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. 1.0 EXECUTIVE SUMMARY

-

-0 !

Al
As part of a program to assess/evaluate emissions trade-off options, Kerr

McGee Chemical Corporation retained ESC to conduéﬁ:&pecialized cooling tower
emissions measurements. The goal of this test_pﬁdgramtuas to determine  the

e

drirt fraction for each tower, Drift rraction.1§.th§:voiumetr1c ratio of drift

N N R B By Ee

droplet emissicns to design recirculating water- flow rate, expressed as a
percent. Table 1.1 presents the drift fractions. determined during this

project. Sodium was used as the tracer in this éhélysis.

Table 1.1

Sumsary of Drift Fractiom.netgﬁlned

Tower Location Drift Fraction (%)
Borax Coo{ing Tower Weatend Facility 0.0057
#1 Sulfate Cooling Tower Wesatend Facility 0.0092
#2 Sulfate Cooling Tower Westend Facillty 0.0035 R B
#3 Sulfate Cooling Tower Westend Facility 0.0457
#4 Sulfate Cooling Tower Westend Faclility 0.0030
. Lime Cocling Tower Westend Facility Q.00
#11 Cooling Tower : Trona Facility 0.0011
#1434 Cooling Tower Trona Facility 0.0024
Argus Cooling Tower Argus Facllity 0.0t13

Most performance specifications written for drift eliminators today set
0.005% or less as the maximum drift fraction acceptable. Drift fradétions as low

as 0.0002 percent of water flow rate have been documented.

i
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2.0 INTRODUCTION
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In the operation of an evaporative'cooling tower, circula!_"ing water is

mechanically broken-up, via the f11l. and water distribution system,. to,.enhance

- e P TR . B

air/water— interface -and resultant heatn. transfer. In this pnogeaa“hg;g;}gy

through' the-cooling equipment carries. amaller droplets..with it,,prphpqg;nSGQEG

droplets to -drift” eliminators, which: inertially separate a porcigp.ﬁogﬁ‘gng
droplet population from the air stream....That.portion.which is not_cql;qp%pécqr
is reentrained in the air. is referred..to-.as drift (or carry over):and.is
exhausted via the cooling fan into the environment. The droplets.initially.have
the same mineral content as the cooling water, but evaporation can result.in the
droplets becomiﬁg more concentrated than the cooling water. : NS S S

R N A

2.1 Test Objective

Kerr McGee Chemical Corporation (KMCC) contracted with Environmental
Systems Corporation (ESC) to conduct isokinetic sampling of drift emissions from
nine induced draft cooling towers. The towers were located within plant
boundaries at three sites adjacent to Searles Lake (a dry lake bed), near Trona,
California. The objective of the sampling program was to measure the mineral
mass emissions due to cocoling water dr;plets escaping in thg exhaust air from
e;ch cooling tower. In addition, the collected minerals from each tower were to
be analyzed chemically and the results compared with chemical analyses of the

recirculating cooling water from the appropriate cooling tower.

2.2 Tower Descriptions

The induced draft cooling towers sampled during the project yere of both
counterflow and crossflow configurations, The number of cells per tower varied
between 1 and 4 and all cells contained drift eliminatars. Table 2.1 provides a

listing of the towers tested and other pertinent information.

LR
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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 Tower

No. 14 Cooling Tower

Argus Cooling Tower

Table'.2.1

Summary of Teat Locations

Tower -Location

Westend .Facility.

Westend Facility

.-Westend Facility

. Westend.Facility

Westend Facility
Westend Facility

Trona Facillity

- Trona Facility

Argus Facility

Tower Description. .. .

?-—

' ..

3
2

& W

cell.

call
cell

call

.cell

cell
cell
cell

cell

counterflow ..

counterflow,.. 4
count er.f_l,oy; ~en
counterflow.. -
crossf1ow..,
counterflow. ...
crossflow . ,,
crossflow, - -

crossflow
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3.0.. TESTSPREPARATION: AND.EXECUTION . -

t .
3.1. Pra—Test Inspection -
I BV P S ) : TS oy
During the week prior to the start or ‘the aampling program, repreaentatives
CALIILINNG Sy 2o Ctegtortoony Lo
of the Marley 00011ng Tower Company and Kerr- HcGee inspected each tower and
ere LA LT ST LE cse G Yol Lettion o - Fa e
seleeted the cella to be sampled. The goal during this lnapection uaa to ‘select
- VN9 - YR P AN b ds 1 T fogct okl R ol T O L Sy PR Een
cella in which the dritt eliminators uure in gcod condition and 'in Hhich the
CURMLUEL WL WJLTNLEAOD D snensegel o, iz inwe =t aget .

drift losses appeared to be lowest for that tower, Theretore, the “data

resulting from this sampllns program represents a conaervative baseline for

evaluating future upgrades.

!u

LI R ---q- .' -

The only unusual condition observed during the sampling program was in the
#4 Sulfate cOolins:Touenvat:the;ﬁeaﬁend Facility. The south cell.of ;nigttugr
cell crossflow tower was selected for sampling.- At the time of sampling, the
north cell was out of service for fan rotor repairs. However, hot watgr was
still being distributed over both cells. This operating mode was.characterized
by normal water loadings over each cell, but abnormally low air .velocitles
through the drift eliminators of the tower. There is no partition wall in the
exhaust air plenum between the cells. With the north cell fan out of service, a

large portion of the air discharged from the south cell was short circuited

- ambient air that entered the tower through the fan shroud of the north cell. As

a result, the alir veloecity through the fill and the drift eliminators must have
been significantly below normal.

Generally, drift eliminators work better at higher air velocities, because
greater droplet momentum. causes smaller droplets to cross streamlines and
impinge on the drift eliminator surfaces. However, eavery drift eliminator
design has a maximum velocity that cannot be exceeded without experiencing
reentrainment . of collected.drift. In the case.of the #i4 Sulfate Cooling Tower,

ljower than. normal: capture--efficiency for small droplets. could. be expected.




Conversely, the lower air velocities-through. the fill would tend to produce
fewer small drbplets. With the lower air velocitles exitijg the drift

eliminators, larger droplets that escaped the eliminators may have rallen cut in

AN

the exhaust alr plenum. These uncertaintiee make it impossible to determine

exactly what drirt rates are normal for this touer. Houever considering all
T s
ractors, we believe that the drirt rates measured in the south cell ot the #4

AR T LA AL

Sulfate Cooling Tower still represent a conservative estimate of normal

-

Lot ot Ll

emiasions,

3.2 Pre-Test Instrumentation Calibrations

Two main types of instruments were used to set isokinetic sampling
conditions during the test program. A 9111.propeller-anemometer was used to

measure updraft air velocity at 20 equal area points in the exit plane.of each

-

fan exhaust stack. - - .

The propeller anemometer i3 well suited to velocity measurements in the

turbulentrenvgronment of the ran stack Velocity vectors at this location have

y
i

nd direction. The Gill praopeller anemometer exhieiﬁs
a near-cosine response to non-normal vectors up to angles of about 25° (i.e. the
indicated velocity 1is the velocity vector perpendicular to the fan exit
plane). As a result, readings are typically within 5% of the true value up to
angles of 18° and within 10% up to a 25° angle.
The propeller anemometer (ESC #1) used in this teet program was calibrated
at the National Oceanic and Atmospherie Adminjistration wind tunnel in QOak Ridge,
" Tennessee by compariaon wlth a National Bureau of Standards calibrated
anemometer. The resulting anemometer response curve is shown in Appendix A.
The second set of instruments was associated with the vacuum air sampling
system. Flow rate of air through the sampling train was.measured using a bank

of Dwyer Rotameters, each of which had a wmanual flow regulating valve




immediately doihatream. Prior to' shipment of the equipment to Trona, the
rotameters Here%calibrated over a -wide.nrange.of air flows. Auggandard flow
meter was connected to the: aampling tt;a.ln in series upstream'dt the system
rotameters. Readings of tne standard“rlou meter*u@re recorded over the range of
100 to 810 SCFH. These correaponded to ‘readings’ from 195 to 1625 SCFH on the
system rotameters. The standard meter readings were corrected ror barometric
pressure and used to back-calculate updrart air velocity at the inlet throat of
the sampling tube. A plot of updraft air velocity versus system flow meter
readinga was prepared for ude in the field. Flow calibration data and the plot
are included in Appendix A, Figure 3.2 shows a schematic diagram of the

sampling train.

3.3 Test Procedures - ey C e e ) ,

For each fan stack sampled, the location of the saampling point had to be

- TR * U P, -

‘determined. The inside diameter or the atack was measured at the outlet plane

using a steel tape. The distances from the inside perimeter of the stack to
each sample point were calculated, and the traverse boom was marked with tape at
these locations, Figure 3,1 depicta the boom and shuttle system used to move
the anemometer and sampling tube_bptueen sampling points. The data sheets for
each calculation are included in Appendix B.

At each sampling point, the updraft air velocity was measured with the
propeller anemometer and the flow rate through the sampling train was then set
to achieve 1sok1ne£ic cdnditions (1.e.: .velocity.or air entering thé sampling
tube was set to match the mean exhaust air velocity at that point), In order to
eliminate obaerver_bias, anemometer voltage output values were hand entered and
averaged via calculator, The proper systeﬁ flow rate was then determined using

the Anemometer Curve and the vacuum system Calibr;tion Curve. Using this

method, isokinetic conditions were typically established within 30 seconds of
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moving the shuttle toc a new sampling point. In order to provide a permanent

record of each %ést. the average air velocities and rotameterlggttings were

recorded on data sheets., These can be found in Appendix B.

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

recirculating cqpling.yaté?fuas collected, These samples provide a chemical

T . b .

basis of comparison between cooling water mineral content and dry residues

“y .

retained on the glass beads.

3.4 IK Tube Handling Procedures

By the methods just described, sampling tubes were moved from one equal
area sampling point ¢to the next and subjected to {sokinetic sampling
conditions. However, Jjust as important to the success’ of the mineral mass

emission measurement is the handling of the tubes i{n the field and in the

laboratory.

3.4.1 Pre~Test Handling Procedures

Prior to mobilization-in the fleld, each of the sampling tubes was
washed with warm 10 volume % hydrochloric acid and rinsed with
distilled water to remove existing deposits. This procedure was
performed twice. The final wash and rinse solutions were collected
and analyzed.' The background values for ionic parameters of
" interest are rep;rted in Appendix C and summaried in Tables 4.1 a

through {. Each tube was then allowed to air dry and wos

individually wrapped in plastic for shipment to the site,

3.4.2 On-Site Handling Procedures .

The sampling procedure is described as follows. The ground glass

fitting of the sampling tube was coated with stop cock grease and

attached by a. clamp to the receptacle mounted on the shuttle.

———————




|

b i

i

Figure 3.3 shows the design features of a typical 1isckinetic
sampfing tube. After installing the sampling tube, positive and
negative electrical leads from a 110 VAC rheostat were connected to

the heat tape surrounding the tube. Arcurrent of 1.0 to 2.0 amperes

’ B
was applled resulting in the heating of the glass beads to a

temperature above the boiling poiﬁt or'ihter. After heating was

begun, the vacuum pumps were startggﬁand an initial visual average

P R =L

anemometer reading was taken. appropriate flow rate through the

rotameters was then aset usins thaf reguiating valve(s). This

STy

PR

operation was completed uithin -Ean* seconda and consistently

R -

established flows within :15% or lsokinetic conditions., During tne

__‘_‘__

next 30 seconds, the arithmetic maan velocity. by the calculator

method, was performed to "fine tune“ the rlow setting. .Arter the
sampling duration for that poinﬁ‘ uaé.';a;{sried. the shuttle was
moved to the next point and the‘ﬁrochure was repeated. When the
last point of the first traverse was completed, the power supplies
tc the heating tape and the vacuum.pumpa were interrupted. Then the
sampling tube was disconnected from the receptacle and wrapped in
plastic until the traverse boom could be repositioned for the second
traverse. Thq second traverse was. performed in the same manner as
the first. At the end of that traverse the tube was disconnected in
the same manner, wrapped (n clean plastic and stored for.
transportation to the analybicalllabbratory.

One IK sampling tube was exposed in each fan 3tack. In
addition, a procedural blank was performed. In all réspects, this

IK tube was handled in the same manner as all of the others, except

that no exhaust air was drawn through it.
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3.4.3 Post<Test Handling Procedures
The ia]npling tubes uerier hand carried to the Brown Pa_md Caldwell

Analytical Laboratory _in.. Pasadena, California.. . This lab 1s

T e s e riee ap e ) e s -

<21 _..nationally recognized. and.is certified by the State or.C_glifonia

:=-33 .-zDepartment of Health: Services for analysis of _dri_nkin‘_g .water and

- da

. “a...:hazardous waste-testing. , The samples were logged in and discussions

..z n;were held -between B.R. Crocker. (ESC) and. L.L. Schaleger (B&C). A
5. - -2COPY:y Of thec:standard . washing procedure was. provided to Mr.
Schaleger, ‘and~,_—_ﬁtg_e-g~procedure was discussed.in detall (see Hfsping
Procedure, Appendix C). .In additfon to the redissolved residues
from_the IK sampling . tubes, Brown and . Caldwell was directed to
chemically analyze.. the . samplea of reci_rqp}at.ing_.-cooling water
collected during the tests.. The analytical methods used by Brown
and Caldwell for water sample analysis were consistent with those

employed for the analysis of redissolved resjidues.




.0 RESULTS

T Tl
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4,1 Chemical Analysis and Computation of Results

Each sample of cooling water- or redissolved: residue was analyzed for the
presence of 35 chemical constituents. For ‘consistency the cooling water samples
were given sample numbers that coincided ‘with the number  of the IK sampling tube
(l.e. IX #6 and W#6 refer- to the redissolved residue sample and the cooling
water sample respectively for--the Borax“:Cooling- Tower)., Five blank washing
solutions generated beroré “the- tests- were~ analyzed to determine IK tube
cleanliness. Galbraith Laboratories- of Knoxville, TN conducted these analyses.
Their analysis reports can be found in Appendix C. ﬁxe "Chain of Custody
Records™ and the analysis reports “from-* Brown and Caldwell Analytical
Laboratories are also included in Appendix C. Tables U.1a through i present the
chemical analyses pertaining to' each of the towers tested., These tables also
present the mineral mass emission rates. calculated for several key chemical

constituents in the redissolved residues. Equation 4.1 was used to calculate

the mineral mass emission rates.

- mineral element collected - kj BK
kJ sampling time x sampling area t . A

where:
_MI -

z
mineral element flux (mgm/m * S) (€L ¥ v

eq. 4.1 F

m
[}

M = mass of mineral elemint (micrograms per sample)

(34
[ ]

sampling time (seconds)

-
L}

g = sampling area (square meters)
k represents the mineral element analyzed
J represents the mineral collected during sampling

Bk represents the mineral elemenﬁ present in the blank

\-..._....'.........ﬁ..........._........-
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Although iﬁ 43 possible to diréctly calculate the mineral mass emission for
A ,‘, . . _
each .. parameter Tusing . equar.:l.on 4.1, wmany parameters are be lew detectable

concentration limita in the rediasolved residue samples. A more agcurate method

L

is. to use a single.tracer, such.as. sodium. (Na) to determine the volumatric drirt

— -z
o i _---u-o v O o ———

rate (drirt. rraction) as, a perEentage of““rectrculat.ing wat.ert‘low. 'rnen'.'"tne

u-vu-u--»-. R

eed

emission rate ror any constituent can be calculated from the drift rractioﬂiand
an analysis orzghe cooling water, Equation 4.2 illustrates.the caIculatipn of
drift fraction.. 7équat10n 4,3 shows how the maa; emission rate for a particﬁlar

conatituent cansbe deterasiined using the drift fraction.

e 4.2 DF = liters/minute emitted - Fk: . Ars o St « 1585
q. = liters/minute circulated R-C
where: ' . - - ::'-&-" !__
ng et de e 1D
= Drift fraction (% of R) wles 2. -

OF

Fyy = Mineral mass emission rate of sodium (-%55—-]
o . s

Apq = Area of the fan stack (n?)

Sy = Number of stacks per tower

Recirculating water rflow rate (GPM)

o
[ ]

Concentration or sodium in the cooling water (mgm/L)

O
[]

eq. 4.3 "E = DF ¢« R o Cx « 5.008 x 156

where:
Mz = Mineral Mass Emission Rate (1b/hr)

C, = Concentration of any parameter in the cooling water (mgm/L)

b 4

-
L]

Table 4.2 summarizes the results derived when equation 4.2 is used to
calculate drift fraction in terms of sodium and equation U4.3 1is used to

calculate the mass emission ratéa fbr Béﬁon .and Sulfate. The procedure
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IK Tube Nusbers TIK6 (Log #11=079+3)
Cooling Weter Sdmple Number: W6 (log #11-079-15)

Chemical
Constltuent

Matais
Aluminum
Aot mony
Arsenic
Barium
Beryillum
Boran
Cadmium
Calcium
Chromium Totat
Chromium (Hex)
Cobait
Copper
fron

Lead
Lithium
Magnes lum
Manganese
Mercury
Mol ybdenum
Nicke!
Potassium
Selenium
Sllicon
Stiver
Sodium
Strontium
T™hall lum
Tin
Titanium
vanad lum
Zinc

Anlons
Chloride
Fluoride
Sulfate

Sollds

Total Dissolved

Solids

Recirculating
Coolling Water

Aog/L)

<Q, 03
 <0.4
Q. 60
.07
<Q, 006
»
0.02
29
3.3
<0, 02
<0, 04
<0, 03
Q.04
<0, 03
%2
At
Q, 007
_ <0, 002
S ]« 5
<0, 06
%
1
3%
<000
9900
.6
<0, 4
<0,6
<0, 006
<0, 22
<0, 08

13,000
%6
2,700

25,000

Table 4. 1a

Date of Sampiing:

Ouraticon:

Chemical -Analysis

October 31, 1986
5 alnutes per point
Coolling Tower Name: Borax Coolling Tower (Westend Facillty) MNumber of Points %mplied: 16

B

Red Issolved Fretest B lunk. Procedural-
IK Tube Residue IK Tube 8lank
(micrograms) - tmicrograms) {microgram):
(sampie) {sampie) (sampie)
B 13
<200 <200
<1,5 0.5 <19
3 80
<3 <3
3 4.3
<10 <10
380 3%.8 155
<15 <2,5 <15
<10 <10
<15 <15
<20 950
240 - 140
<15 & 2 A\
<10 10
b +) 20
1.9 2
ND <0,5 ND
<0 <100
<X <30
<500 <300
<500 <300
200 100
<5 <5
ss00 /N 2 200 A\
3 1.5
<250 <200
<300 <300
14 =2
<15 <15
<40 <40
5 <5
2,450 AN\ <998 s A

2,000 /AN

* Average ot tive (3) samples of second pre-test rinse. (iK Tube Nos.)

/A Indication of changed data

20,000 /A

Mass-Mineral
Flux
.o ?u
m "

"l
5

-

0.0125

0. 15t

0, 0439

Q. 0044

2,403 N\

o.855 A\
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Tabie 4. 1b

iK Tube Number: . IKI1 {Log #11-079-9).

Cooling water Sspple Number: W1l (Log /#11-079-19)
Cooling Tower Nade: #1 Sultate Cooling Tower (Westend Faciiity) Number of Pol

Chenical
Const|tuent

Metals
Alualnum
Antloony
Arsenic
Barium
Berylilum
Boron
Cadmium
Caiclum
Chromium Total
Chromlum (Hex)
Cobalt
Copper
lren

Lead
Lithium
Magnes jum
Manganese
Mercury
Mo{ ybdenum
Nickel
Fotassium
Selenium
Sillecon
Silver
Sod lum
Strontium
Thalilum
Tin
Titanium
Yanad lum
Zing

Anlons
Chiloride
Fluoride
Sul tate

Solids
Total Dissoived
Sollids

Recirculating.
Coollng Water::
- - {mg/L)

<0, 03
<0, 4
0. 74
0.07
<0, 006
80
0.02
16
8.5
<0, 02
<0, 03
+ 0 16
<0, 03
<0, 03
0. 93
5
<0, 003
<0, 002
<0, 2
<0, 06
120
<
64
<0, 01
13,000
32
<Q. 4
<0.6
<0, 006
0. 27
<0, 08

19,000
4.8
3,400

34,000

Date of Sacpling:

Duration:

Chemical. Analysis

.Red issoived

IK Tube.Res idua >

-imicrograms )
.t (sample)

50
<200
<1.5

3
<3

95

<10
1900
<15
<10
<15

2,050
<5 AN

15

s5

<100
<30
<300
<500
100
<3

18,000 /\

<200
<300
44,5

<15

10

4,6% /N
60,000 /N

»
Pretest B lank
IK Tube ‘Second .

(micrograms)
(sample)

0.5

5.8
<23

* Average ot five (5) samples ot second pre=~test rinse, (IK Tube Nos.)

/N indication of changed dara

~

*

Procedural
B lank.

Amicrogram)
(sampie)

15
<200
<.95

80
<3

4,5

<10

155

<15

<10
<15
. 930
140
2 A
10
2
2
ND
<100
<30
<300
<500

100

<5

20 A

1.5
<200
<300

2
<15
<40

<5

< s00 A\

2,000 A\

October 31, 1986

5 minutes per. point
nts Sampieds. 16

Mass Mineral
"Flux

885 A\

0. 317

Lszm /A




Table 4. lc

IX Tube Nusber:: IK2 (Log #11-079-2) Date of Sampling: November. 1, 1986
Cooling Water- Sampie Number: W2 (log #11-079=12) Ouration: 5 minutes per point
Cool Ing Tower Nefwd: #2 Sulfate Cooling Tower: (Westend: Faclility) Number ot Polnts Sampled:.. 16
Chemicai Anaiysis ‘
Chemical Reclrculsting  Redissolved PretestBlank’  Procedural  Mass.Minecsi
Canatituent Cooling Weter-- K Tube Residue:: _IK Tuba:Second - B lank e WERGXT
e (EQAL) (micrograms) .+ imicrograss) (microgram) ""%!“'
o {sample) -(sample) © {sample) mt "3
Metais : . wrath
Aluminum <0, 03 45 : 13 IR
Antlmsony <0. 4 <200 2 <200 aaft s
Arsenic 1.0 <t.5 . 0.5 <15 e i
Barium 0, 13 10 80 R
Beryillum <0, 006 § <3 <3 fie .
Boron 90 .49 4.5 0.0195.
Cadmium 0.03 <10 <0 -
Calcium n 240 3.8 158 0, 090 -
Chromium Total 12 <15 <2, <13
Chromium {Hex) <0, 02 <10 <10
Cobalt <0, 03 <13 : <13
Copper <0, 04 < 950 e
lron <0,03 900 : ’ 140 0.333 .
Lead <0, 03 s A 2 A\
Lithlum . <98 X3 10 .
Magnes [um 4,3 2 20 . .-
Mangansse 4,0 4,5 2 o
Mercury <0, 002 N <0,5 ND
Mol ybdenum <0.2 <100 . <100
e~ Nickel v« . T, -+ HE . - .
Fotass (um 140 <500 <500 )
Selenium <1 <500 <500
Silicon 50 100 100
Silver <0, 01 <5 <5
Sod lum 16,000 8,50 A\ z 200 A\ 716 /A
Stront)um 4.4 3 ' 1.5
Thaillium <0, 4 <200 <200
Tin <0. 6 <300 <300
Titanlum <0, 006006 n z
Vanadium 0.34 <19 <15
Zinc <0, 08 45 _ <40 0. co22
Anlons
Chloride 27,000
Fluoride 5.2 105 <5
Sultate 4,400 51 A\ <995 <00 AN\ L4z A
Sollds
Total Dissolved 42,000 90,000 /A 2,000 A\
Sallds

* Average af five (5) sampies of second pretest rinse., (IK Tube Nos.)
A\ Indlcation ot changed data ' ‘
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Table 4. W

IK Tube Number: i 1K1 (Log #11~079=1)

Cooling Water.

Metals
Aluminum
Ant| mony
Arsenic
Barium
Berylilum
Boron
Cadmium
Cailclum
Chroalum Total
Chromium {Hex)
Cobalt
Copper
Iron

Lead
Lithium
Magnes ium
Manganesa
Marcury
Mol ybdenum
Nickel
Potassium
Selenium
S$thicon
Sliver
Sodium
Strontium
Thalllum
Tin
Titaniua
Vanad ium
Zinc

Anlons
Chloride -
Fluworide
Sulfate

So)ids
Total Dissclived
Sollds

* Averzge of tive (5) samples of second pretest rinse. {IK Tube Nos.).
A Indicates change of data

iple Nusber: W1 (Log #11-079~11)
Cooling Towar: Nasp: #3 Sultate Cooling Tower (Westend Facliity)

Date of Sampling:
Duratlons

Chemical Analysis
Recirculating  Redissolved Pretest.Blank . . Procsdursl
Cooling Woter- IK Tube Residue . (K Tube Second . ~ Blank
o (mgdfL) (sicrograms) -{micrograms) = (microgross)
- (sampie) . (sample) (sampie)
<0.03 40 15
<0. 4 <200 <200
0.95 0 0.5 <1,5
Q. 13 S . 80
<0, 006 <3 <3
91 800 4.5
0.03 <10 . <10
56 480 3.8 155
14 108 <25 <13
<0, 02 <10 <10
<0.03 <15 <15
<0, 04 33 950
<0, 03 300 140
<0, 03 9 A 2 &
0,97 425 10
6.3 60 2
0,014 Q.35 2
<0. 002 ND <0.5 NO
<0, 2 <100 <100
<0. 06 <30 <30
130 500 <500
——— <500 <300
51 2% 100
<0, 01 <9 <5
16,000 110,000 A\ z 20 A\
4.4 13,5 1.5
<0, 4 <200 <200
<0.6 <300 <300
<0, 006 2 2
0,35 <13 <13
<0, 08 <40 <40
25,000
5.4 43 _ s
4,700 a,000 A <955 <s00 AN
42,000 325,000 /N 20,000 A

November. i, 1986
5 minytes per point
Number of Polints Sampled: 16

- :

Masg Mineral
o Flux

"e

1864 /N

/
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IK Tube Nusbersi JKS (Log #11-079—4)
Cooting Water Sjmpie Number: W3 (Log /11-079=14)..
Coaling Tower Néme: Lime-Cooling Tower (Westend Facillity)

Maetals

Aluminum
Antlmony
Arsenic
Barium
Beryllium
Boron

Cadmium
Calcium
Chromium Total
Chromium (Hex)
Cobal?

Copper

iron

Lead

Lithium

‘Magnes us

Manganese
Mercury

Mol ybdenum

Nickel
Potassium
Selenium
Sliicon
Silver
Sod lum
Strontium
Thalllum
Tin
Titanium
Yanad [um
Zing

Anlons
Chloride
Fluoride
Sul fate

Solids

Total Dissolved

So_llds

* Average of tive (5) sampies of second pretest rinse. (IK Tube Nos.)

“Table:ds lo .

Chemical-Anaiysis

Oate of Sampling:
Duration:
Number of Points. Sampied::. 18

November.2, 1986
10. minutes per:point

Recirculsting - Radissolved _Pretest-Blank . Procsdural  Mass.Mineral
Cooling Water—:-~ IK Tube Residue, IX Tube .Second— - . Blank: Flux -
—~ a=mgsL) .. (micrograms) . imlcrograms) {wicrograms) .
ey - itsample) "t {sample) (sample) [ )
<0, 03 2 ST T
.(0.4 <200 L <200 S oal.
0. 38 ‘1.3 T 0a5 <l.5 e
0,04 -] 80 .
<0, 006 <3 . <3 .
b1 <23 4,5
<0, 02 <10 o . <10 ‘
» ' 600 " 3%.8 155 Q. 117
<0, 03 <0, 3 <2, % <13
<0, 02 <10 <10
<0.03 <0, 3 <18 .
<0, 04 <0. 4 . - 950 :
<0, 03 69 * S 140
<0. 03 2 A 2-A\
0. 49 23 1
15 200 . 0, 0373
<0.003 <2 2
<Q, 002 ND <0, 5 ND
<0, 2 <100 <100
<0, 05 <30 <30 T
2 <300 )
<1 <300 <500
3 200 100
<0. 01 <5 <5
4,400 3,0 A z 200 A\ 438 A
tot 105 s,
<0, 4 <200 <200
<0, 6 <300 <300
<0, 006 22,3 2
2.8 <13 <13
<0, 08 <40 <4Q
6,100
0 3.0 <5
1,500 70 A <993 <500 /N - aost A\
13,000 573,000 /A 2,000 A\

indicates change of data

-

'
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‘Table 41t

‘ T
IK Tube Number:: 1K9 (Log #11-079-8)
Cooling Water Sampie Number: W9 (Log #11-079-18) ,
Cooling Tower Nske: #4 Sulfate Coollng Tower (Westend Faciiity)

Chemical-
Constltusnt

Metals
Aluminum
Antlmony
Arsenic
Barium
Beryllium
Boron
Cadmium
Calcium
Chromium Total
Chromium (Hex)
Cobalt
Copper
Iron

Lead
Lithium
Magnes lum
Manganese
Mercury
Mol ybdenum
Nickei
Potassium
Selenium
Sillcon
Sliver
Sodium
Stroatium
Thaitium
Tin
Titanium
Yanad lum
Zinc .

Anlons
Chioride
Fluoride
Sul tate

Sollds
Total Disscived
Sollds

® Average of five (5) samples of second prefest rinse.
A Indicates change ot data

Cooling Water~ K Tube Residus’ - IK-Tube:Second:
2 ~~-x{@lcrogram)

Chemical- Ansiyais

Ro}:lrc;rlaﬂf_ng-; _Redissoived-

B e

= hEs(ag/L)

s ety

<0, 03
«0ud
0. 65
0. 09
<0, 006
73
<0, 02
76
2
41
<0, 03
T <0, 04
<0, 03
<0, 03
0.8
5
<0, 003
<0, 002
<0, 2
<0, 06
100
<1

<0, Ot
12,000
30
<0, 4
0.6
<0, 006
0. 26
<0, 08

15,000
4,1
3,300

32,000

+ {micrograms)
{sample)

15
<200
<1.3

S
<3
<35
<10

180
<13
<10

13

113
<13 &
<10
<3

1.5

<100
<30
<500
<300
100
<3
2,600 AN\
1.3
<200
<300
11.5
<13
<40

<5
<500

15,000 A\

PN . -
- Preyes? B lank -

© T (Sampie)

0.5

3%.8
<23

<0.5

<993

(1K Tube Nos.)

Date ot Sampling: Nov;d_cr. 2, 1986.
5 minutes' peripolnt

ODurstion:

Number of Polwts”Sampieds” 13

+

- Procedursl
.. «B lank

“imtcrograms)

{(sampie)

15
<200
<15

- 80
<3
<4,5
<10
155
<15
<10
<15
T 9%

140

10

<100
<3
<500
<500
100
<5

1.5
<200
<300

<15
<40

<3

<300 A
2,000 A\

Nasx Mineral
It T .
PRGN F.qu.:»-

*  Ibs
P Lo

] 3
‘»4' R
e e
Tostaea
ot n
~ )

A
VS

cebe L

1.206‘&.

0 A




Tahis 4. ig
IK Tube Number: ;IK8 (iog #11-079=7) Date of Sampling: November 3, [986
Coollng Water Sadpie Nusber: W8 (lLog £11-079-17) Duration: 3% minutes per point
Coollng Tower. Nasle:. #11 Cooling Tower (Trona Facillity) Nusber of PolnfsﬁSawld: 16

Chemical Anaiysls

Chemical | Recirculating = Redissolved Pretest B lank®* frocedural Mass Mineral

Constituent ""Coolling Water ’_""IK'Tubo‘.R-Iduo : JK Tube Second- " ‘Blank Flux--
(/) twicrograms) imlcrograss) ~ (micrograms) o+

et 7T " tsample) " (sample) (sample) n s

Metals .

Aluminum <0, 03 30 . 13 L

Antmony <0.4 <200 <200 RESE

Arsenic 18 . 0.5 <1, 8 '

Barlum 0. 04 3 80

Berytilum <0, 006 B 3 <3

Boren 1200 460 4,5 0, 200

Cadmium 0. 45 <10 <10 ’

Calcium 7.6 . 148 35,8 158 0,048

Chromium Total <0, 03 <13 <2.5 <13

Chromium (Hex) <0, 02 <10 <10

Cobalt <0, 03 <13 <15 .

Copper <Q. 04 <2 : . 9% .

iron 0.27 335 140 0, 0855

Lead <0, 03 2 A 2 A\

Lithium o X2 10 {+]

Magnes ium 2 43 : 2 0.0110

Manganese 0. 0016 3 S 2

‘Mercury <0, 002 ND <0.5 ND

Mol ybdenum <0, 2 <100 <100 .

Nlckel <0.06 0 <0 7 <30 i

Fotassiua Zido 3005 <%

Selenium <) <300 <500

Silicon 8.6 150 100

Sliver ' <0, 01 <5 <5

Sod lum 11,000 as00 AN\ 2 200 A\ 1. 964

Strontium 2 3 9

Thaillum <0, 4 <200 <200

Tin <0,6 <300 <300

Titanium <Q, 006 . 2

Vanad ium <0, 03 <13 - <15

Zine <0 08 <40 <0

Anions

Chioride 21,000

Fluoride 4,6 <3 <5

Sul tate 10,000 so00 /N <9958 <00 A\ 91 A\

Sol ds '

Total Dissolved 60,000 a,000 AN\ 2,000 A\

Sollds -

Indicates change of data

4 Average ot tive (5) sampies of second. pretest Rinse. (IK Tube Nos.) l
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IX Tube Numbers ; IK7 (Log #11-079-6)
Cooling Water Sofiple Nusber: W7 (lLog #11=079=16)
Cooling Tower Name: J14 Cooling Tower (Trona Facility)

Chamical

Constituent

Matals
Aluminus
Ant|mony
Arsenic
Barium
Beryilium
Boron
Cadmium
Calcium

Chromium Total
Chromaium (Hex)

Cobailt
Copper
Iran

Lead
Lithlum
Magnes ium
Manganese
Metcury
Moi ybdenum
Nickel
Potassium
Selenium
Silicon
Silver
Sod ium
S§rontium
Thallium
Tin
Titanium
Yanadium
Zlnc

Anlons
Chleride
Fluoride
Sul fate

Soi ids

Total Dissclved

Soilds

* Average of flve (5) samples of second pretest Rinse,
/A indicates change of data

Fd

.k

Table 4, 1h

Chemical Analysis

Durstion:

- Pretest B lank®

Reclrculating ~ Redissoives " " Procedurai
‘Cooling Waten~ 1K Tube Residue IK Tube Second B 1ank
(mg/L) {microgram) Amicrograms ) {microqrams)
(sampie) {sampie) {sampie)
<0.03 B : 15
<0u4 <200 | <200
1" 4 G5 <13
8.02 2 60
<0. 006 <3 <3
ry 140 4,5
0. 29 <0 <10
32 135 35.8 199
<0. 04 <15 <L3 <13
<0.02 <io <10
- <0, 03 <13 <13
<0, 04 <20 950
Q. 22 2,250 140
<0.03 2 A 2 A
4.0 13 10
7.7 x 20
2.016 10. 3 2
<Qs 002 ND <0.5 ND
<0, 2 <0G <100
<04 06 <30 <30
570 <500 <500
<1 <500 <500
9.1 100 100
<0, Ot <5 <5
19,000 9,000 /N 2 w0 A\
24 3 1.5
<0, 4 <200 <200
<05 <300 <300
<0, 006 17 22
<0.03 <15 <15
<0.08 <40 <49
26,000
6.5 5 <9
11,000 5,000 A\ <995 <500
57,000 38,000 A\ 20,000 AN\

(IK Tube Nos,.)

Date of Sampiing: November 3, 1986
5 minutes: per point
Number of Points Saspied: 18

Mass Mineral

Flux

I%‘;S

0.0328.

Q. 039

0. 823

0. 0039




Tabie 4. 1 l
IK Tube Nusber: i ll“ (Log #11=079=3) Date ot Sampling: November 4,
Cool ing Water Schlo Nusper: W4 (Log #11-079=13) Ouration: 3 ainutes par poirrr l
Cooling Tower Na.n Argus Coolling Tower (Argus.Facility) Number:ot Poln-r:bSanpld.
Chemical Analysls I
Chemical Recirculating Redissolved Protest B ank* Procedursl Mass Mineral
Constituent .-Cooling Water - IK Tube Residue = _IK Tube_Second::  -Hlank Flux~ I
-t/ Amicrogrows) ~~  (microgress) ' (micrograms) . s
RO S . .(sample) (sampie) (sample) m ‘s
Metals B
Aluminum <0. 03 30 15 . I
Antlmony <0. 4 <200 <200 v
Arsenic © 0. 96 1.5 0.3 <1, 5
Barlum 0. 08 3 : 80 I
Beryilium <0, 006 <3 <3 .
Boron 3 210 4.5 0. 090
Cadmium <0, 02 <10 <10 I
Caiclum “ 209 3.8 133 0.074
Chromium Total n - <25 <13
Chromium {(Hex) 14 <10 <10
Cobalt <0.03 <15 <15 ‘ I
Copper <0, 04 120 930 )
lron " €0, 03 295 140 0. 0680
Lead © <0403 s A\ 2 A\ I
Lithium 1.0 <10 19
Magnes lun 2 100 20 0.0351
" Manganese <0, 003 25 2 l
Mercury <0, 002 . ND <0, % ND
Mol ybdenum <0, 2 <10¢ <100
Nickel - <0, 06 <30 <30
Patass fum &5 <3500 <300 l
Selenium <l <500 <300
Siticon &0 200 100
Silver <0, 0t <5 <3 I
Sod fum 8,200 24,50 A\ z 200 A\ 10.73% /A
Strontium 1 7.3 1.5
Thal)lum <0,4 <200 <200 l
Tin <0.6 <300 <300
Titanium <0, 006 17 2
Yanad lum 0. 20 <13 <15 I
Zinc <0, 08 <40 <40
Anions
Chloride 12,000 l
Fluoride i3 <5
Sul tate 2,100 7,000 A\ <993 <500 /N 2851 A
Solids ) I
Totai Dissolved 22,000 90,000 A 20,000 A
Soi lds I
* Average of tive (3) sampies of second pretest Rinse. (IK Tube Nos.)
/N Indicates change of data l




37

1

-

described by eaygtion 4,3 can be used in quantifying individual emission rates

%
for all ions of ‘interest.

Table. 4.2

Deift-Fraction and Emissions.

for Boron and. Sulfate.

Recirculating. Concentration Drirt._At Mass Emission N\
Flow Rate in mg/L Fraction lbs/hr

Tower — (GPM)  Boron Sulfate 3 Boron  Sulfate
Borax Cocoling Tower élui.(éd() 3000 59 2700 0.0057 0.0053 0.231
#1 Sulfate Cooling Tower{é%ffl) 3500 80 3400 0.0092 0.0129 Of5u8
#2 Sulfate Cooling Tower('l‘(/,?tft) 3500 90 4400 - 0.0035 0.0055 0.270
#3 Sulfate Cooling Tower (‘?‘f‘;:--.‘JA) 3500 91 4700 0.0457 0.0789  3.765
#4 Sulfate Cooling Tower (?'fffﬂ 9360 73 3300 0.0030  0.0103 0.464
Lime Cooling Tower - 2950 33 1500 0Q.0011 0.00054 0.024
#11 Cooling Tower (A {f-:‘.z-lfsf) 15000 1200 10000  0.0011  0.0992 0.826
#14 Cooling Tower (5{_:‘4- ) - 24000 270 11000 0.0024  0.0779  3.173
Argus Cooling Tower (4#.2 ) 30000 53 2100 0.,0113 0.0900 3.565

4,2 Discussion of Results

Tu

k2

o

-

The drift [fraction calculations performed using equation 4.2 and the

concentration of sodium in tha cooling water samples revealed drift fractions

between 0.0011 and 0.0457 percent of recirculating water flow rate.

The 0.0457 percent drift fraction for the #3 Sulfate Cooling Tower

represents an unusually high rate of drift loss.

This could have been caused by

a physical gap between drift eliminator panels; however, no 3uch gaps were

visible to the test crew working at the exit plane of the fan stack. Another




possible explaééﬁion for the high drift loss in this tower may be the.very—low
air velocities Emeaaured. The average updraft ajir velocity th this:. tower
measured 386 feet per minute at the fan stack exit plane. Updraft velocity at
the location of the drift eliminators would be even lower; due to the !larger
cross-sectional area.l This velocity may not impart enough momentum to the water
droplets for high efficiency drift elimination>to be realized. In this tower
remedial action scenarios should also consider means of increaaihg air velocity

o~

at the location of the drift eliminators.,.
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CALIBRATION OF WS/WD- SENSORS

Title: No. ESC-PI-PPP=1] I
. Rey. 0 .
1 LABORATORY CALIBRATION RECORD TIME: 3:70
TEMP.
Wind Sceed Sensor -(Generator Type). B.P.: ses e J '

Test Sensor
Model G\LL. PRoP: 27106

Standard AT.D.A..
Hodel &Ll 27106 .
Blade_ TT75 A

S/N ‘5‘7'7‘:'
, Calib, Date \7_ -5 85

Test Equipment

Model

l}

Item Date of Last Intercomparison
SLORE ©Buwm, B8o22B 350004A1 4A-\b-86
STANDARD TEST SENSOR
R (Units)
2P veloeity M/S Actual Vel. || Volts/Velocity Error RANGE
2 START Q.69 . 029 OOO
- 222 2 2 .02 102 AN
_370 % 4.0\ . 223 A °°'
43 6 ®.0\ .338 \
"~ 7ce 5 T S .0o L ATZ AN
S 873 10 EXET . T AN
\oaz 12 \Z.02 -GBO_ A\ .acz.
\2ce 14 o0 723 A\ .C03
374 16 \G.O\ . 207 \ -003
\aoy _18_ \ 7.4\ =2A .\ | .cod
_ \
—
Performed by: A) X #5R Date:  /0-28-36
Reviewed by: Y4 Date: /- 286 1
. ESC QUALITY ASSURANCE PROCEDURE/INSTRUCTION Page_s_of &




VOLTS® . V(MPE):  V(FPM)
0.109-- - 2,02 - 398~
0.223. = 4:01 . 7789
0.338" 6.01 1183

0.432° 8.00. 1575~
0.565 - . 9.9 1967.
0. 680 12.02: 2366.
0.793 14.00 ry-1-}
0.907 16.01 31352
0.986 17.41 3427
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EDUNALENT GAS FLOW CORRECTED FOR SPECIFIC GRAVITESTD. COND”

If more convenient, apPrOXIMate comection factors determi where Q, = Observed flowmeter reading . .
using the following formulas. may be ined Q, = Actuai flow corrected for specific gravity

I
:
\

S Aettre Qg = 1 = Specific gravity of air S
Q=X \/':? S.G. = Specific gravity of gas being used in flowmneter
where Q, = Obsarved fiowmneter reading originaily catibrated for air.
Q- .m“'m scted for pressure NOTE: The corrections shown-in the curves and in the formulas are for
nos amospheric pressure. 14.7 PSI Lt i specific gravity and intemai pressure® only. Further correction

Py = Actusl pressure, 14.7 PSI + pressure in PSt inside ummmmmmwm-ndcnanmmwdﬂowfm
flowmneter. Maasured at outlet on all but TMV units. Iam:mu to turbuient or vice versa, This is particularly-true:in the case ot -
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FIG.2 TRAVERSE POSITIONS. IN. ROUND: FLUES®

a.
"

b
. N
..
a
| ]

‘“i‘ﬁote:

c-a G

diameter of flue

number of readings across.:a
. diameter- :

vesten or
Bovay Cooling..

IF the table below dges hot have
enough points, the distance R
from the center of the flue to
any given test point, n, is
calculated by the formula

the n'th point from the .

. center

Distance from center of flue
to n'th test paint, numbered
from: the center-consecutively.
In the diagram,. n=1 for E-3,
. E-8;-S-3, and S-4- .

to orient the- test
tocations.

EQUAL AREA ZONES FOR-VELOCITY' TRAVERSE
9% of fiue diemeter from- cirawnference 1o test point .
;rza:-lga.zarua:l};s

Using compass points to
designate stations helps

- e oo Wumber_ot_Arecs )
Py 2 5 s s .
1 6.2 4.4 3.23 2.2 3.75in. 2.0
2 25.0 14.7 10.47 8.2 13.956m. 6.7
-3 © 750 29.4 19.38 14.5 24.69.,, 11.8
4 93.8 70.6 32.32 22.7 3C.£8,8. 117
5 85.3 67.68 34.4 5€. 57, 25.0
6 95.6 80.62 65.6 )1, 6 » 35-4
7 89.53 77.3 13, 60+n. 64.6
8 - 96.77 85.5 (44, 8564 75.0
9 ' 91.8 (54.2%n. 82.3
10 97.8 Ké:50+/n, 88.2
11 93.3
12 - 98.0

X e -
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DRIFT MEASUREMENT DATA SHEET

A
’

* Dls'fﬁnge. -{;;,.. ne;r‘?d e Yo ™ eas, EESC

CORENTAL, STSTEMS mlu
m 1§t alm um

LOCATION/SITE T# Tube
- TOWER _&.L%Mg._"o""f #6
DATE __QL/ 2 /88 e T in h\‘é.s',o‘CI ,
TEST ENGR.. ¢ [ &rian Point E |
Travvise 2 ‘m.msf ' 1 .. :
TEST 7" STARTIASAT ) ‘| TESTLE_ STon" ol |
STOP! sToP S
WATER: LOADING —_ " {WATER LOADING I |
EXIT ORY "BULB EXIT'DRY BULB. I sk‘
EXIT WET BULB. EXIT WET BULB
SPECIFIC VOLUME Etastty SPECIFIC VOLUME ~Roren i}
S I [T T T [ e e el ||
pos. | TIME | yours) |(Fr./min | tevese) | POS | TIME  Lvouts) |(Fr/min | desseey i
! {was 22457 | €00 |#as | | st 6.6 250 | /6sf
2 2.5 2 22 | voo | Yz
3 2%s 1925 | Sio | 3 355 | 3o | 230
4 297 (oo | s¥0 | ¥ 377 13247 250
5 - - -~ B — i —
§ — | — 1= & e B
7 220 | G40 7 254 | 910 | sv0 }
€ H4)3 | meo | 295 | € 243 1123 | 2301
2 355 | pzo | 730 | 1 257 | 90 | soo]
10 /.96 1 296 | I1ng0 o | Didsl /ey | 5SS | Z2470
|
AVERAGE VELOCITY {VOLTS) AVERAGE VELOCITY [VOLTS)
AVERAGE VELOCITY (FT./MIN.) AVERAGE VELOCITY (FT./MIN.)
AVERAGE VELOCITY (M./SEC.) AVERAGE VELOCITY (M./SEC.)
AMBIENT DRY 8ULB AMBIENT DRY BULSB
AMBIENT WET BULS AMEIE_NT-WET auLB
TID of Fan Skaoad 1204~

A e
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Fie.2 mmposlﬁous N ROUND FLUES. #1 Sullgte Goli
. T - y ?

1f the: tablenbelow:.doe's’ not have
enough points, the distance R
from the center of the flue to
any-given- test point, n, is
calculated by- the formula

d = diameter of flue

diameter

“--n = the n'th point from the.
_..center

to n'th test point, numbered
In the diagram, n=1 for E-3,
E-4, S-3, and 5-4

Using compass points to
designate. stations helps
to orient the test

s ..locations. .

TP BhEmeks

EQUAL AREA ZONES. FOR VELOCITY TRAVERSE-
9% of fle diemeter from circumference to test point

Note:

N = number. of readings across a

R = Distance from center of Flue

from-the. center- consecutively.

e _Muenbar_of _Areas

s

U
i

1

-y 2 3 s s .
1 6.2 4.4 3.23 2.2 399 2.0
2 25.0 14.7 10.47 8.2 MY 6.7
.3 75.0 29.4 19.38 14.5 26.32 11.8
4 93.8 70.6 32.32 22.7 #.20 11.7
5 85.3 67.68 38.4 {2.94 25.0
6 95.6 80.62 65.6 N9.06  35.4
7 89.53 77.3 M0.30 64.6
8 96.77 g5.5 158,17 75.0
9 ' 91.8 #¢.62 82.3
10 97.8 177951 88.2
11 93.3

—
~N

98.0

e —— .
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DRIFT MEASURBMENT DATA SHEET

c&s&omsa _&g;_vﬁ:&g,_ o PP Corp.

LOCATION/SITE FA ml iy

—
T - i e o

: L 9N Ad

TOWER®
DATE iel31 ' . .iZL |
TEST ENGR by S Bvran Mavagtts — Smins /Ront
St : ¢ : .
10y
Ttaverseq: —_— Y YT o
TEST_ A SART—— :|resT 2 ST L6

STOP. = -.Hg',“’MN,___

* 1 WATER-LOADING
“! EXIT DRY BULB
. EXIT WET BULB
. SPECIFIC"VOLUME

.
et
A

WATER LOADING

EXIT DRY BULB _
EXIT WET BULB
SPECIFIC VOLUME L

UPDRAFT [UPORAFT [UPORAFT

MEALS. | SAMPLE ‘A:gn \?EFLT %ﬁgn\?eg me;- MEAS: | sAMPLE | a1 veL. | AR VEL. | AIR VEL.
Pos. | TIME> Livoirs) [(rr/ming | wassecy | POS- | TIME voLTs) | (FT/ming | (m/sec) |
| | Rivz2 | 30 | 1065| <go | | /2351 227| Too | ©42
2 Lﬁﬁ 280 % 2 z% /0 257
3 #H24\ lsa 1920 } 2 43€ | 15251 Q%0
P 22> 78 |10 | 4 250 | <20 | 4%
< — — - Uy — — -
4 — - —_ é — — —
7 20| 25 | 399 ] 2 #Hlg | Mso | 29
7 & [ 1735t 9725 | T - 329 | K25 | j06<]
9 Yy iewp | gl 9 204/ 1065~ | S0
(o 17:32 \ 279 | [oc0 r«q-][ jo | K30l /0671 230 | 230 |

AVERAGE VELOCITY (VOLTS)

AVERAGE VELOCITY (FT./MIN.)
AVERAGE VELOCITY (M./SEC.) —
AMBIENT DRY BULB
AMBIENT WET BULB

AVERAGE VELOCITY (VOLTS)
AVERAGE VELOCITY {FT./MIN.)
AVERAGE VELOCITY (M./SEC.]
AMBIENT DRY BULE
AMBIENT WET BuULS

DN AL §75TEMS CONDRATION
XD 1tOn QNTII Dmvt
ENGIWLE  TENMASILE Y92
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Fi6. 2. TRAVERSE POSITIONS:IN ROUND.FLUES] .7 | o1 T

Note:.

If the table below does not have
enough points,. the distance R
from the center of the flue to
any: given-test point, n, is

calculated.by the formula

R=d- wHF

_:d_-'&jaméter of flue

N = number of readings -across a
. diameter- :

n -Fthésﬁfih.point.from:theA
center '

R = Distance from center of flue
to n'th test point, numbered
from.the center consecutively.
In the diagram, n=1 for E-3,
E-4, 5-3, and $-4

Using compass points to

designate stations helps

to orient the test

Tocations.

EQUAL AREA ZONES FOR VELOCITY- TRAVERSE

9% of fiue diemeter from circumference fo test point

Number of Arsas

?

ID '?,075-”'.
\L Somin "d(//””-',f

\

=

il 2 3 4 8 jaches 8
1 6.2 4.4 - 3.23 2.2 4o0 2.0

.2 25.0 14.7 10.47 8.2 /90 6.1
3 75.0 29.4 19.38 14.5 2435 11.8

4 93.8 70.6 32.32 22.7 4L.26 117

5 85.3 67.68 4.8 6252 25.0

6 95.6 80.62 65.6 /1923 35.4

7 89.53 17.3 14017 646

8 96.77 - 85.5 IS540 715.0

9 ' o.8 166.55 s2.3

10 97.8 [77.75 gs.2
11 ) | 93.3
98.0

ﬁ_i
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DRIFT. MEASUREMENT DATA SHEET

T -
4 -

cusTomer. Zerr Me Gee

dfﬁ I’CO { QM

TOWER _#2

LOCATION/SITE  &estead Fnc:liy . TE1ubestiz |
Te: Cooling’ Tonvr
g4 i

-,

DATE': : .
TEST:MMMM.S

START-____. [

WATER LOADING
EXIT DRY BULB

EXIT WET BULB.
SPECIFIC VOLUME

WATER LOADING:,

’ .
;M "” 'ﬂ"f"

-
- -— e e e e PO

EXIT DRY- BULB

EXIT WET BuULB

SPECIFIC VOLUME

UPDRAFT JUPDRAFT |URLRARS - [UPDRAFT [UPDRAFT
| e janve lan e amverr | R | R IS | o | S |
|_lng:ss) 74 2€0 N5 Yoz} |1 — — -
2 140 se0 .- | 2346 T & J— — —
3 420 | 140 | 390 2 325 | 1310 | TS
Y 3¢5 1320 495 4 l4qo |40 19
5 g4 | 2067} 140 < | |90 | 620} 355
'} — — — Ps — — ——
|7 I | IS .6334 7 57 |2~ 194 |
L1 1 | /745 | 1000 l < 480 | k670 |
9. S 1720 § 990 7 374 | 13057 | 710
| WAoo} 300 | jOosp Jp 1220 | €10 | 445
l
| 1

L

X Saree Whdow FROW WHE

AVERAGE VELOCITY (VOLTS)
AVERAGE VELOCITY (FT./MIN.)
AVERAGE VELOCITY (M./SEC.)
AMBIENT DRY BULS

AMBIENT WET SuLB

15~25 Mpv

AVERAGE VELOCITY WOLT?)

AVERAGE vTLOCITY (FT./MIN.)
AVERAGE VELOCITY (M./SEC.)
AMBIENT -ORY BULD
AMBIENT WET BULS

SINCIRERTA, SYSTEING CORFORATION
SIVELL TR asis- yey




FIG.2 TRAVERSE POSITIONS«IN-ROUND. FLUES BRI

— - -

If the table below does not have
enough. points, the:distance R
from the center of the flue to
any given test point, n, is
calculated by the formula

vea SR

d = diameter of flue

. N = number of readings across a
diameter

.

n = the n'th point fromrtheﬂ
center l»"'—"‘ -x. ® ,‘t:_j t

‘R = Distance from center of -flue.
to n'th test point, numbered
from the center-consecutively.
In the diagram; nel; for.E-3,
E-4, S-3, and.594_"

Note: Using compass points to
designate stations_ helps
to orient the_test ’

locatiﬁp r3 o«
wesTend H32 501”-:;1'1‘ o
cT

EQQAL AREA ZONES FOR-VELOCITY TRAVERSE D l‘f’ 7$—M
% of flue diemeter from circumference 10 test pdm

ey —

T T mbeeot Araes

9%4.1' 2 3 4 - ;/.51:(5 )
1 6.2 4.4 3.23 2.2 400 2.0
2 25.0 14.7 10.47 8.2 4As 6.7

3 75.0 29.4 19.38 14.5 2635 11.8
4 93.8 70.6 32.32 22.7 4124 11.1
5 85.3 67.68 4.4 6252 25.0
6 95.6 80.62 65.6 //9.23 35.4
7 89.53 77.3 #0. 41 4.6
8 96.77 85.5 1&5: %p 75.0
9 ~ 91.8 /46. TS5 82.3
10 97.8 177,75 88.2
11 - 93.3
12 98.0

|




DRIET MEASUREMENT DATA SHEET

'!;

CUSTOMER _Keryr McBece Chom %/ ('O'Mfaf:ou
LOCATION/SITE _We <tendd Fonci1ity T
TOWER ‘#S,SM Iffa"‘"_f ltn? EM/ ‘r-hn.

DATE: /)'l// .Y
. TEST ENGR. _Err g;mJ«-@im /a r#.irs
raverge . Traverse, - e e
TEST_aA_ START W TESTL pi~i el

STOP:
WATER LOADING
EXIT DRY BULB

EXIT WET BULB
SPECIFIC VOLUME

WATER'LOADING .
EXIT DRY BULB.

EXIT WET BULB
SPECIFIC VOLUME

s | sane [ Do | | oeee | veas | smee ‘ERves. | Sonrue. | v
. RIVOLTS) {FT./MIN.) | {M#9EE.) (VOLTS) [(FT./MIN.} | (M£5EC).
/ NS | /28] 460 | tes / ﬂ'_'g 26 | 4po | 2657
2 12t | 440 | 255 | 2 114,51 400 | 240
2 28 | 40 . 235 | o | 4#L
Y lig | wio | 2351 o 2621 157 | sog |
—_— — —_ e —_— | — | —
§ D7 1 325 | 195 ] £~ 76 |27z | s
y, 120 | 6o > 175 | 465 | & ¢
g 2 | 300 | 185 | < |54 | sz 1 314
g. | = | —— |9 s 25 | 145
(g 112:9pY 20 | 120 /oo § 10 L/3/HS] — — | — }
1
1
- AVERAGE VELOCITY (VOLTS) AVERAGE VELOCITY (VOLTS)
AVERAGE VELOCITY (FT./MIN.) AVERAGE VELOCITY (FT./MIN.)
AVERAGE VELOCITY (M./SEC.) . AVERAGE VELOCITY (M./SEC.)
AMBIENT DRY BULE AMBIENT- DRY BULEB
AIBIENT' WET BULB AMBIENT \_'ET BULB

OvARaNNtAL SYSTEME wu
WD TECH CEMTEN mw, ¥ 1
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" F16.2 TRAVERSE POSITIONS IN-ROUND: FLUES-. pestend FuciliTy.

“; )
Nl
M A
B ore oo " =

B i

If the-table belowsdoes not have
‘ enough points, the distance R
from the center of the flue to
any:
calculated by the formuia

“Distance from-center-of flue-

Note: Using compass points to

Lime Cél/l;ﬂ Towrer

given test point, n, is

=

.diameter of flue

number of readings across 2
diameter -
the n'th point from-the
Clﬂ1tﬂ!!ﬂ oo - o S

L
v

to n'th test point, numbered
from the center consecutively.
In- the-diagram, n=1"for: €-3,
E-4, S-3, and $-4- -

_ designate.stations. helps
.to orient the test

-

. locations. -
- e L ID= 1830
EQUAL AREA ZONES. FOR VELOCITY TRAVERSE T
- 9% of fue diemster from clramferencs 10 test point .
" dumber of Areas [L - 1B
P;I"O‘.T 2 3 4 -] iﬂcivs e
1 6.2 4.4 " 3.23 2.2 4.02 2.0
2 25.0 14.7 10.47 g.2 Isol 6.7
3 75.0 29.4 19.38 14.5 265% 11.8
4 93.8 70.6 32.32 22.7 4S9 177
5 ' 8s.3 - .  61.68 38.4 6275 2500
6 95.6 80.62 65.6 {20.08” 35.4
7 89.53 77.3 ML4&  64.6
8 96.77 gs.5 15647 750
9 - 91.8 K719 82.3
10 97.8 [17.97 88.2
1 ) 93.3
12 - 98.0
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Tvhverst
TEST_A

e T W

DRIFT MEASUREMENT DATA SHEET

WATER LOADING
EXIT DRY BULS.
EXIT WET BULB

START.
STOP

G;S.'TOHER ker{ﬂCGte CAO»r C.a[ (‘olpj
LOCATION/SITE" We<ta- £ Facilily

_Léf_f_Ca.a.Lé%Tow‘/ ’
745k 94

TOWER
DATE

TEST‘ENGR Ber Comber M.L;ri_’—‘—

'_-L/G

I ra e rsg

TEST &

WATER LOADING
EXITDRY BULB
EXIT WET BULB
| SPECIFIC VOLUME

START
-~ STOP

_Ek Tubt# s

/0‘“"’4/ 2.0¥

N
\‘,

"‘.

ST oy

e b

SPECIFIC VOLUME
- e M c f=f+-
UPDRAFT [UPDRAFT |URBRAPYT- 2 UPDRAFT |UPDRAFT [URDRAKL,
‘5ot samuey ..?\'r%f%i ] h:'r'.‘/m'f) (M-58C.) pos | Time ?{r%:.?rgsl'f (?-%:fks (N-/S2C)
U [10:05 1320 |20 | 870 | | JII:SF) — .
2 422 | 1sup | 20 | 2 215 | 20 | 415]
3 29 | R40 | (035" s | 1275 | 494
4 3 Vigdo | 1ozl yui | isup | 355~
£ L% Fo | 43— 5 67 | £o0 | 33
4 - | - | — 15 1 6o 355[
Z S04 | Jogs | 7 HEo0 | oo | 5
< a99 | 154 1 B4 | 1 340 | j200| és55
q 483 | 110l aes | 7 237 | a5 | 4o
0 1. #gl 230 @15 w4 (o0 1i3;34] 208 | 230 mal
|
|

AVERAGE VELOCITY (VOLTS)
AVERAGE VELOCITY({FT./MIN)

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

AVERAGE VELOCITY (VOLTS)

AVERAGE VELOCITY (FT./MIN.)
AVERAGE VELOCITY (M./SEC)
ANBSIENT_DRY BULS
. AMBIENT WET SULS
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FI6.2 TRAVERSE POSITIONS IN ROUND FLUES

If the-table below does not have
enough points, the distance R
from the center of the flue to
any given: test point, n, is
calculated by the formuia

R =.d- \ﬁ;!:

diameter of flue

"N = aumber of readings across a
diameter -y

-8
"

. . 1

n = the n'th point from:thex --
center- | o

R = Distance from center of flue’
to n'th test point, numbered -
from the center consecutively.
In the diagram, n=1 for E-3,
E-4, S-3, and S-4

Note: Using compass points to
: designate stations helps- -
to.orient. the test 2T
Tocations.

. L lueﬁ"'?ny -
- THd Sulfate CT

EQUAL AREA ZONES FOR VELOCITY TRAVERSE.—_:D:_ 25%0
9% of fiue diemeter from circumferencs o test point - e

e

1 POINT X
- NO. 2 3 4 8 mcﬂej L
i 1 6.2 4.4 3.23 2.2 557 2.0
| 2 25.0 18.7 10.47 | g.2 20%2Z 6.7
3 75.0 29.4 19.38 14.5 36.T3 11.8
4 93.8 70.6 32.32 22.7 $§7.66 11.7
5 85.3 67.68 < 34.4 7. 3¢ 25.0
6 95.6 80.62 65.6 [66.62 35.4
; 7 89.53 77.3 /4439 64.6
8 96.77 85.53./2./7 15.0
8, 3 : . 91.8 233/7 82.3
3 10 97.8 Quf.4/  88.2
11 ] 93.3
2
J 12 98.0
R
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DRIFT MEASUREMENTDATA«« SHEET

L tube#?

DATE {2/ EE - ]
TEST-‘ENGR._E-Cn ?facL ew:/é Cido /‘4&7,#5

WATER" LOADING . |, WATER LOADING
EXIT DRY -BULB - ' EXIT .DRY BULB
EXIT WET BULB — _*_EXIT'WET BULB
SPECIFIC VOLUME — - .- SPECIFIC VOLUME

ucas. | saweue {aVer |'Wnves. |emever | veas: | s s, | ver. | amoves:

MvoLTS) HFT/min) | ieveee) : voLTs) | (Fr/ming | (v7seey

|\ ey 120 | 440 | 25w [ 1/7:20] (14 410 | 235
R Zﬁjgg ; 2 251 LT | 4245
3 2ep | 30 | 2oz} 3 225 | ago | <2< |
i - — ] ———} & 251 | SZ5 ) H

5 = —

§ £

7 |7s | @zo Aso -7

3 20 | 2D a9% <

9 22> | =7¢0 | 4251 9

lo_| 17:057} 150 <o | zwo | 10119/

AVERAGE VELOCITY (VOLTS) ' AVERAGE VELOCITY (VOLTS)

AVERAGE VELOCITY (FT./MIN.) AVERAGE VELOCITY (FT./MIN.) e
AVERAGE VELOCITY (M./SEC.) e _ AVERAGE VELOCITY (M./SEC.)

AMBIENT DRY BULB _ ' AMBIENT ORY BULB

AMBIENT WET SULB AMBIENT WET SULB

EESC |
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- F16. 2 TRAVERSE POSITIONS IN: ROUND. FLUES

If the table below does not have
enough points, the distance R
from: the-center of the flue to
any-given test point, n, is
calculated by the fomuia

R

d »~ di am;ter' of flue
’

"N = number of readings-across a
diameter

‘n =~the-n'th point from the
center :

R = Distance fromucenter'of flue-
to n'th test point, numbered:
from the center consecutiveiy.
‘In the -diagram, n=1 for*E-B
€-4, S-3, and;5-4 _

Note: Using compass points to
designate stations heips
to orient the- test
locations.

Trona Fac: “ b4
2/ Coclit ﬂ Toa’l
EQUAL AREA ZONES FOR VELOCITY TRAVERSE

9% of fue dlemeter from clrounference fo test point ID. 200.0 nda
Number of Areas ﬁ[L
P 2 3 ' . 8 faches 8
1 6.2 4.4 3.23 2.2 %490 2.0
2 25.0 14.7 -10.47 8.2 l.4e 6.7
3 75.0 29.4 19.38 14.5 29.0¢ 11.8
4 193.8 70.6 ° 32.32 22.7 4S.4o0 11.7
5 85.3 67.68 34.4 63.%0 250
6 95.6 80.62 65.6 /3/.20 1354
7 89.563 77.3 /5460 64.6
i) 8 96.77 8.5 /7,00 15.0
9 y 91.8 /$3.60 82.3
10 97.8 /95.{o0 88.2
11 ' 93.3
12 98.0
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DRIFT MEASUREMENT DATA SHEET

cusTomer _Kece Mc Gee Chonical Cocopeation TENb #2

LOCATION/SITE _zona (2erlily Sw "-/ﬂf
TOWER Carlng To wer .
DATE 1/ /3 [EL
TEST ENGR.__Sen Crocker [/ By an Marg (1Fs ,
Tawversc _ YA/ 3e L e !
TEST_4_ 3Ta0T L/6G JTEsT 2 SET et |
WATER LOADING WATER LOADING ‘
EXIT DRY BULB EXIT DRY BULB
EXIT WET BULB EXIT WET BULB .
SPECIFIC VOLUME SPECIFIC VOLUME |
o FH
g I ol ol el [P I el P e
s. | TME | vots) liFrrsming | tveresey | PO | T'™E | (vots) [(FT.amn | terreec)
| 1/1:221 203 | jpés”| 528 I |izz\ | 235 | =22 | 720
PR S5T0 | 2020 0 b | S22 €5
3 660 | 22% “ 3 &7 2350 | /Hoo
4 621 l|zzs5 | o] 4 2094 | 140
5 -~ - | — s — | - -
ant— — — é' — ap—— —
7 sup | (290 | 1085 )| 7 | 2020 | 1l40
< Joq | zars )40 | < 607 | 2108 | 2io
. sy | 1740 | 1920 9 574 | (970 | 2o
0 | 201112232 | T2 | 40 } 0 1i3tip {422 | 1970 ) 120
gt

AVERAGE VELOCITY{(VOLTS)

AVERAGE VELOCITY (FT./MIN.)
AVERAGE VELOCITY (M./SEC.)

AMBIENT DRY BULD

AMBIENT WET BULS

AVERAGE VELOCITY (VOLTS)
AVERAGE VELOCITY (FT./RIN.) o
AVERAGE VELOCITY (M./SEC.)
AMBIENT ORY BULB
AMBIENT WET GULB

& ESC ==
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N0 1O GI'I'I.Q “
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FIG.2 TRAVERSE POSITIONS. IN ROUND. FLUES™ LT

"If the table below. does not have
enough points, the distance R
from the center of the flue to
any given- test point, n, is
calculated.by the formuila

aes BT

' diameter of flue
...N = number of readings across 2

a
[ ]

. n = the n'‘th point fromw@hew-
’ center: ;

to n'th test point, numbered

In the diagram, nsl’ for E-3
E-4, S-3, and 5-4 PR

Note: Using compass poxnts to
to orient thertest . -

}( 2147 SOUTH ’ locations. Y "
Iy 307,,,4
EQUAL AREA ZONES FOR-VELOCITY TRAVERSE #/# CM/, g
. 9% of fe diameter from circumfersnce 10 test point
© Number of Aress "“'”’J/ | S
o 2 : . s jackes v _
1 6.2 4.4 3.23 2.2 £B0 2.0
.2 25.0 14.7 10.47 ' B.2 2439 6.7
3 75.0 29.4 19.38 14.5 44)° 11.8
4 93.8 70.6 32.32 22.7 J0.14* 11.7
5 85.3 67.68 -34.4 106.30° 25.0
6 95.6 80.62 . 65.6 202,70 35.4 -
7 89.53 77.3 23584 64.6
8 96.77 B85.5 26512 15,00
9 : 91.8 283, 66 82.3 23’
10 97.8 302 20 88.2 7
11 ] " 93.3
12 - 98.0

diameter- AP |

R = Distance from center of flue

from the center.consecutively.

designate.. stations~helps*r
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WATER" LOADING
EXIT DRY BuLB

EXIT WET BULB
SPECIFIC VOLUME

DRIFT MEASUREMENT DATA SHEET

CUSTOMER Keem e
LOCATION/SITE :
TOWER"’ & X - {

ol fr

WATER LOADING
EXIT DRY BULB
EXIT WET 8ULB
SPECIFIC VOLUME.

H7?ITKTube

Snin/pt

ORAF URORAET: UPDRAFT |UPDRAFT |UPBRAET :
MEAS. | SAMPLE 1.2:“ v:LT. tﬁg“ v‘aF..T RiR-vEL: | MEAS. 1 SAMPLE | AR VEL. | AIR VEL. | MR-VEL..
Pos. | TIME | yorrs) krr/mmy | swssecs § POS | TIME | (vouTs) | (FT/min | tmveES):
) le2 > IXAL LoV 440 \ 1500 | 269 228 |
540 1 200 = 2 bdt 2\YOo"
% 5= 20 Y- 3 "beD 220
4 2,50 1220 630 4 ©oy¥ | 2\092
5 mmm—— e — 5 lso 555-
(e _Z00 Jz0 400 b —
e oS 2100 | \2\o + 44 O )| S D
y b= | lowo | 020 | ¢ o2 | 2\#s
29 240 €55 43 9 580 | 070
[0 §1=52a 235 410 «“g n 5 2%0 4o

AVERAGE VELOCITY (VOLTS)
AVERAGE VELOCITY (FT./MIN}
AVERAGE VELOCITY (M./SEC.)
AMBIENT DRY BULB

AMSIENT WET BULS

4 NEpative VMV _

AVERAGE VELOCITY (VOLTS) e
AVERAGE VELOCITY (FT./MIN.} e
AVERAGE VELOCITY (M./SEC.)

AMBIENT DRY BULD
AMBIENT WET BULSB

B ESC ===




";??{1{r"ig the -table below does not have
o enough” points, the distance R
from the center of the flue to

- any given test point, n, is
‘calculated by the formuia

4 -
LY S -
-
- R=d :
- B . R L
» .
K

T .diameter - .-

_n = the n'th point from the _ . .
EAEE TS \ cenﬂt‘er .y v . :r

_ . ton'th test point,  numbered

- ‘In the-diagram, n=1’ for.E-3,
.. E-4, 5-3, and.5-4 >

.~ Note: Using compass po'ints-to
_designate stations. helps
- to orfent the test .

W“' | | -—"y-;_-:‘.-, oo U locations. ofa

. - e ' o g h.ﬁ_.mr ) Nq-u FAC’ h\{y

- Rty ID, 27

Eﬁlﬂll.4AF“£A.JZO@“ESL.Ftﬂ{;\ﬂELJJCTT\’ TRAVERSE [he es
9% of flue diemeter. from circumference fo test polnt A‘ﬁ g CT '

L o e Number. of _Arecs

moes 2 5 2 = 541c‘f5‘ (]
1 6.2 4.4 3.23 2.2 6.28 2.0
2 25.0 14.7 - 10.47 8.2 23.29 6.7
3 75.0 29.4 '19.38 18.5 417 11.8
4 93.8 70.6 32.32 22.7 6447 11.17
5 85.3 67.68 34.4 97.70 25.0
€ 95.6 - 80.62 65.6 17630 35.4
7 ' 89.53 77.3 219.83 64.6
8 96.77 gs.s 242F2 7150
9 ' 91.8. 2647} 82.3
10 97.8. 297,75 88.2
11 , : 93.3
12 . ~ 98.0

"= 7"R = Distance from: cénteﬁof"' flue-

" from the center consecutively.

- W I B A
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TEST

WATER LOADING
EXIT DRY BULB
EXIT WET BuLB
SPECIFIC VOLUME:;

DRIFT MEASUREMENT DATA SHEET

cnS'roulER —Eeme  HNEGRE.

LOCATION/SITE Mﬂ&#ﬁﬁﬁh— .
TOWER —____Amua. Crutea. Qb= o
- A

1\ = %S

DATE".

= rbg

START.

T STOP e

L/G

WA‘FER LOADING

* “EXIT DRY BULB
-EXIT WET:BULB
. SPECIFIC VOLUME

/pﬂ:"

UPORAFT

uPORAFT- ]

UPDRAFT |UPORAFT UPORAFT : .
AIR VEL. | AIR VEL. SANPLE | AR VEL. | AIR VEL:-| AIR VEL.
(VOLTS} [(FT./MiIN) TIME | (vots) | FT.amm)- | (v /8EC)
2e8 | 232¢ 20 | so0 | 1140 | 270
So S5 | \v2g. |

o 2\ 80 D

s - =13
I—

GoOL a9e s

o | 2220 | 1200

wos' | 2100 | 1210

2.5 S05 300 | D00

AVERAGE VELOCITY (VOLTS)

S

\ [

]

sk

AVERAGE VELOCITY (VOLTS)
AVERAGE VELOCITY (FT./MIN.)
AVERABE VELOCITY (M./SEC.)

AVERAGE VELOCITY (FT./MIN.)
AVERAGE VELOCITY (M./SEC.)
AMBIENT DRY BULD
AMBIENT WET BULD

AMBIENT DRY BULD
AMBIENT WET SULE

&4 NEATvE ARRDW
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LABORATORY ANALYSES

5 sty
B el
Vo e b
D g e ) "
e Ve sy Dy ~ 2 X
“3 Ry ¥ Ok g N T e

Bk o Tyt %, iy 2
L T
AT rwantudy o

N -’ nk‘;-u'U'.-
= : e Ty et R ey R Y 1)




Lol ' -3 . . N PO

.ﬂé..ﬁEQ;

,'i- -*_

TR W e e e —— .

WASH I|NG -PROCEDURE

The tubes will be brought to the analytical laboratory with thin
plastic sheet covers on both ends held In place by rubber bands.
The plastic covers are removed and the tubes are inspected for
visible irregularities. (such_as cracks or collection of insects

or foreign debris). A cleaned polyethylene stopper Is inserted
In the Inlet-end-of the tube_and. the:external portion of the tube
near, the inlet end.is washed off with distilled water using a
squirt bottle. The tubes are-then allowed.to dry.

e P . .
E——

Next, the stopper is removed and approximately 15 ml of 10% HCl by
volume aqueous wash solution (which Is hot to the touch) is poured
from the back side of the tube such that the wash solution falls out
of the inlet end of the tube into a clean beaker. During the pouring
the tube is rotated. by. hand to allow: the solution to come into
contact with all of the internal surfaces. This wash procedure is
repeated twice more, each time.with the same 15 ml of wash solution.

The properly collected volume of approximately 15 mi is then trans-
ferred to a volumetric flask. The |K tube is then rinsed with ~ 15
ml of distilled water using the same procedure and beakers as for
the acid wash. This 15 mi Is added to the {5 ml of acid solution
already in the volumetric flask. The rinse process is repeated
with still another 15 ml of distilled water.

The approximately 45 ml is then brought to the standard 50 ml volume.
The 50 ml volumes now containing the minerals are analyzed by
standard analysis techniques.
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BROWN AND cunweu.@

. ) ANALYTICAL LABORATORIES

¢
{'q

Ben Crocker ..
Environmental Systenms Corporation
200 Tech Center Drive

Knoxville, TN 37912

LOG NO:

Received: 057NOV 86
Reported:- 21 NOV 86

L ."”_, PR
- IR
. P \",’ .
- " TN

P86-11-079

i c ﬂ /
Purchase Order-f 16965,

REPORT OF ANALYTICAL. RESULTS " . 4 Page-l
LOG NO SAMPLE DESCRIPTION, SOLID smms DATE” SAMPLED
11-079-1 IK tube #1 "01 NOV 86
11-079-2  IK tube #2 01 NOV 86
11-079-3  IK tube #4 . ..04_NOV 86 . I
11-079-4  IK tube #5 "02"NoOV 867
11-079-5  IK tube #6 31 OCT '86 - l
PARAMETER 11- 079 1 11-079- 2 11-079 3 11-079 4 11-079-5
Semi Quant ICP Scan ‘ l
Silver, mg/L <0.1 <0.1 <0.1 <0.1 <0.1
Aluminum, mg/L T 0.8__ 0.9 0.6 0.5 0.7
Arsenic, mg/L <10 <10 <10 <10 <10 l
Barium, mg/L 0.1 O.2 8.1 0.1 0.1
Beryllium, mg/L <0.06 <0.06 0.06 <0.06 <0.06
Calcium, mg/L 10 <8 <8 12 10
Cadmium, mg/L €0.2 €0.2 .2 <0.2 <0.2 .
Cobalt, mg/L €0.3 <0.3 3 <0.3 <0.3
Chromium, mg/L 2.1 <0.3 .5 <0.3 0.3
Copper, mg/L 0.7 <0.4 4 w0  <os
Iron, mg/L 6.0 18 .9 6.9 4.8
Potassium, mg/L 10 <10 10 <10 <10
Magnesium, eg/L 1.1 0.4 .9 0.4 0.5 '
Manganese, mg/L : 0.007 0.09 0.05 0.04 0.03
Molybdenum, mg/L <2 <2 <2 <2 <2
Sodium, mg/L 430 40 110 10 30 l
Nickel, mg/L <0.6 €0.6 <0.6 <0.6 0.6
Lead, mg/L < <4 < <4 <4
Antimony, mg/L <4 <4 <4 <4 <4 I
Selenium, mg/L ‘ <10 <10 <10 <10 <10
Silicon, mg/L 7 3 4 3 3
Tin, ng/L <6 <6 <6 <6 <6 l




(r
»

Ben Crocker’

Bnvironmental Systems Corporation

200 Tech Center Drive
Knoxville, TN 37912

REPORT OF ANALYTICAL RESULTS

SAMPLE DESCRIPTION, SOLID SAMPLES

LE LT E R Y PP TY LYY (TR P YT R R E YL L X ER ] sTmearseosms = -

............ R R R T LT T Y Y P Y Y TS LY R Y PR Y L LY LR R L ]

LOG NO

11-079-1 IK tube #1
11-079-2 IR tube #2
11-079-3 IK tube #4
11-079-4.  IK tube #5
11 079 5 IX tube #6
PARAMETER

Strontium, ag/L
Titanium, mg/L

Thallium, mg/L

Vanadium, mg/L

Zinc, mg/L

BCl Wash, Date

Boron, ag/L

Bexavalent Chromium, mg/L
Pilterable Residue (TDS), mg/kg/
Pluoride, mg/L

Sulfate, mg/ig/
Arsenic, mg/L

Calcium, mg/L

Lead, mg/kg- [

Lithium, mg/L

Magnes ium, ag/L

Mercury, ng/&kg [.
Silicon, mg/L

Sodium, mg/kg- L.
Titanium, mg/L

Nitri: Acid Digestion, Date

11-079-1

11-079-2

0.9
11/20/86
0.98
<0.2
1800

2.1

75
<0.03
4.8
0.03

6.7

<0.6

NA

2

170

0.22
11/20/86

11-079-3

11/20/86
4.2
€0.2
1800

003

140
<0.03
4.1
0.12
0.2
2.0

NA

4

490
0.34
11/20/86

LOG NO:

P86-11-079

Received: 05 NOV 86

Reported:

21 Nov 86

Purchase Orders:. 16965

Page 2
DATE SAHPLED.
01 NOV 86
01 NOV 86
04 NOV 86
02 NOV 86.: -
'31 OCT‘BG
11- 079 4 11 079 5
0.03 0.06
0.39 0.28
<4 <4
<0.3 <0.3
<0.8 <0.8
11/20/86 11/20/86
<0.05 0.66
<0.2 <0.2
7500 400
0.1 0.1
14 49
<0.03 <0.03
12 7.6
0.04 <0.03
0.5 <0.2
2.0 0.6
NA NA
4 4
66 110
0.45 0.32
11/20/86 11/20/86

FePE LSt e ST AT RSP ARt T E AT ST SEECESeTTES SoNAAEESETS SRS wsTSse SLaETEEESTSTE SToeeesEea
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Ben Crocker
Environmental.Systems Corperation

200 Tech Center Drive

Knoxville, TN 37912

----------------------------------------------- PuSTSsEaETRerSase Smehewss

11-079 7

-

Bkl

V¥

REPORT OF ANAL?TICAL,3ESULIS,

SAMPLE DBSCRIPTION, SOLID SAHPLBSﬁruG, .

LOG NO

11- 079 6 IK tube #7
- 11-079-7 IK tube #8

11-079-8 IK tube #9

11-079-9 IK tube #11

11-079-10 IK tube #10 (Procedural Blank)
PARAMETER

11-079-6

----------------------- SeSaeaa ecoaneSessn

Semi Quant ICP Scan

$ilver,

mg/L

Alminum, ng/L
Arsenic, mg/L "

Mo d e
Dabk AVlly

me /T
Y

Beryllium, mg/L
Calcium, mg/L
Cadaium, mg/L

Cobalc,

mg/L

Chromium, mng/L

Copper,

ng/L

Iron, mg/L
Potassium, mg/L
Magnesium, mg/L
Manganese, mg/L
Molybdenum, og/L

Sodium,
Nickel,

mg/L
mg/L

Lead, mg/L
Antimony, mg/L
Selenfum, mg/L
Silicon, mg/L
Tin, mg/L

<0.1
1.5

<10 -

0.4
<0.06
<8
<0.2
<0.3
<0.3
<0.4
45
<10
0.5
0.21
<2
50
€0.6
<&
<4
<10

<0.1
0.6
<10
0.1
<0.06
<8
<0.2
<0.3
<0.3
€0.4
6.7
60
0.6
0.06

<0.6

11-079-8

LOG NO: PB6-11-079
Received: 05 NOV 86
Reported: 21 NOV 86

Purchase Order:' 16965
: PRELEM

PR

Page 3
DATE SAHPLBD
03 NOV 86
03 Nov 86
02 NOV .86
31 OCT .86
31 0CT<Bé6
11-079-9 11-079-10
<0.1 <0.1
1.0 0.3
_ <10 <10
0.1 1.6
<0.08 6.86
44 <8
<0.2 <0.2
<0.3 <0.3
<0.3 0.3
0.7 19
41 2.8
<10 <10
l.o 0‘&
0.18 0.04
< <2
80 <10
<0.6 0.6
<4 <4
<4 <4
<10 <10
2 2
<6 <6
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Ben Crocker
Environmental Systems Corporation

200 Tech Center Drive
Knoxville, TN 37912

REPORT OF ANALYTICAL RESULTS' Page 4

LOG NO SAMPLE DESCRIPTION, SOLID SAMPLES N DATE SAMPLED,
11-079-6 IK tube ¢#7 ~ 03 NOV 86
11-079-7 IK tube #8 03 NOV Bé6
11-079-8 IK tube #9 02, NOV.- 86
11-079-9 IK tube #11] 31 OCT 86
11-079-10 = IK tube #10 (Procedural Blank) 31 OCT 86
PARAMETER 11-079-6 I11- 079 7 11- 079 8 11-079-9 11_279 -10

Strontium, mg/L 0.06 0.06 0.03 0.12 , 0.03
Titanium, mg/L 0.32 0.47 0.20 0.89 .0.38
Thallium, mg/L <4 <4 <4 <4 <4
Vanadium, mg/L 0.3 <0.3 <0.3 <0.3 <0.3
Z2ine, mg/L <0.8 <0.8 <0.8 18 0.8
BCl Vash, Date 11/20/86 11/20/86 11/20/86 11/20/86 11/20/86
Boron, mg/L 2.8 9.2 <0.05 1.9 0.09
Hexavalent Chromium, =mg/L <0.2 0.2 <0.2 <0.2 <0.2
Filterable Residue (TDS), mg/he/. 760 880 300 1200 400
Fluoride, mg/L 0.1 €0.1 <0.1 0.2 0.1
Sulfate, mg/kg L 100 100 <10 93 <10
Arsenic, mg/L 0.08 0.10 €0.03 <0.03 <0.03
Calcium, mg/L 2.7 2.9 3.6 38 3.1
Lead, mg/dg-~L 0.04 0.04 <0.03 £0.03 0.04
Magnesium, mg/L 0.6 0.9 <0.6 1.1 <0.6
Mercury, Dgies/ NA NA NA NA NA
Silicon, mg/L 2 3 2 p 2
Sodium, mgrlee L 180 90 52 360 4.0
Titanium, @g/L 0.34 0.52 0.23 0.92 0.44
Nitric Acid Digestion, Date 11/20/86 11720/86 11/20/86 11,20/86 11/20/86

LOG NO:

Received:
Reported:

pP86-11-079

05 NOV 86
21 NOV 86

Purchase Order: 16965
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Ben Crocker

Environmental Systems Corporation
200 Tech Center Drive

Knoxville, TN 37912

-

LOG NO: PB6-11-079

05 NOV 86
21 NOV 86

Received:
Reported:

Purchase Order: 16965

"~

REPORT "OF ANALYTICAL RESULTS Page 5
LOG NO suu'x.z DESCRIPTION, wam SAMPLES . DATE smru?.n
11-079-11  W-1 01 NoV 86
11-079-12  ¥-2 01 NOV 86
11-079-13 V-4 04 NOV 86
11.079-14 V-5 02 NOV 86
11-079-15 V-6 31'ocr-as
pananzrxn 11-079 11 11 079-12 11-079-13 11 079-14 11-079- 15
Semi Ouant ICP Scan .
Silver, mg/L <0.01 €0.01 <0.01 <0.01 <0.01
Aluninum, mg/L <0.03 <0.03 <0.03 €0.03 <0.03
Arsenic, mg/L 1 <1 : <1 - « ... €
Barium, mg/L 8.13 0.12 0.08 0.04 0.07
Beryllium, mg/L <0.006 <0.006 <0.006 <0.006 <0.006
Calcium, mg/L 57 51 15 36 25
Cadnpium, mg/L 0.03 0.03 <0.02 <0.02 0.02
Cobalt, mg/L- <0.03 <0.03 <0.03 €0.03 <0.03
Chromium, mg/L 14 12 11 <0.03 5.3
Copper, mg/L <0.04 <0.04 <0.04 <0.04 <0.04
Iron, mg/L <0.03 €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 <0.003 <0.003 0.007
Molybdenum, mg/L €0.2 €0.2 <0.2 €0.2 <0.2
Sodium, mg/L 420 420 460 470 460
Nickel, mg/L <0.06 <0.06 <0.06 1 €0.06 <0.06
Lead, mg/L <0.4 <0.4 <0.4 <0.4 <0.4
Antimony, mg/L <0.4 <0.4 €0.4 <0.4 €0.4
Selenium, mg/L <1 <1 <1 - <
Silicon, mg/L 51 s1 64 36
Tin, mg/L <0.6 <0.6 <0.6 <0.6




2. A

.
Y LU

Ben Crocker

Bnvironmental Systems Corporation

200 Tech Center Drive
Rnoxville, TN. 37912

------------- sy e Y I T R Y Y PR R R R R R N R L ol i e et i et

-------------------------- CX T Py PAEE Y R R TR TR LT L L LR Al ke e

II LOG NO
11-079-11 ¥-1
11-079-12 ¥-2
11-079-13 V-4
11-079-14 V-5
11-079-15 V-6
PARAMETER

Strontium, =mg/L
Titanium, mg/L
Thallium, mg/L
Vanadium, mg/L
2inc, mg/L
Boron, mg/L

Hexavalent Chromium, mg/L
Pilterable Residue (TDS), mg/L

Chloride, mg/L
Pluoride, mg/L
Sulfate, og/L
Arsenic, ng/L
Calcium, mg/lL

uad. nE/L ~
Lithium, ag/L -
Magnesium, mg/L
Mercury, ng/L
Silicon, mg/L
Sodium, mg/L
Titanium, mg/L
Dissolved Digestion, Date

* Gee BxC Analyses
Lepored 1o Dee, fé

11-079-11

4.4
<0.006
€0.4
0.35
<0.08
91
<0.02
42,000
25,000
5.4
4700
0.95
56
€0.03
0.97
6.3
<0.002
51
16,000
<0.006
11717/86

SAMPLE DESCRIPTION, VATER SAMPLES..

11-079-12

............ SRR PR PSS ARRET AT CESSS SPeASRSPESET SoSSaSEASsanE SeSw0FanTE

4.4
<0.006
<0.4
0034
<0.08
90
<0.02
42,000
27,000
5.2
4400
1.0

51
<0.03
0.98
4.3
<0.002
30
16,000
<0.006
11/117/86

REPORT 'OF ANALYTICAL RESULTS

11-079-13

2.7
<0.06
<0.4
0.20
<0.08
53

14
22,000
12,000
3.3
2100
0.56
14
€0.03
1.0
2.2
<0.002
60
8200
<0.006
11/17/86

LOG NO: P86-11-079

Received: 05 NOV 86
Reported: 21 NOV 86

Purchase Order: 16965

Page 6
DATE SAMPLED

01 NOV Bé6

01 NOV B6

04 NOV 86

02 NOV Bé&

31 0OCT 86
11-079-14 11-079-15
1.1 2.6
<0.006 <0.006
<0.4 0.4
2.8 0.22
<0.08 €0.08
33 59
<0.02 <0.02
13,000 25,000
6100 13,000
2.0 3.6
1500 2700
0.58 0.60
39 29
<0.03 <0.03
0.49 0.71
1.5 . 3.1
<0.002 <0.002
a3 56
4400 9900
<0.0086 <0.006
11/17/86 11/17/86
/400 2600
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Ben Crocker

Bnvironmental Systems Corporation
200 Tech Center Drive

Rnoxville, TN 37912

LOG NO: ?86-11-079

Received: 05 NOV B6
Reported: 21 NOV 86

~ Purchase Order: 16965

REPORT OF ANALYTICAL RESULTS -

LOG NO SAMPLE DBSCRIPTION, VATER SAMPLES

11-079 16 . V-7
11-079-17 V-8
11-079-18 V-9
11-079-19 V-1l

P Y L L T Y PSR T AT AR R TR SRS e S ADSRE SRS e S

. PARAMETER 11-079-16 11- 079 17
Semi Quant ICP Scan
Silver, mg/L €0.01 <0.01
Aluminum, =mg/L <0.03 €0.03
Arsenic, mg/L ' 11 16
Barium, mg/L - S 0v02 0.04
Berylliium, ng/lL <0.006 <0.006
Calcium, mg/L 6.7 9.7
Cadoium, mg/L 0.29 0.45
Cobalt, mg/L <0.03 <0.03
Chrooium, mg/L €0.03 <0.03
Copper, mg/L <0.04 <0.04
Iron, mg/L 0.22 0.27
Potassium, =g/l 570 2100
Magnesium, vg/L 8.7 4.6
Manganese, mg/L 0.016 0.0016
Molybdenum, =g/L : - <€0.2 <0.2
Sodium, mg/L ’ : 400 420
Nickel, mg/L <0.06 <0.06
Lead, mg/L <0.4 0.4
Antimony, mg/L <0.4 <0.4
Selenium, mg/L <1 <1
Silicon, mg/L 8.4 8.4
Tin, mg/L - €0.6 <0.6
Strontium, ng/L 2.4 2.2

Page 7

03 NOV 86
03 NOV 86
03 NOV 86
31 0CT“86

11-079-18 1l- 079 19

--------------- NrEBEES meETesEtmes SeSmeeaeas

<0.01 <0.01
<0.03 <0.03
<1 1
0.09. 0.07
<0.006 <0.006
69 29
0.02 0.02
<0.03 €0.03
32 8.3
<0.04 0.16
<0.03 €0.03
100 120
2.3 2.2
<0.003 <0.003
<0.2 <0.2
440 30
<0.06 <0.06
<0.4 <0.4
<0.4 <0.4
<1 <1
63 63
<0.6 <0.6
3.0 3. 2

T . .
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Ben Crocker

Environmental Systems Corporation
200 Tech Center Drive

Knoxville, TN 37912

REPORT OF ANALYTICAL RESULTS

11-079 16 11-079-17

<0.006
<0.4

- €0.03
<0.08
1200
<0.02
60,000
21,000
4.6
10,000
18

7.6

LOG NO . SAMPLE DESCRIPTION, VATER SAMPLES
11-079-16 W-7

11-079-17 ¥-8

11-079-18 ¥-9

11- 079 19 ¥-11
PARAHETER

n tanium, ag/L <0.006
Thallium, mg/L X <0.4
Vanadium, mg/L <0.03
Zinc, mg/L <0.08
Boron, mg/L 270
Bexavalent Chromium, mg/L <0.02
FPilterable Residue (TDS), mg/L 57,000
Chloride, mg/L 26,000
Fluoride, ag/L 6.5
Sulfate, mg/L 11,000
Arsenie, mg/L 11
Calcium, mg/L 3.2

Lead, ag/L €<0.03

<0.03
3.2

5.2
<0.002
8.6
11,000
<0.006
11/17/86

LOG NO: P86-11-079
Received: 05 NOV 86
Reported: 21 NOV 86

Purchase Order: 16965

Page 8

LR LT L LY ) LT X T L T R

03 NOV 86
03 NOV 86
03 NOV 86
31 OCT 86

11-079-18 11-079-19

SOSeBEePHLes SCaAEEEDEeS

<0.006 €0.006
<0.4 " <0.4
0.26 0.27
<0.08 <0.08
73 80

41 €0.02
32,000 34,000
15,000 19,000
4.1 4.8
3300 3400
0.65 0.74
76 16
<0.03 €0.03
0.8 0.93
2.5 2.5
<0.002 <0.002
60 64
12,000 13,000
<0.006 <0.006
11717/86 11/17/86

Lithium, mg/L 4.0
Magnesium, mg/L 7.7
Mercury, mg/L .€<0.002
Silicon, mg/L 9.1
Sodium, mg/L 19,000
Titanium, mg/L : . €0.006
Dissolved Digestion, Date 11717/86
NA = Not available. Mercury results for these
samples will follov under separate cover.

Sulburct m"/L /], coo

Mon wfﬁ}




BROWN AND CALDWELL E

. ANALYTICAL LABORATORIES

.i -
: LOG NO: P86-12-089
Received:. 05 DEC 86
Reported: 10 DEC 86
Ben Crocker - P oy
Environmental Systems Corporation Purchase“Order' 16965
200 Tech Center Drive - ,‘_,””7‘ ) -
Knoxville, TN 37912 PRI
REPORT OF ANALYTICAL RESULTS Page 1
LOG NO SAMPLE DESCRIPTION, VATER SAMPLES . 5m‘m SAMPLED
12- 089-1  #1 03 NOV-86 -
12-089-2  #2 | " 03 NOV 86
12-089-3  #4 _ 03'NOV 86
12-089-4  #5 , o * ‘03 'NOV 86
12-089-5  #6 -+ 03 NOV 86
rmmxn 12- 089 1 12-089-2 12 089-3 12 089-4  12-089-5
Sulfate, mg/L 4200 4000 2200 1400 - 2600

T I

!.
] : ' .
t--—--

|
I
I
1
I
I
1
1]
]
|
lL
B

—



N

. . o [ [ .. .

i L0G NO: PB6-12-089
Received: 05 DEC 86

Reported: 10 DEC 86 .

Ben Crocker '
Purchase Order: 16965

Environzental Systems Corporation
200 Tech Center Drive
Knoxville, TN 37912

Page 2

REFORT OF ANALYTICAL RESULTS
10G N0 SAKPLE DESCKIPTION, VATER SAMPLES. DATE SAMPLED
12.089.6  e1 TmmEmTTTTTTTT 03 NOV 86
12-089-7 #8 N | 03 .80V 86
12-089-8  #9 o 03 NOV 86
12-089-9  #11 ] . | 03 NOV 86

Y E R LT L b -----------.--.-----.-----‘-‘--.-‘------.-.--------

12-089-6 12-089-7 12-089-8 12-089-9

PARAHBTER
Sulfate, ng/L 11,000 11,000 3000 3300
Bdwar ilson, oratory Director

*




¥ L]
c,s\-BR" 7% % i P.O.BOX 4187, 2323 SYCAMORE OR.. KNOXVILLE. TENNESSEE 37921 / 615 546-1338

Mr. Ben Crocker

CERTIFICATE OF ANALYSIS

Page 2
November 25, 1986
ST LW

Your wster sample No. 2 Our No.->:_WD=3154 . geve the foilowing resuits:.
pH Copndurd Units Sulfate las <5 * | tron
Calor (Unite) Sulfide los & Leod
Odor ot Room Tewperature (Units) iSuifive (a3 SO Lithium
Spacific Conductence Micromhos |Gromidecn. .. , Magnasium
Turbicity Usckaon Units) ' ‘ Chloride:. | Monganese !
Acidity (rosal) as CaCOy |Cyonide: =< ~« - - - | Mercury  <0.01 J
Alkalinity a3 CaCOy i Flusoride- | Molybdenumn :
Pardness Total CaCOu |OHl & Gregse. [ Nickat - ;
Totel Solids ‘Phenots *  Potassium
Total Dissotved Solica ‘ Surfoctants ! Satonium _
{Torol Suspended Solids 'Silicon | Sitver T i
[Toral Volatile Solids i Boron |Soowm  <{,15 _
|Settieable Solids iFecal Streptococei Bacterio Strontium {
Toral Orgonic Carbon (TOC) Coliform Bocteria Tin |
Dissoived Oxygen (DO) Ahaminum Titankam '
800 (S-day) Antirmory Vonodium
80D (Uttimatel Amenie 0.0 Zine |
Charnical Qxvgen Demand (COD) Borium l
Ammonia (as N) Bervilium
Kieldohl Nitrogen Codrrium |
Orgonic Nitrogen Calcium 0.14 '
Nitrate (os N) Chromium, Heavalent i
Nitrive {os N) Chvomium, Torsl  <0.05 |
Phosphons-Ortha (as P) Cobolt -
Phosphorus-Torol (as P) Copper _J

All results are reported as mg/liter unless otherwise noted.

P



' +
.

87, 2323 SYCAMORE OR.. KNOXVILLE, TENNESSEE 37921 / 818 548-1335
ALYSIS‘ )

R
l ""B A"J;, . PO BOX 41

S '
%4 g‘ CEBTE'ICATEOE AN
17ore> - -~
'.f"r'\"‘
Mr. Ben Crocker
l Page 5
November 25, 1986 =TT
rnd
ST h

WTQNI {as P}

otherwise noted.

All results are reported as mg/liter uniess

__Gail R. Hutchens, Exec.

Vice-President
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' P.0. BOX 4187, 2323 SYCAMORE DR., KNOXVILLE. TENNESSEE 37921 / 815 546-1335.

2 7 CERTIFICATE OF ANALYSIS:

r. Ben Crocker
Page 3

November 25, 1986

e

Your water sample No. 3 Qur No. WD-3153 gave the following resuits:
pH (Standard Units Sulate (s O <5 * tron
Color (Unin} Sulfide:(as S) Leod
Odor ot Room Temperature (Units) Sulfite (as SO Lithium
Specific Conductancs Micromhes Bromide > Magnesium: -
Turbidity Uockson Units) Chiorida : . Morganese
" | Aeidity (votol) os CaCly Cyaride : Mercury  <0,01
Atkalinity e CoCOy Fhaoride - Motybdenum ‘
Hordness Total CaGOs o & Greoe - Nickel i
Totol Solids ; Phanols Potassium _J
Towml Dissoived Solids ' Surfactonts | Seionium
ITotol Sumpended Solids - - 1Silicon..... | Sitver
(Total Volciic Solide ! Baran - Sodium (0,47 .
!Setriegbia Solids i Facal Streptocoeci Bacteria Strontium i
Total Organie Carbon (TOC) Caliform Bocreria Tin
Dissolved Oxygen (DO) Aluminum Titankm
900 (S-day) Antienory Vanodium
800 {Ulrimats) Amnic  <0,01 Zinc
" | Chermicel Oxygen Demand (COD) Sorkum
Amevonia (o8 N) Beryllium
Kieidohi Nitrogen Codmium
Orgonic Nitrogen Caicom (.78 |
Nitvare (s N) Chromium, Hesovalent |
Nitrive (s N) Ciwomium, Torol  ¢(0.05 _%

Phosphons-Ortho (as P}

Cobolr

Phosphorus-Toral (as P}

Copper

Al resuits are reported a3 mg/liter uniess otherwise noted.
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Mr. Ben Crocker

Environmental Systems Corp.

200 Tech Center Drive

Knoxville, Tennessee 37912

P. O. BOX 4187, 2323 SYCAMORE OR.. KNO

CEBTIF?ICATE-OE.’ANALYSIS‘-

XVILLE. .TENNESSEE_37921 7 615 546-1339

Nbvember 25, 1986

Received: November 19th

_QOur No. __twn-:ll 53

gave the following resuits:

All results are reported a3 myg/liter unless otherw

* gulfate as Sulfur can not ge

t lower due to Chiorine interferences.

Your water sampie No. 8.
pH (Standard Units Sulfote. e 9 (5 - * iron |
Color (Unite Sulfide_ (s S Leod 1
Odor ot Roors Tempersturs (Unity) Suttive. las SO0 Lithium __\
sowcitic Conductonce Micramhos Bromide ' Magrasium |
Tusbidity Usckson Units) Chioride__ = | Mangonese ot
Acidity (vorel) o8 CaCOs Cronide ..~ Mercury  <0.01 !
‘Atkaiinity o8 CoCOu Frooride.. Molybxderam |
[Viardnase Toral CoCOu |Oit & Grease. [ Nicke!
[Tovor Solids " Phanols | Potossium
[Torel Dissoived Solids | Surtoctonts | Selorsium
[Torot Suspanded Solida I siticon | Sitver 1
Toral Volotile Solids | 8oron - {Sodium (1,34 i
Satvieabie Solid [ Fecol Streprococci Bacteris | Strontium B
Torol Grganic Corbon (TOC | Coliform Bocteria [ Tie ‘n
Otssolved Qxygen (D0) Aturmiowm E—— |
P00 (S-day) Antimory Vanodium
{900 Witimate)- [Arsenic_ <0.01 Zinc
[Crarmical Gxyoen Demond (CO0) | Sarkum l
Ameronia (ss N) Beryilham \ |
Kjeidahi Nitrogen Coadmium | J
| Organic Nitrogen iCaleiom _ 0.33 |
T Chwomium, Hexovalent |
[;l.trm {as N Cwomiurn, Tordl () 05 ’Jt
Phosphona-Ortho (as P) Cobalt
Phosphorus-Total (os P) Copper | j
ise nated. *




\,BRAI)-

Ry
> ;
0 (3]

&
rore®

ir. Ben Crocker

Page 4

November 25, 1986

« P. 0. BOX 4187, 2223

" CERTIFICATE OF ANALYSIS.

Your water sample No.

Our No. __ WD-3156

SYCAMORE DR., KNOXVILLE, TENNESSEE 37921 / 815 546-1335

gave the following resuits:

pit (Standord Units Sulfote a3 $ <5 *

Color {Units) Suifide (o3 $ Leod

Odor ot Room Temperoture (Unite) Sulfire (as SOu) Lithium ]
Spacific Conductance Micromhos Bromide Mognesium v

Turbidity (ockon Unit) | Chioride Morgenese

Acidity (roral) es CoCOs Cyonide Merawy  <0.01 i
Alhalinity as CoCOu Fluoride Molybdernam -
Hordnew Total CoCOs Oil & Grease Nickal

Totel Solids Phanols Potcssium

Total Oimolved Soiids | Surfactann | Selonium

Totol Suspended Solids . | Silicon Silver |
Tasat Valasile Solids Boron Sodem 0,38
Settiscbie Solids .Fecal Straprocoect Bacreria Strontium :
Toral Orgonic Carbon (TOQ) Coliform Bocteria Tin '!
Dissoived Oxygen (DO) Aluminum Tironium 5
800 (S-day) Antiemorsy Vonodium

900 (Ultimate) Arenic <0.01 Zinc

Chemicol Oxygen Demand (COD) Barium

Arvevonia (as N} Beryilium

Kieidahl Nitrogen Cadmium

Organic Nitrogen Calcom (0,27 i
Nitrate (o8 N) Chromium, Hemawalent i
Nitrive (s N) Chwomium, Torel  <0.05 )
Phouphorus-Ortho (as P} Cobalt !
Phosphorus-Totol (as P) Copper |

All results are reported as mg/liter unless otherwise noted.

- - - -
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