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HAT  CREEK  PROJECT POWER PLANT 

REVISED POWER PLANT  "WORST CASE" 
ZERO DISCHARGE WATER  MANAGEMENT ANALYSIS 

INTRODUCTION 

The o r i g i n a l  Water Management Studies-  considered a number o f  "wet" 

and "dry"   ash   d isposa l   sys tems,   wh i le   the   A l te rna t ive  "6" Ash Disposal  

S t u d y   c o n s i d e r e d   t h e   p r e f e r r e d   " w e t "  and  "dry"  ash  disposal  

systems. The "p roposed   power   p lan t "   i nc luded   th i s   d ry   ash   d i sposa l  

system with a zero   d ischarge  water   ba lance.   Th is   sys tem  ensures  

c o n s i s t e n c y   w i t h   t h e   o v e r a l l   H a t  Creek P r o j e c t   p h i l o s o p h y   o f  

env i ronmen ta l   compa t ib i l i t y .   Fo r   t he   ze ro   d i scha rge   wa te r   ba lance ,  
"normal w o r s t  case"   ana lys i s  was per fo rmed  to   deve lop   power   p lan t   water  

and  chemical  balances f o r  f l y  a s h l b o t t o m   a s h   r a t i o s   o f  55/45 and 85/15, 
and a power p l a n t   c a p a c i t y   f a c t o r  o f  100 percent .  All c u r r e n t  

eng inee r ing   cons ide ra t i ons   ' and   assumpt ions   were   i nco rpo ra ted   i n to   t h i s  

a n a l y s i s .  

1/ 

2 1  

CASE DESCRIPTIONS  AN0  ASSUMPTIONS 

The cases ana lyzed  cons is ted  o f  t h e   f o l l o w i n g  power p l a n t   o p e r a t i n g  
c o n d i t i o n s :  

1) Average  meteoro log ica l   cond i t ions  f o r  t h e   p e r i o d   c o r r e s p o n d i n g  

t o  "normal   wors t   case"   reservo i r   water   qua l i t y ,   per fo rmance 

b l e n d   c o a l   a t  a f l y  a s h l b o t t o m   a s h   r a t i o   o f  55/45, maximum ash 

hopper   evaporat ion,  a power p l a n t   c a p a c i t y   f a c t o r  o f  
100 pe rcen t ,   and   ze ro   l i qu id   d i scha rge .  
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2)   Ave rage   me teo ro log i ca l   cond i t i ons   f o r   t he   pe r iod   co r respcnd inq  

t o  "no rma l   wors t   case"   rese rvo i r   wa te r   qua l i t y   w i th   t he   cower  

p l a n t   o p e r a t i n g  a t  100 p e r c e n t   c a p a c i t y   f a c t o r ,   p e r f o r m a r l c e  

b l e n d   c o a l  a t  a f l y  ash/bo t tom  ash   ra t io   o f   85 /15 ,   max imLn  ash  

hopper   evaporat ion,  a power p l a n t   c a p a c i t y   f a c t o r   o f   1 0 0  

p e r c e n t ,   a n d   z e r o   l i q u i d   d i s c h a r g e .  

The p e r i o d   u n d e r   c o n s i d e r a t i o n   i s  2 5  March t o  5 May, c o r r e s p o n d i n g   t o  

t h e   t i m e   p e r i o d   d u r i n g   w h i c h   " n o r m a l   w o r s t   c a s e "   r e s e r v o i r   w a t e r  

qua l i t y   wou ld   occur .2 '  The 100 p e r c e n t   c a p a c i t y   f a c t o r   i m p l i e s  4 

u n i t s   o p e r a t i n g   a t  560 MW each.?' Average  meteoro log ica l   cond i t ions  

f o r   t h i s   p e r i o d   d e f i n e   a n   a v e r a g e   c o o l i n g   t o w e r   e v a p o r a t i o n   r a t e   o f  985 

l /s .2'  Normal w o r s t   c a s e   r e s e r v o i r   w a t e r   q u a l i t y   i m p l i e s   t h e  

Thompson R i v e r   s u p p l y   i n o p e r a b l e  for a 40-day per iod.2 '   Th is  

corresponds t o   t h e   w a t e r   q u a l i t y   g i v e n   i n   T a b l e  1. T h e o r e t i c a l l y ,  

r e s e r v o i r   w a t e r   q u a l i t y   c a n   b e   d e t e r i o r a t e d   b e y o n d   t h e   v a l u e s   p r e , ; e n t e d  

i n   T a b l e  1 if a Thompson River  pumping  system  outage  occurs  im&d. iately 

f o l l o w i n g   t h e   n o r m a l  40 day   i nopera t i on   pe r iod .   Th i s  i s  n o t   c o n s i d e r e d  

l i k e l y ,  however,  as system ma in tenance   and   t es t i ng   f unc t i ons   a re  

assumed t o   o c c u r   d u r i n g   t h e   s c h e d u l e d   o u t a g e .  

Pe r fo rmance   b lend   coa l   a t  a f l y  a s h l b o t t o m   a s h   r a t i o   o f   5 5 / 4 5   r e s u l t s  

i n  ash g e n e r a t i o n   r a t e s  o f  approx imate ly  64.5 Kg lsec  f l y  ash  and !52.7 

Kg lsec   bo t tom  ash   f o r  4 u n i t s   a t  100 p e r c e n t   c a p a c i t y  f a c t o r .  For- a 
f l y  a s h / b o t t o m   a s h   r a t i o  of  8 5 / 1 5 .  t h e  ash   genera t ion   ra tes   were  

de te rm ined   to   be  99.6 Kg/sec f l y  ash  and 17.6 Kg/sec  bottom  ash. The 

maximum bot tom  ash   hopper   evapora t ion   ra tes   were   de termined  to   be  25.64 

l / s  f o r  t h e   5 5 / 4 5   a s h   s p l i t  and 10.17 l/s f o r   t h e   8 5 / 1 5   a s h   r a t i o  and 

c o r r e s p o n d   t o  a h o p p e r   i n f l o w   r a t e   o f  42.3 lls. The t rouqh /su rge   t ank  

r e c y l e   f l o w   t o   m a i n t a i n   a p p r o p r i a t e   t r o u g h   w a t e r   t e m p e r a t u r e s  was 
determined t o  be 65.0 l / s .   T h i s   f l o w   c o n s i s t s   o f  a continuous  re,:ycle 

o f  surge  tank  water   through a heat   exchange  system  and  the  in termi t tent  

s l u i c i n g   o f  mill r e j e c t s .  

-2- 



TABLE 1 

"NORMAL  WORST  CASE"  RESERVOIR  WATER QUALTIY 

Parameter*   Reservoi r   Concentrat ion 

To ta l   D i sso l ved   So l i ds  

Calc ium 

Magnesium 

Potassium 

Sod i urn 

C h l o r i d e  

Su lphate  

T o t a l   S i l i c a  (Si02) 

A1 k a l i n i t y   ( a s  CaC03) 

Tota l   Organ ic  Carbon 

pH ( u n i t s )  

91.8 

17.9 

4.9 

1.0 

3.4 

1.2 

9.0 

5.5 

64.8 

7.3 

7.8 

* All parameter   concentrat ions i n   m g l l   u n l e s s   o t h e r w i s e   s p e c i f i e d .  

Source:  Reference 2. 



Flows  and  water   qua l i t y   concent ra t ions   o f   the   p r imary   water   use   sys tems 
( e q u a l i z a t i o n  and n e u t r a l i z a t i o n  pond e f f l u e n t ,   s a n i t a r y   w a s t e w a t e r  

t r e a t m e n t   i n c l u d i n g  H V A C  e f f l u e n t ,  and o i l / w a t e r   s e p a r a t o r   e f f l u e n t )  

were assumed t o  r e m a i n   e s s e n t i a l l y  unchanged  from  those  developec i n  

p r e v i o u s   s t u d i e s . m ’  Water qua l i t y   pa ramete rs   o f   t hese   sys tems  

w e r e   a d j u s t e d   s l i g h t l y   t o   r e f l e c t   t h e   c u r r e n t  makeup wa te r  scheme. 

These   da ta   a re   rep roduced   i n   Tab le  2.  

The ex t rac tab le   sa l t s   de r i ved   f rom  the   bo t tom  ash   were  assumed t o  be a t  

t h e   r a t e s   g i v e n   i n   t h e   a s h - l e a c h i n g   t e s t s   r e p o r t e d   i n   t h e   W a t e r  

Management S tudy . l ’   These   repo r ted   ra tes   a re  1320 mg/Kg ash f o r  

calcium,  and 190 mg/Kg ash f o r  magnesium, both  as CaC03. 

The r e c i r c u l a t i n g   c o o l i n g   w a t e r   s y s t e m   c h e m i s t r y  was s e t  a t  an LSI 
i ndex   o f  0.5 ( i . e . ,   s l i g h t l y   s c a l e   f o r m i n g )   f o r   c o r r o s i o n   p r 0 t e c : : i o n .  

Based  on t h e   r e s u l t s   o f   p r e v i o u s   s t u d i e s ,   t h e   c a l c i u m   c o n c e n t r a t . o n  

must be   ma in ta ined a t  a l e v e l   o f   l e s s   t h a n  400 m g / l  as Ca (1000 rrg/ l   as 

CaC03) i n   t h e   r e c i r c u l a t i n g   c o o l i n g   w a t e r   s y s t e m   t o   p r e v e n t  

sca1 ing . l ’   Th i s   l eve l   mus t   a l so  be  m a i n t a i n e d   i n   a l l   s u b s e q u e n t  

systems e i t h e r   b y   s e t t i n g  an a p p r o p r i a t e   f l o w l c h m i c a l   b a l a n c e   b e t w e e n  

the   p r imary   sys tems ’  blowdown  and  secondary  systems’ makeup o r   b y  

i n s e r t i n g  a wastewater   t rea tment   sys tem  fo r   ca lc ium  remova l   a t   a l l  

o p t i m a l   p o i n t   w i t h i n   t h e   o v e r a l l   w a t e r  management system. 
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T A B L E  2 

WATER QirALITY AN0 FLOWS OF PRIMARY USE SYSTEMS* 

Combined Treated  Treated 

Regenerate  Sanitary F. oor 

Parameter** Wastes Wastewater  Drilinaae 

Total  Dissolved  Solids 

Calcium 

Magnesium 

Sod i urn 

Chloride 

S u l  phates 

S i l i c a  ( S i 0 2 )  

Potassium 

pH ( u n i t s )  

Flow ( l / s )  

6119 

14 7 

26 

1710 

748 

3263 

66 

9 

5.0 

3.4 

300 

17.9 

4.9 

3.4 

56 

9 

5.5 

1 

8.0 

0.9 

:!oo 
17.9 

4.9 

3.4 

3 

9 

5.5 

1 

0.5 

6.3 

*Inpu t s  t o  wastewater  collection sump. 

**All parameter  concentrations i n  mgll unles 

Source:  References 1.2 

s otherwis e specif ied.  
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ANALYSIS A N D  D I S C U S S I O N  

Using  the  above  data  and  assumptions,  several   f low-chemical   balances 

w e r e   i n v e s t i g a t e d   f o r  each o p e r a t i o n a l   c a s e   i n   q u e s t i o n .   F o r   t h e  

m a j o r i t y   o f   t h e s e   a n a l y s e s ,   t h e   m o i s t u r e   c o n t e n t   o f   t h e   a s h  was 

c o n s e r v a t i v e l y   f i x e d  a t  l e v e i s   p r e v i o u s l y   s p e c i f i e d , ’   t h a t  i s ,  20 

p e r c e n t   m o i s t u r e   f o r  f l y  ash  and 30 p e r c e n t   m o i s t u r e   f o r   b o t t o m  ash, 

both  on a d r y   w e i g h t   b a s i s ,   i . e . ,   w e i g h t   o f   w a t e r   d i v i d e d   b y   w e i g h t   o f  

d r y  ash. F i x i n g   t h e   m o i s t u r e   c o n t e n t   o f   t h e   a s h   s e t s   t h e   t o t a l  

consumptive use o f   t h e  system. For Case 1 ( f l y   a s h / b o t t o m   a s h   r a t i o   o f  

55/45)  and Case 2 ( f l y   a s h / b o t t o m   a s h   r a t i o   o f  85 /15) ,  t h i s   w a t w  

consumpt ion   ra te  was determined  to   be  54.4 l / s  and 35.5 l / s ,  

r e s p e c t i v e l y .  All ana lyses   were   p red ica ted  on a ze ro   d i scha rge  
assumption. 

I n i t i a l l y ,  Cases 1 and 2 w e r e   e v a l u a t e d   a t   e q u i l i b r i u m   c o n d i t i o : l s   u s i n g  

t h e s e   w a t e r   c o n s u m p t i o n   r a t e s   t o g e t h e r   w i t h   c m p o n e n t   d e s i g n   c r i t e r i a  

t o  s e t  system  f lows.  Makeup w a t e r   q u a l i t y  was then  used t o  det.?rmine 

t h e   r e s u l t i n g   w a t e r   q u a l i t y   c o n c e n t r a t i o n s .   F o r  Case 1, a c o o l i n g  

tower  blowdown f l o w  o f  47 .1   l / sd ’  was r e o u i r e d ,   r e s u l t i n g   i n  21.9 

c y c l e s   o f   c o n c e n t r a t i o n ,  a c a l c i u m  c o n c e n t r a t i o n  o f  3 9 2   m g / l  Ca i n   t h e  

blowdown,  and a c a l c i u m   c o n c e n t r a t i o n  o f  1585 mg/ l  Ca i n  ash  ha: id l ing 

system.  For  Case 2, a blowdown o f  28.2 l / s -  was r e q u i r e d ,   r e s l l t i n g  

i n  35.9 c y c l e s   o f   c o n c e n t r a t i o n ,   a n d   c a l c i u m   c o n c e n t r a t i o n s   o f  643 m g l l  
Ca and 1084 mg/l Ca in t h e  blowdown. and i n  t h e  ash  handling sy;tem, 
r e s p e c t i v e l y .   I n   b o t h   c a s e s ,   t h e  maximum recommended l i t e r a t u r l ?   v a l u e  

t o   a v o i d   s i g n i f i c a n t   s c a l i n g ,  400 mg/ l  Ca, was g r e a t l y  exceeded, 
imp ly ing   the   need f o r  treatment. 

a /  

&’Includes d r i f t   o f  3.3 l / s .  

-6- 



As a second  step,  cool ing  tower  b lowdown was s e t   a t  i t s  m a x i m u m  

chemical  limit and t h e   c o n s t r a i n t s   o n   a s h   m o i s t u r e   c o n t e n t   w e r e  removed 

t o   d e t e r m i n e  i f  excess  cool ing  tower   b lowdown  could  be consumed w i t h i n  

t h e   s y s t e m   w i t h o u t   t h e   a d d i t i o n   o f  a t r e a t m e n t   f a c i l i t y .  Ash hopper 

c a l c i u m   c o n c e n t r a t i o n s   w e r e   s e t  a t  t h e  maximum of 400 mg/ l  Ca, and 

f l o w s   w e r e   t h e n   a d j u s t e d   t o  t ry  t o   s a t i s f y   t h e   o v e r a l l   p l a n t   w a t e r  

ba lance   wh i l e   ma in ta in ing   ash   mo is tu re   con ten t   ranges  commonly 

e x p e r i e n c e d   a t   o t h e r   f a c i l i t i e s   ( r e f e r   t o   T a b l e  3 ) .  The r e s u l t s   o f  

t hese   ana lyses   i nd i ca ted   t ha t   reasonab le   mo is tu re   con ten ts   cou ld   no t   be  

achieved. Hence, t rea tmen t  i s  requ i red   f o r   t hese   two   cases   under   t he  

ze ro   d i scha rge   cons t ra in t .  

Three   separa te   t rea tment  schemes were   t hen   eva lua ted   f o r   each   o f   t he  

cases   under   s tudy .   In   p re l im inary   ana lyses ,  a l i m e  soda-ash t rea tment  

s y s t e m   f o l l o w i n g  the c o n f i g u r a t i o n   o f   w i t h d r a w a l   f r o m   t h e   s u r g e   t a n k  t o  
t r e a t m e n t ,   w i t h   r e c y c l e   t o   t h e   a s h   h o p p e r  was t e s t e d   ( F i g u r e  1). 
Because  o f   cool ing  tower   b lowdown  f low  const ra in ts   and  leaching  f rom 

t h e  ash, t h i s   s y s t e m   r e s u l t e d   i n   s c a l e   f o r m i n g   c a l c i u m   c o n c e n t r a t i o n s  

i n   t h e   r e c i r c u l a t i n g   c o o l i n g   w a t e r  system,  and t h e r e f o r e   t h i s   t r e a t m e n t  

c o n f i g u r a t i o n   p r o v e d   t o   b e   u n s u i t a b l e .  From  an  equipment p o i n t  c f  

v iew, i t  was a l s o   c o n s i d e r e d   h i g h l y   d e s i r a b l e   t o , m a i n t a i n   t h e   p r f ! s e n t  

d e s i g n   f l o w s   t o   t h e   h o p p e r ,  and  surge  tank  recyc le  system. 

The n e x t   t r e a t m e n t  scheme i n v e s t i g a t e d  was e v a l u a t e d   f o r  each ca!;e 

u n d e r   t w o   d i f f e r e n t   c o n c e n t r a t i o n   c o n s t r a i n t s :   f i x i n g   t h e   a s h   h o c p e r  
c a l c i u m   c o n c e n t r a t i o n   a t  400 mg / l  Ca (Scenar io  A )  and f i x i n g   t h e   s u r g e  

tank   ca l c ium  concen t ra t i on  a t  400 m g / l  Ca (Scenar io  8 ) .  Scenar io  A i s  
t h e   m o r e   r e s t r i c t i v e .   a n d  does n o t   p e r m i t   s c a l e   t o   o c c u r   w i t h i n   t . h e  

e n t i r e  system.  Under  Scenario 8. t h e   s u r g e   t a n k   i s  assumed t o  b e  t h e  

c r i t i c a l   p o i n t   i n   t h e  system  and p o t e n t i a l   s c a l i n g   f o r m i n g  

concen t ra t i ons   i n   t he   hopper   a re   a l l owed   as   l ong   as   sca le   does  ncst 

o c c u r   i n   t h e   s u r g e   t a n k  and  associated  equipment.  



P1 ant - 

TABLE 3 

D R Y  ASH MOISTURE  CONTENT  FOR  OPTIMUM ASH COMPACTION 

EXPERIENCED AT VARIOUS POWER PLANTS 

F l y  Ash Bottom Ash 

Percen t   Mo is tu re -  a' P e r c e n t   M o i s t u x  a i  

Navajo 1 7-2 6 

Sundance 20.7 

P h i l l i p s  (Duquesne L i g h t  Co.) <2 4 

Marysv i l l e   (M ich igan )   32  

S t .  C l a i r   ( M i c h i g a n )  23 

Trenton  (Mich igan)  32 

A1 legheny (New York) - 

" 

" 

13.8-26.2 

& / M o i s t u r e   c o n t e n t   c a l c u l a t e d  on a dry  weight  basis:   (Water  Weight/Ory 
Ash Weight) x 100. 

Source:  Personal  Communications  (Telephone  Survey) , Aug. 1978. 
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The t r e a t m e n t   c o n f i g u r a t i o n   i n v e s t i g a t e d   i n v o l v e s   w h a t  i s  termed 

coo l i n2   t ower   " s ides t ream  t rea tmen t " ,   comb ined   w i th   recyc le   t rea tmen t  

o f   t h e   b o t t o m  ash  trough  water. The ac tua l   wa te r   t rea tmen t   p rocess  w a s  

aga in  a l ime-soda  ash  water  sof tening  system. A f low  schemat ic  f ~ r  

t h i s   z e r o   d i s c h a r g e   s y s t e m  i s  g i v e n   i n   F i g u r e  2. F low   va r iab le   va lues  

are  presented i n  Table 4 wh i le   Tab le  5 d e t a i l s   o t h e r   i m p o r t a n t  

pa ramete rs   spec i f i c   t o   each  case.  For Case 1, the   sys tem i s  opera ted  

a t  21.9 cyc les   o f   concen t ra t i on .  Under  Scenario A, t h i s   r e s u l t s   i n  a 
t r e a t m e n t l r e c y c l e   f l o w   o f  91.5 l / s   t o   t h e   c o o l i n g   t o w e r  and  169.4 l / s  
t o   t h e   t r o u g h ,   c o r r e s p o n d i n g   t o   c a l c i u m   r e n o v a l   r a t e  o f  3,242 Kglday 

Ca: The r e c i r c u l a t i n g   c o o l i n g   w a t e r   s y s t e m   i s   o p e r a t e d   a t  a s teady  

s t a t e  c a l c i u m   c o n c e n t r a t i o n   o f   1 3 1   m g / l  Ca. The t rea tment   f lows  were  

min imized  by   eva lua t ing   var ious   t rough  concent ra t ions .   T rough  concew 

t r a t i o n s   s l i g h t l y  beyond 250 m g / l  will n o t   s a t i s f y   a l l   o t h e r   s y s t z m  

c o n s t r a i n t s .   F o r  Case 2. t h e   s y s t e m   i s   o p e r a t e d  a t  35.9 c y c l e s   o f  
concen t ra t i on .  Under  Scenario A, t h i s   r e s u l t s   i n  a t rea tment / rec ,yc le  

f l o w   o f  149.1 l / s  t o   t h e   c o o l i n g   t o w e r  and 12.3 l / s  t o  t h e   t r o u g h ,  

c o r r e s p o n d i n g   t o  a ca l c ium  remova l   ra te   o f   1642   Kg lday  Ca, w i t h  a tower 

b a s i n   c a l c i u m   c o n c e n t r a t i o n   o f  129.2 mg/ l  Ca. I n   t h i s  case,  trough 

c o n c e n t r a t i o n s   c a n   a t t a i n   t h e i r  maximum a c c e p t a b l e   v a l u e   o f  400 m g / l .  

For   both  cases I and I 1  under  Scenar io B, i t  was de te rm ined   tha t  

s i g n i f i c a n t   s c a l i n g   w o u l d   o c c u r   i n   t h e   h o p p e r   ( t h e o r e t i c a l   c o n c e n -  

t r a t i o n s   a t  1013.2  and 527.1 m g / l ,   r e s p e c t i v e l y ) .   I n   a d d i t i o n ,   f u r t h e r  
a n a l y s i s   f o r  Case I i n d i c a t e d   t h a t   a s   t h e  sump concentrat ions  approach 
4 0 0   m g / l ,   c o n c e n t r a t i o n   c o n s t r a i n t s   t o   p r e v e n t   s c a l i n g   i n   t h e   c o o l i n g  

tower ,   t rough,  and assoc ia ted   equ ipmen t   canno t   be   sa t i s i f i ed   g i ven   t he  
r e q u i r e d   f l o w   c o n s t r a i n t s .   T h e r e f o r e ,   t h i s   s c e n a r i o  was e l i m i n a t e d  

f r o m   f u r t h e r   c o n s i d e r a t i o n .  

The f i n a l   t r e a t m e n t   c o n f i g u r a t i o n   e v a l u a t e d   i n v o l v e s   w i t h d r a w a l   f r o m  

t h e   s u r g e   t a n k ,   f o l l o w e d   b y   l i m e - s o d a   a s h   t r e a t m e n t   a n d   r e c y c l e   t o   t h e  

c o o l i n g  tower bas in .  A f l o w  schematic of t h i s  systm i s   g i v e n   i n  
Figure 3. T h i s  con f igura t ion ,   based  on   de ta i led   mathemat ica l   ana lys is  

f o r  Case IA, proved t o  be  an  incorrect   t reatment   des ign.   Based  on  the 
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TABLE 4 

FLOWS  FOR SIDESTREAM TREATMENT  CONFIGURATION 

G I V E N  I N  FIGURE 2 

Flow A Flow B 
Case Input   F low  ( l / s )   T rea tment   F low  ( l / s )   T rea tment   F low (lis) 

Coo l i no  Tower  Trouatl 

1 1032.1  91.5  169.4 

2 1013.2  149.1  12.3 
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TABLE 5 

SUMMARY OF RESULTS* 

Case 1 Case 2 

Cooling Tower Makeup, l i s  103 2 

Cooling Tower Cycles o f  
Concentration 21.9 

Coaling Tower Blowdown Calcium 
Concentration, mg/l Ca 131.0 

1013 

35.9 

129.2 

Required  Treatment Flow, 

Cooling Tower, l / s  91.5 149.1 

Required  Treatment F1 ow, 
Trough, l / s  169.4 12.3 

Calcium  Renoval  Rate,  Kg/day 3,242  1,642 

Hopper Calcium  Concentration, 
mg/ 1 Ca t40 0 

Trough  Calcium Concentration, 
mg/l Ca 20 0 

Surge Tank Calcium 
Concentration, mg/ 1 Ca 157.9 

~~~~ ~~ ~ ~~ 

*Case 1 represents  maximum treatment  requirements.  

t400 

<PO0 

3 2 . 5  
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g i v e n   f l o w   c o n s t r a i n t s  and sys tem concen t ra t i on   cons t ra in t s ,   sys tem 

mass and f l o w   e q u a t i o n s   c o u l d   n o t   b e   s a t i s f i e d   s i m u l t a n e o u s l y ,  

i n d i c a t i n g   t h a t   t h e   c o n f i g u r a t i o n  i s  n o t   f e a s i b l e .   T h e r e f o r e ,   t h i s  

c o n f i g u r a t i o n  was e l i m i n a t e d   f r o m   f u r t h e r   c o n s i d e r a t i o n .  

Add i t iona l   ana lyses   were   conducted   on   the   Scenar io  A t rea tmen t  scheme 

f o r   o t h e r   c r i t i c a l   p a r a m e t e r s .  It was d e t e r m i n e d   t h a t   i n   o r d e r   t o  

d e s t r o y  makeup a l k a l i n i t y ,   s u l p h u r i c   a c i d  (H2S04) must  be  added t o  

t h e   c i r c u l a t i n g   c o o l i n g   w a t e r   s y s t e m   a t  a r a t e   o f   a p p r o x i m a t e l y  €0-65 

mg/ l  (100 p e r c e n t  H2S04) i n   a l l  cases. A lso ,  a c i d   a d d i t i o n  will 

l i k e l y  b e   r e q u i r e d   i n   t h e   s u r g e ' t a n k / t r o u g h   r e c y c l e   l o o p  t o  m a i n t a i n  pH 

and  avo id   excess ive   carbonate   sca le   fo rmat ion .   S i l i ca   concent ra t ions  
approach  borderTine  sca le  format ion,   and may r e q u i r e   p e r i o d i c   c l e a n i n g  

o f   t h e   b o t t o m  ash  trough  recycle  heat  exchange  system. 

F i n a l l y ,   t h e   w a t e r   q u a l i t y   d a t a   f o r   M e d i c i n e  Creek  which  are  usec t o  
d e r i v e   r e s e r v o i r   w a t e r   q u a l i t y   w e r e   i n v e s t i g a t e d ,   u s i n g   r e g r e s s i c l n  

analyses  and  least-squares  techniques. It was f o u n d   t h a t   s l i g h t l y  
h i g h e r   i o n i c   c o n c e n t r a t i o n s   c o u l d   b e   p r e d i c t e d ,   b u t   t h a t   u n a v o i d r . b l e  

d i s c r e p a n c i e s   e x i s t   i n   b o t h   s e t s  of  predic ted  va lues.   Therefore,   s ince 

t h i s  method cou1.d n o t   p r o v i d e   m o r e   r e l i a b l e   r e s u l t s  and t o   p r e s e r v e  

c o n s i s t e n c y ,   t h e   p r e s e n t   r e s e r v o i r   w a t e r   q u a l i t y   c o n c e n t r a t i o n s   h e r e  

main ta ined.  

-15- 
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CONCLUSIONS AN0 RECOMMENOATIONS 

Based  on t h e   r e s u l t s  o f  the  analyses, i t  appears   t ha t   t he   power   F lan t  

under   present   des ign  concepts and assumpt ions  cannot   be  operated  us ing 

the   p roposed  Ked ic ine  Creek Reservo i r  makeup water   supply   system 

w i t h o u t   t h e   a d d i t i o n   o f  a was tewa te r   t rea tmen t l recyc le   sys tem  to  
c o n t r o l   c a l c i u m   s u l p h a t e   s c a l i n g   u n d e r  zero d i s c h a r g e   c o n s t r a i n t s .  A 

s a t i s f a c t o r y   t r e a t m e n t   c o n f i g u r a t i o n  was developed,  using  l ime-scda  ash 

a d d i t i o n   f o r   c a l c i u m   r e m o v a l  and  analyzed f o r  two d i f f e r e n t  

c o n c e n t r a t i o n   l i m i t a t i o n s .   T h i s   t r e a t m e n t   c o n f i g u r a t i o n   i n v o l v e s  

s ides t ream  t rea tmen t   a round   the   coo l i ng   t ower   bas in   and   bo t tom  ash  

trough. A1 te rna te   l ime lsoda   ash   t rea tmen t   con f i gu ra t i ons   i nves t i ga ted  

d i d  not p rove t o  be  feasible.   Therefore,   based on p resen t   eng inee r ing  

a n d   w a t e r   q u a l i t y   d a t a ,  i t  i s  recomnended t h a t   t h i s   c o n f i g u r a t i o r   b e  

a d o p t e d   f o r   i n c o r p o r a t i o n   i n t o   t h e   p o w e r   p l a n t   d e s i g n .  It i s  a l s o  
recommended t h a t   t h e   S c e n a r i o  A scheme. w i t h  ash  hopper  calc ium 

c o n c e n t r a t i o n s   s e t  a t  <400 m g l l  Ca be f o l l o w e d   t o   p r e v e n t   s c a l e  

f o r m a t i o n   i n   t h e   s u r g e   t a n k  and t o   p r o t e c t   c r i t i c a l   s e c o n d a r y   s y s t e m  
canponents, e.g., t he   hea t   exchangers   and   h igh   p ressu re  pumps. 

Also,  a "backup"  heat  exchanger  should be i n c o r p o r a t e d   i n t o   t h e   b o t t o m  

ash  t rough  recyc le  system design  as t h i s  component i s  p robab ly   t he   mos t  

s e n s i t i v e   t o   s c a l i n g  problems. If sca l ing   occurs ,   the   heat   exchanger  

can   be   t aken   o f f - l i ne   and   mechan ica l l y   c leaned   w i thou t   a l t e r i ng   power  
p l a n t   o p e r a t i o n .  

I n   a d d i t i o n ,   t h e   c h e m i c a l   a n a l y s e s   p e r f o r m e d   i n d i c a t e  a p o t e n t i a l   f o r  
carbonate   sca le   fo rmat ion   in   the   hoppers ,   t roughs ,   and  o ther   asso : ia ted  
equipment i f  pH i s  no t   con t ro l l ed .   The re fo re ,  i t  i s  recommended t h a t  

p r o v i s i o n   b e  made f o r  pH c o n t r o l   v i a   a c i d   a d d i t i o n   i n   t h e   t r o u g h  

r e c y c l e  system. 

It s h o u l d   b e   n o t e d   t h a t   t h i s   a n a l y s i s   i s   b a s e d   o n   p r o j e c t e d   " n o r m a l  

wors t   case"  w a t e r  q u a l i t y   d a t a ,   w h i c h   d o e s   n o t   d i f f e r   g r e a t l y   i n  terms 
o f  s c a l i n g   p o t e n t i a l  f r o m  average  p ro jec ted  w a t e r  q u a l i t y .  It shou ld  
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also be realized that  all reservoir  water  quality projections ar? based 
on an extremely limited number of data points. Therefore, to as';ure 
the  integrity of  the design, we recommend that a monitoring urogram be 
instituted to collect water  quality data  to verify the syntheticdlly 
generated reservoir concentration levels and, if necessary, adjust the 
above analysis. 
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