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1.0 INTRODUCTION

A compliance test program was performed on the new wet

scrubber system installed on the OrIon process at the duPont

Waynesboro Plant. The was designed to determine

the level of abatement Dimethylformamide (DMF) emissions.

Compliance testing was on only one scrubber (desig-

nated Scrubber No.1) at this time. Scrubber No. 2 was tested

previously on October 6, 1989. The current tests were performed

by T. Jeter, T. Underwood and T. Handel of ETS, Inc. on Tuesday,

October~1.1989. The testing was coordinated with P. Dana and

R. Schifflett of duPont. All operations data was collected by

duPont personnel and has been included in this report as Appendix

E. The test program was witnessed by R. Goetz and P. Hunter of

the Roanoke office of the State Air Pollution Control Board.

The test program consisted of three replicate series of

measurements. All testing was conducted while the OrIon process

was operating normally. Plant operations data were collected for

each of the testing periods. Each series of tests consists of

the following measurements:

l} DMF gas concentration at the inlet duct of the dual

scrubber system.

2) DMF gas concentration at the outlet of Scrubber No.1.

3} Total gas volumetric flowrate at the inlet duct of the

scrubber system.
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4) Moisture content of the inlet duct of the scrubber

system.

5) Moisture content of the outlet duct of the scrubber

system.

6) DMF concentration in the scrubber system wastewater

effluent.

7) OrIon process operational data.

All inlet/outlet testing was performed simultaneously in

order to evaluate real time scrubber efficiency.

Figure 1 illustrates the overall gas flow details for the

DMF scrubber system. The scrubber system is designed with two

wet scrubber units, each designed to handle up to 75,000 actual

cubic feet per minute (acfm) of exhaust gases. With both

scrubbers in operation, the combined exhaust gases fro. the six

OrIon dryers, the Pidler exhaust and the waste exhaust unit can

be treated simultaneously. Scrubber No. 2 was isolated from the

system and was not involved in the current series of tests.

Figure 2 shows the details of the scrubber construction.

Each unit is equipped with an 800 HP blower to force the inlet

gas through each scrubber. In the current test program, only the

blower to scrubber No. I was operated.

2.0 TEST PROCEDURES

The rectangular inlet duct is 96 inches wide and 80 inches

2
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tall, with an effective diameter of 87 inches (7.3 feet). Three

inlet sampling ports were located 56 feet downstream from the

particulate screen and 14 feet upstream from the beginning of the

right angle bend of the duct. Each port was three inches in

diameter. Outlet sampling ports

scrubber, as shown in Figure 2.

outlet stack is 8 feet.

are located at the top of each

The diameter of the scrubber

2.1 DMF Gas Concentration

Determination of the DMF concentrations in the scrubber

inlet and outlet gas streams was determined in general accordance

with NIOSB Method 2004, which incorporates a solid sorbent tube

(silica gel) for DMF absorption. Due to the high moisture

content of the gas streams, the standard method was modified by

placing a series of chilled impingers before the solid sorbent

tube. The first two impingers each contained 15 mL of deionized

water. A third impinger was empty. Due to the high solubility

of DMF in water,. it was anticipated that the DMF would be

absorbed in the iapinger solutions. Figure 3 illustrates the

complete sample train employed in this test program.

Each sampling run was conducted for a period of 60 minutes

at a nominal sampling rate of 1.5 liters per minute. Both inlet

and outlet sampling was performed using the center of the

respective ducts as the point of sample withdrawal.
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The i.pinger solutions and the sorbent tube samples were

analyzed using GC/FID in accordance with the general conditions

outlined in NIOSB Method 2004. The impinger solution volumes

were measured and recorded. Impinger 2 and 3 contents were

combined and analyzed. Impinger 1 was analyzed separately. The

probe and connecting lines were rinsed with deionized water. The

probe wash volume was measured and the solution was analyzed for

DMF.

2.2 Moisture Content

Moisture content of the inlet and outlet gas streams was

determined by measuring the volume of water gain in the three

impingers in the sampling train.

2.3 Total Gas Flowrate

The total volumetric flowrate of the inlet gases was

measured using velocity traverses in accordance with EPA Methods

1 through 3 (40 CFR, Part 60, Appendix A). Four traverse points

were used in each of the three inlet ports, giving a total of 12

traverse points (see Figure 4). The traverses were conducted

before and after each of the DMF sampling runs. The traverses

were performed using a Type US" pitot tube, a type "K" thermo­

couple, and a digital manometer. Field data sheets for the stack

velocity measurements are contained in Appendix B.

2.4 Wastewater Analysis

A sample of the scrubber wastewater was withdrawn during
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each run. These samples were analyzed for DMF concentration by

the ETS Mobile Laboratory utilizing the same procedures used to

analyze the impinger solutions. The Analytical Method is

contained in Appendix C and the results of the analytical

determination of DMF are contained in Appendix D.

2.5 Process Data

Data collected by duPont plant personnel regarding the

operation of the OrIon process and associated scrubber system is

included in this report as Appendix E.

3.0 SAMPLING AND TBST METHODOLOGY

All sampling was conducted using sampling pumps calibrated

onsite before and after each run. Each pump was calibrated with

the sampling train in place using an inverted bubble flowmeter.

Calibration data is cont ined in Appendix B. Each sampling train

was the leak checked prec ding sampling interval by plugging the

tip of the sampling "d observing the complete cessation of

bubbling in each of the impingers. The rotameter was also

observed to insure that no leaks were present in the sampling

train.

Sampling was coordinated using radio communication to ensure

that inlet and outlet sampling was conducted simultaneously.

5



3.1 DMF Analysis

DMF analysis was performed onsite in the ETS Mobile Labora­

tory located at the foot of the DMF scrubbers. Analysis was

begun immediately following each sampling period. The analysis

was performed on a Shimadzu GC-14A gas chromatograph equipped

with a flame ionization detector (FID). The analysis was

performed using the following conditions:

Injection: 0.5 uL direct on-column

Injector Temperature: 250°C

Detector: FID

Detector Temperature: 220°C

Column: 10-meter, 0.53mm i.d. FSOT (Alltech SuperoxII)

Carrier: Nitrogen (3.0 mL/min)

Column Temperature: 100°C Isothermal

Samples were analyzed together with standards, spikes and

duplicates.

4.0 RESULTS

The compliance data consists of three consecutive tests

(runs 1, 2 and 3) performed on Tuesday, October 31, 1989. All

outlet data contained in this report is for Scrubber No.1. The

test log for the compliance testing is contained in Appendix A of

this report. Duct flow measurements ranged between 59,970 and

62,290 acfm during the testing. The results of the DMF Compli­

ance Tests for the duPont DMF Scrubber No. I are contained

6
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in Table 1.

Each of the three compliance tests demonstrated an effici-

ency of greater than 90 percent abatement of DMF emissions.

The scrubber was operated at full capacity during each of the

tests. The specific plant operations data were provided by

duPont personnel and are contained in Appendix B of this report.

The inlet concentrations of DMF ranged between 213 and 265 ppmdv

during the CO.P1iance~esting. The outlet concentrations ranged

from 8.1 to 4.4 pp_dv. Theav~rage scrubber efficiency measured

for the three tests was .3%.

The concentration of D the wastewater in the bottom of

the stack averaged 3.0% dur g the testing.

7
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Table 1. Results of Efficiency Testing on Scrubber No.1.

Run 1 Run 2 Run 3

~nlet Te.perature (OF): 164.8 166.5 156.6

n1et Pressure (Static) (in. H2O): -1. 04 -0.983 -1. 06

Duct Velocity (ft/s): 19.3 19.5 18.7

Duct F10wrate (acf.) : 61870 6229Q 59970

(sc f.) : 49990 50200 49080

(dscf.): 48420 43630 40960

Inlet Moisture (%):

Outlet Moisture (%):

6.3

3.1

9.9

13.1

11. 9

16.5

Inlet DMF Concentration (pplld v) : 265 255 213

~Outlet DMF Concentration (pp.dV): 4.4 7.0 8.1

Inlet Emission Rate (lbs/hr) : 146.0 126.5 99.1 / ~.1. 1
Outlet E.ission Rate (lbs/hr): 2.4 3.5 3.8 3.~

Scrubber No. I Efficiency (%) : 98.4 97.3 96.2

Scrubber No. 1 Wastewater Analysis:

Concentration (%(w/v» before run:

Concentration (%(w/v» after run:

8
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Figure 4 - Treverse Point Locations for Inlet Duct
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APPBNDIX A

COMPLIANCE TEST LOG
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Compliance Test Log - 10/31/89

Run 1

Run 2

Run 3

Start Time:

End Time:

Start Tiae:

End Time:

Start Time:

End Time:

09:48

10:48

12:58

13:58

14:54

15:54
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STACK VELOCITY DATA FIELD SHEETS AND CALIBRATION

DATA FOR SAMPLING PUMPS
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(

FOR"JLA: (1) a~300N(0i3)2; C4HgNO
(2) 0=CHN(0i3)2; C3H7NO

".W.: (1) 87.12; (2) 13.10

(lJ DIMETHYlACETAMIOE and
(2) DIMETHYlFORMAMIOE

"E T...:>D : 2004
ISSUED: 5/15/85

I
j

J

OSHA: 10 ppm (sklnj [(1) ~nd (2») PROPERTIES: Table 1
NIOSH: no sunddrd
ACGIH: 10 ppm (skin) [(1) and (2»)

(1 ppm =3.56 mg/m3 Q NTP (1)]; (1 ppm =2.99 mgi~3 @NTP (2»)

SYHOH~: (1): ~,~-d;methylacetam;de; CAS ~127-19-5.

(2)-: ~.!!-d;methylfonnamide; CW; CAS '-'68-12-2.

SAAPLII~

i
1

~l...
1

S~"'IIIPLER: SOLIC SOOBE;IT TU8£
(silica S-el, lS0 l':lg115 mg)

FLOft RATE: a.Olto 1 L1min

VOL-MIH: 15 L @30 mg/m3

-AAX: eo L

SHl~HT: rou~ine

S~~?lE STABILITY: stable ~ 5 days' 25 ·C [1]

! iEQ-!i-HQ,ic: GAS C;;RCX·~ TCGAAP;-:Y, F~:)

I

!At!ALYic: d;methylac~t~~iGe or d;~t~~:fc~~~:c~
I

!CESOCPHON: 1 r.;L ITetha!\o1; 1 hr i ~1 it:-a50:'1 ic
bath

! INJECHOiI VOL~'r.~: 5 ~L

!TEKPEAAiURE-WJ~CTlON: 2:.0 ·C
-CETECiOR: 320 ·C

-COW'.;H: 140 ·C

j

j

i

J

FIELD BLA.llKS: 10\ (~2) of wrples

ACCURACY

RANGE STUDIED: (1): 18 to lOS mglm3 [1];
(2): 11 to 61 mg/m3 (1]

(45-1. ~les)

BIAS: not known [1] .

OVERALL PRECISION (sr): (1): 0.067 [1];
(2): 0.056 £1]

!CARRIER GASES: HZ' 50 ~L/min
I

!COLUMH: 1.5 m x 6 mn OD glass; 10'1. uCCt;
50-HB-5100, 2\ It().l on 100/120 hieSh

. I ChrcJrl)sorb WHP

!CALIBAATION: analyte In IIlIthanol

!RANGE: 0.5 to 4 mg per sanpl. [1,2]
!
!E5Tlf'oATEO LOO: 0.05 mg per ~l. (2)

!PREC15ION (5r): (1): 0.032 [1];
! (2): 0.037 [lJ

I

I

I

APPLICABILITY: The liIOrlcing range is 10 to 80 mg/m3 of either iNlyte for a So-L air S&lI71)le.
The lowr 1'mit is determined by the desorption efficiency which I7lIst be detenn\ned over the
range used. Silica gel has a high affinity for water; high relative humidity will adversely
affect the efficiency of analxte adsorption.
INTERFERENCES: None identified. Separation conditions (colum, telq)erature. etc.) may be
changed to circ\lll\lent problems. Alternate cohtms include: 60/80 rresh Chl"'Cnl)Sorb P coated
",ith 201. UCOH LB 550X and ~ KQ4; 100/120 mesh ChrQn)sorb W4P ..ith len carbowu 20M and ~ itCH;
100/120 mesh Chf"Clb)sorb .... ",ith 10'1. SP-22S0j and 5\ FFAP.
OTHER ~THOOS: Th;s combines and replaces ",thads 5254 and 5255 [21.
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{l' 01"ETHYLACET~lDE and (2) OI"ETHYlF~~IOF. ME TK'-l: ZOO~

I

:a... ....

REAGENTS:
,. ~thanol. reagent grade.·
2. Analyte: dlmethylacetamlde,

reagent grade, or dlmethylfonnamide,
reagent grade.'"

3. Acetone, reagent grade.-
4. Desorption eff;c;ency (DE) stock

SOlution, 0.05 mg/mL. Prepare
solut;ons of dlmethylacetam;de or
dlmethylfonnamide fresh dally in
acetone.

5. Hydrogen, prepurifled.
6. Air, filtered, compressed.
7. Nitrogen, purified.

*See SPECIAL PRECAUTIONS.

EQJIPMENT:
1. Sampler: glass tube, 7 om long, 6 mm OJ, 4 mm 10,

flame-sealed, with plast;c caps, containing two
sectlons of 20/40 mesh Sll;ca gel (front = 150 mg;
back = 75 mg) separated by a 2~ urethane foam
plug. A silylated glass wool plug precedes the
front section and a 3-mm urethane foam plug follows
the back section. The pressure drop across the tube
must be less than 3.4 kPa (2.5 em Hg) at an airflow
of 1 L/mln. Tubes are commerc;al'y a~ailable.

2. Personal s&~ling pump, 0.01 to 1 L/min. ~i~h

flexible connecting tubing.
3. Gas chrcmatograph,.FID, integrator, an~ col~1

(page 2004-1).
4. Vials, 2-mL, PTFE-lined crimp cap, or a~t~d~ic

s~ler vials.
5. Hic~oliter syringes, lO-~L and other c~~ve~ient

sizes for r.~king standards.
6. Pipets, 1.0 mL, delivery.
7. Volumetric flasks, lO~l.

e. Ultrasonic bath .

I

SPECIAL PRECAUTIONS: Acetone and methanol are flammable and a dangerous fir~ an~ exp::sion
riSk. ihe~ are mod~rately toxic by ;ngestion and inhalation.

Oimethylacetamide and d;methylfonmamlde are strong irritants to skin and tissue and moderate
fire risks.

SAMPLING:
1. calibrate each personal sampling pump with a representative sampler in line.
2. Break the ends of the sampler immediately before sampling. Attach sampler to personal

sampling pump with flexlble tubing.
3. Sample at an accurately known flow rate between 0.01 and 1 Llmin for a total s&~le size of

15 to eo L.
4. cap the samplers. Pack securely for shipment.

SAMPLE PREPARATI()l:
5. Place the front and back sorbent sections of the sampler tube in separate vials. Discard

the glals wool and foam plugs.
6. Add 1.0 mL methanol to each v1al. Attach crimp cap to each vial.
7. Agitate for 60 min in an ultrasonic bath.

CALI8RATION AND QUALITY CONTROL:
8. calibrate daily with at least five working standards over the ranges 0.05 to 4 mg

d1methyl.ce\.ami de or dimethylfonnami de per s~le. .
a. Add known amounts of analyte (neat or diluted with methanol) to methanol 1n lO-mL

volumetric flasks and dilute to the mark.
b. Analyze together w1th samples and blanks (steps 11 and 12).
c. Prepare cal1bration graph (peak area vs. mg .nalyte).

I 5115/85 2004-2
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- V 'mgr.:.

CAI.C1JLATlONS :
13. Detenmine the ~~!s. mg (corrected for DE) of ana1yte found in the s~~le frcnt {Wf} arc

back (~) scrb~nt sections, and \n the avaraga ~~ia blank frcn: (Sf) and beck (~)

sorbent sections.
NOTE: If Wb > Wf/IO. report breakthrough and pos~;ble ~le less.

14. calculate concentraticn. C. of analyte in the air volur.~ ~ToPled, V (L):

~IJ:'E/.(EIH :
11. Set gas chr~atc9raph according to ~nufacture~Os rcc~ndations and to cond;tio~$ siven

on page 2004-1. Inject s.v.'P1e a1; Guot man~c.ll y us \ ng soh,er"": f1 ush tec~lr, iQue e:- to: i ~h
autosampler. ~

NOTE: If peak area is above the linear range of t!'le woi'lcing :;ta~C!.!.rd~, ci]ute wi~:~

methanol, reanalyze. and apply the approp"iate dilutic~ f~ctor in calcula:icns.
12. ~asure peak area.

2004-3

9. oetennine desorption efficiency (DE) at least once for each lot of ~;);ca gel usee for
SdII1Jl\ng in the calibration range (step 8). Prep.are three tubes at each of five ~c'lels

plus three media blanks.
a. Remove and discard back sorbent section of a media blank sampler.
b. Inject a known amount (1 to 20 ~L) of pure analyte or DE stock solution direc~lJ o,to

front sorbent sectien ~ith a microliter syringe.
c. cap the tube. Allow to stand overnight.
d. Desorb (steps 5 through 7) and analyze together ~ith working standards (~t&PS 1\ anj 12).
e. Prepare a graph of DE vs. mg analyte recovered.

10. Analyze three quality centrel blind spikes and three analyst spikes to ensure that tt:·:
calibration graph and OE graph arc in control.

5/15185

EVALUATION OF METHOD:
",thad 5254 for dimethylacetamide ~as evaluated over the range of 18 to 105 mg/m Z at an
atmospheric temperature and pressure of 24 ·C and 760 mm Hg using a 45-L sample [1).
Breakthrough occurred ~hen ~1 ing a test atzrosphere containing 105.6 mg/m 3 of
d\methylacet6~ideat 0.876 Llmin for 240 min. The front section of the silica gel tube was
found to hold 22.2 mg dimethylacetamide under these conditions. The collection efficiency test
conducted at a concentration of 105.6 mg/m3 -.as detennined to be 1.00. D~orpticll efficir.ncy
at 0.943. 1.886. and 3.17 mg per silica gel tube was 88.8. 93.8. and 94.9\. respectively. A
storage study for five days at 1.866 mg per sUica gel tube gave a recovery of 93.6\. Overall
~ling and measurement precision. sr' was 0.067 .

...thad 5255 for dimethylfonnamide -.as evaluated over the range of 11 to 61 mg/m3 at an
atmDspheric t~rature and pressure of 23 ·C and 761 111ft Hg using a 4S-L sarrple [1].
Breakthrough occurred "'hen a test atmosphere containing 119.5 mglm3 of dilnethylformamide was
sall1)led at 0.859 Llmin for 146 min. The front section of the si 1iea gel tube ~as found to hole;
15 mg of dimethylfonnamide under these conditions. The collection efficiency test conducted at
a concentration of 61.1 mg/m' ...s detennined to be 1.00. Desorption efficiency at 0.759.
1.518. and 3.04 mg per silica gel tube was 88.1. 90.4. and 92.2\. respectively. A storage
study for five days at 1.5 mg dinthylfonnamide per sUiea gel tube gave a recovery of 91. 7\.
OVerall ~l ing and measurenent precision. sr' "'s 0.056.
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MEn«JD REVISED BY: C. Nelm!ister. NIOSH/OPSE; S2S4 ~nd 5255 originally vaHd3ted un~r HIOSH
Contract CDC-99-14-45.

REFERENCES:
[11 Documentation of the NIOSH validation Tests, S2S4 (Dimcthylacetaml6e) and S255

(Dimethylfonmamide), U.S. Department of Health, Education, and wel(a~, Pub1. (NIOSH)
17-185 (1977). available ~s GPO Stock 1017-033-00231-2 from Superintendent of Doc~nts,

WAshlngton, DC 20402.
[2] HI0SH f\anual of Analytical Mthods. 2nd ed •• vol. 3. S2S4 and S2SS. U.S. Depar~nt of

Health. Education, and welfare, Publ. (HIOSH) 71-157-e (1917).

Table 1- Properties.

liquid ;:::;:> 1C~ i ve
density. GP t:\? VP @25°C rc:nga in

Analvte c/ml @25°C (OC) (OC) .1! mll 1-49 [C";::"l'I air . r.. v/v

C:~thylacetamide 0.9366 166 -20 170 1.3 1100 1.G to 1i.:

Dimethylfonmami~ 0.9440 153 ~O 490 3.1 ~S::o 2.2 t.e 15.2
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1 MEnO/< 1ZUI

3.669

1

2

F'KNO TIME AREA MK .. .1,1 N (.I CLINe r-,k1'it.

1 3.89 6438 lee
11l5h i

--------- -------------
TOTAL 6 .. 38 11:1&

CHROMATOGRAM

CR581 CHROMATOPAC
CnAHNEL NO 1
SAMPLE !"I 0 8
REPORT r'lO 13

?,-nw TIME H~=-H 11K .. D,'!O CONe I~ Arl E:

3. 18E. 28:>:Ob/ ..I;I~

37696rll

--------- -------------
TOTAL 285567 188

~UN1 IHLET II1F'2

-h::::;;:=r:z~=====-------"." ..... -

C..-iROMAT OG RA M

C~581 CHROMATOPAC
CHANNEL NO 1
S';MPLE NO 8
REPORT NO 12

TOTAL
:\uN1 INLET IMPl

PKl'IO

CR581 CHROMATOPAC
CrlAtitiEL 1'10 1
SAMPLE: liO e
REPORT tiO 11

CHROMATOGRAM

I ,

)

)

)

•
•
•
•



'\

•

•

DEC 181989

CO 1'1(;

,.- i i.. £

flL.£
MET HUll

1~£TH(!iJ

AREA nK lDrlO

22i:::'
223t'n

2229

c: 11 0
297i"li

MEMuRIZED

TIME

TInE

3.98

3.183

1

_________,-,·.1:·,'

TOTAL
;~..i1'l1 OUiLET IMP2

?,(NO

CHROMATOGRAM 1

TOTAL
RUN1 OUT~E:T IM~'l

CriROMAiCGRAM

CRS91 CHROMATOPAC
CHAl1tiEL tiD 1
SAMPLE 110 e
REPORT riO 14

PKHO

CR581 CMROMATOPAC
CriANNEL toIO 1
SAMe'i..E i'iO 8
REF'O~:"l" NO 15

)

•
•
•

•
•

3.182

) CHROMATOGRAM 1 i'1EI10R1Zi~
J.

TOTAL 529

4989~pnl~r <·~~.t ~.·;:~':'~i\:

N
N...
0.....
0...
'"
0-

•...,
0• --

t.1

CON(;

i~ 1LE
i1ETHOIl

52'51

A:<:EA MK :iI:-iO

7t:loni

TIME

3. 1821

PKNO

CRS81 CHROMATOPAC
C;-iAtH'iEL 1"10 1
SAMPLE !'I 0 e
REPORT NO 16

)

)

'.



­~
~-
~.
•

""..
>

11:!1:J

CONe.:

ri:..t:.
i-1t:" nO D

rILE
METHOD

791588

MEMORIZED

TIME

3.127 7915£,8
118956hi

TIME:: R";t.H MK i~:W COKe ...,... :-::.:

3.202 l)5IH~; 73.0':'c. ..
7C:::dln.., 887 2304t·~ \I C:::b. i47;,"'.

'153'::h.

iOTAl

TOTAL

;:. <_~O

:~:'81 C~ROMAiOPAC

:-A"1:'i;::L. ND 1
~~,,;o~~:'10 e
; :: :. 0 ~ i N(I 1 8

CHROMATOGRAM 1

CRS91 CHROMATOPAC
CHAHHEl HO 1
SAMPLE HO 9
REPORT HO 17

• PK1'10

»

•

•

•

•
•

•

•

•

•



r
.... r....
":"
0....

C0
w
.....
0- -

, ._. - .' .

<l
0..-......
>

.~

J>

1
E9

b..
1

~: . - ~ ... Q )
~
~

~

#

• tit.

180

·j6.o64 ..

CONC

:- ! ... ;..

;'1:::" n ij Ii

ii ... t:
i'lE THOil

Ai<EA MK .. ~t;u

4B93Ei3

48';;;303
69582f11

3.555

64312!'U
4:'955 'y'

285jrl~

1 MEMORiZED

•TIME

TIME

3.149

3.995

3.555

10 TAL

1

1

2

?KNO

CriROMATOGRAM

CR581 CHROMATOPAC
C.-IANNEL NO 1
SAMPLE NO 8
Rt:PORT 'to 2t~1

ry-====;==============-=---

CHROMATOGRAM

PKHO

TOTAL 4'3 'HI ';' 3
SCRUBBER ~ATER - D
DIl1:11

CRS91 CHRonATOPAC
CHAH"EL"O 1
SAMPLE "0 9
REPORT tiD 19

:~~';~~~:1 ,OTTO" .~~J! '-)4 t· .~, \ t .:,~.-

~"RO".TO~R." . i:~ "b~tJJ ~ .. ~ . ~ ~~:~.
UA*"I"G "0 PEAK .

I ..

t·

•

•

•

is· .



=:.h
... '
~: '~

'.. - -~

...........
0.... ...0

"".....
0- ...

...
-0
0
~...-.......

>
~

-
EB

2821

86.472<+

13.~c:76

• ,':'. i':',

COHC iH1:1£

..- 1 L.. t:
j'It:.TriCiD

':'lL.E:
11E i"HOD

26.j6~, So"
1176rll

1 nE:MOj:(iZi:D

3.223

TIME

3.661

TOT~L

2

P{!'JO

CHROMATOGRAM

TOTAL 478::.87
RUH2 INLET PROBE ~ASH

PKHO TIME: AREA MK Iii ;"10

1 3.212 4l38'~5947i'rH
2 3.649 6'+741 V

2845h.

CR581 CHROMATOPAC
Ci'iANNEL NO 1
SAt'~PLE NO El
Rt:PORT NO 22

CHROMATOGRAM

CR581 CHROMATOPAC
CHAHHE:L HO 1
SAMPLE: HO a
R£PORT tlO 21

:)CRUBBER D DUP

•

&
I I

•
•
•
•
•..
,
,
•
•
•

t



)

)

)

)

)

)

~:
)

'0
0• ."J-....
•» ...
-EB ..

_.
r_ ...;
_J

-
.... )....
w

0....
0
W
""4

0-

~---....,

~

20i.~

lee

18.6622

COI"tC

Fli..E
l"iLiHOD

'" 1 ~ t.

.1 t: i" ri -::' II

rILE
r-.c:rHuD

--;r.C-=:I:l~i'I~C;----7,i7:t1"~17E------ .- .---

31ll
252hi

1 nEMO~~Zt:D

--------- -------------
'~»,I· .. 'If'.~",~"""" .~.-....~".......~--.. ,... _._" ......~ ...

3. 183

TIME

3.183

."'.-'.'

---_......- ..~

1

T:==--__--o~ .. 1~ 5
3.762

TOTAL 31,:;9~

\J~2 OUTLET PROBE ~ASrl

:'<:1(1 TIME ARt:A :"1K ~iii';G

1 -:0 155 286'-2oJ.

327'~hl

2 -:0 762 3354 v"'.
140(.1

Pl<NO

C~5el CHROMATOPAC
C:-1ANNEL 1'10 1
SAMPi..E NO e
~::PO~T 1'10 25

1 3.221 353958· S 9&.10) .. ~

334l~hl

2 3.658 4465 'j 1.24;j~

34o~~

--------- -------------
TOTAL 358et23 188

RUNe:: INLET IMP2

CiiROMATOGRAM

:;";~OMATOGRAM

C~581 CHROMATOPAC
CHANNEL NO 1
SA"1PLE NO 8
iE::'ORT NO 24

CHAliHEL HD 1
SAMPLE 1'10 9
REPORT tlO 23

-'-1'I"p-:7K'I:IH"I'lo~---.t"'I.H'Pt---~kz;ii:~Ee:ft-"iriH1(- ~ ~;1U

- ...

'" ~ - - - - -
t.

l ;'.~"("

• {~t

t

CHROMATOGRAM 1 MEl'urt .. 2£D



.' . - .:; : .

.....
"c..'

-- • \-
~- ! -·

•
•'0

0
~ ...-N
~

> -;:?~
.," -:'.. _~ .

,1 .....1~

lbb

L-WNL.

F L ... ~
~ ET ,,,,,,.,1.&.1

,-

AR~A MK .I.UNU

l16S
184n1

5e999~ .,
7274Qhi

1 :iiMORIZED

---------

3.221

4.566

3. 144

TIME

TIME

3.185

3.144

TOTAL 3111

1

CHROMATOGRAM

PKtiO

CR581 CHROMATOPAC
CHANNE~ NO 1
SAMPLE NO a
REPORT 1'10 28

Pr<tiO

TOTAL 1;' 65
SCRUBBER BOTTOM WATER - ~

DIl1:11

CHROMATOGRAM

CRS81 CHROMATO?AC
CHANNEL NO 1
SAMPLE NO (I

REPORT NO 27

CHROMATOGRAM

CRS91 CHROMATOPAC rILE
CHAHHEL HO 1 METHOD.----'s....Q~t1wPl:.lII_E~uH ....O_ __>lQ'__ - . . ------ .....

REPORT NO 26

PKNO TInE ARi:A MI< .. ~j;U

)-

1 3.221 86 ... ",
867f11

---------
TOTAL 81> ... 4

RUN2 OUTLET IMP2

) .



'"o..

:»
:»
....J

J

J

•...
,-.

c.
'-- -.-...
.... .-....
w

0.... •0
CoO....
0- •

f:
•

f'"I·''-

.'l"Hili:. - ---------------

':1.4841

rILE:
ME"lHuD

Mt:TriUlJ

rIL.E:
i'lE. THO D

ME:MOiO;IZC::D

1 MEMORrZED

1 MEi10R I Zt:D

1
9
29

T fn £----='A....,R-=£..,..A-"'='MrnK..--...:~;,......, RT1'<O - - CuNC -

CRS91 CHROMATOPAC
CHANNEL NO 1
S';MPLE NO e
RE:PORi NO 3!

CHROMATOGRAM

PKNO TIME Ai< t:. A hK ~ ;) i'i (,; L:L'N(; 1·1Hii~

1 3.229 168433 ::O~. -"0";1

17853hi
2 3.787 28841 'of 11.811

'936hi

--------- -------------
TOTAL 18',275 i ti 8

RUt'!3 INLET IMP2

RWN3 IML£T PROB£ WA~M

CHROMATOGRAM

C~5el CHROMATOPAC
CHANNEL NO 1
SAMPLE NO 8
REPORT NO 3£1

1 3.228 366789
44741ni

2 3.798 38423 Ii
1581:1nl

---------
TOTAL 4e::.~;:;c:

~UN3 INLET IMP1-

CHROMATOGRAM 1

CHANNEL NO
SAMPLE 1"10

---R.EPORT NO
I PKHO

•

•

J

•
..
•



L I
;;:UN3 iNLET inn.

TOTAL
RUI'I3 OUTLET IMP2

t~
- ............

~, ~....
.,

\ ->\

.. 80

(;01"1(:

FILE

.i1ETHOD

18631

1063i
1266hi

1 MEnOi'.i2f:i1

3.17

8
32

3.183

TIME

3.171

CHROMATOGRAM

CRS81 CHROMATOPAC
CHANNEL NO 1

PKI'IO

SAMPLE tiO
REPORT '10

).

1-

)

)

)

)

)

CHROMATOGRAM

CR581 CHROMATOPAC
CHANNEL tiD 1
SAMPLE NO 8
RC:PORT NO 33

) ;:'.(NO TI ME Ai\~H MK .. J ,11J

. 3 . 183 236~.J.

2 .. 2hi
---------

TOTAL 2568

rILE
i1 t. '1" H0 LJ

188

\
~)

.)

.J

.J

.J

= ~



c

••

_ • _ "T"~ r-•
•-•

, •
•
•
•
•
•

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

I<

18G

nLE
METHOiJ

fILE tI
Mt.·IHU~ c.oc.J.

eueel

53816i

538761
61418nl

1 MEMOR1Zt:D

TOTAL

, . \

r
1 ME.MORIZEiJ
.~~-----_._ ....._-.

PAC

"'SPPM

CHROMATOGRAM

P K~iO TIME AREA MK iD~W CONe i"1 Hfl:'

3.221 e627<t 188
7825hi

--------- -------------
TOTAL 882!" 188

CR581 CHROMATOPAC
CHANNEL NO 1
SAMPLE tiO B
REPORT NO 36

.~A ~"._..
Lt II. 1;11

•
•

)

•

»

•
•
•
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~CRUBHBfi NUHBEk 1

'1'BS'1'ED 10/31/89

TBS'l' NUMBER L

MEASUREMEtl'l'

'1' IME

DP ACROSS SCkEEN, IN. H20

PRESSURE bELuW BED, [N. H20

FAN MOTOk CURRENT, ~MP.

VENTURi FLOW, NSCfN*

W~TER FEED, LBiHR

WATER TAKB-ufF, LH/HR

RECIRCULnTING FLOW, GPM

BOTTOMS TE~P. ,DEG. C

START

u~:-J:8

3u

39

S3~O

H1U-TE5'j,'

\J. l8

12.0

'.i0

~BOU'f ~uOO Lh/HR

ABOU';.' 2860

ENlJ

1 u : ,113

* VENTUftl FLO~l HAS NOT bEEN CALIBRA'l'BD AND IS kE~DIHG LUU. Err::;, iNL'. K:'.nl.iUj._,.:.
SHOULD BE U~iW.



1.1

SCRUBBER NUMBER 1

TES'fED 10/31/89

TEST NUt-iBER 2

HEASUREM~NT

'rUiE

.. DP nCROSS SCRBEN, IN. H20

PRESSURE BELOw Ht:D. IN. il~O

F ",N !·101'UR CUftHEN 1', ",1,jP.

VENTUkI FLOW, MSCFN*

W",TEH FEED, LB/HR

WATER TftKE-OfF. Lb/Hk

RECIRCUL",TING FLOW, GPH

BOTTOMS TEMP., DEG. C

S'l'Jo\RT

12:58

",1

5200

IHD-TEST

() . 18

)1

1 ....~

.:4 U

,dW LJl' 286u

52

EllL;

1 ....1 : :':'1'1

j1

* VENTURI FLOW HAS NO'l' BEEN Ct'lLIBHATED AND IS kEI'\Dll~G LOv/. ETS,IN,". f\L·~nJlit\....'.;
SHOULD BE USED.



I.

SCRUBBER NUMBER 1

TESTED 10/31/89

TEST NUMBER 3

MEASUREMEN'l'..
#

THiE

DP ACROSS SCREEN, IN. H20

PRESSURE BELuW ~ED, IN. H20

VENTURI FLOW, HSCFH~

WATER FEED, LBtHR

\WATEK TAKE-OFF. LEs/Hk

~CIRCULATING FLOW, GPM

BOTTOMS TEMP., DEG. C

STI\R'I'

1~:!)4

3u

39

5300

HID-TES'l'

0.20

:rO

119

5200

t'\~OU'lt 2060

!)1

END

i ..:. • _
.L _' • _.

.1U

* VENTURI FLOW HAS NOT BEEN CALIBR~TED AND IS REI\DING LOW. EiS,lliC. kEnDLNGS
SHOULD BE USED.




