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removinr excess carbon dioxide from submarine atmospheres
ns carried out on the submarine Haddock as a part of
Operat'.on Hideout. Operation Hideout was carried out to
determ4.ne the maximum carbon dioxide concentration that
persczel could withstand 0ver long periods of time.

O eration Hideout was begun early in 1953 after
several months of preparation and required a means to
remove excess carbon dioxide in order to maintain its
content. in the atmosphere at the desired value. The
causti. process served this purpose excellently and,
in addi.tion, removed smoke and odors to a remarkable
dogree according to submarine and medical officers who
were fumiliar with submarine conditions.,

The attached report covers the data and information
obtained on the caustic unit which was operated during
Cperat..on Hideout.
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L. F. Stu Director
Project 1e
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ABSTRACT

Operation Hideout took place from January 19, 1953 through March 19,
1953. This operation, organized to study extensively the prolonged ex-
posure of personnel to high concentrations of carbon dioxide, utilized
the caustic scrubber for the removal of exceab carbon dioxide. This
scrubber, developed by Northwestern Technological Institute, was in
operation during the "closed up" portion of the operation, between Janu-
ary 27, 1953 and March 10, 1953. since the carbon dioxide content of the
air in this operation was higher than the design basis of the scrubber
(1.5% compared to 1%) and the personnel was less than a regular submarine
crew, the scrubber was operated lAtermittently.

The installation was a succesc in that the desired carbon dioxide
content of the air wag. ma tained at the debired 1.5% value.

The scrubber operation was as expected. It removed carbon dioxide
at an average rate f 9.77 pounids per hour at an average caustic utiliza-
tion of 9C.3%. Tho re~oval rate and caustic utilization was expected to
be higher than th-t talues obtained for 1( carbon dioxide in air. This
increase in caustic utilization at tiiebe condtionb would permit a
greater than 12% decrease in the requirei caustic storage. The absence
of odors and cigarette smoke in the submarine wa commented on by Navy
personnel familiar with submarine operation, and this cotndition can be
attributed to the scrubber.
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CAUSTIC PROCESS

CARBON DIOXIDE IRE'"OVAL SYSTEM

OPERATION HIDEOUT

Reported by

Bo J. Sollami
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* INTRODUCTION

Operation Hideout was initiated to bring closer to realisa-

tion exact knowledge of the carbon dioxide concentrations which

personnel might be able to withstand when exposed to it for

extended periods@ This information is necessary in order to

design accurately equipment to control the carbon dioxide concen-

tration of the atmosphere of a submarine.

The era of the perfect submarine is fast approaching. Up to

the present time a limitin, factor in submarine submergence was

the power availability within the submarine when completely sub-

merged. Submarines are electrically powered and when submerged

obtain their power supply from storage batteries which require

frequent recharginr for which the submarine must surface. Since

the submergence time was limited by power, the limitations on

length of submergence by personnel was often not critical. The

development of power sources, particularly nuclear, has reached

a stage where the power source on the submarine will no longer be

a limiting factor for governing the submergence time. With this

recent development in atomic research, the atomic-power submarine

will have a continuous supply of energy for operation and there.

fore it will be capable of staying submerged for long periods.

This development has progressed to where two nuclear powered

boats, Nautilus and Sea Wolf, are under construction.

With the realization of a perfect submarine the human

factor becomes critical. What are the maximum concentrations

CHEMICAL ENNWEEPING LASORATOR, 4MWCAL 6NGINCERINS 0~7R07 T, MQRTHWE1TRN wu$Vgt".ry



RES 64- ED

of various constituents in air that humans can stand? Carbon

dioxide is one of the principle constituents that must be

stnclpd to determine the concentrateon that personnel can

withstand. Since personnel renerate carbon dioxidethe

leoncentration can quickly build up to a point where the

personnel are adversely affected. Pifgure 1 shows the time

required for the concentration of carbon dioxide to reach

a given value in an isolated space. Parameters are shown

for various values of free volume available per person. In

Operation Hideout the free volume per person was appro:zimately

1000 cubic feet. This plot is ba3ed upon the carbon dioxide
generated by a nerson exhibiting moderate movement, sitting,

or movement of arms and head as ii desk activity with only

occasional walking.l)A slee-ing person would generate car.

bon dioxide at a much lower rate so that the daily average

generation rate (night and day) is sliglitly lowae.

The normal concentration of carbon dioxide in the

atmosphere is 0,03%. While it is possible to maintain the

atmosphere in any closed space at this low carbon dioxide

concentration the equipment renuired to perform the task

would or could be tremendous. Such would be the case in

a submarine containing 60 to 100 men or more.

The equipment required to remove excess carbon dioxide

increases in size as the tolerable concentration limit is

decreased. It is therefore desirable to maintain this

upper carbon dioxide concentration as high as possible.

The upper oconentration limitations have been studied by
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medical personnel for some t"ie and-.ridications that the

upper limit was lfwere now beln2- verifed. Operation

Hideout was then desi~ned to voz1fy on a comprehensive scale

this mnaxium carbon d"Loxido conccntration.

In order to obtain the valuc of t'-'s :~u carbon

d~oxide concentrationi, vi:ilch cu t.nbe used for des-',n

piirposos on carbon dioxtdr, re oval r~uheton future

submarines, arran'e-ionts vaore mukfor t-iii i~ca Research

Laboratory to carry out, the reen.-ary tost.

Onerstion .iideout was taus I'nsjtitutcd by the '1ed-cical

Researc- Laboratory at thei o'. S. I.:aval Su,,bmanen 7,ase at

Now London, Connecticut. Th"is workc ;,ras very success~itlly

orp-anized and carried out udrtecori-vad of Co~riin-er

C-crald Je Duffner, 'AC, USN, c rf~zcr in char:-e of the

Medical Research Laborator-Y.-i ThO roject offlcer for ','e

test was Lt. 'Pierce 'L. Ncy.-an C, TS7, rwhose tlre less

efforts were responsib."le- for t:-ic succ ,zsof the test* Lto

Newman prepared aiid coordinated tho detaills, set the ex-.

periment In operati~n and suporvised Its execution* Lt.

Newman was very ably assisted by Chief Torpedoman's "Tate

James D. Evans, USN, as viell as havin:v, the complete, cooper.

ation of the volunteers, workint7 details, and all the other

medical officers and men who wiore ln ,olvod with Operation

Hideout.

The test Itself required t.haL the carbon dioxi-de con-

centration be kept f'rom buildin.- up above l. ±O.). The

caustic unit wras ca'nable of doinr this. The unit was

~CEMICAt ENGINEERING LABORATORY, CHIEMCAL ENIERING OEPAMYN, 14ORT#I1WESTIRN UNIVERSITY



available and could be installed quickly and adapted easily

although it had not been engineered for actual installation in

a submarine. Lt. Commander F. M. Fellows of the Office of Naval

Research arranged for the use of the caustic unit for this test.

Upon the completion of the arrangements to use the caustic

unit for the removal of carbon dioxide, a conference at the

United States Naval Submarine Base at New London between the

Medical Research Laboratory and Northwestern Technological Institute

was arranged to work out the details of the scrubber installation.

This conference in November, 1952, was arranged for the purpose

of determining the availability of equipment, materials, and

supplies required in the installation of the carbon dioxide

removal apparatus. The means for obtaining needed materials when

such were unavailable for purchase or loan on the base was deter-

mined. The availability of utilities was also determined. Other

details of the test were discussed and what the proposed plans

for the test were as of that date.

Late in December of 1952 final plans were formulated and

rigging of the submarine for the test was initiated. On Decem-

ber 29, 1952, Mr. Sollami, a representative of the Chemical

Engineering Laboratory of Northwestern Technological Institute,

went to Nw London to follow the installation and operation of

the caustic carbon dioxide removal system.

The test was to be carried out aboard the submarine

U. S. S. Haddock (S8231). The submarine was not chosen

CHEMICAL ENGINEERING LABORATORY, C44EMICAL ENGINEERNG DEPAR lENr, NOATHWESTERN UNIVERSITY



to simulate conditions aboard a submarine but principally

because it provided a very satisfactory test chamber. To

build a chamber a large expenditure of $30,000 or more

would have been required, whereas the adaptation of the

submarine resulted in a very modest expense. It was orig-

inally planned to moor this submarine in the Thames River

alongside pier 13. These plans were subsequently changed,

and the Haddock was moored outboard of the submarine tender,

Proteus. This resulted in considerably more effort and

inconvenience in carrying out the test but was a necessary

navy procedure. A work barge was then moored outboard of

the Haddock; the submarine thus was between the Proteus and

the barge. The barge served as operating base and a storage

depot.

Only five of the nine compartments of the Haddock, a

fleet type submarine, were used in the test. Reading from

bow to stern the five compartments were as follows: forward

torpedo room, forward battery compartment, control room,

after battery compartment, and forward engine room. The re-

maining four compartments were isolated from the test com-

partments. The free volume space in the test section was

estimated at approximately 23,000 cubic feet.

For the test 22 seamen and one medical officer, Lt. Com-

mander Ralph E. Faucett, the commanding officer, were sealed

in the submarine in these five compartments for sixty days,

January 19, 1953 to March 19, 1953. Without carbon dioxide re-

moval equipment in an Isolated space of 23,000 ou. ft. with 23 men

CNHEMICAL ENGINEERING LA01ATORY, C44EMCAL ENGMERING DEPAtRTIENT, NOmTmWES1ERn UNIVERSITY
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generating carbon dioxide at a rate equivalent to that

associated with moderate movement the carbon dioxide

concentration would reach a value of 1.5% in approximately

14 hoursil)This can be seen from Figure 1. In the Haddock,

in addition to the 23 volunteers, were white rats, ruinea

pigs, physiological and psychological testing equipment, and

the atmospheric control equipment. All this was housed in

the five compartments of the Haddock which were used for this

experiment.

In the determination of the effect of the 1.5% carbon

dioxide atmosphere many medical examinations were required.

These included the physiolorical, psychophysiological, psycho-

logical, and sociological tests. The medical aspects of the

test were the sole responsibility of the Medical Research

Laboratory at the New London Submarine Base, whose activities

were guided by the Project officer, Lt. Newman, under the

command of Cammander G. J. Duffner. This medical phase will,

of course, not be discussed in any manner in this report.

The public interest of Operation Hideout can be

shown by the large amount of publicity which it had received

during and after its completion. Figure 2 is an example

of one of many news releases which emanated from this ex.

periment. This article appeared in The New York Herald

Tribune on Wednesday, February 11, 1953. The importance

of determining the maximum allowable concentrations of car-

bon dioxide for prolonged exposure is brought out in the

article.

CHEMICAL ENGINEERING LASORATORY, G#MIGAL ENGINEERING DEPARTMENT, NORTHWESTERN UNIVERSITY
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Underlined in the news release is t1-ie staterient about

thre equipment used to remove tlhe e-aibori dio-,Ade frolm the air*

This equipmnent was desi-,ned, built, anc1 1spboratory tested

ror the Office of~ Naval Research by th-ii laboratory, and

Oocrqtion Hideout afforded the opportunity to dem"ontrate

the effectiveness of the process. Tt 's this equimrent, as

underlined in the news release, nnd its onreation during

Operation Hideout which is the substance of this report.

Thisj oqiiinrient had been desi-ned for the Office of

Naval Research to ro-,ove 7.5 pounI. of' carbon dicxide per

hour from an atmospn u're having- P cncc.-tration of l'; carbon

dio.ide. '.ththe excention of tlie 1,ilot ras compnosition,

w"" ch *s 1.51% in t-o test, and other fqctors which It directly

affected, the Llnit was operated according to the desigt-

speci!'tcations.

B~ecause of t, 1e r'.ore ri'-orou,. dosi--.n requirc.-ionts o0"

the unit and because, the nurmber of w~l as 2" (instead or~

the normnal cormlerent of about ;10) the carbon Oioxitde re-

moval rate would be too r'reat and the carbon dioxide con-

tent of' the air would be too low f~or t.1his tent. This re-

quired axlifary controls to turn the scrubber on when the

carbon dioxide concentration reached a certain level and to

turn the scrubber off vhre'n the carbon dioxide concentration

fell below a cortain level. Thio ,lans called for controJllin

the carbon dioxide concentration at l*.3'O0l%,but the oleo-

troxlic ,!ear actually controlled much n-ore accuratoly than

this. A1ovazSoe for' human error in Vic calibration of the

CKME~.: ef:0vw t.0ATO6y, OKEA 41#OPRhR 1 IRhgT~ tWRT



Instrumlent would still rnainta~n tais acur'acy,

The oquipmerlt arranoigo:::nt rndi It pos siblo to control thie
carbon citoxidoe contont at an-y reasonallle c once nt-a t'on that
'li~'ht have been degirode Tho o.::y.,Pn w~as controlled at 2.t*'o,
anid the ca~rbon dioXide contont wa~s controllnd atlO.j
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EQUIPMENT AND INSTALLATION

The installation of the caustic process equipment aboard

the Haddock was begun on December 30, 1952.

Caustic Process

The caustic process equipment was designed to remove 7.5

pounds of carbon dioxide per hour from an atmosphere having a

concentration of 1% carbon dioxide. This rate of carbon dioxide

removal was based upon the theoretical exhalation from a full

complement (approximately 80 men) of a fleet type submarine during

its actual operation.

Detailed design specifications for the caustic unit, oper-

ating data, and operating curves are presented in this project's

previous report.(3) This unit, developed for the Office of Naval

Research, is a non-regenerative type carbon dioxide removal

apparatus. In non-regenerative systems either the absorbing

materials can not be reused or it is more expedient to discard

the materials rather than to go through another process which may

be very complex, intricate, cumbersome or uneconomical to prepare

the materials for reuse. Such is the case with the sodium carbon-

ate formed when carbon dioxide reacts with sodium hydroxide in

the caustic unit,

Por this non-regenerative system there is an 8P% utillsa-

tion of the sodium hydroxide when the unit is operated according

to the design conditions. The operating characteristics for tho

I oaustio system are presente4 in Table, I.

These operating conditions wore very closely followed by

the unitas installed for Operation Nideoutv The oondition



Table 1

OPERATING CHARACTERISTICS FOR THE CAUSTIC UNIT

Air rate 0 lb. mQo14 lr

b o om at 80o7 aM
750 mm. Hg.

Liquid recycle rate 6o gpm.
caustic (28.5%) feed rate 59.6 lb/hr.
Water feed rate-.theoretical 121.1 lb/hi'.

net (Doenrds on humidity)
Effluent liquid rate 186.7 lb/hi.
Defoamer rate 1 fluid ounce/hr.

Presurej
Toweir operating pressure 1 atma.
Pressure drop in tower 9 inches 1120

Comogji~g(Theoretical)
Air In1 %Co

Air out 0.8 %Co
Liquid feed (composite) 2.5 N NaM

Nil Na CO
Effluent liquid 0.5 N NaOH2  3

2.0 N Na2 CO 3
CO2 removed from air 7.5 lb/hro

Caustic utilization 8so

4 NMC~ ~em AS7~,0I~LIIWKW ~PU~~9~~RE



that were not duplicated included the compositions of the

inlet air and effluent air and the composition of the effluent

liquid streams. The composition of the inlet air durinr this

t,- st was lo carbon dioxide instead of 1"1 carbon dioxide.

This chanpre In condition then resulted in changed conditions

for the outlet air comnosition and effluent liquid composition.

An increase Tn the carbon dioxide content of the air fed

to the equipment hermits the system to operate with a hir-her

drivin- potential which results in an increase in the carbon

dioxide absorption rate. Thus, the scrubber, which was designed

to remove 7.5 pounds of carbon dioxide per hour with an Inlet

carbon dioxide concentration of LO, should renove carbon di-

oxide at a rate above 7.5 pounds per hour with an inlet carbon

dioxide concentration of l.5.

If' the flow rates of the air and liquid streais (including

the caustic feed solution) are not chanred, t-As increased

carbon dioxide absorption rate .:ill take place which will in

turn increase the utilization of the caustic to greater than the

t0% value.

Location of Scrubber

it was desired to locate the scrubber in an inconspicuous

place where it would not interfere with the conduction of the

tests by the medical personnel. In addition it was necessary

to locate it where it could be conveniently connected to the

ventilation system and without altering the boat's structure.

It was also desirable, but not necessary, to inatall the unit

where It might be observed and anyimproper operation noted.
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The nossible alternate locatlons for the carbon dioxide

removal equipment and the methods of conn.lctinP- the system

were discussed at the November meetinr. The simplest and

easiest installation was desired, because the installation

was temporary and the allotted installation time was short.

In the early plans Rs discussed in Uovember, the forward

tornedo room wasn't included in the test compartrments, and

therefore the scrubber and blower were to be located in the

forward enrine room. For the connection of the caustic unit

it was planned to have the inlet to the unit's blower and

the exhaust from the unit tied into the same duct of the ship's

ventilation system. The carbon dioxide rich air was to be

drawn from a point slightly unstrean from the point at which

the carbon dioxide lean a r wqs to be returned to the duct.

This is illustrated in Pifure I.

Late in December when final plans were bein- rormulated,

the plans cqlled for the carbon dioxide and oxygen control

equinment to be placed in the forward torpedo -oon %,rh!ch

would then be a pArt of the test space of the Haddock. The

final decision to use the 'orv:ard tornedo room as a part of

the test space and to house the control gear in this com.-

part.ment permxitted the scrubber to be installed also in this

compartment. The installation of the scrubber here was

advantageous an several counts. It permitted the watch of

the control gear to observe also the scrubber operation. The

installation of the equipment was siaqSLfed*, The work space

was larger permittina more freedom for P"0 aroud the
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equipment for observation. Access to the scrubber direct

from the top deck was now possible, and the scrubber could

be inspected without the necessity of passing through the

remaining test compartments.

Eauipment Repuirod

The equipment required for this installation can be

divided into two groups. The primary group consists of the

equipment required to accomplish the desired results. This

would include that which would be requtred in a regular,

routine installation. It would include the absorption tower,

the recirculation pump, and the caustic feed flow controller.

The secondary group would consist of equipment needed

because of the temporary nature of the installation. Also

the improvisations and equipment required to observe or

measure the operation to demonstrate its action more accurately.

Source of Eguipment and SuDlies

The major items of equipment such as the absorption tower,

proportionating feed pump, defoamer, liquid recirculation pump,

blower, and other equipment which might be needed in the test

were shipped from Northwestern Technological Institute. Much

of this equipment was borrowed from the facilities of the

Chemical Engineering Department. The equipment shipped from

Evanston is listed in Table 2. Also included in this table

are pertinent materials and supplies needed for the test.

It was determined at the November meeting that supplies

such as pipe, pipe fittings, sheet metal, duct work, and ele-c.

trical supplies othor than those in Table 2 could be procured

~~~*CA. ~ ~ ~ ~ ~ ~ ~ V vsW4EL ~-rTPYOjIA W-J,~f~TW1S ~*~T
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Table 2

MATERIAL SHIPPED FROM NORTHWESTERN TECHNOLOGICAL
INSTITUTE FOR USE IN OPERATION HIDEOUT

Identification
Q u m tl t~ r D e scr ip t ion A er 1

2 Transfer pumps Ch EP55
1 Hills MCanna proportionating pump ChE P51

Cli z P1334
1 Portable lightning mixer Ch E M
2 Displacement water meters C E N3
1 Recycle pump Ch E 35

Ch EP39
1 Blower (U. S. War Dept. No* 50870) N E 8
1 Hasting airmeter Ch EA23
1 Flowrite airmeter Ch EA23
1 Carbon dioxide regulator Ch E R119
2 Schutte Koertins rotameters Ch B R80

Ch Z R641
2 Manometers Ch E 85A

1 Electric timer Ch E Tli
1 Absorption tower

Defoamer
8 No. 2 . 16" x 25" x 2" fiber glass

dust-stop filters
8 cu ft Berl saddles
5 Disconnect switches

5Starters .o..
3 Tower blower adaptors

2", 1/2", and 1/" piping and valves
GogglesI Pair rubber gloves
Dust masks ...•.oo*

25 Cotton pad refills for masks
80 100 lb. drums sodium hydroxide

C$4E~A&w~~wuw .w'~w, "~.~wwvutv*ON
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through the stores at New London and would therefore not have to be

shipped from Evanston.

The electrical equipment which was available for use In this

teat required either 220 volt or 110 volt 60 cycle A. C. current,

It would have been undesirable to purchase direct current motors

specifically for this teat because of the coat and time required

for its procuremnt. This became unnecessary because the Haddock

had boon stripped of its batteries and power was to be fed to the

boat from shore installationse

The exact equipment required for the process was unavailable

in many cases so that oversize equipment was used and throttled to

produce the proper characteristics* The air blower was an example

of such equipment. The blower used was considerably oversize*

Scrubber Installation

To install the scrubber it was necessary to cut it and reweld

it inside the boat. The scrubber and the other auxiliary equipment

which were installed are illustrated in the flowsheet, Figure 1.

This included all equipment of both groups, the primary group

needed for a standard installation, and the secondary group needed

to demonstrite its operation and to Improvise for ths temporary

Installation.

The air was pulled from the ventilation system by the

blower# forced through the scrubber and entraimuent separator

and back to the ventilation system. The carbon dioxdo was

removed from this aiz stream by the caustio solution In the

serubbeo. lb. Intimate contact requir d between the caustic

solution sad the air is acomplishied by circulatipg, tb* solUtion
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the bottom with the recycle pump and feeding it back into the

top of the scrubber throurh a liquid distributor.

To rerlace the cauistic wh-c> has been used, fresh caustic

is fed into the system. The caustic solution comes from the

temporary caustic and water supply tanks and is fed into the

system by metering pumps. A flow meter (FM) is also placed

in this feed line to verify the flow rate.

The used caustic solution flows out of the scrubber

throu7h an overflow on the sump. This could be pumped directly

to the sea, or let flow to one of the tanks or to the bilge

and pumped out periodically. This installation utilized a

small waste tank and a centrifual pump. The waste tank level

was controlled by a liquid level controller.

The equipment installed inside the submarine in the forward

torpedo room consisted of the scrubber, blower, recycle ptmp,

discharge pu-ip, waste s'ump tank, disulacement liquid rioter, and

nanometer. All these items were rlaced just forward of the

after bulkhead and sonar gear on the port side (left side) of

the forward torpedo room. This equipment covers an area

approximately 9 feet long and 2 feet wide.

Compactness of the equipment for this set-up was not re-

quired or desired. The installation was temporary, because

the authorities did not permit any changes in the submarine

structure. A4 a result the equipment was spread out in a

long narrow band. This allowed more space in the middle of the

compartment for personnel traffic. Pigures 5, 6, 7, 8# and 9

show different views of the installation of this equipment in

(.iEMICA- ' ,INEERING LABORATORY, CHEMICAL ENGINEERING DEPARTMENT, NORTHWESTERN UNIVERSITY
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the forward torpedo room. The scrubber was placed on the

platform deck with the deck plate removed. T uis was done

so that observation could be maintained on the other equip-

ment which had to be installed in the space below the unit.

This is clearly shown in "irures 9 and 9. The blower shorwn

in Pinure 6 was bolted to stronf-backs which in turn were

anchored by clamps to the platfoinm deck supports. This blower

was also mounted on rubber pads in order to decrease any

vibrational noises.

The capacity of the blower shown in this fiure exceeds

considerably the air flow rate desired for a carbon dioxide

scrubber. This process would require a blower similar to

the battery blower, but none were available for this test.

No blower of the exact size was available at. Northwestern

Technolo:ical Institute. However, for the temporary install-

ation this large oversized blower was used and throttled to

the proper rate.

A manometer was connected to the inlet and outlet of the

tower. This was used as a measure of the air flow through

the unit. It could also be used as an indicator for detecting

any excessive foaming of the solution within the scrubber,

detecting any stoppages in the fiber glass dust-stop, or

detecting any other operational problems. It was mounted in

the front of the scrubber and is visible in Figures 5, 6, and 7.

A top view of the space below the platform dock on which

the scrubber was placed is rmore clearly shown in Figure 8.

This figure shows the recycle lines to and from the scrubber,

CHEMICAL ENGINEERING LABORATORY, CHEMICAL ENGINEERING DEPARTMENT, NORTHWESTERN JNIVERSITY
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the liquid lvel control for the surmp on the scrubber, and the

waste liquid tank with the float type liquid level control.

Figure 9 is a picture of the same below deck area directly

below the scrubber suowing the space limitation in which the

recycle and waste discharge pumps and waste tank were installed.

In the background of this figure the waste discharge tank is

faintly visible.

Figure 5 is a view of the scrubber and the electrical

power panel from which the unit operated. The equipment

mounted on this panel included disconnect switches, starting

relays, motor starters, an electrical timer, and an analyti-

cal time delay relay.

The air lines to the inlet and outlet of the scrubber

and the liquid inlet line are shown best in Figure 7. These

lines were installed for functional use only with what matorials

were available. The winding nature of these ducts would not

be desirable or necessary in a regular installation. The ducts

very excellently served the purpose of conducting the air

stream between the ventilation system and the scrubber.

The air supply to the carbon dioxide scrubber is essen-

tially similar to that originally proposed with the exception

that the connections are made at the terminals of the ship's

venilation system. The connections to the supply main can be

seen in Figure 7. The main is continued and opens behind the

chain fall. A damper in this line near the outlet controls

the air supply to the forward torpedo room. The outlet from

the entrainment separator is looped back in order that it could

CHEMICAL ENGINEERING LABORATORY, CHEMICAL ENGINEERING DEPARTMENT, NORTHWESTERN UNIVERSITY



29

be connected to the ventilation exhaust main. This is tied

into the exhaust ventilation main in a manner similar to the

connection to the supply ventilation main.

Both the waste discharge stream and the feed solution

liquid stream go to the outside of the boat through a dummy

hatch. These lines can be seen goinz to the hatch, which is

visible in the upper left hand corner of Figure 7. The feed

solution soes through the displacement type water meter located

on toD of the carbon dioxide scrubber and then to the unit.

This meter is shown in Figures 5 and 7.

With the exception of the control equiment the above

is the entire equinment which was installed in the forward

torpedo room. Some of this equipment was installed for test

purposes and will not be required on a final unit.

Caustic Storage and Method of Feed

It was determined at the November meeting that the 28.5%

caustic feed solution could be stored either on the pier or on

the work barge. Prom there the solution could be pumped by a

proportionating pump into the Haddock to the unit through the

high salvage line. With these plans it would have been necess-

ary to run a flexible line between the barge and the submarine.

To insure that the line would remain intact during shifting

and to insure that the line would not freeze would have re-

sulted in difficult but solvable problems.

As the final plans became formulated in December it was

deemed possible to store the caustic solution on the bow of

the submarine. This was much more convenient. This storage

CHEMICAL ENGINEERING LABORATORY, CHEMICAL ENGINEERING DEPARTMENT, NORTHWESTERN UNIVERSITY
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was, of course, a temporary measure for use in this test only.

The feed solution could be stored in several manners in a re-

gular installation.

The concentrated solution of caustic could be mixed as it

was needed on the boat or else the entire supply could be mixed

and stored as such. For the former method the pure sodium hy-

droxide must be stored inside the sub:narine as solid and a sol-

ution made with sea water durin - the time the caustic unit is

in operation. The mixin o" the concentrated caustic aboard the

submarine would require additional equipment and a strict enforce-

ment of the safety requirements. This would be similar to hand-

ling the carbon dioxide abscrbent presently used aboard subma-

rines. The storage o1 the solid sodium hydroxide and the addi-

tional mixing equi-,ment w.ould require space inside the subma-

rinep and the actual mixing aboard the submarine would be un-

desirable. In the latter, the solution can be mixed aboard

submarine tenders or ashore with fresh water or sea water whichever

was accessible. This solution can then be stored in a ballast

tank or in plastic bags, both of which do not affect the avai-

lable space inside the submarine. There are probably other

possibilites, but up to date the storage in plastic bags appears

to show the greatest promise.

The use of plastic bags for stowage was based on the con-

dition that they be placed outside the pressure hull of the

submarine in the free flooding main ballast tanks which are

between the pressure and outer hull and are senarated by light

athwartahip bulkheads. These plastic bags would be manifolded

C HEMILAL ENGINEERING LABORATORY, CHEMICAL ENGINEERING DEPARTMENT, NORTHWESTERN UNIVERSITY
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together so that the 28.5% caustic solution can be drawn from any

one or all of the containers. In this way the storage of the

solution would not require any space which is so vital inside a

submarine. The caustic solution in the bags being exposed to sea

pressure could be easily utilized by allowing this pressure to

force the required solution into the scrubber. This matter of

storage is discussed in greater detail as to the structure, con-

struction, and arrangement of the plastic bags in this project's

previous reports. (2,3)

However, since the installation for Operation Hideout was a

temporary one and was for only a short duration, the use of the

plastic bags for stowage was not warranted. Instead, the more

temporary arrangement of using large metal tanks was adopted.

The sodium hydroxide and the dilution water tanks were placed on

the bow of the Haddock forward of the forward escape trunk hatch.

The caustic solution strength was 28.5%, which is the strength

that is proposed to store the caustic in plastic bags.

The freezing point of 28.5% sodium hydroxide is 3"C below

the freezing point of water, or -3"C. If the caustic solution were

stored in plastic bags, it would be surrounded by sea water. The

coldest sea water is about -2c. (5 ) Therefore, the concentration

of the caustic was so chosen that the solidification of the solu-

tion would occur below the freezing point of sea water.

The water to be used in this process would normally be

drawn from the sea. This could have been done in this test

CHEMICAL ENGINEERING LABORATORY, CHEMICAL ENGINEERING DEPARTMENT, NORTHWESTERN UNIVERSITY



" 32

hut would rossibly have resulted in problems due to the debris

in the rivor. This is not serious itnce strainers could have

been nvovided and cleaned, but sinceeven a temporary interfer-

ence in the cirbon dioxide content of the air might influence

tho nedical tests and would be undesi'able, it was decided to

use clean water. To insure an adequate supply in case of an

inter"iption of service from s':ore installations, a holding

tan% for a reserve was provided. Other problons such as plug-

ring of the line Atue to freezin, also influenced the choice

of usln- a storage tak heo bett-r -.ntrl cou1', be main-

ta-Ined.

The storage tanks used Por the liq zids were available

in the salva-e c2enot at New London and were utilized because

o^ their accessibility :rt'-r than for the purnose for which

they were -!ntendcd. These tanks had to be altered to allow

for dralnqie and for heating facilities to be installed.

Pi.-ure 10 shows a view of the top deck installation including

the two storage tanks. The lar'er of the tanks appearing in

the backrround was used for caustic storage and the other for

water storage.

Provisions were necessary to Teep the solutions in a 1-

quid state for the duration of the test. Since these liquids

were exnosed to the cold winter weather, arrangements were

necessary to keep the caustic and water in the storage tanks

from freezing. Steam was admitted directly into the water

tank since the condensate could be used as dilution water,

For the caustic solution, however, the steam was Introduced

LH fMiCA t NGINFERING LABORATORY, CHEMICAL ENGINEERING DEPARTMENT, NORTHWESTERN Ul IVERSITY
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into coils which were installed in the caustic storage tank,

and the condensate was discharged overboard.

Installed next to the storage taiiks were the metering

pumps (driven by a single notor). In this temporary instal-

lation the metering pump was used nrimarily to meter and con-

trol the flow since the head of the tank would have been suf-

ficient to provide the flow. This netering pump could and

would normally be replaced by a flow controller. The pump is

seen in Figure 10. The proportionating pump Is equipped with

an air Come to rive a cushioning effect to the flowing liquid

stpeam and is equipped with a pressure relief valve downstream

to insure the proper flow when the pump is operating. The

choice of putting the feed pumps near the feed tanks rather

than inside at the unit had no special reason. With instal-

lation on the top deck, one, instead of two, lines had to be

steam traced, and the noise of the pumps which was not a ne-

cessary function of the unit would not be imposed unnecessa-

rily on the personnel. The proportionating pump was kept warm

by wrapping two loops o flexible piping around it and covering

this with a wooden bm.

The transfer lines from the tanks to the pump were traced

with 1/2" copper tubing through which steam flowed. Both of

these lines were wrapped together with h" wide canvas strips

in order to insulate the warm lines from the atmosphere. The

wrapped lines from the tanks to the pump and the flexible pip-

ing can be seen in Figure 10. The transfer line conveying the

feed solution from the pump to the dummy hatch was similarly
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wranned. This line then proceeded through the dummy hatch to

the liquid displacement meter on top of the caustic unit.

Control Equipment

Since the continuous operation of the scrubber would have

resulted in a carbon dioxide concentration much lower than the

desired value it was necessary to make provisions for preventing

this situation. It could be accomolished by any of the follow-

ing methods.

1. Run the scrubber continuously and introduce extra

carbon dioxide from tanks to take care of the excess capactly

of the scrubber.

2. Run the scrubber continuously but at operating condi-

tions much below design specifications.

3. Run the scrubber intermittently and maintain the con-

centration between narrow limits.

The generation rate would not be constant throughout a

twenty-four hour day because of the variation in the activity

of the personnel. The entrance and exit of the medical teams

and observers resulted in an even more variable total generation

rate.

The second method was not a desirable one because it would

give no true indication of the capabilities of the scrubber.

Also because of the variations in the carbon dioxide generation

rate, it would be very difficult to follow the generation rate

with the re:oval rate. The time lag would be great and the

ability to maintain the carbon dioxide concentration at exactly

CHE MICAL ENGINEERING LABORATORY, CHEMICAL ENGINEERING DEPARTMENT, NORTHWESTERN UNIVERSITY
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the 1.5% level would have been difficult. The carbon dioxide

concentration would tend to fluctuate over a wide range.

The first method would require the consumption of consider-

able carbon dioxide from the tanks, about 6 pounds an hour,

or about 6000nounds for the test.

The third method had the most desirable conditions and was

the method actually used. This method called for intermittent

operation of the scrubber. The turning on and off could have

been done manually whenever the concentration so indicated that

one or the other should be done. It could also be done automa-

tically by electronic controls. These permit the concentration

to be controlled over a finer range and permit a much more re-

liable control in that they eliminate the human error.

The electronic equipment used in Operation Hideout for

controlling the atmosphere of the submarine at the proper level

of carbon dioxide was installed on the starboard side of the

forward torpedo room directly opposite the scrubber. Figure 11

shows most of the equipment# particularly the Gow Mac carbon

dioxide analyzers and the Brown continuous balance potentiometers

Just a small portion of the equipment shown was used for control

of the caustic unit. The oxygen content was also controlled and

provisions were included for adding oxygen as needed and for

even adding carbon dioxide if the concentration became too low.

These were all controlled by this panel.

The equipment for controlling the carbon dioxide content

consisted of a Gow Mac analyzer, a Brown potentiastor, and a

Liston Becker carbon dioxide analyzer. The two Gow Mac units,

CHEMICAL ENGINEERING LABORATORY, CHEMICAL ENGINEERING DEPARTMENT, NORTHWESTERN UNIVERSITY
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only one of which was used, are seen on the left in Figure 11, and

the necessary drying and ascarite U-tubes are below it. Three

potentiometers, the middle one of which was used for the scrub-

ber control, are located on the right. The Liston Becker is not

visible in the figure.

The Gov Mac analyzed the air stream and sent a weak signal

to the potentiometer, which responded to this signal. If the po-

teniometer deviated from the limited range for which it was set,

the scrubber either started or stopped, depending on which end

of the range was crossed. This hookup had a tendency to drift.

The Liston Becker instrument was used to calibrate the Gow Mlac -

Brown combination, and the Liston Becker was in turn calibrated

with standard gases.

The Gow Mac operates on the thermal conductivity principle.

The air was drawn from the ship's ventilation supply main at a con-

stant rate of 5 cubic centimeters per minute. A Stedman pump aid-

ed in pulling this sample at the desired rate from the duct and

through the instrument. This air stream must be dried and this

drying Is accomplished by passing the stream through indicating

silica gel in the U-tubes pointed out in the figure. The dried

air is then passed through one side of the Gow Mac instrument.

After this passage the air must be stripped of its carbon dioxide

and redried before passing it through the other side of the instru-

ment. This is done by passing the air stream successively through

U-tubes containing indicating scarte and silica gel. The dry

carbon dioxide-free air is then passed through the other

side of the Gow Mae* The difference in thernal conductivity
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of the air stream under these two conditions sets up an ale-

trical direct current signal of very small magnitude.

The signal from the Gow Mac was sent to the breaker-type

amplifier in the Brown potentiometer. The potentiometer ampli-

fied the electrical signal. The output from the amplifier

operates a control motor which drives the indicator arm as

seen on the face of the potentiometer in Figure 11. The small-

east division visible in the dial of the potentiometer was equi-

valent to approximately 0.01% carbon dioxide (o' the main divi-

sions between numbers was approximately 0.O% carbon dioxide).

The range of the potentiometer can be set so that as the arm,

which indicates the composition, moves out of the range a m-icro-

switch Is operated which then activates the necessary switches

for the scrubber. The equipment was sensitive enough to con-

trol the carbon dioxide concentration at 1.5±.03%. Due to the

drifting tendencies the actual sensitivity would be less accu-

rate.

This tendency to drift was corrected by periodic checks

with a Liston Becker instrument. The Liston Becker is an

infra red aualyzer. This analyzer was first calibrated with

two gases of known constant composition. The carbon dioxide

content of the boat's atmosphere was then determined and if

a drift in the Gow Mac - Brown system had occurred, the instru-

i ment was reset* This consisted of resetting the Brown for a

new scale range that corresponded to the proper carbon dioxide

content range. These Liston Becker analyses were made once an

hour when possible. The instrument performed double duty and
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was not always available.

Electric Power Connections

The power required f'or the scrubber installation included

110 volt and 220 volt alternatinr current. This power, in fact

all power on the boat, was supplied from shore installations.

The elotrical equipment involved on the scrubber included the

feed pump (110 volts), recycle pump (220 volts), overside pumps

(220 volts), blower (220 volts), overflow valve (110 volts), and

timer (110 volts). All equipment was connected through switches

directly to the power suoply. The overside oump switch was ac-

tuated by a liquid level controller in the overflow sump. All

other switches were actuated by electrical si.nals from the Brown

potentiometer. These connections are siiown in Figure 12. The

solid connecting lines represent power supply wires, and the

dashed lines represent wires carrying electrical control signals.

The delay switch is necessary because of the liquid holdup

in the oacking. ,,hen the eq ipment is shut down, this holdup

volume drains down into the sum and must be held there to per-

mit efficient onerition when the scrubber is next started. lVhen

it is necessary to start again, the recycle nump starts first,

redistributing this solution through the packing. This arrange-

ment eliminates any low utilization of the caustic solution and

prevents the air from picking up solution from a hip!h liquid le-

vel in the sump. These two effects are minor, however.

The switches were all located on a panel visible in Vijure 5.

On the top row were (1) the main disconnect switch (220 volt, 3

phase) for the scrubber which controlled all power except t4at to

-HEMICAL ENGINEERING LA9ORATORY, CHEMICAL ENGINEERING DEPARTMENT, NORTHWESTERN UNIVERSITY
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tho 110 volt tranarormer, and (2) the .901 to 1000 minute eloc.-

trical timer (110 volts). In the second row were (1) the start-

ing relay switch f'or blower, feed pump, and timer, and (2) the

disconnect switch (220 volt, 3 phase) for the transforner which

is the 110 volt, sins-le phiase source* In the third row were (1)

the waste pump starter switch (220 volt, 3 phase), (2) the adjust-

able time delay relay (0-120 seconds), and (3) the recycle pump

starter switch., --n the bottom row was the starting relay switch

for the recycle pump.
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EXPER IMENTAL PROCEDURE

Operatioli Hideout

Th 1 duration of the operation was from January 19, 1953

until 'larch 19, 1953 or a total of 60 days. All personnel and

equi-inent were on board, and the te3t "-ot underway at 0915 o'clock

on January 19. VentilatIon v'ii.h the outside atmosphere was main-

tained until 1100, January 27. 11hrint: this interval the carbon

dioxide concentration of tho slbmarine air was essentially the

sane as it :s in the nor'qal atmosphere. At 1300 o'clock on

January 27 the outside hatches were closed, at which time the

submarine atnosphere was essentially isolated. The carbon dioxide

content of the submarine at:iosphero began to build up, reaching

the control content of 1.5 at 2000 o'clock. From this time until

the ship's ventilation was again opened to the outside atmosphere

this isolated air was recirculated through tho submarine. The

excess carbon dioxide which was generated was removed, and the

oxygen wh'ch was consumed was replaced, but the nitrogen, argon,

and any other inert gases recirculated essentially unchanged

throughout the isolation period.

At 2000 otlock on March 10 the ship's ventilation was again

opened to the outside atmosnhere. The personnel were then breath-

ing essentially carbon dioxide-free air again. At I400 o'clock

on March 19 the test was completed, and the personnel left the

boat.

The scrubber was used durinp the period January 27 through

March 10 when the atmosphere was isolated and the excess carbon

dioxide had to be removed.
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%poration Prenaration

After the equipment war, Intallod, the prellrilriary testing

consisted or' insuinr that all ciuiprir.nt ope ratelI that the lines

rere clear, and that prorner onpr, '-- con~litions Could "'P atta.ined

and naintainedo

The s trong caus' t-c nlalu':on wals r. i m In 311 rciont quantity

to last for thp entire tosit. The ar7ount riade up was f-'(,030 pounds,,

which quantity onlyr Partially fuldt*,e tank~ useoU "or the storage*

All o,' this caustic made -in was not --ed durin;7 the test. Approx-

imately 60oo pounds rema~ned to be disposed of at the end of~ the

test.

Opera tion

The operation of the oqui,. ent was quite simple. Since the

scrubber was turned on arid off at "lie proper time by the electronic

equipment shown in Firure 11, the req1uired work consisted of --or-

iodic ins'-ections to verify the pronor operation, making rdIng-s

and taking, and analyzin;- sa.--nles to Ilotorrmine the exact carbon

dioxide removRl rate.

The operation of the scrubbir consisted of intimately con.

tactinj the air and caustic solution by passing them through the

1 inch Berl saddles in the scrubber. The carbon dioxide reacts

with the caustic solution accordizir to the following reaction and

Is re-ioved from. the air*

CO + 2NaOli ---> Na 2 r%03  12 0

The fresh sodium hydroxide solution (295N) is metered into

Ithe scrubber at a constant rate by the proportionating pumps*

These pumps wore calibrated and set to deliver the proper amount
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of water and 2%5% caustic solution. The volume of the diluted

solution was checked by a displacement flow meter. The flow

meter reading was actually less accurate than the calibration

of the feed pumps. It served best to check against failure in

the feed line such as a freeze w. ich might either drastically

reduce the flow or hold valves open and permit aii excessive flow.

After reacting with the carbon dioxide, the spent solution flowed

out the overflow and was pumped overboard. In passing tnrough

the scrubber over 80t of the sodium hydroxide has been converted

to sodium carbonate.

Readings taken durino the test included (1) the meter reading

on the feed stream, (2) the reading of the electrical t imer, and

(3) the nanometer reading of the tower Dressure drop. The carbon

dioxide content of the air in the ventilation system as determined

by the Liston Becker and the carbon dioxide content of four com-

partments as determined by the Dwyer were also recorded.

The meter reading checked the feed pump operation. The timer

reading indicated the time the scrubber was in operation and the

time of operation of the feed purips. Ihe recirculatin7 pump always

operated 30 seconds before the rest of the equipment went into

action, and it was the latter time which was iportant and which

was measured. This time was the scrubber operating time which was

used to determine the carbon dioxide removal rate per hour. It

was also the time used to measure the operating time of the feed

pumps and thus the feed volume.

The manometer measured the pressure drop of the air stream

though the scrubber. After setting the air rate on a properly
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funetioning tower the manometer could be used to detect pluggage

in the entrainment separator or of the packing (increase of AP),

a pluggage of the liquid distributor (decrease of AP), an exces-

sively high liquid level in the sump (an increase in AP), and

several other possible o'ourrenccs.

Samples of the liquid solution fed into the scrubber and of

the ffluent solution leaving t.he tower were taken at frequent in-

tervals. Quick approximate analyses were nerformed immediately

aboard the submarine. I'hese analyses were also used to check the

oneration of the feed stream. A variation in the sodium hydroxide

normality woild Indicate trouble due to :'reezing in either the

water or the caustic reed solution. A -'ariation in the carbonate-

hydroxide ratio in the effluent streai would also indicate a plUg-

gage in the line of either solution or of both solutions.

The samples for precise analyses rere taken to the laboratory

on the barge. 1hese i.nalyses were used to deterx-ine the carbon

dioxide removal rate effected by the scrubber.

The carbon dioxide removal rate could also be obtained by

the air analyses, but the method was more difficult to carry out

and was considered to be less accurate than the liquid analysis.

In addition the conditions of the tower are more iifficult, if

not impossible, to determine from the air analyses alone.

The only difficulty durinx' the test was in the feed of the

caustic solution to the scribber. Tiis was due principally to

freezing of the lines. The pumps should have a discharge

head greater than the suction head. Pressure control valves placed

downstream of the pump were susceptible to failure. This all re-
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suited in the precautions to check the feed streams*

L'icqiid Analyses

The compositions of' the so1t.tions were determined by both

a'iproxirnate and precise analyses for different purposes, as pre.

viously described.

The precise analyses were made in the analytical soace pro4-

vided on the work barge. A seanan was specially trained to carry

out these analyses, and the technique was frequently checked by

the eiilLineer who duplicated the analyses.

Thes classic-al metnod f'or a voltumetric analysis of a strong

base contaIning4 carb nate was followed. The normality of the

hydroxyl ion, carbonate ions and t'heir sum, the sodium ion nor-

mality, were determined*

Into a clean Erlenmeyer flask (250 nml) a measured portion

of' the liquid sanple was pipetted. To this was added a solution

of ba~u chloride in excess of' the theoretical amount required

to react with the carbonate ion and reniove it as a preciiitateo

The solutior v~as Lhen diluted with distilled water and two drops

of phenolphthalain indicator were added. '!be supernatant liquid

now contains essentially no carbonate ion. This slurry is then

titrated with standard hydroclilor..c acid (ca.O.1N) until color-

less. Tho aydr,..xidoi ion has thion been neutralized, but the car-

bonate Is still intact as the solid barium carbonate*

Two drops of methyl orange indicator were than added and the

titration continued until the solution color changed from yellow

ito oranges During this second addition of hydrochloric acid, the

barium carbonate dissolves and reacts with the acid and carbon
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dioxide is liberated. The solution is thalboiled to expel all

the liberated carbon dioxide w~ieh has remained in solution.

Durin- boiling the solution will chan;ce color back to yellow.

After cooling the sulutiong the titration is continued until the

solution agn7in tirns orange. At this point all the carbonate

ion has been neutralized, and the resulting carbon dioxide has

been released from the solitlon.

TIhe normnalities oif hydroxide, carbonate, and sodium ions

present in the original samnple can then be determned from the

nor'~ality and volume of hydroccloric acid used and the volume

of the original sainple. The hydroxide normality is detemined

from the amount Of acid reqired to reach the phenolphthalein

end pointp the carbonate normality from the acid needed to reach

the methyl orange enid point fromn the phenolphthalein end point,

and the sodium normalit., from the total quantity of acid used.

"'he com-positioziaof the Inlet and effluent liquid streams were

then used to determine thle amount of carbon dioxide removed by

the scrubber.

The results of these analyses were precise, and as a result,

required considerable t 'mo. This delay was too long to be use-

ful in deter-Uining the operating conditions of the scrubber. As

a consequences therefore, a quick, abbreviated analysis was made

when needed so that any trends in the operation of the caustic

unit could be more closely followed. These were carried out in

the forward torpedo room. In these analyses the sodium ion oon.

centration was of principal interest. Approximate results* whioh

were satisfactory, could be obtanod quite rapidly by titrating a
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sample to the methyl orange end point without the addition of

* barium chloride. From these titrations any major changes in the

concentrations of the solutions entering or leaving the scrubber

could be imnediately detected, and the adjustments could be made

as necessary.

Pump Calibration

The pump for the feed solution was a piston type positive

displacement pump. Its discharge rate could be varied by the

length of the piston stroke. The discharge volume could be cal-

culated directly from the piston displacement and a knowledge of

the slippage. The discharge ratesat various piston displacements

were determined by measuring the discharge. This was done by

measuring it both by volume and by weight.
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TREATMENT OF DATA

All the pertinent data are tabulated in Table 7 in the

Appendix. Each page represents the data of one day's operation.

The information presented included the readings taken, the analyses

of the submarine air, the analyses of the liquid samples, the cal-

culations of the carbon dioxide absorbed, and the carbon dioxide

absorption rate.

The operating time of the unit is an approximate indication

of the carbon dioxide removal rate or the carbon dioxide generation

rate. The cumulative operating time for each day is thus plotted

vs. the time of the day. These are Figures 21 through 62 in the

Appendix. An average for all days of the cumulative operating time

of the scrubber at each hour of the day was determined, tabulated

in Table 3, and plotted in Figure 13. Similar averages were pre-

pared for weekdnys only, Figure 34; weekends only, Figure 15,

Saturdays only, Figure 16; and Sundays and holidays only, Figure

17.

The breakdown of these data between weekdays and weekends was

made because the personnel were on "holiday routine" on Saturdays,

Sundays, and the one holiday. The results were expected to be

somewhat different between weekdays and weekends. These data are

all listed in Table 3.

The carbon dioxide absorbed presented in Table 7 were based

on the amount of caustic solution passing through the scrubber as

measured by the liquid flow meter and the concentration of the
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Table 3

CAUSTIC UNIT AVERAGE OPERATING TIME

Time of
Day Caustic Unit ODeratiR Tim.

Sunday& and
All Days Week Days Week Ends Saturdays Hundays

(42) (29) (13) (6) (7)

O'clock Minutes Minutes Minutes Minutes Minutes

0100 8.2700t~ 0.00 010 00 0000
ooo 8.27 8.34 8.13 9.20 7.21
0200 14.77 14.5o 15.37 17.79 13.30
000 13.67 19.17 20.78 22. ? 9.2020 2.26 22.08 25.89 1
0500 27.81 27.20 29.18 27.00 31.03
o6oo 31.99 32. 0 31.46 29.75 32.93
0700 8.26 3.8 A88 32.20 37:7
0800 45.50 0 4083 526 4.60
0900 -53 51.02 47.25 8.36 54.87
1000 7o.14 .06 4.73 .7 65.oo
1100 85.15 9 .11 0.81 50.7 69.42
1200 96.48 111.90 68.55 61.03 75.00
100 1099 125762 7623
1400 12"-24 141.56 75-54 8.24
1500 137.73 158.91 83.93 96.08
16oo 1f:.46 178:.8 1:oo.3 92.5? 107.117010o 195O18.78 lOO.7715-17o14.5 115.64
1800 180.05 207.00 119.92 109.2k 129.07
1900 193.43 221.61 130.58 121.46 138.40
2000 205.95 234.38 142.5j 132.71 150.96
2100 216.03 24.94 153.7 143.88 162.22
2200 226.27 254.98 164.3 154.82 172.66
2300 235.08 264.*7 171.80 162.46 179.80
2400 244.48 274.614 179.52 167.76 189.6o
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carbonate ion as obtained in the analysis of the liquid effluent.

The equation for obtaining these values is shown in Note 3 on the

first page of Table 7.

A more rigorous determination of the amount of carbon dioxide

absorbed was measured by the amount of solution passing through

the scrubber and the amount of conversion of the hydroxide ion to

the carbonate ion as obtained in the exact analysis of the liquid

effluent. The net feed solution flow was determined from the pump,

the operating time, and was adjusted for evaporation losses and

leakage past the pump when such existed. The total operating time

for each day, the total carbon dioxide absorbed each day, and the

carbon dioxide absorption rate for each day are tabulated in Table

4*. A plot of the carbon dioxide absorbed each day is plotted vs.

the date in Figure 18. Also, a plot of the carbon dioxide absorp-

tion rate vs. the date is presented in Figure 19.
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Table 4

OPERATING TIE AD C02 ABSORPTION

DAILY SUTMARY

Date Operatinrg Time Carbon Dioxide Absorbed

Total Rate

Minutes lbs lbs/hr

January
28 32. 19 65.33 11.90
29 312:4 51.59 q.§0
30 2,3 .28 20.94 5.16
31 121.10 7.9o 3- 5

February
1 140.05 9.73 4.18
2 245.5 31." o 7.65

325 8.89225.3 1 3.68.4 0

211.13 2774 7

-1739
8 187.59 26.6; 8.51
9 241. 35 27.08 6.74

10 168.13 20.31 9. 40
118123 33.05 10.91

12 290 .25 53•32 1.l02
229.72 41.16 1o. 75
138.69 24.77 10.72

278.97 45.67 9.82
17 130.18 53.48 9.72
18 311.82 51.00 9.81
19 262.07 41.14
20 279.74 46-04 9F21 207.58 35.13 10.15
22 170.62 31.10 10.95
2 229.06 39.56 10.37

301.87 5o.16 9.97
281.h) 17.8o 10.1

28367.1 0.62 9.9?
27 3.06 5511 10.232821450 39.36 10.99

March
1 224.62 4o.65 lO.87
2 275.15 50.75 11.06
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Table 4 (cont.)

OPERATING TIME AND CO2 ABSORPTION

Date Oeratinm Time Carbon Dioxi e Absorbed-
Total Rate

Minutes lbs lbsAr

Mar h 334.57 56.21 10.07
320033 52.66 .

0 2~34~ 37R2105
7163.07 27.58 10.14

8 23 8.06 38.10 9.60
9 1 6.67 5521 ?.55

10 312.43 h4.11 8.52

Total and rate (all days) 1632.37 9.77

Total and rate (weekdays) 1274.21 99

Total and rate (Saturdays,381692
Sundays,, and Holidays)92

Total and rate (Saturdays only) 152.13 9.0

Total and rate (Sundays and

Holidays only) 206.03 9.31
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I
INTERPRETATIONS OF RESULTS

An observation of Figure 13, the cumulative operating time

of the scrubber vs. the time of the day shows a low operating time

and thus a low carbon dioxide generation rate between midnight and

0800. About 0600 the scrubber operating time begins to increase

until 0900 at which time it reaches its maximum operating time per

hour. This maximum operating time is maintained until 2000 o'clock

at which time the operating time begins to decrease. This pattern

is even more pronounced in Figure 14 which is for weekdays only.

The operating time is nearly constant throughout a 24-hour

day on weekends as shown in Figure 15. When the weekends are

separated into Saturdays and Sundays, it is found that it is princi-

pally on Sunday that the rate is nearly constant throughout the

24-hour period. It is interesting to note that the rate is high

between midnight Friday and 0200 on Saturday, after which it tapers

off rapidly and is maintained at a low rate until 0900 when the

rate increases aguin.

The amount of carbon dioxide absorbed each day is presented

in Figure 18. The result of low activity on weekends is, of

course, reflected here also. Sundays fall on February 1, 8, 15,

22, March 1 and 8. Saturdays and Sundays generally show a lower

amount of carbon dioxide removal, which reflects a lower amount of

carbon dioxide generated. The test ended at 2000 on March 10, so

the value for that day does not represent a full 24-hour period.

The rate of carbon dioxide absorption is shown In Figure 19.
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The low values obtained through February 9 can be attributed to

analysis difficulties. The preparation and standardization of

an acid, and the training of an analyst were problems in this

period. Data obtained for later dates, the accuracy of which was

more exact, indicatesthat these early values are undoubtedly low.

Since no means were available for adjusting these values, no

attempt was made to do so.

The average carbon dioxide removal rate for the 42 days was

9.77 pounds per hour. This is higher than the 7.50 pounds per

hour which the unit was designed to remove from air with 1% carbon

diaxide. A higher value than 7.5 was expected and the test veri-

fied the exact value of this rate. The rate over the last 27 full

days was 10.6 pounds per hour. The high absorption rate at a higherl

per cent carbon dioxide in the air was indicated in a chart in a

previous report,( 3 ) though the value presented there was conserva-

tive.

A result of the increased absorption was an increase in the

conversion of the caustic to the carbonate. This was a result in-

directly attributed to the 1.5% carbon dioxide content of the air.

The conversion ncrmally ranged between 85% and 944, while it would

have been 80% if the unit had been operating under the original

design conditions. This result was also expected.

An exact average of the conversion of the caustic would be

difficult to obtain without many more analyses of the liquid

effluent. Rowever, a weighted average was obtained by weighting

CHEMICAL ENGINEERING LAOOATORY, NMICAL. ENGINEEING 0EFTMUNTs NORTKWESTERN UNIAVRSITY
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the percent conversions for each dayls liquid analyses to get a

daily weighted average. The weighted average percent conversions

of caustic for each day are listed in Table 5 and are plotted in

Figire 20. The simple overall average was obtained by averaging

the daily weighted averages, and the weighted overall average by

averaging the weighted percent conversions. The averages are

respectively 87.4 and 90.3%. The values of the weighted daily

averages and the overall averages are quite accurate since the

percent conversion varied over a narrow range throughout the

test.

The chain of interacting influences reach a stabilized point

at which the tower operates. The amount of carbon dioxide absorbed

depends on the value of Kga, the mass transfer coefficient, and

the driving potential, (&y) M in the equation

N - K aVP(ay)m

where N is the pounds of carbon dioxide absorbed per hour, V Is

the scrubber volume, and P is the total pressure of the system.

The increase in the inlet carbon dioxide concentration from

1% to 1.5% would tend to increase the amount of carbon dioxide

absorbed, N, by 50%. With no change in the rate of feed of the

caustic solution, the percent conversion would increase. As the

percent conversion increases, the value of the K a decreases.
g

An absorption increase slightly less than 50% would thus be expected,

The K a could be maintained constant by increasing the feed rate
g

of the caustic solution so that the conversion of hydroxide ion

to carbonate Ion was the 80% design figure. The first procedure

CHE"MICAL ENGIWERING LABORATORY, C1(M1GAL 9ONGEEOING DEPARTIMNT, NOtT"h9$TERN UNIVERSITY
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Table 5

CAUSTIC UTILIZATION

DAILY WEIGHTED AVERAGE

Date Utilization Date Utilization

Percent Percent

January February
28 88.8 18 88.0
29 89.4 19 86.9
30 90.2 20 88.8
31 95.9 21 90.

February 9. 2296.7 9
2 1.0 2 89.29 7.2 2j0o.6

92.3 287.2
87. 27 86.3

6o.4 28 86.9
7 8.9 March
8 86.0 1 85.2
9 88.2 2 91.9
107 90.5
11 70 0.112 7t.7 587.7

768 89.5
75.2 7 92.1
75.7 8 93.9
87.2 9 93.2

17 88.8 10 90.9

Simple Overall Average 87.4

Weighted Overall Average 90.3
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was followed since it was felt the additional increnne in carbon

dioxide absorption would not be as important as the increane in

utilization of the caustic.

The average amount of carbon dioxide removed pir lay (15.9

pounds) does not equal the previously determined amou.i- o- carbon

dioxide that 23 humans would generate (4 ) in one day (-'0.7 -)Dunds).

If only the data between the dates 2/11/53 through '/./ 1 3 aro ,qed,

which are considered more reliable, the average car -on dioxide

removed per day is 43.9 pounds. These values are shcown In Th, ,le 6.

There we several factors in this operation wh:r,. .

account for the deviation:

(1) The average activity of the personnel may . lov:r t-ian

that required to generate carbon dioxide at the ave.a,-, r.-i:.

(2) There may be exchanpe of air with the outg.2f il'r.

(3) There may be leakage due to a slight prosqsur, ,d'er-ntial

between the submarine interior and the surroundings.

Item one can undoubtedly account for part of thbt de-.iat',on.

During weekdays only, when the activity was probably at more

nearly the average rate, the average carbon dioxide rrioved during

the whole test was 43.9 pounds per day. During the 27 days from

2/11/53 through 3/9/53 the average carbon dioxide removed was 49-4

pounds per day. These values are respectively 6.8 and 1.3 pounds

less than the accepted rate.

The generation rate of one person at root was given ns 0.50

cfh ( l ) or 33.8 pouns pew day for 93 asn. Activity on weekends

might bettor be comp aed to this value The avorage carbon dioxide

ABOJATORY, Q1EWAiL kw~~tONG DE~ITUW. MORT- s~f4 WVRS'
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removed per day over weekends was 27.6 pounds (average over whole

test) and 32.9 pounds (average over period 2/11/53 through 3/9/53)-

These values are respectively 6.2 and Oe9 pounds less than the

previously determined value.

A source of carbon dioxide loss would be present if the boat

pressure was slightly greater than the outside pressure and there

was a leak. The carbon dioxide loss would depend on the rate of

this leak. This leak could not continue very long without equal-

izing the pressure or requiring that more air be supplied to the

inside of the submarine. Since nitrogen would also be lost in a

leak, added oxygen along could not compensate for the leak since

its feed rate was govorned by the percent of oxygen in the sub-

marine air. Either nitrogen or air must also be supplied to the

interior of the submarine. The carbon dioxide loss would depend

on the 3e ak rate, and if the leak rate was uniform, the carbon

dioxide loss would be fairly constant. The figures arrived at by

various assumptions for the carbon dioxide loss during weekdays

and during weekends are about the same and might be accounted for

in this manner.

At the conclusion of Operation Hideout, Dr. Nichols made a leak

test on the submarine that was used and obtained a 4.68% leakage

in 12 hourso Assuming a net volume in the submarine of 23,000

cu. ft., this leak rate would indicate a loss of 23.8 cuo ft. of

carbon dioxide per day or approximately 2.75 pounds per day of car-

bon dioxide If the volume is measured at 600* and 760 mm. Hg.
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Another factor to be considered is the exchange of air between

the submarine and Its surroundings* This could be due to the

breathing of the submarine through small openings and would be

caused by changes in barometric pressure and by air temperatures

both inside and outside. It could be due to exchange through the

air lock due to traffic entering and leaving. This would depend

on the traffic volume and should be higher on weekdays when the

medical teams and other personnel were observing or inspecting.

These extra personnel would also contribute to the carbon dioxide

generation, however, and it is possible that these two factors

essentially cancelled each other.

The interchange of air for each passage through the hatch can-

not be determined accurately. With some assumptions and estimates,

an order of magnitude of the possible carbon dioxide loss through

this means can be indicated. Let it be assumed that the hatch has

a volume of approximately 50 cubic feet and that the air in this

volume approaches within 0.2% of the concentration of the atmos-

phere on the other side of the open hatch. That Is, when the hatch

is opened to the submarine interior and a man enters or loaves the

hatchway, the air in the hatchway has 1.3% carbon dioxide. When

the hatch is opened to the outside and a person enters or Is ares,

the air has a carbon dioxide content of 0.2%. The net loss of

carbon dioxide per opening is

50 (,013-.002) cu. ft./passage

or

CHEI iCAL ENGNEERING LAPOlATORY, CfMIGAL ENOGIERINMt W~T~, NORTIWfTERN UNIVERSITY
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, (100) (.013-.002) - .1375 lb mols/OO Passages

- 6.o5 lbs/l00 passages

This is based on an average temperature and pressure of 60"P and

76o m. Hg.

It is apparent from the preceding analysis that there could

be a loss of carbon dioxide to the outside. The loss of air that

must contain this carbon dioxide is

) 574 cu. ft./lb of carbon dioxide lost(44.) (.o15)

If the assumptions are very accurate, then on a weekend, about 15

openings of the hatch in a 24-hour period would account for the

carbon dioxide loss during the last 27 full days of the test. This

would mean an exchange of air of about 500 cubic feet.

The oxygen concentration was maintained at a value essentially

the same as the ambient air. If this concentration had been

essentially different, the oxygen consumption could be used to

check the carbon dioxide deviations.

The possible losses of carbon dioxide are indicated as pos-

sibilities since It Is also possible that there were no appreciable

losses and the values obtained, properly adjusted, should be used

as the basis of carbon dioxide generation In future planing.

The variation of the carbon dioxide absorbed per day can be

attributed thus to several factors. The variation of the carbon

dioxide absorption rate can be attributed to variation In the

liquid analyses. Sources of error are In the analyses themoelves

CHEMICAL ENGIN[EElRt L.AORATORY. C H[MGAL ENNM[ERWS DWUE, NORTHWESTERN UNIVERSITY
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and in the sample procurement. Precautions were taken to mini-

mize both of these.

Another cause of the variation would be the gas analyses.

If one day the carbon dioxide concentration was kept consistently

high (for example 1.6%) and another day the concentration was

maintained consistently low (1.4%), there would be a deviation of

the absorption rate. Such a gas composition variation would cause

a variation in the rate of about 13%.

A slight variation in the ;alue of the carbon dioxide

absorbed per day is due to the clock which was used. The clock

gained such that after several days it would be necessary to set

it back a half hour. On such days the elapsed time was about

24-1/2 hours in one day. This factor would tend to be smoothed

out and become unimportant in the averages.

An observation of the chart, Figure 18, for carbon dioxide

absorption indicates an upward trend in the carbon dioxide removal

as the test proceeded. Even when the early days of the test are

discounted, a slight trend is in evidence.

C
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CONCLUSIOITS AIM REC3[T.FDATIONS

The conclusion drawn from thirs test was that the equipment

excellently perforns the task ror which it was designed. It re-

moves carbon dioxide at the desired rate with adequate utilization

of the caustic. The scrubber was designed to maintain a 1% carbon

dioxide atmosphere. Since in Operation Hideout it was required to

maintain a 1.5% carbon dioxide at:iosphere, the removal rate and per

cent of caustic utilization were higher than the design values.

Theseresult were expected.

The scrubber is expected to remove or reduce the concentration

of all base reactive material from air and to absorb physically many

other materials. The caustic solution is saturated with air and

will not absorb any oxygen or nitrogen. The caustic solution will

remove chlorine and acrolein, for example. The odors, cigarette

smoke and other fumes were very low in the opinion of veteran sub-

marine personnel# and this lack of odors and smoke can be attribu-

ted to their removal by the caustic scrubber.

The research which is required in the future on this caustic

system can be divided under two principle headings, (1) the adapta-

tion of the unit to the submarine and the final design of a unit,

and (2) the improvement of the system. The work to be done is out-

lined below.

1 Build a package unit for the actual conditions and require-

ments for standard installation on a submarine. This would

require close liaison with navy personnel familiar with

navy requirements.

1.1 A knowledge would be required of the space availLable, the

CH04i1GALt ENGINEERING LASOPATOO, GIEMIGAiL EMINIEERNG DIP,,TMENT, NORT"WESTERN U4IVERSITY



size, shape and location of this space. Whether the

available space is in one or several pieces must be

known.

1.2 Design and build the equioment to fit this space.

1.2.1 Procure a recycle pump of the proper sound and power

characteristics.

1.2.2 Determine the blower source, whether the available

blowers could be utilized for the unit if desired,

or if a blower must be provided.

1.2.3 Study the nothod of disposal of waste. This would

determine If waste was to be discharged continually

or periodically.

1.2. 4  Determine minimum sea pressure during which unit would

be operating. This would determine whether a feed pump

was necessary.

1.2.5 Procure a flow control device for automatically control-

ling feed rates.

1.2.6 Determine if it were desirable to have unit controlled

from a carbon dioxide analyzer. If required, procure an

instrument and adapt it to the scrubber. If scrubber is

to be turned on manually when carbon dioxide analysis in-

dicates that it should, a single switch would be suffici.

onto

CHEMICAL ENGINEERING LABORATORY, eMG1AL ENGINEERING DPATENI, KORT.$WESTERN UNIVERSITY
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2 Study methods to improve the unit.

2.1 Study the p~hysical design to obtain a more streamlined

unit without affoctin7 the efficiency of the unt.

2.2 Study alternate methods of contacting to determine if'

a reduction in equipment volume, fluid flow rates, and

Doweor requirements can be attained.

2.2.1 Study contacting with spray nozzles*

2.2.2 Study contacting with porous Plates.

2.2.3 Study contacting~ with other mieans.

2.3 Study use of alternate materials to determine if reduc-

tion of items in 2.2 can be attained* This would in-

elude studies on such material as potassium hydroxide*

CHEMCAL ENGINEERING LAOORATORY, GHEMIAi ENGINEERING OEMTMEWT, MORI4WSTERN UNIV!RStTY

-~ -~ I W



SLU 76

ACKNOWLEDGMENT

The Chemical Engineering Laboratory of Northwestern

Technological Institute would like to acknowledge the

assistance given to us by the personnel of the Medical

Research Laboratory under the command of Commander

G. J. Duffnero We would like to express our appreciation

to all the personnel and particularly to the following:

Lt. Commander R. E. Faucett, Officer In Charge

of Haddock

Lt. P. P. Newman, Project Officer

Lt. G. Nichols, Jr.

Chief J. D. Evans

Chief J. J. MacArthur

ET3 J. Elain

ET3 K. D. Merrill

ZT3 D. T. Millspaw

PF1 J. King, Jr.

SN R. Pisher

All other members of the working party

All other volunteers on the Haddock

.NEMCAL EINVNERING LABORATORY, C44MCAL MG*NgI(Rt DIPARNT, ROR1KWI$S1TRW UwVSRtT$hY



____EST__It 
77

BIBLIOGRAPHY

1. Grays Je S., Northwestern University, personal conunun-

ic at ion.

2. Report 22, September 30, 1951, Northwestern Technologi-

cal Institutes Chemical Engineering Laboratory,

Submarine Habitability Project N6 oni 158-03.

3. Report 2311, December 31, 1951, Northwestern Technologi-

cal Institute, Chemical Engineering Laboratory,

Submarine Habitability Project N6 oni 158-03.

4* Schaetert K. E., Studies of Carbon Dioxide Toxicity:
(1) Chronic Carbon Dioxide Toxicity in Submarine

Medicine, M No. 181, lo pp. 156-176.

5. Sverdrup, Johnson, and Fleming, THE OCEANS, Prentice-

Halls New York (1946).

C14EMICAL ENINEERINO LAWMATORY, COIMAL ENG#NEERM OIPARTMIT, WMOTN4Wt$TE9R" UVIRTY



APPENDIX

CPIENNCAL EWWXGINS LASA1ORY, GCEUIA4 1t46lf*W ~M~PRUWr, MQThWg5jtgm voWititly



r4

P4.

2 12

4a)

933

4.24

42

0 4 0

V S3

10

AU e.44

433 C

04 to.
4V)

0 4

(~)44

r4 um E

N ~ 4 64 -0

04

4a6)"44 *1

00 '0

6 r4 0

.J~43

54j

43 4

40 .

t- W 0 L% a, 1.

N 40

4

A .

64 cm cm V c



* .igo 00 v

r44

0 CC

C .0
%0

10

0%0

inn

0

aa'
4 0 .

*0 4 " l l.0 :1 -1 tIi9

*v 0 e -0O'l 01 (JI 0 )*.O lC 0 ' lrN

43~--- A 0% 01 r4 0 r-- 00 ' 0N- .~~ C)N NN 00 1f 8 '.OV'N Cuu o CU.D-
4: n.i~sO04IQ. 4 \'.O00C 0 S4UI- &' 0 a 0*. 04- 0A0)O N0 4p Z3 0 0a h01 *0 0 *0 M O 0~~r r4 N N 0 N N NN A4-*SS 0ge g *C 0

0 .1 r.. 4..0.4444000.

E440

L.41- - 4 "40 N toICz to r-4C 'O.4.q.4±. 1'-4 04(' 0W -00 C'j (v X4VO.% 0% C a0

(4I r-4 3- - - - l v ( n

0 *o

o memc co (Uj o ooc -v mccec oc -C $C) UG OC Q% OO OO -Q-ta

0 IAInCC r-0U
04 0 0 * 0 * 000 0 0 0 0 0 0 * S

04- -
r5. wc; (4;\ cl~ ri (.m N r4 C C~j(V W N '~ Jr4N e

944- 0O- rO

V\ in m~.. . m.go ogo 0 en g 0 en V\~% IA*o gr- gn o..%

0

M04 U'nJ c" 00 fnco 8 on cn 4080 81on0
C.) raa 4U rC-'U '.t-NN a V) UA*% .anc 0(1O 0 r4- nc 0C -C)c 74

S04 0 040 0 04 0 0 0 04 0 -0 04 4 4r0 4 04 4 4 04 q.4 4 4 4 0 04 .



410

C;

U N\

00

q444( m*( 4c 4c v( (V N N

04 00

a 0-itr-% wo wwwIA lA
42 OA AA 0QQr--4 0~ -t 0-~-- 0 0 0 00-0 -U 0 0c a *

ElOOC)OOGCC Coco OD Go CDS 0 S* 47-40, S

04 CU

V4 2- r'lo ~4 'D C)rj 4 10 70( -1 'Yr
04 u4o 0 rAUD 0'-DO wa -tr4wa CU W -40

4U* 00 %DJ o - 0u 0Y cu NU, mc - 'mci C)c 0 0 -4 4 -0- ~
04 r4 r4 PcE1-  c-,h rnE5  t-- c.1D El- t-t-P004D0

tv b-[. m' WNW Mg'Z r

.40O% 0OO U\ I-O OONn gt = Ccoc .4. V4 V4 r440"o.1 'D~ .4't 0OD CU t'.DQ N e--rr-tts-

04 r44. r444,rp r44- (V XAXNNNNNNNN0 f.

M, 0 0 01

-K on UNO'0V\'I V\ No~ %0 fn r4 1A U, U \ t-~. UN N, N- '0U,%&4 44.

0- r; r; .4i .4 4 .4 A .000000A

% 50 %0 t- %0 N m 0 U\ U\ 0- UN % 0 0v \ 0 cn

94; 4 .4....444

~'O' '0~'~-'0 ~- ' N ~0 U\ ~ ~r- ' '0~IA

* '.0 e~ Vi ..~* Vi '0 0 CoN E' 0..t r4 Wi r4 r A i .. . r i'0 V i .t
0 0oC 94" 0 0 0 0 C4 0- 04 r4 r4 0V4 C 0 0 0



aa

4r4

U UN

r41 Cu

CHu

03 cm,

a,0' r- t,-- r- r

14 IAC CNuNN

'-41

cm r- Cu l r- cut r4

a ~ %0 0%

*0 OD Cu Cu ODJu~

C)P "0 a, a.

e4

0 u0491 4 0 er- O~ -:t C7 tf\ 0 94Or C, r- U)co O 1-9 pq t

la 0 (~V0' 0~ 0 0 * 0 * * 0 0

0,0

So 0 f.- 1A40o0', Go. co- CDi.~O UN~ M) ~ t 0 0 0 t%-tv. U%%m' ODVU

F. a s 0; "- l N940" .. -- r(-'0 U\ ~ _:t (M t e 40 t--
* r ~ . 0 0 0 0 0 0 *0 0 0 0*

r i - 0'0O-:t4 Z-O'0"94t'-OD IA r4 r= (% co ~t--4co ."CD 0
1ItW- L1- co COOD O '' 0ya o -O %0%0%0 43 ---tJ 'O

r- r-00' V-'0- 01 el- c D o 40 -c

40

umU,- I A ~ ~ 1 V%1P a' 'I'

N 000000000 00000 0 0 000 00 0o

* 0 0 S 0 0 0 0 0 0 0 0 0 0 2U 0 0 0 0 0

CO 2 poilf~ 1 9a R- CO o CV'MR O RRO Cu cu9 Cu v( (V~*U (V cu.4

0 0 0 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 S 0 0

* 0 0 *00 00 0 0 0 00 P0 0 0 0 0 0 0 0 0 0

t4 4 080008 0.80 000 Or~g~O~g oqr r. 080 000 qr r 4Amcm1 3



A--4

K0

4 i'- S iCiC l "Nl

O 0 to m C'd%0' o
4% - !

0:v t ' .. C . l 00 l
t-,- V- -I04

r4 e4r4#-

8V 00

" *ccv " .v . M . . . *"" * " . . . . N" *

Wk(t N m H eN anCC' WN iN n WN W% WN -t W%

.4 -4 6g A% 9~8 A 9 9 9 14 9 A A

oW0% 0 0 0.lul- r-,4 A^r-r4 WN N WCC .

.4 C; C; A8 00 0000.4A

00

0 ~ e* rl Wh Q r4 A4 u- i 01



L~AICjl
9)t

5" 0 % r4
C V!0 ci C a0 00 0 co 0 -4V-4cly 14 c (I CIN m -tj \

0 0 ~ l "OD D CN W% %0 w't 4 tow t
-40 i C *C ! r C C

0.0

-4 04 0' N- Nl rN -te~

W- -- - 4 H0 0 '0 3 CC\ V%

000 0 0 0 -4 .4 4 N N N C C - 4 0-4 4 enMo'.o r-

140 13 1 & ? 00 *D C

0 0000 e0 0 0 0 0 ) r l r - - -

WN~pL -tP. 41\ %A V\ 0N '0 W% V% N O

9 A-- .4v 4 A 4 .4 4 .4 .4 '4 r4 4 4 C'70 0 ( p

MOP r4a r4V 4r4 r4 M-rr

800 8621 V0 Ut :35 rp 0 N 4 0-40 -4I r4r -m



NVol

~iI PA

A 6tZ.4~u4 AA

C14'

4'

p P- nwo j43cga %( 4evc Vo vmmmmmmCNc.

be *Nmm- 
t%%k

C)
0k~jv~rv

0
4

. 0 l r r)s N

1 4 43 ~~
IL. 4.47 C, c c; 4 . ~ 4 ri 4 I'c A\~ J ~ JC~' j to C C;c7

o 1- -1 -4~ ~ * *. 4 ~ 1

. 4 a, t t- o 0
41w 44 M; -; 4 4 1. -I t .j-" 0

ff M4 ON m-.-*~ ' r - % M f 0 0 H4e.ra~ "~ $,.O'ZI4 r -4 r4 p, - i.4 4 c cm 44 4

ri ~~~t- ' 
Q.% . . . * . 0

m~ \ 4&f 14A a, ;

-4Z CI UU .4) C\ -tao ' 4W0

C;, cc - Nr

00

V too H ..o . .S . 1

r- ZCC*D? 00O w\Q~ c- aN N - 0D %a w.ri wr q ,
Ho- 4 r - F4 r4 4P44r4 t" laZ f\ cv -4N CVV%

.4 . - t 4 u - t. a.. ~ ' it " 4 4~ i' -4 I 'OlD 0\ t IS ' WWN% n'

!i!4'DC' o C

p.4~~ ;1 p 1 p1 p 4 p -: 4~ 4 - 4 p . 1 p 1

r4 -4 r 4- 4. r44 4. 4- .4 r4I 1 41 4 4 p4 e4 4 .4

4. 4- 44-

34f- o 8 vo~



1......14

c(V

*60

~ -

'f- (Y 0, 
.9 

9

c J 0 4 r c o t o a o % r 4 0 0 O f-0l UC; (3~ rC; ;C C 3 44 4 C C4 4

t- 0o 009^ 0 0to-

14, 00(,3- t t0U

(v H - - uUNr4r4C r-ecrc

fn to~ 0 %
H. r- qC ~ 1 v(

Cott

Ug.% UN 
0' 

' l ' l U\ 4 A 14%\ U : W Z %
Vk4 4 4

P-4 V-4 r4 H 4 r rI r

r- F4 :* r4 F4 H ?- r A q 4 4 4 4 4 4 . 4 4 9 4 4 9

A1 r: A- 4- 4 4 4 4 4.

4s40

IH0 
00 0



A

- I Er 
4

a, 0 U

r4

44A -, 0fNu ,a " L- V O N rJM

0"i 4 - 14 4C .\C44 - 41
w OZ

C N W NO
all i " wzn I l w c q C

v4 'S r4 -4r4m mtO

400

w, No C,

A~~ ~ ~ ~ '0mc 00C , NN
r4~~~~~~N 4 (5% 't W p 4a 14rIc ,

\J f D- Ou-0 r, t co OD'

W%% 4r 1^Irk\ ^AA

I~WN Nn 'o ZOENA'NO

VA #-4 F-4 IA 0 I r4 m A IA HA H~ '

0 0

rl P4

U ~ ~ ~ ~ ~ ~ ' 99p41H M Am' p4p V 4p r 4 p4p 4p4p 4 . 4 4p 4 RNp 4 4p



k

-44
.0 to

9-,4

ON

0 5-t

oq 0 ~qrn

0% r-4NO r- e 0 S7i~ 9-4 r- W%:3 WO
(V * l *o a, 9 . 9 * 0 9 . . .s * ***-4 D lo c cr W% C V C

-P~ ~ ~ ~~~~~~~* 0 6C ;c 4c4c qc je tw - -C Za 3,

UN 0 An CNI WN CV V '.-. 6,% 0 S80 Df
r% C4 - r4 CV a c D -to %U t- tN 00f ~O O~r (v m

CV C M f\ e w c tom w to El w ol V V r t-C t- A^ Wo 0 n

r44 4 4 9t,-;4;W;

%V 4f -.%f - wcy!

o4 a-DrIW o- 4HWCVW DC t9 M

40 - ~ jkr (V E Al " w% rr4m (7 % o 0 C, WNr4CvW,4F410sg W



I . I j

4s.

4,.4

c;0

%N

N4 Qh c"40%C1NCg 4^ V0 %jvm0 Vf N

4W r4q v %O
W% % 4n W% on. V% 4^ 4^ .N . 9

9-\ c.\ cn m m m 0 \ r-te -l "m mf N9\e f r Nm mC\ MmcV Nc "c

*4\ 400
O~rrq

NO ~ w W%1- 0 N'

W\49 m 51%(14'4 p OZ8Z s vI t

.~c .~ . . . . . . . . 6 . . * 0 0 * . . .*

r- r r H r4 H 9 H H r4 r4-4 H4 r-4 .r4 H 49 V-4 14 H NN V4
do%~~~N WtE~ WN'4 00 .-4NC V% -4r4 At\ '0 f l n (V 4 % %0 % V% '

4~~~~4 dg44O0.4- W% M W0'I v A W t t - % U D V D % No 4' V%
Ae .4 .4 .4 .4~ r4 A . -A *-4 4 4 '4 r4 ~ A* 9 L r4 .4 ." 4 4 4 .4 r4

4'q V4 r4 r4
-  

ri r-4 e4 0-4 H -H fq 4' H4 H' 0- 4 0 r-f .4 04 A0 A 9g 9 A

8 0' 8' 0- 89 84 4' ~ 4 'N 4 4 4 '0 80 0 0 0 4 '0 0

*~ ~~ Si *q r4 al~ H r" r4 *q H
94 9 6-4 6-4 6-4 4 p 94 4 r 94 .4 -4 ,4 9 94 -4 4 .4 .4 4 .4 914 -



40
L') 442'

.00

oG

aoto

0

94

N C', 9 * C C, C " C ' * " C *i *j *' " C 4 1

0vn 0 0 rNN (),- 0 cV X'j WN cr ajsc Wge t-Nc~~aa CqCA4%w CV-7 - % 'IC'l

04 It -* W% V r4 r-f q L 4718e r ON C- 0
Of r4ev c CV v 9-0 ev on 1 0 V an In

M M00NMI M MM M MM 0 r %M M M

4 4A C)nii 0 C a, 4n i iO 0 t -U)-cU to' ' '0 -1

via Mi m;Q ""na 9n [z Ir ;! mnu 4 9NOOWv

0

14 if' 
c"4'J j' to14 to U1, (7, %D kA 0

0t * C) - -4rv v C~N N N N N cv N t.; N OO N Nt w 4in' a,-4

W\ V\ N in 4Ain t- Dn 4A0 !I !

04 0~ 04 0 0 0n 0 n 0 0 4 - oi o ~ 0 0n 04 0n C)000 C) C) 0n on C) A.
* N v cv y *v v Cq *v ( C (V C4CV Cq C C C C 1 *q 4 r- r 4 r4

A -4 94 A- .. - 4 p I p4 p I p r4 A - .- 4 .4 A- 94 #4 V4 r4 v-4

W\ %9\ M0 - n i in 4v\ *CN \P 9~ 0 %m iN C.- %0 on No V\ W% W% W\ -t W% 19 %0

4d CV %K Ini n - 4 1 g ~ ~ - -t -4 4n %r\ %0 0% In -t in in i -* Win

e- 4 9 - - - - . 4 v4 .4 e49-4 r 4 94 4 ;. 94 ;- a- 4 9
WI M n i . n 4 w\ rN

- 
MW E4- If\ W\ NO NO D W #^ %D 0 tf\ %n 0 NO % 0 0

94 v4 9 . - 4 94 94 u~94 - - - --4 4 -4 4 Ar r4 .4 A- 4 4 9

054 r4 94-44-

0 r4-q r



* 54 0
) .~ OZ

'4 A~Y-4

00

JID80

-40 C-4

3M 0- t % ( -)V\ UNU N- n N % V
10 0. N- Dt \V N 0 f

-~~e ri -

06

4g .

ae -4. 4~ IN IA %A *q r- 4 \0 oz 4
N IN C m mS1UN C.4,t

~~~r tj9' r-4~ r- Pg.-c'ea.avcI NN r-.N 4

43'
O&- 0 0 o to~r. 0 NN 44 V e %)O "O i

-*\\fl CMI 'W$ 004 s IWO (V IV4V %3 9 0* * . . 09 4* 0 0 * .0

.- (V% ov~% f 5  
S\e' -t ,'t .4 't V, 4^ V%0S-t

0 00 a0 0 . . .. 0 .).4 . 4 - .4l .4-,

accoooc goagog ooooo8 OR VRO440 00 0 p4.-4Iflp4
-c C14 . . . .NNW NN"

A 4t 4 r4 At-4 4 .4 4 .4~ 4 a%~E 4 eme 4 4

'A .4 .4 .4 A . 4 A

* i c4 4 .4 em 4 4 pp4 .4 .4 .4 .4 . 4 - 4 p 4 .4 .4 A4 4 44

L 0 W% kn'sr

4 .. 4.4.4 e4 p,

r44.. r4 .0p &r F- r4 P4 r4 W 0 0qW



U4

41.

A A 0

n 9

ciil

C4 N r

82v

wo2

I tN

1- 0% %N N A

3 Nz

0 C- 21 -4 4! Iq P! p %D a, * * 101 N.w 0 2 %to ISO M- . *** n 4WD

3 *;t-t-c- t t o-L t--cc C--e t-a 9 - - - t- C--

. * .

""Cvtvmmmm~~a 49W ,kn % O
r4 't r4 IrH 1rq -4 04 C4 N

rb' r% pE M E &N W,~j' cv 0f~EcN-ann a~m

WONONN (MY,~ two

m~~. 0- W

An ~ ~ a %0 WW a\W d *W %W n an an an W% W% W% an W% aN an an

.4 4.4. . r 9 A44 4
n an n- C 0 N % W

A . 4 9 . A 4 ; 4 4 4 g ; 4 4. .4

o l - r -4 - 4A r
0 o - '



a -P

fll

OWNN

N 0%

.4.

% NO

+ UN M

I oN

0

V4i ON

r44 U- w .4-4. ;1.

00- c.0 0 .4c\Pr C ,c yo oCrlm00c D 0

0003

Eq*
go4

acO='0-f\ co--~ Cr~ a)0'D a) e-4qrU cma~ool- 0%0
SOP 0~ ON Go~U Gor- 0%) 0 00 0 r-4 470U'-4004cn C- 0

0 k 4'( C c;C0 7, 0 so 00 00- 00. 00Nt rUO.-At4 r4 t#4 t0 0 0 0 1 0 0

1 10 fnC\mo CV)S CON enC M C nMfcl~ nnn m m C C *

N

r4 V4 Nl X\ O M~ aO~r It\ 'A' nQ O%Alrt- r4 pw% OD r4 CP% r4 rN dw\-P '\ qr' 0I co %0 O 0 UN' V, N! -MO~r 0'f r- u-io GOa U'tf~ro~a)~N Nu 6V\

OH 0~ 04- '0 *) 0 001 00Io~-r.- O)C40

93.- * C4 A 8 *, z ) r- ie--4r4 Zzc4 o4-r9.-"'-- ) Go
Ci .OV'Ur4a r ~r4 04 r4. r4or

-r o AU'.0..in 0 - A*la M 0 UNuiO N 1-0-- 00 0.-ODni OD

COODGoCO co Go oo c co 00 a)co a.%10'(0CC 0'0'O~ca * 0%0 0 0 0 0

00 U\ '.40. CI UU-\ 0)Oa
0 * U\U% -. t-i=U\UNC~ g \.-..4.... g1uo\iin..4iJa eni ,t Noo 1u,\u 3,uu-=tuu -o

CV 0

%k V in ' If\ I ' '- 0 V\' In' IA IA --- UN _zf -- t t - I-~ in' in' in' V\' if' -4 -j

1 4 . 4 14 .4 1; 14 14 14 .4 14 .4 4 1 4 1: r; .4 .4 r; 4 .4 .4 .4;

10 m N in in' in' I^ in 1^ %0 i~ n U i' if' UN bl1 UN 0 V\' In %0 xJ\ In' IA' -- p c-

.4 P4 .4 .4 !#1 1; .4 L 44 r I'.; .: 14 .4.4 1:. r: Z4 .44 .4 r; .4 A
ru NA ' U\~ U\ ' A 0 if' IA in' IAz IA' i U\ -4 -- p U\ i\ \' U\' V\' U\' %A' Cw - %

14 A4 14 .4 r; r; 4 .4 4 14 1: .4 .4 .4 r: 14 14 r; .4 r; .4 r3 A4.4 .

0 00

C) -J
0

OCOOOONOOOROO OO004 8 0.0tn8 0 0090008A00 o a o o an 
4o ~ qar

1* 0fu 1%0 0, .4 mr CO pe n - I"DD fl I- c CY*0 88,40 oftl" , 0 a 0 00 aOr~4 r~~r~~r~r n ~~r~rr~r r 44m



;Jl I i

%.a w 0t~

* 0

AA
A -u4c:

03* o

oc

0 4 CC)

0-

4 a Go4 cuwA ;4 0 '
*A I

.0 4 ccc on
0 0 0 0-

0 r

r. a

93 00 v 1- r4 M'M4 'r-I M 4'4'M'H 0 i2%0 O -' i r4 H . Iv 4 .. I %~4-b
00 co OD % -fl- (I- fl- rl- I- f- tt -fl--..4-44 r-~v Go Nr N V4i~

r- r -# ' *6 T T r!00 0 0 C? * O S @ S * 0 0 0 . s

0 -@r 
r44IHcmci Ne n e

1-4

0 04ntv m - NO00C-O - C- -t'4 .- cw9'0 ODCA-CN -U' In Cocm4 Nl r- I.-~n (m No
0* 4 cv' C0'Wti Nl in- ur-- f- co Go OD co OD co OD (71 0 r4 v'..O - a, a r- O'r. n %-.4 '0 0" UN s-Ufl-010 1

~~.~ a~0 O * e 6 6 .0 . .O .S* .0 . . .00

*co. ccc c o oC c o ccc c co Go 4cc cDC cccccc)c cCOCOCOGoC cc) 0C cCO cc)~'

o * 0

UN* en' N A0l C- clj~1~Mlr&~ 0-c '4 0 0 0 00(.e0%r ...Tn rco 0% %0 N '-- r4c C-c c0 ' 9N

E-4 r.4 H4 r4H 4 r4 H H M r-

9:4 0 XUI\ m ( cm (N O OONJ - 7 - r-\,.grl'0 '4cc m'9 %0 1A~ r40t- r- NOQ'0.Ow
H 4'4 a 400 0 r4 Cc-%o'. a-J.4l.-l'0 0v r- 0%.0 PNI 'l-u co co r-4 %0 0-ot-'O- co r4

S~~~~~~~ 0f c- N- N CM' CD.44 CC)'. V"'' - r4 C'r inN . -- c c~00
~ ~ 000 0 0000 0 00000000 OHO~ 0 rI4 m' 4 04 H 4 m 4 4N

0 A C
0

r4 04 r,0O0000O' H440000 r, OOQQO'4000Q.4io00 > c NeJC~NNN cm NNNNNcm (V 0 ONNNJ((\NNCJ NPJNV4 R ~wN NI WJh1N

-~ -tU\ If\ :t i I^ b- .lfin UN A v\ %'0 in -:t m''D I^ 1A V\in in U-\
44 0 6 o 6 0 6 6 e 0 0 o 6 0 o e 0 o

--4 r4 r-4 r-4 r-4 r4 '4 '4 r-4 r4 -4 '4 14 'f '4 '-4 r4 '4 '4f r4 r4 '4 '4 '4 '4
* 'D In4i in- 1A uVU\ \n\XAIn in UN in o in in IA IA V\ I^~

to4 Id4 r4 '4I H4 '4I 4 r4 H4 r4 r4 '-4 '4 rH '4 '4 r4 '4I '4 '4I '4 'I -4 .4 01 r4

'4 ' .4 r! '4 '.' 4 '-4 '4 ' - 4 I ' 4 44' 4 '4 .4 .4 r4 .4 .4

*i in i 4 . 4 Ci-'i lC' it Oin N %. i' '.0 '9 %. i 0 0 i' 'A 'At 'A

to > '4 '-4 '4 4 ' 4 r4 '4 ' 4 '4 ' '4 ' '44 ' 0 0 9 '4 04 4 - 4

0

r4*'. 0 000 000 000 000 00 000 000 000 000 00 0 0000800'
A% '4rr-DO~G1 04 t-4-4 r-.4 '0J in in U'GS

* 0 e0 0 0004g l %0 grr 0 0

* 4OOOOOOOOOOOOOOOOOOOOOOOOOOmr4 O P400000000



NI

4& 4A 41 do1

0 Al

C) S- c
0 C; C;

co 0 to' Co

o V%

"0 T 1*4 U0 t

l0 a, A4

AU? 'A

'.0 , (3 C-iev %l (7 r4 v e

N '.0 - \ t i - ~

0 \0S 0 C. NV0 O
m r-0 , c\ 0 t W C C 4N - vV 11

4 4V; 4 W% r s C. -Nr

-4 UN %ND *

9$ .4. QFA-o'- a-4 0 4 rl r r4 - 1 N -N - P-4 .4 0-4 .-
W N 4 ~ 0 ' %At- 00 W\ 0n %D W000 - %0 W

ANV N Nr A N 4 N 4 -4 ; N4 4 4 r4 9 r; A 4r

4 A000000004 A .4 .4 .4- N 4 .4 .4 ;- 9 4 9 r;

me' A N 14 .4 n
6'~~' A .4 Au 4 -

Ice 0\0 t :

CC



V0 0
lo, 04 .. 10

404

00

A r

* 0 0

- 0co

'0 a' 0

41 0 0W

co-.to .

10 r4 0
0 0 0q

0 .4 .

co. CM
V 0. CM

* i r:) CC) 0CM

oo 0 0 0 0

o 04 00

00% r-- NOW CO

02 P4 c4 0

0

43 0it 00 x.4 %0 5= C7 YI r-4 0 Go.. 0'. cu co C. t--
:5 43 0 0 0e 0 0 0O & 0

(D co 00r V\ (7 '0 .. _j\'tm 0' . H~~.-' m. www 0A erO..t) n

oe %-40 0 0 0 00 00 0 l @0000 0

0Y- C~ co H-tr N* 0-4 0c ' D cr ~ C--~ -Nr N4-t C o c
C~ C,\'.r 00 r4 r- r- t- IAA' N'~C CL)'. 0r4 0%- 0d 0

Wq. 4a * * 0 0 5 0 0 * 0* * *

0 ~ ~ ~ ~ ~ ~ ~ ~ g 0" 4)0.44. 4. UU CEe~~~ . f~0 '.A.C--C-ON- OD a
00 E- 0 4 0~ 0 000 00O tn N 0 0 0 00000

00

tq00* , - l 0 0 0

0 In 00O O n I

0 E4 0

14 r;'. 4u 1;) 1; 4~.a 40.f . 4 4 0'. 4 4 r-4 f(0-r

b-\4 Nz bCr) U\0 LI~. (j4-C N 0 0 %D -- U4'\ O0 IS\

1; .4 r; 4 r4'.' r-- 0)'0'0.4.

r4 E4 H 4 4 . 4 .4 .4.44 N
0
o rI

C~) 4)o ~ t"- t m' 0'( co. . t - . C 0 r4. -Cu .-4 0-,0 :\ C,- 0 0

0 0. 0 0 6 0 0 0. 0 0 0

>n 04 14 0- r-4 N- r4 N4 0-4 0) .4'O. r4tC-- r4- r4~i N4 r4.Q 4 V4

00r

0

.4f 0* 00 *0000 00000 00.10000**.0000000000000000

0 O ~ r (V t- CO O0)- 0 9- r4 (V CM 0- l 0--C C O 'o 0M 0

0 0 0 0 .0. 4 H. 4 V4 r - .4 r4 .4 4 r4 r4 .#r4 4 .4 .4 cu.4c



0

4 04

r44

Ct~ '0-4

C44

C14

M.- -4 r04 C- 1 -

r4~

0 ie v VU S .4

0,0C) 0C 0 4-4 4r l

NO 0 0Y 0 %N

C- '0 toc o N00 0%

wl i' to toOw w w t0 to

NNN 0ob. 00 '0 00 00 W% W, t tS
r4 .. ! nn .0

-4 A-4 4 4 A

so 0

P4 m- 05§o' 0

00 8008s at



0; 0

4ii:!
o u~r4

r4 000 r4
*Z cz C4 C4-

01. r4* '
r4 q-4 N -I

Uc 0

0 0 C;

-l 4 -'0Y CI mt c D m r

.* . C0 * .. . . . .l 
C4 

.t 
V

4. ( m M (V vcicvcaC C4 4NN C'N N C: C4 Nz z 0 0 ; tz )C.--,C- U)c as - C- v:

r% 0 - 41 r oI sm W d U- r4 0v - ON .4 to .4 w to

C; 0 80 00 0 00 0 r- 4r.l - - 4 ',(% ,c0 0 N4rNA &ANk s

r44 9-4 r- 44 r-4I e

tv r- s u V,%OC R m94M%4 r \ M % it W\-8 70 '0r CC !* R' ;D'S8 0 104
cr 1 04 -4 91 -4 4 HC4C4 V C;C " VrO'4 % Cl w 0.4 4 4 r4r% .I%D V % t- W 44 -

r9-4

C2 
r- tt .' - - . 4 -j C7 A *i C; 4 -39 S. 

U)Cv4(v4 M W\c- ~ ~~ a, o; * 
U) 

6 \S(\r V\%\w c ,( , r4

9-4~r 9- - 94 4 -4 .4 9i-4 H -4 (v 4 m- r- - . - - . - - - - - - -

so r-j v-4 0n 0n %n S n nn 'IN 11\ 110 CO rn S S4 Cn11Sn Sn S
.941.~~~ M- 9-4 M- W, r- 4 ~ 9- - -4 00 r4 0; r 4 - 4 r4 Ali j 9- 9-4 -4

0n an~ C) 0% 0'C 04 04 0% 04 0- C;C9-4;C;C

UN .W\ an~ . Sn W% An W\ tr9-4 9-4 .-4 A*49 4 .4 A .4 A A A A A .4 A A 4 9
V4 9 9 9 49 9 949 9 9-4- g- g~~.4~ A4 g4. A4 A4 9-4 00W% in "

-r4 A A A 
.4 . . 4 .t;W%0 

0W % 0 %D



00 t

Go P. 01

- .0 -
.04 V4

40 OWN

1Cf- 40 %

NN
C00

0%

54 r4

0110 0

44 Al

r410

N 8

94 C, N aN

C'I d-.- e.4 00 4 44 44 4 4 NN 0\* 4
ok = 4 44 4N NC)NCN N NN CC N N.

en~ _a'NIc~jn -U N 0a'N a'O U -Z" 0

0 0 15 4 0 000 0; 00 r-.4 444~- -4 1J\ 4 ;.0

000. 14"4U en 0~I~ OU\0r -, r4tu\G0U'U'4 ON a'J 01
0 1 ~~4 UIAA- t-0 0 ka' ' 'U'k-- N a

* V- r: r- I C.: C-I - 0 88 'O'O 00w9 N ( -

*01 0

r.4 r4 r- 4

NO 0 g 04.04'0Pa. N N C cu N t-
0' 0 e4.0 0 r40 O. 040 0 '"I 0. 0 0) Na'

F-4, en ..to t-' a- .4. =a'oa t,-Jen.9r-a 4 ?vr- %A :9wC
r4 r4 . 44 Nm 4me (4(4- txrv,0%' O )0 CtiN V\ ao

04.4- r4 Nu NN
C3

64 CV Y3 ncjs4 qcu t*02 *a g~~ QON NOOl 0 00 1I N.4 '-
0 %0 %A. - 0%' a .- 400 a'~r4 ' %' -0 -~.) N0%.45 3 C0;0; 0 SO O ge e * *0" '0 0 0

.4 N 94 C;0 0 Xv U'0 0%0 011 U'0 A. CA 0
oa o~ 8c Xf co

0 0~a 00 OoQ 0OO00000O0O00OO000000r r 0O000%aO

U'~~:: K' A\ I' c' ' N' c' n' u' I' A' -$0 i' U' 0' %' 0 UN

.t U In U\ X' IA inU IA A 0 in' %D I U\ No U\' %.0 U\ IA IA~r IA U U'A

cm 0t I0 U\ bC I 0\ IA U D 0 -- If %D A 0A UN %0 0 - U\ \ IA V\ C N

r 4 H4 .I r4 #_4 r-4 r4 0-4 0-4 .f 01 r4 r-4 .I H4 p H4 4 #4 r4 .4 M4 .4 .4

.4 ~ U\U U\ UN UN i U\U'IA'IA.I^ U''0 %A in %0 %0 '0 N Aa% t4V U UN in

* ~ ~~~ l ' U ' l 'U f '1% r ' A r; 1; 140 A0 '10 14 1; 40 A0 U

M 0- r4 r- t- S C 010. 0 0 0% Go %D 0 0 0

it bo 41 .44.4 .4 .4 14v4 r-v4 ' 4 v4 .4 . 4 v4 v4v 4 A4 r; A. r; r; A

00

r4. C §0000000000080105=40000 00000
0 W\WQnr P mo ~ 0 en #nw C~ 0\8

9-4. .4 .4 04 0. - N 0000000Mr 4r 4Ar a 4r r4 .4.m 4 cm .4 N4m4.m



N *

4~~~ V;C4

~~0

C- 'D tomo4

0 If\ a-D% D'D' ,, "
0 0 0 0 r4t w o o a ra o

40.

-4 at 04; 4C - - ,t or 4(,! %t

Ca 00 -! 0 m0

ar F! C\C DtCV 7 - 0 o4a
rC V r4 c (V kr\ to C 9%(MV- 9ri -4cli

491 6it10N:sCin

. .. . . .. ..

so% 0% -4 - %*t m- 0 C4 w;f (V!i cz C; c;4g
4vCVcqC CQ U' ( C t- (V m m (I\ 4f\ Wi " %\V %W

NW

C) 0 Is C;4*.-t- c (3-t C: C;C *0 *C(0 T010 10 *0 * 0 0C; C
............ 0

; 4H. 9Di A* 0 A' .4 4 4 4 A ;94 4 A . 4

4 4C(C N4Ca4'4 r- t A t4 9. A . 4 9 UA9'

*c0s ' U U' ' i i i i i01 -1r 1W NU %\% \W A
dl~nln 't4( ( ~ v V V ~ cc J ~ v v v V V(( NVV N C N C NV~tt

~~~~~~-, 9A' ;c A4 9,4 4C AnC ;C 4.4 .4 IC . f D .. - 4 - =*C

~ ' U' U U ' U' U U ' ' ' 0 - r4 M' #-0 M U q v-4 U' r- .4 " cm " 4 in



,,it

-J

OD -00 wt

0% O' I to OD CO

c;A

,-N 4; ,4 ,-4 (14 C\1

to ro
c- 0

C; 0 0

1 WN- -- .4m %0 M W, 1 In .(v %

N N N N. NNNN

UU
. . n.

r4 CJ Nl (V Nl (VNl4qCV( vrj rQ C ;C;

0 
0

o o o 40 (v mwo(

9 'DI(.. . . .. . . . .

0 0 0 0 0 r'4 r-4 r-4 r'4 C * ,,. C r4 l r,4 v- 4 ,.4

,..4 ,- ,,.4 ,-4 ,.4 ,..4 -4 ..4,.4,..4 ..4 ... ,-4,4 ,4,- ,- r.4 - r 4 V 4 . 4 ,.4 1 r-

. . .4 4 \ . . 9

~~t 10 C\1~AB'0

9 9 9 C- C. .0 -!. . . . 0 . . 0 . .4 a. -4 v-I 9-4 ON H W\ r- U- en H l Q- - W\ g- -6 anc r- an rn -4 L) a L- no C, 41% to "j Fw \4 3A V'% BA BA C - * t
0 r4 H *- 9~ " .l .v " .~ Iv *- m m

-HI H) v-4 I m- i-I H) L- - - - - - -4 W\
S* $a r., tkn cA n B 49 w-4 an,- lz -4ol 3 UIN om -4 - (71 BA\ t^ \0 %0 B

oI H o o- a3 p- r-j D - -t p-I a, - I H H ~ 94 94 e - -

8V9 . . . . . . ' C\ (V *Y 9(V 9 * * .

A 4

C;9 4 AB A 4 A 4 a A H A A 4 A BA BA A A BA r4 4

H4 H H 9 H* r4 HH H r-4H H -I r-4 HH r H H H4 H

0 0W% \ Le- 0000 IO § o
o 8 0 00'o28eeoooC 8 94-r44r4v4HHH4 9; Of.- C01 c-V c



430

".4 Ec-I

Gl) 4-V

0 4 . 0) t-OlU

0-'0 ~ ~ i~ 94U t- 0 c-I 4 M
4P JO SO 0

N cm u-I

0 
0 0

ru
00 0, 0N

-V4 0' -. e4'.

oo 0 0 C)

E4 r sV- nNm At C C, LN I nx

ca 0 P" x

04 r,40 44

4> 0 0 oC) 00r N % if N 1 or x\CQ U\

z 0 A rl -

E- 00 U;
C:~~ OD 0011 - oCir4Cj II r ~ ~ ,0r 000C14frIe -tog qcucc

04) 4 .in M -CO CE 1'0 r~ UN 0'~ C)I C-) 0- 04 04 0- 04 -4 co1J alA' c. o ~Nco
o0P 0 0 0 0 0 0 * 0* * 0 0 a 0 a * 0 & 0 0 a 0 0 0

C) E- -4 V 4-4 r-4w14cc- 4,

-. 0-% R C)E 0 XC\Z H m- t- %00~ N N N N m N N F-4 r4~ (' 0 0 0 Uc 0
.)" C- -:t 0'. .4i '-t 11-~ ~ 0 N CO -C- ' ' cy'-r--l r-a y 0% 00 cuA all 0 C' - - cm
Q ~ 44 0 0a 0 * 0 & 0 0 0 @0 0 0 * * 0 0 0 * W 06

0E0 0 -4 r--Ir N C\ o% )coc oc C (X) co (7%-U'L 0r vq r r4 cm D'm

E 0
0 4. IA Ho r4 l). 0 4 1A r-tl r--\ 0r-f r- r- rCC O~ - r N 0'LA..t c~o in LA

40 r-' CD - r-4 r 0 % -I - C) __- MIA %0%00 0 vin. ..t r)"4 .2-.oc
E4 1ol0 0S a* 0~ 0 0 * a 0 0 & 0 a 0 0 0 0 0*0 0 0 0 00**0 0 00

0 ;4dr4 o--t J M C, En ccy i.-%Gl~lC0r- !- -l cc AU\ t A

0 0 0 0~*VIXUUU\rxnfu,-iv-tA+A 1-1nu\ IA 0l I
0 0 0. 0 a 0 0 0 po C) C) 0 0 )oc 0 C)00o8 ) 00o0

f-4 f- .-4 r- -IH rq r4 r - r q r 4 H r--If r- q u-I r

IA I^ in ' II A A I In *% Inin ---- M.0 C N NN --t 4UN V\ %A XA 4Ot0c-,

NJ 0'-Di inC' inO)...1 zt I^ -- -t .--- ,A -- UN 'Lrf '0C \''0.0 --- 0' ...±---t - -. rd - r-\ (%

E40 *-1 Nv-I M*'C-C--E IA'0'0n 9
r4- #- r4i r C4 H0 v- o4 r- 4 H -4 r C- 4 r 4 - - 4 -

0 43 r44 C) r-4~ 0-I ON-~ r4 4- c '-- U %

(n 0

4- , 'i ' ) c- cI cI000 . - ...:j i t r 4 o-40 .( r4 0. '. ' r4 r4- H. ' .4

00

a C)~ qVO N VOC\ t% m o0 e o MO C) it MOM Itf Om IAqo Q M O O o
00 0 8 OS r4 r4 0v fm~0 *el OoC 00 a'0O 0 ar 0-4 0 0 @ 0 t- CD 0 CO@ 0 0'% 0 A0

0- 0 0 0 0 0 0 0 0 0 0 0 04 r4 r4 M A r4 r4 0 r4- r4 04 4,- H 04aC U( lC cu



43 A A

CS so*

06 3C- 
le

$N uto

OD 0

M p400

a O

0y 0

N 0'

A rE 'N

.0' 0i M!)0v
m U- 0 N Vc ONW N l

C C a ! . ... . . .

,4 v N'0 0'N , ' rIm"D U% -cv

M o r: wC t Sc o 0 C 4(*c

C4. -f-

iz 0 00 p4i- sIr-N4 d -4 H -4. r- -4-4-4 u\ P- O . or-4 - t- N- r" vN q cv C U) ") C\1 (v O " * (v '

WN~ C4It Q'N H g tm O 4 \io
to .- .N . . . .V; * 0

A \ W\O W\ '0 0

m~ m4 1 r-4 cp4I t - - t W t U\ f N t

tv V v & -t %C% r-4 0m -t -* -7U - LCv m no C -. t '-4 4 W-0t\ t W\ 4n-xto-

r4-~- %k '-N %0' W\ 4A- UN UN Wi U. W\ c-N -47 $rto 'O 0 ,4p 4NP -I"of\

H oro toO~gt

84~-)Y04- RI 
ttot058gee SHRMl Nl N3mm2r @fm14r 4Hr () N v r.



a:
r4'

100

43 c

E 0 N
4 ) 0 

" ') 0 1%t

0 
NN E4 I

cz 0
0 0 cu' ~

i 
r-4U

C, 

Cj

0 c.-

C;)

%0

E-0 43

%0 r- 1 O.- 0-,. a, 
0 0 0 0 0 

0 0 0 0 003 ok 4- 0.r-- 0 'O 0 0 O0NVV.C . vc, w no% e0 0 0 0 0 (-8 4: 
4 q O ... .r-4 r-49 4,:e 

* 
45 

.. .
4 

0zc 
qo- --TA( CDt-a*v 0 C CP O091 0 0 0 0 cv 00 N4 C)" 0 0~ N 

C4304 r- 
NC NC-1~~. ~E-. ~~~ ~ ~ ~ ~ ~ c ( 1 ~ 0 - ' l H1'S ) r C ) C ) cn .40 a U ' - c oo ) A O4 ' - 0Cf. 1 A~ N o u )O OON N-* 1.r\ v-C-C-C 000 , 00t'~s ,4~~ 004 '0 0 D,60 

0N' 0a~ 0~ ~-.
0)) 

CC) cc) cc) cc) (3D m CO0cz cc) ar, co CO ~ -
000O0. .0%% NN C

0 * 0
u A. Al

0a w- 

C j
0z 

0 
0

El 8 
4 1! 

14 
* . . . .

E4.. .r4 r4 r-44 
Nr-O4 

N4 C~ 

N~ 
C 

j' 
I

(\ M- 1-4.%4. 
NO I- Nt ~- a .) C) 0 % ' 0 ,,,q f (V . 4 il\ V * 0 %0 t- OD a ' o

Ml 0

-

1-4P1-pf.44 1
.4 -

49 4 '0 C-1 CVc ~ o f- a ' , ) N ,O cN jc Oa N A cIc-.fJ-4 C--sO
~ 4 -C-Nc to or4 . 4

CCN 
0 

a-'' 
) n- -,0c -

V) ID ~ ca 9 9 9 C) U N 9q CD * o a . 0 0 * * 0 9 . .. .9 . .@ - * 0 9 9 * 0
4P L* %o t- r-- t- V ' N N a' N- lp N 0 C O gc-- t* r- C O CU % 0 O

-4t oc o C S 
0 0 0 0  )r 4N~ cv fl C 0 N C v 4 '0 R m r Z

%0%

o 0 0 0 ' c C) a :-O () r - -~ - O D J A~ u I n b 
f l- t z r c r

o *0 e 0 0 * 
IA 

@9 9 9* 990 
99 9 9 0 9 0 0 0 9 9 9

cu0 
NN N~Q 0 P 00' ~ o-vc> 

NNNN 
NNQ NNNNM Nu 

cu~j 
N

S. ~~~~~~~~~~ ~ f A4- t 4 t O t O j~ t ~ O~L O t
r; 

4
o ~ ~ ~ ~ ~ ~ ~ ~ ~ -
rr 

I 
4 4 . - 4 ~ 4 r k4 , -J r %0 .4 ~ 1 4 1 - -4 . 4 ~ 4 ~ - - -

3r; 
r- 

- . 4 . . ~ , ~ 4 14 . 4 14 ~ 4 4 r4 o-I r;1 - - ~ - - -

0 *~ tO 04 tOx 
--- 

tO t JCt ~ o . ~ ~ t o o t o 10 10 - I o -

0- 1Jo-. NO00 q r- r 4o. '-0 r4N- - 4 - r;0 .40 N -4 r ;r .4 A.c 4'r4- .4- A N N

4001§4o900000000000000

- 00.-4~0 0 0- -0) 0 0-O H- ~4 H' I' A IMA ri r4O . I -I 4 r4 (V At
o~~~~~~C 

cm 
00 0 4 ..

M,-4~' N , -

#4VP



4V

ci 00

No 04

of '.0 O'~N C~

.0

-P as

00 a0 C-
of 0c0 0

0f

0 .n 0j c
CCC)

0f %D1 0

. 0

o 0G0
00 '0o

0 H0

0 en0

~ ~ 0 r- r- H-- cnH o CC~ V\ Ur\N LfV~r lsl-' - tl- r- V I.:- \ Lx\ rv. t- Go) --o 611'a C'. o t- r- r- r- rl- tl- C-
E- r4 CND.0C CrC' 0 00 0 000000~n0000000000 00000000000

r-I -q r-4 N -4 cz (\JNC\ N(\, ' "I C1 c C jj C*-CJC (.C~jr JC\I4(\j i( c JNC .\ C 'JNNz

:3 -P 1fs 0 m'. so co) -- t- H 0 0 N 0' C' C COO .. %'. %0is'0 H- '.H tc'--Ax'~co -tlfA 0%
04 A H C'. N '.O 0 0 r- r-4 t- I.\ a-,) cO 0 Ha r..-L -oH Cr',t'm'a\ r- oN (%j o ocmX uiA %\0 coo4 *k H . 0 ** 0 0

0 Go 0000 HH H r4 r -4P4H - -HH N CJ N N 0-t"C- c'c-, 1 I.4C-t--
H

-0 -r- 0 C'j co XtrcoN 014\COOOO O 010U 0ICO m~' 0'%C%'N COC co '~c

d 3 CjNci ~ ~ l Ncwj C-. tff~-, 0, 0 N-.. U\~-C I P\ V \Vvo 0 00C T- t\.4I'O.. r '- - '-t- f,- 0
0 4-0004 0% C7 C 0% 0 9 0C 0 a 0 % 0 0 ON S a, 0 0 0 C70 00 000 000 (70 0

0 -P N Mq cc C7% c'- CL W c ttx~0.0 0 'r-- C'- r.4 tC- ~ f C -C cm

O w\m9- n icc -L-4#40 oN%C .) P 0 0 0 0

00'

0 HCOtn \ Y a'j Int In~ cr~c CO. r4 gACU\ 0N cr.A O~0".c X).ti(7, r-4O-'.-40 HH.CO
0- 00 * ** 0 * 0 0 0 0 0& 0 0 * 0 0 0 5 0 0 0 0

V2~ ti -w 3@ j c-Cj t -4 H n q-4H 0± m4 ey~-. r-0Z -±0UCO( COC'- rCvO ccH 09 .00qC o
0 !I r l C, 0C N N Ne"' C-- rf\,D 1AAr.'0UtC- C)'C''ar- - C Ortf-VNN NNNMM

(%j 0 Nou- cm e cm N N e"N, r i v (\ C r~",C N N- H~ (\j N v VLm c N NH cm (%i N 0N j(V N H0'HN e.-ecm A'

E~'~' - r ~ ( 00 0 )HCiNnC".c in -ti-s l f\.. '0 -LIN in -L- C C'. 0: HA -IN -L- Nr

P- t - r 'L!\ Nz ---j-Cv- --j I,,\ If\ In \ Y\02A _- A 0

'~. A A \ \ ± ~x - :I~.. ..-- I.C L'\ IJ %r UA IA lPA U,\ In~l' r'

0- H- H- H H H u-I4 H . r;H H H r-4 H A -4 H .-

cc a- *q en0 * 0 0 m *r 0n *~ M CM 0~ 0~ x0 n m -:I N r4 0c C)

H Hwe HHHH H HN H\ H^ H( H~r H- HA Hr-r H

0

000 0 oaoooooo000 00 00 0 00 0 00 00080 0 0
0 ~ 0HH HHH H4 CmH HH HH~ H- HH H ( O H (MH HM Hnn!t! Hncv m

00 H H N N 0Ul\'' 0' t 0(C O'a0 0m H H N Nq HCCCC H" -4O HU4 N Hc N cm 2 cli



/

40

'1

cc,

Cn C;.

'I .4, N 
.. 

Nt

c' 
C-

0% 4 - A

Vl tN nN i4Iiii;vijjijjj-j'-f j

oo 000 -0 , t-. to N- ,. V% to .m1 P 'PN 10, P. . .. ............... -,,t

• d' 0 o 0

0 m W\ '4o i99

NO 0 oo-o ooooooc*c ",4" .. ..(-0 a. -. -. .0 mD ,, ,, ., ,t-- c3 - t'.4N Z 0-'4Z Z ;;;

r -', , r', ,4 "j ,C'4 a," I" "c4 0- 7 c-4 j U* d 4 e •, • * * 0 - o

r4C~C-r-- Nan~" m~ou 4 n Wr~ WJu -\ w4 ,S U-S P, C,- "\

-..., -- - 4 r - i to 0 a m

0, 
0000r-4 .. -

-- 4-
• % . . ...-. ' - 14 aa 0 -t 0' 7$

-.~an a .n.a n -, ,--* ,-- a . a-- an a a--n ,4 a-- a-- an-- - 4 ._ n an _ n an an an an

79 S -4 t: o p *tj aS .w*

'.4 UN4 '. . . .. '4 '4 4 c;4 g.- S. '. . .4 ; ,D; '4 '. .

N\V V 1^ 4,0 V'4 ano W-\ an W\ W% W\ W\ *n aN A\ n an W U' W\ an A W\ an an an in aC; C; C; C; C; p C; C; C; a .C; d C; dC(3cC;;;4. c; ; C; C; C; d C; C, C; Cc;

'.4 '.4 '. '. e. '4 '4 '6 .4 .4 .4 '. ~ '.4 e- '. p 4 '4 .4 9. '.4 9. '4 .4 p .4
5- ~ a a n n an a % n %A UN an% n a n a n %A an aN an an %n an% a9. - - . .4 9 ;. ;4 7. 9. 94 ;. A. 94 '4 4 r.4 A. A. r.4 v4 A4 '4 9. Acv~ ~ ~ ~~ ~a an an W% W% 

ano 
anI W\- \- %W NV W DW %W 0 % % %

W!~' UZ wz 0' W, an- an an UN % 
aW n W % % W N W N 4 n %A

0-4 ~ ~~~ ~ ~~~ ~ ~ ~ ~ ~ ~ 0-*- 4 rI9 
r 4 9 . 9 . 4 9 A r ; . 4

g , c D -t - 0 '



V0 M
4t

03O 0.
a:

-4

010 a0~
.%0

% . 0 0~

AA~ 0'

-~ r4

09. * 0

CM4 azc

0 00-4C

0C)

0
00.

0-4 0) C)

0-0.
0 fl 4.

r4 oU4-
0x -4 c 1;\ 1: 1:t\C r-u 1::4 A C1'a14 - 41 c .0'044 tZC O'N4clANc 00Nzc 44 U\ 0z 1-

43.. c-, .. ~- CM 0nrc r-- Nn 001' CSd a- 0-I -f4- %D (71 0 1% OM-:m 0n tr0'-f Ci l A Na'0 r 04N~ r4tt-* 0 r.4

:3 -P 0 ) U.0 %D0 '. r- 0- r4 OaC) L C 0 ' 0' 00 0a, a, I 0% C1 No NYf N- r r.4 C ~ )J D\. 00-0-

04 0 0F P444 00 0; 000 00 0 o o o o o .4 ~ '4 4 .-

0 V)r4 r

4C - t- (- 0r4)i :lN c or - m*~c 04 a4.- r- - q 4 Nn(-ar4xx 6-m - o m r

CIE . N0
'0 464 C)0 0 0 0 0 )0C 0 00 0- P4r0- - - - - - 4r - - - - - 4r 4 e 4 r

0 E4 r - sI-4.-I o-4

*\ mA 0 co 0% %0 M~ --tA.0wy- r- GO r- 0 ev rZ.O' %0%.0 r-4 0'Co 0,%D r- V\ r4 r4 IAnc r- N'..O Efl'. '0 t- t-
* rO - Go t- I^ '.N 0Y'm' r-0t- C-C) -O VN r-A4.4 4 .t- 0 -r- -f -r4 CYt'-0COW A N OD(V (M c- r-4 co

q44)* 53 * e 0 9 * 0 0 0 0 0 0 0 0 *0 0 0 0 0 0 0 0 0 0 0 0 0
E ~ ~ ~ ~ ~ ~ -, N~ q4 g' A -N 4k- u -N t----r-OCCO CC) V%...4-.4.4t'-0COW rl 0IA4. 0 u-I .

.4I r- 1.4 NNN C; f = 0.' C;. A0-~a00O N AI't ) a

r4 #- P-44 Mr4 r4 r- 4 H- s4NNNNJ ~N NC~J M N m N e%

02 0

C-' -P~.*.' -- ~ - -tje - c f C f - qC 0 0 fn 'Nv-M0 H I0'\A a .0 r4%0 0 r- 0 0 r4 r-4

E- . 0 s
c 0 cc X OA t'C O!0 C;,(; A 0 A N (M 0 ~c DIAN , 0' ' 'I N .4 o"Uf\9 '- Nz N N;l CO' i 0"4 4N CL) 0' 0'

Er-=0 00 0 000 r4 r44 4 4 4 H .4.4.4.H4H4e-4 4 N NNNCMN\ C WC I N t1-(I40C 5  (fl (1-i M m

0 IACV) .- u NO N~ IA IA If\

O ~ r e ~.IAlr Xf' if\ n _: A t in 1.0 I AU 4-1\. . - -fAJ14..1A4 Ai-i~..-.-.' IA If\ :t _I, _zt.
4 ge eeg 4 go egg *gg 14. .. 1;g 1. gr;~ ; r; 4 1g; 1

Do kIA IA IA% In .i - - IM In InA U \ in~z IA IA IA- Zt UN --t -:

1; -I r; . 4 vI 4 .4 1; .4 1; 1; r; r; 14 rI 4- ~4 1; 1;I 14 .4 . 4 vI

44I IA IA IA t IA4. inIA IA _:t tA IA -I IA\ U-\ IA\ %A 4. . A .~ A

1; r; r; . .4 r; A r .4 .4 r; 1;4 r; r; A4 A4 A4 .4 .40 4 . 4 4 4

Ul\ IA IA44 IA IA IA .I AIAA in %0 IA IAI4IA-t IA\ U\I U4.4.

0 r
0 o A I A r IA 4 A IA IA IA IA IA; .4 4 r; ;4 r; r 4. -; 4 . - r;- r; . A I

0 r4 0r4 0 r% v.4N r N~v~~fQ0 0N N 40 ' 4 0 4 0
0000 0 1ot o o o o~~~-q~~4 ;P rr r4 r4 IA r4 IA1 r-4 IAq IA IA\ IA .OIIA-I 4-I IA I A A A v~



p~~~ -71gV' i
%00

*~~~~r co. - vI - '

4.0 %D C- CV

CD

+4 a.) I(N 04 (1 Od r4 N~ 0

0 cc) 4z r- 0

0 U\

0 r4

0 0 0 0 0 0 0

to 0

lot- 4' 4 .

%DC V-d- )C 4H cc'
4A C- 10 l 4 c tw

P44 1-r-l0 r-i C)~ -~.r-O H r-4 00 N -i N~ IV N (V jl -r 1qt

-P~- -Cq~ 04tO tC a_),-r4'J CJ NN C'.

:3 4A 0 Cr"r 0'r4 ''O-4 '.o~ a,-0.Of vv-I- v\4~tt ON f4-4U' 4a I^

V)0 4 r - - C- t * r r IA'- t, U \ 4 0 o l.t cf-- r- c ;.

4 v ) *
oo C- cT \ 4

C ~ "4 '4'4-4 f-4 4 4 4-4 '4 r4 r-4N 14" NC(v\Icm (V N (VU
xA I in n If in ,At' I U XA11 v' IJ V In IPf Mi~ j If\ If\ ~U\ .'1n A U-\ %A InU. UN

t>a

0) Rio0aC rq

o 9. .-4'-4V-
4  

v4 -4

M0 - (104'
* o. -- '---r, .-"0~ z-o N '40 --7"0,- 0'- C'It% j-.'%~~~~~~P 4r- (Vitrr f-O c-, --: '4O.'o---v4- ,' CO'. 0-'. n0v 0f N

-- l coI COC) 'N\rJ,-, CL"... CL -,v4-\N ~ -r4 .f-,c 'ON -'.'O 0C)
H 46r" V4> HC~r J4- . C-)I OC-- <\j enJ r-0-. toDa c m U

-r 0- r.)- r c.cwIJ N~c Nrc f~ N- C)'c u rv~'- .- CO OH 5 4 * o.'o a j - ' c ' C L J'0. Or' F-4 irq 0~r a- . 0' ' cu
0 cI #-4OG N4~u N r''. r-~ t-C,-'4 c- r-4 -- Ill f--4c oN C, r-4 O CU

0 * CO (V- C G O. 0->0 CCO GCI, L-\O''-4- C>tN ( 0' vl-N 'f

0 -

V * 0 0 0 0 0 @ 0 0 0 @ 0 0 0 9 0 @0 0 @0 0 0

r~ 4 .. .4 .4 .4 ..4 .. .A .4 .4 I ' i. ~ r - . ~ A U' U' i' 1j

4y 0 0 0 0v N i (V N N u 0u i N (v V 0i v cm N

~. .4 11 i' .' If - . C ~ I . i' .' ' If\ in U\ . f, if . . U\' U' .

O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 44
'4 ' '4 v-I v-I -I 4 ,4 '4 '4 -4 4 9- '4 '4 4 -4 '4 4 ' '4 4 ' -4 4

.4' j4- U\ A . 4 I 4 4 - I 4 - 4 U' f' '0 I f 4 I. . f A I

.4vI ' -- 4 ' 4 - 4 ' 4 ' - 4 4 vI * 4 ' 4'4 '4 6-4

.9 .

F4 A o '0 COCO" .0% 0-. 10r' c-,"v94 -- 0' f'4 0 0en.0' vi 4 -
., 0 4 IAVI -- UN. In. .If\ .4.4- If A i. i' .iA V U\ U\ %

H4- v-44- r4- r4 '4 r4 o-4 r4 F4 #-f

I. ~ ~ ~~ #~~ O'.Ot-t-4CO 0-O00 ' 0 E~'".

-- r-co* GoS,- r

88r. 84 om cu #0% V-4-00 o'



LUIt

o po
r4I

a e , I

0

%0mrv0% Nr NV (V
cv ~~ evR4- (g.gs f Kf,' K ni

C;C C 4C;C ; mC c ; vC c ;C; I C t v(vC V C N (V fmC V-VC ' m

#v rNM A A A MWNW ^V ^W

WN N W V%4fW% % W WUN % % N %W%0%WW % %W WN W% W% W% W% 4^

I I *S(V.0-4

V4 PWrrl. r4.4W%
.4~' (v%~ CV4 (V-@eO4-41

oq 4 9- 04 #1 0

I in IS! V% If r4 Pt

0 0 0 0 0*****

.'0 4 NW%%-

r4IW

en~~~~~~~~~~~ 00 '0 04 On8%e n e n n e 4 1n n 0 0 0 %'0 8 e 84 en n

r4 ~~~. 1-4 .4 m 4.MM 4 M 4 P4 M 4 r4 r4 o-4 r4 #4 r4 f4

0 Ro '9 *0'I 0 S 8 S S; Is *1 904 9

.4~~~~ ~~~~~~~ .4 .4 .4 r 4 .4 . - . 4 . . 4 9 . 4 1



'B.NR

.0 M

r4 %

0% cmr- c
0c 0 0 4 r4

04
r4 co

q '0
r40 0

N N in

Gco CID

01 44

C- --- a'j IA r4 0V e4 % uU
0 M.' Hn v-4 r4 0- r4r-

N0w w o om 0 CD t- -N r I en N- enfLU oc (V V1 A-mC mC

u m b o 0 0 ; 4; c 0c t.C4lf
eQV

0 0 0 

SI c; N ro ;c N

9n V-4 ~ liAU4- r4 ri 4 "'4 J' P4 r4 04. PiV V14.-N4

a.~~~~~~~~ 0**** * ** * *0 0 00 000 0 00 000
P- zP .... e ev-en' c1 Go ~ enl 00 CID Entr 04 en en eeeecnnnnn'U\
MA NN NNN NNR -- 0 GN N1 % r;U N- 4N P4 N4 r NNN N NN

en ~ ~ ~ ~ ~ r F-100O~e '0f r4 ~ C.- (' AiNa O en 0 ~ - rWeN

-P 0 co %A..'0.0~'~~9 14q rn U\ N 0 c.4o~ rml 0r- ren-'.N%.' 0 - r- 0%,
0 4 U 7 0 1, N N 0 -0 0 P4 (Mr 0 000 000 0 00

(v 00 0 0 944 9 N en4 N4 CO - r-4 -- C 4% 0r 0 'O0OU\ N N I- 4-tNN
t-4 %0 CID- 404 fl,9- in9 N4

S.~ I4 eno I I4 I*~' 0 I' I. In o' o' 04 r0 -I r4'. N. N 4~ N04 Oo

~ 0 0000 000000 0 0 00 0 0 0- 0 0 0 0 0 0 0 0 * 0

04 6 r; 14 44 4z 44 14 44 .4 4 \ A~U~U V
%D ^ A UN in U \V A u\A A I l ^% A U N InUN umA

\ %0 :d e.\ -1 NA enN _zt V\.4 0 I D I A 1^ % N I A \

o-4 r4 04 M e-1 04 r4 . 4r f ro v4 0 4 r:04 r ;r

N0e r'O 0 UN0 %0 ID. %D- . U\~ IA %D \ - 0 %D N%0 NA 04-- 0 .. 4 U\ UM ^ um U\ m
- 0 0 0 0 0 0 0 0 0 0 0 000 0-

#4 4-I N N #-4 r4 r4 r 4 r 4 r r -1 r1 4 r4 r44 A 4 1; r

-,'-J .4- '.0NA% U)ls- =A4 latk IA. U\~.. .I^ %A %f\ UN

00

b*, r41' N* N~r 4 .4V4 N r; r;- r - r4.- '00QrfCN 'e9..4

r000000008000 9494.408000

env~u 8 A8
0 *0 :0

0 0000 0 0 CP 000 C0 0M rrl4 04 P40 0 0 0 0 0 0 0 0



0A
r4Z

r,4.
IP~E10~1 4 elm-

r4

.0 ~ f -

* 000

411
00 %0%-1 s c N

00 0
C; NO (z 9 (CV 4 4 0jq '~ccr4f4

'.0~~ 0. ,q0.~ q
0AU N ,U' AAA^ NN NA N Nu NJNN NNJNN

r4U4 r41 r4~1p r4vo

CD 0SewW co U\ U\ CD CD 4 00 0 a a

.4jr\ t~u '.0 0... AI 0 r 40'~ 441.

o~~~V ON g t .
0\ 0* 0r0

o0* ve co %0 % 5 m _t
Mt 0r4~ 0N Oea*O C4.I

iU0 0 01

r4 14 1~4 ej; r ; 1 ; P

r4*q' r4 #4 r.4 0 1; 14~-- 1; 4 ; ; 1; 1; 4 4 1; 1;4 N; 1 0 r4-* #4

0K IA U. \ N IAOU-U\ AA IA IA'V.U IA UN V\ U\ IA I IA - A^.
.4 r; r;~U 44 r; 4 r ;1 1 ; . ;

% ~ A _-:t. IAi AAAV N U\ V\ A A IA1Ain in \IA\% A% A

N 0 in~i U%1~~V CJ v N

of .4, A A A A 0A 0 0 0; 4 r4 r0 1 A 04 1 04 0: 0 014,

Rog0 0 0 0 0 0 0 0 00 000 * * S * 0 * 0 5
14 4 on fn 14JO 14 84 A4 14r 14 1 4 1 4 14 1 4 1 4 14 1 4 1

40 9- 0- co 5 * 0 0 * 0 0 * 0 * *
lo"14141414141414141414141 4r41414 44141 4 4 4 4 4



Ji 01

to,
0) v) P

o0 0 0

-4 C-4
U-1 ~

0 0; 0

W\ Nn 0N - N N%.

NC)~~ mN U mtt4U~ m4 N N ~ (V4'0P( 0 -- r-4U r-40 r-4 r40 0'

0l e. 0.4 0' ~ p 4 40 N N N N CC '~ C.'i C e S N C m N W4 i-
4 4  

W4Cr 4 0 0q M) 0 (

04 0- *- -00 r-4N 0'OI 000IA r-4 'l :t ; 0 c ZC o
gs -t 0\'00: 49-4- 4 0 -4t o -. . 0 ' \ -440 !3 't 8 ow

C, .4444.. 44 N w toD' ' W, N 100U a, UO'''s 0

t- ~ N- t' V"-~N r" 0 C' . Q

U 'U 'a U- Ul% W\ W" %C\ W\ k' W\ U "\ u- l k% WN W' V U % %f\ k\ %C U N U' 4A U' W\~ U' W\ WN U \ U' W% W\ W\ W\

aS 0. 0 0 (5\ t oN

WN r-4 M W to m N'N(. m 4U~uNU ' C 0& 'oNa H i c.oi' U

. .. . . . . . . . . . . . 9LA, 0 ,-4 4,0oz e\,6e < 4 4'\ ST O0 U'kNr - 4t0 N0-4 ~ ~~ ~ ~ ~ ~ ~ 00 F-4 r10'r4NC li CiC\m -t a - N-0a r- C V W NN \0 r Pv4 H44 4 4 N N C C -4 H .4 -44 v-4 H -4 r-4 C N N NNN N~ V e " C \

0

14 -4gg \Q0Z; 10 N- N 0 1\ DQ 0 'U0 C 0 _O t U \0

W N0 '0 in 0' , - 0 cr
i-10-- -t. Nl -4 q 4'N N H4 ( CA 004' (DS W\ ;

tN O~)JfUr. o CO to a\'Nc,(7 7 7 0''a a, 7 90"C oe 00

a V

N N N N N NNN cJ( v( ~ , ~ jcjt lr jci( N NN N " N NN"N N N N N vN NvN N vN N

9.4 g4 .

m- vk kn W U'\ W\ W\ W\ W\ W\ U,\ W\ Z) W' ' \ W\~ anU ' U' U% '~ r
"4~. 14 1; .4 1; .4 r4 .44 r4r4 r4 r4 c- 4

VII kf\ U U'\ U-1 U'\ U'- U' U t ' U ' '0 I' ' ' ' IU L ~ U ' U

r44 . 44.4 r4 4 ..44

4C)

4- rr'.* c J~~, , 4 4 -'4, .4 -4 -l4 -1 , - 4. N



4St11A
0 Ad(

- a.C3

'0 2 0

C-%

oC . 4 Nl

00 0 C;u
0

cv (V If. (VN

N ON co

V, UU 0nW 0 0 0 8

43-

H +2 o (I n0\)t t C)#I-1-4-4CN N0 CV 0 N\)a ,a

C6 00

0. 4-4 elt-~ $ u I ' N a00 "- 4fa'a~r

-. ~ ~~~ .t .0...'. .'. 0O .) rEU) ~
r_ 0 0 0u-I - 4-1' H 4 - -4 .4uIr-vI(vI - 't a, au-u- o, o-

0 0 s

0. 0. 0 ,a

if 0 a*) 'o*
C, 5- u-I toI o -atoov-wI-a , 0

'o~~~~ -a' 2F %; * * *l r i' o ! U l l O - - . * * . *

zq0 -4 a -'.'D co1a c'~o o0 0t~ C) r4 U)Oa"Q0 r- -ow a, N-a Ino (V
JCv ~ ua' 0 0-4 a't.ag H I - H 14r4r-4NN( c .Ot uIVu%' '.00 0w C.\ MM4Na~

0 a( v NI N( NI Vc (Vu-u- uuI IN NN N NI I ; v;c
C) -a

d- I-f r U 0 -- 4u-4 - c .or H".r-4Ur-4 r-4 H SU)CO.O0" r '40.0

* ~ ~ ~ ~ c %n 1^4 kt" %A. W\C 4-N* 0 '~ t 4 ("U u' 't -cr. '

U- a" . -4 1 144 r-#t r-1. rt' Ht ar''. ar-4 It' 14 -4 i .. - l r- r - r4

a 0 r- CVNCJ\ %r\NN N C.N N %C\

.J4

I ,
at a 0 a'.' OM CM)' at') (U:> a ' at at' at at' 14 . .4l r, at'\ 'o .4 04 0 4 .4

*~~r CN rl .- H C1 (V *Y CV .v t% * ** . . .



00

r4 cr 0

.0 a0

Q.C 00A

1 0NC

q4 W%- - vI %Q0 ,a

*I 00 V0 n, N CRi C

f -0 4-4 14 14 0

N c'j N, C a ,a ,O ,a ,a N a,

9L '.0

C; C : C C; c
-4 r'4-4 r r -

r MN N$r N~ D0WC \r ' 0 4 v t

'9 5. 8$ ~ ~ t ~ .. oA0

0 0- ia cl HH H N a - 4-4t-- t- 01 ' V0, c~ W 4AG'0-4OQOt-
a -i o . 0 . . . . . . . ., 0 . . . . . *Z * u ; .

-4- -44*e NL D'

'0 Pq eI^% , V\~ UN-.~ V\ N- C-\4 ...
00 V!OH HW:

-4 0k9 9

k^ n LA V\ 4^ 10 '' 0~ -0 0 n V% W

1 10 W 0 %C0 % -0 -V 1 %0 4^V0N V

0

0- r4

31 00RrI 3 W r ' %C '4 ' H.aom' C)HO -k I -4 ' (V .o NN

0~~~~~~ 0nnnn ~ '~4g

%0 H- 00 00 w.0' a 'a0 .0 0' aN -.4 NM 1-4N N r4 H N N r4NNr4r4rNr4NNN(Nc
0



- --

r-44jjII ~- %
C; N lC

V44

00

+ srv-
,*a~lc 10~1 ~

C-4 (vC 4el*C4
U NNa

N m mNE

I0 
'

rN ol 0r 0 Ci f 8

10 0' -t enr U'mm W 4t

9. .n n: 0*

o4 . 0

' ~~~ ~0 00 004. ~ I 4 4~~~

u~~~~~~. r4 H4 -4 (1 V.4 vcmr

0
4A N0 Ht" C> 8 

U'%
0 4Zc 4 m 1 n. . . . .

00 00 -o c 5 0 00py .- 4. '-4 % , J.

V~%W tS W%-w.r-%W WNW %W n % % N, %1 %W NWW %W %W %W

H - 4 H - - r-4 - 4r-4 H 4 Hg r- - - - 4 r -

m'' "' '611 0. U' 4 rqc .44.4Ng r

U'I Vk W' 4^ W 10k% W

H' -4q 
r4 U' .4 A' 

U' 
A' r'4 

U *

0 4 r 4 .-4 v-f #4 4 -4 r 4 r- 4 .4 -4 .4 ,4 . 4 . 4 . 4 4 . 4 u4

go H1 V4 . 4 . 4. 4 . - 4 q4 1- . .4 4 4 4 4 . 4 r4 r4

.? 8 0 0 0 0 04 04 o4 .4 4 4 I "HN -1 4 -4 r4 OR.4 .4

040



II L

tot

0 10

n C; 0

53 NC;NNN

Nv1 NN

0 co
* .

A 'iM M .- 2!
+X -N14r N Nl N) Nq Nqc vC* N

0

43'

'a CO M N- 4e

co, 00l t

0. ON 00000000 ( : r- W% UNt- 1^' M0 . N- g-i %00

Il tN SC tC c V C tC

94 'D00.0D0% 0 %D. 'D''D' 0 D10'ID010 0%0 %D0NO.0 100 . 010 10 -D.0

0 P t 0 0 0v 00 o% 0

to*N0' r4 co Nt4r;N 8 %0 ON.' 00 ~ C'% N*
"' 0 - N L-OO 0'O C-W r- co

.4 HF4 11-4N00 ~ H U'H N MI.

s P4 H r04 3-4 H H 4V4 HH v c N

4S 01 HI -H -Ir-4,- r- W NN %0 0 NO'U N o%. N

C. zV 44zz0 * r-4.NN t- 00. 4... V NNID
0q * l ^I 0W tfe WZNLZ~ aDe 0.0 U' 9-WC' 00I

"0 0 C ' C ' C .C;' C0 c0 (0 q0 C0 C; C3' (0 C; .C 0 '0 0 CN 0 ' 0 f 4U' 43 C; C; C;C;
. ev v C1 *l .v v Sl CV m CV V (V m (V v * v v *v C1 m *l .v m (V

H- H- H 4 H -H r4 H H H H H H H H- Hl H- H- H- Hi r H H 4 H ,H

k W: W: V

ID 1' ' U I' ' 0 ID \0 '0 10 10 '0 '0 14 %0 %0 W\ W\ W\ W% '. C N .

4 H H H4 H H4 H HH H H4 H H4 H H4 H H H HHH

0~~~~~~~4 H1, n C3 .*.***

8 00 0S.40 0 ,8 .4-QA 5 Cle vt



cc I

A*

Am. 4% CV t

.C4

(V1

%4 0
0N

* 0

* 0 -wc v Vc

0 00C

0 ~ 0x 4

r4 C4 '0 r-
Ise ~ 14S M3 CI\Z R .4 lf %~ www r " A lw

H 46 M. * . .I -r iC i-.C C i c l C .IC
04 N 4aCj( Vc Ve 1 VN( 4 c q( vcic V NN( Cle N cuN vc v(4e v c

0 '

-44 0' 01 0l 0 m0o"D m q w

c4 -t 4

94 .4 0 44 .4 4I 4 n 4W 44 AA0 A AA

-4 4.-'D m 100 Nf

xk. 0 1 1001*N 10 10 %' 0 DI0 D 10 -D1 0% 0 o1 0% O1 %4-t0 'O. %Dl~' -D I % 0OO% D D

0 ei3. e . . l 0 *....*** *

. v- 0 00 0 0 0 00 r-4 N ~ ~ i CV 'An'

r4 04

*~~~ P.. to 0.4

I~~~~~~~ -t M-~ 10a'IA -4 '-~-~ wA#

=0 0 V* * m m -t 34 *l IV C- L* 00 * o 1,0 * . * * **

1-.4 .r -4 r4 rlf-4 r 4

0

Do00 g og g ggg 0 0 ,-D r-4,0 -*k'NOS (a'0OD a, D.r0o.'-,e 1-

('1 0 cCOD 0 00 000 000 000 00 00 0 (0 00000

o~ % N N N W\N NNNN tcN to WNN N WN~ W%4

.4. . I * I * nn* .n .- .

.0 In in n In nA n0 n In In "-: '0 '0 n0 C t r- n0 '0 n0 : n'0 '

r4 .I H4 r4 r4 V-4 r4 .4 -4 .4 .I H r-4 r4 r4 r-4 r4 r4 r4 r4 r-4 -4 H4 r4 r4

4. 'a0k .s a' U 4 W% an %0~ W%~ I' . '0 '0 4n '0 OD 00 r- %0 W% W% W\ 'D IN
.4 .4 .4 .4 .4 4 4 .4 ; 4 ; 4 r; A- I 4 .4 A 4 .4 . 4 .4 4 .4 .4 .4

is 0 04 H4 .4f r4 .4I .4f r4 44 r44 .4 .4 .4 . 4 4 49 '4 4 4,44.4 A . .4 r

80 o4 '0 o 0" a *m o 000 8 Cc & .0 A *4 V ( cm



10 10
C4 C4 C4 v c

I'V U

101

93~ '00 Cj( C- .
43~

C2C

R, m4 -* l l iC ' 1 1l l r4NU 1 m(4(j(4 e N N *v av e mc v( VC

-t (n %0 10 10 ( ~ 10 m- cC-(%% i * V1
C0 0) C4 0 C. N 0W- ,00 n(N c VV0 

0
C* H v- 

.4 
:vAAr 0r -t-0 oW

'D' D DC t 1 ! 10 v-4 -4#4 c ma-
F9 . U)t10ccQ0 C 0 r4m AAA 4 A 4

10 % IDN 0I 0 1 Da% D- DN D1 01 0I o% 0% 00 % 0- -10

54 
0

"D 9" 4 IAI88 " l

ev W C-4-40 W%~ N p4- 4- . 4 . . . . .

u r4 "9- cv ( C-

414,3 Vq H z0~ , .- *4044. 10 0C%19" CM

IF$ ~ ~ ~~~ ~ ~ ~ ~ ~ C % C % m r - U % v ( cm o C4m c0 4 4 4 - 1 0 CV 00 O D ' I ' m(9 It )%r(W

0 l C- 4 c - 0 00 % - AC40 t-r A 10 to%00L r w Da

0l 
04 

f-4 
0'r 

:A 4C , r V 3 l - - - v9k -4 N0g 5 N 1 4k E-r AIx9j -4 4

N'N 
WNI S ooOO ,O o.,ov j 4 ,

0 .N~ . ..- .- ! wz .~. .Q..Qv~ 
0 0 0A0. 0.- 

R 0 OR

,4 c ' . . . . . . 4 4 4 4 . 4 . . . . 4 . 4C~t (Vcv 0 C-- ~ O o (V( Vev N N cm(v V - i - d (M M m 0 t ~N (VCV (V(V(V%

9- 49- -4el (9~C0 %4 'a:rI r1 1-4H q l r9-4 l V4O

H H 4 H r4 H q F4 H 4- H H 4i r4 .4 4 A .4 4

10 ~~ ~oo o ~ o 00 0000000l 0 N % W% %% ^ %f e

o Nt nN 1 oNoNN N 1- 00N0W:

r4 H9 -4 14 44 44 r4 9- rlF4 . 94 94 -4 -4 H -I 4 p-4 r4 4 4 9- -

40 0 P-4 9*. n n . . . . n nn* 
*

0 1 r H 4- 9H-4 Fl H4 4 r- 4 H 4 4 4r4 4 .4 .4 .4 p4 .4 p4 '

.4 4 4 4 .4 .4 '4 Fl 4 4 4 4 41. 4 14 *0 .4J (V CV4 '4 C1 eq 4

0S 

iv



*4)

-I H N

0 .0m

r4 4'U

42

9' V-4 '0 v4

z .i
N NI (4 olC

00 0 0

0 0a

0 Qo 00 00-N. 0 NCl ar4(
4>' m crli (V (V MmHmm -

CV N4 NI 10 r- IDN N N- l

A i O U ,Il l i0 : 1C -!' ' Ie
H*- 4- 41 V C l - -4 kA' 'J r-4

C4m 54 10 0 0." 0 0l oW 0

0 0 *iC l :iC l 1 . *.
W to t o ,% 0 ' ' a 10 01 0- 0- 0-C -t -C -t -t -t -C ,t

o V V444 O I N mVN N NW m m N

S44
P4 N0l v oN

(V co IOU- wN 4 . 0 ~ (V .- IN 1-% t , v t-t
(1..~ ~~~ ~ .@~ .N U~0 - ~6'0 0" 0' 0l'- .e0 .' r . &

(vZ -4 C. H *l *0 M Ao*r-g go

0wo 140 0* 00 9- H LC\N to 0 l'y , U\Wk

g; cm 00" :3~N e r4 U'. 4 -4 qUc 4O'o Ln Co" o r - F,3cvg vg
o~~~~I m 4 Go C). loo')0'0 ~ )0H~

rt. C00. '0.0 019c!. . 9! o.0 . 0(o

a, 0, W, o m to -, 04 me' w-o t v9A t 4 44 -. W4 '00 0cv\d.-) w %W

o o, a, a% 0%0 0 00 0 0

1 4 W , W \ Hn ! 4 r - W \. ( 1 .

0 000PRO

CWO 0r 'U .

W% W\ 0'C' %DN 'o C- "D0 k^r U-0'e C' 0 N N % 4^ ?4
0 $45 0 04H 0(' 0' .4U . .4V g. I%',t)0.-~

4 4 . 4 H i o 4 A A A H 4 H H 9 A .4 . 4 4 4 .4a

42Ad C 5\ 0 -4 V 0 '~' :94e'e. -,- ., -*0 0, ,\N W\ W\ %C\ WN ANcn

3 4 n -n n n n . . . . a . .a * a * aS 4- A H H q H 4 H r- H H H H49 9 9 9 9 4 A4 A

r(m"., C' 0C'4 0e me' me 0 ' 0' W~ 0 0'0 4ri r4 ' 0 , A' A .4 r' A ' me' A' A% U' U'c



4d'

lop

CCt Ci 0

N N 0 3 N N

cz. .~ V ri ( ~ Ci e v v

43

0V 0

0 C

it 0 * (1 9 ! C 1 9

N~ 10 00

Do. C! C0

(D00 0 0 0a

.14

433
*4 0 14

00

0 N

~. 0

co 0) 0
su c. CIO 00 co cu CU C)CO N

C.)

tG tm CO4(4C( 0 m r-4. r-% C) W .-trlr. O
.4 r I a NN li 1 m(I\ON t W% #^ W\ ~-C o v-q -. n C- a,' (71 0 US 0

I r4 v- l- 9-4 0-4 v-I N 
6

li C-1 ev CV

48 CCV(r-4 -INco ' 0(%W % 00 -'-'a CD \0' 0, 000 F-4N -40 m ~ No

00 00 000 NN(vE H4 ( V

C) 04 0000000000008 000, 4: *.i M% m C**\

N% 0^ N N WN N WN N NN 000000000 00000000
0 iCV nN N N N^ 1^NC W\t NWA A ^ D %

C; C; C; C;*c sC . . . . . . .. . . . . . .

0i an (v Of' an aN At '0 (V cm) 0n '0 '0 '0 0 pt an 0 an p0 R4

,4 r.4 .44 4 -4 4 9- 4 vI -9 4 4 r-I 44 aI 4 .4 .4 .4

.14

.4
14 an an a n a n '0 an an an\ an an% an an a\ an an a n a N

9i 4- r-44a- - -I I e 9 r.4 r. 4 4- 9- 4- v4 r4 9I r4 a- .4
0

.4v V-44 ann V:
Cor l FI* - 4 r 1 q r 1 4 P4 60 r H f- rl an annC-vl. P0

o4 #4 A -A 4 't 4 4494 r4 94 . 4 9 . .4.4.4 n 4 n -4.4v 0i 00i 50

0



122

Scrubber Operation

Operating Time vs. Time of Day

List of Figures for Detail Results by Days

Figure Date Page Figure Date Page

Number Number Number Number

January February
21 28 12 142 18 144
22 2919 14

2230 12 1 20 146
31 121 21 17

February 46 22
25 1 127 47 2
26 2 1.28 148 240

129 151
28 4 130 50 26 152
29 5 131 51 27
30 6 132 52 28
31 7 133 March
32 831,53 1 151
33 9 13 5 2 15b
14 10 15 3 157

3g11 175615
12 138 15

37 13 58 W9
38 14 10 59 7 161.

1 141 66 8 162
1 142 6 916

41 17 143 62 10 16

CHEMICA, ENGINEERING LABORA'ORY, CHEMICAL ENGINEERING DEPARTMENT, NORTHWESTERN UNIVERSITY
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