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Absorbents

* LIOn - The lithium hydroxide used was made for the Bureau ad Ships under contractwith the Maywood Chemical Company, Maywood, New Jersey. This material is a pelletisedform (4-14 mesh, U. 8j of the' powdered material currently carried lbr emergency useoni submarines. It conforms to military specilicaion MR -L-20213A(Shidp) dated 17 April1952 as amended by speedletter NObs-61655(549A), ser 549-8345 dated 20 Octobir 195,and speedletter NObs-61655(642h), ser 549-9551 dated 11 December 1953. Thbe materialwa pacted in cans containing averae Atof 200 lb ofL L wscarried on the crulse and 454 lb were used.

The reaction between LIOH and t, is as follows

2 LIO 4 C -- LCOs+ 720.

From this It can be calculated that 0.41 pound of water Is produced for every pond of CO
absorbed with less than 0.5% water being present in the original material.

.oda-lime - The soda-lime used Was Wilson Soda-Lime, 6-15 mesh (U..), highmoisture, indicator-type sold In 5-gallon buckets as 6Sodasorb" by the Dewy and.Almy/
CheIcal Company, Cambridge, Massacfiuietts. This material consists of 1 pelt sodiumhydroxide to 21 parts calcium hydrximde and has a vauer content of 14 to 19%. Tke rescte=

with CO, are as follows:

2 NaOH + C0 2 -Na, C02 + H*O

Ca(OH), + CO--CaCO,+ H.O.

As witf LIOH, 0.41 pound of water is produced per pound of CO. absorbed. Work at rML(5,6) has shown tUe 8-16 mesh material to have a much higher absorption rate to hoppersthan 4-8 mesh. The total 1252 lb of soda-lime carried on the cruise was completelyexpended.

nstrunmunt

Physiological and absorptive effects are related to partial pressuros of gues and notto their percentage conceutrations at boat pressures other than one atmosphere (29.9 In. W).Thus gas concentrations In this report ame given in terms of partial pressure or per eaAeffective except for aydrogem where true percentage concentration is the factor involvedin flammable limits. The term 'percent effectivetm is someUmes used In deep sea divingwork and is the true percent concentratlon at any pressure corrected to one atmosphere.On this cruise the Dwyer CO2 Analyzers were the only gus analysi Instruments otherthan the hydrogen analyzers that read true percentages so only their readhigs needed pr-sure corrections. For exuample, U a Dwyer reading of 1.5% was obtained at a buat prs-sure of 36.0 In. Hg the effeetive concentration I

36.0 X1.5 1.6% efetie

The gas Analyses and pressure measurements made In each compartment during boe
dives are Indicate in Fig. 3.

COtNFIDENT!AL
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S....o .......... Cz •naA!yer- The Inrstruments used in the forward torpedo room am the control

,room were the infrared absorption type develope.4 for use on the troop carrying submarines-
PE)RCH A SEA LION (ASSP313 and ASSI3I5). They are continuously idicating instru-
meats made by the Liston-DBecker Instrument Company, Stamford, Connecticut as model
No. 2t.

The initruments used In the forward and after battery rooms and the maneuvering
room are regular submarine issue reading from 0 to 5% true. They are manufactured by
the.F. W. Dwyer Manufacturing Company, Chicago, Illinois stock no. 57-1-432; order
no. N140s-70841A. The operating principle Is one of volumetric change similar to the
Orsat analyzer and analyses are batchwise.

1% Analyzer - The instruments used in the forward torpedo room and the forward
battery room are standard Navy issue, the latter instrument belonging to the ship. They
are made by Arnold 0. 1Beckn", Pasadena, California and may be identified as model
N-1 (contract NObs 23193). The principle of operation is one of paramagnetism and the
instruments ae continuously indicating.

,1R.L Composite Gas Analyzer - Concentratlons of CO, oxygen, hydrogen, carbon
monoxide, and mathane as well as boat pressure were measured in the stern room by
Model I Serial I of the NRL Composite Gas Analyzer, which was developed by PAL for
use on the USS NAUTILUS (SSNSNll). The principles of opeeatlon are infrared absorptiom
for CO, CO, and methane measurements, thermal conductivity f6r hydrogen, and para-
magnetism for oxygen. Pressure measurements are based on the aneroid principle bWt
for this cruise had a maximum reading of 32 in. Hg. All gas and pressure measurements
are automatically recorded on a Brown recording poteatiometer in addition to being coa-
tinuously indicated on panel meters.

Hydrogen Eliminator - This unit is standard Navy Issue .and was ac powered. The
operi ýrfTibcolne is-one of catalytically oxkilding hydrogen to water.

DETERMINATION OF SHIPS FLOODABLE VOLUME

Calculations an COz evolution and Os consumption require that the volume of air In
the boat (floodable volume) be known. Although a figure of 35,850 cu ft is available from
the ship's moment diagram its accuracy is open to question for the conditions of these
tests. Witi, the ••lp alongide the tender after returning to New London but still in approx-
imately the same condition as in both dives an attempt was made t measure this volume.
A water manometer was connected between the Inside of the boat and the open atmosphere
by means of a drain connection from the torpedo room escape trunk. The outer hatch was
left open; on closing the inner hatch and sealing the -boat, the steady pressure rise due to
leaks was measured by means of the manometer exactly 5 minutes. Then the boat pressure
was equalizedwith atmospheric pressure b) opening the Inner hatch. After again sealing
the boat, two weighed 200 en ft cylinders of nitrogen were released Into the inside atmos-
phere and manometer readings were taken after 3, 4, and 5 minutes. The following data
was obbibied:

Fia ombined weight at Na cylinders -2U-1/2 1b
•.;* .J .-3 ,

Presure rise&lntoleaikI5 mlass-Snamm 6O
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Pressure rise after 3 minutes of N, release period - 104 mm H,9

Pressure rise after 4 ýinutes-of Na release period - 106 mm HI2O

.,j Pressure rise after 5 minutes of N. release period - 108 mm HSO.

With the above data and by assuming the Gas Law and Dalton's Law to hold and the sys-
teml to be Isothermal, the volume of the boat can be calculated as follows:

Va . atmo6pheric pressure x vol. of N, released c.t 760 nun Jg and 7di'
bbat pressure produced by released N.

S"7_60 X S69.*38,500 Cu ft of floodable volume.
7.28

The pressure correction due to leaks was obtained by averaging J* result of the first
5-minute period with that resulting from an extrapolation of the straight porUou of the
pressure curve for the second 5-minute period.

Another basis for calculating this volume is the change "in average COs coneentratlos
produced at the beginning of the second dive (from 1200 to 1415 on 12/3) by releasing CO.
from a cylinder. In this case 42 lb of COa were released in 2-1/4 hr, and combined with
the evolved respiratory COs produced a change in effective coencentration of 1.2%. This
permits the following calculationw

Total CO, released CO, from cylinder + CO, from resplration

.42+ 2.25 x.o.085 x 75, 42+ 1__ 4 a4490 cuft
0.1147 0.114?

boat volume =AR- - 41,000 cu ft.

0.012

CARBON DIOWDE REMOVAL

Hoppers were used during both dives to control the COs concentration and the rate of
clearing the boat was determined after surfacing (Table 1).

Hopper Operation

Gaerg-- Hoppers were operated to maintain the average effective COs concentratios
at about 1.5% during both dives exm ept neat the end of the second dive when the object
was to lower the concentration as rapidly as possible. Performance of the absorbents was

* • determined by chemically analyzing representative samples (Appendix C) in addition to
weighing the hopper, ccntents before and after use an spring scales located by each hopper.

* rail Procedures - For the firt dive (Y'g, 4), after a normal CO. buildup perind
of about 10 hours, thriehoppers were operated with soda-lime chargings staggered at
Intervals of about 0 hours betweenrechargings for each hopper (procedure A). The hoppers
"were spread over the ship with number I being In the forward torpedo room, number 2 In
"the cointrol room, and number 3 In the stern room. For the second dive (Fig. 5) AlU
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. hoppers were operated In the torpedo room with numbers 1 and 2 being near the torpedo
tubes, number 3, by the crew's washstand, and number 4 In the crew's shower with the

"" door open and a bracket fan providing vnumt aflon;- The initial delay required for the C02
- concentration to reach 1.5% was reduced to 3-1/4 hours by releasing CO, freir a cyliuder.

During. the second dive. (from. 1415 on 12/3 to 1120 on 12/4) two hoppers were recbrxged
alternately with LOH at intervals of about 5 hours for each hopper (procedure B). From
.1120 on 12/4 to 1200 on 12/5 four hoppers were recharged alternately In pairs with soda-

I lime at Intervals of about 8 hours for each pair (piocedure C). All hopper fans were 1r.f
for 45 minutes of this period (1900 to 1945 on 1ý/4) due to a power failure. From 12-0
to 2400 on 12/5 two hopp6rs were reoharged alternately with soda-lime at Intervals of 4
hours; for each hopper (procedure D). From 2400 on 12/5 to 1Q.00 on 12/6 three hoppers
were recharged In sequence with LIOH at intervals of 9 hours for each hopper (procedureE).

* However, only one hopper, number 1, operated for the full period. From 0900 to 1530 on
12/6 three hoppers were recharged In sequence with LIOH at Intervals of about 1-1/2

Shours for each hopper (procedure P). There was some overlap initially with the previoux
procedure.

_ _ _ Summary o CO. Removl Procedure

SDive Time Submerged

II 1 0 -10 Allow CO, concentratl~m to bu.ild up at normal rate to 1. 5%

10 -39.5 Operate 3 hoppers with soda-lime at 1.5% CO. Spread 1 can
(about 1. 5 lb) of LOH for 3 hours. Determine bow rapidly
boat can be cleared after surfacing.

2 0 -l3 Release bottled CO8 to accelerate juild-up of CO,

3 -24 Cporate 2 hoppers with LiOR at 1. 5% COA

24-49 Operate 4 hopper. with sod-..llme at L 5% CO-

49-61 Operate 2 hoppers with soda-lime at 1. 5% CO,. Spread I can
(about 7.5 IbV of LiOH for 4 boars.

61 -70 Operate 3 hoppers with UOH at 1.5% COS

70-27 Operate 3 hoppers with UAOH to reduce CO. concentration

77 - 82.5 Stand by for surfacing. Determine how rapidly boat can be
• . __,_- __ __j cleared alter surfacing.
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The absorbent performances as determined from subsequent chemical analyses am
given in Table 2. The saturations are based on the theoretical capacity of 0.91 pound of
C09 per pound of LIOH and the experimentally determined value of 0.38 pound'of COO 1er
pound of soda-lime. Thbe values in a= ess of 100% for soda-lime sre not sign•lcAnt except
as an indication of the over-all accuracy of the data. Figure 6, based on Table 2, sohws
the relation between exposure Uwie and saturation for soda-i.rme and LIOH in hoppers
operating In an atmosphere containing between 1.1 and 1.9% CO6 effectlive. Table 3, also
based on Table 2, gives the res~ilts in terms of poznds and cubic feet of absorbent required

per n -rhour protection at approximately 1.5% COi effective. The man-hour equivalent
of CO3 involved in this method of calculation is discussed on peg 17.

While opexating under the final procedure where the object was to reduce the effective
CO, concentration as rapidly as possible, 216 lb of LIOH were used to lower the averae
concentration In the boat from 1.9 to 0.7%. This required 7 hours and the average satura-
tion of the spent LIOH was 38%.

Only one hopper filter, which had been used during 12 fillings with soda-lime and five
with? LIOH, ras changed during both dives. Although the replacement had lower fl0 resist-
ance, no significant operating advantage was noted. To Investigite the feasibility of clean-
Ing used filters, the used unit was returned to NRL and intalled In i similar hopper filled
with soda-Urmo. The flow and resistance data in Table 4 was obtained using varlous cleanin
techniques; In all cases the by-pass wva closed

Spread LIOR

During each dive one can (approximately. 7.5 lb)of 14•0H was spread n a bunk in the
torpedo room. The method of spreading was to put a sheet directly on the springs of a
bunk and carefully pour the LIOH to a unfforn; depth of about 1/2 inch. The material was
located on the lower, aft, portslde bunk and no special ventilation was used. The exposure
time was 3 hours (from 0955 to 1300 on 12/2) on the first dive aW 4 hours (from 1335 to
1735 on 12/5) on the second dive but, as shown. in Table 2, the saturations obtained were

* essentially the same, 22 and 23%. The small amount of COS removed by the spread mate-
rial hW no effect on hopper operatio..

Clearing the Boat on Surfacing

To determine the rate at which CO, could be cleared from the ship's atmosphere
after switching to outboard ventilation, readings of effective COR concenoration were made
in the torpedo room and control room at short intervals during and after surfacing from
both dives usIng Infrared analyzers. These data plus that automatically reco.4ed in the
stern room permit determination of the time required to clear #he boat under two different
ventilation conditions. Air intake (Fig. 7) alter surfacing from the first dive was throug
the anorkel head valve and after the second dive It was throqfh the bridge access trunk.
Figures 8 and 9 show the CO, concentrations at various intervals after the first and second
dives respectively. Figures 10 and 11 show the concentrations of 02,a. and CO, a well
as CO2 during thuse periods
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TABLE 4
Hopper Filter Flow Realstswes

Aidlow Through Pressure Drop
Filter Filter Across Filter Method ed Cleaning

(cf M) (in. HIM9 ______

Nomn 4 0.48 No fihtw
Nomw 42 0.61 None

us2 0 1L31 Noaw

Used4 25 0.9v Kbock ancement noor
Used 30 0.68 Airblast (100 paid
us." 25 0.95 Book in dibtsstoic

acid, rinse in water,
dry with air blast, andM

- _________ ________dry o~erfigli. -
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The total amount of COs produced during each dive Is equal to the amount taken up by
the abaorbents plus the amount added to the atmnapbere by respiration. The amounts

"* "" absorbed during each dive are IUW in Table 2 and the initial and final concentraiUons In
the atinosphare can be obtained. from Figs. 4 wad 5. In the following calculations a flood-
"able volume of 38,500 ou ftand a temperature of 10°F ane used.

For the first dive the callation IL as follows:

total CO* evolved - total COs absorbed + A CO. cone. x boat vol. x COa density tt 70F

- 175 + (0.017-0.000)x38,500 X 0.1147

- 175 + 75 - 250 Mb09.5 hr

CO, evolution rate - tow O'5

- 0.094 ib CO,/,,--hr.(0.6B cu ft (STP)/pm,-h4).

For the secood dive the calculation is as follows:

total CO* evolved - totat CO, absorbed + ACO, cone. x boat vol.
x COx density a 70SF - CO. from cylinder
+ CO% removed by pampdowns

M 481. C(.0A14-0.00l) x 36'500 x 0.1147] - 42 + 21

,- 48 57 - 42 + 21 '. 534 lib/82. h"

CO.e OhaIWM ralse- Z4Z.- 0.085 Ib CO/a-r(.9cui SPIMh57 x 82.5

Another determination was made at th start of the first dive when the conicentraion
S. was allowed to build up at a normal rate with no removal by abeorpUon or pumpdowss.

The calculation for this to an Wolows

C emoutio, rm. _ACO cone. x boat vol. x density of Co.S... ::. , .•.no. ad men x unk

-(0.015-0.000) x 38 1500 x 0.1147

-0,.- lb COfma-hr (0.71 Co ft (STP)/f.a-b-).

CMYO3 NIPPLY

A plot of oxygen putial pressure throu t the first ad second dives i lo tos
'~ - .<-.-.-........Ek"3AW 13. AitbouOl this represents readings from only one Inshumast the averais

.- the three Instrumerns Is not aptdably difforent (Appendix D). TU IMtetionM In bol

.'O•,.-. L
f. -4;4•
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dives was to maintain the oxygen partial pressur. arouM the normal atmospheric kevd
of 160 mm H& but this was complicated by air leakage 9A4 pwnpdowns.

Oxygen Consumption

All oxygen bled into the ship's atmosphere from the out%*ard high pressure banks was
metered through a.dry-test gas meter urder conditlonz of known pressure arid temperabzre,
A laboratory-t:pe flowrator was connected in series with the gas metepAo facilitate setting
the bleed-tn rate as determined by the average % partial pressureC Ho6rrly readings of
the gas meter and the flowing gas temperature plus the barometric pressure permit caic-
lation ci the mass flow of oxygen throughout both dives. These data and calcula•ions aft
sumrarized In Appenlix 9.

For the first dive oxygen coosumption calculatios are complicated by the normal
leakage of high pressure air into the boat and the change in the average 0( partial pressure
existing at the cad of the dive (Appendix D). By assuming the Gas Law and Dalton's Law
to bold, the temperature and 'water vapor presaure to be cmstant (the former at 70M1), all
leakage to be air containing 21% oxyen, and a negligible effect from the small pumpdowa
(at 0500 on 12/4 it Is possible to ealtulate the oguen consumption rate for the first dive
as follows:

total 0, consumed 0Ifran leakage.+ Ojbled in +s O, content admospbere

- 148 + 125 + 1 7 1  x 38,5O x 0.08M
260

* 146 . 125 - 46. -a227 1b/39 "r

0, consumption rate - . = 0.078 Ib Ojmaa-hr (0.87 ca ft 0STP)/ma-b&rW.
75 x 39

For the second dive there are some additional complications In that 02 In remove
during pumpdowns and Is consumed by the hydrogen eliminator. Ifthesaaieassumpytousare

* made as for the first dlve except that pump.aO'n effects are not negligible but that leakage
rate aid gas con•centaIons (% true) are.constant during pumpdowns, it Is possible to
calculate the % conasumption rate for the second dive as follows (refer to Wig. 13 and
AppendLixe D and Z):
total 0, consumed - 0, from leakage + 06 bled in - A*0 content o/atmofphere

- o0 removed by pumpowns -0, used by the bunaer

"245 + 418 - 230 - 25A 98 lb/U he"

3960. cons•o nption rate a - X 0.065 b 9/man-hr (0.73 cu ft 04P)/mT a-hr).

The atter main oxygem bank having a nominal Internal volume of 50 cuaft was used es
both dives. A rouh check an Us volume was =de using data from the first diV•e. Hount
bank pressure"and. water temperature reading. (Appendix E) were takes and totUhe
first dive the Initial vabus er li2s pl n ~- h inlai ee24pi

S""-and 739Y at which time 1400 c ft 0"TP) of oxygen (as measured with the gas meter) bad
*'-'i•. been removed. From thin information the bank volume can be calculated as MY0.7CS St.

... I--S . .. . -.. . .- ,,",." " *• . ,.• . . " """ , •" .- . ' . ,- -,. Z.: ,"-..•$L..•- ,•
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HYDROGEN EVOLUTION

The hydrogen concentration (Figs. 12 and 13) throughout the first and second dives
was measured by the NRL Composite Gas Analyzer. There was a normal buildup of hydro
gen during the first dive with the concentration at this battery discharge rate leveling.off
at about 0.9%. During, the second dive there was a normal buildup until the hydrogen elim-
ihator started operating it about 1500 on 12/5. The concentration had leveled off to appromi-Smately 1.751 at this point which is higher than the previous dive betause of the lower bat-

tery discharge rate. Operation of the eliminator reduced the concentration to 1.1% where
the eliminator operated at reduced efficiency due to the low concentration of hydroges

r resulting from decreased gassing of the batteries.

CARBON MONOXIDE EVOLUTION

During the first dive there was a steady increase In the effective CO concentration,
reaching a maximum of about 150 parts per million (0.015%) at the end (Fig. 12). Unre-
stricted smoking was permitted during this dive and no known CO removal system was
operating.

There was a slower buildup of the CO concentration during the second dive (Fig. 13)
and after the hydrogen eliminator was started it remained essentially constant at 75 parts
per million (0.0075%).

During this dive smoking was nominally restricted to one cigarette every 2 hours or

its equivalent in cigars or pipes. There were frequent violations of this restriction b1t
It Is quite certain that the amount of smoking on the second dive was considerably less
than on the first dive.

The first dive was characterized by a high incidence of headaches near the end of thm
dive which varied from mild to severe. A possibly related fact was that high Incidence
of seasickness was experienced on surfacing in a rough sea. Headaches were fewer and
milder on the secmd dive and seasickness was not evident on surfacing in a somewhat
JP,as rough Iea.

STIBINE EVOLUTION

The stibine (SbH3) concentration was determined in the stern room near the start of
the second dive (2030 on 12/3) and again near the end (1242 on 12/6) by drawing a known
"quantity of air through sUver nitrate impregnated silica gel and subsequently analyzing It
at NRL by the rhodamine B method. Then again at New London additional determinations
were made In the engine room while the batteries were being charged at the ilnishing rate.
The results (Table 5) show that essentially no stibine, was present during the second dive
but significant amouris were present near the end of battery charging after the second

S~dive.

° +• •'R~IWO GAS
Samples of the ship's atmosphere were collected in evacuated bottles near the end

of bot dives (1015 on 12/2 and 0015 on 12/6) and were subsequent y aalk ed by ."...ra ...

S:• .red spectrophotometer at. NRL. -The only diffeftnt'li 14hric Ingredient revealed by
S•.'•- -these analyses was Freon 12 (dlchlorodifluorometha•e) gas In concentration of appro•/-

ma-ely 2000 larts per millon (0.2).

,- -- .-. -, ..
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TABLE 5
Sttbla. (ME,) Concentratices

TIMe place Conc; ntration,
__________ _______________(parts per r.Wim)

2030 on 12/3 Stern room-2nd dhv 0.00

1242 an 12/6 Stern room-2ad dive 0.00

2312 an 12/1 Engine roorn-btteriex W.7 0

Swunxnuay of Absorbent Performnuces

Absorbent Use Factors
location of Absorbenta

Test flappers Weight VoulumGO
_________________lb/man-br cu ft/man-hr $/miA-br

XRLP LiON 2 0.111 0.0042 0.53

Soda-lime 3 0.27 0.0056 0.10

Soda-llzne/IAOH - 2.5 L33 0.19

UISS TEUT LION 2 0.11 0.004 -

UAOI 3 0.10 0.0038-

Soda-lUme 2 0. 2B 0.0058-

C~oda-lime 3 0.36 0.0054-

______ gaa-lUme 4 0.24 0.0047

'Rftereace 2

DDICUO10U
Hopper Operatic.

The hoppers performed very miuck as expected altbesvh I was not maticipabd MM
-~ -- t CO2 concentration would remain as constant as it did. A comparison C1TaUl 6) ad the

- yeaststcbtdnvd-frvn- tba-tw dive, wfth an -anticiptede performances based on Laboratomy
-- ~~' experiments (2). shows that the results obtahme~' w~th LIO used in two hoppers are In good

CONVIDENTIAL
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agreemeat. The performances of soda-lime msed in three hoppers also compare favorabhy. *"
-Theeffect of the amount ,.naterl. xposeadat.ome. time on thee tclency otaarheaL

utilization can be -oeen by comparing the three shipboard tests for soda-lime %&d the twoa
shipboard tests for LIOH. From Table 6 It In evident th only 46% as much soda-lime
is required UIfour hoppers are ued, Instead oa two. For IUOH, 91% 'a much absorbent
Is rsquirecs when three hoppers are used Instead of too.

As to the relative merits of soda-llmewad LION the ratlow given In Table 6 remain
ess.entially unchanged by data from the two dives which are slightly more favorable for
soda-lme. Thus, if in the tjterest of economy soda-lime is used instea of LIOH the
wetight requirements will be 140% greater while the volume requirements will be only 2•5
greater. Two tactors in favor of soda-lime are: (1) It does not have the highly Irritating
dust that LLOH does and (2) it may be discarted after use unllke LIOH which must be sxad
because of its high recovery value. A disadvantage (7) is that soda-lime is Ineffective at
low temperatures, I.e., of the order of 45 to 50'F; therefore, LiOH would still be necesslry
for salvage conditions.

Filter performance appeared to be satislactory although some Irritating dust was ev-
dent when the by-pus was opened on a hopper freshly filled with LIOH. A possible Oolution
may be to leave the by.-pass closed until the small purcles of LiOH reaitni in the bed
have converted to the much less Irritati•g LICO,. Most of the disconmort in using LION
resulted from emptying hoppers contmning a high percentage of unused- material as during
the period of the second- dive when the object was W reduce the CO, conoentration as rap-
Idly as possible. The mixing and sampling produced considerable dust but this Is norm•a
operating procedure. Filter cleanings by tappln air blat, and soaking In dilute acid
all proved Ineffective. However, the filter used was clogged argely with soda-lime end
previous experimce has Indicated that tapping -and/or air blasting Is effective on a filter
which has been uspd with IAOIL

The location of the hoppers on the ship appeared to have no significant effect n their
performance or the CO, concentraticns In various compartments. Thus, the contro room
concentration was consistently higher than the forward torpedo and stern rooms whother
a hopper was located t5 each of these campartme4ts as in the first dive or whether an
hoppers wert in the forward torpedo room as In the Mcond dive.

The data obtained from reading hopper thermometers, and hopper Inlet and outlet C06
concentrations during the two dives are not adequate to decide on the practicability of detpr-
mining absorbent saturation by temperature difference. This apparently Is due primarily
to the inaccuracy of the thermometers. HoweVer, since the COs concentration remained
fairly constant at 1.5%, laboratory dta of the type shown In Fig. 14 will give the desired
Information if the'airflow rate and inalet Cos concentration are specUfad.

Although the original Intention was to operate at 3% for part of the time, the effect Cd
CO, concentration was not Investipted during either dive because after finding that the
concentratIon remained essentially constant U• was felt that the time could be better sPed
Investigating other operating variable3 which are not so readily studied In the laboratory.
For a gtven absorbent and hopper model a Wally of curves relatIng saturation with exposmu
time In various CO concentrations (FIg. 6) .-"uld per=#t selection of a honper system for
any given aitiatlon.

As with any other type of shipboard CO@ removal system, @ rapid decrease In conma-
_tratica In not elmy to achieve.. From the stanpoint of maing escapeS from A Sunken sth-

marine this abUil ts highly desirable' smce slua" flooding-up typ eap te I o
rapidly become dangerous if it sbta d at 1-1/2% at one atmospbere. Thus, if it Is

* COF~WxNITIAL
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the exposure was much shor for the pelletized material ad it ns reasosabia toassume
equivalent saturation Ia a comparble time. A higher COx concentraioa would also resultIn a greater satuxtiot rate. As to the relative *erits of pelleiz~ed and g~ranular IAOR as

• "absorbents when spread, Reference 8 showed them to be equvlntv .

Gas Purging• on Suracn

The results as shown In Figs. 8, 9, 10, and 11 show only a short time on the aurface
was required to clear the air sufficiently for another dive. Thus, alter surfacing for 30
minutes with air intake through the bridge access trunk the average CO8 conceatraiom was
down to 0.2% (Fig. 8) which at the rate of buUdup obtained during the first dive would have
al.,owed another 8-hour submergence befoce reaching 1.S%. Figure 10 shows that the CO
and H, concentratlons were sutlcently lowered to prevent their being th limiting factors.

CO, Evolution

The results of three calculatioas oa the CO,'evolution rate agree qiute well and Uttr

averag of 0.086 lb/man-hr (0.70 cu ft (STP)/man-hr) may be compared with the tollhwin.
0.74 cu ft ;rom the SAILFISH test (9), 0.72 cu ft from a comparable period In Operation
Hideout (10), 0.10 to 0.82 from scrubber tests on the PERCH (11), 0.66 cu fR from an R beat
dive In 1932 (1). The differences are easily accounted for by vartations In crew activity;%be level of acU~ty during the experimental dives was no doubt lower than during a war

patrol.

Ship's Volume Determinatlom

The figure of 38,500 cu ft which was obtained by releasing a hnown amount of bottled
nitrogen into the sealed boat is believed to be thw rost accurate value and was used in all
calculations. The floodable volume given on the amip's moment diagram is somewhat lower
at 35,850 cu, ft and, while given to four places, is not believed to be as accurate for the

* I purposes of this report ma the above value. The calculated volume of 41,000 cu ft obtaine
from the change In CO* concer.ti.tnn produced by releasing a known amount of COg In aI
known time Is believed to be the least accurate of the three figures became of t•s depend.
ence • n extreme accuracy In determining the average CO, conicentratio and the CO evo.-
lutlon rate over a short period of Ume.

Oxygen Soppdy and Commiamptlas

SIt sof Interest to Pote that when the beat press.-,A was allowed to build up witth
large pumpdowns during the first dive over MUlf (54%) of the oxygen angled cume from
the air leaks Into the bont. On the other hand, when there were regular pumpdwnsa I*
prevent a steady pressure buildup during the second dive essentially all of the oxyges 1W
breathing, smoking, etc-, ca from the oxygen baaks. Thus, from the standpoint cd ox;-

•. .. g.s storage, it Is better not to punapdcwa during an extendead dive. However, it It dis- *
__ a aaeo because the e=sa pressure complicates the surfacing operation and, t

0 partial pressure is maintained at a normal level of 160 mm Hgf, the pressure drip
an surfacing nay be dangerous. Therefore, If the premure we allowed to rea 42 ht.

. ,.jyr Hg (36.3 In. was reached in 30-1/2 hours during the first dive) the o em trai
would be dawn to 14% at 160 nuon g partial pressure nW b w the =a=1: a= i
safe-ty Ubo e toteal Oressur drops to atmn Aeric.
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Thus the estimate of2oox0d ys * en sappdy for the TROUT gtmIen Rieforea 3

4-' ~~yIMOeresse; th# mazimum allowable pressure would thes limit the .duration Of the
dive, e. g., about 76 hours, with a pressure Increase rate equivalent to tbst-0 the first

-' dive al this cruise.

Hydrogen Eliminator Operatios,

The hydrogen eliminator performed two functions an the aecond dhve. The first was
tolower the Rx concenration In the boat from 1.75% to- 1.1% although uase of the eliminator

OU Y te sartngUnadueto hedecreased gassing rate of the batteries. The second
fucin hc was onustatlntonal, vas to remove CO end cause fts concentration to level OM.

[ ~The eliminator did not funaction when It was first started becwase the catalyst had aot
been heated to a su~lctently high temperature. After this had beon remedied the unit oper-

* ~~ated effectively ax hydrogen eliminator considering that its performance IMProve asthe hydrogen co"*=tato increases. Biue. it was determined that the eliminator outlet
conenratonwas about haU that of the Wnet this may provid& a means of controlling CO

ana submarine. However, It Is aot an Ideal solution as the eliminator consumes from
1-1/3 to 2 kw of electrical poer.

Performance of Ship's tartrumsats

CO. concentrations determined with Dwyer analyzers ami coinpar-ed In WIgp.'15 And 16G
and Appendix F with those obtained with infrared Analyzers. The Dwyer readingr bae" bee"
corrected for pressure to read percent effective an the infrared analyzers do and all Values
have beew rouned oil to the nearest 0.1%. As shown In Fig. 3 each type Instrument was
used In three different compartments with no compartment having both types. The average
of the Infrared values In b~elieved to represent, best the average CO. concentration in the
boat but It can be sees ghat tliete in generally good agreeqmet between fth averages obtAtned
throughout both dive& with both Instruments. Thus the Dwyer analyser appears to be satisn
factory for its Intended use under the following couditlogms (1) several inatruments should
be used and readings should be taken in several compartments, and (2) the Instruments
should be Properly operated and maintained. The need for the first condition Im shows bY
the series of low readings obtained with one inutrument between the 28th and 32nd hours

* - of the second dtme,

The hydrogen QOncentratios as automatically recorded by the MtIB Composite Gas
Analyser has been takes as the beat value for the ship's atmosphere. However, for com-
parative purposes Appendix G tabulates. the readings takes routinely on the ship's bydr1oge
Indicators as well as the corrspooding values from the Composite Analyzer. From theme
dafta it can be sees Oa the after battery indicator became highly inaccurate during both
dives. The forward battery Indicator agreed very well with the Composite Analyser during

* the first dive but. read considerably lower during most cL the second dive. This appears 10
tulicate that neither al the ship's hydrogen indicators is tsuelhle,

Hourly ozyg partial pressure readings for both dives are Wablsted In Appendix D.
The ships Instrumn*t Appears to be at least the i9qtwl of the test Iiwtrumeeits In accuracy
of calibration becaime the initia readings (at 2300 cn 11/30) of. 165 and 166 =a Hg duiring
Ihaejirxt d4ve apparently indicate a highcaibration tsr the test Instruments slam othi Ito
above normal atmospheric pinessure and the oxyge bleed-is had'set yeit itarted..t was'

- - '~

~~FU3k4

-.. -,Z

~. W ~ * * ,~A .



30.-,• N - NAVAL KSE4EAEiC LASBONATORY o0r7E 'T1ML

quft. dittiault to road Owe typ lnsbumeut suppfd to One Whp duo to poor illumls"eio with

The shup's barometer, lecae" an the port aide In the ooutr~l rowas calibrated at
NR& after the espertmemeal dives ma wa Sound to be aeurake to *0.05 Ia. Hgover the

,range 1of30.0 to 37.0a. Hg. Thi isould be highly satisfactory fSor Us normal sAnd the
. p.-actice of reading to the arest 0.01 tI. Hg 2ppears to be masToeshy.

CONCLWWS AND BEDMND'lI

The hopper system of using LM or soda-.ime appears to be practical for medium.. ubmergence sub-rmar s subash the 563 class. Thmaim u s., wmunt of LK)H that the

TROUT car oavenlstily carry Is 200M lb (3) which wih a 2-hopper system would permvt
a 10-day cosmaus sabmergence for 75 to 90 mm at I C0 concetratla of 16.5. Barry
"capacity would prevmet a single dive of this leagt MA the total submerged time for a
series of shorter dies woul be greater because of the I to 10 hours avatlable before the

" CO, reaches 1.5% at the start of ac• dive. Anadhr meas of extending the total mib-
merged time Is to purpe the boat whenever possible by wsu og or snorkelin for short

* periods, L a., 30 mimutes or leos.

The use of soda-lime In pace of LIOH Is of taiteret becase ad its relatively low coov
ease of hanona, and exoendlblity. Howemr, U three hoppers are used, It would require
25% more volume AM 140% more weight for stowage thas LIOH with the same method oa

, pasck' and would not be satisfactory for eergency me.

, It &VAare from these tests dot boppers are somemwht inconvenient to Inetall and oper-
ate and it ts recommended that work be done to improve the &ystea. A manifold system""'in a) • Ie-coasaine blower and moto -- wth a' niler and ustag tnexpirastw expenabl

"* cannistars (possibly fiber) with screens at both ens and filled with 8-46 mesh high-
moisture sada-lime appears worthy of lav•sUgatios. According to Reference 3 use oa n*-

metlli eatalerswoud geaty Icresethe available stowage space.

The se f LMIa hreehoper*does wit appear satisfactory an a monsm Of rapidly
Sthe m* ianmpA o zmaterial for the su tizoe. The saturation of spread peltie LIK•

Ins relailvely slow but Is equtvlsot to the floo granular matortal amnow ed

SoOwn 810513

The normal air lealis Insi. the sM p an ma. Iportant source of oxygen rer certain

condltions. For dives not xesqdag "6 hours where a final boat pressure of 42 In. Hg Is
acceptble, less tha bhalf o the o mgs •oasamed will need to be bled from the oxyg.
banks. However, where the pressure Is pumped down periodically, essestmally all of tS
oxyges coasumed will be drawn from Do ox•ge beakm. la both cases It ts assmed thd"the oxyges partial prtaem rwil be minalatlad sk about le m- Ng (aernl atwoepber
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Tor hec oaw the average Mevolution rate ot about .0c ft-(STP)/man-wvr
givs aresirtory quoI,*5 o~f abou,~ t 0.7 The deitai value of 1.0 eu ft ESTP) oEft Japman..

howr still, appears to be correct as the level of activity was pro~blhy lower hawn mormal
on iese dives.

The problem of CO Is the @Ips atmosphere durig *exteded dives will probablf
become increasingry Important since It appears to be related directly to sawking. The

* ~sec&4A dive suggests two methods of control -. restricted smoking and operation of the
hydrogen eliminater. The former is undesirable psychologically and the latter from the
standpoint of power consumption. No Ideal solutio can be suggested at the present time.

Hydroges Evolutio

The hydrogen eliminator performed satisfactorily after an initial umechnical fau I was
remedied. The decreasing gassing rate characteristic of batteries should be well ui~e-
stood to eliminate over emphiasis of the need for hydrogen eliminators.

Performance Of Ship's lsaMIGI

The ship's CO, antlyzers, oxyen analyzer, amd barometer appear to be quite sts
factory for their -intended use. The ship's hydrogen tindicators did not perform satisfactorily
&Xrin am"s tests
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COINFU6N•IfAL

• qU7pme 2•t OPera•' Datiag the First vA1 Socoad Dtvea,

1POIWARD TORPEDO ROOM AFTER 3ATTEM ROOM

I air blower 1 •s blower
I hot water heater 1 agitation blower
lihtn I battery exbaust blwer

I hot walor beater
FORWARD SATTURY ROOM I bot water heater boooteI ga~lley rap mand va

I air blwer 1 cfee
4 battery-well circulaftag fua I reritc rati unit
I battery e.m. i blower l~ctrculatin water pMs
I agitation blower I crculsdtag blowe
1 TBL transmitter lightiI•~ L U• oscillator beater
I AN/iQR4 Sonar Receiviag Set ENGINE ANDMAMEUVZM WAo
forward gyro campus

lighti1 circulatig pump
Icirculat~i- blowerCONTROL ROOM alter gyro compeen

1 air booater blower
No. 1 &A4 No. 2 75-kra gbserast• I precipitroa MblSNo. 2 4G0-€•y€1o goneratar I Iprecipitr'om bod bioges
No. I VAO pwap I lub, on um
2 adb blower* miscellneu IC citredis
No. 2 air conditioning uit
1 hot water pp BUM ROOM
2 circulatIng water Vamps
2 gyro comypsa uynchro amapliuare I circulatiog blower
I dead reckon'g compAter I hot water heater
mniscellaneous IC cirons I MO pump (aerwg

0e0 tko secon4 dive. steruwrag was by head sd teo pi logsad ded reckonmig csmpesw
were secur*d.

0*@

C•ItnlzfmmAL 35

.. -.. - . - -. **... . . * . . . . . . , , . . . . .. . .* .. . . .

7 ', . -. , .-- ,
"-V - ., - " " "' "-

.: .- ~: :n



CON7I]DEMIAL

APPENDI 2
Summary of Electrical and Battery Logs

Ta**e electrical ad beuarl top for the first:and second di -tMy be SmOL arslau
• ~followa.

1. Average armature eurrent for each of tWe 4 motors was 153 amp during the first
dive, and 25 amp for 25 bours and 225 amp for I hour during the second dive.

2. Average range of field current f•r each of the 4 motors ranged from 14 to 9.5 amp
during the first dive, and wax 3S amp for 25 hours and 17 amp for 1 bour during the
second dive.

3. Average auxillary load was 101 amp for the first dive and 78. amp for the second
dilve.

4. Batteries were operated In parallel and ranged from 530 to 475 vols lfo the first
dive and 530 to 485 volta for the eco ddive. Table D1 gives lItemed lfirmatloa
for both the forward and after batteries.

STABL1• Bi

Summary of Battery LTA

Pilot CeUl

Avg Terap Avg Spcii AVe*ae Total CkmrPuDVe Batr F) Gravity at Ventilal used

Start ReSta.t End____ _ _ _

I Forward 101 91 1.261 7 660

After 96 U0 L25 1450 6158

2 Forward 38 79S L 26 Ua1 60

After 26 j77 L 266 UN0 WO1)

S3



CONFW.NTIAL

Analydexx Pi'ocdurr, for Dietemining Absorbent Peforwae.

ANAL7Si OF ;,M~

1. Usuaad LION ua atsumxed to cxmbtan no crbonaie.

2. Samples of spook. LIONwere obtainied during the cruise by =ixing the entire
bopper rJiarge to a coramrcial-type tumabler wtxer and dra~ing a 4-ounce sample.

3. The samples rare returze4 to NRI,. where a port~cri of tozch vus pwderedk with
a mortar and pea.Ie. Tro determinde the totala IQH and MACO eooteiidapo~roxinately 1-grXAn
swA.,ples we.* weIlbei, dissuhvgd in water, and titrated ~ifth I N ECl Uj a 1,Aethyl or~nge

*eiaOpotnt. ~'o 4-a*.rmize Mti L;OIH contezA alone, approxmately I-Siam samples weve.
again weigh~led anid dissolved L^ water, 30I vi of11 N B:Clx solution~ wa azeded to ea"h sam-

*ple to pr~ckp~taia the cr~bouaie, and the vuixbuQ as titrated w1%h I N liCI to a phenol-
Yhth~in3* -erapolat. rr.)= thesu tWo determia~tloan the carboinat Cdrnts'nt cart I~'eObtaied

by diaaxew.

4. Weights %-hopper chargous before and a~ter use warji determined di'rtrb: the crulso.
.Fro=t the abovc analyses the CUZs, absorptiou In terms of :imed mder~ital is k.At4A4.k MIfUl-
r1!!jg thtb TR1Ia by the ratre 4 iinal to Isit~al welghts of absc-"ent Slwemr 14he tesird renult.
of pounds 0Ct (0, absorbed pte pound of Anvised UMC.

ANALY¶US OF 8=D 4-D"
1. App VinAsly ome thir of the urnused sL~a-l a se unrhop f-

Rbugs by taking 4-Qunce samples. Used soda-ltime was samp1od during the cr~Ese by miu~n
the "Umr bopyier charge in a c#'mznercial-trpe hinmblor mL~ei- and taking 4-ounce sample.

2. Thewe samples w~e,* ground at NALU hi the s&"me zaaannor an wax V3ie LIOH samples.
'ren a rotmatwly 4 -grain saxnples we2.6 weighed "4 anqrx~d gasotne~trlnally by adding
the mlnlrnwx ainux± of 3 N EtCI required to di&,c~ve th~e materiaL.

3. Initila and final hopper chaure weights -r6r t~etminned deting Me cruise as for
LlOE. lTre results obitainied for ured soda-1in,# by the above analysis were put hi tenuriAS

* eJ~b of CO, per pc.ind of Initlak material wWth was Qzlo carreeted for initial CO, cow-
tent ay subtracting tdx- avera~e of the initial soda-11mar "sagym's ros~da,

*Oftforannd by C~. IL WincbVy of the Axw ktfcal Section. COweiusy Dir!.Ins

Ilk



CON1±DETMAL

APPE1•DIX D
oxygeu. Coace'trIUms

Oxygen ConcentrU0o3* on Fhrst Dive

Pwd. Yvid. &er Vj F Yvd. %eat.
D*U TIM Thr Ba Rm tAvg 11DMe1. ine Torp. W. R~ AveRA Rm . •M R

11/30 2200 - - - 1160• 1 1800 M'• 169 170 170
2300 105 158 166 163 1000 172 169 170 170
24001 165 161 168 164 2000 173 169, 170 1"0

- 1 2100 173 149 171 171
12/1 0100 167 . 18. 1it5 ý2200 113 ISO 17211 1

0200 AA 181 I.l0 166 21300 173 169 170 1V1J
03i)0 lSS 164 172 171 1400 174 180 I11X2 171.
.'%00 160 "105 172 168 -. - ..-
"0500 1'IO 165 17" 169 12/2 0100 114 189 170 171
0604 170 167 ,'2 169 0200 113 169 170 1•.1
076o3 111 16'7 172 170 0300 174 15 170 111
0800 17" 167 i 172 V10 0400 173 170 170 1L71
0300 1173 168 173 111 0500 174 170 1.10 171
1000 M 1,88 173 1.•1 0*100 171 180 168 1og
IIW1~ 173 168 I172 171 0700 172 169 170 173
1200 IT$ 1 74 14• 1 I l00 173 1i0 1a9 170

150 173 1a8 174 171 0900 174 170 tee I171
14'0UR 1-173 in 1(~ 71 1000 173 170 169 1 1710
1500 133 188 In X17 ~ I 1100 173 170 168 170
e001 171 168 170 169 1200 174 170 17017)
t001" " 171 -!,Sg 1'0 170 J15 #1 70 1.

azrtia1 n cure iu tonun Hi
t1roui houwrly pavel eftr rewtAna
1Eatitted from sall of stera room recort
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*- - Oxygen Concentrations on SeccrA Dive *

Fwd . - - Fwd. Fwd
"Date Time Torp. Bt Avg Date Time Torp. at Avg

RI Rm. R n. . -. ,

"j 12/3 1100 -158 153 154 155 12/% 0400 154 150 150 151
1200 157 153 154. 154 0500 156 152 .450 153
1300 157 1532 154 154 080 158 155 M54 155
1400 158 152 152 i54 0700 160 15N 156 15

1500 150 152 152 154 0800 162 154 156 157
1600 154 152 150 152 0900 164 15 160 160
1700 154 152 150 152 1000 159 154 152 155
1800 154 15216 152 1100 145 141 14i 143
1900 154 152 150 150 1200 145 142 140 142'
2000 155 152 150 152 1300 146 142 140 142

S2100 1.4 152 150 '152 1400 147 142 142 144
2200 156 150 150 151 1500 149 143 142 145
2300 15$ 150 148 152 1600 146 143 142 144
1 400 154 .152 150 152 1700 147 143 142 144

-- - - - - -1800 M4, 145 142 145
14 0100 156 152 148 152 1900 149 145 144 146

0200 156 152 150 153 2000 152 145 144 141
1 0300 156 152 150 153 2100 152 147 144 148
"" 0400, 157 152 150 153 2200 153 148 146 149

S " 0500 154 152 150 152 2300 153 148 14 149
"000 155 152 150 152 2400 154 149 148 150
0700 156 152 150 153
" 0800 156 152 16t 153 A 0100 155 149 148 151
0900 157 15 150 153 0200 155 151 150 154
1000 158 154 152 155 0300 157 151 150 153
2101 144 142 143 04013951 154 147 150 149
2100 141 1336 134 143 0100 157 153 152 154
2200 141 141 134 134 0500 158 155 145 t15
2100 140 137 134 1•4 1600 154 155 154 156
1500 141 137 134. 134 0800 153 152 155 153

" -1600 140 -3 t34 - 0900 163 I 13 5 159
0100 140 1346 136 134 1000 165 155 155 154IS .... 80 134 136 138 1100 150 147/ 1'44 147/

' - "1900 140 US !.4 0•8 1200 153 147/ 1"8 149
23000 14:3 139 136 139 1300 154 147 146 149

,e%.% • ,2100 W4• 139 i38 140 1400 154 149 AS1 50'•

2-0200 152 147 146 142 1500 M1 150 148 15t
2300 147/ 141 142 t 1600 154 150 150 151
2 -. ••:40 143 14S 142 144 17/00 157/ 1521 150 153

.-'1800 157 153 150 153
.•• ' 10 150 146 144I 147/ 100 1IN 153 152 154
" • :" 0300 ~~1523 147/ 146 141- .. ... 0C 1 54 - 1t... 53l 155 ...

0300 154 149 148 150 2100 161 156 154 157

-- *Part" pressure in mm H-
-, s.-, .t7rom bom-ly pa.1w meter readinga

-~ CO14FDmAL
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APPEND 3Oxcygu BUs.4-h

SOygeam Bleod-la During First bs

Galmtor Ga Barometer Sea WIten 0I Emued
Date Tifm e adlag Temp Rwdbig Temp Pinmr 1 Tmerr r

(Ulkera) 1F) (Iin. 11) ( (Ig4 )(Uter.' Cort Cor 'ers.
ubitt) ST 3T

11/30 2300 0850 i8 30.3 - 2725 650 1.032 613

2400 2541 W0 31.1 62 2710 1381 LCO 1795

1./1 0100 4309 so 31.3 63 2700 1768 1.045 16850200 41191 so 31.4 aH 2700 loss1 !.055 1790
0300 T181 79 31.8 63s 280 1595 1.062 1545
0400 9339 1 33. 0 .6 650 A53 1.070 1515
0400 0911 79 32.2 1640 1472 1.075 1452
000 2173 78 .33. 4 2665 1342 L 082 1345
0700 340"7 79 32.4 i, I00 1634 1.090 1325
0800 4513 79 3.. 42 25785 1170 1.092 1170"M00O 63513 7 34.69 63 250 832 LOU 372
100O I474 78 33.0 75 25460 31 1.105 970
1100 7405 73 34.3 64 3540 1018 1.11- 103-
10100 54176 1 33.4 7s 4550 92t L 120 659
1)300 9105 77 33.13 5 2540 $0( - 237
1400 0187 76 33.4 5 4 2525 18 0.01 - 985
1500 26w 30 33.1 64 2510 67, ( 1ira 8453
0600 468 8 33.8 64 2500 31I L130 314
1700 46 .79 33.9 64 23490 71 1 391
1800 3501 73 345.0 64 23475 g 1.135 92019008 4614 is 34.2 614 24"0 1090 1.14" 1140

2 3000 W364 80 34.3 64 3450 759 .147 7"6
2100 6106 42 34.5 71 23440 741 1.154 850

2100 72933 31 .34. 74 2350 892 (n)120 3

1300 70M V7 34.2 74 2350 761 1591 9162400 870 79 34.8 is 3460 901 -

1300 ) Om 78 $6.1 74 347; Tg 1.174 754ww) 1007; 79 35.3 75 2470 8( - 851•,- "0400 1870 il• 3S.I 74 Ak425 78, 1388 •

00 549 I .soI 374 410 V.1 9L 86450600 3468'U 35.2 74 MO G1O 1.1_I nMe..! FO 42568 9 35.4 74 2390 7" LI SA 1 5

0600 501A so ii: '/4 1 337 759 L 49t 411
1000 sm 82 35.V 74 23"1 196 0.91 1.1in &T

'. .• ,1300 sm 81 36.2 7, 2350 mNJ 1.210 834

CONFMZN- .41 1
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Oxygen Dleed-I, Durtag Secorm Dive

C& Add"4 02 nlAddGasumter Gas Baoee e Water 0, a. inuk 1n h ,•Ir.

Date Time. lteading Ternp B~Resdim•l Temp Pressuro (IrerxtO, C•8. CorP Uors
(liters xlO) ($F) (UL Hg;) (IF) (Paig) mbiwi) ' S'rl

2 1,0 1" 8o 29.1 6 13 V 1

120 las to 29.3 63 222 413 0." 37201300 2567 at 29.7 63 2200 724 0.91 . 9O 6590•
1•500 4003 50 30. 63 220 7S2 1.02 $990

21700 5620 79 30.3 64 2100 7951 1.01 7390
1800 63189 79 30.4 364 210 66615 1.0 e25
lo00 016= 0 so 30. s 205 150 15.6 .06 S00
2000 79221 79 30.8 63 20150 7597 L03 L190
0100 56471 79 31.5 64 2150 T3659 L. 03 640
2200 95600 76 31.9 01 1205 522 1.04 85600
0300 04494 76 31.0 66 2110 9048 1.04 7 660
1400 13501 79 ,L3 6'I 3 2149 9071 L 04 16660

12/4 0108 23520 78 31.3 23 100 811 1.05 06

0200 31469 76 31.4 60 2100 841 1.07 05650
'900 40120 7 2 31.26 04 ' 1975 96 1.06 9600
0400 48910 72 31.7 6o 16075 730 1.0 96510
050 58179 79 31.8 60 I19 93" L.09 9140
1200 22323 76 31.9 a0 2095 14328 0.07 8200
1M00 15674 76 39.0 60 1010 906" 1.07 8940

0400 44130 14 32.1 Go 1000 7491 07 80450
4900 963M7 74 32.2 60 1975 90660 1.90 9000
1000 02472 T7 3$.5 40 1960 9045 1.09 90"1
1100 11935 79 30.6 0 0 1950 9463 1.09 .9490

1600 66373 73 29.0 60 1910 10435 0.97 9320
1300 31720 74 29.1 go 1940 9356 0.97 8350
1400 41303 74 29.2• 56 1940 9574 0.9 91 8640
1500 51961' /4 20. 3. .11 0IgS 10510 b. 98 9310

!1600 16050 '73 29.4 61 1910 Hal5 0.99 13220

1700 81467 73 ;9.5 61 1900 14811 0.99 13500
'1800 97351 12 219.6 61 1080 15894 10.99 14480
1900 15700 72 29.5I 62 1760 183391 1.00) 16890

2000 31915 71 29.9 62 1325 162M1 1.00 14930
2100 45455 74 30.0 62 1500 15w M LaO 12480

2200 82514 74 30.2 02 1760 42005 1.01 39100
2300 30340 74 30.4 62 1720 32515 1.02 30M00
1400 51670 74 30.5 a2 1700 31330 L02 29400

1" 0100 84814 72 30.7 62 1675 23514 1.03 31400
0;00 1343 72 30.9 6a 1650 2841* 1.031 29820
M1."5 43012 71 31.0 62 1600 29769 1.04L 28430

S.,0 la2060" 71 31.2 51 1550 29048 __ 1.05 25100

wvera5o ned w•s O.120

4t 4

.0. F. Qi

4- d ~nIVTI-
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Omgen ed Duxhg me 'Dlv (=%%W'

Gasmetsr Gas a D omeber Sea Watgi, B~ank 06Add0 de
Date Time Rea4' Temp Readlipg Temap Pesur 1 1w Temp P.- I ,,

12/6 0500 00476. '71 31.4 62 1550 25415 L'06 27500
0700 56305 i1 31.1 62 1480 2832u 1.06 27450
0006 51173 11 31.9 63 1425 2""0 1.07 245oo
690 91362 70 32.4 a1 1410 16013 0.930 1.08 15966
1000 14603 71 3L91 62 1400 172S0 (mAx) 1.07 16990
1100 33129 71 25. 6 1 1360 ion2 0.95 11290
1200 50591 12 28.6 62 1375 17462 0.916 15400
1300 47S226 74 35.5 61 12%0 16720 0.L6 14780
1400 8385 74 26.9 61 1325 1633S 0.97 14690
150 01050 74 29.2 62 1300 17395 0.96 15690
1600 17442- To 29.23 62 1200 14412 0.96 14500
170o soo 75 29.4 a2 125 20613 0.98 18600
1800 58140. 72 29.5 GI 1250 2006M 0.99 16250
1900 1760 74 29.7 62 1225 20640 0b 9 lam9
2000 98558 72 29.8 62 1200 19875 18280
2100 10505 73 30.0 63 1160 20641 19200
2209 40205 73 30.2 63 1140 20700 i.1 19330
2309 80594 73 30.1 61 1120 20359 1.01 18920
2400 5125 72 30.4 62 1100 30664 1. 10408

12/0 0100 01700 71 30.S 62 1060 20442 1.0% 19206
0200 22157 71 30.6 61 1050 10457 1.02 19223
0300 41920 72 30.5 (ti 1030 19133 1.03 M870
0400 63450 75 31.0 62 1010 21530 1.04 20601
0500 84200 75 31.1 62 071 20750 1.04 19150
00 02041 75 21.2 62 160 174114 L04 17060
S0700 226 71 31.4 62 950 2022" 1.05 - -o
0600 42712 75 51.5 02 900 2awls 1.05 30
0900 %45m9 71 31.1 6a 457 224•3 1.96 27500
1000 $6107 76 31.6 61 850 1. 1624 1.06 15850
1100 06032 75 21.1 63 540 25361, 0.97 22820
1200 28,n6"0 3 29.2 62 625 22425 0.98 2020
1300 51091 7 239.3 t IN00 23251 0.95 210,0
1400 757•3 71 29.5 61 775 23136 0.99 21700
100 764 75 29.64 6t 70 2a15 . 0. 19030
160 2055 7 29. 62 710 32912 0.90 20650

.1700 43737 1S 29.9 62 700 21120 1 230500
1800 1100 14 30.1 61 160 22742 L oa g00
1900 6951" 3L02 61 633 2475 .0I 22750

2m00 97150 V4 30.4 62 30 o7575 1.02 7119
lc00 30155 1s 30.6 61 1S5 33301 1.03 2121U

1. -7

3.0 4 93 . *33.8 • 13 93 10 80
0400 3450 • SL • 100 1130 104 .

09 'j " 73 tS 8. ~ I*7- 33'4 : .0? 'l

110 '• 'S M. 1 : 840 156 "097
1 *0 *%'0 M 19 I • 815 . . .Z 98 |0

as• ~ll~r |e$ O 80 13'f . ., ..1000
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Dt TO d. Mitrol stern A** Elt. m. 3Ba. Am han. Ro.
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Wt. TreW. True' Vt.

0. 00 - - - - -

200 3 CL I2 0.5 0.3 0.2 0.2 0.2 0.2 0.2 0.3 0.2

/i1 0100 06 0.6 0.9 0.7 0.4 0.4 .3 0.3 0.6 0.6 0.4
02W 4.7 I.8 LO 0.8 0.7 0.7 0.4 0.6 0,6 0.6
0300 0.6 LO0 1.1 LG0 0.7 0.1 AS 0.5 0.4 0.60OA
040 ,,& 1.1 ,1.2.Le 4.9. Q.9 0.4 0.0 0.9 0.CA 32 Li 1.3 - 1-.2 0 1.0 0.9 ;1.09 1.1 1.2 1.0

CGW L 3 - - .2 L 1.0 0.96L 1.1 1.21L
0M L2 1.5 - LI 1.L2 L 3 0.91L.0 1.4 L 51.3

GCa4 ..4 1.6 1.0 LS L3 1.41.1 LI I L2L 1.2 1.3
0.7 L3 1.7 L.6 1 1.2 1.3 1. 1 1 I1. 143 1.
1OW 1.4M 1.1 LB L 1.3L L4 1-0 Li1 .2 1.3 1.3
1100 L3 1.7 L 9.6 .5 L3 14 U2 L3 1.4 L. 1.4
1U00 L4 1.1 L4 LS L41.6 L3 L5 1.4 1.6 1.6
1300 L.S L US LO LS LI L2 L,3L LIL 1..
14WO L4 LT LS5 LS LI Li LI 1.5 L? L5
150no LS LS LS 1.6 LS 1.1 1.3 LS 1.5 1.7 LO
16- 1.5 L L7 1.6 L 1.4 1.6 1.4 1.6 1.6 1.5 L1
1M LoB L7 LS LO 1.4 1.0 L4 1.6 L6 -. 6 LT
Im 1.7 L LA. L L7I 1.6 LO LS L? L4 LS LT11I
1900 L? 1.8 LS LI LI L7 1,L L 1.6 1.8 1.6
2000 I.P6 LB 1.6 L 5 I 6 LB L 3 1.S 1.3 L.5 LO
2100 L6 1.9 LO 1.7 L2 4 L 3 I LI. 1,S 7 LSI
2=00 LeI 1. 1.6 1. 1.4 1.6 L4 LS L. 1.O 1.1

ILB L LO L 1.4 .L4 L6 L4 .S 6 1 L7
2M1 . LL LS L l 1.61.9 L4 1.6 1.4 LO6 L.

12/1 0oo LT L&, LO LT L7 201.0 4 16 1.1.1 O L
0=00 LI 1.0 1.71.07 ILO 1.S 1. 1.2 2.0 LO0: LOl LO LS LT 1.7 2.0 1,S LO L8 2.,1 LO0W00 1. 1e 9 1.6 LS 1.120 L I LB 1. L 2.1 1.0
00LIi 1L 1.6 LO 1.. L4 1.5 L4 1.3 L 1.1 1.L

MCA LOI L 1.6L.41.r 4 1.4 1. 1.8 L1.6

CTO L.s 1.4 L.S LO LS Ll8 L.0 .2 L.O L9 LOso0 L.4 1. 1.51.6 1.4 LT 1. L4 LO 1. 1.3
C,00 1.5 1. 1.1.6 L4 1.7 1.04 L S 1. 1.7
09 e 1. 1.7 L6 LO S1. 1. 4 L3 LS L? 1S. L

1100 1. i. .1.6 T 1.4 1.7 1.4 L. 1.6 1 1.
1= 01.6 1.L LO 1.LS 1. 3 1.616 1. L8
13001.6 L9 LS 1.7 LS Li5 L3 1.6 1. 2LS1.

S~46
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•, • • ~COS,.. o bsts~s an• f~t. Di m•.•ii-

EN. A4

12/311000.1 0.0 (LI 0.1 0.0 0.0 0.4 0.043 LII
1W 0.3 o0.2 0.4 0. 0.2 0.20.4 0.4 0.5 0.4
3J001.0 1.0 0.9 0.4 M4 0.6 OS 1.0 1.0 0.1

1400 L 1.6 1.3 LS L4 1.4 L4 1.4 1.3 1.4 i
0 lI 13, 1.43 1 LL4 L 1.4 1.4 L2 1. L4

1600 1.4 1.4 L.3 L1O LS L.5 1.6 1 .6 1.2 1.2 1.4
1700 L2 L. 1L4 L4 1.6 1.S 1.6 1.6 1.4 1.4 LS
1300 1.2 LT. L4 1.4 1.06 L IS LS 1.4 1.4 1L.
1900 1.3 1.1 3.4 L. 1.3 1. 1.S 1.6f 1.4 1.4 1.L
2000 LS 11 X4 1. 4 1.7 1. L 1.6 Li LA 1.7
100 L. 1.8 L4 LS 1. 1.3 LI ES LS L6 L.

3C0 1.4 1.7 IL4 LS. 1.1.L L4 Lt L. LO LT
S4M Ls 0. 1.41 CS 1. L71. 1.4 Lb.LU 1.L

13402O01L4 T1 1.4LS5L.3141.3 L41.S1.61LS
0380 1.1 LT 1.41.S 3.1.5 1.31L4 .S LO61LO
03001.4 LTIL LS1. L5LO 1.31L41L4 1.51LS
0400 L.4 -1.1 1.4 LS5 1.1 1.6 LO6 LT7 S1 1.1LO

* 010 1.1 2.1 ILA. LO 1. LS1. 1.L L 4 Li11.6
060 1.4 1. 1.4 LS .L41. 1.4 1.S 1.4 1.1 1.
07001.4 L. L.41&1L41.S1.31.41L31.41.4
0600 1.4 1.1 1.4 S1 1.4 LS 1.2 1.2 L3 1.41.4
09001.4 L. L.4LS1.5 LO1. L.2 L32 LO6 171LS
1000 1.4 1.1 1.4 LS 1.2 1.4 1.3 1.4 1.4 1.11.4
1100 t.S 1.6 1.4 L.4 1.3 1.4 1.0 LI1 1.3 1.41.2
1300 1.S LS L.21L4 1.2 L3 1.0 1.0 1.0 L0L1
1300 1.$ 1.6 L3 1.2 L3 1.2 1.4 1.4 1.1 LIEL3
1400 L32 Lb L.31L4 1.13 L3 .23.21.6O1L01.1
158 1.2 1.1 L3 1.4 1.2 1.2 1.3 1.3 0.1 0.71L1
16001. 1.1 1.21L311.4.LA1.41L4 0.1671M.3
110 1.2 1.1 1.2 1.2 1.2 1.2 L4 1.4 &,1 0.1 1.
13ow 1.2 1.5 1.3 L.4 1.2 LS2 1.0 1.6 0.1 0110
1900 LS 1.6 L.3 S1 1. L31. 40 1.06O 0.1 M1.6

2100 1.1 %.0 L.4 .6 1.4 1.4 1.4 1.4 L. L.1LS

220 1.6 L.7 M.1. LO 1. 1.11.SLS.3 LS21L4

21101.1 1.9 L itL L.11.1 21. LX. LO.'L61.ii ~10d 0160 Ls1 1. L.16 11.3.0.11 11.
00301.1 1.8 1.5 1.61L41L41LX21.21.11.L1Lt
am 01o 1.3 1.4 .LO LO LLSLO LOL L L4

4-

mm A
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1.6 is 1.4 1.6 LO 1.1 LS 1. 1.3 1.4 1.4
0500 1.4 1.3 1.4 1.5 LB L7 L6 1.2 L 1.3 1.0
060 1.4 1 1.4 L5 1.5 L LO 1. ILI L 1.1
0700 1.5 L. L.4 LS 1. LI LS 1.6 Lt 1.6 LB4
WW LS 1.8 1.4 L4 1.4 1.5 LS 1.61LB 5 1. 1.
0 .L4 1.8 1.4 1.5 1.2.1-4 1.5 1.6 1.0 L 1.41,
100 1.4 1.3 1. 4 LI 1.5.L LB 0.8 '0. i1.2
1600 LU 1.7 1.S La L 1.2 1 1.5 1.6 1.0 1,0 1.L
UT0* 1.4 1. .1.4 L 1. 1.0 LU L • 1.3 L 1.4 L1,2
101.3 LU L 1.3 L 4 1. L4 L L2 L . 1.4|1.6

1W1.4 1.1 1.4 L 5 1.5/LS 1.6 1.7 1.7i Le
19W00 ILU 1. 1.4 L L1 1.6 L.0 1.4 1. 1.6 Ll
'000 1.6 1. 1.4 1.6 5LS 1.6 LI 5 S L1S 1.6 L|

1600 LS LI LU 1.1 L7 L I L- L.L 1.4 1.0
1920 L & L 4 1.5 L 1.3 L. 1.4 1.6 1. 4 LaI.L
2300 1. 1.0 LO L 1.6 L. L7 L LI 1. LI
2100 LO LB LS 1.1 L1.1O LT LU 1.4 IULe
2200 1. 21 1.5 LT 1. 1 L 1L1 1. 1. L I Ll
0300 L L0 L 5 L 1.6 L& 1L LI" LO 1.B LI

08100 L I l 2. 1.5 1.S5 1. T 1.?1 1B LI LO0Lt

0400 1.6 2.2 1.5 1. 1.6L 1.9 1. -.0 2. .1L
0601. L L L S 1.8 1.3 1.3 2.0 1 •i 1 -o 1.1
0600 L .L2 LS LO 1. 1.9 2L . 1 2.0 $12LO
0100 1., 2L, LS.1 1.86 1.3 L.O L 2.2 3.3 Lo
woo .1 L .1 1.5 1., L9 2.0 1.9 2.0 LT L
0900 L9 2.3 1.3 1. 1.31.o 1.3 LI LB LII,
1O0o 1.6 2.1 1.9 LT L6 LI LO 2.0 1.1 UL I
l110 1. LB 1.4 1.5 1.6 1.6 L1LT 2.0 LULl
122 L2 L3.8 1.4 LS LB 1. L1 1. 1. LYLT"101.o 0 LT 14131.2 1. 1.61.6 LS LULt
1400 0. 1.5 1. 1., 1.3132 LO 1.31.3 LL
1506 0.3 LU Lt I 1. 21.2 1.41 .4 LO LL4
2100 0. 1.1 L12 11. 1.2 1.01 .L 1.O LL
10 6., 1.4 1.2 1.1 . . . .
1I000. L4 1.21L2 - - -I 0:6 0.6.:4
190 0.3 L4 12 1.2 1.6 1.6 LII L5 0.6 0. LI2000 1.0 1.5 1.2 1., 1.6 1., L1.,, 0. ,0L
100 1.2 1.L 1.2 1.4 ILI

-
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APPZU� 0
Hydrogai Rndit�s

Ryd�o�e. Coiceggauca
(atm)

Date Time Forward After tera
Battery Datiery Room

- - Room' Room'

11/20 2200 0 0 0
2300 0 0 0.2

12/1 0300 0.2 0.1 0.3
0700 0.42 0.15 0.5

* 1100 0.6 0.175 0.6
1545 0.7 0.5 0.71
1000 0.75 0.45 0.0
2300 OS 0.4 0.6

12/2 O�00 0.01 0.2 0.1
0700 0.51 0.2 0.0
1300 0.63 0.05 0.0

*7to� abip's byduoge. IadIcabue
tFrosa N�tL ComposIte Corn Malyzer

x's

-. 4
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Myro ftUnding Dir g Iecmd MR

D&Wt Time Foaward After Stm.
Datiea7 BIA"tr Roaot

______ ROM* Roo m* fo

12/3 1100 0.2 0.2 0.0
1500 0.4 0.2 0.25
1MW 0.7 0.6 0.6
2400 0.65 0.15 036

W24 0330 LO 0.e 1.0
0700 L.1 0.6 1.25
1100 1.2 L.5 1.4
1530 - - LS5
1700 1L2 0.65 L.6
2300 L 3 0.05 1.6

12/5 0330 1.2 0.05 L.6
0700 1.1 0 2.7
120 Li 0.2 1.L
160 1.1 0.6 L.
190 0.3 1.0 L S
2300 L. G 1L.6 13

10/ 0100 0.1 1.4* Li
070 0.9 - L I
110 0.5 - L I

_______ 0.6 - 1.

a abipleyp idstz
t~voum NRL Comuposite Gas Ausmijuw
t$From suhp's paitaus meter

IDMU4

WUNW', 44
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