ions of Texas Impoundments 
for Water  Qual i ty  Managemmt Purposes - Limnological and Water Quality 
Data for the  Highland Lakes, 1968" (1969). 

7. 
Texas  Impoundmants for Water Quality h3anagement Purposes - The U s e  of 
Algal Cul tures  to Assess the Effec ts  of Nutrient Enrichment on the Highland 
Lakes of the  Coloratio River, Texas"  (1968). 

bVith B .A .  Floyd and E .  M . Davis)  "Limnological Investigations of 

c-  
8.  
Peterson , Schraufnsge l ,  and Young) "Report o n  the  Nutrient Sources of Lake 
Mendota , I' Lake Mendota Problems Committee , Madison , Wisconsin , AuGust 
(1967). 

Consulting Report (With Lee , Gzatty, Corey , Holt , Hunter, Lavdon, 

9 .  
Ecology Studies  for Galveston Bay" Texas Inter-University Water Resources 
Research Agreement , September, 1966. 

(With Mac'xuni, Wohlschlag , B , J .  Copeland , Ray) "Biology and 

10. 
S tudies  Progress Report 1965 I Quality of Water  and Stratification of Possum 
Kingdom, Vdhitney , Huhhard, Creek , Proctor ar,d Relton Reservoirs I 'I 

September 1966. 

Col league  Reviewer , U . S . Geological  Survey. "Brazos River Reservoir 

.' 
. .  

* .  



------ TOTA T, P U R I I IC A Ti' IO N S (con t i  nue ci ) 

(Short Courscs  for C o ~ l i n u i n g  Education) 

1. 
Collcgc of Enginesring and  Enginecring Foundation The University of 
Texas a t  Austin (June 1969). 

Director - "Analysis and Control of Water Resource Systems" 

2 .  Participant Lecturer - "Watt?r Quality of Reservoirs" Bureau of 
Reclakiation Short School,  Texas A 6i M University, Col lege Station (Uct, 196e). 

3 .  Participant Lecturer - "Water Quality of Texas Rcservoirs" 
Amy Corps of Engineers Short School,  Texa s A & M University ,- College 
Sta ti  o n ,  February (19 68). 

U.S. 

4 .  
Manufacturers-Chemists  Associat ion Short Course (Bi-annual, 1966 - present).  

(Other) 

MCR Courses, Participant Lecturer - "Ecologica 1 Effects of Pollution" 

1. "The University of Texas and Water  Production Engineering" i n  
Procecdincp of t he  Symposium on Water  Production Engineering in  Texas I 
Center  for Reszarch in  Water  Resouces, University of Texas I (1967). 

i:. 
2. 
178 (1966). 

"Cesium Sorption of Hydrobiotite I 'I Water Pollution Abstracts ,  39 

3 .  
Civi l  Engineering Department, University of Wisconsin (19 65). 

"Cesium Sorption by Hydrobiotite I 'I Dissertation-.ASstracts, 2 5  

I. 

1 1 3 1 3 9 1 3  
I 
I 
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