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Emiss ion  T e s t  R e s u l t s  

T h r e e  ( 3 )  separate e m i s s i o n s  tests w e r e  conduc ted  on t h e  

i n c i n e r a t o r  w h i l e  b u r n i n g  chemically c o n d i t i o n e d  s l u d g e  cake .  The  

t e s t i n g  w a s  conduc ted  by Ul t r achem C o r p o r a t i o n ,  a D i v i s i o n , , o f  ERS, 

E m e r y v i l l e ,  CA. The s a m p l i n g  p r o c e d u r e  for p a r t i c u l a t e  missions 

w a s  t a k e n  from the  EPA manual for " S t a n d a r d s  of Per fo rmance  for 

N e w  S t a t i o n a r y  S o u r c e s " ,  (EPA-346/1-76-009) Methods 1 t h r o u g h  5 -  

The tes t  r e s u l t s  are summarized i n  T a b l e  A-1.  The CalCUlatiOnS 

are  attached a t  the end of the  a p p e n d i x .  

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

( P . E . D . R . )  w a s  0 .21 l b s / d r y  t o n  (0.011 lbs/l00- d r y  lbs ) .  The 

m a x i m u m  a l l o v a b l e  P.E.D.R. is 1 .3  lbs of p a r t i c u l a t e  per t o n  of 

dry solids. The t o t a l  p a r t i c u l a t e  d i s c h a r g e  r a t e  ( f r o n t  and b a c k  

h a l f )  w a s  6.21 l b s / w e t  t o n  (0 .011  lb/l09 lbs-wet). The maximum 

a l l o w a b l e  b y  Hawai ian  s t a t e  s t a n d a r d s  i s  4.0 lbs /we t - ton .  

The s t a c k  o p a c i t y  ave raged  c 8 . 2 %  d u r i n g  t h e  t e s t i n g .  

To d e t e r m i n e  t h e  mercury  discharge ra te  from the i n c i n e r a t o r .  

EPA R e g u l a t i o n s  f o r  N a t i o n a l  Emiss ion  S t a n d a r d s  for Hazardous A i r  

P o l l u t a n t s  - 44 CFR 61; 38FR 8820, Apr i l  6 ,  1983 r e v i s e d  48  FR 

3735 - J a n u a r y  27. 1983,  S u b p a r t  E - N a t i o n a l  Emiss ion  S t a n d a r d  

for Mercury, S e c t i o n  61 .54  - S l u d g e  sampl ing ,  w a s  used .  

A composite sample c o n s i s t i n g  of 24 h o u r l y  g r a b  samples w a s  

ana lyzed  for mercury  and t o t a l  s o l i d s .  
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The composite s l u d g e  sample from 29nO hours on Tuesday 

December 13,  1983 t o  20eB h o u r s  o n  Wednesday December 14. 1983  had  

the  f o l l o w i n g  characteristics. 

Vercu ry  C o n t e n t  - 8 . 2 3 2  micrograms/gram of d ry  sludge, 

Cake T o t a l  S o l i d s  - 2 3 . 4 %  

The complete data  is c o n t a i n e d  i n  Appendix F. 

The mercury  e m i s s i o n s  w e r e  de t e rmined  from t h e  f o l l o w i n g  

e q u a t i o n  t a k e n  from t h e  above  r e f e r e n c e .  

Whete: 

E = Mercury missions g /day  
H9. 

I C = Mercury c o n c e n t r a t i o n  of s l u d g e  on  a d r y  b a s i s  ug /g  i 

Q = S l u d g e  c h a r g i n g  ra te  Kg/day 1 
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The above  d r y  sol ids  l o a d i n g  r a t e  is based o n  c a s e  4 f rom 

Table  1 on p a g e  15a7-8 of t h e  s p e c i f i c a t i o n s .  T h i s  v a l u e  i s  t h e  

maximum dry solids l o a d i n g  to  the  i n c i n e r a t o r .  Based o n  t h e  above  

r e f e r e n c e  s e c t i o n  6 1 . 5 5  - E m i s s i o n  M o n i t o r i n g ,  t h e  maximum 

allowable mercury  . d i s c h a r g e  m u s t  be less t h a n  ,1600 g/day. I f  the 

rate would be above  t h i s  v a l u e ,  m o n i t o r i n g  for mercury  e m i s s i o n s  

a t  a minimum of one year i n t e r v a l s  must be conduc ted .  

, 
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DETAILED STACK TESTING RESULTS 
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- .  -1mpro 
Enwi ronmen t a 1 C o n t r o l  S y s t e m s  
PI1 1 i t a r v  Road 
K o t h s c h i l d .  W I  54474 

A t t e n t i o n :  E r u c e  L. Brandenburq  

i e c t :  Samolinq and  a n a l y s e s  of a i r  p o l l u t a n t  e f f l u e n t .  f r o m  
i t i h e z r t h  sewaae s l u d o e  i n c i n e r a t o r  t o  demonst ra . te  c o m p l i a n c e  w i t h :  

1) T h e  U.S. E n v i r o n m e n t a l  P r o t e c t i o n  Aaencs (EPA) 
new s o u r c e  p e r f o r m a n c e  s t a n d a r d  as q l v e n  i n  
CFR-Ti t le  40: Fart  brz: S u b p a r t  0; S e c t i o n  
60.150 t o  60.154, a n d  

2) Rules  and  R e g u l a t i o n s  of t h e  S t a t e  of H a w a i i  
A i r  P u l l o t i o n  R e o u l a t i o n s  as g i v e n  i n  C h a p t e r  
45 of t h e  H a w a i i  E n v i r o n m e n t a l  Laws  and  
Rrgul a t  i o n s  . 

Sampl ina  Site: H o n o u l u i l i  Waste  Water Trea tmen t  P l a n t ,  H a w a i i .  

Sampling Date: December 13, 1983. 

Sampling P e r s o n n e l :  R. R. U l l e r i c h  and 6’. Hunt of U l t r a c h e m  a 
d i v i s i o n  of ERG c o l l e c t e d  s t a c k  e m i s s i o n  samples .  

Obse rv ino  P e r s o n n e l :  C e d r i c  S. T a k a m o t o  of t h e  S t a t e  of Hawa-ii  and 
Kent Kithinoman from U.S. Envi ronmen ta l  F r o t e c t i o n  Agency. 

S u b m i t t e d  Samples:  
T h e  f e e d  materld 
c o n d i t i o n e d  s e w i a e  sludoe. 

Feed s a m p l e s  w e r e  co l lec ted  bv Zimpro Q W  s o n n e l .  
b e i n a  c h a r q e d  t o  t h e  f u r n a c e  as c h e m i c a l l .  

Summary of Recccl ts: 

1 )  The u n i t  as t e s t e d  compl i ed  w i t h  p a r t i c u l a t e  e m i s s i o n  r a t e  
l i m i t a t i o n s  of the H a w a i i  S t a t e  A i r  P o l l u t i o n  R e g u l a t i o n s .  T h i s  
l i m i t a t i o n  1 s  0.2  pounds  p e r  100 pounds  o f  r e f u s e  c h a r g e s .  The 
averaae e m i  5 8 G n S  w e r e  0.01 pounds /  100 pounds.  

U 

7) The u n i t  t e s t e d  compl i ed  w i t h  t h e  o p a c i t v  l i m i t a t i o n  0.f 2% i n  
CFR T i t l e  40:  P a r t  60: S u b p a r t  i r :  S e c t i o n  60. 152. Sti . r ,dard Of 
Per formances  fo r  Sewsae T r e a t m e n t  P l a n t s  for 311 t es t  p e r i o d s .  

Minnrapolir-Si. Pnvl Snn Franrirro 16 - 
Ann Arbor Chicago Clrwl07td 



B 3 )  T h i s  u n i t  as t e s t e d  c o m p l i e d  w i t h  t h e  p a r t i c u l a t e  matter e m i s s i o n  
ra te  of 1.3 I b / t o n  of d r y  s l u d g e  a5 o i v e n  i n  CFR T i t l e  40: P a r t  60: * 

S u b p a r t  0: S e c t i o n  60.152. T h e  a v e r a g e  e m i s s i o n  r a t e  of p a . r t i c u l a t e  
ma. t te r  w a s  f o u n d  t o  b e  0 . 2 1  l b / t o n  of d r y  s l u d g e .  

Sampl I nq Program:  

T h r e e -  c o n s e c u t i v e  tests w e r e  c o n d u c t e d  on  t h e  e x h a u s t  Stack. D:.i.rinq 
each test. m e a s u r e m e n t s  w e r e  made for t h e  f o l l o w i n g  p a . r a m e t e r s :  , 
P a r t i c u l a t e  matter,  o x y g e n ,  c a r b o n  d i o x i d e ,  water va.por. a n d  e x h a u s t  
s t a c k  ~ o l u m e  f l o w .  

A c h r o n o l o g i c a l  Eummary o+ tests c o n d u c t e d  is as f o l l o w s :  

- 
I est  

i.i 
r: 
c 

T i m e  of T e s t  * 

12/ 13/83 1071-1132 
12/13/83 1156-1314 

e c i r c u l a r  17.5 i n c h  I . D .  e: . :haust s t a c k  wa.s f i t t e d  w i t h  t w o  Z--inch 
meter  Dorts  a t  -90 d e g r e e s . , - " T h e s e  o p e n i n g s  i n  t h e  % t a c k  w e r e  i n  a - E 

1 
1 

. : r i z ~ r , t a l  ~ l + n e , ' ~ ' ~ , l i : ~ ' ~  fee t  ' a b o v e  t h e  l a s t  b e n d  i n  t h e  s t a c k  a n d  
t h r e e  f e e t  b e l o w  ' t h d ' t o p  of t h e  st'aci:. 

Samnl i n o  P r o c e d u r e s  - S o u r c e  T e s t :  

Sa.m,Dlino m e t h o d s  w e r e  2s d e s c r i b e d  i n  E n v i r o n m e n t a i  P r o t e c t i m  Paencv  
(EVA) m e t t a z l s  1,  2. 3 and  .5 g i v e n  , i n  the Code of F e d e r a l  R e g u l a t i o n s :  
40 CFF* &a:), Clppendi:.: A. 

( S e e  fippendi:: 5). 
! ! )  ,& .kL ,,; I * ! <  l > ' d l  : < < ' : !  - 

2 - 2. 'l!? i ?: 
'., *'L - . ,/ 

- E:.:t1*uat St a,?].:: 

PrjOl- s a m p i i n u .  t h e  . . : r loc i tv  of t h e  ads w a s  d e t e r m i n e d  at each O i  

t h e  s p e c l f i e c l  tr;.;erse p o i n t s . b y  a s p e c i a l  p i t o t  t u b e  a.nd n a q r l e h e l i c  ; 

D G t e n t  1 onet er-  a n d  t h e r m o c o u p l e .  w t r a v e r s e  w a s  made .across  t h e  d u c t  

lnf@rmi:I t i@n a n d  r . o z z 1 e  select ion and  n o t  u s e d  -fa1 p a r t i c u l a t e  emls5jorL 
c a.1 ct i 1 n I i cm s . 
F o r  tl!E s e l e c t i c j n  of  t h e  l o c a t i o n  of t h e  traiel-s,jf p c i n t . s  For v e l C . C i t i  ~ 

neanur=men tz .  metliods I was used. 4 t o t a l  oY-.:si::teGr, ' t r i v e r s e  p o i n t s  
were 1t;ed. 

d i f f e i - w t i a . 1  ~r-essure' qa.q,e. The q a s  t e m p e r a t u r e  W A S  m e e s u r e d  w j  t h  a ! 

b@tlt  d i s m e t e r s .  T h i s  t r a v e r s e  w a s  u s e d  for  o r e l i ~ n i n s r w  s a n l p i 1 n c  

f 

. _ _  .. 
i' /< 
.___ 
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For a l l  p a r t i c u l a t e  tests. t h e  p a r t i c u l a t e  s a m p l i n g  t r a i n  u s e d  W a s  a 
"ModiQied  EPfi Nethod 5" p a r t i c u l a t e  s a m p l i n g  t r a i n  a .ssembled t o  m e e t  
*.I1 s a m p l i n g  r e o u i r e m e n t s  of Method 5 .  The  t r a i n  c o n s i s t e d  Of a n  
i n - s t a c k  f i l t e r  f o l l o w e d  by a p r o b e  a s s e m b l y  a n d  c o o l e d  w a t e r - f i l l e d  
i m p i n a e r s .  w i t h  a t t a c h e d  a p p a r a t u s  for  col lec t ion  s a m p l e s  f o r  
measurement  of  CO't and  O2 a n d  an a t t a c h e d  p i t o t  t u b e  f o r  m o n i t o r i n g  
v e l o c i t i e s  and  m a i n t a i n i n g  i s o k i n e t i c  s a m p l i n g  rates. Fln i l l u s t r a t i o n  
of t h e  p a r t i c u l a t e  s a m p l i n g  t r a i n  is ' a t t a c h e d .  (Appendix 5 ) .  

The p a r t i c u l a t e  matter s a m p l i n g  t r a i n  c o n s i s t e d  of  t h e  f o l l o w i n g  
componen t s  c o n n e c t e d  i n  series: A s p e c i a l l y  s i z e d  g l a s s  n O Z Z l e  
c o n n e c t e d  t o  t w o  pre-weiohed  g l a s s  t u b e s  f i l l e d  w i t h  c lass  wool a n d  d 
t v p e  3 4 .  1 1:2 i n c h  d i a m e t e r  plass +iber f i l t e r  c o n t a i n e d  w i t h  a o i lmp~  
and  a d r u  aas test m e t e r  t o  m e a s u r e  t h e  s a m p l e d  gas volume.  

The f i l t e r  p o r t i o n  of t h e  s a m p l n g  t r a i n  w a s  m a i n t a i n e d  a t  225 t o  273 
d e o r e e s  F t o  p r e v e n t  c o n d e n s a t i o n  of  m o i s t u r e .  

The f i r s t  t w o  i m p i n a e r s  c o n t a i n e d  d i s t i l l e d  w i t e r  t o  col lect  
c o n d e n s i b l e  p a r t . i c u l a t e  m a t t e r .  w h i l e  t h e  t h i r d  w a s  emptv  e n d  t h e  
f o u r t h  c o n t a i n e d  s i l i c a .  o e l .  T h e  t e m p e r a t u r e  a r o u n d  a l l  i m p i n a e r a  w a s  
c o n t r o l l e d  w i t h  ice  t o  m z i n t a i n  t h e  t e m p E r a t u r e  of t h e  empt.y l m p i n q e r s  
be low 70°F. The i n c r e e s e  i n  w a t e r  v o l u m e ' i n  t h e  imp inae i - s  a n d  i n  t h e  
w e i a h t  of t h e  s i l i c a  q e l  at t h e  c o n c l u s i o n  of t h e  t e s t  w a r  u s e d  t.0 
c e . l c u l a t e  t h e  water uapor  c o n t e n t  of t h e  s a n m l e d  ads. 

The oat s a m p l e  w a s  a . s p i r a t e d  t h ' r o u q h  t h e  p a r t i c u l a t e  s a m p l i n g  t r a i n  a t  
the i s o k i n e t i c  r a t e  computed  f r o m  t h e  velocit-y. m o n i t a r e d  d i t . h  t h e  
p i t o t  t u b e  a d - i a c e n t  t o  t h e  s a m p l i n g  n o z z l e .  A l l  p e r t i n e n t  test  
P x a m e t e r s  w e r e  r e c o r d e d  a t  4 - m i n u t e  i n t e r v a l s  d u r i n c  e a c h  test. 

Addi t i n n a l  c imul  t a n e o u s  s a m p l e s  w e r e  collected f o r  t h e  meascirement nf 
~ a . c e o u 5  h v d r o c a r b o n s .  oxyoen  a n d  c a r b o n  d i o x i d e .  Samples f o r  e a c h  01: 
t h e s e  tests w e r e  ta.l:en t h r o u g h  a n  i n d i v i d u a l  s t a i n l e s s  steel s a m p l i n a  
ta.ibe i n s e r t e d  direct l . . : .  i n t o  t h e  gas s t r eam.  a n d  p o s i t i o n e d  a d i e c e n t  tc.  
t . he  p a r t i c u l a t e  s a m o l i n o  n o z z l e  a n d  p i t o t  t u b e .  

f i l l  s a m p l i n g  d a t a  are appen.ded t o  t h i s  report .  (Appendix  1 and 2 ) .  

Clpacj t v  Moni t o r i  rag P r c c e d u r e s :  

U11 o p a c i t g  r e s . d i n a s  w e r e  made a c c o r d i n q  t o  EPG Method 9 a s  n ~ ~ b l j s h r d  
i n  November 12. 1975,  Fedei-a1 R e g i s t e r .  R e a d i n g =  w e r e  made b y  H. 6:. 
U l l e r i c h  who c e r t - i f i e d  b.y. t h e  C a l i f o r n i a  FIir R e c o u r c r .  i3ca-d i tndnr  a 
t . r a i n i n q  p roqram r e c o o n i = r d  bv t . h e  EPfi; m o s t  r e c e n t  r e c e r ' t i f i c : a t . i o n  
*.'is & ~ Q L I S t  1993. 

- 10 - 
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T h e  s t a c k  waz c o n t i n o u s l v  d b c e r v e d  d u r i n o  e a c h  test p e r i o d  , f o r  o n e  
h a l f  h o u r  d u r i n q  test A and  B a n d  20 m i n u t e s  dlJrin'q test  C. The 
t = b u l a t e d  r e s u l t s  i n c l u d e  a r a t i n q  of v i e w i n g  c o n d i t i o n s  for  e a c h  
t e E t .  G r a t i n g  of " e : c c e l l e n t "  would require:  

-Obse rve r  a t  a d i s t s . n c e  f r o m  p lume  a p p r o x i m a t e l v  e q u a l  t o  

-Sun a t  t h e  o b s e r v e r  ' 9  back  
-Wind p e r p e n d i c u l a r  t o  l i n e  o f  s i q h t  
-Plume f r e e  of c o n d e n s e d  steam 
-Plume of u n i f o r m  a n d  f a i r l y  s t e a d y  o p a c i t y  
-Emiss ion  p o i n t  well d e f i n e d  
--Plume background  o f  c o l o r  c o n t r a s t i n g  w i t h  p lume c c . l o r  
-Plume i l l u m i n a t i o n  s t e a d v  and  a d e q u a t e  
- 1 n t e r f e r i n a  p l u m e s  e n d  &.her v i e w - o b s t r u c t i o n =  a b e e n z  

r e l a t i v e  s t a c k - h e i g h t s  

T h e  r a t i n g s  a re  i n c l u d e d  a.s a n  a i d  i n  e v a l u a t i n u  t h e . ' a c c u r a c v  oF t h e  
! -eadi .nps.  Each r e a d i n a  i 5  r e c o r d e d  t o  n e a r e s t  5 X .  I n  EFA s t u d r e 5  
I -c fer -enced  i n  Method 9, 90% of  b l a c k  p l u m e s  a n d  95;: 0-f w h i t e  plume= 
w o r ' e  r e a d  w i t h  a pos i t ive  error  O F  less  t h a n  5 X  o@acit..:. 

Anai.!ti cal P r o c e d u r e s  .. S o u r c e  ' T e s t :  

P w t i c ! . ! l a t e  Matter: The f i l t e r  t u b e s  c o n t . a i n i n a  t!w f i i i e r z  :+€I-+= 

d r i e d  i n  a n  o.:en a t  1 0 J ° C  f o r  t w o  h o u r s ,  d e s s i c c a t . e d  o;er d r i p r i t e .  
*.nd w e i g h t e d  on an a n a l y t i c a l  b a l a n c e .  Water a n d  ace t c jnc  w+:i,ir.oz 
qrOfl i  t h e  n o z z l e  arid p r c b e  w e r e  d r i e d  a n d  we iohed  i n  a sirnilat-  minnel-. 

j 

This c o n s t i t c i t e s  " t o t a l  p e r t i c u l a t e "  a c c o r d i n s  t o  t h e  E?& d e f i n i t i o n s  
an.! w i l l  a l s o  b e  r e f p r r e d  t o  i n  t h i s  r e p o r t  as " p r o b e  a n d  -:ilkE-:"' 
a a r t i c u l a t e  or " f r o n t -  ha1 5' '  p a r t i c u l a t e .  

W a t e r  samoles f r o m  t h e  impingm-s  combir ,ed w i t h  a c e t c n e  w a s h i n a s  0; 
C o n n e c t i n g  t u b i n a  w e r . ' r  dr i ed  at 105 C a n d  a l l  c o n t a i n e r s  uerE 
d e z i c c a t e d  t o  a c o n s t a n t  w e i g h t ,  and  u e i a h e r !  on a n  a n a l . ? ' t i c a l  b 2 l a n c e .  
T h i s  p o r t i o n  i e  o e r . e r a l l ~ y ~  r e f e r r e d  t o  as " c o n d e n s i b i e "  ~ . c r t i c t * l s + r .  n' 
' 'bdcfr h a l f "  p a r t i . c u l r + e .  The  s u m  o f  t h e  F r o n t  h n l :  and  bacl.. h i l i +  
c c m r t i t u t e  t o t a l  p a r t i c u l a t e  matter b y  S t a t e  of Hawaii  d c J i n i t  o n %  

Carbon  D i o x i d e .  a n d  o::;aen: Ca rbon  D i o x i d e  a n d  0:cvaen del-e d e t e r h i n e  
T.3 t h e  qs.5 t m l :  5anp le . s  w i t h  a n  O r s a t  v o l u m e t r i c  05s  an+.l . :rw. 

- 19 - - . .  .. . 
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F=& ! l a te r i a l  ,qnal.uces: 

The f o l  1 oui,na anal vses were performed: 

1; Proximate Analyses: Percent moisture, . v o l a t i i e s  and ash. 

This was done bv d r y i n g  an al ipctot  o f  t h e  colnposite, sample f o r  eeCh 

considered mois ture content. 

The d r i e d  a l i q u o t  HSS then ashed t o  5S0°C t 5  a constant .wEiqht. The 
percent l a c s  on i g n i t i o n  i s  considered t o  be percent  v o l a t i l e  O r  

combustibles, percentaoe of remaining ma te r ia l  t o  be percent a s h .  

2 )  Heatina Value (BTU Content) was determined-by bomb coloi-.imetrv on 
a. composite sludae sample an submitted. 

Comments: The heat ing  value (BTU Content) w a s  also  determined on a 
sample O F  f ue l '  o i l  be ing used a5 a u z i l l i a r v  f u e l  i n  thtz furnace. 

. .  

. .  t e e t  per iod  a t  105% t o  constant weiaht. The o o r t i o n  l o s t  i s  

. .  
. .  

S u t m i  t t e d  by. 

I 
R. F;. U l l e r i c h  

. Fro i e c t  Supervi 5or 

HHUice.; 

. .  .... . . 
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Report #2446-3 
ULTRACHEH CDRPORATlON 

Report Date: 1/3/83 , E  
A I R  POLLUTION ANALYSIS 

Locat ion Tested:Honouluili 
U.W.T.F 0 Test  Date: 12/13/83 

C l ien t :  Zimpro 

Test k :EPA Format A. 8, 8 C 
--TABULATED RESULTS-- 

Test A 

Velocity, Ft/sec. (average) 42.5 
Duct .Temoerature; P i t o t  Traverse/Part. 

117 sample: OF . 

Volume F l w .  CFM 4258 

Volume Flow. SKFH 1 3665 
Water Vapor. volume, X H20 6.5 

11.0 

7.6 

Oxygen, volume, X 02 (dry bas i s )  

Carbon Dioxide. vol. X to2 (d ry )  

Carbon 

Time o f  Sampling 0832-0954 

Monoxide. vol. ppm CO (dry basis)  l 
Durat ion o f  Test; Minutes 80 

Sampled Vol  ume, SDCF 34.82 

P a r t i c u l a t e  pa t te r ;  F i l t e r  ca tch  

Weight o f  sample; g r a m  0.0064 

P a r t i c u l a t e  Conc., grains/SDCF 0.0020 

Par t i cu la i r  Emissions Lb/Hour 0.09 

P a r t i c u l a t e ,  Emissions Lb/Ton (d ry )  0.18 

P a r t i c u l a t e  Emissions Lb/100 Lb (dry)  0.009 

3.255 

983 

Charging Rate . t o  Furnace Lb/Hour (wet) 

Charging Rate t o  Furnace Lb/Hour (d ry )  . 
Sol ids content o f  charge 30.2% 

Opacity (average) 0.2% 

- 21 - ---- _--- 

B C AVERAGE LItf I 
1 1 

' 46.56 35.20 

~ 0.20 I 0.26 I 0 . y .  1 l i  

0.010 0.013 
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Report Date: 12/29/83 
.I > i' R~~~~ 82446-3 ULTRACHEH CORPORATION 

A I R  POLLUTION ANALYSI 
Location tested: Honouluili 

W.W.T.F. 
TEST CL I ENT NO. : Z i  Hawaii mpro Format: A. B, & C @. T e s t  Date: 12/13/83 

--TABULATED RESULTS-- 

- 

AP-2A ' . .  
. . .  . . .  
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AIR POLLUTION ANALYSIS 
VISIBLE EMISSIONS EVALUATION 

Client .Zimpro, Inc. Test Date 12/13/83 

Test No. A, B, & C Location Honouluili 

Observer R. R. Ullerich Type Faci 1 i ty 

Emission Point Exhaust Stack Recertification Date A u g u s t  1983 

Control Device Venturi Scrubber Cert i fy ing Agency California ARB 

Sewage Sludge Incinerator 



SUMMARY SHEET #l 
. WET SLUM;E E'EED RATES TO FURNACE 

- 2 4  - 



Zimpro 

Test  Date: December 13 .  1983 
Report 82446-3 

SU14l4RY SHEET 

CHARGE RATE 

TEST - TIME - BELT SCALE 

A 0839-1000 856085 
a 0 9 6 8  

865702 
8 1020- 1130 861974 

C 1200-1320 a 7 3 6 8  
871928 

TOTAL LBS. (WET) LBS./HOUR (WET) 

4.883 

3.728 

3,255 

3,195 

4,560 3.420 

- 25 - 
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. SECTION I 
FLUE GAS F u l W  RATE DATA 
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ULTRACHEM/ERO 

c 

Cl ien t  : ZIMPRO Date Tested : 12/13/83 

Test No. : EP6l FORMAT "A" Time : 0832-0954 

GAS FLOW DATCI 

Sample Points  1-8 SOUTH&EAST 

Barometric Pressure 29.93 Sample Nozzle Clrea .00019 ft"2 

Duct Pressure 29.91 "Hg Condensate 51 m l .  

Avg. Gas Meter Pressure .4 in.Hg Vol. of Gas Samples 34.89 CF 

Avg  Gas Meter Temp 78 F Avg Duct Temp 117 F 

Wgt. Collected -0064 Gms. Duration of Test 80 M i n .  

Clvg. Veloc i ty  a t  Sampling Pts  42.5 f t l sec .  

Ca 1 c ul a t  i ons 

Condensed Water Vapor: 

v w  = 0.00267 t 51 t (460 + 70 )/29.92 = 2.41 SCF 

Corrected Meter Vol umei 

vo = 34-09 I 30.31 29.92 a 530 / 538 = 34.82 SDCF 

Percent Water Vapor : 

% H20 = 1.41 / 37.23 t.'l00 = -  6.5 % 

Par t i cu la te  Concentration (Grain Loading)¶ 

00 = ( -0064 Gms. t 15.45 ) /  34.82 SDCF = .0020 Grs/SDCF 

Par t i cu la te  Emission R a t e :  

( .OOZE Grs/SDCF X .  3665 SDCFM 8 &O ) /7000 - .09 L b s / H r .  

Percentage of I a o k i n e t i c  Samplin Clttained: XI = 104 X - YE - 
I 



ULTR&CHEM/ERG 

Client : ZIMPRO Date Tested : 12/13/83 

Test No. : EPA FORMAT "B" Time : 1021-1132 

GAS FLOW DATA 

-E 
Condensate 65 ml. 8 

8 
E 

Sample Points 1-8 SOUTHtEAST 

Barometric Pressure 29.93 Sample Nozzle Area .000335 ft"2 

Duct Pressure '29.91 "Hg 

Avg. Gas Meter Pressure -9 in.Hg Vol .  of Gas Samples 46.24 CF 

Avg Gas Meter Temp 82 F Avg Duct Temp 114 F 

Wgt. Collected .0083 Gms. Duration of Test 64 Min. 

Avg. Velocity at Sampling Pts 41.1 ft/sec. 
L 

Calculations 

Condensed Water Vapor: 

VU = 0.00267 t 6J t (460 + 70 )/29.92 = 3.07 SCF 

Corrected Meter 

Vo = 46.24 t 

Volume: 

30.81 / 29.92 1 530 / 542 = 46.56 SDCF 

Percent Water Vapor: 

X H20 = 3.07 / 49.64 X 100 = 6.2 % 

Particulate Concentration (Grain Loading): 

Go = ( -0083 Gms. t 15.43 I /  46.56 SDCF = .OOZE Grs/SDCF 

Particulate Emission Rate: 4 
( .OOZE Grs/SDCF 1 3576 SDCFM t 60 )/7000 = .09 Lbs/Hr. 

Pevcentage of Isokinetic Sampling Attained: %I = 101 % - 2 9  - 

.. 
i 



ULTReCHEM/ERG 

C l i e n t  : ZIMPRQ Date Tested : 12/13/83 

Test No. :€PA FORMAT "Be' Time : 1021-1132 

Gas Flow Rate Data 

Point  
8 SOUTH 
7 
6 
5 
4 
3 
2 
1 
8 EAST 

6 
5 
4 
5 
2 
1 

7 

h T. V e l  
.64 115 
.64 115 
.66 117 
.61 116 
.61 118 
.48 114 
.4  114 
.17 112 
.52 114 
.52 114 
.s2 113 
.52 112 
.6 112 
.6  113 
.59 11s 
. 4  112 

, . Ft/Sec 
45.6 
45.6 
46.4 
44.6 
44.7 
39.5 
56 
23.5 
41.1 
41.1 
41.1 
4 1  
44.1 
44.1 
43.7 
36 

V s  = Cp Ch t ( T  + 460)3^.5 Cl/M.W. t Ps3".5 t 85.49 

Conc. of COZ = 7.5 X Conc. of  02 = 11.5 X 

Conc. of H2O = 6.2 X 

Avg. Gas Velocity; Vs, Avg. 41.1 Ft/Sec 

P i t o t  Tube Correct ion Factor. Cp .82 

Duct Gas Molecular Weight, M.W. 29.04 

Duct Pressure, Ps. 29.91 "Hg Barometric Pressure 29.93 "Hg 

Duct Size Round 17.5 In. Diameter ' S t a t i c  Pressure -.S "HZO 

Duct Area 1.67 Sq. F t  AVQ. Gas Temp. 114 

G a s  Flow Rate 41.1 Ft/Sec t 1.67 Sq. F t  t 60 = 4118 CFM 

4116 CFMt 530 / S74 t 29.91 /29.921(1.00- 6.2 /100%HZO)a 5576 SDCFM 

M.W. Factor = .0359 Standard Cond. Temp. 70 

- 30' - 
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ULTRChCHEM/ERG 

C l i e n t  : ZIMPRO D a t e  T e s t e d  : 12/13/83 

T e s t  No. :EPA FORMAT "C" Time : 1156-1319 
E 

. .g 
@ 

ik 

g 

E .. 

Ga8 Flow R a t e  Data 

P o i n t  h 1. V e l .  F t  /Sec 
8 ERST .6 118 44.4 
7 .6 116 44.3 

- 6  .6 119 44.4 
s .62 119 45.1 

. 4  -64 119 45.9 
3 .72 119 48.6 
2 .62 118 45.1 
1 .46 118 38.0 
8 SOUTH .64 115 45.7 
7 .7  116 47. B 
6 .61 114 ' 44.6 
5 .54 115 42 
4 -57 113 33.1 
3 - 4 8  114 39. s 
2 .  .42 113 37 
1 -34 114 33.3 

Vs = Cp Ch l.(f + 46O)ln.5 Cl/M.W. 1 Psl".5 1 85.49 

Conc. of C 0 2  = 7.2 X 

Conc. of  H20 = 6.6 X 

Avg.  Gas V e l o c i t y ;  V s ,  Avg. 43.1 F t / S e c  

P i t o t  Tube C o r r e c t i o n  F a c t o r ,  Cp - 8 2  

Duct '  Gas H a l e c u l a r  Weight,  M.U. 28.95 

Duct P r e s s u r e ,  Ps.  29.91 "Hg Barometric P r e s s u r e  29-93 "Hg 

Duct S i z e  Round 17.5 In.  D i a m e t e r  S ta t ic  P r e s s u r e  -.3 "H20 

Duct A r e a  1.67 Sq. F t  Avg. G a s  Temp. 116 

Gas Flow Ret .  43.1 Ft /Soc  1 1.67 Sq. F t  1 60 = 4318 CFPl 

Conc. of 02 = 11.4 X 

. .  b 

I$ 

4 4318 CFHt SJO / 576 1 29.91 /29.921(1.00- 6.6 /100%H201~ 3717 S D m  

R.W. F a c t o r  = -0339 S t a n d a r d  Cond. Temp. 70 

f 

,+ *#Zj-. . . .-. .+ .. 
- 3 1  - -  



Cl ien t  : ZIMPRO Date Tested : 12/13/83 

Test No. : EPA FORMAT "C" Time : 1156-1319 

GAS FLOW DATA 

Slmple Points  1-8 EASTVSOUTH 

Barometric Presswe 29.93 Sample Nozzle Area -000194 f t -2  

Duct Pressure 29-91 "Hg Condensate 53 m l .  

Avg. Gas Meter Pressure .4 in.Hg Vol. of  Gas Samples 35.27 CF 

Avg Gas Meter Temp 78 F A v g  Duct Temp 116 F 

Wgt. Col lected .0087 Gms. Duration of  Test 80 Min. 

Avg. Veloc i ty  a t  Sampling P t s  43.1 f t /sec.  

Calcu lat ions 

Condensed Water Vapor: 

vn = 0.00267 t 53 t (460 + 70 )/29.92 = 2.51 SCF 

Corrected Meter Volume: 

Vo = 35.27 t 30.31 / 29.92 t 530 / 538 = J5.2 SDCF 
L 

Percent Water Vapor: 

Z H2Q = 2.51 / 37.71 t 100 = 6.6 'x 

P a r t i c u l a t e  Concentration (Grain Loading) I 

Go - ( -0087 Gms. t 15.43 I /  35.2 SDCF = .0038 Grs/SDCF 

Par t i cu la te  Emission Rate: 

( .0038 Grs/SDCF t 3717 SDCFM 8 60 )/7000 = .12 Lbs/Hr. 

Percentage of  I s o k i n e t i c  Sampling Attained: XI - 102 2 
z 32 - 
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ULTRACHEM/ERG 

Client : ZIMPRO Date Tested : 12/13/03 

Test No. :HAWAII FORMAT "A"  Time :0832-0954 . . .. 

1 

Point 
8 EAST 
7 
.6 
5 
4 
3 
2 '  
1 
8 SOUTH 
7 
6 
S 
4 
3 
2 
1 

h T. 
.6 118 
.62 119 , 

-62  119 
.62 1 1 9  
-66 1 1 9  
.66 119 
-64 1 1 9  
.46 117 
.63 115 
.68 117 
.63 115 
- 6 2  115 
.45 117 
.S4 117 
.44 117 
-15 1 1 7  

V r  = Cp Ch t(T 

Conc. of CO2 = 7.6 X 

Gas F l o w  Rate Data 

Vel.Ft/Sec 
44.3 
45.1 
45.1 
45.1 
46.5 
46.5 
45. 8 
38.8 
45.3 
47.1 
45.3 
44.9 
38.3 
42 
37.9 
22.1 

+ 460)1^.5 Cl/M.W. 8 Fsl".5 * 85-49 
Conc. of 02 = 1 1  X 

Conc. of H20 = 6.S I . 

Avg. Gas Velocity; Us, Avg. 42.5 Ft/Sec 

.... . .  - , .  . . . .- .. 
. , -  . .. 
. .  . . , .. , .:; . . .~ . ~ 

, . .  ' ,  ..:-* 
.- . : . . . .  

.Pitot lube Correction Factor, Cp .82 

Duct Gas Molecular Weight, M.W. 29.02 

Duct Pressure, Ps. 29.91 "Hg Barometric Pressure 29.93 ''Hg 

Duct S i z e  Round 17.5 In. D i a m e t e r  Static Pressure -.3 '"20 ' 

Duct Area 1.67 Sq. Ft Flvg. Gas Temp. 117 

Gas Flow Rate 42.S Ft/Sec t 1.67 Sq. Ft t 60 = 4258 CFH 

c 
-6: E 

4258 CFMt 550 / 577 8 29.91 /29.92t(1.00- 6.5 /100XH20)= 3665 S D m  

M.W. Factor = .OS39 Standard Cond. Temp. 70 

- 33  - . .  



ULTRACHEM/ERG 

Client : ZIMPRO Date Tested : 12/13/83 

Test No. : HAWAII FORMAT "A" Time : 0832-0954 

GAS FLOW DATA 

Sample Points 1-8 EAST&SOUTH 

Barometric Pressure 29.93 Sample Nozzle Area -00019 ft"2 

Duc!: Pressure 29.91 "Hg Condensate 51 ml. 

Avg. Gas Meter Pressure .4 in.Hg Vol. of Gas  Samples 34.89 CF 

Avg Gas Meter Temp 78 F Avg Duct Temp 117 F 

Wgt. Collected .0224 Gms. Duration of Test 80 Min. 

Avg. Velocity at Sampling Pts 42.5 f t / s e c .  

Calculations 

Condensed Water Vapor: 

Corrected Meter Volume: 

vo = 34.89 t 30.31 29.92 a 530 538 = 34.82 SDCF 

. .  

Percent Water Vapor: L 

X HZO = 2.41 / 37.23 t 100 = 6.5 Z 

Particulate Concentrat 1 on (Grain Loading 1 : 

Go * ( .0224 Gms. t 15.43 ) /  34.82 SDCF = -0099 Grs/SDCF 

Particulate Emission Rate: 

( -0099 Grs/SDCF t 3665 SDCFM t 60 ) /7000 = -31 LbS/Hr. 

Pucsn ags of Isokinetic Sampling Attainmdr %I = 104 % 6 - 34 -- 



ULTRACHEM/ERG 

Client : ZXMFRO Date Tested : 12/13/83 

Test No. :HAWAII FORMAT "B" Time : 1021-1132 

Gas Flow Rate Data 

Point 
8 SOUTH 
7 
6 
5 
4 
3 
2 
1 
8 EAST 
7 
6 
5 
4 

2 
1 

? e 

h T. V e l  
-64 115 
-64 115 
.66 117 
.61 116 
.61 118 
.48 114 
.4  114 
.17 112 
.52 114 
.52 114 
.52 113 
-52  112 
.6 112 
. 6  113 
.59 113 
. 4  112 

, . Ft/Sec 
45.6 
45.6 
46.4 . 
44.6 
44.7 
39.5 
36 
23.5 
41.1 
41.1 
41.1 
41 
44.1 
44.1 
43.7 
36 

1 
V s  = Cp Ch 8 ( T  + 460)1".5 CI/M.W. 8 Fsl".5 L 85.49 

Conc. of C02 = 7.5 X Conc. o f  02 = 11.3 X 

Conc. of HZO = 6.2 X 

Avg. Gas Velocity; Vs,  Avg. 41.1 Ft/Sec 

Pitot Tube Correction Factor, Cp .82 

Duct Gas Molecular Weight, M.W. 29.04 

I 

I 

I 

Duct Pressure, Fs. 29.91 "Hg Barometric Fressure 29.93 ' ' H  9 

Duct S i z e  Round 17.5 In. Diameter Static Pressure -.3 "H20 

Duct Area 1.67 Sq. Ft Avg. Gas Temp. 114 

Gas Flow Rate 41.1 Ft/Sec t 1.67 Sq. Ft 8 60 = 4118 CFM 

4118 CFMt 530 / 574 8 29.91 /29.?28(1.00- 6.2 /100%H20)= 3576 SDCFM 

M.W. Factor = .0339 Standard Cond. Temp. 70 

- 3 5  - 



ULTReCHEM/ERG 

Client : ZIMPRO Date Tested : 12/13/83 

Test No. : HAWAII FORMAT "B" Time : 1021-1132 

GAS FLOW DATA 

Sample Points 1-8 SOUTHtEeST 

Barometric Pressure 29.93 Sample Nozzle Area .000335 f t " 2  

Duct Pressure 29.91 "Hg Condensate 65 ml. 

Avg. Gas Meter Pressure .9 in.Hg Vol. of Gas Samples 46.24 CF 

Avg Gas Meter Temp 82 F Avg Duct Temp 114 F 

Wgt. Collected .0343 Gms. Duration o f  Test 64 Min. 

fivg. Velocity at Sampling Pts 41.1 ft/sec. 

Calculations 

Condensed Water Vapor: 

v w  = 0.00267 t 65 t (460 + 70 )/29.92 = 3.07 SCF 

Corrected Meter Volume: 

Vo = 46.24 * 30.81 / 29.92 X 530 / 542 = 46.56 SDCF 

Percent Water Vapor: 

% H2O = 3.07 / 49.64 1 100 = 6.2 X 

Particulate Concentration (Grain Loading): 

Go = ( -0343 Gms. t 13.43 ) /  46.S6 SDCF = -0114 Grs/SDCF 

Particulate E m i s s i o n  Rate: 

( -0114 Grs/SDCF X 5576 SDCFM 1 60 )/7000 = -35 Lbs/Hr. 

Percentage of Isokinetic Sampling Attained: %I = 101 % 
- . 3 E  - 



ULTR-CHEMfERG 

Client : ZIMPRO Date Tested :12/13/83 

Test No. :HAWAII FORMAT "C" Time :1156-1319 

Gas Flaw Rate Data 

Point h T. Vel.Ft/Sec 
8 EAST .6 118 44.4 
7 .6 116 44.3 
b .6  119 44.4 
5 -62  119 45. 1 
4 .64 ' 119 45.9 
3 -72 119 48.6 

- 6 2  118 4s. 1 
1 .46 118 38. a 
8 SOUTH .64 115 45.7 
7 . 7  116 47. a 
6 .61 114 44.6 
5 .s4 115 42 
4 .57 113 43.1 
3 .48 114 39.5 
2 .42 113 37 
1 .34 114 33.3 

-? L 

Us = Cp Ch t ( T  + 460)3^.5 Cl /M.W..  t Psl".5 t 85.49 
I 

1 
Conc. of CO3 = 7.2 % C o n c .  of 02 = 11.4 % 

Conc. of HZO = 6.6 X 

Avg. Gas Velocity; Vs,  avg. 43.1 Ft/Sec 

Pitot Tube Correction Factor, Cp .82 

Duct Gas Molecular Weight, M.W. 28.95 

Duct Pressure, Fs. 29.91 "Hg Barometric Pressure 29.93 ' 

1.  

Duct Size Round 17.5 In. Diameter Static Pressure -.3 "H20 

Duct Area 1.67 Sq. Ft Avg. Gas Temp. 1 16 

. 

'Hg. _. 
r 

6as Flow Rate 43.1 Ft/Sec * 1.67 Sq. Ft 1 60 = 4318 CFM 

4518 CFMt 530 / 576 1 2 9 . 9 1  /29.921(1.00- 6.6 /100XH20)= 3717 SDCFM 

- 37 - 



ULTRACHEM/ERG 

Cl ien t  : ZIMPRO Date Tested : 12/13/83 

Test No. : H A W A I I  FORMAT "C"  Time : 1156-1319 

GAS FLOW DeTA 

Sample Points  1-8 EAST&SOUTH 

Barometric Pressure 29.95 Sample Nozzle Area .000194 f t A 2  

Duct Pressure 29.91 "Hg Condensate 53 m l .  

Avg. Gas Meter Pressure .4  in.Hg Vol. o f  Gas Samples 35.27 CF 

Avg Gas Meter Temp 78 F Avg Duct Temp 116 F 

Wgt. Col lected .0289 Gms. Durat ion of  Test 80 M i n .  

Avg. Veloc i ty  a t  Sampling Pts  43.1 f t /sec.  

Calcu lat ions 

Condensed Water Vapor: 

vw = 0.00267 t 53 t (460 + 70 )/29.92 = 2.51 SCF 

Corrected Meter Volume: 

Vo = 35.27 t 30.31 / 29.92 t !is0 / 538 = 35.2 SDCF 

Percent Water Vapor: 

X H20 = 2.51 / 37.71 f 100 = 6.6 X 

Par t i cu la te  Concentration (Grain Loading): 

Go = ( -0289 Gms. t 15.43 ) /  35.2 SDCF = -0127 Grr/SDCF 

Par t i cu la te  Emission Rate: 

( -0127 Grs/SDCF t 3717 SDCFM t 60 )/7000 = .4 Lbs/Hr. 

I Percentage of I s o k i n e t i c  Samplin Attained: XI = 102 X -58 - 
li 



SECTION I1 
A I R  POLLUTION LOG SHEETS 
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A I R  POLLUTIO.\I ARALYSIS 
VlSlBCE EHlSSlONS EVALUkTlO!l 

Test Date /=L-13-83 

Type Faci 1 i t y  

Emission Point 
.. 
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ULTRACHEH  CORPORATION/^^^ 

A I R  POLLUTION ANALYSIS . V I S I B L E  EHlSSlmp 
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SECTION I11 
SCHEMATIC OF SAMPLING EQUIPMENT 
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SECTION IV 
EQUATIONS FOR C~LCVLATIONS 
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EQUATIONS FOR CALCULATIONS 

I )  Average Stack Gas Velocity (See Gas Flow Rate Data Sheet) 

'4,. Ft/Sec - C x ' E x  (TI + 46g i/z x 

where h - ve loc i ty  head of  stack gas, inches HzO 

where 1, 

E--3 n.u. x P, ll2 
85k9 P 

stack gas temperature, O R  

where 85.49 i s  a constant wi th  un i ts  o f f t  ( Ib/ lb-mte) (in. Hg) I/Z 
sec. ('R) (in. H,O) 

where C 
by cal ig ra t ion  against a standard p i  t o t  tube. 

where Ps i s  the absolute stack pressure i n  inches Hg. 

i s  the dimensionless correct ion factor f o r  p i t o t  tube obtained 

where n.U. i s  the stack gas molecular weight and i s  calculated by the 
q u a t  ion. 

n.u. - 0.44 ($ to,) (I-=) + 0.32 ($0,) (I-%HZO) + - 
100 100 

0.44 x 100 i s  the m lecu la r  weight o f  carbon 

0.32 x 100 i s  the m lecu la r  weight nf oxygen. 
0.2815 x 100 i s  the rmlecuiar m i g h t  of nitrogen 

0.18 x 100 i s  the molecular weight of water. 

. 
dioxide. 

plus. the argon contr ibut ion to  air.  

2) Stack V o l m t r i c  Flow Rate (See  Gas Flow Rate Data Sheet). 

CFN (Stack) - Duct Area x 60 x Vs (ave). 

SDCFH (Stack) - CFM (Stack) x 530 x ps x ( 1  - %HzO 
29-32 -m- 

where TI (ave) - Average stack temperature OR.  

P, - Stack Pressure, inches Hg. 

where Duct area is i n  ft'. 

where 60 converts seconds to  minutes. 

- 5 4  - 



Equations for Calculations - Page 2 

r - ~ ~- 
(spl.vo1) CF x (Pm + Pb) 

460 + Tm %1 - 100 x 460 + TS x 0.00267 x condensate ml + 

i - 75 tim (min) x Vs (avg.) ft/sec x Pb x An ft' 

3) Percent water vapor and Corrected tkter Voluna 

w. 
= 

%H,O (vol) - \Iw x 100 
\Iw + YO 

where Vw - 0.00267 x ml condensate x 460 + 70 
29.92 

*re 0.00267 is a constant with units of in.Hg -.ft' 
ml - R 

and Vo - Corrected Meter Volume in cubic feet 
Vo - Sampled Volume (CF) x Pb + Pm x 530 

29.92 

Pb - Barometric Pressure, in. Hg. 
Pm - Average Meter Pressure, In. Hg. 
Tm - Average kter Temperature, O F  
528 O R  is standard temperature condition 
29.92 in. Hg i s  standard pressure condition 
460"R equals O°F. ... 

41 Percentaoe o f  lsokinetic SanDlins Attained: - B- 

Ts - Average stack tanperature. 'F 
Ps - Stack pressure, in. Hg. 
~n - Nozzle area, ft '  

i 

Time - Total sampling time, min. 
Vs (ave) - Average stack gas velocity at sampled points (see equation #I) 

Pb - Banmetric pressure, in. Hg. 
5) Particulate Concentration (Grain Loading) 

i 

Go - Grams particulate x 15.43 
vo 

where Vo - corrected meter volume, SOCF. 
and 15.43 is a constant which converts rams to rains pF,T.+-- 

- 55 - 
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- E uations for Calculatlons -' Page 3 

6 )  Particulate Emission Rate, lb/hr 

E - Go x SDCFH (stack) x 60 
7000 

where 60 converts minutes to hours 

and 7000 converts grains to pounds 

Particulate Emission Rate, pounds per 1000 pounds of f l u  gas 7) 

(wet Basis) 8/1000#flue gas - 1000 x E (#/hr) 
SCFH x 60 x wet gas density 

( D r y  Basls) #/1000#flue gas .- 1000 x E (#/hr) 
SCFH x 60 x dry gas density 

8) Particulate Emission Rate, pounds per 1000 pounds of flu gas corrected 
to 12% co, 

#/1000#flw gas at 12% CO, (Wet Basis) = #/1000#flue gas (wet basis) x 2 
%to, 

#/1000#flue gas at 12% CO, ( D r y  Basis) = #/lWO#flue gas (dry basis) x 2 
%to, 

where %CO, is the measured CO, content in percent at the scrubber fan 

Flue Gas Density in pounds per cubic foot 

Wet Gas Density - 0.0458 x H.W. (wt) x Ps 

on a dry basis 

9) 

Ts 

D r y  Gas Dcnsity - 0.0458 x H.W. (dry) x Ps 
Ts 

where Ps is the absolute stack pressure in inches of Hg. 
and Ts is the stack tanperature in O R  

and 0.0458 is a constant with units of pound-mle-eR 
gram-in.Hg.-ft 

this assures a density of dry air to be 0.0760 B/CF at 520-R and 29.92 in.Hg. 

- 56 - 
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SECTION V 
STACK SCHEMATIC 
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Section VI 

P r e - T e s t  Calibration Data 
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PRETEST SAMPLING CHECKS 
(Method 5, Figure 3.1) 

Sectlon NO. a.= . 
Revision KO. 0 

: , Date January 15, 1980 
Page 5 of 15 g; 

i 

Date L / D  - f3 Calibrated by 
- 

Meter box number .&, e Z f J L  -. _.- -..--- 

Dry Gas Meter" 

Pretest  ca l ibra t ion  factor, Y g,9487---- (wil.hjn . a 01 Ihr. 

lmpinqer Thermometer 

average f ac to r  for each C a l i  rabon run 

Was a p r e t e s t  temperature correction used? Yes J no 
'-in f 3 0 C m 0 F )  If yes, temperature correction 

over range) E- 
..' D r y  Gas Meter Thennometers 

Was a pretest temperature correction made? Yes J r m  
If yes,  temperature correction 
r a g e  1 

( w i t E i i i T 3 o C  (S.Q"Ei)&er 

Stack Temperature Sensor* 

Was a stack temperature s so r  cal ibrated against  a reference 
thermometer? .4" Ye= no 
I f  yes, give temperature range w l t h  which the readlngs agr 
within k 1 . s ~  of the reference values 44b to  JAL S 

Barometer . .  
a 

Was the pre t e s t  f ie ld  barometer reading correct? g . & S  .- M, 

(within f2.5 nun (0.1 in . )  Hg of the mercury-in-g ass 2arometer)F 

Nozzle* 

Was tb nozzle calibrated t o  the nearest 0.025 KUQ (0 .001 i n . ) ?  7 yes no . - 
*Most s ign i f i can t  itemsharameters t o  be checked. 

- 6 1  - 



Section No. 3.1.2 
Revision No. 0 
Date January 15. 1980 
Page 21 of 21 

Table 2.1 ACTIVITY MATRIX FOR CALIBRATION OF APPARATUS 

Appa ra tu 

Type S p i t o t  
tube and/or 
probe 
8SSeably 

Stack gas tenr- 
perature 
measurement 
s y s t a  

Barometer 

Di f fe ren t ia l  
pres sure 
gauge (does 
oot  include 
inclined 
manometers) 

Acceptance 1irit.s 

A l l  dimension speci- 
f i ca t ions  r t ,  or 
ca l ib ra t e  according 
t o  Sec 3.1.2, and 
mount i n  an interfer-  
ence free i.nner 

Capable of ~ e a s u r i n g  
vithin 1.5% of rinimum 
absolute atack tar 
perature 

Agrees within 2.5 m 
(0.1 in.) Hg of 
mercury-in-glass 
barometer 

Agree v i t h i o  S% of 
incl ined e r n o a t e r s  

Frequency and method 
of ~ s w r a e n t  

Uhm purchased, use 
method i n  Seca 3.1.1 
and 3.1.2; visual ly  
inspect a f t e r  each 
f i e l d  test 

When purchased and 
a f t e r  each f i e l d  
test ,  cal ibrate  
aga ins t  ASTn 63C o r  
63F tkeraoclrter 

I n i t i a l l y  and a f t e r  
every f i e l d  use, 
corapare t o  a liquid- 
in-glass barometer 

I n i t i a l l y  and a f t e r  
each f i e l d  use 

_- 
Actinn i f  
requirements 
o re  not met 

Do not nse 

that do not 
meet face 
opening speci- 
f icat ions;  re- 
p a i r  o r  replace 
a s  required 

p i t o t  tubes 

Adjust t o  
agree with Hg 
bulb t h e m o r  
eter, o r  con- 
s t r u c t  a cal i -  
brat ion curve 
t o  correct t h e  
readiops 

A d j u s t ,  re- 
p a i r ,  o r  
discord 

- 62 - 

Reject test 
r e su l t s ,  or  
consult  
administrator 
i f  pos t tes t  
cal ibrat ion is 
out  of specifi- 
ca t ion  



f 
Section No. 3.4.2 , 

Revision NO. 0 
Date January 15. 1980 
Page.21 of 22 

Table 2 . 1 .  ACTIVITY MATRIX FOR CALIBRATION OF EQUIPMENT 
I I 

Wet test r t e r  

~~ 

Dry gas wter 

Theraometcra 

Probe. heating 
spa ten 

b-ter 

, 

(continued) 

Action i f  
Frquency  and 

- -.-- of aeasurcmciit 
I_ 

Ca1Sbrate 
and then yearly 

p l a c c w n t  

s p e d  f i c a t i o l u  
a r e  met, or . 
re turn t o  -nu- 

--- - 
Cal ibra te  vs vet 

and when poa t t e s t  
check excceds 

cceptance l imi ta  

120 ft  /h); J C - ~  
i t h i n  +l.oX by l i q u i d  dis-  

a p a c i t r  3.4 3 /h 

r = Y a . 0 2  Y 'i - 

Y M.05 - Y 
~ ~~ ~ 

Lmpinger thermometer 
tl°C (2OF); d r y  gas 
&ter thcrmmeter 
r3OC (5.6OF) over 
b g e ;  s tack  teepera- 
Lure sensor 21.5% of 
bbsolute tcwperature 

Capable of sa in ts in inp  

2S°F) a t  a flow sate  of 
20Efmin (0.71 f t  /=in) 

1200 + l l O C  (248. * 

Calil irate each i n i -  
t i a l l y  8S s separa te  
component aga ins t  I 
mercury-in-glass 
thermometer; 'then 
before each f i e l d  
t r i p  compare each JI 
p a r t  of the t r a i n  
vith the wrcury-in-  
gktSS t h e m m e t e r  

Adjus t ;  de- 
tennine a con- 
stant cocrcc- 
t i o n  fac tor ;  
o r  r e j ec t  i 

Calibrate  component Repair, o r  re- 
i n i t i a l l y  by . place and thm' 
APTD-0576; if con- rever i fy  tlre 
s t ruc ted  by APTD- ca l ib ra  t i o a  
0581, or use 
published cal ibra-  
tion N W ~ I  

+2.5 mu (0.1 in.) tig of 
k c u r y - l a - g l a s s  barom- 
eter 

--_- 
Average of three ID 
measurements of nozzle; 
di f fe rence  bet- high 
and lov cO.1 a ' 

(0.004 iZ.) 

Cal ibrate  i n i t i a l l y  
vs mercury-in-glass 
barometer; check 
before and .Iter 
eJCh f i e l d  t es t  

Use J micrometer t o  
neasure t o  near- 
e s t  0.025 a (0.001 
in. 1 

hdjuct t o  
ap-eL dith J 

c e r t i f i e d  

Recalibrate,  
reshape, r a d  
sharpen when 
nozzle b e e m  
nicked, dsnted, 
or corroded 

i - 63 - 
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---7:.- Revision NO. a 
Date January 15, 1980 
Page 19 of 20 

6 .  

. 
Table 3.1 ACTIVITY MATRIX FOR PRESAMPLING OPERATIONS 

Apparatus 

Probe 

Impingers; 
' f i l t e r  

holders, and 
glass  con- 
ta iners  

Dry gas meter 

Reagents and 
Equipment 

Sampling f i l -  
ters 

bcccptance l i m i t .  

I. Probe l i o e r  free of 
contaminants and con- 
s tn i c t ed  of boros i l i -  
c a t e  glass,  quartz, or' 
equivalent; metal l i a e r  
must be approved by 
by administrator 

2. Probe leak  free 

.- 

Jt  380 (15 in.)  Hg 

3. Probe heating 
system prevents sois- 
t u r e  condensation 

Clean and free of 
breaks, cracks, leaks,  
etc. 

Sarnpligg r a t e  of 0.02- 
1.03 ..,/=in (O.& t o  
1.0 f t  /lain) up tu  380 
 om^ (15 in.) Hg a t  'pump 
i n l e t  

Clcan and readings 
u i t h i n  f2Z of sverage 
ca l ibra t ion  f ac to r  

Free of i r r e y l a r i t i e s  
flaws, pinhole leaks; 
desiccate  24 h a t  2O0 
S . 6 O C  (68O f lOQP), 
or oven dry a t  10SDC 
(22OOF) 2 to  3. b; 
constant u t igh t  3.1 r: 

'requency and method 
of measurements 

i. Clean probe ia- 
xnu l lp  by brushing 
r i th  tap water, de- 
ionized dis&illrd va- 

lry before test 
k1, J d  .CCme;  Jir 

2. Visually check be. 
lore test 

3; Check heating 
L $ s t e s l  i n i t i a l l y  and 
uiien moisture cannot 
be preventcd during 
k s t i n g  (Sec 3.4.1) 

Clean with detergent,  
t i p  water, and 
deionized d i s t i l l e d  
mater 

Service every 3 mo 
o r  upon e r r a t i c  be- 
tuvior; check 
oiler j a r s  every 10 
tests 

Calibrate according 
t o  Sec 3.4.2; check 
for  excess o i l  

Visually check p r io r  
t o  tes t ing ;  u i g h  on 
balance t o  0.1 E& 
p r i o r  to f i e l d  UPC - 

c t ion  i f  
equi re len t t  
re not act 

. Repeat clrm- 
ng and assembly 
mocedures 

!. Replace 

1. Repair o r  re- 
dace.  

kpair or discard 

L p r i r  or r e tu rn  
to manufacturer 

bs above 

Replace 

(continued) 
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'able 3.1  (continued) - -  - . 
Apparatus Acceptance limits 

Water Deionized d i s t i l l e d  
conforming t o  
ASTK-D1193-74, ?&e 3 

Stopcock grease 
-- -- 

Acetone insoluble,  
heat  s t a b l e  s i l i cone  
grease 

acetone 

Probe 

~~ - 

Impingers, con- 
ta iners ,  and 
aasorted 
glassware 

PUW 

Uorb bo t t l e r  
and storage 
contrimerr 

Rigid container pro- 
tec ted  by polytth- 
glene foam 

Rigid container pro- 
tec ted  by polyeth- 
ylene foam 

Sturdy case l ined via 
polyethykae foam Y- 
ter ia l  i f  not p a r t  of 

' meter box 

Hcter box case and/or ' addi t iona l  material  tt ' protect t r a i n  cwpca- 
entr; pack spare r t tei  

I box 
~ ' Rigid foam-Lined con- 

~ tainer 

Section NO. 3.4.3 
Revision No. 0 
Date Januaw 15. 2980 
Page 20 of 20 

Run blank evapora- 
t ions upon rece ip t  

Pr ior  t o  each ship- 
ment 

--- 
As above 

As above 

As above 

Ai above 

- 6 5  - 

. .  .. . - _ .  . 
,ction i f  
.e qui reOK. n t s 
Ire not met 

Ii*distill or re- 
illace 

- .. . 
Rep l a  cc 

Replace o r  return 
t o  supplier 

- 

Repack 

ha above 

As' abdve 

A. above 

As above 
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A 

Reference 
themmeter 

a4b 

a5 L 

Fhenaocoupl e 
xitenti meter 
temppure, 

OP 

a+ 
357 

79 

. 
'erperature 
ii fference,c 

L ' .  

0 . 0  7. 

0 . I Y ; ) .  

"Every 30°C (509) for each reference point. 

%ype of calibration systan used 

(ref tegp, OF + 460 ) - (test t h e m  temp. OF + 460) <loo 1.5% 
ref teep. 'F + 460 

. .I '  .. .i, - 6 9  - 
.:. . 
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DIFFERENTIAL PRESSURE GAUGE CALIBMTION DATA FORM 

-2&f = 
- Gauge type . Ser ia l  or ID number 

8 -Y 647 
Gauge-oil manometer A p  

c 
0.20- . 

0. Y O  - 
0. J* 

0. &O " 

/. q-0 " 
/. JV " 

. J W '  

Pressure 
difference '. 

x 

0- 

- 0 -  

.-a- 
- 0 -  

- 0 -  - 0 -  

- 0 -  
(. 
_.. 

Calibration: J i n i t i a l  pos t te s t  

Date cal ibrated / 0 / 9 A T  . b Y / L  . , 

Ir. 
'c- 

Qua y Assurance Handbook M2i2.12 

3.1.12-6 
- 70 -- 



.. 
. 6 ~ m E  

- 
- 

1 

where: . 
= three dif€ccrent nozzles diameters, nna ( i n . ) ;  cach 1'2*3* ,diaatctcr must be within (0.025 ma) 0.001 in. 

% 

b '  diameters, rrrm t in- ) ,  

. Davg . .  

. .  

= average of Dx, D2, and D3. C 

.i 

. . .  - . 
Quality Assurance Handbook M5-2.6 

3.4.12-11 

. . .  . , - 7 1 -  - 0  . . . .  . -  
. .  . . . 
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where: 

> 

, :i - 

= average of D1, Dz, and D3- C 
. Davg .. 

. 

Quality Assurance Bandbook M5-2.6 
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(Nethod 5 ,  Figure 5.1) 

~ r y  Gas #etet 

pretest ca l ib ra t ion  factor., Y_ 

If yes, r eca l ib ra t ion  fi 
Lover ca l ibra t ion  f ac to r ,  Y fo r  ca l cuTXEis  - (prees t  Or 

pos t tes t )  

Dry Gas Meter Thermometers 

Was a pre t e s t  temperature correct ion used? Y e s  
(u i t I i i i 33"c  (5.4-ver If yes, temperature correct ion 

Post tes t  comparison with mercury-in-glass thermometer?* ( w i t h i n  
f6OC (10.8OF) a t  ambient temperature) 

Recalibration required? 
Recalibration temperature correction? 

(5.4OF) over range)* 
I f  yes, no Correction necessary 'for calculat ions i f  meter 
thermometer temperature is higher; i f  ca l ibra t ion  temperature 
is higher, add correct ion t o  average meter temperature f o r  
calculations 

range 1 

r / /  LIO 

ye& (within S 0 C  

/ 
Stack Temperature Sensor 
Was a p re t e s t  temperature correct ion used? Yes J n o  

Temperatu of ref ce thermometer or so lu t io% 

If yes, temperature correct ion 
readings i n  K (OR) over range) 

tion J4b K@* (within *lox 0s-T 1 

"C ~ ( ( u i t h i n X E T ~  of 

Average stack temperature of compliance test, T 

Tebperatue o a b  thermometer for rrecafibration 
Difference b e t v e t m f e r e n c e  and stack . 

no 

~ 

A T  - 1.0 K 
DO v h u e s  agree 

If yes, no cor rec t ion  necessary 
If no, ca lcu la t ions  m u s t h  done twice--once w i t h  the recorded 
values and once with the average s tack temperature corrected to 
correspond to the reference temF2rature d i f f e r e n t i a l  (AT,); 
both f ina l  r e s u l t  values m u s t  be reported since there is no voy 
to determine which  is correct 

r, 
<! 7 .  74 - 
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Revision NO. v 

page 10 of 15 
Date January 15, 1980... , ~ 

'icont inu e d ) 

Barometer 

Was the pretest f i e l d  bakometer reading Correct? 
Posttest comparison?* 

110 
ppp (in.).Rg ( t2.S  TI (0.1 in.\%) tie 

I f  yes, no correction necessary for c a l ' c u l & % i & 6  fleld 
barometer bas a lower reading; if the mercury-in-glass reading. 
is lower, subtract the difference from the f i e l d  data readings 
for the calculation 

w a s  calibration r e q u i r r  Yes 

. 

l i  '*. v 'I 

. E .:- 
. 

*Host significant itcms/parameters' to' be drecked. 
i 

, 

c 

.. 
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Table 5.1 ACTIVITY l@l'RIX FOR POST-SAMPLING OPERATIONS 

Action if 
Frequency and r t h o d  requir-ta 

P i t o t  tube If k g t d ,  recal i -  After every f i e l d  Recalibrate. 
Acceptance limits of r r r s u r e n t  are not mzt 

b ra t c  according t o  test, v i s tu l ly  and use cal i -  
See 3.1.2 inrpect fo r  d u a g e  bration factor 

fo r  data 
obtained by 
using d-gd 
p i t o t  tube or 
repeat +hr test. 

W i t h i n  21.5% of C.libra+e uith AsRl use c o r m t i o n  
factor  on ter tensor sbsolutc tcqmrature .crEllry-in-glasa pera twe &t. 

thcrroieter 

witbin a . 5  E (0.1 w a r e  via mercury- Recalibrate, 
in.) Hg a t  mbimt in-glass barometer and uoc hver 

a f t e r  each t e a t  barometric presmure 
values for 
calculstio- 

. .  . .  - 
. _  
.' .. 

. .  
. .  . .  . . 

. 
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, .  

DW gas w t e r  

L 

Meter t h e m  
ter 

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

bca1ibro tc  end 
use higher tesp- 

motretee a f t e r  erature for crl- 
culations 

mercurp- Recalibrate a d  

tric values for 
ifrg1.s~ barometer use lover b a r e -  
after u c h  f i e ld  
&t calculations 

each run, cow Recalibrate and 
&re with reference calculate with 
tgmperature and without tem- 

pcrature c o m e  
! 1 tion 

1 - E  . . . .  .. - . .  
. . .  . .  

. .  

. .  
. . . . .  . . . . .  ......... 

.. 7 .. ... ..:- 

..:. ..... 
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Ruber 
Point a 

z o b  

'Every 30% 

%ype of calfbmtfon s y s t m  used 
for each refemce point. 
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i . 1 
S a q l e  Location kADh,, -Q : /Z-/&T-fS 

Relative huasidl ty 5G % 
m r l e  container n a r v  

Rate and Time o f  wefght - -  64~' Gmss rrt. ? 5 ! L u w - a  
Date and T i m  o f  weight / 2 - 2 / - / 3  /azo Gross ut. 7dLL z /  -3 

27 -3 Averap Cross u t . s d  
Tare w t ,  ? $ ! 6 c W g  

1kight o f  part iculate  on nozzle /. 2 4. 
Filter container nuder 

Date and time o f  ut .  12 -2/-83 d 9 / 5  Grass ut. L2.&'/3 -3 
/3/5 -3 

*s 

Date and tine o f  wt .  /~-2/-/-R3 Gross u t . L 2 , L f / J  

Average Gross ut.  LZ,Ld'/3 
Tare ut. &?,d763 

"5.8 

\ k igh t  o f  part iculate  on filter L/ mg. 

Filter container rider €I??& 18 

Date and time o f  ut. , -  d 9 f i  Gross ut. 9z12 '7 -8 
Date and tire o f  ut. ,&a * -  /A /?Ni Gmss wt. 4'2/2L 7 "Q.j 

m 3  Average Gross ut. 97 . /2d 7 
Tare ut. y%/Z,dC -3 

Height o f  p a r t k u l a t e  on filter 

TO-I weight of par t iculate  ( f i l te rs  nozzle) 6./ ng. 

- 0  

h w  J/!& &&q / /nbrrj&JJ+&5$& A& 4Af 

Signaturc o f  analyst  

Sfgnature o f  revfewer 

- 02 - 



Tare ut. 3 5 3 ? C r C  138 3 
Height o f  part iculate on nozzle -0- 

F i l t e r  mnta iner  n&r ->, A. # 97 

D 5 f Y  

/a 1 

Gross ut.&’, 7993’ 

L2.54 70 
Average Cmss w t . u ,  7 9 5  =y 

Tare wt .  62, ?9/3 

2 
0 Gross wt .  &‘,3775 -2  

Date and tim o f  ut. 13 ~- ;1/ 23 
Date and t imr  of ut. J.Z-Z/-p’T 

4 1 
e, 
E 

-8 g 
F 
li 7 

E 

- 2  
Weight o f  par t icu la te on f i l t e r  24 mg. 

F i l t e r  m t a i n e r  nu&r 

Date and tim o f  ut. J . 2 - a  -%3 092 6 Gross wt. 9/. 75/3 
Date and t imr  o f  ut. /a@# Gross ut. 72#75/3 

-3- 
Average Gross wt. ?& 75/3-4~.3- 

Tare ut. 9~ a 7:/,4 -2 
Weight of par t icu la te on filter ,3 m. 

Total weight o f  par t i cu la te  ( f l l t e ~  & n o z z l e ) 8 , 3 a g .  

Signaturn of ana lys t  

Signeturr of rrvfewcr 
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