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State of Wisconsin 
CORRESPONDENCE/MEMORANDUM 

Date: October 31, 1991 

To: Files 

-6 
From: Denese Helgeland - SED 

Subject: Review of Stack Test Performed at Snap-On Tools Medical Division 

I. Source 

Snap-On Tools, Medical Division 
1100 91st Street 
Kenosha, Wisconsin 53140 
FIDt 999828940 Stack #SO1 Process $PO1 
Permit t89-GDB-255 Issued: April 17, 1990 
Test Date: July 20, 1990 
Test Firm: Environmental Technology & Engineering 

13020 West Bluemound Road 
Elm Grove, Wisconsin 5 3 1 2 2  

Crew Chief: Mr. William Dick (414) 784-2434 

11. Source Description 

The source tested was Snap-On Tools, Medical Division in Kenosha. 
This facility was permitted to construct and operate a passivation 
line. Stainless steel medical devices are electropolished and cleaned 
by processing the material through tanks of phosphoric, sulfuric and 
nitric acid. 

Emissions from the passivation line are controlled by a Dual packed 
wet scrubber, rated at 2000 cfm. The scrubber sprays a caustic 
(sodium hydroxide) solution over the plastic saddles to help control 
the acid emissions. The p H  of the solution is approximately 8 . 0 .  The 
first stack test was conducted without the use of make-up water to the 
scrubber. During the second test, the scrubber spray shut off due to 
the lack of make-up water. The test was completed as a worse case 
situation. The make-up water pump was wired to run continually during 
the remainin? two tests. There were no other problems during the 
stack testing. 

11. Discussion of Results 

The test results zr: shmm belo:.;. The zverzqe ct-sphoric ~ c l ?  
emissions, after'the scrubber, was 0.0033 pounds per hour. The 
average sulfuric acid emissions, after the scrubber, was 0.0017 pounds 
per hour. And, the average nitric acid emissions, after the scrubber, 



.e, b' was 0.0015 pounds per hour. This is well below the permit limits o f  
0.159 pounds per hour of phosphoric acid, 0.144 pounds per hour of 
sulfuric acid, and 0.079 pounds per hour of nitric acid. 

RUN 31 RUN $ 2  RUN $ 3  RUN 9 4  AVG 
0.0033 Phosphoric Acid, 0.0028' 0.0036 0.0037 0.0031 

Sulfuric Acid 0.0017 0.0017 0.0018 0.0015 0.0017 
Nitric Acid 0.0012 0.0016 0.0016 0.0014 0.0015 

Environmental Technology & Engineering (ET&E) used midget impingers 
with deionized water to collect samples and ion chromatography to 
analyze the samples. A review of the stack test report and results 
was made. Minor numerical corrections were nade, in the results. 

ET&E reported the emissions rate of sulfuric acid in the first and 
fourth test at a slightly lower concentration. .ET&E had the sufuric 
acid emissions rate, from the scrubber, of 0.001 lb/hr for both tests. 
My calculations have the concentrations as 0.0017 and 0.0015 lb/hr, 
respectively. 

c: Bureau of Air Management - AM\lO 
U.S. EPA, Region V 



On July 26. 1998. Environmental Technology 8 Engineering 
Corporation personnel performed stack emission tests on 
the Dual1 scrubber installed to control the potential acid 
vapor emissions from the electopolishing and passivation 
process at the Snap-On Tools Medical Products Division plant 
in Kenosha. Wisconsin. The following table summarizes the 
tests results for phosphoric acid (H3P04). sulfuric acid 
(H2S04)8 and nitric acid (HN03):7 

TEST POLLYTANT ----- INLET ---- LOAD EHISSIONS 
LELHR LBLHR 

1 H3P04 < a .  @a4 <a.aa3 
H2S04 c n .  aaz @.ani 
"03 < a .  902 , < a . n a i  

2 H3P04 
H2504 
HNO 3 

3 H3P04 
H2S04 
HNO 3 

4 H3P04 
H2S04 
"03 

The results indicate that all emissions from the scrubber. as 
well as the loading to the scrubber. are well below the 
permit limits set by the State of Wisconsin DNR in an Air 
Pollution Control Permit. 



IRWERBUT REVIEW CALCULATION SHEET 
3 R M  4500.89 1.82 

DEPARTMENT OF N A T U R A L  RESOURCES 

PAGE O F  

M A D E  0 V :  D A T E :  

DISCUSSED W I T H  & CHECKED S Y :  

E: 5nq,-OnTbo~s -adodc,I D,,) DATE:  

APPROVED: DATE: 

2 R #  DATE:  

.. 



.IRiPER,\IIT REVIEW CALCULATION SHEET 
~ R L I  a5oo.ag 1-82 

DEPARTMENT OF N A T U R A L  RESOURCES 

O F  
a 

PAGE 



On July 2 8 .  1998. Environmental Technology 8 Engineering 
Corporation personnel performed stack emission tests on 
the Dual1 scrubber installed to control the potential acid 
vapor emissions from the electopolishing and passivation 
process at the Snap-On Tools Medical Products Division plant 
in Kenosha. Wisconsin. The following table summarizes the 
tests results for phosphoric acid (H3P04). sulfuric acid 
(H2S04). and nitric acid ("03): 

TEST POLLUTANT ----- I N L n  LOAD -___ 
LBLHR 

1 H3P04 < a .  na4 
H2S04 < o .  aaz 
"03 <a. aciz 

4 

H3P04 
H2504 
" 0 3  

H3P04 
H2S04 
HNO 3 

H3P04 
H2S04 
HNO 3 

The results indicate that all emissions from the scrubber, as 
well as the loading to the scrubber, a r e  well below the 
permit limits set by the State of Wisconsin DNR in an Air 
Pollution Control Permit. 



On Friday, July 2 8 ,  1998, Environmental Technology and 
Engineering Corporation personnel performed a stack emission 
test on a Dual1 scrubber installed to control the potential 
acid vapor emissions on the electropolishing and passivation 
process at the Snap-On Tools Medical Products Division plant 
located in Kenosha. Wisconsin. The purpose of the test was 
to determine the inlet loading and emission rate of 
phosphoric acid (H3P04). sulfuric acid (H2S04). and nitric 
acid ("03) and the efficiency of the scrubber in removing 
the acid vapors. 

The scrubber was installed to control the potential emissions 
from the process in thls facility. The scrubber uses caustic 
to control the potential emissi,ons. During the second test 
of the scheduled three-test sequence, i t  was discovered that 
the caustic spray was off due to an error in the design of 
the system. The situation was quickly remedied and a fourth 
test was performed. The process operation and test 
procedures were witnessed by Joe Perez of the State of 
Wisconsin Department of Natural Resources. The process and 
scrubber operation were monitored by Guy Bradshaw of Snap-On 
Tools. Mr. Hiram Buffington of Snap-On Tools was also in 
attendance. The field tests and corresponding laboratory 
analysis and report preparation were performed by Bill Dick 
and Mike Huenink. 

The following sections of this report document the activities 
and results of the test program. The report presents all of 
the relevant data collected and discussions on the 
interpretation of the data are provided where appropriate. 
The report, therefore, includes much necessary detail. The 
results, however, have been summarized in the SUMMARY section 
at the beginning of this report for those readers not wishing 
to be burdened by the details. 



2 . 0  RESULTS 

Four (4) tests each of one hour in duration were performed on 
this scrubber during a period of normal process operation. 
The scrubber vented the electropolish and passivation tanks 
associated with the process. The scrubber is a DuAll Model 
FW303 rated at 2000 cfm. Caustic (sodium hydroxide) was 
added to the scrubber at a pH of approximately 8.0. The 
stack flow parameters recorded during testing and the weights 
of phosphoric acid (H3P041, sulfuric acid (H2S04). and nitric 
acid ("03) collected were used to compute the emissions for 
each test of the four-test sequence. The following table 
summarizes the numerical test results: 

TEsT POLLOTANT 
1 H3P04 . . .. . 

H2S04 <O. 802 0.001 
"03 <0. 882 <0.801 

2 H3P04 
H2S04 
"03 

3 H3P04 
H2S04 
HNO 3 

4 H3P04 
H2S04 
"03 

C0.804 (0.084 

<O. 002 <0.002 
< e .  ea2 c0.002 

<O. 004 
(0.082 
(0. 0R2 

<0.004 

C0.002 
< a .  8 0 2  

p3' 
(0.0614 <0.003 ', , ,5 
<0.082 <0.001 . , b o  4 
<0.082 < 0 . 0 0 1  ts  @LI. 8' 

The results indicate that all emissions from.the scrubber, as 
well as the loading to the scrubber, are well below the 
permit limits set by the State of Wisconsin DNR in an Air 
Pollution Control Permit. 

3 . 8  C O ! m x I S  

The DNR established emission limits as fo1,lnws for the t.est 
pollutants: 

Phosphoric Acid 
Sulfuric Acid 
Nitric Acid 

8.159 lblhr 
8.144 lblhr 
0.079 lblhr 

Since the emissions from the process to the scrubber were 
well below these limits. i t  is posslble that a permit might 
not be required at all of this process. 



The equipment used to sample was a modification of the 
equipment used to sample in-plant to determine occupational 
exposures to these parameters. The sampling trains consisted 
of a teflon probe inserted into the duct and connected 
directly to three midget impingers in series through tygon 
tubing. The first two impingers were filled with 15 cc of 
distilled and deionized water. The samples then passed 
through a sampling pump and then a d r y  gas meter to precisely 
measure the sample volumes. A diagram of the sampling train 
is enclosed. The pumps were set at a nominal sampling rate 
to insure 99+ % absorption of the pollutants in the 
impingers. The sampling trains were tested for leaks prior 
.to and immediately following each test period. 

At.the completion of each test, the probe and connecting 
tygon tubing were rinsed with water and combined with the 
impinger contents. The samples were then transported to the 
laboratory where they were analyzed for phosphoric acid, 
sulfuric acid, and nitric acid using standard ion 
chromatography techniques. These weights were combined with 
the sample volumes to determine the concentrations 
(milligrams per cubic meter -mg/m3). 

The velocity, temperature, and.flow rate in the stack were 
measured using the standard procedure promulgated by the EFA 
as Method 2 - Determination of Stack Gas Velocity and 
Volumetric Flow Rate. Velocity and temperature was measured 
at 18 prescribed points in the stack and the data, along with 
the moisture content of the exhaust (assumed saturated). was 
used to calculate the flow rate (cubic meters per hour). The 
combination of concentrations and flow rates was used to 
determine the emission rates (pounds per hour .- Iblhr). 
Copies of all field and laboratory records are included in 
the Appendix to this report. 



IMPINGER SAMPLING TRAIN 

.. 
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SAMPLE EALEYLATLPNS 
for 

Single Point (non-isokinetic) Sampling 

1 .  DRY GAS SAMPLE VOLUME (Vm m3. std). std cubic meters 

Vm m3. std = G A M A * ( V r n ) w ( P b ) / 2 9 . 9 2 r 5 2 8 / T m a v g r 8 . 6 2 8 3 2  

where: GAMA = dry gas meter calibration factor 
Vm = volume of d r y  qas metered, cubic feet 
Tmavg = average meter temperature. deg R ( 4 6 8 + F )  
5 2 8  = std temperature. deg R 
8 . 8 2 8 3 2  = cubic meters per cubic foot factor 

2 .  EMISSION CONCENTRATION (EC). milligrams per std cubic meter 

EC = (mg-mgb)t(Vm m3. std) 

where: mg = milligrams of compound found in sample, 
determined from comparison to a generated 
standard curve 

mgb = milligrams of compound found in "blank" 
sampling media 

3. MISSION RATE (ER). pounds per hour 

ER = E C * ( O s ) * 8 . 0 2 8 3 2 + 6 6 + ( I I 4 S 3 ~ ~ ~ )  

where: Os = stack gas flow rate, std cubic feet per minute 
66  = minutes per hour factor 
11453680  = pound per milligrams factor 



APPEND1 X 

Field 8 L a b o r a t o r y  Data 



./ =' . Y ,  

I S T  50CI0 

UN 
000 DATA -40.. 4 4 , .  4 1 ,  . 3 R .  . 4 2 .  . 4 R ,  .4?,  . /tc?, .':;VI, ..L:6. .'r:S, . ' Z L t ,  . 45. . 4 R ,  . 413, . 47 

SNAP ON TOi:)LS SCR!)FP.ER TNI.LET TES-r 1. .!\.JL..Y ' ~ 3 ~  I.?q0 

CALCULATE FLOW 

ENTER NO OF POINTS: 16 
ENTER GAS CONSTITUENTS, X C O 2 ,  'CI2. CCI. FIT: -- X : &  7:Q. 7 ,  Q .  79. 3 
ENTER X WATER - % : Q . S  
ENTER STACK TEMP - F:76 
ENTER BAROMETRIC PRESSURE - j.n Iig:>:?.3@ 
ENTER STATIC PRESSURE - in H20:-3.5 
ENTER PITOT COEFFICIENT: .?? 
ENTER STACK DIAMETER - in:12 
ENTER STACK LENGTH & WIDTH - in, i . n : 0 * 0  

AVG RT OF DEL P = 0.52437 
VELOCITY, a f p s  = 42. 1:;XJ 
ACTUAL FLOW WET. acfni  E 1. . 9F14. 85 
STANDARD FLOW DRY. s c f m  = I .  R 8 8 .  4n 
STANDARD FLOW DRY, cu. nle . terq+ per heur = 3 ,  2C3F1.77 

I S T  50lh0 
000 DATA 
!UN 

.3?, . 45 ,  .44, .34. .40, .45 .  . (1-7. . 45!. . '::4, .:;I&. . ;?!?. . 

SNAP (!)N TOOLS SCRUP,k.ER TNL.ET TEST .I: .!1.!1, Y ';n. l . ~ ? ' : X l  

, . 4 2 .  . 4 6 .  . 4'7, . 46 

CALCULATE FLOW 

ENTER NO OF POTNTS: t h  
ENTER GAS CONSTITUENTS. 7 CrW.CI:?,  C G I ,  hl':? X : & l ,  ?Ll. .:,81, 7". 3 
ENTER 7. WATER - % : n . S  
ENTER STACK TEMP - F:7P 
ENTER P.AROMETRIC PRESSIURE i n  !W<i: 

ENTER STATIC PRESSURE - i n  H:W: -:.3m3 
ENTER P ITOT COEFFICIENT: .W 
ENTER STACK DIAMETER - i n :  <.:: 
ENTER STACK LENGTH t,: WTI;TI4 i n, i 1 1  :: 13? kl  

AVG RT OF DEL P = Q.  .A1497 
VELOCITY, a fps  = 41.$!??4 
ACTUAL FLOW WET, acfm 2 i3?7:,."zI. 
STANDARD FLOW DRY, scfm ~7 1 , 87 1. . 3 0  
STANDARD FLOW PR'Y. cn. meter5 per  hnus = :?. S.7?..7Q 



- 

., .' -: . 

5F00 DATA 
3, .80 

. S S .  .?5,1.0C?. .??, 1. nC?, 1.  C 3 l . .  39, " 8 7 , .  7 6 .  . ? 1 ,  . . , I  1 .  37 . .  ,'.9,. 67,. 5 b ,  .54,. 6 

CALCULATE FLCW 

ENTER NI-1 OF POINT.5: 18 

ENTER STACK TEMP - F:73 
ENTER RAROMETRT i F'l?F?S!!.;IlRr' .. i I '  t ic i  : .::9. 30 
ENTER STATIC PREI.;C.IIPII .- i n  !i';!!.J: I (8'3 
ENTER P1TI)T C!:tEFFTC.IENT:. ?? 
ENTER STACK DIAMETER - i n :$?  
ENTER STACK LEPJGTH & W I mi - j. n . j I t  ; ' 7 ,  'I :2 

i0e0 DATA 
'0 
IUN 

.95. . ?6 ,  . 97 , .  9 2 ,  .88. I 9?. I 7.7:. I S R ,  . 72: .  I .5&. ., &:-15 I S.7:. .RO. . 6 i , .  30, .50,. h i ,  

SNAP ON TOCILS SCRURRER i:il. ITI..I:::'1' -r 

CALCULATE FL.0W 

ENTER NO OF POINTS:18 
ENTER GAS CONSTITUENTS, ;! C W  ,..-,Cr?l.NZ 6-1'7 - % : @ , 2 @ . 7 , m , 7 1 . 3  
ENTER 7. WATER - %:2 .9  
ENTER STACK TEMP - F : 7 5  
ENTER RARISMETRIC PRESSURE -. :i.n tig::::C:.Xl 
ENTER STAT1 C PRESSlJRE - i n li;!?:~: . 101 
ENTER P I  TOT COEFF I C I ENT : . '7'? 
ENTER STACK DIAMETER - in:f;l 
ENTER Sl-AC.K I.LENGTI-1 & W T WTb -- i n ,, i II : ' 7 .  1 .:: 

17 



i T  5000 
'G1 DATA 
I 

. 4 Q ,  . 4 4 ,  . 4 1 . ,  .3R,  . 4 2 ,  . 4 R ,  . 4 V ,  . 4R,  . '2:GL. . .26.  . '::5, . :!/t, . 46.  . L t R ,  . 4 0 , .  47 

SNAP ON TOOLS SCR?JBP.ER JNI-ET TEST 1. ,TI.IL..Y 

CALCULATE FLOW 

ENTER NO OF POINTS : I, 6 
ENTER GAS CONSTITUENTS, 7 C<C:.i:i:;i:, Cvl.F.lS! '/.:G1..:T'0.7.,~,.,79.:1 
ENTER % WATER - % : Q . S  
ENTER STACK TEMP - F:76 
ENTER RARC)METRIC PRESSURE - 1.n Hg:,1?.30 ... ~ ____ 
ENTER STATIC PRESSURE - i n  H2r:r:-3.5 
ENTER P ITOT COEFFICIENT: .99 
ENTER STACK DIAMETER - i n : i 2  
ENTER STACK LENGTH e! WIDTH - i n ,  i n : 0 . 0  

STANDARD. FLOW DRY. sc fm = I. PM!. 4 0  
STANDARD FLOW DRY, cu. meters p e r  tiour = 3 ,  3 3 R .  -77 

, .. . ST 5000 
IDPJ DATA - 3 9 ,  . 4 3 , . 4 4 , . 3 4 , . 4 0 . . 4 5 , . c 7 ,  . 4 0 ,  . 24 , .2by . ' ? !5 . .  , _ I . .  . 4 2 , . 1 + & ,  . 4 ' 7 , . 4 6  
IN 

SNAP ON TOOLS SCRUP.RER INLET TEST 2 ..!11I.Y :?Gl. I . V ? " I  

CALCULATE FLOW 

ENTER NO OF P 0 T N T S : l h  
ENTER GAS CONSTITUENTS, 7. C W 2 , W ! ,  Ct?,N'~I: -- X : C ? , ' ; : : C ? .  7 , V I , . 7 r ? . 3  
ENTER X WATER -. %:PJ.S 
ENTER STACK TEMP - F:78 
ENTER PAROMETRIC PRESSlJRE -- j n I-lg::?O. 3 3  
ENTER STATIC  PRESSURE - i n  t-l:;:Cl:....3.5 
ENTER P ITOT COEFFICIENT:  . W  
ENTER STACK DIAMETER - i n : ' [ =  
ENTER STACK LENGTH .?! WI l iTH i n ,  in:CI.I? 

AVG RT OF DEL P = L3.61907 
VELOCITY, a fps  = 41.!374 
ACTUAL FLOW WET, acfrri = 1,974.21 
STANDARD FLOW DRY, scfm = 1,P71..3I? 
STANDARD FLOW DRY, CLI. meters per hoc!r' = :3 ,  1.79. -70 



000 DATA 
8 
UN 

.e&,. 98,. 94, .?it,. 92. .W, .*&, .%A 

SNAP ON T m L s  SCRIJP.F.ER - rFs  

CALClJLATE FLOW 

ENTER NO OF PlIl T NTS : 1 9 

- . 3 4 , .  i b ,  .712.. %, .84, .70, . S 5 ,  . S 5 , .  6 4 , .  

7 JUI ...Y .::e, t?YQ 

ENTER GAS CONSTITUENT'S. i: CC;!'::. (:I.;::* Ckl ,  N::? - : : , :O,,  
ENTER % WATER - %::1.8 
ENTER STACK TEMP - F : 7 4  
ENTER EAROMETRIC PRESSI.JRE - i.n Hq: 3. ic? 
ENTER STATIC PRESSURE - j.n t1','0: I IC?) 
ENTER PITOT COEFFICIENT:.  04 
ENTER STACK DIAMETER -. i.n:i;l 
ENTER STACti LENGTH $< W I D'1'1M .'.. j n . i. n : 7 ,  1 :I:. 

AVG RT OF DEL P = @.?0!9h 
VELOCITY, a f  p s  = be. 7 3  
ACTUAL FLOW WET, acfm ":? 1.25" 3P 
STANDARD FLOW DRY. scfm = I', met!. L7.3 
STANDARD FLOW DRY, cu. rreters per  tiai.ir 7: 3,399. n 1. 

lk 

i000 DATA 
75 
7UN 

. @4,  .95, . ?4 ,  .94 ,  I 92.  . ? h .  . v!? . . c?k?, ,914, .?5, .7'; ~ . E!'? . R'+. . -:e, .1)4. .55, . bh. . 

SNAP ON TOCrLS SCRUP.EER I 'T..E'r l - E ! 3  ~i LJCII..Y '2!ils 1 V'+@ 

CALCULATE F L O W  

ENTER NO OF POINTS: 18 
ENTER GAS CClFJSTITCIENTS. X CC';::" ! . ca?. bI.2 - % : 0. 'zm. 7 ,  @, 7 9 .  3 
ENTER % WATER - . i : Z : . D  
ENTER STACK TEMP -_ F:74 
ENTER BAROMETRIC PRESSIJRE "- i.n IHc :  '7q. 3@ 
ENTER STATIC PRESSURE - i n  t -L?:I :  .. I t? 
ENTER PITOT COEFFICIENT: .'X' 
ENTER STACK DIAMETER -- I ENTER STAC.1.i L.EP.IGTN IJ,U)TW -- i n : ? ,  J ~ 2  

AVG RT OF DEI ... P = m.F!SS?.~i.Cl 
VELOCITY, a f p ~  . =  hGln 4?5 

STANDARD FLOW DRY, scfni = 
ACTUAL FLOW WET, acfrri = 2 ,  1 I.!>. 9s 

STANDARD FLOW DRY, CU. rrv?tPrs per  hour = 3 >  396.39 
1 I 992.93 

Ok 



FIELD SAMPLING DATA 

P N I R O N M E N T A L  TECHNOLOGY 8 ENGINEERING CORP. 
13828 West. Bluemound Road 
Elm Grove. Wisconsin 53122 

4 1 4 - 7 8 4 - 2 4 3 4  
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.C' ' . '3 

FIELD SAMPLING DATA 

Meter Rdql Flow 
m Time ---- !3?e%%%L Rate Mrnuts.s 

Meter Rdgi Flow 
R2tametcr Estc Minutes 

3 . 3  3 
7.q 4 

, 

3 I k  6 

13828 West Bluemound Road 
Elm Grove. Wisconsln 53122 

4 1 4 - - 7 8 4 - 2 4 3 4  
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P o m t  
1.0 1 
I. a 1-2 
5 .  3 3 
7.9 4 

* . 'I 1 
- '  f e -  - 1  .... '1 . .~ . . : 1- ... t ?) 4 1 .  

I !. 4:"- 
, .>..\ .A .I:- 

6 

I . . *<  .I . ........ ..... 



FIELD SAMPLING DATA 



LABORATORY ANALYSIS REPORT n NEITLS150 
Natlonal Lo- Contml %wlce Corporatlon 
Long Grove. llllnols 6OM9-0075 
(708) 540-2488 Fax (708) 5404331 

DIVRK)NMENTAL SCIENCES LABORATORY. K.2 

AW#yBIS REOUEBTED 

NITRIC ACID 
P " 0 R I C  ACID 

SLFmIC ACID 

T O  

-0GY 

I OSlM KMM ID-127 EQIJIVALMT 
09HI\ KMM ID-111 EWIVALMT 

OSlM KMM ID-113 EWIUALMT 

REPORT DATE . ?be 1m 
SAMPI..ES REC'D , . .-&:.-23!2??!?- 
REOUEST NUMBER 1 3 2 4 s  

PAGE NIJMBER 8 OF REOUEST. 

C38 
ClB 
C17 

(38 
(19 
(17 
Cb 
(17 
C 16 

CM c 18 
C16 

(35 
21 
C15 
c41 
C20 
c10 

C3E 
(19 
C17 
c 37 
ClB 
C16 

1 

co. 62' co. 30 
(0.27 

co. 9'' 
(0.26 
CO. 23 
co. 50 
(0.24' 
(0 .22  

co.54. 
(0.26 
(0.24 

.- 

co. 37 .- .' 

0.23. 
CO. 16 
( 0  -30 
(0.24 
(0.277 

( 0 .  -!j 
C0.24 ~ co. 22 
co. 42 
co. 20 L .ou\  
CO. 19 L . O U  I 




