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FORZWORD 

The Oak. Ridge Na t iona l  Laboratory h o l d s  annual  iiif o m a t i  on meetings 

t o  report progress of work i n  %he f i e l d s  of water r e s e a r c h  and d e s a l t i n g  

technology.  The meetings C O V ~ S  a l l  OENL d e s a l i n a t i o n  wxk: ,  some of 

which is sponsored by t l x  Oi'i'ice of Saline Water, some by t h e  Federal 

Water. Pol lu t io i i  Control  AdrnPni s t r a t i o n ,  some by t h e  Xa'iional Science 

Fou'iidation, and some by the  Atomic Energy Commission. 

Proceed-ings of t h e  i n fo rma t ion  meeting w i l l  not; be published, but 

some of t h e  material i s  avai . lable  ill pu'nlished form and a d d i t i o n a l  pv.'oli- 

caLions will be fo:rtncorning ./ 
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The AEC-Sponsored Program on t h e  App l i ca t ion  of Nuclear Energy 

t o  Desa:ti.ng and Other P~ocesses 
-- -- 

x 
--_1 

T .  D, Aaderson 
Reactor  Div i s ion  

The A t m i e  Energy Conmission's program on t h e  a p p l i c a t i o n  of nu-clear 

energy to d-eeal.  Ling aad o-th-ier e~~,e~r;:y'-.Int;el?sive p rocesses  h a s  the follow - 
ing o b j e e t i v e e :  

iiuc1ea-i. energy -Lo pr.oe%sse:i arid- services which mzy have s i g n i f i c a n t  

poten-tial for eeonoi;..ic, social., ai- env- l romenta l  irprm+ements and (2 1 t o  
coope ra t e  w i t h  o-Llier govermient agencies and i n d u s t r y  i n  developing Yne 

technology needed t o  implement the above a p p l i c a t i o n s  of i7uclea-r energy.  

Mcst of t h e  KEC program i s  conducted at  ORlL, where c1osel.y re la ted work 

i s  supported by the  DepxLrnent of 'the I n b e r i o r t s  Of f i ce  of S a l i n e  Water. 

(I) to defj  11.e and exp1.or.e potential a p p l i c a t i o n s  of 

A s  sho7r7n i n  Fig 1, there a r e  two niaj o r  d- ivis ions o f  the AEC progrim; 

these are riuc1,ea.i- desal.ting and n c c l e a r  energy centers. 

n u c l e a r  desalt i  izg, 811 j.nipoi%a:ni f m x t i o n  or" -Lilt: program is to make a.iail- 

able to indxs'iry, aotieiA1-iI1lent ag;"iic:ir"s, and p o t e n t i a l  d e s a l t i n g  plant 

owners useful .  data aad "~ecba-i ques  tk;a-t will i n c r e a s e  underst%ndi.ng o:P 

large p l a n t  technolcgy and a,llow independent eva1uatiori.s of d e s a l t i n g  

pl:zrrt des igns  arid a p ~ l - i c a t i o n a  ., Presently,  tae emphasis i s  0x1. t h e  

p r a c t i c a l  coattr5i,  ;i!ic3, cc~1pI.j rig qiiesi;ions r e l a t e d  to the des ign  and 

ope re t ion  of duw.!,-pu:-pse p)lai;,?;s i~s:;ng Light-water  r e a c t o r s  Both 
t h e o r e t i c a l  am1 experlmanlal stL;.$.i e:; are being made 

In -the field o:C 

St,u.di.es on nuclear  energy complexes began a t  OR?& i n  1967. Recent 

work: has includ.nii evelw,a*,i ons of wany energy-consuming i n d u s t r i a l  proc- 
csses .that ZTC: sa<t2bl.c. fo:r Y1iJ..':LeaS cnj;qdexes, s t u d i e s  of crops and Sann- 

i r ig tecli ni q~re G qpJ . - i , c&k  to c Gmpk!;ce s, and i n v e s t i g a t i o n s  o f  speci fli c 

x p p l i c a t l o n s  of agro-indlistrial .  corcplexes i n  both developed and develop- 

ing c o u n t r i e s  * 
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J . W. Mi-chel. 
l iea,ctor Division 

Assi sta,rice h a s  been given Lo several. Niiplex skudy p r o j e c t s  du.r-irig 

t h e  past p a r ,  'These inc lxded  t h e  Energy Center Study Cor. h e r t o  ICico, 

t h e  I n d i a n  Indo-Garige-ki c P l a i n  p r o j e c t ,  the Tf2xa.s A&M resea.rch program 

a,nd s o m e  of' t h e  s-Ludies being undertaken by the Soiithern In tms- t a . t+?  

1Vi1.cl.ca.r Board. 

Chemi.ca1 Compa.ny) was completed. Ti; indj ca.ted that an energy c e n t e r  

for. Lhe soutki eoa.s t  of t h e  i sl-a,nd woiild be a. wor.thwhile u n d e r t a k i n g .  

Work .for -the 1ndia.n p r o j e c t  consisted prirnar-i.1~ of a,na.l.yzing several 

alternatives for provi_di.ng i n t f 2 r i . m  power s o i ~ r c o s  to d r i v e  the pumps on 

proposed tube weI..ls during t h e  coris t ruct i  on per iod befoye el .ectr- ic i ty  

is ava..i.la.ble f ~ o m  i;he nuclear po 

Th? h e r t o  Rico s tudy  (performed by Burns &, S?oe and Dow 

Tinder t h e  U n i v e r s i t y  o r  T'enriessee I% .D. program, a, t h e s i s  s.tudy wa.s 

performed to analyw the r e g i o n a l  economic :impact wh i.ch rr1a.y resul'; f rom 

bi.iil.ding and oper-a.ting 3.11 a g r o - i n d u s t r i a l  complex. This stdudy u.l;.i.ll.zed 

a. compu-te.r program wlii ch a . l lowed the selection of a. vin.b1.e group of 

energy- i n t e n s  i v e  i n d u s  t r  i.es and, biy. X S ~  of :i nput - outp i i t  t,abI.es e s t  ima.ted 

t h e  t o t a . 1  energy c e n t e r  i m p c t  on the region in terms of employment, 

increase  i n  gross regional produc t ,  c o s t s  to the public secl;or, e t c .  

Since t h e  agrLcultii:ra.l. use of desalt ted water i s  am importa,nt segment 

or rna.riy : p r o p s  ed nucl.ea,r-powered complexes and t h e  ~ v e r a l l  economics of 

its use is unproven, a. study of rwaris f o r  increasi-ng wa.ter use e f f i c i e n c y  

was j .x t , ia . ted . R greerhoi~se  experirnc?nt u s i n g  a. coDmercia,lly available 

sub i r r? .ga . t ion  sys-Lem clerncjiisl;.ra.ted Lhat uonproduct Lve siirC;?a,ce e n p o r a t  i on 

can be d r a s t  imlly r w e d ,  r e s u l t  ihg in rnuch hi.gher wa.tei. use e f f i c i . ency  

t1ia.n with surf 'ace fl-orjdirig or sprinkler systems . A sta.tr--oi '-t,he-a.rt 

su?'vey of s i h i r r ; . g a . t i  on was compl.eteed amd am investLga,ti.on of a n  i-mproved 

emi.tt,ter des  igti was beg-ai. 
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-% 
The U l t r j r n a t e  Mineral  Resource S i t u a t i o n  

H. E. Goe l l e r  
Clemical Te chnology Divis ion 

Most a p p r a i s a l s  of mine ra l  r e sources  are made f o r  t h e  next  30 y e a r s  

o r  a l i t t l e  beyond. l a  the p a s t  y e a r  we have i n v e s t i g a t e d  t h e  world 

mineral. r e source  s i t u a t i o n  f o r  a l l  t h e  elements u s ing  e s s e n t i a l l y  an  

open-ended t i m e  horizon.  

of Resources f o r  t h e  Future,  Inc., has attempted t o  provide an  i n t e g r a t e d  

p i c t u r e  showing roughly t h e  o r d e r  of runout f o r  the va r ious  e3.emenALs, 

and what the outlooks appear  t o  be f o r  r e c y c l e  and for s u b s t i t u t i o n  for 

each of them. 

This  work, done i n  p a r t  w i t h  the cooperat ion 

About 20  elements have i n f i n i t e  resource bases  i.n t h e  atmosphere, 

i n  t h e  oceans and/or i n  t h e  l i t h o s p h e r e ;  even f o r  t hese ,  however, a n  

un l imi t ed  source of energy must be a s su red  t o  convert  t lneir  resoiirces 

i n t o  useab le  products .  The res t  of tile elements have l i m i t e d  ecoiloinic 

r e sources  with varioiis t ime hor i zons .  The most s e r i o u s  long range r e source  

problem i s  t h a t  o f  p e r p e t u a l l y  supplyi.ng enough phosphate f o r  a g r i c u l t u r e  

to f eed  a g r e a t l y  expanded world popu la t ion .  Others are t h e  p rov i s ion  

of enough reasonable  c o s t  uranium (and l a t e r  thori~um) t o  a s s u r e  un l imi t ed  

energy output  a f t e r  f o s s i l  f u e l s  a r e  dep le t ed  and be fo re  ~cornmercial 

f u s i o n  power i s  achieved., enough manganese to purlify our s t e e l  needs, and 

conse rva t ion  of a v a i l a b l e  helium f o r  cryogenic and superconduction u s e s .  

Many elements , p a r t i - c u l a r l y  t h e  nonferrous metals, w i l l -  u l - t imately 

have t o  depend almost completely on n e a r l y  fu7.1. r e c y c l e  f o r  e s s e n t i a l  

a p p l i c a t i o n s ,  use of s u b s t i t u t e s  f o r  a l l  d i - s s i p a t i v e  uses  and most 

n o n e s s e n t i a l  uses ,  and t h e  F rov i s ion  of a small.. makeup s'crem of hi.gh 

ms t  v i r g i n  me ta l  from very l e a n  o res  and a l t e r n a t i v e  n a t u r a l  sources .  

We w i l l  review t h e  s i t u a t i o n  w i t h  r ega rd  t o  copper as r e p r e s e n t a t i v e  of 

t h i s  group. 

-)c 
Research sponsored by t h e  IJ. S .  Atomic Energy Commission under 

c o n t r a c t  w i th  t h e  Union ca.i-?sj-de Corporation. 
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In the  i'sr term magnesium, aluminum arid steel will. be t h e  major 

metals of commerce, however, s u f f i c i e n t  q u a n t i t i e s  of copper, l ead ,  

zinc,  h igh  a l l o y  steels, ti-Laniwn, etc., w i l l  s - t i l l  e x i s t ,  But 0nl.y i f  

w e  s tart  now t o  implemeul; a p p r o p r i a t e  conservat ion,  r e c y c l e  and s u b s t i t u t i o n  

measures. 

through the  h e i r a r c h y  of n a t u r a l  gas and petroleum, coal and s h a l e  o i l  

arid f i n a l l y  l imes tone  as a source of carbon. Norunetal products such as 

glass and ceramics wi th  unlimi.ted r e s o u r c e s  will uridoubtedly play a much 

l a r g e r  r o l e  i i i  .Yhe f u t u r e .  F i n a l l y ,  t h e  energy requirements  necessa ry  

t o  work t h e  l e a n e r  o r e s  of t h e  f u t u r e  and t o  c o n t r o l  t h e  pollutrion and 

larid damage which w i l l  r e s u l t  from t h e i r  exp lo i t a t j -on  w i l l  be cons ide rab ly  

g r e a t e r  t han  f o r  today. 

Petrochemical  product:; w i l l  r i s e  slowly i n  p r i c e  as w e  proceed 
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* 
Review of Wa.ter Needs i n  the C a l i f o r n i a  Region 

Wo E. Tbompson 
Reactor I)i.vision 

Conveyance of water for i r r i g a t i o n  i n  C a l i f o r n i a  has  been p r a c t i c e d  

more than  100 y e a r s .  Tad-ay C a l i f o r n i a  has ex tens ive  aqueduct systems 

which supp1.y about h a l f  t h e  w a t e r  used i n  t h e  state, the remainder coming 

from local.  strea.r~i:.; and r e s e r v o i r s  (30%) p l u s  pumping o f  groundwater (20$). 

A s tudy oi" C a l i f o r n i a ' s  water supply systems ha.s been undertaken to 

analyze t'neri.r cap i ta l .  and. ope ra t ing  cos t ,  t o  o b t a i n  kiie la tes  1; e s t i m a t e s  

of  a d d i t i o n a l  water  needs p r o j e c t e d  f o r  t h e  f u t u r e ,  and t o  evaluake 

p o s s i b l e  a p p l i c a t i o n s  of d e s a l t i n g  i n  meeting Cal.ri.fornia's f u t u r e  water  

requirements.  

Water i s  imported from the Colorado River  through the 8O-miles-long 

A l l  American Canal ' i o  the Imper i a l  Val]-ey (3850 Mggd.) and t h e  242-miles- 

long Colorado Kiver Aqueduct t o  t h e  Los Angeles - Sari Diego area (880 Mgd). 
Aqueducts from r e s e r v o i r s  j~n the S i e r r a  Nevada Range supply w a t e r  t o  t h e  

c o a s t a l  c i t i e s  of Los Angeles (550 Mgd), San Francisco (300 Mgd), and t h e  

E a s t  Bay area of Oakland and  surroundins  communities ( 2 0 0  Mgd). 

Central. Valley P r o j e c t ,  f inanced by t h e  federal .  government wi th  c o s t s  t o  

be recovered. from w s , L e r  sa le s ,  s u p p l i e s  4500 Mgd and w i l l  ultirna,teI.y 

supply 9500 Mgd, mainly for i r r i g a t i o n  i~n t he  vall.eys of the Sacramento 

and San Joaq1ui.n Rivers .  The s ta te  water p r o j e c t  w i l l  d e l i v e r  3800 Mgd. 
along t h e  b5O-inile C a l i f o r n i a  Aqueduct from t h e  Sacramento River  d e l t a  

t o  southern C a l i f o r n i a .  This  conveya.nce system, when completed, w i l l  

suppleiiient p r e s e n t  water s u p p l i e s  t o  meet Southern Calii 'ornia. '  s estima'ied 

w a t e r  requirements through 1990 a t  c o s t s  o f  14 t o  25$ p e r  1000 g a l l o n s  

f o r  untreat ,ed water .  

The 

Future  i - x r e a s e s  i n  wa.t,er supply w i l l  be r equ i r ed  f o r  popula'Lion 

growth and. the irrigatri.o.fl of addi.tiona?. crop land.. The coasta.1 rnouutain 

areas from Sa.n Francisco t o  the Mexican bo rde r  have a l r e a d y  f u l l y  

* 
Research sponsored by the  U .  S .  Atomic Energy Commission under 

c o n t r a c t  w i th  ihe Union Carbide Corporat ion.  
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e q l o i t e d  n e a r l y  a l l  local w a t e r  s u p 2 l i e s .  

conveyance c o s t s  are high, and desalting of seawater may be e c o n ~ r n i c a l l y  

competi t ive f o r  f u t u r e  Tncreases in water supply.  The S t a t e  Water P r o j e c t  

had est iniated c o s t s  of about  25fi per lOGG gallons f o r  u n t r e a t e d  w a - L e r  

d e l i v e r e d  t o  San Luis  o b i s p o  through the Coastal Branch of t h e  C a l i f o r n i a  

Aqueduct. The j o i n t  OSW-State of C a l i f o r n i a  s tudy  of' a seawater d e s a l t i n g  

p l a n t  a t  Dia'olo Canyon niay lead t o  c o n s t r u c t i o n  of a 30-50 Mgd. p ro to type  

p l a n t  which w i l l  supply the San Luis  Obispo area arid may pe rmi t  d e f e r r i n g  

c o n s t r u c t i o n  of  t h e  @'f m i l l i o n  p o r t i o n  of the Coas ta l  Branch ol" t h e  

C a l i f o r n i a  Aqueduct, which had been scheduled t o  be s t a r t z d  i n  1975. 

I n  .the rough mountain t e r r a i n  

Cacl i fornia 's  usage of Colorado R i v e r  w a t e r  w i l l  have t o  be c u t  back, 

under a recerxt c o u r t  r u l i n g ,  as Arizcjria's usage i n c r e a s e s  i n  t b e  next 

few y e a r s .  The Ca l i fo r i l i a  Aqueduct w i l l  :supply w a t e r  t o  o f f s e t  t h i s  

cutback., b u t  f u t u r e  i n c r e a s e s  i n  w a t e r  requirements  might be met by 

desal.t,ing p l a n t s  nea r  the Gulf of C a l i f o r n i a .  Increasing salrinz t y  of 

t h e  Col.orado River  water i s  a l r e a d y  csusj.ng problerris i n  i . r r i g a t e d  f i e l d s  

i n  t h e  I m p e r i a l  Val ley arid i n  Ple,xic:o and w i l l  worsen wi th  t h e  a d d t t i o n  

of s a l i n e  r e t u r n  flows from new iipstream i r r i g a t i o n  p r o j e c t s .  T%e 

i n c r e a s i n g  sa l t  con ten t  of the I m p e r i a l  Valley ' s Sal ton  Sea w i l l  threaten 

s p o r t s  f i s h i n g  and r e c r e a t i o n  uses u n l e s s  f o r e s t a l l e d  by some method of 

desalti.n,c;. S a l i n i t y  problems as w e l l  as need.s f o r  additiorial .  water  w i l l  

c r e a t e  o p p o r t u n i t i e s  € o r  a p p l i c a t i o n s  of' d e s a l t i n g  technology i i i  1;his 

Colorado River d e l t a  reg' 1. on . 
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* 
mal -Purpose P l a n t  Coupling P r o g L z  

J. E. Jones 
Reactor Divis ion 

'The r e c e n t  "Proposed Federal. Desal-Ling I-'rogram" prepared by tilt. 

Oi'fice of Science ani Technology notes  t h a t  "Low-cost wa te r  will be 

dependeiit on -ihe abilri .- ty or' d e s a l t i n g  p l a n t s  t o  be el-osely i n t e g r a t e d  

wi th  l a r g e  s c a l e  energy sources . ' '  'Ibe AEC's progrLm on nuc lea r  dual-  

purpose p l a n t  coupling i s  d i r e c t e d  toward ach iev ing  t h i s  o b j e c t i v e  . 
Tlne g o a l  i s  t o  provride b a s i c  i n f o m a t i o n  and t o  demonstrate t echn iques  

which w i l l  l e a d  t o  t he  s u c c e s s f u l  i.ntegrs.tri.on of nuc lea r  energy sources  

wi th  l a r g e  s c a l e  evapora to r s .  

A necessary rnj.1.e~ toile i n  terms of hardware developmen-L in pursuing 

t h e  o b j e c t i v e s  of the Federa l  d e s a l t i n g  program i s  one o r  more nuc lea r  

dual-purpose demonstration p l a n t s .  For i;ne p a s t  s e v e r a l  months we have 

been s tudying t h e  coupl ing opt ions r e l a t i n g  t o  a nuc lea r  dual-purpose 

demonstration p l a n t  composed of  a si~ngle l a r g e  [-llOO M w ( e ) ]  nuc lea r  

power p l a n t  and. a demonstration s i z e  (j0 Mgd) evapora to r .  

s p c c i f i c  demonstration p l a n t  w a s  under c o n s i d e r a t i o n  at t h e  Lime t h i s  

work w a s  i n i t  Lated the r e fe rence  plant i s  a h y p o t h e t i c a l  one. Nevertheless,  

t h e  c r i t e r i a  and o b j e c t i v e s  f o r  t h i s  p l a n t  are thought to be reasonable  

snd. r e p r e s e n t a t i v e  of' a c t u a l  p ro to type  o r  demonstratlon p l a n t s .  The 

major o b j e c t i v e  of such p l a n t s  i s  t o  demons-hate evaporator  and coupling 

technology appl-i cab le  to large economic comie rc i a l  dual-pui'ppose p1an .k .  

Since no 

Figure 2 shows simFle bl-ock d i a g a m s  of t h r e e  b a s i c  t u r b i n e  cyc le  

op t ions  considered f o r  tlne dual-purpose demonstration p l a n t .  I n  
e v a  h a t i n g  t h e s e  and o t h e r  coupling opt ions t h e  fol lowing coupliiig 

c r - i t e r i a  have been coiisi dered: 

(1) Si~ice  the p r o j e c t ' s  purpc~':;e i s  t o  p m v i d e  experience and. d a t a  

a p p l i c a b l e  t o  f u t u r e  l a r g e - s c a l e  p l a n t s ,  t h e  coup1 i.ng arrangement should 

have t h e  ma.ximm i'easi-hle s i m i l a r i t y  t o  such pl.ants.  

it 
Research sponsored. by t h e  U .S.  Atomic Energy Commission und.er 

con-tract, w i th  t h e  Union Ca.j%i.de Cor.porati.on. 
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( 2 )  A par.mount f a c t o r  i s  ti?e n e c e s s i t y  f o r  r e l i a b l e  power s-La-tion 

operat ion,  r e g a r d l e s s  of t h e  cond i t ion  of 'ihe evaporator ,  and. f o r  

e f f e c t i v e  means of c o n t r o l  between t h e  two. 

( 3 )  Economics i s  an  important  f a c t o r ,  since our preliminargi s t u d i e s  

show s u b s t a n t i a l  c o s t  d i f f e r e n c e s  b e h e e n  some of t h e  p o s s i b l e  arrangements.  

De-Lailed s t u d i e s  have been made f o r  t h e s e  t h r e e  b a s i c  c y c l e s  wi th  

tiie r e s u l t  t h a t  Case 2, i n  which i h e  water  p l a n t  and. i t s  associa-Led back- 

p r e s s u r e  tui;biiie u se  steam e x t r a c t e d  from t h e  main s - t e r n  c y c l e  crossover,  

b e s t  satisfies t h e  coupling c r i t e r i a .  

I n  a d d i t i o n  t o  'ihe b a s i c  t u r b i n e  c y c l e  layout ,  o'clner i n t e r f a c e  

ques t ions  a r e  being examined. For example, cons ide r ing  t h e  cyc le  i n  

Case 2: 

1.. WhaL p r o v i s i o n  should be made, i f  any, f o r  an  a l t e r n a t e  h e a t  

s i n k  f o r  the back-pressure t u r b i n e  during evaporat,or shutdown? 

Should an  a l t e r n a t e  h e a t  source (bypass d e s u p e r h e a k r )  be 2 .  

provrided f o r  t h e  back-pressure 'iiubine o r  evapora to r  during main t u r b i n e  

outage o r  maintenance p e r i o d s ?  

3. Is  a n  in t e rmed ia t e  h e a t  exchanger loop between t h e  t u r b i n e  cyc le  

and b r i n e  h e a t e r  needed ( o r  perhaps r equ i r ed  by regulatory agenc ie s )  t o  

isola-Le t h e s e  systems i n  tiie event  of' leakage? If' so, w h a t  would it 
c o s t  and how should il; be designed? 

) I - .  With t h e  p o t e n t i a l  Tor b r i n e  leakage i n t o  the turb-i.ue c y c l e  

condensate a t  "the b r i n e  h c a t e r  (assuming a n  in t e rmed ia t e  loop i s  no t  

used),  how should condensate demine ra l i za t ion  be accomplished? Considering 

the high tciiiperature (-250" F) of t h e  condensate, convent ional  demine ra l i ze r  

anion res3.ns would be unsah i s fac to ry .  

The s o l u t i o n  t o  t h e s e  and o t h e r  rimportant ques t ions  r ega rd ing  t h e  

dual-purpose demonstration p l a n t  coupling, i nvo lves  a compromise between 

t h e  t h r e e  p r i n c i p a l  coupling c r i ' w r i a  c i t e d .  The m C  coupl ing program 

a t  ORNL inc ludes  s tudj-es  which w i . l l  provide useful.  i-npui t o  t h e  a n a l y s i s  

of -these ques t ions .  



-X- 
Control  of Dual-Purpose P l a n t s  

S. J. B a l l  
I n s t rumen ta t ion  and Controls Div i s ion  

I n v e s t i g a t i o n  of t h e  problems of l a r g e  n u c l e a r  d e s a l t i n g  p l a n t  c o n t r o l  

has concen t r a t ed  011 niul t is tage f l a s h  (MSF) evapora to r  c o n t r o l l a b i l . i t y .  

The major o b j e c t i v e  of the work i s  t o  develop a g e n e r a l  c a p a c i t y  f o r  

predicting t h e  p e r f  orrnance c h a r a c t e r i s t i c s ,  bo th  s t a t i c  mid dynamic, of 

p l a n t s  w i t h  v a r i o u s  des ign  f e a t u r e s ,  such as t h e  OdW 9-Stage MSF Module 

a t  Sari Diego and .the proposed OSW-State of C a l i f o r n i a  4O-Mgd pro to type  

p l a n t .  

Using t h e  OIWL MSF d i g i t a l  s i m u l a t o r  desc r ibed  i n  a n o t h e r  paper a t  

t h i s  meeting, we were a b l e  t,o p i r i p . i n t  areas i n  which more de t a i l - ed  

experi-mental data w e r e  r e q u i r e d .  For example, t h e  p:redicti.onc of  o v e r a l l  

IGF p l a n t  behav io r  were shown t o  be very r,ensiti.ve t o  whatt i s  assLuric?.;ci t o  

1~:. The c o r r e l a t i o n s  f o r  i n t e r s t a g e  ori.fl.ce b r i n e  flow mhe . In p a r t i c u l a r ,  

models f o r  s t a g e  h y d r a u l i c  behavior  n e a r  o r  i n  t h e  blow-through condition 

(in which t r a y  b r i n e  l e v e l s  f a l l  below t h e  h e i g h t  of t h e  o r i f i c e ,  a l lowing 

vapor t o  "blow through") were found t o  be c r i x i a l .  Mort: a c c u r a t e  

expres s ions  were a l s o  requi.red f o r  t r a y  brine dynamics and. noneqiril.i.'oriun 

l o s s  behav io r .  

I n  a series of b e s t s  run  cxi t h e  OSW/BLH W r i g h t s v i l l e  Beach 3-stage 
evapora-tor i n  August 1970, s e v e r a l  eiripirical  correla-t ions were obtained 

for a r e f e r e n c e  stage design. The .Lest stage configu.mtion w a s  sjmply 

a 7 - f t -  long, 21-in.- wide empty chamber wi th  r e c t a n g u l a r  o r i f i c e s  a t  
e i t h e r  end. S e v e r a l  new t e s t  and a n a l y s i s  procedures  were developed 

which r e s u l t e d  i n  improvements i n  t h e  quality of d a t a  and c o r r e l a t i o n s  

ob-Lained. Tlie "con t ro l l - ed - t r end" te s t  method was shown t o  enhance t h e  

outpu-t rate of u3efu.l information, and provide reprodu.ci.ble results 

(which checked wi th  t h e  d a t a  t aken  i n  conveatiorial  s t e a d y - s t a t e  t e s t s .  ) 

* 
Research sponsored by the U . S .  Atomic Energy Commission under 

c o n t r a c t  w i t h  the Union Carbide Corporat ion.  



It w a s  a l s o  found that t h e  obse rva t ion  of evapora to r  behavior  du r ing  t h e  

t r e n d  tes ts  o f t e n  makes t h e  fomis of good co r re l . a t ing  equa t ions  r e a d l l y  

apparent .  

The t e s t  r e s u l t s  showed t h a t  t h e r e  w a s  a n  important  combined e f f e c t  

of the hydrau l i c  and nonequilibrliim l o s s  behavior  on the o p e r a t i o n a l  

s t a b i l i t y  of a s i n g l e  s t a g e .  Also, s u p r i s i n g l y  good stage e f f i c i e n c y  

and s t a b l i l i t y  c h a r a c t e r i s t i c s  were noted i n  experiments i n  which t h e r e  

was blow through. 



* 
Aria1 y s i G of Evaporator I)ynanii.c:s 

N. E. Clapp 
Ins t rumen ta t ion  and Controls  I)i.vi.sion 

The pu-rpose of t h e  evapora-Lor dynamlic test:; :is t o  o b t a i n  data t h a t  

are u s e f u l  i n  t he  developnerlt of iz &yiiarnic model. which p r e d i c t s  t h e  

p e r f o m a n c e  of' a stage i n  a mul t i s t age  flash evapora to r .  

were perfoniiecl on the SIX 3-s t age  evapora to r  a t  Wrig;2itsv:i.lle Beach dur ing  

August 15170, i n c l u d i n g  f'requeney response tests and p u l s e  tests. The 

frequency response tes ts  consisted of varying one o r  more of Yne s t a g e  

i n p u t s  i n  a coded sequence known as a j:seudo-raniiom binary- n-sequence 

(PRES), which contai.ned a l a r g e  number of' odd ha r~non ics .  
tes ts  consiisted of:  

s t e a d y - s t a t e  operating poiIl tJ  

b r i n e  heater, arid ( 3 )  -varying both I-ecyc1.e b r i n e  f l o w  rate and s tem 

f low rate s i i n d t a n e o u s l y .  The pulse tests c o n s i s t e d  of v;aryri.ng t h e  

recycle brim i ~ o w  rate or tlie :ste-%ri flow ra te  w i t 1 1  a si r igle  p u l s e  o r  

a double-L ( 2 . e . ,  a p o s i t i v e  pulse followed by a negzt ive  p u l s e )  s i g n a l .  

Dyritmic tes ts  

The three PRES 

(I) varying t h e  recycle brine flow rake a b o ~ k  a 

(2) varyi:ag the  steam f.l.ow rate i n t o  t h e  

111 t h e  analyst:; of t h e  frequency rt.:l;ponse &xta, it was tletermined 

t h a t  du r ing  each t e s t ,  s m a l l  drifts i n .  temperature  over t h e  40-miri. 

p e r i o d  in t roduced  s i g n i  f r i  cant e r r o r s  i i i  t h e  individuid- t,ransfer f u n c t i o n  

c a l c u l a t i o n .  The frequency response arialysis approach was to fi t ,  t h e  

f re quency re sp oris e d a t a  Lo the  ore  tical. models, ob t a l  ni ng t h e  c; oe f f ic i e nt s 

of the mod-els by- m e a n s  o f  an optlinlza'Lion r o u t i n e .  F i r s t ,  .the parameters 

OS a st,and.ard. d i s t r i b u t e d - p a r a ~ ~ e r  model f o r  t h e  test  stage condenser 

were vari.ed t o  ob-talin y;ood agreement with test d a t a .  

could t h e n  cialcula-te i;he Pl.ashri.ng ( o r  v a p o r i z a t i o n )  rate, which was t h e n  

used i n  the f l a s h i n g  tray b r i n e  dy~i:xrii~ mod.el  devel.opiiieat. This method. 

of a n a l y s i s  y i e l d e d  good. resiilts over  a reasonably wi6c fr.equel?cy rmge .  

From t;hi.s, one 

The pulse t e s t  d.at,a are analyzed using the OIINL Hybrid ccuriputer . 
A model of the ttvapora;tor s ' i a ~ e  0 i s  set  inp on the analog ~o1ni;puter. 

-ic 
Research spo~sored .  ?JY the  IJ .  S. .Atomri.c Eneryhy Commissioii under 

contract with t h e  Unioil C a ~ b i d e  Corporat ion.  
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D i g i t i z e d  temperature,  flow, and l e v e l  data recorded du r ing  t h e  p u l s e  

tests are stored i n  t h e  d i g i t a l  computer. Input  s i g n a l  p e r t u r b s t i o n s  

corresponding t o  t h e  measured s i g n a l s  a r e  s e n t  t o  t h e  analog model, and 

-the measured o u t l e t  s i g n a l s  are compared wi.Yin t h e  o u t l e t  s i .gnals  of t he  

analog model. 

may be made, e i t h e r  manually o r  au tomat i ca l ly  us ing  a g r a d i e n t  s ea rch  

a l g o r i t l m ,  t o  minimize d i f f e r e n c e s  between model response and measured. 

response.  

The hybr id  program i s  w r i t t e n  s o  t h a t  parametier v a r i a t i o n s  

The use of coded sequences, such as t h e  PB3S, as Tnput s i g n a l s  h a s  

proved t o  be a n  e f f i c i e n t  means of 0btarinri.ng frequency response d a t a  

over a wide frequency range. The use  of' p u l s e  s i g n a l s  as i n p u t  s i g n a l s  

has  proved t o  be an  e f f ec t i -ve  way of ob ta in ing  t i m e  response d a t a .  

S i m i l a r  r e s u l t s  can be obtained from both frequency response and tlme 

response da t a ;  however, d i f f e r e n t  a n a l y s i s  procedures  are used. One 

example of t h e  r e s u l t s  obtained from t h e  dynamic analysi-s i s  tlne discovery 

of a t r a n s p o r t  delay i n  t h e  t r a y  b r i n e  temperature  freqiiency response.  

The t r a n s p o r t  de l ay  w a s  caused by channeling of b r ine ,  a long t h e  bottom, 

through -the s t a g e .  The e f f e c t  of channel ing on s t a g e  performance was 

t h a t  l a r g e r  than expected va lues  of nonequilibrium l o s s  were measured. 

The i n s t a b i l i t y  i.n b r i n e  l e v e l  w a s  a l s o  found t o  be dependent on t h e  

mnoun-t of channeling p r e s e n t .  



* 
The ORNL MSF D i g i t a l  Simulator  

J. G. k l e n e  
Reactor Di-vision 

An importarit aspec-t of' t h e  design o f  Large seawater  d i s t i l l a , t i . o n  

p l a n t s  i s  t h e  de-Lermi.ria.tion of Lhe i r  d2nctmic c h a r a c t e r ?  s t i c s ,  s t a b i l i - b y ,  

and cont ro l la 'o i l i ty  . As an aid t o  understanding and p red ick ing  Yhe 

response of l a r g e  rul:ti.stage flash (MSF) e.vaporator p l a n t s ,  a d i g i t a l  

s i m u l a t o r  w a s  developed. Tk~i;; s i m u l a t o r  can c a l c u l a t e  t h e  responscii of 

t h e  evapora to r  t o  vavioiis t y p e s  of p e r t u r b a t i o n s ,  a c c u r a t e l y  prdLc.LTng 

l e v e l s ,  temperatu.res, f low rates, e t c  -, i n  each s tage  w i t 2 i i i l  a reasonable  

computer running t i m e .  Typ ica l  system p e r t u r b a t i o n s  c u r r e n t l y  3.csonuno- 

da t ed  by t h e  code are changes in .  b r i n e  heater steam flow and eva.porator 

recycle f low.  P r e s e n t l y  there are  two w r s i o n s  of t,he srimul-ator a v a i l a b l e .  

'The f i r s t  v e r s i o n  i s  a g e n e r a l  purpose si.niul_ator f o r  .the s tudy  of l a r g e  

evapora to r  designs.  The secoi~d v e r s i o n  i s  e s p e c i a l l y  for the  9 - s t age  

MSF' t e s t  module a t  San 13i.ego. 

Although b o t h  oP t h e  codes are operable,  i.mprovements are  con-tiriually 

be ing  made t o  them - 'These improvements i nc lude  bo th  changes in. the  

represent ,a t  i. on of t h e  ev-apora-t or component :; and changes in .the mathematical  

models used. t o  d z s c r i b e  heat transfer arid l?lashing flow. 

a t t empt s  are rriade t o  match experirnental  r e s u l t s  and s i m u l a t o r  cCd.ciLLat,Fons - 
In the code development, s p e c i a l  a t t e n t i o n  has been pl-aced o.n reducing 

Wiiere p o s s i b l e ,  

c o m p ~ ~ t e r  running t ime whi l e  a t  t h e  same time mai-ntai ni.ng s u f f i c i e n t  d e t a i l  

and accuracy.  

two computer code v e r s i o n s  arc: about, 1-3 and j-10 t imes r e a l  Lime f o r  t h e  

g e n e r a l  y.srpose simulator (5O-sLage problem) and the modid-e siniiilator, 

r e s p e c t i v e l y .  

The cu-rrerit running .ti.mes on t h e  ORNL TBM 36O/gl f o r  t h e  

Under development, bui; no-t operable  ye t ,  i s  an ex tens ion  or the 

s i m u l a t o r  t o  iriclude ,EL r e a c t o r ,  steam genera-tor, and -tul;bin~-genera.t;or 

p l a n t .  This s imula t ion  i s  being developed as a n  a i d  t o  i n v e s t i g a t i n g  ?ne 

dynamics and. possi-ble control problems of large dual-purpose p l a n t s .  

* 
Research sponsored by the U .S .  Atonic:: Energy C o m i i ~ ~ i o n  u-nder 

c o n t r a c t  .with t h e  Union Carbide Coiporat ion.  
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The s imula to r  i s  p r e s e n t l y  be ing  used t o  determine areas i n  which 

evaporator  experimentation i s  needed and t o  a i d  i n  t h e  des ign  of needed 

experiments w i th  t h e  9-s tage t e s t  module. The r e s u l t s  of such experri.ments 

w i l l  fu r ther  improve t h e  mathematiical models used i n  t h e  s imula to r .  1.1; 

i s  expected t h a t  t h e  s imula to r  w i l l  be  used ri.n t h e  design of c o n t r o l  

systems f o r  l a r g e  evaporators ,  i nc lud ing  t h e  proposed Om-State of 
C a l i f o r n i a  40-Mgd p ro to type  p l a n t .  



Nuclear & s a l t n a t i o n  Information Center 

K .  0. Jobnsson 
Reactor  L ) i  v-ri s i o n  

The Nuclear Desa l ina t ion  Xnforrniation Center con t inues  t o  provide 

s e r v i c e s  t o  bo th  the program staff a t  ORljL and i.nves.l;igators e1:xwhere. 

The nurrher of r e p o r t s ,  a r t i c l e s ,  and papers  from meetings ir! t ine 

i.nf ormation s t o r a g e  and rei;r.itsm.l system now zpproaches 1500. 

r eques t ,  t h e  Center  s ea rches  these 1500 r e f e r e n c e s  f o r  i.nfonnati.on 

based on s e l e c t e d  keywords and provides the r e q u e s t o r  wi-th a computer 

p r i n t o u t  of t h e  references and , a b s t r a c t s  which are pe rL inen t  .LO the  

needs of the r e q u e s t o r .  Tine Center  a l s o  pu’olishes, from time-to-time, 

l i s t s  of r e f e r e n c e s  and a b s t r a c t s  which have been added. t o  t he  system 

and anniually p u b l i s h e s  coniplc:.,t;e reference d a t a  am1 abstracts for every- 

t h ing  i.n the sys-t e m .  

OSW R&D Progress Reports Is a l s o  prepared annua l ly .  

l i s t i n g  of U . S .  p a t e n t s  pertaining to the d i s t i . l l a t i o n  p r o c e s s  f o r  

d.esalti.ng w a s  prepared arid. i s s u e d  :in a preIl.mj.na-ry form; a more curriplete 

l i s t i n g  i s  now ready for release. 

On 

A permuted t i t l e - au tho r -co l -np~-y  index  t o  all. 

AIL indexed. a b s t r a c t  

Considerat ion i s  be ing  griven t o  inclhdinp; i n  the scope of ’L‘ne 

Center more complete coverage of i.nf ormation relaLing to t h e  l a r g e -  

s c a l e  a p p l i c a t i o n  of d e s a l t e d  water i n  agricu1tu.r-e. 

3c 
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Suiiflary of t ? e  OSW-Supporied Tkvelopinent Work at, ORTJL, 

I. Spiewak 
R e x  t o r  Divis ion 

The Interagency k r e e m e n t  beiween t h e  AEC and t h e  OSW provi-des f o r  

a broad program of  research, development and engineer ing and Laboratory 

s e r v i c e s .  While t h e  bulk of the p r o g r m  has been i n  t he  f i e l d  of 

d i s t i l l a t i o n ,  s i g n i f i c a n t  p r o j e c t s  have been c a r r i e d  out i n  r ega rd  to 

materials , program a n a l y s i s ,  economic and f e a s i b i l L t y  stud-ies,  b r i n e  

d i s p o s a l  and membrane p rocesses .  

&riphasis has been p l aced  on VTE p rocess  development. R number of 

high-perf ormance hea i  t r a n s f e r  s u r f a c e s  ha.ve been developed and/ or 

evaluated,  inel-uding both elvaporatom and condensers.  

During t h e  p a s t  year, some of the noteworthy accomplishments have 

beeu t h e  following: 

1. P a r t i c i p a t i o n  i n  t e s t s  of thc MSF module and the ISYE-X ai; 

San M.ego, w i th  comparison of p r e d i c t e d  and observed r e s u l t s  

2 .  C o r r e l a t i o n  of t h e  f o u l i n g  observed on enhanced evapora to r  

t ubes  

3 .  
Wr i gh'i s v i 1 1  e Seac h 

4 ,  
5. Survey 01' t h e  p a c i f i c a t i o n  of p r o d u c t  water from d i s t i l l a t i o n  

0pe:ration of the CO, Sca le  Suppression P i l o t  P l a n t  a t  

Survey oi' materials performance at, OSW tcst facili'Lies 

p l a n t s  

6. Study of' l a r g e  VTE-MSF d i s t i l l a t i o n  p l a n t s  as a f u t u r e  source 

of supplemental  wa-ter supply for New York C i ty .  

I n  FY 1972, cont inuing work w i l l  i nc lude :  

I. Heat t r a n s f e r  t e s t s  of high-perf ormance tubes  

2. Analysis of d a t a  froin OSW p i l o t  p l a n t s  and t e s t  beds 

3. Condenser bundle ana1ysi.s 

-X- 
Work sponsored by t h e  Of f i ce  of' Saline Water, U .  S.  &partment of 

t h e  InLerior ,  und.er t h e  lnteragency Agreement wi-ih t h e  U .  S. Atomic 
Energy Coirlini s s i  on. 



4 .  
5. Component development 

6. 
‘ 7 .  OSW Materials Infoimation Center and Distillation L i t e r a t u r e  

Design and systems studies using computer proceo:; models 

Assistance to OSW in desalting feasibility and economic s t ix l i e s  

Survey . 
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V e r t i c a l  Tube Evaporator S t u d i e s  

Evaporat or-Condens er He8.t T r a n s f e r  and - F l u i d  Mechanic s 
-x 

I_s____I--------l-l 

L. G .  ,kkxander and H. W. Hoffman 
Heac tola lii v i s i o n  

The h e a t - t r a n s f e r  program dur ing  'iiht. p . m t  y e a r  has c q l - o r e d  a number 

of s p e c i f i c  a r e a s  i l l u m i n a t e d  by e a r l i e r  more g e n e r a l  s t u d i e s ;  t h e s e  are 

considered i n  tile fol lowing paragraphs.  

F l u t e  Geometry. W e  have known f o r  someti.me t h i t  t h e  perfoimance Ol' 

doubly f l u t e d  tubes  w a s  a f f e c t e d  by t h e  p r o f i l e  shape. In e x m i n i n g  thri-s 

f u r t h e r ,  we t e s k d  f i r s t  a group Oi' ninc commercj.ally p repa red  co r ruga ted  

( f l u t e d )  t ubes  ( 4 . 0 - i n .  -01) x 8 - f t - l o n g )  with f r e s h  water i n  downflow a t  

atmospheric p r e s s u r e .  Nominal h e a t - t r a n s f e r  c o e f f i c i e n t s  ranged f r o m  

1200 t o  1750 Btu/hrSft" eQF wi th  l i t t l e  dependence on AT; comparable va lues  

for a smootjn tube  a r e  -600 S t u / h r * f t "  ,'E. 

c a l c u l a t e d  by s u b t r a c t l q  an  e s t ima ted  wall resisiaiice from t h e  overa1.l. 

r e s i s t a n c e ,  were found t o  c o r r e l a t e  w i th  p i t c h - i o - p e n e t r a t i o n  r a k i o  

R e s i d - i i a l  c o e f i ' i c i e n t s ,  

(Fj.g. 3 ) .  

T h i s  s tudy wj.th v a r i o u s l y  manufactured tu'ues i n d i c a t e d  the d e s i r a b i L i t y  

of a sys t ema t i c  i n v e s t i g a t i o n  of the e f f e c t s  o€ l ' l u t e  parameters  on tube  

performance. Accordingly, t h r e e  sets of 2- - in .  -OD x 2 - f t - long  aluminum 

tubes  were prepared:  S e t  1 - t h r e e  tu'oes wi'ih sine-wave f l .utes  of 

cons t an t   itch-to-penetration r a t i o  (P/e .:z 3 )  b u t  w i th  p i t c h e s  of' 0.150, 

0.190, and 0.240-ln. ;  Set 2 - t h r e e  tubes wi th  f la .L-crested f l u t e s  of 

0.125, 0.167, and 0.250-in. pi-Lcii but w i  1;h p e n e t r a t i o n s  of 0.040, 0.060, 

and 0.120-in. ,  respec- l ively;  and Se'i 3 t h r e e  tubes with rounded f l .ute  

c r e s t s  (as opposed t o  sine-wave) a t  constant, p e n e t r a t i o n  (0.040-ih. ) 
w i t h  pi-tches of 0.120, 0.200, and 0.250 i n .  With S e t  I, decreased 

s l i g h . i l y  (2150 down t o  1320 Btu/hr  a f t "  n o  F) wi th  i n c r e a s i n g  p i t c h  a t  

c o n s t a n t  P/e .  

n 

For Se-t 3,  w i t ?  appi-oximately -the same range i n  p i t c h  

b u t  a two-fold va r i - s t i on  i n  J?/e (3  i o  &), t h e  c o z f f ' i c i e n t  dec rease  

* 
Work sponsored by the  Oi'fice of S a l i n e  Water, U. S. -kpart lncnt  

th,: I n t e r i o r ,  under Lhe i n t e ragency  Agreement wi th  t h e  U .  S. Atomic 
Energy Commission. 
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more exaggerated (1900 down Lo 1300 Btu/hroi" t2*oF).  

c o e f f i c i e n t s  were of' t h e  o rde r  of' 2200 j3tu/hr*f t2  *'E' with the l a r g e r  

f l u t e s  (P/e =: 2.?8 a d  2.08) b u t  only -1800 Btu/hr*Yt2boF wi ' ih  the 

smalles-i; f l u t e  (r/e = 3.13) .  

Wi-Lh Set 2, 

VTE-X Tubes. Twa Lygical 2-in.-OD x 10- f t - long  doubly fluted CuNi 

tu'oes used i n  the VTE-X (Anaconda-Grob profile) were tes'ced. 

water  a t  evapora t ing  temperatures  of 130, 210, and 2j0°F, Url was 850, 
1250, and 1 2 0 0  E t u / h r * f t "  *OF, r e s p e c t i v e l y ;  t h e  value a'c 1.3O"F i s  

comparable t o  that found with Lhc GE Profi . le  9 tube, b u t  t h e  perfol-ffiance 

a t  t h e  h i g h e r  temperatures i s  decj-d-edly i n f e r i o r .  The c o e f f i c i e l l t s  were 

i n s e r i s i t i v e  t o  v a r i a t i o n s  i n  AT and i.n flow. 

and an  i n l e t  nozzle  ( c o n d i t i o n s  conducive t o  foaming), t h e  c o e f f i c i - e n t  

a t  1.30°F i n c r e a s e d  o n l y  t o  1.000 Btu/:irmft2 * O F  whi le  r i s i n g  t o  about  

2000 Btu /h r* f t "  *OF a t  210°F. 

the s a l t w a t e r  feed, t h e  210°F c o e r f i c i e n t  remained a t  4000 Btu/hr  e f t "  " O F ,  

i n d i c a t i n g  no f u r t h e r  ef i 'ect  of r'oaming agen t .  

With f r e s h  - 

With a 3.8 w t  $ NaCl f eed  

When 2 0  ppni o f  Neodol 25-3A w a s  added t o  

Length E f f e c t s .  R s e r i e s  of tes ts  wi th  a 3-in.-OD, doubly f l u t e d ,  

CE P r o f i l e  9, CuPe tube  r evea led  no e r f e c t  of l e n g t h  (over t h e  range 4 
to 20 f e e t )  on performance w.i.th foaming f r e sh -wa te r  f lows.  The r e s u l t  

i s  c o n s i s t e n t  wri.th e a r l i e r  obse rva t ions  under noilf oaming condlti-ons.  

Surface Fouling. The magnitude of the f o u l i n g  r e s i skance  was 

examined. w i th  3-i.n. -OD x 10-f-t-long a l ~ u n i n i i m - b r a , ~ ~  tubes  of h a c o d a -  

Grob p r o f i l e  exposed at, t h e  San Diego (3TE-X) and. W r i g h t s v i l l e  Beach 

(WB) OLW faci l i .Lies .  

t ube  w a s  1550 i3tu/hr a f t "  *OF. 

a r ise  i n  t h e  c o e f f i c i e n t  t o  1980 B t u / h r * f t '  *'F; subsequent c l ean ing  of 

t h e  i n s i d e  s u r f a c e  r e s u l t e d  i n  a s l i g h t  d.ecrease i n  U 

The derived. o v e r a l l  f o u l i n s  r e s i s t a n c e  wi th  fresh w a t e r  w a s  0.00010 

lirmft" r0F/Btu;  sa l twa-ter  d a t a  a t  21.0"F (2200  fouled and 2790 B t u / h r * f t 2  *OF 

c l e a n )  y i e l d  a f o u l i n g  r e s i s t a n c e  of G.00018 hrb f i "*"F /Rtu .  

W i t h  f r e s h  water a t  ZlO'F ,  ?,- f o r  a fouled VTE-X 
L 

Clearing of the o u t s i d e  s u r f a c e  occasloned 

- 
(400 B t u / h r * f t 2 * ' F ) .  n 

The Fouled ME t ube  a t  210°F wi.th f r e s h  water zave a c o e f f i c i e i i t  of 

1 2 1 0  3 t u / h r * f t 2  *'I?. 

and w T t n  '00th sides  cleaned., e s s e n t i a l l y  the  same a t  1680. 
corresponding fouling r e s i s t a n c e  w a s  0.00023 hr*i"c" *OI?/Btu. 

w a t e r ,  c o e f f i c i e n t s  were 1790 ( f o u l e d )  and ZZl5 (cleaned-), g i v i n g  a 

fouJ-ing r e s i s t a n c e  oi' only 0.00011 hral" t2  a"F/Btu. 

With 'chc o u t s i d e  cleanzd, En w a s  1.660 B t u / h r * f  t" *OF; 

The 

With salt 



Fresh-water c o e f f i c i e r i t s  for t h e  cleaned t ubes  can be cornpard. 

with a valur of -1650 B t u / h r r f t ”  r “ F  1r0111 earlipr tests w i t h  a similar 

clean tube. The several anomalics  exhibited through these cxperirnents 

need f u r t h e r  r e s o l u t i o n .  
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Experiments i n  t h e  VIE-X t o  Observe Tube Rundle Heat Transfer  

Performance as  Noncondensable Gas Loading and Vent Rates are Varied 
3( 

R.  V a n  Winkle 
He ac  t o r  1X v i  s i or] 

The tes-t program of venting experiments ( i n  which ven t  rates and 

nonc ondensable gas  load ings  bere v a r i e d )  a n d  of measurement of l o c a l  h e a t  

t r a n s f e r  c o e f i ' i c i e n t s  w a s  performed i n  tlne second e f f e c t  bundle of tne 

VTE-X (a l a r g e  OSW f a c i l i t y  a t  t h e  San Diego T e s t  S t a t i o n )  t o  o b t a i n  

i.nf onnat ion on t h e  f 011-owing questTons : 

1. A f t e r  making allowance f o r  t h e  expected p a r a s i t i c  kmnperature 

l o s s e s  due t o  p r e s s u r e  drop and presence of noncondensa'ole gas, w i l l  t h e  

evapora t ion  r a t e  be imifonn i n  a11 p a r t s  of the bundle? 

2 .  By how much w i l l  t h e  h e a t  t r a n s f e r  c o e f f i c i e n t  be irnpari-red 

(1ocall .y) as t h e  concen t r a t ion  of noncondenoable gas  i n c r e a s e s  and 

exceeds  he va_l.ues expected under normal opera t ing  cond i t lons  (witlcl 

r e s p e c t  to vent  r a t e s  and noncondensable gas l o a d h ) ;  e .g . ,  can c r i t e r i a  

be establ.i.shed f o r  t h e  s p e c i f i c a t i o n  of optiniua ven-t rates? 

3. Does it make any difference whc-ther t h e  v e n t  s t r e a m  is withdrawn 

f r o m  the t o p  o r  f r o m  t h c  bottom of t h e  ven'r; region; w i l l  d e n s i t y  d i f f e r e n c e s  

between stearn and noncoudensable gas r e s u l t  i n  undes i r ab le  s t r a t i f  i c a t i  on? 

4. If s i r a t i f i c a i i o n  occurs, would it be apprec i ab ly  worse f o r  

noncondensables of h i g h e r  molecular weight (CO, compared to air, f o r  

i n s t a n c e ) ?  

5. Is t h e r e  a t h re sho ld  1.ower l i m i t  oil m a s s  v e l o c i t y  below which 

good sweeping of noncondensable gas will no t  be obtained? 

6. W i l l  very h igh  m a s s  v e l o c i t i e s  of s t e m  a t  t h e  f r o n t  o f  Lhe 

bundle affect t h e  o v e r a l l  h e a t  t r a n s f e r  c o e f f i c i e n t s  e i t h e r  ad.versely 

o r  bene f i  c i a l l y  ? 

In the  experiments performed i;o da t e ,  it appears tna- t  i n  t i e  absence 

of gas t h e r e  would be uniforrn Ilea-t t r a n s f e r  performance i n  a l l  p a r t s  of 

-X- 
Work sponsored. by t h e  Off ice  oT S a l i n e  Water, U .  S. Department OS 

t h e  I n t e r i o r ,  under the Interagency Agreement wi th  t h e  U .  S .  Atomic 
En-crgy Commi s s i  on. 



t h e  bundle, and tha- t  mass velocities of‘ steam 8s  h i g h  as 3800 i k / h r - f t ”  

neither’ iingrove nor hur-f; the heat transfer c o e f f i c i e n t s .  

( i n  answer t o  t h e  above l i s t  of q u e s t i o n s )  remain more tenta-Lli:ve because 

a n a l y s i s  of t he  experimental  resu l t : ;  i s  conplica-ted by tk-1.e fo l lowing  

items : 

GLher conclusj.oris 

1. There w a s  some scale fomiation i n  the bundle ( eqg iva len t  t o  a 

heat t r a n s f e r  r e s i s t a n c e  the order of 0.00008 hr.ft” *“F/Btu) which w a s  

not ne c e s s arily uni  f orrdy d i s t r i b u t e d .  

2 .  Tnere was usualljr a la rge  i‘lo-w of noncondensab.le gas,  either 

from i n l eakage  a i r  o r  from CO, release, in the ainiount g e n e r a l l y  equal to 

o r  greater -t;lian one pound mole per hour (based on the -t;emperatu.re 

i n d i c a t i o n s  ) which in t roduced  si.zeaI.de uncer ta j .n ty  into ’die e s t i m a t i o n  

of gas  c o n c e n t r a t i o n  i n  v a r i o u s  regi.ons of t h c  bundle. 

3. The vent vapor sm1ples €or t h e  measurement of noilcoi1densabl.e 

gas c o n c e n t r a t i o n s  i r? the .vent streams appeizred to g i v e  u r ~ : r e l L ~ ~ K i . ~  

r e su l t s .  
4. Noncondensable gas was probably not  u n i f o m d y  disi;r:i.but,ed i n  

the steam e n t e r t n g  t h e  bundle, appurent1.y hei.ng h i g h e r  5.n concer!trst.ion 

i n  t h e  lower regi-.ons. 

I n  s p i t e  of Lhese uncer.Lainlies,  which coul? be reduced i n  a d d i t i o n d  

e xp e rime 11 t s , it appears t h a t  vapor temperature  mea s urerne nt s , when us e (3. 

with calculated pressinre drops, a f f o r d  reliable quantita. t i \ i .e ri nd ica t ion  

of noncondensable gas concentrations, which then permit  i.isefu_l anaiy::;is 

of the experimextal da-La t o  give the fo l lowing  t e n t a t i v e  conclusions : 

1. L i t t l e  stratificatioii occurs as a result of d e n s i t y  d i f f e r e n c e s  

.between stem and noricondensable gas, even when argon (to siniul.-zte CO,) 

is used as rioncondensable gas t racer .  

2.  There i s  a t h r e s h o l d  inas s  v e l o c i t y  f o r  effecL5.vi: sweeping of 

noncondeiisables, and i t s  va lue  i s  the order of 100 lb/hr.iSt” f o r  conditioiis  

of  t,he VIE-X t e s t .  

3 .  A gas concentration i n  the range 1 .0  t o  1.5 mole percen t  can 

cause  a 15% r e d u c t i o n  i.n h e a t  transfer c o e f f i c i e n t  (from a -value of about  

1100 Btu/kr.ft” .OF); h i g h e r  gas coricezltrations gi.ve much g r e a t e r  reductions. 
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l t .  There i s  l i t t l e  d i f f e r e n c e  i n  performance when ven t ing  occurs 

from the  bottom only,  o r  from the t o p  only, o f  t h e  vent  r e g i o n .  

AdditioflaJ, experiments are needed t o  determi ne more a c c u r a t e l y  t h e  

e f f e c t  oi noncondensa'ole gas c o n c e n t r a t i o n  on h e a t  t r a n s f e r  c o e f f i c i e n t s ,  

p a r t i c u l a r l y  a t  concen t r a t ions  below one mole percen t ,  and Lo i n v e s t i g a t e  

more completely t h r e s h o l d  mass v e l o c i t i e s  f o r  sweeping of noncondcnsables . 



CO, Sup-pessicjn 02 Alka l ine  S c a l e  

D. M. Eisseiiberg 
Iie a c t o r  I l l  v i  s i  on 

The CO, S c d e  Suppres:;i.on P rocess  is a rne-!;hoil of t r e a t i n g  se<awater 

feed -to d . i s t i l l a t i o n  d.esal-ination plant:; so t h a t  up t o  85% of the djissolved 

a l k a l i n i t y  (the s o l u b l e  Yonn of al.ka.Lj.rit? s c a l e )  is p r e c i p i t a t e d  0u.L of 

t h e  p rocess  s t ream and subsequen-tly redissol.ved aiid re-Lurned t o  the sea.  

%he process has  been inve:; t igated usj.iig a 3O-gpr11 pilot plant located a L  

t h e  Wrigh . t s  viliLe Beach, North Caro l ina  -test facility OS the Om. 'Die 

p l a n t  deriioilstrated that seawater carboriated by p r e s s u ~ - i z a t l o n  w i t h  CO, 

t o  a pH of 6.5 w i l l  riot foim sca1-e while being hea ted  t o  %30GF in 

c onve rit  i oiiaL heat; exchangers . 
a t  -tihe hi.& temperature wits acc~rriplishe(i  u s ing  two  packed. colu:mn:; - rJrie 

f o r  p r e c i p i t a t i n g  Lhe dissolved d.kal.ri.njni.ty from the prc~heaterl  feedwater 

by stripping %he CO, with prime :stearn, arid -the o t h e r  f o r  r e d i s s o l v i n g  

t h e  preclipitate from the packing by  washing w i t h  cold, cur'OOKlatf2d sexwater 

which i s  t h e n  d.ischitrged 1x1 the :;ea. The CO, i o r  caxhrjriating t h e  seawater 

p r i o r  t o  washing the col.cu1m was su.iplus CO, r e c o ~ e ~ d .  from t h e  sJLr:i.pping 

steam used i n  t h e  othei- c:oliurin. Pro( , il.esi.gi-i data and opera'r;iori 

experience ob-tained From the p i l o t  pl.sni; have been used to estimate the 

economic: p o t e n t i a l  for the  p rocess  when applied t o  c u r r e n t  gene ra t ion  

distillation p l a r h  (2.5-Mgd WF), as a s u b s t i t u t e  f o r  con.vent%oiial. f eed  

t r ea tmen t  u s i n g  su.l.furic a c i d . .  E'oL. a p1aTi-t opera t ing  at a to11 teniperaturc 

of 250'~: pre1.ri.ini.nary studies i n d i c a t e  a one c r n t  per i;houi:;anci g a ~ o m  of 

product  w a t e r  ne-t, savri.ngi; i n  u s i q  CO, sc:ale suppre i.03 when compared to 

a n  optimized acid p l a n t ,  baijirj on the  ground r u l e s  of .the study whi.ch 

i.nclude an a c i d  c o s t  of $'-i5/.i;on.  or .liLLa::lts wi th  t o p  temperatures o r  
27G-Z90°F, t he  pwteni;ial sav-:i.ngs was 2 cents w i t h  the :;:me grou-izcl. rilles. 

Subs e querz 1; pre ci.11 i tat i. on of the a l k a l i n i t y  

*work sporisoreil by t ~ i e  Of f i ce  of S a l i n e  Water, U.S .  &partl-rient of 
-the I n t e r i o r ,  under t h e  Interagency Agreement wi th  the U. S .  AiLomic 
Energy Conun i s s i  on. 



A Study o f  Conjunctive Operation of Nuclear Dual-Purpose DesalLirig 

P l a n t s  t o  Serve t h e  New York C i ty  Metropol i tan l k g j  on 
* 

I. Spiewak 
He ac  t o r  D i  vi. s i  on 

A j o i n t  s tudy team, r e p r e s e n t i n g  tlie New York C i t y  Board of Water 

Suppl-y, the New York S t a t e  Conservation Depar2irnent, Divis ion of Water 

Res ource s, t h e  Cons o l i  dated Ed i son Company, t h e  Atomic Energy C orrmi s s i  on , 
and t h e  Off ice  of S a l i n e  Water of t h e  Department of t h e  I n t e r i o r ,  i n i t i a t e d  

a s tudy i n  1969 of t h e  a p p l i c a t i o n  of dual-purpose nucl..ear-power and 

d e s a l t i n g  p l a n t s  to provide t h e  long-range (1990 and beyond) supplemental  

wa.Ler needs of t h e  New York C i ty  Metropol i tan Region. The study, now 

being f inal ized. ,  considered r e c e n t  advances i n  d e s a l t i n g  and e s s e n t i a l l y  

s t a t e - o f - t h e - a r t  power r e a c t o r  technology. 

0a.k Ridge Nat ional  Laboratory, t o g e t h e r  w i th  persofinel f r o m  Utah 

State Unive r s i ty ,  provided s t a f f  support  t o  t h e  s tudy .  Our r o l e  re la . ted  

t o  s tudy of a l t e r n a t i v e s ,  overal.1 p l a n t  desi.gn, and r e p o r t  p r e p a r a t i o n .  

Bas i ca l ly ,  tlie s tudy concludes t h a t  l a r g e - s c a l e  d i s t i l l a t i o n  p l a n t s ,  

ope ra t ing  con junc t ive ly  with t h e  e x i s t i n g  s u r f a c e  water  siipply system, 

a r e  a reasonable  method of meeting incremental  water needs of New York 

C i ty  beyond 1990. 

An i n c r e a s e  i n  f i r m  y i e l d  of 450 Mgd could b e s t  be met w i th  a p l a n t  

of '750 Mgd c a p a c i t y .  This  p l a n t ,  of -the advanced v e r t i c a l - t u b e  evapora to r  - 
mul~ t i s t age  flash process  type,  would have a. performance r a t i o  of 9 pounds 

Froduci p e r  1000 Btu as compared t o  10-13 normally used for base-loaded 

p l a n t s .  S t e m  would be supp l i ed  by a m u l t i u n i t  dual-purpose nuc lea r  power 

p l a n t .  The m o s - ' ~  economical type of energy supply would be " i n t e r r u p t i b l e ; "  

t h e  steam. woi*l.d he used by a low-pressure t u r b i n e  t o  gene ra t e  e l e c t r i c i t y  

during pe r iods  of peak e l e c t r i c a l  demand. b u t  would be a v a i l a b l e  t o  the 

d e s a l t i n g  pl.ant a t  o.Lher t i m e s .  'The low-pressure t u r b i n e  would be avai1ahl.c 

as spinning r e s e r v e  during d e s a l t i n g  p l a n t  ope ra t ion .  It is esl;irriat,ed t h a t  

the t i e sa l t i ng  plant; ~ i o u l d  have a l o a d  f a c t o r  of Z ' (  percen t  over i t s  l i f e .  

* 
Work sponsored by t h e  Office of' S a l i n e  Water, U.S. Department of 

t h e  I n t e r i o r ,  under t h e  In-Lertgency Agreerrlent w i th  tile IJ .  S .  Atomic Energy 
Commission. 





'oe designed t o  e x t r a c t  product  water while  rejec-Ling h e a t  and reducing 

t h e  m o u n t  of br i i ie  t o  be d.isposed o f .  The evaporeative coo l ing  methods 

r e j e c t  t h e  h e a t  and reduce t h e  q u a n t i t y  of brri.ne b u t  reclaim no wa te r .  

If' a n  a l t e r n a t e  supply o f  c o o l i ~ q  w a t e r  were a v a i l a b l e ,  i t  rliight be 

p r e f e r a b l e  t o  the w e l l  b r i n e .  However, the r e j e c t i o n  o f  h e a t  t o  any water  

results i n  evapora t ive  1.0s~. 

A n  open geothermal. power cyc le  would use  a barometr ic  condenser for 

t he  t u r b i n e  exhaust .  A s u r f a c e  condenser, cooled e i t h e r  by a i r  o r  

r e c i r c u l a t e d  b r i n e  which i s  evapora t ive ly  cooled, could r ec l a im the 

exhalust as product  i n  t i e  amount o f  about 29% o f  t h e  w e l l  b r i n e .  

A s i n g l e  e f f e c t  v e r t i c a l  t ube  evaporator ,  placed. between the  w e l l  

head s e p a r a t o r  and t h e  tu rb ine  o f f e r s  t h e  a t t r a c t i v e  poss i?? i . l i ty  of 

p rov id ing  n e a r l y  g a s - f r e e  steam t o  the t u r b i n e ,  and s impl i fy ing  t h e  

r e c o v e r i n s  oi' sulp'nur from H,S. 

Addi t iona l  water can be extl--ac.ied from t h e  remaining b r i n e  by f l a s h i n g  

it down through a s e r i e s  of s e p a r a t o r s  o r  a mul.tis'i;age f lash evapora to r  

provided. w i th  h e a t  t r a n s f e r  s u r f a c e  t o  condense the vapor.  

Very approximate c o s t  e s t i m a t e s  of one of  the p o s s i b l e  cyc le  ind i - ca t e s  

t ha t  power, water  and s u l f u r  could be recovered from t h e  geothema. l  b r i n e  

a t  reasonahlz  c o s t s .  
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* 
Mater-ia1.s Inf ormatiori Center" 

J. L .  Engl ish 
Reactor  Chemistry M v i s i  on 

Upon r e q u e s t  by the Offi-ce of S a l i n e  Water, the  Oak Ridge Nat ioi ia l  

Laboratory has establjshed a Ma.terials In fo rma t ion  Center concerned. with 

the c o r r o s i o n  and perf'orrnance of materials i r i  s a l i n e  water  conversion 

processes. Tne C e n t e r ' s  s t o r a g e  and r e t r i . e v a l  system i s  cijmputt:rized 

and has  t,wo r n a j  or func t ions ,  o m  of' which i s  the processi.ng of pii'olicati.ons 

l o r  b i b l i o g r a p h i c  5.nforrnation. 

i n  t h e  s y - s t e m .  The secorid f u n c t i o n  of' x2ie Center i s  tine c o l l e c t i o n  of 

in fo rma t ion  on perfonnance of equipment i G  tine var ious  t e s t - b e d  p l a n t s  

arid experrimental f a c i l i t i e s  operated f o r  t h e  Of f i ce  of S a l i n e  Water. 

Approximately 1-(00 incpe..-t;ion-1.eport forms have been processed thus  far 

f o r  computer s t o r a g e  f o r  th.- 2'reeport, Roswell, and Senator  C 1 a i . r  Engle 

t e s t -bed  p l a n t s .  

Approxi.rriate1.y 585 e n t r i e s  n r e  c u r r e n t l y  

* 
Work sponsored by t h e  Off ice  of Saline Water, U . S ' .  lkpastment of 

-the I n t e r i o r ,  under the Interagency Agreemerit with the U .  S. Atomic Energy 
Commission. 
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Cross-F'lov P i l ' t r a t i o n  i n  '1I.reatment of Municipal Sewage 

H. A. Mahlmflari 
Cbemi s t r y  Di vi. s i oil 

&velopmnent of t h e  cross-flow f i l t r a t i o n  technique for. treatrrient of 

sewage has continued, but11 in t h e  laborato:r?j and in our m o b i 1 . e  test iunit  

ai; t h e  Oak Ridge East Sewage P l a n t .  TI-io efl'l.uent from prirnary s e f ; t l i n g  

i.s t r e a t e d  wi th  a c l a r i f y i n g  agent (hydrolyzable sa l t )  and/ 01- powdered 

carbon, arid subsequeritl-y f i l t e r e d  innder p r e s s u r e s  'Lypically from 5 LO 50 

psig. A flow i s  uiaini;ained parallel t o  the f i l h e r i n g  sw'face. 

Die f ' i l trate,  und.er the m o r e  r'avorab1.e c r3ndiLions i d e n t i f i e d ,  has 

approximately tne tiii-bid.ity of t a p  water, 8535% of organic  carbon 

remo-Jed, arid over yy$ of phosphate removed . 
t o  t h a t  ob-Lained from most; projected combj izations of secondary and 

. t e r t i a r y  t r ea tmen t .  P'l.uxes vary with cond i t ions ,  b u t  u s u a l l y  range from 

50 t o  s e v e r a l  hundred gpd/f-L'. 

Die prodinct ir, eomparable 

Among vayiables i r ivest igated are ad.di t,i.ve concentraLions, pressui-e, 

tyy ti i  s of f i l . te  r i n g  s ~ w f a c  e s , arid re gene xiti 011 t e 1"- h - 
The mobile 1nnj.t bas grea.tly i n c r e a s e d  .?;he range oi" our st1.idie:;. 

c r os s - f1 o w v e l 0  c i t y  , 
nicpes.  

The technical f e a s i b i l i t y  of th-i.s approach t o  sewage trea,i;riierit 

appears e s t a b l i s h e d ,  and niuxh ini'oi-matiori has been developed toward 8x1 

econon1j.c analysis; costs canno-L ye t  be d e f i n i t i v e l y  :;pecif:i.titl, however. 

?c 
Research sponsored by the  Water Qual i ty  Office, .Enviromni:~ital. 

P r o t e c t i o n  Agency, under contract w i . t l  Union Carbide Corporat ion f o r  the 
U.S. Atomic Energy CornrrLi:;sion. 



4-4 

T h e o r e t i c a l  S tud ie s  Nelated t o  I o n i c  Transport  Through 

%on-Exchange Membranes 
* 

Lawrence Tlresner 
Chemistry Div i s ion  

Cen-LraJ. t o  any theo ry  of hyperf il-tra Lion by ion-exchange membranes 

i s  an understanding of i o n i c  t r a n s p o r t  i n  such membranes. Many a u t h o r s  

have desc r ibed  i o n i c  t r a n s p o r t  w i th  t h e  s o - c a l l e d  Nerst-Planck equa t ions  

(EN€'E). Using these equat ions,  Hoffer and Kedem s t u d i e d  t h e  rejec-Lion 

o f  a s i n g l e  b i n a r y  e l e c t r o l y t e  by an  ton-exchange membrane. Hof'l'er and 

Kedem' s s tudy produced some s tar . t l i .ng r e s u l t s ,  verifri ed experimental ly:  

under not  unconmoi~ circumstances,  t h e  s o l u t e  r e j e c t i o n  could be negative,  

j- .e . ,  t h e  f i l - t r a t e  could be more concen t r a t ed  t h a n  khe feed.  Owing to 

t h e  unexpected na tu re  o f  th is  consequence of t h e  ENPE, we began a s tudy  

of f u r t h e r  consequences f o r  m u l t i - i o n  f e e d  solut?'.ons . 
Gencra1l.y speakiiig, in-Legration of' t h e  EWE f'or mirl-ti-ion s o l u t i o n s  

i s  d i f f i c u l t .  No s o l u t i o n s  i n  tei-ins ol" elementary func'iions a r e  known, 

and to o b t a i n  numerical solutl ions i s  time-consuming and. l a b o r i o u s .  Some 

methods of ob ta in ing  approximate sol-ut ions are known, bu t  they are ilot 

g e n e r a l l y  app l i cab le ,  fai_l.i.ng f o r  s i t u a t i o n s  of interes- l ;  i n  hyperflil.tratioi1. 

We have devel..oped a new method of s o l v l n g  ihe ENPE approximately based on 

the assumption of good coion exc lus ion .  Using tln1.s method, w e  have 

discovered anotlier s t a r t l i r i g  consequence of the EWE: i n  the range of 
asymptotic r e j e c t i o n s  (h igh  wa.ter f l u x e s ) ,  only one counter ion axcompanies 

t h e  coions khrough the membrane, the one with thc la i -gest  r a t i o  of 

convect ive coupling c o e f f i c i e n t  t o  p r a c t i c a l  m o b i l i t y .  I f  t h i s  coun te r ion  

i s  p r e s e n t  i.n low enough concen t r a t ion  3-n tile feed, it may be nega-Lively 

r e j e c t e d .  Numerical solirt j .ons of t h e  EWE have ve:rri.f i e d  this  conclusion 

of  the  approxima-Le t h e o r y .  

Eqe r i rnen t s  tu t e s t  t h i s  conclusion are hampered by l a c k  or kliowledge 

of t h e  d i f f k s i o n  and convect ive coupling c o e f f i c i e n t s  of ions ii? membranes, 

___ 
* 

Research sponsored by t h e  Off ice  of' S a l i n e  Water and the J k t i o n a l  
Sciciice Foundation under Union Carbide Corpora t ion ' s  con-tract  wi-Ll.1 the 
U .  S .  Atomic Energy Commission. 
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though w e  feel it reasonab7.e t o  assume t h a t  the pro ton  i-s more rnobile 

.than any o t h e r  c a t i o n .  Bevan observed negat ive  r e j e c t i o n  of: t r a c e  Na 

from acid s o l u t i o n  b y  3, cation-exchange mernbrane, b u t  failed 'co observe 

nega t ive  r e j e c t i o n  or trace %++. 
t h i s  work. has been 7lrri't.Len and submit-ted f o r  pu'ol. i c a t i o n .  

4- 

A paper on tlie theore t ica l  a s p e c t s  of 

I n  o r d e r  t o  be able  t o  make a b e t t e r  comparl.son of 'Lheory-, w e  iriust 

measu-re the dif; 'usion and convect ive coupli.ng c o e f f i c i e n t s  of i o n s  i n  

i.un-exchange membranes Nelson, 13ij.ll.ipsy and Shor are using the 

radiolnetric p o r o u s - f r i t  method t o  meanu;re drif.f'usj.on coeff ic j -ents  A 
nenibrane i s  equil.i.brated with a sol.uti.oi-i con ta in ing  a rad:i oacti-ve t r a c e r .  

Then a solution containing no t r a c e r  b u t  o-therwise -the mane is cri.rcu.la-ted 

past t h e  merribrane, eI.uCing the -tracer. TYislc-~ tm,cc:r dif i 'us ion coefi.'icie!ii; 

i s  re la ted to the  half'-time o f  eI .ut ion of the ra t l . ioact ivi~ty froin the 

membrane T ' l i i s  r e l a t i o n  i s  a simple one i f  ale t i*accr i o r i s  bei.ng e l u t e d  

are swept away as soon as t hey  reach the mem?:ircane surfai-e, i .e i f  the 

bu.ildup of a eoricentration boundary layer  is ignored.. Correc t ions  t o  

t h e  si-mple 'theory have been cal.culated for boimiary layer  bu i ldup  f o r  

s e v e r a l  laminar f'.lows (PoiseuiLie ,  alasiiis ) and f o r  jXLly d.eveloped 

t u r b u l e n t  p i p e  flow; both devel opl.ng arid fully ckveI.oped c o n c e n t r a t i o n  

bountlary lzyers have been considered. Eqer'iments have beer1 c a r r i e d  out; 

to test t;he..;e c o r r e c t i o n s  t o  the el.ernentaxy t heo ry .  A paper d e s c r i b i n g  

t h e  theory has been published as OKdL-4-667. 
Using the Yhemiodyria.-mi.cs of i r r e v e r s i b l e  p r o  

e l ec t ro -osmot i c  water trrans-purt th:rough ion-cxch.znp;c: mernbrtme:; under 

COrdi"r,j.Orls of good coion e%clusj.ol:t. We f i n d  'Ll1a.t; the el.ectro-osrxiotic 

c o e f f i c i e n t  is related. i n  a simple way t o  the r a t i o  of cO~~~ec::t ive coixplirig 

coef f i c i e n t  t o  pri.ac:ti.cal. mo'uil i ty of the cou.nter.irjri. El.ectro-osmo-tic 

measurements may a l low ius t o  i d e n t i f y  the pene-tm.ting counterriun iri a 

rnulti-i.on s o l u t i o n ,  and t o g e t h e r  with ar.1 indepentlent measuremerit of 

d i f f u s i o n  c o e f c i c i e n t  provide a value of the  convective coupl ing c o e f f i c i e n t .  

Such mea:;urcmer!i;s are being made by R. Bevan. 

A l l  of Lhe above work ha:; heen coricerried. wi.t'n ioni-c t r anspor - t  throixgh 

homogeneous ion-exchange rmmbranes. This i s  a k.Lad of byperf,ilt1*iztioil 

process cal.led piezodialysis i n  -c.&i.ch a heterogeneous (ch:;wgi;e-mosai.c) 

membrane is used. In t h i s  process  the f i l . t m t e  I .s erxri.clied riLther thtzli 
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d e p l e t e d  i n  sa l t .  A schematic theoiy  of this p rocess  has been formulated 

wi.th d e t a i l e d  c o n s i d e r a t i o n  of t h e  e f f e c t s  of ge0metrri.c h e t e r o g e n e i t y .  A 

paper  d e s c r i b i n g  thi .s  work has been w r i t t e n  and submit ted f o r  pu’olication. 



Recent Developments in Dynamic Membranes 
-E 

and Their PIYX ti ca l  Rpp l . l ca t i  oris 

Since the firs.t preparatio.(i of dynamic rnembrailes six y e a r s  ago, we 

ha-ve beeu engaged. i.n d e l i n e a t i n g  f a c t o r s  whose manipulat ion wou-ld r e s u l t  

i n  h i g h - f l u x  m e m h r a u e  systems p r a c t i c a l  f o r  d e s a l t i n g  b r a c k i s h  waters. 

A t  t h e  same time, we have inves;'tiga,t,ed othei- water t r ea tmen t  problem 

which seemed more amenable Clan d e s a l i n a t i o n  to t h e  dynamic: approach a t  

i t s  e a r l y  state of development. We reported L a s t  yea:[- ~ 1 1 . 3 t  appeared to 

'oe a s u b s t a n t i a l  s t e p  -Loward bo-t;ii objectives - t h e  p r e p a r a t i o n  of a -two- 

layer memfll~rane, both l a y e r s  d.ynanlcally formed, of hydrou:? oxi.des and 

polyacrylic acI.d. 

Work during t h e  pas-i; year has Increased our optimi. si11 concerning 

t h i s  development. Our major e f f o r t s  have been d i r e c t e d  toward. f i n d i n g  

t h e  condi t ions of formation and operatLon Tnihic'n g i v e  tfie best  f l i ix  and 

re j e c i i o a .  W e  h a w  a l s o  loo1i;ed. f o r  porous suppor t s  more promising for 

i n c o r p o r a t i o n  i 11 p r a c - t i c a l  modules -than the experimental test s e c t i o n s  

we have used, typictally 0.45 p Acropor wrapped around p o r o i ~ . ~  stainless 

steel .  t u b e s .  

With t h e s e  experimental  t e s k  secti.ons, we are able i n  short-term 

tests t o  r o u t i n e l y  form rriembranes of 90 -to 95s r e j e c t i o n  with 0.05 M - N a C 1  

f eed  and f l u x e s  usu-ally over IO0 and up 'c,o l60 gpd//ft'. With ceramic and 

caxhon tubes, whri.ch are possible cand ida te s  f o r  p r a c t i  (:a1 inod.iLks, yerfor- 

mance i s  u s u a l l y  not its good. Iiovever, we have, for example, prepared 

membrani~:; of 9G$ r e j e c t i o n  on 0.27 p Selas ceramic tubes wi-'ill f l u x e s  of  

1 1 2  gi'd.. On carbon Lubes, a t  GO"(;, 94 t o  97% r e j e c t i o n  a t  fluxes mar 

100 gfd has  been a.t.tained. 

W e  reported last year good. recjeciion:; b;y d u a l - l a y e r  membranes on 

Acropor wi th  feeds of composi.tri.ons t y p i c a l  of ria.Lural b r a c k i s h  waixrs . 

-x- 
Research supported by the Or~l'ice of Salirie Water and t h e  National. 

Science E'ounda-Lion under Union Carbide Co:!poratiori" c o n t r a c t  w i th  t h e  
U.S. Atomic Energy ComTssion. 
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W e  have now ob ta ined  s i m i l a r  performance wi th  more pracLica1. suppor t s .  

For example, w i th  carbon tubes,  900 ps ig ,  8 f t / s e c  c i r c u l a t i o i i  v e l o c i t y  

a t  60°C, we observed w i t ' .  s y n t h e t i c  CoaLinga water 96% r e j e c t i o n  of t o t a l  

an ion  and 99% r e j e c t i o n  of C a ( I 1 )  -I- Ng(I1) a t  56 gfd.  

I n  t e s t s  f o r  o t h e r  a p p l i c a t i o n s ,  hydrous Zr(1V) oxide membranes 

have been t r i e d  wi th  K r a f t  pu lp -mi l l  wastes, and hydrous Z r ( i V )  oxi.de-PAA 

membranes with t e x t i l e  dyeing wastes. Parti.cu3.arly w i t h  tine l.attt.r', 

r e s u l t s  were promising . 



x 
Hydrodynamic Ei ' fec t s  on Fouling 

D. G. 'fiiornas 
Reactor  D iv i s ion  

During the  past s e v e r a l  y e a r s  we have made Youling s t u d i e s  wi th  

cellulose a c e t a t e  1 iy .pc r f i l t r a t ion  membranes using as feed 1:)otn Tennessee 

R i v e r  water and effluent f rom t h e  primary s t a g e  of t h e  Oak Iiiclge &st 

Sewer Plant.  I n i t i a l  membrane f l u x e s  covered a range from 5 t o  150 

g a l / f t " * d a j r ,  and : ~ x i ; ~ l  v e l o c i t i e s  were i n  tlie range 1 t o  30 f t / s e c . .  

With t h i s  range of ope ra t ing  cond i t ions ,  w e  ha-ve observed. f l u x  d e c l i n e s  

which v a r i e d  from mild t o  c a t a s t r o p h i c ;  f l u x  d e c l i n e s  which fol lowed 

e i t h e r  a power law o r  e x p o n e n t i a l  f u n c t i o n  o€ t i m e  and some cases  i n  

which t h e r e  w a s  l i t -Lle  f l u x  d e c l i n e  b u t  marlied dec reases  i n  r e j e c t i o n .  

Although membrane f o u l i n g  is q u i t e  compl.icated., w e  are nov a b l e  t o  
discuss some t r e n d s  which appear  t o  be r e l a t i v e l y  reprodiJ.ci1il.e w i t h i n  

broad l i m i t s .  I n  g e n e r a l  we f i n d  that opera t ion  a t  h i g h e r  flu.xes 

r e q u i r e s  h i g h e r  axial . v e l o c i t i e s  t o  p reven t  c a t a s t r o p h i c  f l ux  d e c l i n e .  

x 
Research sporisored by the Off ice  o€ Saline Water, {:,he National  

Science Foundation, and t h e  Water Quality O f f  ice, Envirolirnental P r o t e c t i o n  
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