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Ju ly  21, 1972 

TO: M r .  A .  W .  Byer 
M r .  L. J, Couvaras 
M r .  J ,  M .  Gaston 
M r .  E .  F. Moryl 

\ M r *  G .  E.  Rutzen 

COPY TO: M r .  W. D .  Bradbury, Jr. 
M r .  G.  J .  Hanks, Jr./Mr. .F. D .  Bess 
M r .  R .  A .  Payne 
M r .  D. T.  Watters 

FROM: G .  R .  Hattiangadi 
J. B. Ledbetter 

SUBJECT: Waste Disposal for  India  SEXIN Unit 

Attached for your information i s  a rev ised  vers ion of t he  subject  
memorandum or ig ina l ly  issued on Ju ly  17, 1972. S igni f icant  rev is ions  a r e  as 
f o l l o w s  : 

1. On page 3 an error i n  t h e  s o i i d s  disposal  requirement has been 
corrected.  The estia.ated volume for ult imate  solids disposa l  
i s  143 ts 286 acre-feet  per year.  

Figures 1 and 2 have been reorganized and redraf ted  f o r  i m -  
proved c l a r i t y  and ea:se of understanding. 
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Waste Disposal f o r  India  SEVIN Unit 

A preliminary evaluation has been made of the  waste disposal  pro- 
t h e  proposed SEVIN Uni t  t o  be located i n  Bhopal, Ind ia .  This study 

was undertaken t o  ( a )  provide a b a s i s  f o r  estimating investment and operating 
c o s t ,  (b )  recammend f u r t h e r  development, and ( c )  serve a s  a bas is  f o r  nego- 
t i a t i o n s  with t h e  Indian Government. 

The Bhopal loca t ion  presents  an unusual challenge i n  t h a t  t h e r e  i s  
This waste no nearby waterway i n t o  which t r e a t e d  e f f luent  can be discharged. 

disposal  evaluation has been based on very preliminary and incomplete infor-  
mation and fur ther  study i s  recommended as t h e  project  develops. One a l t e r -  
na t ive  t h a t  should d e f i n i t e l y  be s tudied i s  t h e  p o t e n t i a l  f o r  e i t h e r  recycl ing 
t h e  ac id  wastestreams o r  converting them t o  some sa leable  product. 
of t h e  acid-bearing wastestreams i n  t h i s  manner would s i g n i f i c a n t l y  reduce 
the  magnitude of t h e  waste disposal  problem. 

Disposing 

Wastestreams 

Origin and proposed d isposa l  of major wastestreams - s o l i d ,  l iqu id ,  
and gaseous - a r e  presented schematically i n  Figure 1. 
s i t i o n s  of a l l  process wastestreams were taken from mater ia l  balance diagrams. 
The 82 gallons per minute of wastew,ater or ig ina t ing  from u t i l i t i e s  cons is t s  of 
blowdown from t h e  closed-cycle cooling water system plus  steam condensate l o s s .  
Blowdown of cooling water i s  necessary t o  purge t h e  closed system of a l g a l  
growth, dissolved s o l i d s  , process f l u i d s  from heat exchanger leaks ,  and other  
impuri t ies .  This blowdown was estimated as one percent of t h e  t o t a l  cooling 
water cycle .  A steam condensate loss of 20 gal lons per minute was estimated 
from process considerat ions.  These est imates  are considered t o  be reasonably 
accurate  i n  t h e  absence of more d e t a i l e d  information. 

Quant i t ies  and compo- 
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Waste Disposal Processes 

This study was focussed primarily on t h e  acid-bearing process wastes 
which a r e  c l e a r l y  t h e  major disposal problem f o r  t h e  proposed u n i t .  
bustion of concentrated organics and. gaseous wastes i n  properly designed inciner- 
a t o r  and f lare  systems, as indicated. on t h e  process mater ia l  balance diagrams, 
i s  an appropriate method of disposal. and should cause no ser ious environmental 
problems. 
process wastes is  presented i n  Figure 2. 

The com- 

A proposed system f o r  neut ra l iz ing  and disposing of t h e  acid-bearing 

Reagent Select  ion 

This study was conducted with very incomplete information concerning 
t h e  a v a i l a b i l i t y  and r e l a t i v e  cos t  of various neut ra l iz ing  agents a t  t h e  Bhopal 
loca t ion .  The proposed treatment system i s  based on a choice of reagents t h a t  
would normally be most economical i n  t h e  United S t a t e s .  

The use of limestone chips  with 100 percent passing a one-inch screen 
was chosen f o r  t h e  neut ra l iza t ion  of hydrochloric ac id  waste. 
t h i s  s i z e  i s  not economically ava i lab le ,  equipnent should be provided f o r  
crushing la rger  s tones,  or t h e  limestone p i t  should be made proportionately 
la rger  t o  compensate f o r  t h e  smallei: surface a rea  of t h e  la rger  stones.  
f i n e s  would be considered undesirable.  The limestone requirement i s  about 14.4MM 
pounds per  year.  

If limestone of 

Excessive 

The f a c i l i t i e s  shown i n  Figure 2 f o r  neut ra l iz ing  waste s u l f u r i c  acid 
a r e  based on purchasing calcium oxide (pebble quicklime) and s laking t o  calcium 
hydroxide. Calcium oxide requirements a r e  approximately 21.M pounds per year.  
Limestone i s  generally unsui table  f o r  s u l f u r i c  acid neut ra l iza t ion  because of a 
very slow react ion r a t e  and t h e  tendency of prec ip i ta ted  calcium s u l f a t e  t o  coat 
reagent p a r t i c l e s  rendering them i n e r t .  It i s  t h e o r e t i c a l l y  possible  t o  u t i l i z e  
limestone pulverized t o  a t  l e a s t  100 mesh f o r  t h i s  neut ra l iza t ion .  However, t h e  
neut ra l iza t ion  basin should be increased i n  volume by a f a c t o r  of 60, and reagent 
u t i l i z a t i o n  40 percent i n  excess of stoichemetric quant i t ies  would be expected. 
This i n e f f i c i e n t  u t i l i z a t i o n  of reagent would r e s u l t  i n  a s i g n i f i c a n t l y  increased 
s o l i d s  load t o  t h e  evaporation pond. 
include ammnnia, sodium hydroxide, isnd sodium carbonate, The a v a i l a b i l i t y  and 
r e l a t i v e  economics of these  reagents  should be evaluated. 

Other reagents t h a t  would be s u i t a b l e  

Water Requirements 

The proposed waste treatiment system requi res  t h e  use of w a t e r  f o r  
both slaking calcium oxide and cont:roll ing the  temperature of t h e  exothermic 
neut ra l iza t ion  reac t ions .  
ava i lab le  from t h e  process and u t i l i t y  blowdowns, approximately 50 gal lons 
per minute w i l l  be required for  these  purposes. 

I n  addi t ion  t o  t h e  r e l a t i v e l y  clean wastewater streams 

C r i t e r i a  f o r  Equipment Sizing 

A 20-foot by 70-foot lime s i l o  w i l l  s t o r e  approximately 700,000 pounds 
of calcium oxide o r  about one week's requirement. Adjustment of t h i s  s i z e  may 
be necessary based on shipping schedules and r e l i a b i l i t y  of supply. 
gal lon slurry tank w i l l  provide e i g h t  hours r e t e n t i o n  and serve as surge capaci ty ,  

The 18,000- 
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allowing f o r  some v a r i a t i o n  i n  instantaneous wastestream flows and a c i d i t y .  
This surge capacity is  required because the dynamic response of t h e  s o l i d s  feed- 

9 by 9 by 10-foot deep neut ra l iza t ion  basin was chosen t o  provide ten minutes 
r e t e n t i o n  t o  a peak flow of t h r e e  times t h e  average. 
adjustable  s l u r r y  feeder is  recommended f o r  feeding t h e  l i m e  s l u r r y  t o  t h e  
neut ra l iza t ion  basin.  The abrasive and plugging c h a r a c t e r i s t i c s  of lime s l u r r y  
make t h r o t t l i n g  by conventional cont ro l  valves d i f f i c u l t  and troublesome. 

- i n g  and s laking system would be tocl slow for d i r e c t  autcmatic pH cont ro l .  The 

The use of an automatically 

The limestone p i t s  f o r  neutral iz ing hydrochloric a c i d  have been scaled 
from p i t s  i n  similar serv ice  a t  I n s t i t u t e ,  West Virginia .  Inf luent  hydrochloric 
ac id  and d i l u t i o n  water should be aparged evenly over the  bottom of the  p i t  with 
t h e  neutral ized e f f l u e n t  overflowing near t h e  top. Gases emitted from t h e  p i t  
should be co l lec ted  by a blower and discharged a t  a height of a t  l e a s t  12 f e e t .  
Polyester-Fiberglas pipe,  o r  equiva-lent , should be used f o r  streams containing 
H C 1  including t h e  blower suction arid discharge piping. Two p i t s  have been 
shown t o  allow one t o  be out of se rv ice  f o r  cleaning while operating t h e  other .  
I f  t h e  ava i lab le  limestone i s  of s u f f i c i e n t  qua l i ty  t o  allow infrequent cleaning 
and if cleaning can be scheduled during normal down time, one p i t  may be adequate. 

The 22-acreY 15-foot deep evaporation pond represents  t h e  minimum 
s i z e  s u i t a b l e  f o r  both evaporating the  180 gal lons per minute of wastewater and 
providing u l t imate  d isposa l  of dissolved and suspended s o l i d s .  To avoid danger 
of pol lut ing subsurface water supp:Lies i n  t h e  Bhopal area,  t h i s  pond should be 
l ined  with c lay  s u i t a b l e  f o r  rendering t h e  pond bottom and dikes impervious t o  
water. 
gallons per minute per acre  of which 2.4 i s  required t o  balance r a i n f a l l  and 
8.0 is required t o  evaporate wastewater in f luent .  
estimated by t h e  use of data  from portions of t h e  United S t a t e s  f e l t  t o  be 
possibly s i m i l a r  t o  t h e  cl imat ic  conditions at Bhopal. 
be checked on-site,  using a c t u a l  weather da ta  f o r  t h e  Bhopal a rea .  The 15-foot 
depth was selected t o  provide one to two years of s o l i d s  disposal  capacity based 
on a requirement of 143 t o  286 acre-feet  per year. 
f o r  t h e  evaporation pond should be optimized with consideration t o  t e r r a i n  and 
s o i l  conditions.  However, t h e  chosen design must conform t o  the  r e s t r a i n t s  of 
adequate surface a r e a  f o r  evaporation plus  adequate volume f o r  s o l i d s  disposal .  
It should be f u r t h e r  recognized t h a t  i f  the  proposed pond geometry is  se lec ted ,  
new ponds w i l l  have t o  be constructed a t  one t o  two-year i n t e r v a l s  throughout 
t h e  l i f e  of t h e  pro jec t .  

The 22-acre sur face  a rea  i s  based on a t o t a l  evaporation r a t e  of  10.4 

The evaporation r a t e  was 

The t r u e  value should 

This preliminary geometry 

P o t e n t i a l  Problems 

One p o t e n t i a l  problem f o r  which no provision has been made i n  t h e  
proposed design is  the  p o s s i b i l i t y  of f l o a t i n g  o i l s  decreasing t h e  estimated 
rate of evaporation from t h e  pond. I n  addi t ion t o  t h e  f r e e  o i l s  such a s  toluene 
contained i n  t h e  aqueous wastes, some of t h e  organic salts t h a t  a r e  dissolved i n  
t h e . a c i d  wastes may be l i b e r a t e d  b,y neut ra l iza t ion .  This problem should be 
s tudied i n  f u r t h e r  d e t a i l .  I t  may be necessary t o  include e i t h e r  a skimming 
or  steam d i s t i l l a t i o n  s t e p  between t h e  neut ra l iza t ion  basin and evaporation 
pond. 
l e v e l  of suspended and s e t t l e a b l e  so l ids .  

A skimming operat ion a t  t h i s  point  would be complicated by the  high 
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