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Transmitted herewith is a preliminary version of Dr. Pomeroy's report 
1n connection with the chromate problem, power plant cooling towers. 
The report is preliminary only in the sense that it may require edit 
ing in some fashion for clarification and minor corrections but 
Dr. Pomeroy has aS6ured me his opinion is not subject to change. 
You will note that the distribution is somewhst limited. Plesse 
feel free to consult with anyone whom you feel might be of assi8~
anca, and I reque8t that you have your comments or suggestions 
ready for discussion with Dr. Pomeroy at a meeting which we will 
arrange early next week. Dr. Pomeroy will be here Monday through 
Wednesday. During that period I hope we can consolidate any cOm
uents or suggestions that you might develop in the meantime or at 
the meeting so that the report can be typed while Dr. P~roy is 
here and a final review be made with interested parties before he 
leaves, thus permlttiug printing and submittal of the final report 
to uS shortly after he recurns to his office in Pasadena later next 
week. 

I particularly call your attention to page 5, item 4. whic~supports 
Dr. Pomeroy's recommendation. It may be desired by some of you to 
contact Harold Roland to dicU8S the experience at his installation, 
and if BO. hiB telephone number could be obtained from Dr. Pomeroy's 
office, (213) 195-7553. 

In the meantime I will be in touch with you to arrange a meeting 
with Dr. Pomeroy to discuss your comments. 
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C o o l i x  Tover3 of  the USL E lec t r i c  Generating P r c i l i t y  * .  . /  

;;:>,. &:,..", Id  5 .: I - ' '  

Cooling towers f o r  the e l e c t r i c  geneyating f a c i l i t y  of LBSL, oper- 

ated by Z i a  Company, use the  e n t i r e  e f f luen t  f low of the  "A-3 sewage 

treatment p lan t ,  plus a minor amount of water from the municipal supply, 

f o r  make-up. 

winter and summer days, heat d i ss ipa t ion  by the towers being about loqb 
grea ter  i n  the s m e r  than i n  the winter) i s  aa follows: 

The average water balance of the towers (average of t yp ica l  

Make-up 512,000'gallom per day (metered) 

Evaporation 338,000 I' 'I, I 'I (calculated) 

Bloudown 128,000 " '' (metered) 

Windage loss 46,000 It (difference)  

Circulat ion r a t e  18,990 gallons per minute (metered) 

Windage loss, 

Chromate usage, as C r 0 4  35.9: pounds per day (records) 

$ of c i r cu la t ion  0.164$ (calculated) 

The water is  t rea ted  with acid t o  maintain the  pH at 6.0, chromate 

t o  hold a concentration of  30 t o  35 q / l  as C d J 4  (15 t o  18 m g / l  as Cr), 
a small  amount of poly-phosphate and a smaller amount of zinc. The feed 

water is given nominal chlor inat ion a s  i t  en ters ,  and a s l u g  of 12  pounds 

of chlorine is added three times a day. 

The blowdown is discharged t o  Sandia Canyon. There i s  a chance 

that chromate may eventually appear i n  downstream well waters. 
not ce r t a in  that this will happen. 

sediments containing organic matter, or su l f ide .  the chromate will be 

removed, but since there is no assurance t h a t  t h i a  w i l l  happen, the con- 

t inued discharge as at present m u s t  be 'considered impermissible. The 

following a l t e rna t ives  may be considered. 

It i s  

If the water percolates through . 

1. Continue the tower operation e.s et nresent: construct  a plant  t o  
The reduce chromate wi th  sulfur dioxide, then p rec io i t a t e  i t  es Cr(OE13. 



method i s  well establ ished,  an2 plans f o r  such a plent  have been qu i t e  

f u l l y  developed by Z i a .  The cost  I s  estimated a t  S95.000. 

The regulat ions of the Xew Nexico Water Qual i ty  Control Commission 

specify that a discharged waste water shall not car ry  more than 0.01 mg/l 

of t o t a l  chromium. Complete reduction of hexavalent chromium can be 

achieved, but  there  i s  not a reasonable expectation that a l l  of the  

trivalent chromium w i l l  be renoved from the  water by s e t t l i n g .  I n  f a c t ,  

experiments a t  the  s i t e  under the  d i rec t ion  'of Wesley Nichols show qui te  

conclusively t h a t  i t  will not. 

dispersed and does not completely s e t t l e ,  probably i n  p a r t  because o f  
the dispers ing ac t ion  of  the added polyphosphate and cons t i tuents  i n  the 

aewage ef f luent .  

The Cr(OH)3 prec ip i t a t e  remains partly 

It does not necessar i ly  f o l l o w  tha t  the  waste cannot be discharged 

with a small amount of chroinium hydroxide in it .  Regulations, however 

carefu l ly  drain,  require  in t e rp re t a t ion  in the l i g h t  of circumstances, 

because no regulat ions can an t i c ipa t e  a l l  of the  questions t h a t  will 
a r i s e .  Eff luents  discharged from f a c i l l t i e s  a t  Loa Alamos percolate  

i n t o  the ground, and do not reach a usable groundwater basin unt i l  a f t e r  

passing throcgh at  l e a s t  hundreds of feet  of ear th .  

ca r r i ee  an i n e r t ,  insoluble mater ia l  that cannot pass through the ear th ,  

is the  discharge of t h a t  insoluble mater ia l  forbidden on the  bas i s  of 

regulat ions intended t o  pre;vent po l lu t ioq  of the  groundwater? If the 

water were put through a f i l t e r i n g  layer  of sand spread on top of the  

ground, with a membrene and pipes t o  catch the  underdrainage, and i t  
were shown t o  be f r e e  of possibly harmful substances, the discharge would 

not  be forbidden. 

but  onto na tu ra l  ear th  of s imi l a r  f i l t e r i n g  capabi l i ty ,  and i f  i t  were 

shown that the percolating water uere f r e e  from possibly harmful sub- 
stances,  would the discharge be any less acceptable? 

If an e f f luen t  

If the e f f luent  is  put not onto an a r t i f i c i a l  sand bed, 

Ye think not. 

The concern has been expressed that i f  t r lvale- l t  chromium accumulates 

i n  the s o i l ,  i t  may a t  some future date  be reoxidized t o  chromate. There 
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need be no f e a r  on t h i s  account. Chromium, while not abundant, i s  not a 
r a r e  eleuent.  The average chromium content of t h e  rocks of t h e  e a r t h ' s  

crust i s  about 200 ppm. 

a pound of chromim. 

t r i v a l e n t  form. 
known a r e  the  chromate and dichromate of potassium found i n  a few places 

i n  the  n i t r a t e  beds of' Chile. 

containing lead,  the  moot common being crocoi te ,  P b C r 0 4 .  

of lead probably f a c i l i t a t e s  the oxidation of chromium because of the  

i n s o l u b i l i t y  of the  products, but just how the  oxidation comes about is 

not known. 
authent ic  case of na tu ra l  occurrence of clzromate i n  ground water. 

One c u b i c  yard of average rock contains about 

*Copt under unusual conditions,  i t  i s  i n  the 

The o n l y  na tu ra l  soluble hexavalent chromium compounds 

There are th ree  insoluble  chromates, a l l  

The presence 

Despite the  widespread occurrence of chromium, there  is no 

It is concluded t h e t  the e f f luen t  of 6 chromste reduction p l an t  

could be discharged i n t o  the canyon. 

LASL t o  c o l l e c t  and analyse samples of  the percolat ing water a t  sonie 

depth and t o  ?.emonstrate conplete renoval of the chromium. 

It would probably be necessary f o r  

A possible problem would remain from the  escape of chromate i n  tha 

T h i s  subject w i l l  be considered l a t e r .  spray or windage. 

2. Continue t o  oaerate the  tower i n s t e l l a t i o n  a s  at  present:  use 

one of the o the r  possible weleys t o  reduce chromate. 

used f o r  the PUI-~OSO i s  sodium di th ioni te ,  Na2S204. 

reduce chromate even i n  neut ra l  solution. Because of  the convenience 

and s impl ic i ty  of the  operation, d i th ion i t e  is somotimes used in small 
i n s t a l l a t i o n s ,  but  i t  i s  qui te  expensive and therefore  is uneconomical 

where the requiremant is more than a few pounds a day. 

A chemical sometimes 

T h i s  compound w i l l  

Ferrous s u l f a t e  has been used, but its app l i cab i l i t y  is l imi ted  t o  

places where spent l iquor  f rom s t e e l  pickling i s  avai lable .  

Chromate i s  e a s i l y  reduced by sewage, provided that the  amount is 

not  too great and provided tha t  the  sewage is  re ta ined  long enough f o r  



anaerobiosis t o  proceed. 

r e l a t i v e l y  small f l o w  of the TA-3 sewerage system. 

possible  point of connection t o  the larger systerr serving the  t o m ,  and 

other  complications, make t h a t  route impract ical  a l so .  

It would be i r e f f e c t i v e  t o  return i t  t o  the 

The dis tance t o  a 

There are other  possible ways t o  reduce chromate, but they have not 
been demonstrated i n  f u l l  s ca l e  practice.  

I < I 

3. Renove chromate fron the  blowdown by anion exchanm. and re-use 

Chemical Separations Corporation (ChemSep) has offered a continuous- u. 
flow system, and has presented a comparison of annual costs .  

parison is based upon a blowdown r a t e  considerably larger than the ac tua l  

average r a t e  o f  128,000 gallons per day. 

recovered with the proposed u n i t  would be about 34'pounds per day as 

Cr04. 
the  value of the recovered chemical would be about $800 pbr month. 

ne t  cos t  of operation would be less than f o r  t h e  chromate reduotion pro- 

cess ,  but there  would, nevertheless,  be a n e t  operat ing cost  of about 

$300 a month. 

The com- 

The ac tua l  amount of chromate 

A t  the  estimating cost  used by Chem-Sep, 756 per  pmd of C f 1 4 ,  
The 

The price f o r  the proposed uni t  i s  S75,000, with a probable i n s t a l l e d  

cos t  of 8100,ooO. 
somewhat smaller capacity, corresponding more c lose ly  to  the a c t u a l  

blowdown ra te .  

The pr ice  might be l e s s  i f  it can be designed f o r  a 

The proposal guarantees removal of chromate t o  0.05 m g / l .  If it is 

necessary t o  hold the concentration t o  0.01 mg/l, this could be accomp- 

l i shed  by use of  a small amount of sodium d i th ion i t e .  

one contemplating such an i n s t a l l a t i o n  would l i k e  t o  see one of 

the units i n  ac tua l  use wit'h cooling tower blowdown. 
l e t te r  from the  company t o  Dean Killer, C h i e f  Engineer of  Z i a  Company. 

the first such uni t  will be placed i n  service this month (March, 1972) 

on the  eas t  coast .  

According t o  a 

Similar Chem-Sep equipment l a  in use f o r  var ious 



ion-exchange tasks,  but  there  i s  the  p o s s i b i l i t y  that operating pre- 

d i c t ions  may not be f u l l y  borne out i n  a d i f f e r e n t  application, 

espec ia l ly  i n  a s i t u a t i o n  where the water supply is sewage ef f luent .  

Any p lan  t h a t  concerns i t s e l f  only with blowdown treatment leaves 

untouched the  po ten t i a l  problem of windage, s o  it may be that ne i the r  

reduction nor i o n  exchange w i l l  f u l l y  solve the chromate problem. 

if 

be ca re fu l ly  evaluated, because i t  may well prove superior  t o  the  

reduction procees. 

But 

t rea tnent  of the blowdovm i s  t o  be practiced, the  Chem-Sep d t  m u s t  
I 

4. Discontinue the  use of  chromate. usina other  i n h i b i t o r s  instead. 

The choice would probably be polyphosphates with zinc,  and perhaps a 

dispers ing agent, but  there  a r e  other  p o s s i b i l i t i e s .  

might be given t o  the  compounds Punished  by Phoenix Company f o r  use 
elsewhere in LASL, but i t  would be well t o  a l l o w  more time f o r  evaluat ion 

of those ches ica ls  i n  the other  aystem. O f  p a r t i c u l a r  concern i s  the  

possible  dez inc i f ica t ion  of yellow brasses by s t rong che la t ing  agents. 

The tube shee ts  of the condensers are made of M t z  metal, a r e l a t i v e l y  

high zinc brass. The sheet no doubt is qui te  thick, and the  a t tack ,  i f  

any, would be slow,  b;t one would not want t o  take a chance without a 

more carefu l  evaluat ion of probable e f fec ts .  

Consideration 

Since Betz Company, with a great dea l  of experience. in  this f i e l d ,  

has been supplying the  chemicals f o r  the  steam and e l e c t r i c  generating 

p lan t ,  Z i a  w i l l  probably follow t h e i r  recomnendations. 

Chromate,generally now used i n  combination v i t h  phosphates. i s  t h e  
chemical of choice f o r  cooling tower control  in large power plants, but  

the  opinion t h a t  chromate is indispensible  i s  extreme. 

used other  i n h i b i t o r s  for years, and more are  switching from chromate 

now because of water pol lut ion problems. 

Burbank, Cal i fornia ,  where the water supply of the  cool- tower i s  the 
e f f luen t  of a sewam treatment plant. In the  opinion of Harold Roland, 

. Many plants  have 

A per t inent  exanple is  a t  



Chief S t e m  Ehgimer, the e f f luen t  is comparatively non-corrosive, 

a t t r i b u t e d  t o  the high phos2hate content of the  e f f luen t ;  water condition- 

i n g  aims m n l y  a t  preventing fouling. 

phosphate t o  f o r n  a sludge, a dispers ing chemical i s  used, and an 

unspecified organic corrosion inh ib i tor .  

used t o  cont ro l  biological  growths. 

concentration of dissolved minerals. The towers run with a concentration 

r a t i o  of a. 

Because of the  tendency of the  

Shook dosages of ch lor ine  are 
The e f f luen t  has a r e l a t i v e l y  high 

I 

d somewhat g rea t e r  corrosion r a t e  is l i k e l y  i f  chromate i s  replaced 

by other i nh ib i to r s ,  but  It can be kept t o  acceptable l eve l s  i n  the  LASL 

Plant. 

5. Use the  irater f o r  i r r i n a t i o n .  With chromate i n  i t ,  the  water 

should not be sprayed on vegetation, but it could be used f o r  furrow 

and probably broad i r r iga t ion .  

Water Guality Protect ion Conmission. Furthermore, i r r i g a t i o n  would not 
be a complete method of disposal  anyway, s ince there  are seasons when 

I r r i g a t i o n  would be impractical .  

t o  permit the  watering of p l a r t i ngs  i n  t h e ,  area,  the  pro jec t  should be 

considered independently of a scheme designed t o  provide an assured, 

s a t i s f a c t o r y  route  of disposal  of the blowdown 10046 of the time. 

T h i s  would c o t  necessar i ly  s a t i s f y  the  

If the object ive is t o  save water, and 

6. Use t h e  water i n  connection with the operation of  a refuse 

disposal  l a n d f i l l .  

absorbed by the l a n d f i l l .  

f o r  this purpooe would not lessen the  need f o r  a s a t i s f ac to ry  means f o r  

disposing of the  t o t a l  flow. 

The amount of water i s  much g rea t e r  than could be 

As i n  the case of i r r i g a t i o n ,  use of water 

7. Remove minerals f rom the  blowdown and reuse it. The methoCs 

commonly used for producing fresh water from brackish water include 

d i s t i l l a t i o n .  e lectrodyalysis ,  and reverse osmosis. I n  these three 
methods, low mineral va t e r  i s  extracted from' the brackish water, leaving 
the minerals i n  more concentrated form in a waste atream. A p r a c t i c a l  



l imi th t ion  on these methods is t h a t  the minerals separate  as so l ids :  

calcium carbonate, calcium su l fa te ,  s i l i c a ,  and others.  The s o l i d s  

separate  on the  heat-exchange surfaces  and membranes. 

the  ex t rac t ion  of water is continued only u n t i l  it approaches t h e  p i n t  

where the s o l i d s  cause operating d i f f i c u l t i e s .  

o f ten  used t o  r e t a rd  the formation of scale .  

I n  most  cases, 

Dispersing agents  are 

The operation of  a c o o l i x  tower is i n  f a c t  another such process, 

only i n  this case the water t h a t  is extracted end serves a useful purpose 

I s  t h a t  par t  which absorbs its l a t e n t  heat  of vaporizat ion and passes 

i n t o  the  atmosphere. 

now leaves the system as  blowdom, there  would be no b e t t e r  way t o  do it 
than t o  evaporate more of it i n  the cooling tower. P rac t i ca l  considera- 

t ions ,  however, have presumably already detemined how f a r  the evaporation 

can be carr ied.  

If one wanted t o  save some part of the water t h a t  

A four th  method for t r e a t i n g  brackish waters is i o n  exchange. I n  

t h i s  operation. one obtains  a waste s t r ean  t h a t  contains not only the 

salts t h a t  were i n  the water, but a l so  the chemicals used f o r  regenera- 

t ion.  From the  over-all viewpoint of  conserving the water supply of an 
area, i t  must be recognized t h a t  the adding of s a l t s  t o  water destroys 

a t  least a pa r t  of the  u t i l i t y  of  that water, because it cannot be sub- 

sequently evaporated t o  the same degree a s  it could without the  mineral 

addition. 

t o  an inland surface or subsurface bas in  where they cannot a f f e c t  nsable 

waters, the over-all operation does not save water but ac tua l ly  decreases 

the  avai lable  water resource. 

Unless the  regeneration br ines  a re  conveyed t o  the  ocean o r  

Comparisons 

Alternat ives  5, 6, and 7 BTE func t iona l ly  inadequate t o  a i d  in the  

so lu t ion  of the  chromate problem. 

Alternat ives  1, 2, and 3 could solve the  problem of chromate In the  



blowdown, but woulci leave untouched the question of windage loss. 

Actually, there  is no ser ious  liklihood that chromate i n  the windage 

loss would ever han uszble waters. There is no evidence t h a t  trees o r  

annual vegetat ion i n  the v i c i n i t y  have been af fec ted  by chromate i n  the 

air. !+%ere the  fa l l -ou t  of  chronate i s  low, a b io logica l ly  ac t ive  s o i l  

w i l l  reduce &?d i-eccove it. 
downward would be d i lu ted  t o  the  l e v e l  that they would not diminish the 

bene f i c i a l  w e 8  of the water, i n  the not very l i k e l y  case that they 

would ever reach such waters. 

The mounts of chromate that would percolate 

I 
Despite t h i s  reasoning i t  m u s t  be recognized that the popular demand 

f o r  the ul t imate  i n  secu r i ty  against  any possible  de te r iora t ion  o f  the  

water may force  LASL t o  take protect ive measures against  airborne 

chromate. 
1 

about 1 2  pounds per day as C r O  
, The amount of chromate carr ied from the  tower by the  air is 

4' 

If an area around the towers f o r  a dis tance of about 100 f ee t  were 

paved, a s ign i f i can t  part of the windage chromate could be caught and 

washed back i n t o  the towers. Tartker  eway, t o  whatever d i s tance  is 

feas ib l e ,  orgenic n a t t e r  might be worked i n t o  the  s o i l ,  providing a 

medium t h a t  would reduce and hold the chromiun. 

it i s  reasonable t o  hope t h a t  @ o r  more of t h e  chromate could be 

intercepted.  

With these measures, 

When one considers the c a p i t a l  and operating costa  f o r  any one of 

the  chromate removal schemes, and t h  possible d f f f f c u l t f e s  due to  wind- 
age loss of chromate, and weighs 

increase of corrosion i f  the use of chromate i s  stopped, i n  the  l i g h t  of 
experience elsewhere, it is concluded that the balance is unequivocally 

i n  favor of stopping chromate use. 

these f a c t o r s  against  the  possible  

It is  recommended that the  use of chromate i n  the cooling towers of 

the power plant  be discontinGed. 




