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A s  part of a program t o  assess/evaluate emissions trade-off options, Kerr 

HcCee Chemical Corporation retained ESC t o  conduct'. specialized cooling tower 

emissions measurements. The goal of t h i s  t e i t  -. propamr.was t o  determine the 

d r i f t  f rac t ion  f o r  each tower. Drift f r a c t i o n - i s  the volumetric r a t i o  of dr i f t  

droplet emissions t o  design rec i rcu la t ing  water- flow r a t e ,  expressed a s  a 

I . :. 
.. 

I 
- 

percent. Table 1.1 presents the  d r i f t  f r ac t ions  determined during t h i s  

project. Sodium was used as the t racer  in  t h i s  analysis .  
_ .  

. .  

Table 1.1 

S m y  o? Drift Frautions.Deteroined 

Tower Locat ion Drift Fraction (1) I 
Borax Cooling Tower 

111 Sulfate  Cooling Tower 

#2 Sulfate  Cooling Tower 

$3 Sulfate Cooling Tower 

~ 

#4 Sulfate Cooling Tower 

Lime Cooling Tower 

#11 Cooling Tower 

#14  Cooling Tower 

Argus Cooling Tower 

Westend F a c i l i t y  

Westend F a c i l i t y  

Westend F a c i l i t y  

Westend F a c i l i t y  

Westend F a c i l i t y  

Westend F a c i l i t y  

Trona Fac i l i t y  

Trona Fac i l i t y  

Argus Fac i l i t y  

0.0057 

0.0092 

0.0035 

0 .Ob57 

0.0030 

0.001 1 

0.001 1 

0 .OO24 

0.0 I13 

I 
-1 
I 
1 
1 
I 
I 

. I 

Most performance specif icat ions writ ten for d r i f t  eliminators today s e t  

Drif t  f-aetions a s  low 0.0051 or l e s s  a s  the maximum d r i f t  f rac t ion  acceptable. 

a s  0.0002 percent of water rlow r a t e  have been documented. - 
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In the operation of a n  evaporative cooling tower, c i r c u l a n n g  water 1s 

mechanically, broken:+up. v i a  t h e  fill. and .water d is t r ibu t ion  system. .,to?.enhance 

air/water- interface 'and resu l tan t '  heaw. transfer. In t h i s  proCesS,,+CflOw .. . <I 

through. the-cooling equipment carries. smallee droplets!.with it ,.. PreS?%$ing ,ye 

. --. . -  :,.. .....-. . .. - ., 

droplets to- -drift- '  el iminators,  which L: i n e r t i a l l y  separate. a portippn.ilO~, <P,e 
droplet population from the  air. stream.z.;ThatL portion. which is not .colle,ctad.or <. .-. 
is reentrained i n  the a i r .  is referre&.-to:,as d r i f t  (o r  carry ovey_),cand .I,%.. A S  

exhausted v i a  the cooling fan in to  t h e  environment. The droplets . ini t ia l lychave .," - 

the same mineral content a s  the cooling water. but evaporation can r eSu l t . i n  ' the 8, 

droplets becoming mre concentrated than  the Cooling Water. :..I> I' f .,L, 

, - ' . .  ..ry,.. 
2.1 Test Objective 

Kerr McGee Chemical Corporation (KMCC) contracted wi th  Environmental 

Systems Corporation (ESC) t o  conduct i sokine t ic  sampling of d r i f t  emissions from 

nine induced draf t  cooling towers. The towers were located within plant 

boundaries a t  three sites adjacent t o  Searles Lake ( a  d r y  lake  bed) ,  near Trona, 

California. The objective of the sampling program was t o  measure the mineral 

mass emissions due to  cooling water droplets  escaping in  the exhaust air  from 

each cooling tower. In  addition. the  col lected minerals from each tower were t o  

be analyzed chemically and the r e s u l t s  compared w i t h  chemical analyses O f  the 

recirculat ing cooling water from t h e  appropriate cooling tower. 

2.2 Tower Descriptions 

The induced draf t  cooling towers sampled dur ing  the project yere of both 

counterrlow and crossflow configurations. The number of  c e l l s  pe r  tower varied 

between 1 and 4 and a l l  c e l l s  contained d r i F t  eliminators. Table 2.1 provides a 

l i s t i n g  or the towers tested and other per t inent  information. 

- 

. .  -. . .  



Tower Designation 

Borax Cooling Tower 

No. 1 Sulfate  Cooling Tower' 

No. 2 Sulfate  Cooling-Tower 

No. 3 Sulfate  Cooling Tower 

No. 4 Sulfate  Cooling Tower- 

Lime Cooling Tower 

No. 11 Cooling Towr 

No. 1 4  Cooling Tower 

Argus Cooling Tower 

. . ... 

Tower Location 

Westend .Faci l i ty .  

Westend Fac i l i t y  

.Westend F a c i l i t y  

Wes tend. Facili t y  

Westend. Facili t y  

Westend F a c i l i t y  

Trona Fac i l i ty  

Trona Fac i l i t y  

Argus Fac i l i ty  

., 

Tower Description.,,c. . 
3 ce l l .  counterflow, . .  

2 c e l l  couater<lo,wJ,%::, 

2 c e l l  counterflow.-.-, 

' 2 c e l l  counterf>owZl .7 

2. c e l l  crossflow,, 

1 ce l l  countecflou,fil:., 

3 c e l l  crossflov_, 3i 

4 c e l l  crossf 10% ;, 

4 c e l l  crossflow 

_.. ..a;, 

. .  .f - , 

. .  

,> 

.. . .. 
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3 .l . PreTest ' Insbect ion 

During the week pr ior  t o  the start of the sampling program. representatives 

of the  Marley C o o l i n g  Tower Company and Kerr- McGee inskcted each tower and 

selectad t h e  cells t o  be sampled. The goal during this insljection w a s  t o  select - b r d i ; % z  . '5 r i i  ,>C3-&l2zc-n . ' - ) ~ 7  .J?.iy;, .,** . , ^  . . rx, . C" . ~ I 

Cell3 i n  which the d r i f t  el iminators were in good' condition and in  .'which the 
:.x-::-.: L ...:L~*",::iacw ; :,fi<,yy.,qf;, .(, 1,,2 -.-it LCO.1 ,$.+P. 1 . 

d r i f t  losses  appeared t o  be lowest f o r  that tower. Therefore, the -data 

resul t ing from t h i s  sampling program represents a conservative baseline f& 

evaluating future upgrades. 

. ' . A i ! ' 2 h : - , ' ~ ! L  J i  i . ' - C  -.._ _. ~ I..-& 11. .& 7 -.13.77J ..-a:. . . . * .  ' ,i- -, , - ' . ' e  , -  

.: -'.";-L.T,r,' *.:Y.XA+ -7~::;~ 3 . ~ < ;  *<c,l  L L - - ~ ~  . . . mi,_. f jq; ' y:.> .-.. 

. .  

3 ,  .>.. 

. : , : r  - . . .L ~. - " ._ ._ --.. . ...- __-? 

The only unwual condition.observed during the sampling program w a s  i n  the 

#4 Sulfa te  Cooling..Tower.c,at: the! Weatend Fac i l i ty .  The south cell .  of . this I *  two- - 
c e l l  crossflow tower w a s  selected.:for .sampling..- A t .  the  time of Satnpling. the 

north c e l l  was out of service for  fan r o t o r  repairs.  However. hot water was 

still  being dis t r ibuted over both cells. This  operating mode ras.characterized 

by normal water loadings over each c e l l ,  but abnormally low air .ve loc i t ies  

through the dr i f t  eliminators of the tower. There is no p a r t i t i o n  w a l l  i n  the 

exhaust a i r  plenum between the cells. With the north cel l  fan out of Service, a 

large portion of the air  discharged from the  south c e l l  w a s  shor t  c i rcui ted 

ambient air  t h a t  entered the tower through the fan shroud of the north ce l l .  AS 

a r e s u l t ,  the  a i r  velocity through the f i l l  and the d r i f t  eliminators must have 

been s igni f icant ly  below normal. 

Generally, d r i f t  eliminators work better a t  higher air  ve loc i t ies .  because 

greater droplet  momentum. causes smaller droplets t o  cross streamlines and 

impinge on the d r i f t  eliminator surfaces. However, every drifs eliminator 

design- has a maximum velocity t h a t  cannot' be  exceeded without experiencing 

reentrainment .of  collected.  drift.. In the case.of the i 4  Sulfa te  Cooling Tower, 

lower than- norm&: cap tu r8 ,~e f f l c l ency  for small droplets. could- be expected. 



Conversely, t h s  lower 1 a i r  velocit ies-, through. the f i l l  would tend t o  produce 

fewer small d r G l e t s .  With the lower a i r  ve loc i t ies  ex i t i gg  the d r i f t  

eliminators. l a rger  droplets  t h a t  escaped the  eliminators may have ‘fal len out i n  

the exhawt air  plenum. These uncer ta in t ies  make it impossible to  determine 

exact ly  what drift r a t e s  are normal for t h i s  tower. However considering a l l  
. . , .. .-, .>? , , . : 

f a c t o r s ,  w e  .believe tha t  the  d r i f t .  r a t e s  measured i n  the  south cell of the 114 

Sul fa t e  Cooling Tower a t i l l  represent a conservative estimate of normal 

emissions. 

... 7 ,  . . - . .. . .  
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3.2 Pre-Test Instrumentation Calibrations . 

Two main types of instruments were used t o  set i sok ine t i c  sampling 

conditions during the t e s t  program. A G i l l  propeller-anemometer was used to 

measure updraft a i r  velocity a t  20 equal area points in  the  e x i t  plane-of each 

fan exhaust Stack. 
- - 

The propeller anemometer is well su i t ed  to  velocity measurements i n  the 

turbulent environmtrnt of the fan stack. Velocity vectors a t  t h i s  location have 
~~ ~ 

~~~~ ~ 

Wi& i s i i e  0: Yee.. ---r ,...*a _.._ .“A A i r o n t i n “  __. _ _ _ _ _ _ _ _  The G i l l  propeller anemometer exhibits 

a near-cosine response to  non-normal vectors u p  t o  angles of about 2 5 O  (i .e.  the 

indicated velocity is t h e  veloci ty  vector perpendicular t o  the fan exi t  

plane).  As a r e su l t ,  readings a r e  typ ica l ly  within 51 of the t r u e  value up t o  

angles of l a 0  and w i t h i n  10% up t o  a 2 5 O  angle. 

The propeller anemometer (ESC 111) used  i n  t h i s  t e s t  program was calibrated 

a t  the  National Or*eanic and Atmospheric Administration wind tunnel  in Oak Ridge, 

Tennessee by comparison with a National Bureau of Standards calibrated 

anemometer. The resu l t ing  anemometer response curve is shown i n  Appendix A.  

The second s e t  of instruments was associated with the vacuum a i r  sampling 
. 

system. Flow r a t e  of a i r  through the  sampling t r a in  was.measured Using a bank 

of Dvyer Rotameters. each or which had a manual flow regulat ing valve 
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immediately dobhqtream. Prior t o .  shipment of the equipment to Trona. the 

rotameters were lca l ibra ted  over a ..wida-:cange,.of- a i r  .flows. A standard flow 

meter w a s  connected to the, d p l i n g  t r a i n  in series upstream-& the Systam 

rotametera. Readings of the.i@idard-flBOw metapwere: recorded-over - .  the range of 

100 t o  810 SCFH. Thase correspondad t o  readlngs.from 195 t o  1625 SCFH on the 

system rotameters. The standard meter readings were corrected . f o r  barometric 

pressure and used t o  back-calculate uprirait air velocity a t  the i n l e t  throat  of 

the sampling tube. A plot: of updraft. air  v e l o c i t y  versus system flow meter 

readings w a s  prepared f o r  use i n  the f ie ld .  Flow cal ibrat ion da ta  and the plot  

are included in Appendix A .  Figure 3.2 shows a schematic diagram Of the 

sampling t r a in .  

i; 
?- 

I .  

.cr. 
.+ 

/ :  . .  

1, I 

.. 

~. -. . -  _. . - - _.., --. ..- _.__--, , , ;. . 3.3 Test Procedures 

For each fan  stack sampled. the loca t ion  of the sampling point had t o  be 

The i m i d e  diameter of the stack was measured i t  the Outlet plane 

us ing  a s t e e l  tape. The distances from t h e  inside perimeter of the stack t o  

each'sample point were calculated,  and the traverse boom was marked wi th  tape a t  

these 10CatlOns. Figure 3.1 depic ts  t h e  boom and s h u t t l e  system used t o  move 

the anemometer and sampling tube between sampling points. The data  sheets  for 

each calculat ion are included in Appendix E. 

--. _. . . . p.Z?, . , , _. . -  . 
'determined. 

A t  each sampling point, the updraft a i r  velocity was measured with the 

propeller anemometer and t h e  flow r a t e  through the sampling . t r a i n  w a s  then set 

t o  achieve i sokine t lc  conditions (1.e.: v e l o c i t y  of a i r  entering t h e  sampling 

t u b e  w a s  set to match the mean exhaust a i r  ve loc i ty  a t  tha t  point). In order t o  

eliminate observer bias. anemometer voltage output values were hand entered and 

averaged V i a  CalCUlatOr. The proper system flow r a t e  w a s  then determined using 

the Anemometer Curve and the vacuum system Calibration Curve. Using t h i s  

method. isokinet ic  conditions were typica l ly  established w i t h i n  30 seconds of 

, -. . 



I 

I 
I 
I 
I 
.I 
I 
I 
I 
I 
1 
I 
I 
I 
1 

- 



I 
1 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
'I 
'I 
- I  
I 
1- 

.: I 

1 

. \  _ _ _  

9 ' .  . .  ' 

e ,  . . ... 

.. .. . . -. . __. 

. . .  . .. , 



moving the s h u t t l e  t o  a new sampling point. I n  order t o  provide a permanent 

record of each tast, the average a i r  v e l o c i t i e s  and rotameter s e t t i ngs  were 

recorded on da ta  sheets. 

- .  
I .  

7 
These can be found i n  Appendix B. 

During the , sampling. of each cooling tower, a grab sample of the  

rec i rcu la t ing  cooling .,wat& w a a  collected.  These samples provide a chemical 

baa is  of comparison between cooling water mineral content and d r y  residues 

retained on the glass beads. 

-. 
._ .. 

.. . ,. ., . 
.._ 

3.4 IK Tube Handling Procedures 

By the methods j u s t  described, sampling tubes were moved from one equal 

area sampling point  t o  the nex t  and subjected t o  isokinet ic  sampling 

conditions. However, j u s t  as important t o  t h e  success  of the mineral mss 

emission measurement is the handling of the tubes i n  the f ie ld  and i n  the 

laboratory. :... 
. .  . .  

3.4.1 Pre-Test Handling Procedures 

Pr ior  t o  mobilization- in   the f i e l d ,  each of the sampling t u b e s  was 

washed with warm 10 volume I hydrochloric acid ana r insed With 

d i s t i l l e d  water t o  remove ex i s t ing  deposits. This procedure w a s  

performed twice. The f ina l  wash and rinse solut ions were col lected 

and analyzed. me background values for ionic parameters of 
. 

. i n t e r e s t  are reported i n  Appendix c and summaried i n  Tables 4.1 a 

through 1. Each t u b e  w a s  then allowed t o  a i r  d r y  and Wos 

i n d i v i d u a l l y  wrapped i n  p l a s t i c  fo r  shipment t o  the s i t e .  

3.4.2 On-Site Handling Procedures 

The sampling procedure is described as follows. The ground g lass  

f i t t i n g  oi the  sampling t u b e  was coated with s top  cock grease and 

attached by a .  c l a p  to  the receptac le  mounted on the shu t t l e .  
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Figye .  3.3 shows. the design features of a typical  isokinetic 

sampgfng tube. After i n a t a ~ l i n g  the sampling .tube,. posi t ive and 

negative electrical leads from a 110 VAC rheostat were connected t o  

the heat tape surrounding the tube. A;current of 1.0 t o  2.0 amperes 

vas ,applied result ing i n  the  heating of the glass beads t o  a 

temperature above the. boiling p o i i t  of 'water. After heating was 

begun. the vacuum pumps were stw-tad-and: an  : in ' i t ial  v i s u a l  average 

anemometer reading was taken. 6e2appropriate  .- . flow r a t e  through the 

rotameters w a s  then set usin&.%e;,re@ating v a l v e b  1. This  

operation was completed within 'ten:'.seconds and c o n s i s t e n t l y  

established flows within k155 of i sokine t ic  conditions. During the 

'next 30 seconds. the arithmetic -~mari. 'vehity.  by the calculator 

i .  
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method. was performed t o  " f ine  tune" -theL flow s e t t i n g .  APter the 
I ,  *. ~ 

sampling duration for that p o i n t  w a 8 .  satisfied. the shut t le  was 

moved t o  t h e  next point and the  procqdure w a s  repeated. When the 

l a s t  p o i n t  of the Pirst traverse vas completed, the power S u p p l i e s  

t o  the  hea t ing  tape and the vacuum pumps were interrupted. Then the 

sampling tube was disconnected from the receptacle and wrapped i n  

p l a s t i c  u n t i l  t h e  traverse boom could be repositioned Por the second 

traverse. The second t raverse  was performed in  the same manner a s  

the first. A t  t h e  end of that t raverse  the tube was disconnected i n  

the same manner, wrapped i n  clean plastic and stored for  

transportation t o  the ana ly t ica l  laboratory. 

One I K  sampling tube was exposed i n  each fan stack. I n  

addition, a procedural blank was performed. In a l l  respects,  t h i s  

IK tube was handled i n  t h e  same manner a s - a l l  of the others,  except 

that no exhaust air was drawn through it. 
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3.4.3 Post-Test Handling Procedures 
, . .  . .  ;i. 

The w p l i n g  tubes we;: hand carried t o  the Brown and Caldwell 

Analytical Laboratory, . . in . .  Pasadena., California.. ,_ This lab  1s 

-2'. ,..natlanally re.qognized:, a_nd.,_is certified by the S t a t e  of Califonia 

: '.': DepaWuent. 0.C He@& SeEvices f o r ,  a , F l y s t s  of dr;nkinF .water..,and, 

' -  ' - I ; ;  ::hazardous waste..t-esting.  the samples were logged . in  . .  and discussions 

. .  .:., n;wre  held :betweeIkLE,.R. Cracker.. (ESC) and. L.L. Schaleger . ... (B&Cc). A 

. z- .  ' -:copya:, of the:: standqd.,.uas@ing procedure .. was..  . . .provided . t o  W. 

Schaleger, and?zthepprocedure was discussed, i n  d e t a i l  (See Washing 

Procedure, Appendix C).  , : I n  addition t o  t h e  redissolved residues 

from~- the  IK sampling , tubes, Brown and . Caldwell . was directed t o  

chemically analyze.. the  -samples of recirculat ing .. .. .cooling Water 

. collectea during the tests. . The analyt ical .  methods used by Brown 
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and Caldwell  f o r  water sample analysis were consistent with those 

employed for the  ana lys i s  of redlssolved residues. 



-. -* . r . .  
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4.1 Chemical Analysis and Computatfon'of.Results 

Each sample of cooling water- o r  redissolved:, residue w a s .  analyzed for the 

presence of 35 chemical constf tuents .  For 'cdnsistency the cooling. water samples 

were given sample numbers- tha t  coin&ided.-with the.  number. of the I K  sampling tube 

(1.e. I K  16 and WI6 r e f e r - t o  the redissolved residue sample and the cooling 

water sample respectively for.;the Borar*Cooling*s Tower). F i v e  b lank  washing 

solut ions generated before the  t e s t s -  were- analyzed to  determine IK tube 

cleanliness.  Galbraith Laboratories-of Knoxville, Tti conducted these analyses. 

Their analysis  reports  can be found i n  Appendix C. The "Chain of Custody 

Records" and the analysis  repor t s  from-.' Brown and Caldwell Analytical 

Laboratories a re  a l so  included i n  Appendix C. Tables 4.la through i present the 

chemical analyses pertaining to. each of t h e  towers tes ted .  These tab les  also 

present the mineral mass emission r a t e s  calculated for  several  key chemical 

const i tuents  i n  the redissolved residues. Equation 4.1 was used t o  calculate  

the min@ral mass emission r a t e s .  

c 

- 

mineral element collected I 'kj - MBK 
I 

* A s  FkJ sampling time x sampling area eq. 4.1 

3l- where: 
7. F - mineral element f lux  (mgm/m2 * S) '.,ecr 

M - mass of mineral e l e m n t  (micrograms per sample) 

ts - sampling time (seconds) 

A, - sampling area (square meters) 

k represents the mineral element analyzed 

j represents the mineral co l lec ted  dur ing  sampling. 

Bk represents the mineral element present i n  the blank 
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Although ii as possible to  d i r ec t ly  ca lcu la te  the mineral mass emission for  

each. parameter i using . equation I 4.1, many parameters &e be- . detectable 

concentration. l i m i t s  i n  the redissolved.residue samples. A more apcurate method 

i s . t o  use a sinsle.tracer,.suchas.wdium.(Na), t o  determine the volumetriC,dFift 

rat%:. (drift., fr7at5$ion) as, a;p?rcjmtage.~. otTrecg-culating' ,uate&low. -_ Then;-'the 

emission r a t e  for any consti tuent can be calculated from the d r i f t  f r ac t ion  and 

an analysis of ,the cooling water. Equation 4:.2 i l lustrate; .  the  caXculati?; of 

d r i f t  paction.. Equation 4.3 Show8 how the mass emission r a t e  for a par t icu lar  

consti tuent canabe determined using the d r i f t  f ract ion.  

: .  : ." ' ,3+. .  

:'." . - - - .  . -. 

. .~ .---. .- _... . - -. .-- . 
!I .:i2. L .I :>:.: ;: .. , .  .. . :r:r - ,  , - - . r \.. . 0 -- .~ ~ -.. . .. ... __ - 1-- 

.-- -- ,..,-..- "LI - . -.. .. I I -*.. . .  .. . . ; - is;  .: I...; . ., 

.A,. 

.. L. 

l i t e r s h l n u t e  emitted I F k j  ! Afs 't * 1585 
DF l i t e r s h i n u t e  c i rcu la ted  R O C  eq. 4.2 

,si:. , 

where: 

- DF - Drift f rac t ion  ( I  of R) 
m m  

m - 9  
- Mineral mass emission r a t e  of sodium (+) FY 

2 A t s  - Area of the fan stack (m 

St - Number of s tacks per tower 

R - Reclrculatlng water flow r a t e  (GPM) 

C - Concentration of sodium i n  the cooling water (mgm/L)  

. .  

eq. 4.3 ME - DF R Cx - 5.008 x I $  

c 

where: 

ME - Mineral Mass Emission Rate ( l b / h r  

C, - Concentration of any parameter i n  - me cooling water (msm/L) 

V 

Table 4.2 summarizes the r e s u l t s  derived when equation 4.2 is used to 

calculate  d r i f t  f rac t ion  i n  terms of sodium and equation 4.3 is used to  

calculate  the pass emission r a t e s  f o r  Boron and Sulfate. The Procedure 



T*l. c la 

IK  Tuba b& 'IM (Log 111-0794) 
Coollng Y a i e r  +la tb-: W6 ( b g  111-079-15) 
Coollng T o r r  N d m r  Borax Cooling T o r r  ( W a s i d  Fac l l l iy )  tber of %Inis S r # d r  16 

Oataof Sappllng: O c t o b r  31, 1986 
Ilrailon: S m l n u i a  p.r point  

Waia lS  
A I  uml num 
Awl a n y  
Arranlc 
Barlum 
B u y 1  I lum 
Boron 
Cedmlum 
Ca I si Urn 

Chmmlum Total 
Chmmlum t H u )  
b b a l i  
b P p r  
Iron 
L O d  
Llthlum 
Yagnalua 
Yangansa 
Y r c u r y  
Mol ybdanum 
NIckaI 
b t m s l u m  
Sal an1 urn 
51 I Icon 
S I  I v u  
hd lum 
Strontium 
i h ~ i  I lum 
Tln 
T l ion  I um 
vaMd lum 
Zlnc 

- 

Anlorn 
Ch lor I da 
FluorIda 
SuIfaia 

Sol Ids 

- 

- 
Total 0 l S . o l V . d  

b l l d r  

Rul rcu la t lnp  R d l ~ o l v d  " '  

5 
2,450 a 

~ , o b o  A 

Pr.)ai B lank* 
I K  Tuba 

tmlcroaraa) . 
(soqla) 

- 

a5 

U 8  
<2 5 

22 

(995 

I 
I 
I 
I 
I 
I 
I~ 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
I 
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I K  Tub. Wl ldr :?  l K l l  WJg 111-079-9) 
Coollng w s h r  W-r Yll (Log 111-079-19) Curatlon: 5 mlnuta per. point 
Cooling Towr N& I1 Sulfato Coollng T o r r  ( Y o t e n d  Focllltyl Wmbr of  P0ln-h *Id:. 

Oat. of Sagllng: O c t o b r  31, 1986 

16 

Yota l i  
Aluminum 
Ant1 m y  

Barlur 
e r y i  I IUO 

eomn 
C.dmlum 
C.lclum 
Chmmlum Total 
Chmmlum (Wa) 
Cobalt 
CQPP=- 
I mn 
L . M  
Llthlum 
Yogne%lum 
Mangsna. 
Y u c u r y  

Nlckol 
mtasium 
Sal on I urn 
SI I lmn 
SI I v u  
Sod lum 
Stmntlum 
T.bl I l u r  
Tln 
Tltanlum 
VaMdIUm 
Z l n c  

Anlorn 
Chlorldo 
Fluorld. 
%Ifat. 

bl Ids 
Total 0lssolv.d 

- 
M M l C  

YolybdMum 

- 

- 
sol Ids 

3s. 8 
<2 5 

15 
e200 

0.5 g1.5 
80 
<3 

4.5 
< 10 
155 
t l 5  
< 10 
< I5 

.950 
144 

10 
20 

2 

100 
e x  

<5w 
< 5ca 

100 

2A 

m 

22 

(995 

1.5 
7.885 A 

0.311 

1.820 A 



T.blm.4. IC I 

Metals 
Aluminun 

Arsenic 
Barlun 
Bery l  I lum 
B omn 
cadmium 
Ca I slum 
Chromlum Total 
Chromlum ( H e x )  
W a i t  
CoPP- 
Iron 
L& 
L l t h  I um 
Magnalum 
nmgm=. 
M m u r y  
MoIyWenum 
NIckal ~ 

b i a s a l u m  
Sal enlum 
S l l l c n n  
s11vw 
sod lua 
Stront I urn 
Thsl I lum 
T ln  
Titan1 un  
Vanad lur 
Zlnc 

- 
A n t 1  a n y  

Anlors 
ChlOrlde 
Fluorlde 
SuItat. 

Sol Ids 
Total 0lrsoiv.d 
Sol Id3 

- 

- 

-. 

<a 03 
<a 4 

1.0 
a I f  
<a 006 
90 

51 
I2 

<a 03 
<a 04 
<a03 
<&OS 
. .sa 

4.3 
4.0 
<a 002 

eo. c6 
140 

< I  
5a 
<a01 
I6.m 
4.4 

<O. 4 
6 

<o. 006Q06 

<o. OB 

a 03 

<a 02 

<a z 

0.n 

n.m 
5.2 
4,400 

42.000 

- .  .. 
a5 

22 

I 
_I i '>:,I I . , . I  

I. . c 
,:. . .  
0.0195- 

I 
I 

' /  - 
0.090- . .  

- .. 
I. ... 

0.553 

I 
.. 

I 
I 

a m  A I 
I 

0. cozz I 
I 
1 
I 

1.425 A 
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I 
I 
I 
I 
I 
I 
-I 
I 
I 
I 
I 

: I  
-I 
- 1  
I 
I 

I 

M.talS 
Aluminum 
Anti m y  
A n m n l C  
Barium 
B u y 1  I lu. 
BOrOn 
cadmium 
calclu. 
Chmmlu. Total 
Chmmlu. (Ha) 
-.It 
b P p r  
Imn 
L.ad 
Llthlum 
Wsgnrlum 
Nangsnaa 
Wwcury 

- 

YO1 ybdanu. 
NIckal 
Potarslu. 
Salanlum 
Slllcon 
SI I V W  

SodlU. 
j.trontlum 
T b l  I lu. 
Tln 
Tltanlum 
Vanad I urn 
Zlnc 

AnIOM - 
Chlorlda 
Flwrlda 
SuItata 

bl Ids 
Total 0Issolv.d 
- 
b l l d ,  

<a 03 

a 95 
a 4  

a 13 
<a mb 
91 
a 03 
56 
14 
<a 02 

sa 04 
<a 03 
<o. 03 

dJ 
0.014 
<a 002 
<a 2 
ea 06 
1X 

51 
<a01 
16.000 
4.4 
<a 4 
<O. 6 
<a 006 
a35 

ea 03 

a 97 

- 

<a OB 

=.ooo 
5.4 
4,700 

42,000 

45 
43,000 L& 

(0.5 

P 

<955 

.. _. 
7 , . . ' '  

It:: 
-. . .  

1 . .  

0. 345. 
I .. . 

Q'195 - 
1 .  . . ,.. 

, .. 
. .. - . .  

L d  

aOio2 ' 

0.0175 
I. 

48.24 ,& 
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Matalr 
Aluminum 
A n t i  m y  
Anmnic 
0arlum 
0 u y i i  iu. 
Bomn 
C O ~ B ~ U B  
Calcium 
Chromium Total 
Chromium ( H a )  
Cobalt 
- P F  
iron 
L.ad 
L i t h i u m  
Magnoslum 
Mmganao 
M wary 
Mol ytdmnum 
Nlckal 
Potasslum 
Saianlum 
SI I I m n  
si  I V U  

Sodium 
Strontium 
Thai I iu. 
Tln 
T Itan I urn 
Vanad iua 
Zinc 

An I om 
Chiorido 
Fiuorldo 
E i f a t a  

bi ids 

b l  id5 

- 

- 

- 
Total o l u o l v a  

6,  100 
2 0  
1,m 

13,000 

<m 
P 

< I5 
<40 

I 
1 

Avuago o t  t l v o  (5)  r a q l a  of r.oond p r a i a t  rima. ( I K  T u k  ks.1 
Indlcair changaof data 

I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



Matois 
Aluminum 
A n t l m y  
A n O n l C  
8.rium 
B r y l l l u m  
BOrOn 

ca4mium 
C.lclum 
Chmmium Total 
Chmmium (nu) 
bb.l* 
COP# 
I mn 
L a d  
Lithium 
Yagnrlum 
uanganr. 
Y - v  
YO1 yb4mum 
NIckd 
F u t c a  I um 
Selenium 
S i  I Icon 
S I  I V U  

sod lum 
Strontium 

Tln 
T I  tan I urn 
Vend lum 
Z i n c  

Anlom 
Ch lor 14. 
F iuwld. 
El tat. 

- 

ih.1 I lum 

- 

SI Ids 
Total D l U 0 l V . d  
- 
blldr 

15,Ooo A 20.000 A 

Avrago o? t i v o  (5)  umplr o t  romnd pratr t  rim.. ( I K  Tub. No..) 
1 ,: 5 . .  A l n d l u t r  chug. o t  data 

. . ... 



M e a l s  
Aluminum 
~ n i i  mny 
A n m n l C  

Earlurn 
E r y l  I lum 
Boron 
cadmium 
C. I ci Urn 

Chromlum T o t e l  
Chromlum ~Haxl 
bbalt  
b P p r  
I ran 
LORI 
LIthlU. 
Magnrlum 
Mangonra 
M u c u r y  
Mol ybdanua 
NICkaI 
FOT.TOIS i urn 
Sal an1 um 
S I  I l a m  
si I v r  
Sodium 
S t r o n t  lum 
Thai I lua 
T i n  
Tltanium 
Vanad lum 
L l n c  

. -  

~~ ~ 

I 
I 
I 
I 

Anions 
Chlorldo 

! F luorlda 
1 S U I  tat. 

- 

501 Ids 
Total o is5o lvd  
- 

sol Ids 

3% 8 
< 2 5  

27. 

<995 
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I 
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I 
I 
I 
I 
I 
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Metals 
Alum1 num 
Antlmny 
&¶.nlC 

Barlum 
B u y l l  lum 
BOrOn 

Cadnlum 
Calcium 
Chmmlum Total 
Chromium ( H a )  
Cohalt 
b D P U  
Imn 
L.M 
Llthlum 
Yagnrlum 

Mwcury 
MoIyWulum 
N1Ck.I 
Patass lum 
Salmlum 
S I  I Icon 
S I  I V U  

b d l u m  
S$mntlum 
Thal I lum 
Tin 
Tlton I um 
Vaned lum 
Zinc 

Anlonr 
Chlorlda 
F luorlda 
SUI tat*  

bl Ids 
Total oIssoIvd 

- 

MOngM60 

- 

- 
sol Id. 

5 
5.000 A 

38.000 A 

P 

<995 



Y.talr 
A I  urn1 nu. 
A n i 1  a m y  
Arsenic 
Barlum 
a r y l  I lu. 
B o r n  
Cadrlu. 
C.lciu. 
Chmmlum Total 
chmmiu. (Hex) 
Cobalt 
b P p r  
iron 
L.s4 

Magnr  ium 

Mercury 
Mol ybdenum 
Nickel 
R * W 8 S l Y l  

Selenium 
S i  I l e n  
s i  I V U  

bd i u r  
Stmntlum 
Thai I lu. 
Tln  
Tltan I urn 
v a w  ius 
Zlnc 

- 

' LIthiU. 

. Y M g M a e  

Anlom 
Chloride 
Fluoride 
El faie 

- 

bl Id5 - 
Total oi55olv.d - 
bl Ida 

12,000 
5 3  
2.100 

I5 
7,000 A 

90.000 A 

P 

<995 

, .  .., .. .~ 
1 ,". 

a 090 

a 074 

. .. 
a c a o  

a 035 i 

10.736 A 
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described by e&ation 4.3 can be used i n  quantifying individual emission r a t e s  

for a l l  ions of 'Interest. f: 

. '  5' 

T a b u .  4.2 

PUt-Raotlon and giss ions .  

for Baroa, and Sulfate 

. I . ,  .. .L: . .  . .  

Recirculatin&, Concentration =*AL Mass Emission A 
Flow Rate i n  mg/L Fraction l b s / h r  

Tower - w n )  - Boron Sulfa te  (I) - - B o r o n l f  a t  e 

Borax Cooling Tower (<&, c d f )  3000 

I1 Sulfate  Cooling Tower ;>h&! 3500 

12 Sulfate  Cooling Tower ($ (t;) 3500 
+j s u l f a t e  Cooling Tower (sz:s/i.) 3500 
#4 Sulfate  Cooling Tower (&&) 9360 

Lime Cooling Tower 2950 

11 1 Cooling Tower ( A $  P.h.4) < '1 15000 

#14 Cooling Tower ( f c - d d *  ) 24000 

Argus Cooling Tower ( f? 2 ) 30000 

Cif 

:ll 

(:A I 

Citr 

r ' i L 1  

59 n o 0  

00 3400 

90 4400 

91 4700 

73 3300 

33 1500 

1200 10000 

270 11000 

53 2100 

4.2 Discussion of Results 

The d r i f t  f rac t ion  calculations performed using 

0.0057 

0.0092 

0.0035 

0.0457 

0.0030 

0.001 1 

0.001 1 

0.0024 

0.01 13 

equation 

0.0053 0.231 

0.0129 o.wa 
0.0055 0.270 

0.0789 3.765 

0.0103 0.464 

0.00054 0.024 

0.0992 0.826 

0.0779 3.173 

0.0900 3.565 

4.2  and the 

concentratlon of sodium in the cooling water samples revealed d r i f t  f ract ions 

between 0.0011 and 0.0457 percent of rec i rcu la t ing  water flow ra te .  

The 0.0457 percent d r i f t  f rac t ion  for the #3 Sulfate  Cooling Tower 

represents an unusually high r a t e  of d r i f t  loss. This could have been caused by 

a physical gap between d r i f t  el iminator panels; however, no Such gaps were 

v is ib le  t o  the test crew working a t  the  e x i t  plane of the  fan stack. Another 



i 

possible explan9e'ion for the  h igh  drift loss in t h i s  tower may be theivecy-low 

a i r  ve loc i t ies  'measured. The average updraf t  a i r  velocity 1-n this: tower 

measured 386 feet per  minute a t  the fan  stack e x i t  plane. Updraft veloci ty  a t  

the location of the d r i f t  eliminators would be even lower; due to  the : larger  

cross-sectional area.  This velocity may not i m p a r t  enough momentum t o  the water 

droplets for  high e f f ic iency  d r i f t  el imination-to be realized. In t h i s  tower 

remedial act ion scenarios should a l so  consider means of increasing a i r  veloci ty  

a t  the locat ion of the d r i f t  eliminators.. 
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. .  
TIME: 3:70 LABORATORY CALIBRATION RECORO 

:. 
1 

Wind Sceed Sensor :(Generator Type). I TEMP. : 
B.P.: 389.3~- 

Standard AX. P.L. 

tbdel k t U  27 106 s/w 7774' u 

Callb. Date \2-5%5 
' -  

Blade 7 7 7 5 A  

I 
I 

test Equipment 
Item -- Model . xi? . Date o f  Last Intermmarison 

1 - 
' .-UE D.0.M. Bo== 35m-u 4- \&e& 
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DRIFT' MEASUREMENT-DA~A SHEET- 

~ 

- -  , WATER LOADING 
EXIT DRY -BULB 
EXIT WET BULB 
SPECIFIC VOLUME 

~ 

AVERAGE VELOCITY (VOLTS) 

AVERAQE VELOCITY (FT./MIN.) 

AVERAQE VELOCITY (M./SEC.) 

AMBIENT DRY BULB 

AMBIENT WET BULB 

- 
U 

'WATER LOADING 
EXIT'DRY BULB,' 
EXIT  WET BULB < I  

S?ECI$IC VOLUME 

I I I I 

AVERAOE VELOCIW ~vOLTS) 

AVERAQE VELOCITY (n.III1N.I  
AVERAQE VELOCITY (M./SLC.) 

AMBIENT DRY BULB 

AYBIENT.WET BULB 
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.. 

i 
.- 

i 

-. 

.. 

-- .-locations. I rn --I 

Ir3 Hr8s;.rcAcj 

EQUAL AREA ZONES FOR VELOClTy TRAVERSE- 
% of fL &tu fram;c*arnfuulea to t..( rom 

\t, yunb.r ol &.OS - -  -~ 

i 5 Kmii 2 3 m. 
2.0 
6.7 2 25.0 14.7 10.47 8.2 l'hs 

15.0 29.4 19.38 14.5 21.32 11.8 
4 93.8 70.6 ' 32.32 22.7 91.20 17.7 
3 

5 85.3 67.68 34.4 62.47 25.0 
6 95.6 80.62 65.6 /)q.flg 35.4 
7 89.53 77.3 IYOJO 64.6 
8 96.77 85.5 Us,% 75.0 
9 91.8 UC.62 82.3 

97.8 17xsl 88.2 

1 6.2 4.4 3.23 2.2 3.99 

a. 3 10 
11 
12 

Y 3 . J  

98.0 
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D.RIFT MEASUREMENT DATA SHEET" * --  

- , -  . . . . . .  < 

q.. ...+, 

WATER LOADING .. ~ 

EXIT DRY EULB 
' 

EXIT WET BULB' 
SPECIFIC VOLUME' 

. . a -  1.. . J .  

. .  

V I I 

7 1  I 2 6 7 1  7/ 95, 

AVERAGE VELOCITY (VOLTS) 

AVERAGE VELOCITY (FT./HIN.) 

AVERAGE VELOCITY (M./SEC.) 
AMBIENT DRY BULB 

AMBIENT WET e w e  

, t&@rr&C 
START - L/G - 
STOP - ; T E S T A  

1 .  .$.a r- L > 

! WATER*LOADING 
' r :  E x i r  DRY BULB 

EXIT WET BULB 
SPECIFIC'VOLUME 

,- 

AVER~GE VELOCITY (VOLTS) 

AVERAGE VELOCITY (FT./MIN.) 

AVERAGE VELOClTY (M./S>c.) 

AMBIENT DRY e w e  
AMBIENT WET BULB 

~~ . .. . . ..... .- . 
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- m.t.'TRIVPISE #wmoF(Sftw 

If the table below 'does not have 
enough points. the distance R 
frocn the center o f  the f l ue  to  
any'givenLtest'point. n. i s  
calculated* by the formula 

I 
I 
1 
I 

d ='iiaraeter - o f  f l u e  
N = number of readings across a 

dlaraetcr 
n =-thetn'th p o i n t . f r m  the, 

center 
R = Distance from center of f lue 

to n ' t h  tes t  point, numbered 
from-the center consecutivel. 
I n  the diagram. n=l  f o r  E-3, 
E-4, 5-3. and 5-4 

Note: Using compass points t o  
designate stat ions helps 
to o r ien t  the tes t  
1 oca ti ons . I 

.#uM 
- 
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DRIFT. MEASUREMENT DATA SHEET 

WATER LOAOlNOl~ 
EXIT DRY, BULB I EXIT W E T  BULB 

WATER LOADING 
EXIT DRY BULB 
EXIT WET BULB' 

. 

SPECIFIC VOLUME SPECIFIC WLUME 
5CfN I 

I 

- 

AVERAQE VELOCITY (VULTS) 
AVERAOE VELOCITY (FTJMW.) - 
AVERAOE VELOCITY (W./(RC.) 

AMBIENT DRY W L B  

AMBIENT WET N L D  

AMRABE V U O C l T I  (WKTS) 
AVERAM KLOCITY ( P T ~ I N . )  

AMBIENT -ORY 
AVERABE VELOCITY ( M . h E 0  

AYBIEWT WET BULB 



If the table below doer not  have 
enough points, thedistance R 
from the center o f  the f lue t o  
any given tes t  point, n. i s  

- .  

- calculated by the formula 

. '  R o d  e 
d = diameter o f  f l ue  

. . _ 7  )I I number o f  readings across a 
. - L -  diameter _. .- ,. 

-EA!lT n 3 the n ' th  point  frm*.th@t ~ . I .... I r  

center- &L ... 0 :J 1 

.-: - .R I Distance from .cen.terL 0f~:flUe. 
t o  n ' t h  tes t  point, numbered 
from, center-consecuti vel: 
I n  the diagram; n=$;,for+E-3. 
E-4, 5-3, and. 5 - k .  , .. % - . ,  

. .  

~ t e :  Using compass points t o  
designate s t a t i o n s  he! Pf 
t o  or ient  the. t es t '  .-L 

' r j  

cl- 

~ 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

6 . 2  4 .4  3.23 
25.0 14.7 10.47 

29.4 19.38 
32.32 

75.0 
93.8 70.6 

85.3 67.68 
95.6 80.62 

89.53 
96.77 

I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
:I 
-1 
-I 
-I  
I 
4 
- 

- 
I 

. .  

.. I 

I 
I I _* 

* DRWT MEASUREMENT DATA SHEET 

WATER LOAD IN^ 
EXIT DRY BULB I EXIT WET i u n B  

WATER: LOADING. 
EXIT DRY BULB: 
EX IT WET' BULB 5ysTq SPECIFIC VOLUME 

C I  z IL 
SPECIFIC VOLUME 

AVERAQE = L o a i r  (VOLTS) 
AVERABE VELOCITY (FT./MIN.) - 
AVERABE VELOCITY (M./sEC.) 

AMWENT DRY SULS 

AMBIENT WET BULB 

A V E R A ~  VELOCITY (vo~rs) 
AVERAGE VELOCITY (PT.&N.) 

AVERAQE VELOCITY (Y./SEC.) - 
AMBIENT- DRY BULB 

AYBIENT WET WLS 



1 
2 
3 
4 

5 
6 
7 
8 
9 

10 
11 
12 

6.2 
25.0 
75.0 
93.8 

4.4 3.23 
14.7 10.47 
29.4 19.38 
70.6 ' 32.32 
85.3 ' 67.68 
95 ;6 80.62 

89.53 
%.77 

. 

I 
I 
I 
I 
1 
I 
I 

~ 



I 

i I 
WATER LOADING WATER LOADING 

EXIT DRY BULB EXIT DRY BULB 

EXIT WET BULB EXIT W E T  BULB 
SPECIFIC VOLUME SPECIFIC VOLUME 

AVERAS VELOClTl (VOLTS) AVERAQE VELOCITY (VOLTS) - 
AVERABE VELOCITY (fT.fiIN.1 AVEqAQE VELOCITY (FT./MIN 
AVERAQE VELOCITY (M./SEC-l AVERAQE VELOCITY (W./SEC.) - 
AMBIENT. DAY BULB AMBIENT DRY SULB 

AMBIENT WET BULB . AYBIENT WET WLB 



If the-table below does not have 
enough points. the distance R 
from the center o f  the f lue t o  
any g iven- test  point. n. i s  
calculated by the formula 

M s number o f  readings across a 
- 2  . 

_c.- diameter 
* .  n = t h e  n'th point  from. the%-- i I IT' center-. 

yuab.r ol &ear 

#wwT 2 4 s iucc445 ' 
No. 

4.4 3.23 2.2 5.- 2.0 1 6.2 
2 25.0 
3 75.0 

14.7 10.47 8.2 2033 6.7 
29.4 19.38 14.5 36.73 11.8 

85.3 67.68 * 34.4 97.X. 25.0 
95.6 80.62 65.6 (66.62 35.4 

4 93.8 70.6 32.32 22.7 9 . b 6  17.7 

5 
6 
7 89.53 77.3 i46.33 64. 

8 
9 
10 
11 
12 

I 
I 
I 
I 
I 
I 
I 
I 

I 
L 
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DRIFT - MEASUREE€NTDATA- SHEET 

I 
I 
I 
I 
.I 
I 
I 
I 
,I 
:I 

WATER' LOADING 
EXIT DRY BULB- 
EXIT WET BULB 

WATER LOADING 
' EXIT  DRY BULB I' . EXIT'WET B u m  

~ 

SPECIFIC VOLUME 

1 

i 
AVERAS V E L O C l ~ ( v 0 L ~ ~ )  - 
AVERABE VELOCITY (PT./UlN.) - 
AVERABE VELOCITY (M./SEC) - 
NDIENT ORY W L D  

AYDICNT WET W L O  

AVERAGE VELOCITY (VOLTS) - 
AVERABE VELOCITY (FT./Mm.) 
AVERABE VELOCITY (M./SEC.)- 

AMBIENT DRY suLa 
AMBIENT WET wLa 



i ' k  

I f  the table below does not have 
enough points, the distance R 
from: the center o f  the flue t o  
any given test point, n. i s  
calculated by the formula 

.. . - 

--T \ \ I 
\ d =-di&ter o f  f l u e  

- N  =' number o f  readings across a ! 
diameter ,*- 

-.f- 1 I I I  center 
s-the-n'th point fry the 

Olstance fronrdcentertof  flue^ 
to n ' t h  t e s t  point, numberedl 

vel] fmm the center consecutil 
In the dl8gmI. n=l f0r.E-3. 
E-4, 5-3. andis-4 

Mote: Using compass points to 
designate stat ions helps 
to or ien t  the- t e s t  

WUTW locations. 

EWAL AREA ZONES FOR VELOCITY TRAVERSE 

Trona  For 1 ' 1  ' j y  
a l l  C o c l t ' y  Tcl6A 

% Of fLn -tu (mm c*orntra- m ta t  pm 3 ~ .  200.e;kL 
I 

1 
'. 2 

3 
4 
5 
6 
7 

9 
10 
11 
12 

f 8  

6.2 4.4 3.23 
25.0 14.7 10.47 
75.0 29.4 19.38 

,93.8 70.6 ' 32.32 
85.3 67.68 
95.6 80.62 

89.53 
96.77 

2.0 
6.7 
11.8 
17.7 
25.0 
35.4 
64.6 
75.0 
82.3 
88.2 
93.3 
98.0 

I 
I 
I 
I 
I 



I, 
DRIFT - .  MEASUREMENT DATA SHEET 

START.-" T E S T A  l/G -. 
W4TER LOADING 
EXIT ORY BULB 
EXIT WET BULB 
SPECIFIC VOLUME 

I 
wF# I I 

I I 

I 

I 
AVERAQE moan (VOLTS) 
AVERABE VELOCITY (FT./MIN.) 

AVERAQE VELOCITY (Y./sEc.) 

AMBIENT DRY BULB 

AMBIENT WET WLB 

WATER LOADING 
EXIT DRY BULB 
EXIT WET'BULB 
SPECIFIC VOLUME 

.ee cu 

I I 

€€€€ 
AVERAOE VELOCITY w a r s )  
AVERAOE VELOCITY OCT./MIN.)- 

AVERABE VELOCITY (W./S€CJ - 
AMBIENT DRY BULB 

AYDIENT W E T  SULP 



.- . . I f  the table below. does not have 
enough points. the dlstance R 
f rom the center o f  the flue. to 
m y  qiven.tcst  point. n, i s  
ca1culated.by the formula 

R = d  Jig: 
. d = diameter o f , f l u e  

diameter- 
N = numbcr o f  readings across a 

.- n = the-n ' th  po int  franqhe.?? , .L_ .. u 1- ':<./ 

* center, 
R = Otstance fran cen t i r -o f  f l ue - '  

to n ' t h  test.point: numbered 
from the center,consecuti.vely 
In the diagram. 'n=l;for E-3, 

-._~i ~ - 
I - ~, -~ . - _  .. ',.,,;;:$ 

. 

E-4, 5-3, and 5-4 ..._I .'.:.:' 
. .'? < I .  ,. -. j~ 

. Note: Using conpass points t o  
designate..s t a  tions'hel ps - .  

y t J 7 7  

1 6.2 
2 25.0 
3 75.0 
4 93.8 
5 
6 
7 
8 

9 
10 
11 
12 

4.4 3.23 
14.7 10.47 
29.4 19.38 
70.6 ' 32.32 
85.3 67.68 
95.6 80.62 

89.53 
96.77 .  

- 

I 
I 
I 
I 
I 
I 
1 



WATER' LOADING 
EXIT DRY BULB 
EXIT WET BULB 
SPECJFIC VOLUME 

WATER LOADING 
EXIT DRY BULB 
EXIT WET BULB 
SPECIFIC VOLUME' 

I I I I 
I I I I i 

AVERAQE VELOCITY (VOLTS) - 
AVERABE VELOCITY (FT./WIN.) - 
AVERABE VELOCITY (Y./SEC.) 
AYOIENT DRY BULB 
UlYOlENT WET W L B  



. '  , "7 .- I ,  -, .. . .  
.': -:I. If theitable below does not have 

enough points. the. distance R 
from the center o f  the flue t o  
any given test.point. n. i s  

'calculated by the formula 

*~.i_.- .. .. I.., 
d = diameter o f  f lue 

- - , - -  . . .~ ~ - - ~ -  _._. 
E the n ' t h  point frm the.:,, , .  

:-.I . 
from. centerof- ,  f 1 ue: 

. . . E-4, S-3, and.S-4. 

.. . NO&: Using compass p d n t s - t o  
designate stations- helps . . - . .. 

. .  . TCr  -.-.:- I . _ .  ~ , .  

. .  

&Cp4 C T  q6 Of fc1. CyrwtU"tr0ra c*antr- to t..t m 
~ ~~~ ~ yuab.;-ot Amor ?, 

m 2 3 4 5 .  ~A?dts 
w. 

1 6.2 4.4 3.23 2.2 6.15 2.0 

2 25.0 14.7 - 10.47 8.2 23.29 6.7 

' 3  75.0 29.4 19.38 14.5 W.JB 11.8 

4 93.8 70.6 32.32 22.1 64.47 17.7 

5 85.3 67.68 34.4 77.70 25.0 
6 95.6 80.62 65.6 1r6.30 35.4 ' 

7 89-53 77.3 119.53 64.6 

I 
1 
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I 
. I  
-I 
I 
I 

. I  
4 
I 

- 2 -  , 

DRIFT MEASUREMENT DATA SHEET, 
I It 

a .  

I- 

L/G - START' 
STOP I TEST- 

WATER LOADING 
EXIT DRY BULB 

. SPEClFlC VOLUME.. 
a i 7  WET BULB 

.I- 
& 
3 

1 

i I 

7 -  

~ AVER- MLOQTY(VOLTS1 
A V E R A S  VELOCITY (FT./MP(.) 

AVERAtX M L O C I T Y  (Y./SEC.) 

AMBIENT DRY DULI 
AYIIENT WET WLI 

I 

4-w AI- 

r 

d <  .. . WA?ER LOADING 

EXIT WET:BwB 
SPECIFIC VOLUME r 

-aiI+MpI BULB > 

*. - ,. 
~ . - .  .. 
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H. WASHIHG_PROCEDURE . 
1. The tuber.wiI1 be brought to the analy t ica l  laboratory w i t h  th in  

p las t i c  sheet covers on both ends held In place by tubbar bands. 
The p las t i c  covers are r m a d  and the tuber are inspected for 
v i s ib le  i r regu la r i t ies .  (such-as Crack  or col lect ion of insects 
or foreign debris). A cleaned polyethylenm stopper i s  inserted 
In the Inlet-end-of thm tubcand. tha:uter tu l  port ion of the tube 
near. tha In le t  end.ls rashed o f f  w i t h  d i s t i l l e d  w t e r  using a 
squir t  bott le. The-tubes-are-them allowad-to dry. 

Next ,  the stopper Is r w w d  and approximately I5 ml of 10% HCI 2- 
volume aqueous w s h  solution (which i s  hot t o  the touch) i s  poured 
f r a n h e  back side o f  the tub. such that  the w s h  solut ion f a l l s  out 
o f  thm i n l e t  end of  the tube in to -a  cloan boaker. During the pouring 
tho tube i s  rotated by hand to a l l a w ~ t h o  solut ion t o  coma in to 
contact wi th  a11 o f  th. Internal surfaces. This wash procedure i s  
repeated twice mre.  each ti- w i t h  the 

. -- - 
2. 

IS m i  o f  wash solution. 

3. The properly col lected volume of approximately 15 m i  i s  then trans- 
ferred t o  a v o l m e t r i c  flask. The IK tube i s  than rinsed w i t h  - 1 5  
m l  o f  d l s t l l l e d  water using the same procedure and beakers as for 
the acid wrh. T h i s  IS m i  i s  added t o  the 15 m i  o f  acid solution 
already in the volunetr ic f lask. The r inse process i s  repeated 
with s t i l l  another IS m i  of d i s t i l l e d  water. 

4. The approximately 45 m i  i s  then brought t o  the standard 50 m l  volume. 
T l w  50 m i  volumes noy containing the minerals are analyzed by 
standard analysis techniques. 

. 

.. .. . .. . .. 



r 



] 



~ 

I 
8 

BROWN AND CALDWEU 
’ * ANALYTICAL LABORATORIES 

I 
u)(; NO: P86-11-079 

I Received: OSrNOV 86 
Reporteddr 2l;NOV 86 

., ‘ C  

.I I 
: / j .  A .  . .... . - 

,/--.= \;,, i I , 

Purchase .Order:- 16965? t 
Ben Crocker >3:,..G’F - 
Environmental Systems Corporation 
200 Tech Center Drive . .. 

.’- , . A  Knoxville, R1 37912 c 

.~’,‘* . .. 
c .. . .  

: I - .  - -  - 
-.. - . .. 

REPORT OF ANALYTICAL.RESULTS 

--__-_----- __-_____________________________________----------- ..................... 
PARAHETER 11-079-1 11-079-2 11-079-3 11-079-4 11-079-5 

semi Quant ICP scan 
_-_________-__________________  - _ _ _ _ _ _ _ _ _  _____-_-- -  ---------- ---------- ---------- 
Silver, mg/L <o. 1 <o. 1 <o. 1 <o. 1 <o. 1 
Aluminum,-mg/L 0.8 0.9 0.6 0.5 0.7 

<lo (10 <10 
n ?  e. 1 0.1 

Arsenic. mg/L (10 <10 
Barium, mg/L 0.1 0.2 V. * 
Beryllium, mg/L <0.06 <O .06 (0.06 <O. 06 <0.06 
calcium, q / L  10 <8 <8 12 10 
Cadmium, mg/L <0.2 <0.2 <0.2 <0.2 (0.2 

Copper, mg/L 0.7 <0.4 2 . 4  (0 .4  <0.4 
Iron, mg/L 6.0 18 5.9 6.9 4.8 
Potassium, mg/L 10 <10 <10 <IO <10 

nolybdenum, m g / ~  <2 <Z <2 <2 <2 

Lead, mg/L <4 <4 <4 <4 <4 
Antimony, mg/L <4 <4 <4 <4 <4 
Selenium, mg/L <10 <lo <lo ‘<lo <10 
Silicon, mg/L 7 3 4 3 3 

Cobalt, mg/L <0.3 <0.3 <0.3 <0.3 <0.3 
Chromium, mg/L 2.1 <0.3 0.5 <0.3 (0.3 

Hagnesium, mg/L 1.1 0.4 1.9 0.4 0.5 
Hanganese, mg/L 0.007 0.09 0.05 0.04 0.03 

Sodium, mg/L 430 40 110 10 30 
Nickel, mg/L <0.6 <0.6 <0.6 <0.6 (0.6 

Tin, mg/L <6 <6 <6 <6 <6 .............................. ___-____- -  ________-_  _-_------- ---I------ ---------- 
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Bcn Croelrer' 
Environmental Systems Corporation 
200 Tech Center Drive 
Knoxville, TN 37912 

LOG NO: P86-11-079 

Received: 05 NOV 86 
Reported: 21 NOV 86 

Purchase Order;. .16965 

REPORT OF ANALYTICAL RESULTS Page 2 

LOG NO SAMPLE DBSCRTPTION, SOLID SAnPLES DATE SAHPLED., 

01 NOV 86 11-079-1 IK tube I1 
11-079-2 IK tube I 2  01 NOV 86 
11-079-3 IK tube t 4  04 NOV 86 

11-079-5 IK tube I 6  ' 31 OCT 86 

----------- ________________________________________----------. -----------------.--- 

02 NOV 86 : 11-079-4 IK tube 15 

----------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ..................... 
PARMETER 11-079-1 11-079-2 11-079-3 11-079-4 11-079-5 ___________--_________________ ---------- ---------- ---------- ---------- ---------- 
Strontium, mg/L 0.23 0.06 0.15 0.03 0.06 

Thallium, mg/L <4 <4 <4 <4 <6 
Vanadium, mg/L <0.3 <0.3 <0.3 <O. 3 <0.3 

EC1 Vash, Date 11/20/86 11/20/86 11/20/86 11/20/86 11/20/86 
Boron, mg/L 16 0.98 4.2 <0.05 0.66 

Filterable Residue (TDS), mg/eL 6500 1800 1800 7500 600 

Titanium, mg/L 0.56 0.19 0.32 0.39 0.28 

Zinc, mg/L <0.8 0.9 <0.8 <0.8 <0.8 

Hexavalent Chromium, mg/L <0.2 <0.2 <0.2 (0.2 <0.2 

Fluoride, mg/L 0.9 2.1 0.3 0.1 0.1 
Sulfate, mg/iqpL 860 75 140 14 49 
Arsenic, mg/L 0.06 <0.03 <0.03 <0.03 <O .03 
calcium, mg/L 9.6 4.8 4.1 12 7.6 
Lead, W k  L 0.18 0.03 0.12 0.04 <0.03 

Hagnesium, mg/L 1.2 <0.6 2.0 2.0 0.6 
Hercury, mg/& L NA NA NA NA NA 
Silicon, a&L 5 2 4 4 6 

Titanium, mg/L 0.64 0.22 0.34 0.45 0.32 

Lithium, mg/L 8.5 6.7 <0.2 0.5 <0.2 

Sodim, L 2200 170 490 66 110 

Nitri: Acid Digestion, Date i i n o / 8 6  i i n 0 / 8 6  ii/20/86 1wzoi86 11/20/86 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -__--_- -_-  -__--__--_ ----____-_ ---------- ---------- 
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LOG NO SAMPLE DESQIIPTIOU, VATER W t B s  DATE W L E D  

01 UOV 86 
01 UOV 86 
04 NOv'86 

11-079-14 V-5 02 NOV 86 
11-079-15 V-6 31 OCP-86 

___--_----- ................................................... ..................... 
11-079-11 V-1 
11-079-12 V-2 
11-079-13 V-4 

- -_--------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ..................... 
PAUJETXR 11-079-11 11-079-12 11-079-13 11-079-14 11-079-15 -_____-___-_________--------- -  ---------- __-----I-- ---------- ---------- ---------- 
Semi Quant ICP Scan 
Silver, mg/L <0.01 <0.01 <0.01 <0.01 <O.Ol 

Arsenic, mg/L <1 <1 <l <1 <1 
Aluminum, mg/L <0.03 <0.03 <O .03 <O .03 (0.03 

Barium, mg/L n w . * a  ,3 e. 13 0.08 0.04 0.07 
Beryllium, mg/L <O. 006 <O. 006 <0.006 <0.006 <O .006 
calcium, mg/L 57 51 15 36 25 
Cadmium, mg/L 0.03 0.03 <0.02 <0.02 0.02 
Cobalt, mg/L <O .03 (0.03 <0.03 <0.03 <Os 03 
Chromium, mg/L 14 12 11 (0.03 5.3 
Copper, mg/L <o .04 <o .04 <o .04 (0.04 <O .04 
Iron, mg/L <O .03 <0.03 <0.03 (0.03 0.04 
Potassium, mg/L 130 140 65 56 76 
Hagnesium, mg/L 5.5 4.0 2.0 1.4 2.7 
Manganese, mg/L 0.014 0.007 <O .003 <0.003 0.007 
Molybdenum, mg/L <0.2 <0.; <o. 2 <0.2 <o. 2 
Sodium, mg/L 420 420 460 470 460 
Nickel, mg/L <0.06 <O .'06 <0.06 <0.06 <O .06 
Lead, mg/L <O. 4 <0.4 <0.4 <0.4 <0.4 
Antimony, mg/L a.4 <0.4 <0.4 <0.4 <0.1 
Selenium, mg/L <1 < I  <1 - <l 1 
Silicon, mg/L 51 51 64 36 54 
Tin, mg/L <0.6 <0.6 <0.6 <0.6 <0.6 
-----------------I------------ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _- -_- -* - - -  ---------- ---------- 
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Ben Crocker 
Bnvironmeutal Systems Corporation 
200 Tech Center Drive 
Knoxville, TN. 37912 

LOG NO: P86-11-579 

Received: 05 NOV 86 
Reported: 21 NOV 86 

Purchase Order: 16965 

Strontium, mg/L 
Titanium, mg/L 
Thallium, mg/L 
Vanadium, mg/L 
Zinc, mg/L 

Boron, mg/L 
Ecxavalent Chromium, mg/L. 
Filterable Residue (TDS), mg/L 
Chloride, mg/L 
Fluoride, mg/L 
Sulfate, mg/L 
Arsenic, mg/L 
calcium, mg/L 
Lead, mg/L 
Lithium, q / L  ' 

Hagnesium, mg/L 
Hercury, mg/L 
Silicon, mg/L 
Sodium, mg/L 
Titanium, W/L 
Dissolved Digestion, Date .............................. 

4.4 4.4 
<O .006 <O .006 

<0.4 (0 .4  
0.35 0.34 

<o .08 <0.08 
91 90 

<0.02 <0.02 
42,000 42,000 
25,000 27,000 

5.4 5.2 
4700 4400 
0.95 1.0 

56 51 
<Q. 03 <0.03 
0.97 0.98 

6.3 4.3 
(0.002 <0.002 

51 50 
16,000 16,000 
<O .006 (0.006 

11/17/86 11/17/86 ---------- ---------- 

2.7 1.1 
<0.06 <O .006 
<0.4 <O. 4 
0.20 2.8 

<0.08 <0.08 
53 33 
14 <o .02 

22,000 13,000 
12,000 6100 

3.3 2.0 
2100 1500 
0.56 0.58 

14 39 
(0.03 <0;03 

1.0 0.49 
2.2 1.5 

<o. 002 <o .002 
~~ 

60 33 
8200 4400 

2.6 
(0.056 
<0.4 
0.22 

<o .08 
59 

(0.02 
25,000 
13;OOO 

3.6 
2700 
0.60 

29 
(0.03 
0.71 

. 3.1 
<o ,002 

56 
9900 

<O .006 
11/17/86 ---------- 



: . .  
' .  
i' 

Ben Crocker 
Xnvitonmental Systems Corporation 
200 Tech Center Drive 
Knoxville, TN 37912 

I LOG NO: P86-11-079 

I Received: 05 NOV 86 
Reported: 21 NOV 86 

I 
Purcbase Order: 16965 

I 
REPORT-OF ANALITICAL RESULTS Page 7 I 

semi want ICP scan 
Silver, mglL 
bluminum, mg/L 
Arsenic, mg/L 
Barium, mg/L 
Beryiilum, mgii 
calcium, q I L  
Cadmium, mgIL 
Cobalt, mg/L 
Chromium, ag/L 
Copper, W L  
Iron, mg/L 
Potassium, mg/L 
Hagnesium, mg/L 
Manganese, mg/L 
Molybdenum, mg/L 
Sodlum, mg/L 
Nickel, mg/L 
Lead, mg/L 
Antimony, mg/L 
Selenium, mg/L 
Silicon, mg/L 
Tin, mg/L 
Strontium, mg/L .................... 

<0.01 
<0.03 

11 
0.02 

<n i nncl 
6.7 

0.29 
<O .03 
<O. 03 
<Os 04 
0.22 

570 
8.7 

0.016 
<0.2 
400 

<0.06 
<0.4 
<0.4 

<1 
8.4 

<0.6 
2.4 ---. 

<0.01 
<0.03 

16 
0.04 

<O. 006 
9.7 

0.45 
<0.03 
<0.03 
<O .04 
0.27 
2100 
4.6 

0.0016 
<0.2 
420 

<O .06 
<0.4 
<0.4 

<1 
8.4 

<0.6 
2.2 

,------ 

<0.01 
<O .03 

<1 
0.09 

<O .006 
69 

0.02 
<0.03 

32 
<o .04 
<0.03 

100 
2.3 

<O .003 
<0.2 
440 

<O .06 
<0.4 
<0.4 

<1 - 63 
(0.6 
3.0 _------ ---. 

<0.01 
<0.03 

1 
0.07 

<O .006 
29 

0.02 
<0.03 

8.5 
0.16 

<0.03 
120 
2.2 

<0.003 
(0.2 
i.30 

<0.06 
<0.4 
<0.4 

<1 
65 

<0.6 
3.2 .------ 
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NO W L B  DESCRIPTION, VATER W L B S  DATE U P L E D  

11-079-16 V-7 03 NOV 86 
11-079-17 9-8 03 NOV 86 
11-079-18 9-9 03 NOV 86 

31 OCP 86 

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

11-079-19 W-11 . ,  . ----------- --______________________________________----------- ..................... 
PhWIETER 11-079-16 11-079-17 11-079-18 11-079-19 ______________-_______________  _-----_--_ -_-------- ---------- ---------- ---------- 
Titanium, mg/L <O. 006 (0.006 (0.006 <O .006 

Vanadium, mg/L <Os 03 (0.03 0.26 0.27 
Thallium, mg/L <0.4 <0.4 <O. 4 <0.4 

zinc, mg/L <0.08 (0.08 <0.08 <o .08 
Boron, mg/L 2 70 1200 73 80 
Eexavahnt Chromium, mg/L <0.02 <0.02 41 <o .02 

Chloride, mg/L 26,000 21,000 15,000 19.000 
Fluoride, mg/L 6.5 4.6 4.1 4.8 

Filterable Residue (TDS), mg/L 57,000 60,000 32,000 34,000 

sulfate, mg/L 11,000 10,000 3300 3400 
Arsenic, mg/L 11 18 0.65 0.74 
Calcium, mg/L 3.2 7.6 76 16 
&ad, me/L <0.03 <O .03 <0.03 <O .03 
Lithium, mg/L 4.0 3.2 0.8 0.93 
nagnesium, mg/L 7.7 5.2 2.5 2.5 

Silicon, mg/L 9.1 8.6 60 64 
sodium, mg/L 19,000 11,000 12,000 13,000 
Titanium, mg/L , <0.006 <O .006 <O .006 <O .006 
Dissolved Digestion, Date 11/17/86 11/17/86 11/17/86 11/17/86 

NA - Not available. Mercury results for these 
samples vi11 follov under separate cover. 

Mercury, mg/L <o .002 <o .002 <o .002 <o. 002 

_____--__-__-_________________ _-----__-_ ______----  ---------- ---------- ---------- . 
3,000 3,300 J A  000 L/,OOO 

gdvard Vilson. Laboratory DWector 
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