
COMPREHENSIVE STUDY OF DRIF 
DRAFT COOLING TOWERS 

Contribution t o  the  Annua 
U.S. Department o f  Energy 
Oak Ridge National Laboratories 

DISCLAIMER 

by 
N. S. Laulainen (b) 

mu b w k  wslp-sd man -unt of w k  spmc~rsd by an egma of the unnted stet* G-mant. 
N w W  the Unom Stam G m m  mr any agvy fhermf. MI m v  of h n r  wla/sas, m a k m y  
warmty, or #rml~J.  or -me anv lpAal llabll~ty or reaponr~bolrty for the -W. 
mmpktms. CA upefui- ary mnform~on. appamm pmdum. or pmcerr did&. or 
r o p r m  fha itr UP -Id wt onrnwn pnmtely owned nghls R e h r ~ n e  herein to arq m l R c  
mmmrclsl pmduct, mms. or m e  by v a l e  nsme. Odermrk mnufarmrar, or otherwls, does 
mrt m r n i y  mnstitute or nmgly IS endoremem. remmmardstion. or tavMorw w ms Un im 
States OOYBmrmnt ru any ag$%y msmf The vlewi and apnnlon. of suthwr apr& hasin do rm 
n ~ l y  mte or refast fhoraof fhs Unnm Stem Gwarnmem or any .~swtWd 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



COMPREHENSIVE STUDY OF DRIFT FROM . . ~, . 
MECHANICAL DRAFT COOLING TOWERS 
* :L 

N. S. Laulainen* 
' * 

ABSTRACT 

A comprehensive experiment t o  s tudy d r i f t  from mechanical d r a f t  cool ing  I 

towers was conducted dur ing  June 1978 a t  t h e  PG&E P i t t s b u r g  Power P l a n t .  
.. The da ta  from t h i s  s tudy  a r e  t o . b e  used f o r  d r i f t  depos i t ion  model va l ida -  - -. . 

t i o n .  Results  show t h e  e f f e c t s  of tower geometry and o r i e n t a t i o n  wi th  

r e s p e c t  t o  t h e  wind and t o  s i n g l e  o r  two tower opera t ion .  The e f f e c t  o f  

r e l a t i v e  humidity on d r o p l e t  evaporation a s  a func t ion  of downwind d i s t a n c e  

can 'a l so  be seen; 

INTRODUCTION 

A comprehensive 'experiment t o  s tudy emissions,  t r a n s p o r t  and downwind 

. .,.:; . . . ... deposi tdon.  of. %dr.i.ft . ,from. a. mechanics-1,: d ra f  t- cool ing  tower .was .conducted: a t  I I _ .... 

t h e  PG&E o i l - f i r e d  P i t t s b u r g  power. P l a n t  a t  P i t t s b u r g ,  CA dur ing  t h e  two 

week period June 12-2.6, 1978; The purpose of  t h e  study was t o  develop a 

d a t a  base which can be  used f o r  v a l i d a t i o n  of  d r i f t  depos i t ion  models. 

. . 
The key a s p e c t s  of t h e  study were t o  measure t h e  c h a r a c t e r i s t i c s  o f  1 

t h e  d r i f t  d r o p l e t s  emi t t ed  from the  tower, t h e  ambient meteorologica l  

cond i t ions ' r e spons ib le  f o r  t h e  t r a n s p o r t  and d i spe r s ion  o f  t h e  d r i f t ,  and t h e  ,, 

downwind depos i t ion  p a t t e r n s  and near-surface a i r  concen t ra t ions  o f  t h e  

d r i f t .  The soi.lrco characterist..i.cs, i.ncl.uding updraft air: temperature and 

v e l o c i t y  p r o f i l e s ,  and t h e  meteorological  d a t a  provide i n p u t s  t o  t h e  models. 
I 

The measured d e p o s i t i o n  p a t t e r n s  serve  a s  comparisons t o  model ou tpu t s .  

Source c h a r a c t e r i z a t i o n  measurements were performed by Environmental 
I 

Systems Corporation (ESC, Knoxville,  TN) under E l e c t r i c  Power ~ e s e a r c h  ! 
I 

I n s t i t u t e  (EPRI) sponsorship .  Meteorological and su r face  depos i t ion  1 

measurements were c a r r i e d  o u t  by P a c i f i c  Northwest Laboratory (PNL). I n  

add i t ion ,  other l i m i t e d  comparison t e s t s  were a l s o  performed by o t h e r  

organiza t ions .  Ca l f ran  I n d u s t r i e s  (Spr ingf ie ld ,  MA) a l s o  under EPRI 

sponsorship, measured d r i f t  d r o p l e t  s i z e  d i s t r i b u t i o n s  us ing a photographic 
- -- 

*Atmospheric Sciences  Department, B a t t e l l e ,  P a c i f i c  Northwest Laboratory,  
Richland, WA. 



t echnique;  t h e s e  measurements were t o  be  compared t o  t h e  ESC de r ived  s i z e  

. d i s t r i b u t i o n s  and d r i f t  emission r a t e s .  Xonics (Van Nuys, CA) provided  . .  . . 
some Aimited remote wind p r o f i l e  measurements w i t h  a dopp le r  a c o u s t i c  r a d a r ;  - <. 

system f o r  comparison t o  t h e  PNL t e the red -ba l loon  system used d u r i n g  t h e  f . +' -  

experiment .  
, , 

The s i t e  i s  l o c a t e d  on t h e  sho re  b f  Suisun Bay n e a r  t h e  conf luence  o f  

t h e  Sacramento and San Joaquin Rivers .  The p l a n t  c o n s i s t s  o f  seven o i l -  

f i r e d  u n i t s .  Un i t s  1-6 employ once through c o o l i n g ,  wh i l e  Uni t  7 ( r a t e d  

a t  720 MWe n e t )  is cooled  by two 1 3 - c e l l  Marley r e c t a n g u l a r  mechanical d r a f t  

c o o l i n g  towers  l o c a t e d  on the c e n t e r  berm i n  a . c o o l i n g  c a n a l  wes t  o f  t h e  

p l a n t .  The c o o l i n g  towers  a r e  approximately 0.5 k m  from Uni t  7. The two 

c o o l i n g  tower u n i t s  a r e  i d e n t i f i e d  a s  Tower 7-1 and  Tower 7-2, where Tower 

7-2 is  abou t  350 m wes t  o f  Tower 7-1, measured.from c e n t e r  t o  c e n t e r .  

I n d i v i d u a l  cells are numbered 1-13 from west t o  e a s t .  

The c o o l i n g  towers  have a guaranteed  d r i f t  rate o f  0.004% and a nominal 
' 

c i r c u l a t i n g  w a t e r  f low r a t e  o f  23.5 m3/s. During a maintenance o u t a g e . i n  

December 1977, Marley and t h e  gendra l  c o n s t r u c t i o n  o f f i c e  a t  t h e  PG&E 

P i t t s b u r g ' ~ 1 a n t  s e a l e d  l e a k s  a r b i d  . t h e  c o o l i n g  tower  d r i f t  e l i m i n a t o r s .  

. . - . . - -- . - - . . . - .  Canal w a t e r  salt. concen t r a t ion  is  i n  t h e  range o f  0.4 - 1.2% and h a s . a  p H  

range o f  8.0 t o  8.7. 

EXPERIMENTAL 

A t o t a l  o f  e i g h t  t e s t  runs  p l u s  a l i m i t e d  n e a r  tower t e s t  were c a r r i e d  

o u t  clurirly L11e J u l ~ e  d r i f t :  study a t  P i t t s b u r g ,  CA. Downwind depos ik ion  

measurements were coo rd ina t ed  wi th  ESC's source  measurements on seven 

d i f f e r e n t  t e s t s .  An e i g h t h  t e s t  was conducted w i t h  no concur ren t  sou rce  

measurements. Limited d r o p l e t  measurements were made on t h e  f a n  deck o f  a 

s i n g l e  tower t o  examine near  f i e l d  d e p o s i t i o n ' d u r i n g  a n i n t h  and f i n a l  

t e s t .  The tests were d iv ided  i n t o  two-tower o p e r a t i o n  ( t h r e e  t e s t s ) ,  

Tower 7-2 a l o n e  ( t w o  t e s t s ) ,  and Tower 7-1 a l o n e  ( t h r e e  tests) .  

. . . . . . . , . - , . . . . . -  . Meteorolog.ical~conditions were,.not n e a r l y  as i d e a l  a s  previousz.J~un.e. 

. c l ima to logy  would i n d i c a t e .  The winds, though p e r s i s t e n t l y  from SW t o  W t o  

NW, were more i n t e n s e  du r ing  t h e  morning hours  t h a n  usua l .  Only two o r  



three runs were made where the wind speed could be c l a s s i f i ed  as  5m/s o r  . 

less .  The other t e s t s  were carried out ,  under 'wind speeds ranging, from 
. . 

5 - l O m / s . .  . . 

It was desirable t o  have as  much information a s  possible about the . . 

operating conditions i n  the tower a t  the  time the emissions data were 

recorded in  order t o  a s s i s t  i n  applying'these r e su l t s  t o  other towers a t  . 
other locations. i 

~s mentioned above, the 'towers a t  t h i s  s i t e  a re  located along the 

center of an elongated U-shaped canal which was previously used as  spray 

canal for  Unit 7 cooling.. The cooling water for  the  Unit 7 condenser is  . 

withdrawn from one end of the canal and discharged t o  the  other. The two 

cooling towers withdraw from the hot leg of the canal and discharge t o  the 

cold leg. Hence, there ,is no d i rec t  connection between the condenser cooling 

water and the tower flow. Furthermore, the i n l e t  water temperature fo r  - .  

the  two towers . . may be s l ight ly  d i f ferent  i f  t h e i r  withdrawal poin ts .a re  not 

located a t  the  same point on the hot water leg. 

Consequently, a complete description of the plant/tower cooling system 

required: 

0 Unit 7 generating load 

0 Unit 7 condenser water flow r a t e  

e Unit 7 condenser i n l e t  and ou t l e t  water temperature 

Canal ' i n l e t  'and ou t l e t  temperature 

Cooling Tower 1 water flow ra te  

@ Cooling Tower 1 i n l e t  and discharge water temperature 

Q ,Cooling Tower 2 water flow ra te  

e Cooling Tower 2 i n l e t  and discharge water temperature 

o .CoolirIg Tower 1 t o t a l  fan power ( a i r  flow) . cQBl%qg Tower 2 t o t a l  fan power { a i r  flow1 
. . . . . , - . 
]Flow r a t e ,  in le t /out le t  water temperatures and fan power f o r .  
individual c e l l  being monitored ( i f  posslbie),. 

Source charactgris t ics  included measurements of those variables required 

t o  describe the air/vapor and d r i f t  emissions from the 'fan stack. c e l l s  t o  



. . . . . . -. 

be monitored were selected in accordance with the measurement strategy 

developed in a-pre-test phase. Measurements were taken at or near the exit . 
. .: 

plane. Data wire acsuiied at 12 equal area points along two . . 
diametral traverses. Variables measured included: 

Updraft air velocity profiles 

Air dry- and wet-bulb temperature profiles 

Drift (water) flux profiles 

Mineral mass flux profiles 

Drift d~oplet size distribution 

Droplet salinity vs. droplet diameter 

. Intensive measurements of a single cell during a specific test run . 

were made along with limited measurements of reference cells on each tower. . 

Drop1e.t size distributions and drift flux profiles were determined using 

sensitive papers (SP) and a light scattering, droplet counting system (PILLS). . 

Additional droplet size distribution data were acquired using a special 

. photographic technique. Mineral mass fluxes were determined with an iso- 

kinetic (IK) sampler. Updraft velocity profiles were measured with a gill 
' anemometer while the air temperatures were obtained with standard. precision 

thermistors. 

~eteorolocjical data were collected at two levels from an instrumented 

10 m tower upwind of the cooling towers during the period June 16-25, 1978. 

Temperature (dry- and wet-bulb), u, v, and w components of the wind were 

recorded continuously onto a seven track magnetic tape at five minute 

intervals over the experimental period. 

A tethered balloon system provided vertical profiles of temperature, 

moisture and horizontal wind speed and direction within the vicinity of 

the cooling towers as well as in the upwind direction. 'Profiling was 

pcrfbrmcd from the curface up to ac high ac 100 m on one occasion. The 

bulk of the profiles extended up'to only 100 m. During the experimental 

period, the'tethered balloon system was flown on only' seven days (June 15, 

16, 17, 21, 23, 24 and 25). Its operation was limited by high winds . 



( > l o  m s-I).   he system was interfaced with an HP-97 calculator and 

provided print-out onto paper tape of time, pressure, height, .. temperature, 
. .- 

re la t ive  humidity; mixing ra t io ,  wind: speed and direction and potent ia l  :. 
. . 

temperature. , . . . 

During the, l a s t  three days o i  the 'experiment a Doppler acdustic 

sounder was employed t o  determine the wind prof i le  i n  the boundary layer. 

A monostatic acoustic'sounder also operated continuously during the period 

June 16-25; data from t h i s  device were recorded on a s t r i p  chart 'recorder. 

~ iume  photography was a lso  conducted during the experiment using automatic 

time, lapse camera systems. Visible plume lengths were in  general very short 

during the t e s t  period, no further reference i s  made t o  t h i s  phase of the 

study . 
Downwind d r i f t  deposition patterns were determined using sensi t ive . 

papers (SP) and deposition distributed in  arcs about the cooling towers. 

' - In addition, untreated f i l t e r  papers were also exposed. These l a t t e r  

papers can be examined e i the r  as  additional deposition receptors fo r  further 

chemical analysis, o r  developed for ~ 1 -  ion using Ag NO (the papers treated 
3 

i n  t h i s  manner should produce s ta ins  similar t o  those found on the SP's).  
' 

A t  selected locations a rotat ing arm sampler with sensi t ive papers attac'hed 

was used to  determine near surface a i r  concentrations of d r i f t .  Canal and 

basin water samples were collected reg.ularly during t e s t  runs. 

DATA ANALYSES AND REDUCTIONS 

Of the eight t e s t  runs, f ive t o  s ix  were of suff ia ient 'qual i ty  t o  

warrant intensive analyses. For the purposes of t h i s  paper, only deposition 1 
I 

data for the 6-16 (two tower operation) and the 6-17 (Tower 7-1 operation I 
i 

only) t e s t s  are presented. The source measurements for  a l l  seven t e s t  days 
, , I  

were reduced and analyzed by ESC, from which a composite emissions inventory 

with a range of daily deviations was established; these emissions are assumed i 
t o  be representative fo r  any given day. 

The analyses of the  deposition samples were of two types: 



.-.. . ' .  . - . . 
0 Chemical analysis of bulk depositkon ,samples . : J . .  . .  

e&..- 

0 ~ i o ~ i e t  size distribution analysis of sensitive papers. ' i ;  ' 

- 6-- . + + - - 
Mineral ion species, including Na , K+, NH4 , ~ 1 - ,  NOp , and SO4 , ! 4. ; . 

,obtained with the positive and negative ion chromatographs (IC)' respectively,. . . . . ++ ++ 
.while Ca and Mg were determined by atomic absorption spectroscopy. 

. . ,  

Deposition pan samples and canal and basin'water samples were analyzed ; .  

using these techniques. Samples were recovered from the deposition pans 

using 10 ml of double-distilled, deionized rinse water. Canal and basin 

water samples were uswally diluted by a factor of 100-1000 before.analysis 

on the IC's. 

Drift droplet size distributions were obtained from the sensitive 

papers with an automated scanning and sizing device, the Quantimet 720 

system. The system was interfaced with a mini-computer which allowed the 

measured.stain sizes to be converted.to droplet sizes, binned according 

to size category and number and volume.size distributions stored.on 

cassette tape for later hard copy retrieval. 

The results of the chemical and droplet analyses were then converted 

to. deposition- rates. The downwind deposition patterns were obtained by 

combining data from all of the sampling stations in each arc. Tt became 

apparent from preliminary analysis of the 6-16 test that because of the 

wind and dust conditions at the site during the experiment, larger back- 

cjrourid values of mineral deposition were present in the data than originally 

anticipated. Fortunately the, sampling procedure allowed for enough 

outside-the-plume stations such that, with suitable statistical procedures, 

it was poss.ible to eliminate most of the.influence of this variable back- 

ground component. I 
Rat ios  of minexdl ion mass deposition provided a convenient method to 

distinguish drift from non-soil,, background aerosol since these ratios for 

drift droplets should be similar to those of the basin and/or canal water. 

The problem of soil contamination in the deposition pans was not so straight- 

forward. This is because the soil had been exposed to drift deposition, . 

and more importantly, canal water from water trucks as a part of PG&Ets 



. -. - . . . , - . - . . . . . .c, . .  . - .  -.... * .  - ,. -. . -. , , .- 
dust  abatement e f fo r t s .  The upwind s t a t i o n s  i n  most cas.es provided a usefu l  . . = . . .  

6-- 

ind ica tor  f o r  est imating t he  non-soil backgro&d. So i l  samples, c o l l e c t e d  1 ! 
..a ., *-I-- 

. 
' 

near many. of the sampling s t a t i b n s ,  were examined t o  see i f  any useful  method' 
L- - . # i 

f o r  qua l i t a t i ve  est imates of so i l /dus t  contamination could be found. These' : :. - .->. ! 
samples however were too inhomogeneous t o  help  i n  <he evaluation of the  s o i l  

background. 1 

. - I 

The meteorological da ta  from the  PNL -10m meteorology tower, the  te thered  .I 
ba.lloon system and the  PG&E meteorology s t a t i o n  were averaged, where p r a c t i c a l ,  I 

f 
over in te rva l s  compatible with ac tua l  downwind .sampling periods. The most ' 

important parameters a f fec t ing  t h e  d r i f t  deposit ion pa t t e rn  were the  wind 

speed and direct ion and the  ambient r e l a t i v e  humidity. A t  a few s t a t i o n s  

c lose  t o  the  tower(s)  and d i r e c t l y  beneath t he  plume, it was possible  t o  
. I 

obtain  several  sequential  SP exposures. For these  s t a t i o n s  the  e f f e c t  of . . 

r i s i n g  temperature and decreasing r e l a t i v e  humidity was c l ea r ly  evident. . 

. . RESULTS 

In presenting the  r e s u l t s  f o r  the  two t e s t  days, 6-16 and 6-17, it i s  

useful  t o  summarize the  p i an t  operat ional  data ,  cooling tower d r i f t  emission 

data; meteorological data  and deposi t ion da ta  separately.  I 
I 

Average p lan t  loads f o r  t h e  two days were 682 MWe and 492 MWe, respect-  

ively .  Condenser water temperatures averaged 25.6OC and 24.6OC a t  the  i n l e t  
i 

and 36.5OC and 32.6OC a t  t h e : o u t l e t ,  r espec t ive ly ,  f o r  the  two days. Average ' I  
canal water temperatures were 35.7OC and 32.0°C a t  the  i n l e t  and 25.S°C 1 
and 24.6OC a t  t he  o u t l e t ,  respect ively .  Cooling tower operational condit ions I 

! 

. a re  summarized i n  Table.1. i 
Dr i f t  emission cha rac t e r i s t i c s  a r e  based upon da ta  derived from updraf t  

% i 
a i r  speed, temperature, .mineral and l i q u i d  d r i f t  mass emission measurements 

from four c e l l s  of Tower 7-1 and th r ee  c e l l s  of Tower 7-2. The ve loc i ty  

p r o f i l e  for. each c e l l  exh ib i t s  t h e  double-lobed s t ruc tu re  common t o  fan 

driven flows. . The highest  observed average a.ir s p e k  was 12.7 m / s  i n  one . .- 

of t he  lobe regions and the  lowest speed was -4.6 m / s  i n  the  center  region -. 

over t he  hub of the  fan (see Figure 1 ; f o r  a t yp i ca l  example). The a i r  speed 



profiles were not bilaterally symmetric, due in part to the influence of I - - - I 

external crosswinds. Calculated volumetric air flow rates were 557 + 17 m3/s - -.- . - j 
which corresponds to an average updraft air velocity of 7.1 + 0.2 m/s for I - 

2 " - 3  I 

a cell exit area of 77.8 m . i 
Table 1. Cooling Tower Operational Data 

. . 
Cells Avg Fan Water Flow Avg That Avg Tcold 

Date . Tower # . Operating I-iP/Cell . (m3/min) . ("CI i OC> 

Typical cell temperature profiles are also shown in Figure 1; these- 

profiles were not bilaterally symmetric either, with higher temperatures I; 
toward the rim on the downwind side of the cell. As expected for saturated ' I! 
air, wet- and dry-buib temperatures were the same within sensor .accuracy I 
,(+3.2"C); dw-bulb temperatures varied by as much as 6OC during a given day's Ij 
characterization. I/ 

Cooling tower circulating water samples .and the isokinetic (IK) tube 1, 
drift mineral sample washes were analyzed for sodium and magnesium ion. I 
Sodium mass emission rates of, the seven character'ized cells varied in the 

++ + 
range 1380 to 3890 p g / s  with Mg emission rate averaging %11% of the Na 

value. If 110 evaporation of droplets occurs in the fill region, then the fl 
mineral mass emission rates coupled with the basin water mineral concentration t i  
yield a liquid mass emission rate in the range 6.8 to 18.2 g/s. The corre- 

sponding range of values of liquid mass emission from analysis of SP drift 

droplet spectra were 2.6 - 8.2 g/s. The ratio of IK to SP liquid mass 

emission values varied from 1.3 to 6.2 with an average value of 2.8, indicating 

that evaporation effects 'within the fill are significant. 

Because uf the variability of drift mass emission from cell to cell, a 

representative emission rate per cell was calculated using a weighted 

average,of' those cells judged during a pre-test survey to have high, medium 



MEASUREMENT m- POSIT ION 0 

0 POSITIONS 1'6 RANGE 1-6 

CI POS IT IONS 7-12 ' x. RANGE. 7-12 . 

- ,  

D I STANCE FROM CENTER (m) 

Figure 1. Updraft! A i r  Speed and Dry-Bulb Temperature Prof i les  
PG&E Pittsburg Unit #7,  Tower #1, Cell # 1 2 .  June 
16, 1978. 7:30 - 1 2 : O O  PDT. 

or low emissions. The re su l t  was found t o  be 4.8 g/s per c e l l  o r  1 2 4  g/s 

t o t a l  emission r a t e  i f  a l l  26 c e l l s  are  operating. This corresponds t o  a 

d r i f t  fraction of 0.0006% for  a t o t a l  c i rcula t ing  water flow r a t e  of 20 m3/s. 

A representative d r i f t  mass emission spectrum is shown i n  Figure 2 ,  where 

the mass peak near 30 pm represents droplets from the f i l l  which have passed 

through the  d r i f t  eliminators while the mass peak a t  300 pm (and perhaps 

beyond) i s  due t o  large droplets formed by leakage of water in to  the towcr 

. plenum. Half hourly averaged values of dry-bulb temperature, r e l a t i v e  

humidity, wind speed and direction were computed and synthesized from data 



" - 
ob ta ined  from t h e  10 m meteorological  tower, t e t h e r e d  bal loon system and 

..-..-. -- 
PG&E S t a t i o n .  n .  

DROPLET D IAMETER urn) 

. Figure 2 .  Composite D r i f t  Droplet  Emission Spectrum 

On ~ u n e  16 . the  wina was r e l a t i v e l y  s t r o n g  and s teady from t h e  west.  

The average d i r e c t i o n  was 267"ith a  s t andard  d e v i a t i o n  of 4'. During t h c  

t e s t  pe r iod  (0730 - 1300 PDT), t h e  g r e a t e s t  h a l f  hourly change i n  wind 
-1 di reck ion  w a s  only  7". Mean wind speed and s t andard  dev ia t ion  w e r e  4.7 m s  

and 0.4 m s - l ,  r e spec t ive ly .  The maximum h a l f  hour ly  wind speed was 9.0 m s - l .  

The temperature r e f l e c t e d  t h e  normal h e a t i n g  t r e n d  on a c l e a r  day. During I 
I 

t h e  measurement period;  t h e  low and high tempera tures  were 15.1°C and 25OC I 



r e s p e c t i v e l y .  The average  tempera ture  w a s  20.2OC w i t h  a s t anda rd  d e v i a t i o n  

o f  5.6OC. The maximum h a l f  hour ly  r e l a t i v e  humidi ty  w a s  73% a t  t h e  beginning  
? -  I s 
. - 

o f '  t h e  test  dec reas ing  t o  a minimum o f  35%. The ave rage  r e l a t i v e  humidi ty .  " ' 
. . 6 I 

. ; w a s  46% w i t h  a s t a n d a r d  d e v i a t i o n  o f  14%. , 
1-y 

' . .  
- i 

Meteorological  c o n d i t i o n s  on June 1 7  were q u i t e  s i m i l a r  t o  t h a t  o f  t h e  i, 
I 

p r e v i o u s  day except  du r ing  t h e  beginning  o f  t h e  measurement p e r i o d  when t h e  
- 1 average  winds were o u t  o f  t h e  sou th  a t  approximately 1 .8  m s  . The average  

. . 

wind d i r e c t i o n  w a s  273' k i t h  a ' s t anda rd  d e v i a t i o n  o f  approximately 42O. 

wind speed inc reased  s t e a d i l y  d u r i n g  t h e  morning r each ing  a h a l f  hour ly  

maximum o f  6.5 ms-' n e a r  noon. ' Mean wind sp.eed and s t a n d a r d  d e v i a t i o n  w e r e  

4 .1 ms-1 and 2.7 nk-l, r e b p e c t i v e l y .  The average  temperature was 22. O°C wi th  

a s t a n d a r d  d e v i a t i o n  o f  4.3OC. The maximum and minimum h a l f  hour ly  r e l a t i v e  

h u m i d i t i e s  were 66% and 38% r e s p e c t i v e l y .  The ave rage  r e l a t i v e  humidi ty w a s  

52% w i t h  a s t anda rd  d e v i a t i o n  o f  9%. 

F i g u r e  3 shows t h e  sampling network w i t h  . r e s p e c t  t o  t h e  two c o o l i n g  

towers .  T h e , i n t e n t  w a s  t o  e s t a b l i s h  a r c s  a t  r a d i i  o f  1/4,  1/2 and 3/4 km 

from Tower.7-1 wi th  sampling s t a t i o n s  l o c a t e d  abou t  eve ry  . lo0  a long  a g iven  

a r c .  An a d d i t i o n a l  a r c  w a s  set up du r ing  t h e  test  which was t o  be mid-way 

between t h e  1/4 and 1/2 km a r c s .  A s e p a r a t e  a r c  a t  %1/4 km w a s  s e t  up f o r  

Tower 7-2. The two upwind a r c s  were l o c a t e d  1/4 and 1/2 krn west o f  Tower 7-2, 
I 
I 

. . I 
I 

assuming p e r s i s t e n t  w e s t e r l y  winds. Spacings o f  i n d i v i d u a l  s t a t i o n s ,  bo th  I 

' r a d i a l l y ' a n d  az imutha l ly ,  were i r r e g u l a r  due t o  p h y s i c a l  c o n s t r a i n t s  o f  i 
I 

o b s t r u c t i o n s ,  roadways, e t c .  on t h e  p l a n t  s i t e .  Th i s  i r r e g u l a r i t y ,  o f  

cou r se ,  made i n t e r p r e t a t i o n s  of  the  downwind d e p o s i t i o n  p a t t e r n s  somewhat 

more d i f f i c u l t  than  f o r  an i d e a l  l ayou t ;  u n c e r t a i n t i e s  i n  t h e  measured 

mine ra l  and water  mass d e p o s i t i o n  r a t e s  were found t o  be  s u f f i c i e n t l y  l a rge '  

such t h a t  h igh  p r e c i s i o n  i n  t h e  a c t u a l  s t a t i o n '  l o c a t i o n s  w a s  no t  necessary .  i 

The d r i f t  d e p o s i t i o n  p a t t e r n  w a s  determined b y ' f i r s . t  e s t a b l i s h i n g  a 
. . 

background p a t t e r n  from s t a t i o n s  o u t s i d e  t h e  plume and s u b t r a c t i n g  t h i s  

backgrnnnd componen.l- from t h e  uncorrec ted  p a t t e r n .  An example o f  ' t h e  p a t t e r n  
+ 

f o r  N a  f o r  t h e  6-16 t e s t  is  shown i n  F igu re  4. The e r r o r  b a r s  r e p r e s e n t  

t h e  u n c e r t a i n t y  i n  t h e  mine ra l  mass d e p o s i t i o n  when t h e  two de 'posi t ion pans  





Figure 3.  Sampling S t a t i o n  and P l a n t  Layout f o r  t h e  PG&E P i t t s b u r g  
Power P l a n t  Cooling Tower D r i f t  Study 
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Figure 4. Downwind Surface  D r i f t  ~ e ~ o s i t i o n  P a t t e r n  f o r  N a  Ion 
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per  s t a t i o n  were analyzed separate ly  r a the r  than t he  two pans added together  
a d4 

before analysis .  The da ta  points ' should a l so  show the  uncer ta in t ies  i n  i ' 
. - q ' .- - 

determining the  background component.' Along the  plume cen te r  l i n e  t he  r a t i o  

of d r i f t  t o  background deposi t ions  var ied from about 1 t o  6, depending on the  

distance from the  towers. Outside t he  plume these  r a t i o s  were general ly  l e s s  

than 1. 

Peak o r  plume cen t e r l i ne  deposit ion r a t e s  a s  a function of dis tance a r e  
+ 

shown i n  Figure 5 ' f o r  Na . Also shown a r e  predict ions  made by ESC with the  

ESC/Schrecker d r i f t  deposit ion model f o r  two values of the  drop le t  s a l j n i t y  

and the  measured d r i f t  f l u x  from t h e  cooling towers. The s a l i n i t y  value -of 

250 ppm is  an average basin  water value found by.ESC while t he  750 ppm value 

is one determined by ESC using t h e  I k  and SP methods f o r  the  drop le t s -  leaving 

the tower. 

Similar deposit ion p a t t e r n s  were found f o r ' t h e  o the r  mineral ions ,  
-- ++ 

including ~ 1 - ,  SO4 , and Ca . Peak deposit ion r a t e s  had a dis tance dependence 

s imilar  t o  the  NaS;. Water droplet,'mass deposit ion r a t e  had a much s teeper  

f a l l o f f  with dis tance than the  mineral mass; t h i s  i s  a reasonable expectation 

because of evaporation of t h e  drop le t s  a s  they t r a v e l  downwind. Deposition 

droplets  were found t o  have s a l i n i t i e s '  of 0.26%, 2 .9%,.and 2.5% atc.1/4.;:l.l/2 . 
and 3/4 km from Tower 7-1, respect ively .  These s a l i n i t y  values a r e  based 

upon the  measured peak sodium mass and water mass deposit ion r a t e s  f o r  each 

arc.  

Several o ther  observations a r e  a l so  apparent from an examination of 

Figures"4'.and5 (as  well  a s  t h e  o ther  da ta  not shown). The e f f e c t  of a s h i f t  

i n  wind d i rec t ion  from 270° t o  around 300-310' during the  l a s t  hour of t he  

t e s t  i s  seen i n  Figure 4 .  , It i s  not c l e a r  from these  da ta  what e f f e c t  the  

switchyard s t ruc tu re s  had on the  intercept ion o t  d r i t t  mater ia l  before i t s  

deposition onto the receptors. 

From a.comparison of t h e  experimental values a t . l / 2  and 3/4 km alone . 

it would appear t h a t  t he  swi,tchyards could have reduced the  d r i f t  deposit ion . 

by a s  much a s  a f ac to r  of two. Referenced t o  the  ESC/Schrecker model t he  

value a t  3/4 km .would appear t o  be too high. The deposit ion values. (Figure 5) 
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Figure 5. Peak D r i f t  ~ e ~ o s i t i o n  Rate as a Function o f  Downwind Distance 
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f o r  t h e  6-17 t e s t  a r e  lower than t h e  6-16 test values  p r i m a r i l y  because o f  ;; . 
.* - -  

i 
a reduced power load;  o therwise  wind cond i t ions  were s i m i l a r  f o r  both  days.; ; 

#..- 

Consequently, add i t iona l .  test  days where t h e  wind d i d  not  blow t h e  d r i f t . .  k i 
A- - 

- .  .plume through t h e  switchyard,  w i l l  be r equ i red  t o  examine t h e  e f f d c t  o f  t h e s e  
.. ,-. 

s t r u c t u r e s  on t h e  d r i f t .  

The e f f e c t  of dec reas ing  r e l a t i v e  humidity during t h e  course  o f  a  t e s t .  

run was a l s o  observed on t h e  s e n s i t i v e  papers.  The peak d r o p l e t  mass depo- 
. 2  

s i t i o n  r a t e  f o r  t h e  6-16 test  changed from a value  of  1070 mg/m h r  d u r i n g . .  . . . - 
t h e  f i r s t  1 1/4 h r  o f  t h e  t e s t  t o  a  value o f  310 mg/m2 h r  dur ing  t h e  nex t  . ' 

2 
1 3/4 h r ,  although a va lue  df  280 mg/m h r  was a l s o  measured a t  an a d j a c e n t  . . 

s t a t i o n  corresponding t o  t h e  wind s h i f t  which had occurred dur ing  t h e  f i n a l  

hour of  the  t e s t .  S i m i l a r l y , f o r  t h e  6-17 t e s t ,  t h e  d r o p l e t  mass depos i t ion  
2 2 

r a t e  changed from 530 mg/m H r  during t h e  f i r s t  1 1/4 h r  t o  145 mg/m h r  . .. 
. . 

during t h e  f i n a l  2 1/2 h r s .  

CONCLUSIONS 

A comprehensive experiment t o  s tudy d r i f t  from mechanical d r a f t . c o o l i n g  

' towers was conducted dur ing  June 197.8,at t h e  PG&E Pitt 'sburg Power P l a n t  

t o  e s t a b l i s h  a d a t a  base  f o r  use i n  d r i f t '  depos i t ion  model v a l i d a t i o n .  

Resul ts  from two t e s t  runs  have been d iscussed.  It was found t h a t  us ing  

t h e  source measurements obta ined by.ESC and t h e  ESC-~chrecker  d r i f t  model 

t h a t  t h e  predic ted  downwind deposi t ions  a r e  i n  reasonable.agreement w i t h  t h e  
. . 

observed values.  Background mineral deposf t i o n s  a r i s i n g  mainly from blowing 

d u s t  produced s u b s t a n t i a l  i n t e r f e r e n c e  wi th  t h e  downwind depos i t ion  p a t t e r n s ,  

e s p e c i a l l y  a t  t h e  l a r g e r  downwind d i s t a n c e s  where d r i f t  depos i t ion  r a t e s  were 

small.  

The e f f e c t s  o f  wind d i r e c t i o n  changes and r e l a t i v e  humidity changes 

during the  course of an experiment were e a s i l y  seen i n  t h e  r e s u l t s .  The 

e f f e c t  of s t r u c t u r e s  such as, t h e  e l e c t r i c a l  switchyards,  i n  sweeping o u t  

d r i f t  ma te r i a l  before  it a r r i v e s  a t  t h e  s u r f a c e  was examined. With t h e  

l i m i t e d  da ta  which h a s  been p r e s e n t l y  analyzed,  no d e f i n i t e  conclus ion can 

be es t ab l i shed .  
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