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3 NAVAL RCATAREH LABORATORY COMFIDENTIAL
A. 7. Andreatch Code 6163, NRL nance and calibration
W. N. Crotiord : Code 8130, ¥RL Alr parification
W. B. McConnaughey * Cods 6130, XKL

Routine activities which ware compatible witk normal watch standiag or which would be
required (o oparate the hoppers and supply cxyges during sxy eatended dive were conducied
by the ship's persoamel duriag both dives. Civillan activities inciuded the estabitahmeent
ol hopper oparating schodules, instrument salibration and malntensnce, arsorhent mixing
and sampling, and the carrylag out of several acarcutine teats and delerminations.

APPARATUS AND INSTRUMENTATION
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Absorbents .

LiOR — The lithium hydroxide used was made for the Bureau of Ships under contract
with the Maywood Chemicai Company, 3Maywood, New Jersey. This material is a pelletized
form (4-14 mesh, . 8.) of the powdered material currently carried for emergency uss
on submarines. It conforms to miijtary specification Mi -L-20213A(Ships) dated 17 April
1952 as amended by speedletter NObs-61655(549A), ser 549-8345 dated 20 Getober 1953,
and speedletier NObs-81655(548A), ser 549-9357 dated 17 December 1953. The material
was packed in cans contalning an average of 7.5 Ib of LIOH. A total of 2000 1b of LiOH was
carried on the crulse and 454 1b were used. * '

The reaction between LIOH and CO, is as follows:
2 LIOH + CO;,~L4,C0, + H,0.

From thia it can be calculated that 0 41 pound of water is produced for every pound of Co,

absorbed with less than 6.5% water be

ing present in the originsl material.

Soda-lime — The 30da-1ima
moisture, indicator-type sold in
Chemleal Company, Cambridge,

used was Wilson Soda-Lime, 8-18 mesh (U.3), high
S-gallon buckets as “Sodasorb” by the Dewy and Almy/
Massachusetts. Thismaterial cansists of 1 part sodium

hydroxide to 21 parts ealcium hydroxide and has a waker content of 14 to 19%. The reacticns
with CO, are as follows: . ' : .

2 NaOH + CO,~~Na,C0Q, + H,0
Ca(OH), + CO,~CaCO,+ H,0.

As with LiOH, 0.41 pound of water is produced per pound of CO, absorbed. Work at NRL
(5,8) has shown the 3-16 mesh materiai o have 2 mech higher absorption rate in hoppers
than 4-8 mesh, The total 1352 1b of soda-lime carried aa the crulse was completely
expended. : .

Instruments

Physiological and absorptive effects are related to partial pressures of gases and not
to their percentage concentrations at boat pressures other than one atmosphere (29.9 in. Hp).
Thus gas concentrations in this report are given in texrms of partial pressure or percent
effective except for Liydrogen where true percentage concentration is the factor involved
in {lammable limits. The term “percent effective® is sometimes used in deep sea diving
work and is the true percent concentration at any pressure corrected to one atmosphere,
On this crulse the Dwyer CO, Analyzers were the only gas analysis instruments other
thian the hydrogen analyzers that reud true percentages 50 oaly their readings needed pres-
sure corrections. For example, if a Dwyer réading of 1.5% was obtained at a boat pres-
sure of 36.0 in. Hg ihe effective concentration is :

%%f:f %15 = 1.8% effoctive,

Tumam,mawmmmnmhmmuawﬁpmdnﬂum
dives are indicated in Fig. 3.




- N
” L) - . .
H
i .
K] i *
m | |
m :
i
. o ]
0 i
| R
_.
_" L)
M $2A1p-Y10q Supanp siuswaInseIuws sul WS O} pesSn SIUTWNIIFL] Jo vuoliwooy » ¢ ‘Rig .
t
.M SINVBUSN SHSS,

- —

HAVAL RESEARCM LABORATORY

i /2P R A— <

— v LA

| lll.\zoom m : AELLVE 147

, 00301 QM4 0HLNOD .

Rl o8 ond _ ONLBATENYI
| ‘ '

|

- W ’
i

o BRI e i, o s i SR 0 L 0 ol RN SR Y i




CONFIDENTIAL NAVAL NESEARCH LABORATORY 5

.. co, Analezzers -~ The instruments used in the forward torpedo room and the control

. FE T yoom weve rared absorptioa type developed for use on the troop carrylng submarines:

Co PERCH and SEA LION (ASSP313 and ASSP315). They are continuously indicating instru-
ments made by the Liston-Becker Instrument Company, Stamford, Connecticut as model

No. 23.

* The instruments 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 sunuar to the
Orsat analyzer and analyses are batchwise, :

3, 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 O. Beckman, Pasadena Callfornia and may be identified as niodel
N-1 {contract NObs 23193). The principle of operation is one of paramagnetism and the
instruments are continuwously indicating. .

NRIL Composite Gas Analyzer — Conceatrations of CO,, oxygen, hydrogen, carbon
monoxide, and mathine as well as boat pressure were measured in the stera room by
Model 1 Serial 1 of the NRL Composite Gas Anslyzer, which was developed by NRL for
use on the U3S NAUTILUS (SSN571). The principles of operation are infrired absorption
for CO, CO,, and methine measurements, thermal conductivity for hydrogen, and para-
magnetism for oxygen. Pressure measurements are based on the anerold principle but
for this cruise had a maximum reading of 32 in. Hg. All gas and pressure measureraents
are automatically recorded cn a Browa recording poleauometer in addition to belng con-
unuousl,y indicated ¢ on ‘panel meters.

Hydrogen Eliminator — This unit i3 standard Navy issu2 and was ac powered. The
operating princfole s one of catalytically oxidizing hydrogen to water.
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i DETERMINATION OF SHIP'S FLOODABLE VOLUME

. Calculations cn CO, evolution and O, consumption require that the volume of air in

o the boat (floodaible 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 ior the conditions of these

v tests, With the ship alongside the tender after returning to New London but still in approx-

i K imately the same conditlon a8 in both dives an attempt was made ‘o c waeasure 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

L 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 exacily 5§ minutes. Then the boat pressure

was equalized with atmospheric pressure by opening the inner hatch. After again sealing

the boat, two weighed 200 cu ft cylinders of nitrogen were released into the inside atmos-

phere and manometer readings were taken after 3, 4, and 5 minutes. The {ollowing data

was obtained: :

e e e

Initial combined weight of N, cylinders = 238-1/2 Ib
Fioal combined weight of N, cylinders = 261-3/4 b
Pressure riss dus to leaks in § minuies = 8 mm H, 0 .
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Prexsure rise aiter 3 minutey of N, release period = 104 mm H.Q
Pressure rise after 4 minutes-of N, release period = 106 mm H,0
Pressure rise after 5 minutes of N, release period = 168 mm H,O.

‘With the above data and by‘assdming the Gas Law and Dalton’s Law to hold aad the 8ys- *
-tem to be isothermal, the yolume of the boat can be calculated as follows:

v » Blmospheric pressure X vol. of N, released 2t 760 mm Hg and T°F
: boat pressure produced by released N,

- “"7.’;85 = 38,500 cu 1t of flobdable volume.

The pressure correction due to leaks was obtained by averaging e result of the first

S-mlnute pariod with that resulting from an extrapolation of the straight porticn of the
pressure curve for the second 5-minute period.

Another basts for calculating this volume is the change in average CO, coneentration
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 b of CO1 were released in 2-1/4 hr, and combined with

the evolved respiratory CO,; produced a change In effective concentration of 1.2%. This
permits the following calculation:

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

.42+ 2.25%0.085 X 75, 42+ 14 _ 200 cumt ’
0.1147 o147 - 10
boat volume =390 « 41,000 cu 2t. : .
0.012

CARBON DIOXIDE REMOVAL

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

Hopper Operation

General — Hoppers were operated {o maintain the average effective CO, concentratica
at about 1.5% during both dives ex-ept near 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 on spring scales located by each hopper.

rating Procedures — For the first dive (Fig, 4), after 2 normal CO, buildup period
of about 10 hours, thres hoppers were operated with soda-lime chargings staggered at
intervais of apout 8 hours betweenrechargings for each hopper (procedure A), The hoppers
‘were spread over the ship with number 1 being in the forward torpedo room, number 2 fa
the coutrol ropm, and number 3 in the stern room. For the second dive (Fig. 5) all

. .
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hoppers were operated in the torpedo room with numbers 1 and 2 being near tue torpedo
tubes, number 3 by the ¢rew’s washstand, and number 4 In the crew’s shower with the
door open and a bracket fan providing ventilation.” The initial delay required for the CO,

g n

. - concentration 1o reach 1.5% was reduced to 3-1/4 hours by releasing CO, froin a cylinder.
Daring the second dive (from 1415 on 12/8 to 1520 on 12/4) two hoppers were rechrrged
. alternately with LIOH at intervals of about 5 howrs for each hopper (yrocedure B). From

.1120 on 12/4 to 1200 on 12/§ four hoppers were recharged alternately in pairs with soda-
lime at ‘ntervals of about 8 hours for each palr {procedure C). All hopper fans were off

for 45 minutes cf this period (1960 to 1345 on 1{/4) due to a power fallure. From 12J9

to 2400 on 12/5 two hoppérs were ragharged alternately with soda-lime at intervals of 4
hours for each hopper {procedure D), From 2400 on 12/5 to 1000 on 12/6 three hoppers
were recharged ln 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
12/8 three hoppess were recharged in sequence with L1OH at intervals of about 1-1/2

hours for each hoppeér (procedure F). There was some overiap initially with the previous

procedure,
TABLE 1
Summary of CO, Removal Procedurs
Time Submerged ‘
Dive (i) Procedio
1 0-10 Allow CO, concentration to build up at normal rate to 1.5%

e e PO G NI T I O DI SN PN SN YA RN B % b s -

10 -39.5 | Operate 3 toppers with soda-lime at 1.5% CO,. Spread 1 can)
(about 7.5 Ib) of LIOH for 3 hours. Determine how rapidly

; o, ' boat can be cleared after surfacing, ‘

f 3 0- s Release bottled CO, to accelerate mild-up of CO,
i ; 3-8 Cperate 2 hoppers with LIOH at 1.5% CO,

. ! 2 -49 Operate 4 hoppers with soda-lime at 1.5% CO,

49 - 61 Operate 2 hoppers with soda-lime at 1.5% CO,. Spread 1 eur
(sbout 7.5 1bj of LiOH for 4 hours.

61-70 Operate 3 hoppers with LiOH at 1.5% CO,

10 -1 Operate 3 hoppers with LIOH to reduce CO, concentration

71 - 82.5 Stand by for surfacing. Determine how rapidly boat can be
cleared after surfacing.

- . R DR e S i > T \nt
SO X S S W RN R
. - (SN s o8 3
R o . o ~ =7 - E~
o IR LR TR P k““""' 3 Y4 ‘(Eh' =
P S U R U T *

- - - L 7 . - - ’”{‘ 9 - -
L T IR T R T O - .

S o e r.' Y B g o : . e X g SV W

e e e p— g _ . ey S - SR et e . LR N - > % e S
—— ~ —— ————— 1 - o o oo s o Tiea RN Y < - N -t
3 —v g .




e 1 it A A A A v

R

A e AR A S L

g

=1 b - - = —

: ﬁ;.M. 3
LI u 1r 4 iR
m.m.. - 4RI iAo
- - k

per -] lﬁ- - .
l = B
P~ e I ~1 r

WN_I % -~ - - -
m ')

8 T HI
- ]

RN E
b cliT |1
MHﬁ.Wiuﬁ. -1 P -1 L
-
1)L pE
HIERC IR
5l .«n [
) -]
A HERYIEREIERS
A 3
- - -t 1
“ 1
T c Ui e
L 1] -
b~ — .ljl - -
- 7 4 - ol

I W

= - a =
(AU wUTEIGN 88

rig. 5 - Oogu.n-u-ﬂu. and hopger ap.ration an second dive




NAVAL RESCARCRK LABORATORY

2ATp 1831} Uo uopwasdo zeddoy puw suopvazusdued 500 + » N

BT E R PR, PRIy

e - mme e

S um 1) o "
3L 13070 o0 (11, . o R (]2 ] [}
18en) ML €308 02 1) 3 [T} 1) " 8 P
, ™ T ™1 h 7 ™
I\ € 9'}s IVENY <
i
SRR 15T 0 N TR R (I O T E
g | .?M LT F“ L TH
. %00y _N¥Y|S I <
_ T im I s ! » Iy -
M ! i { i { §
! .
M. lIhI\{l g S e
5 W0l BUEN
AR O & U L m T w
“ * ] Y .
4 s gy o \I\I\(J\‘
r ~ %008 0034181 ORJ ) .
30 30 on3




B b bt o man

ST AN T VIR TR

CONFIDENTIAL NAVAL EESTARCH LABORATORY 11

The absorbent performances as determined from subsequent chemical analyses are
gliven in Table 2, The saturations are based on the theoretical capacity of 0.92 pound of
CO, per pound cf LIOH and the experimentally determined value of 0.38 pound of CO, per
pound of soda-lime. The values in excéss of 100% for soda-lime are not significant except
as an indication of the over-all accuracy of the data. Figure 6, based on Table 2, shows
the relation between exposure time and saturation ior soda-llme and LIOH in bopperl
‘operating in an atmosphere containing between 1.1 and 1,9% CO, etfective. Table 3, also
based on Table 2, gives the results {n terms of pounds and cubic feet of absorbent roquirod
per man-hour protection at approximately 1,5% CO; eifective. The man-hour equivalent
of CO, involved In this method of calculation is discussed on pege 17,

While operating under the final procedure where the object was to reduce the effective
CO, concentration as rapidly as possible, 218 1b of LiOH were uséd to lower the average
concentration in the boat from 1.8 to 0.7%. This requlred'lhoursandtbe averaga satura-
tion of the Epent LIOH was 38%.

Only one hopper filter, which had been used during 12 fillings with acda-lime and five
with LIOH, was changed durliag both dives. Although the replacement had lower fiow resist-
anca, no slznmcant operating advantage was noted, To investligite the feasibility of clean-
ing used filters, the used unit was returned to NRL and ingtalled in 2 similar hoppex filled
with soda-ltme. The flow and resistance data in Table 4 was cbtained using various cbanhag
techniques; in &1l cases theby -pRss was closed.

Spread LiOH

During each dive oue can (approximately 7.5 Ib)of LiOH was spread on 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 uniform depth of about 1/2 inch., The material was
located on the lower, ait, poriside bunk and no special ventilation was used. The exposure
time was 3 hours (irom 0955 to 1300 on 12/2) on the first dive and 4 hoursa (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 CO. removed by the spread mate-
rlalhadmet!ectonhopperoperulon.

Clearing the Bou on Surfacing

To determine the vate at which CO, could be cleared from the ship’s atmosphers
after switching to outboard ventilation, readings of effactive CO, conceniration were made
in the torpedo room and control room at short intervals during and after surficing Irom
both dives using infrared analyzers. These data plus that automatically recoxded in the
stera room permit determination of the time required to clear the boat under two ditterent
ventilation conditions. Alr intake (Fig. 7) after surlacing from the first dive was through
the anorkel head valve and after the second dive it was throuvzh the bridge access trunk,
Figures 8 and 9 show the CO, concentrations at various iutervals after the first and second
dives respectively. Figures 10 and 11 show the concentrations of OyHa, and CO, as well
as CO, during thuse pericds.

o —— L s
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TANLE 3
Man-Your Requirements for Jode-Lime and LIOR
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TABLE 4
Hopper Filter Flow Resistances
Alrdlow Through| Pressure D,ropl
Filter Filter Across Fiker | Method of Cleaning
(ctm) (in. H,0)
Noas 48 0.48 No filter
New 42 0.61 Nons
uaed 20 1.37 Nooe
Used ] 6.9 Kiock on cement {loor
Used 30 0.88 Afr blast (100 psiy)
Used a8 0.95 Soxk in dilute acetic
acid, rinse fu water,
dry with air blast, and
dry overnigit.
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CONFIDENTIAL NAVAL RESEARCN LABORATORY 17
CO,; Evolution -

The total aniount of CO, produced during each dive is equal to the amount taken up by

the abscrbents plus the amount added to the atmosphere by respiration, The amounts

absorbed during each dive are listed in Tahle 2 and the initial and final concentrations in
the atmosphere can be cbtained. from Figs. 4 and 5, In the following calculations a flood-
acholumedaa,SOOcunandaumpeWoﬂO'rmused .
For the first dive the calculation uu follows:
total CO, evolved = total CO, absorbed + A CO, cone. X boat vol. x CO, dersity at 70°F
' = 175 + (0,017-0.000) X 38,500 X 0.1147

= 175 + 75 = 250 1b/39.5 hr

rate= — total CO
CO, evolution rate - no. of mes X time = 75 x 39.5

= 0,084 1b CO,/man-hr-{0.88 cu it (STP)/man-hr).
For the second dive the calculation is as follows:
totsl CO, evolved = total CO, absorbed + ACO, conc. X boat vol.
x CO, denllty at 70°F - CO, {from cylinder
+ CO. removed by pumpdowna
= 488 + [(0.014-0.001) x 38,500 x 0.1147] - 42+ 31

_ w 488 + 87 - 42 + 21 = 524 |b/82.5 hr

€O, evoiution rate = ?5521—% = 0,085 b CO,/man-hr (0,69 cu ft (STP)/man-hr).

Another determination was mada &t the start of the first dive when the concentration
was allowed to bulld up at a normal rats with no removal by absorption or pumpdowns.
The calculation for this is as follows:

ACO, cone, X boat vol, X density of COy
7o, of mea X Ume

. (0.015-0.000) % 38 500 x 0.1147

'zfxiﬂ

= 0.088 1b CO,/man-hr (0.71 cu ft (STP)/man-hr).

CO, evolution rate »

OXYGEN SUPPLY
Oxypen Concemtretions
A plot of oxygen partial pressure throughout the first and second dives is shown ia

.mus. Although this represents readings from ouly one instrument the averagn
for e three instruments is not appreciably different { Appendix D). The intention in both

praron
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divea was to maiatain the oxygen partial pressure around the normal atmospheric level .
of 160 mm Hg but this was complicated by air leakage and pumpdowns.-

Oxygen Consumption

All oxygen bied into the ship’s atmosphere from the outboard high pressure banks was
metered through & dry-test gag meter under conditlons of known pressure and temperature.
A 12boratory-type flowrator was connected in series with the gas meter-‘o facilitate seiting
the bleed-in rate as determined by the average O, partial pressure. Hourly readings of
the gas meter and the flowing gas temperafure plus the barometric pressure permit calco~

lation ci the mass flow of oxygen throughout both dives. These data and calculations are
sumraarized o Appendix E. ’

For the {irst dive oxygen consumption calculations are complicated by the normaal
leakage of high pressure air lnto the boat and the change in the average Q, partial pressure
existing at the end of the dive (Appendix D). By assuming the Gas Law and Dalton's Law
{0 hold, tha temperature and water vapor pressurs to be coustant (the former at 70°F), all
loakage to ba air containing 31% oxygen, and a negligible effect from the small pampdown -

{at 0500 oa 12/2) it {8 possibie to calculate the oxygen consumptioa rate for the firat dive
as follows: :

total O, consumed = O, from leakage + O, bled in +AO, content of atmosphere
=148+ 125+ ﬂ!%-.om)xu,soox 0.0829

=148 + 128 - 40.1 = 227 Ju/39 br

O, consumption rate = 1:,”” = 0,078 Ib O, /man-hr (0.87 cu {t (STP)/man-br).
x

For the second dive there are some additional complications in that O, is removed
during pumpdowns and is consumed by the hydrogen eliminator. Ifthe same assumptionsare

. made as for the first dive except that pumipdown effects are not negligibis but that leakage

rate and gas concentrations (% true) are conatant during pumpdowns, it is possible te
calculate the O, consumption raie for the second divs as foliows (refer to Fig. 13 and
Appendixes D and K): _ .

total O, consumed » O, from leakage + O, bled in - AO, content of atmosphere
- Q4 removed by pumpdowns - O, used by the burner

=245+ 418 - 8.4 - 230 - 20.4 » 308 Ib/82 hr

O, consumption rate = ?:1' &5 = 0:085 1b O /man-br (0.73 cu ft (STP)/man-br) -

The after maln oxygen bank having a nominal internal volume of 50 cu ft was used for
both dives. A rough check o its volume was made using data from the first dive, Hourly
bank preasure and sea water temperature readings (Appendix E) were taken and for the

- o et ~ ) . - .
R . 0 S R N e e I

first dive the initial vaiues were 3725 jélg sud 62°F. ‘The {imal values were 234G psig - - -

and 73°F at which time 1400 cu ft (STP) of oxygen (aa measured with the gas mester) hud
beer removed. From this information the bank volume can be calculated as 50.7 cu fi.
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HYDROGEN E_vot.m‘xon

-

_ ' * The hydrogepr concentration (Figs. 12 and 13) throughout the first and second dives

L * was measured by the NRL Coniposite Gas Analyzer, There was a normal buildup of hydro-
- gen during the first dive with the cohcentration at this battery discharge rate leveling off

at about 0,9%. During the second dive there was a normal bulldup until the hydrogea elim-

{hator started operating at about 1500 on 12/5. The concentration had leveled off to approxi-

mately 1.757% at tais point which {s higher than the previcus dive because of the lower bat-~

tery discharge rate, Operation of the eliminator reduced the concentration to 1.1% whers

the eliminator operated at reduced efficiency due to the low concentration of hydrogen

resulting from decreased gassing of the batterles.

o

CARBON MONOXIDE EVOLUTION

During the first dive there was a steady increase {n the effective CO concentration,
reaching a maximum of about 150 paris per million (0,015%) at the end (Fig. 12). Unve-

stricted smoking was permitted during this dive and no known CO removal system was
cperating. ) '

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%).

T P WSRO ITY T T IO e

During this dive smoking was nominaily restricted to one cigarette every 2 howrs or
its equivalent in cigars or pipes. There were frequent violations of this restriction but

it Is quite certain that the amount of smoking on the second dive was considerably less
. than on the first dive.

P
G

The first dive was charactesrized by a high incldence of headaches near the end of the
. 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 second dive and seasickness was not evident on surfacing in & somewhat
J2ss rough sea.

21 STIBINE EVOLUTION

The stibine (SbH,) 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 12/8) by drawing & known
quantity of air through silver nitrate impregnated silica gel and subseguently analyzing it
at NRL by the rhodamine B method, Then again at New London additional determinations

~ ,'-/ P _were made In the engine room while the batteries were being charged at the iinishing rate.

The results (Table §) show that essentially no stibine was prezent during the second dive

S but significant amounis were present near the end of battery charging after the second

dive.

FREON GAS . °
S8amples of the ship’s atmosphere were collected in evacuated bottles near the end
of both dives (1015 on 12/2 and 0015 on 12/6) and were subsequenily analyzed by an infra-
red spectrophotometer at NRL, “The only différent atinosplieric ingredient revealedby -
these analyses was Freon 12 (dichlorodifiuoromethane) gas in concentrations of approxi-
mately 2000 parts per mililon (0.2%).
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o I TABLE § .
: Stlbtn (Sb!l,) Concentrations
) ) _ SuHy .
Time Place . Concentration
- {parts per r.ilijon)
2030 on 12/3  |Stern room—2nd dive [0.00
1242 00 12/8  |Stern room—20d dive | 0.00
3 0. ::
4 1)
4 2312 on 13/7 Engine room-batteries | »° -
_ ts 0055 on u/al on finishing rate g’gg 0.63 avg
g; 0.6¢ J
TABLE §
Sumamary of Abzorbent Performances
E o o Absorbent Use Factors
Location No. =
. Test Avsorbent | oo s | Weiglt |  Volme Coat
} Ib/ian-br | cu ft/man-hr | $/min-hr
NRL* LiOH 2 0.1 0.0042 0.53 :
Soda-lime 3 0.27 0. 0056 0. 10
Soda -lime/LIGH - 2.5 1.3 0.19
USS TROUT | LiOH 2 0.11 0. 0043 -
Ao LIOH 3 0.10 0.0038 -
A Soda-lime 2 0.28 0.0058 -
o3 Soda-lime 3 0.2¢ 0.0054 -
-
RS Soda-lime 4 0.24 0.0047 -
4 e *Reference 2
DISCUBSION
Hopper Operatioa
" ' ‘The hoppers performed very much as expected although it was not aaticipated that
tie CO, concentration would remain as constant as it did. A comparison (Tahle 6) of the
T T —resatts chtuined from the two dives-with the -anticipated psrformances based.on Laboratory . ——
experimeats (2) m-wumuuwmnmmmmwnmuw
. CONFIDENTIAL
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sgreement. The performances of soda-lime used tn three hoppers also compare favorably.

The effect of the amount cf-material exposed at one time on the efficiency of ahsarbent.
utilization can be ‘seen by comparing the three shipboard tests for soda-lime aid the two
shipboard tests for LiOH. From Table § it 13 evident that only 88% as much soda-1ime

13 requived if four hoppers are used, lastead ol two. For LIOK, 91% as much absorbent

s mquirec when three hoppers are used instead ol two.

<oy temaa o v—

As to the relative merits of soda-1ime and LIOH the ratios given in Tabls 8 remain
essentially unchanged by data from the two dives which are slightly more favorabls for
soda-lime. Thus, if in the interest of economy soda-lime is used instead of LiOH the
weight requirements will be 140% greater while the wolume requirements will be only 25%
greater, Two factors In favor of soda-lixae are: (1) it does not have the highly irritating
dust that LIOH does and (2) it may be discarded after use unlike LIOH which must be saved
because of its high recovery value. A disadvantage (7) is that sodz-lime is ineffective at

low temperatures, 1.e., of the order of 45 to 50°F; therefors, LiOH would still be necessary
for salvage conditions.

Filter performance appeared to be satisfactory although some irritating dust was evi-
dent when the by-pass was opened oa 4 hopper fr=shly filled with LIOH, A poasible solution
may be to leave the by-pass closed untii the small particles of LIOH remalning in the bed
bave converted to the much less irritating L1,CO,. Most of the disconifort in using LIOH
resulted from emptylng hoppers contamning & high percentage of unused material as during
the period of the second dive when the object was to reduce the CO, concentration as rap-
idly as possible. The mixing and ssmpling produced considerabls dust but this is pormal
operating procedure. Filter cleanlngs by tapping, air blasting, and soaking in dilute acid
all proved ineffective, However, the filter used was clogged iargely with soda-1ime end
previous experleénce has indicated that tapping and/or air blasting is eifective on a filter
which has been ussd with LIOH.

Tha locatinn o2 the hoppers on the ship appeared to have no aignificant etfect on thelr
performance or the CO, concentraticns ia varlous compartnents, Thus, the control room
concentration was consistently higher than the furward torpedo and stern rooms whother
& hopper was Jocated in 2ach of these compartmeats &s in the Ivat dive or whether all
boppers wers in the forward torpedo room as in the #scond dive.

. The data cbtained from resding hopper thermometers, and hopper inlet and outlet COy
concentrations during the two dives are not sdequate to decide on the practicability of detgr-
mining absorbeat saturation by tempereture dilference, Thia appavently is dus primarily
to the {naccuracy of the thermometers, However, since the CO, concentration remained
fairly constant at 1,5%, laboratory data of the type shown in ¥Fig. 14 will give the desired
infrrmation if the airflow rate and inlet CO, concentrating are specified.

Although the original intention was to operate at 3% for part of the time, the effect of
CO, concentration was not investigated during either dive because after finding that the
concentration remained essentiaily constant ii was felt that the time could be botter spest
tnvestigating other operating variables which are not 50 readily studied ta the laboratory.
For & given absorbant and hopper model a friily of curves relating saturation with exposure
tima in various CO, concentrations (Fig. 6) "vould permit selection of a hopper system for
any given situation.

As with any other type of shipboard CO, yemoval system, 8 rapld decreass in concen-
ftration s not eaay to achieve. From the stsnipoint of making escapes from a Sunken sub-

ve b ol v = ¢ b = m——nie =

marine this abllity is highly desirable since ia any flooding-up type escipé the CU; would
rapidly becomse dangerous if it started af 1-2/2% at one atmosphere. Thus, if it is
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Fig. 14 - NRL hopper test of 8-16 mesh soda-lime

necessary to equalize the suhmarine’s aimosphere with sea pressure at 100 foet under
these conditions, the resulting effective concentration will be 6,0% and at 200 feet it will
be 10.5%. The fact that 7 bours was required at the end of the xecond dive to reduce the
concentration from 1.9 to 0.7% iz undesirable but thig was for the entire submarine where
the total quantity of CO, in the atmosphere at 1.9% is considerable (about 73 1b). It would
thus be more desirable — and more likely — for actlivities to be confined ¢ a single com-
partment, It should be noted that equalizing pressure in a compartment i3 not normal
escape procedure on this ship but it is on othors and the possibility of unavoldable peres-
surs bulldup should not be neglected. Two other factors should be noted in this use of
LiOH: (1) frequent hopper chargings where orly slightly used material ‘s removed is a
mw,w'mwwmwm-ummwwumw

Spread LIOH

The 33 and 23% saturation rate for CO,, obtained when pellotized LIOH was spread on

bunks for 3- and 4-hour exposures, is considerably below the 80 to 85% saturation
for fine granular LIOK which-is still carried o submai ines for emergency use. However,
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thoexposmmmuchshomrtorthcpencuzedmrmmuureuonhhiomum
equivalent saturation in a comparable time, A higher CO, concentration would also result
in 2 greater saturation rate. As to the relative merits of pellstized and granular LIOH as
absorbents when spread, Reference 8§ showed them to be equivaieat.

Gas Purging on Surfaecing . : S

The results as shown in Figs. 8, 9, 10, and 11 show only 2 short time on the aurface
was required to clear the atr sumclently for another dive. Thus, after surfacing for 30
minutes with alr intake through the bridge access trunk the average CO, conceatration was
down to 0.2% (Fig. 8) which at the rate of bulidup obtained during the first dive would have
allowed another 8-hour submergence before reaching 1.5%. Figure 10 shows that the CO
and R, concentrations were suflicienily lowered to prevent thelr being the limiting factors.

CO, Evolution

The results of three calculations of the CO, evolution rate agres qulto well aed their
average of 0.088 Ib/man-hr (0.70 cu ft (STP)/man-hr) may he compared with the 1ollowring:
0.74 cu ft irom the SAILFISH test (9), 0.72 cu £t from a comparable périod i Operation
Hideout (10), 0,70 to 0.82 from scrubber tests on the PERCH (11), 0.68 cu ft from an R beat
dive in 1932 (7). The diifercnces are easily accounted for by variations in crew activity;
the level of activity during the experimental dives was no doubt lower than during a war
patrol.

Ship's Volume Determinations

Tbe!lgure of 38,500 cu {t which was obtained by releasing a inown amount of bottled
nitrogen into the ualed boat 18 beiieved to be the raost accurate valve and was used in all
calculations. The floodable vaivme given on the suip’s moment diagram is somewhat lower
at 35,850 cu ft and, while given to four places, 15 not belleved to be as accurats for the
purposes of this rcport as the above value, The calculated volume of 41,000 cu fi obtained
from the change in CO, concertration produced by releasing & known amount of COy ina .
known time is believed to be the l=ast accurate of the three figures because of its depend-
eneeonenummacymdetemmmctbeanngo CO, concentration and the CO, evo-

luuonntomr;nhoxtpeﬂnddum

Oxygen Supply and Consumption

Ituo“numttopohM'hnmmxpms.ﬁwuanwdbhﬂdwﬁ&n
Iarge pumpdowns during the first dive over half (54%) of the oxygen supplisd came from
the air leais into the boat. On the other band, whea there were regular pumpdowns o
pmtasmdymwmnpduﬂngth.umawemuﬂhlﬂdmomnm
breathing, smoking, etc., came from the oxygen banks. Thus, from the standpolnt of axy-
gustwage,ttuhethrnothpumpdwndurmgnmmdeddm However, it 1 dis- °
advantageous because the excess pressure complicates the surtacing operation and, #f the:
o,mumuummwuamuwdmmnmﬂg,mpmnm

on surfacing mey be dangercus. Therefore, if the presaurs were allowed to reach 42 in,
Hz(aldh.mnuhedin”-l/zhouumnngthoﬁmd!n)thmm
would be down to 15% 'at 160 mm Hg partial pressure which is below the normal Hmit of
safety when the total pressure drops to atmospheric,
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. Thus the estimate of 20 to 30 days oxygen mpnlyhrthomwmhﬁm“aeol
Cs must be accepted with reservation as it iz true only when the bost pressure is allowed to
werts e oty oo gleadily- inerease; the maximum allowable pressure would then limit the duration of the

e et s e e -
r

Sl eTar e dive, e. g.,about 78 houra, with 2 preasure increase rats equivalont to that'of the first
U T dive of this cruiss, ,
.t "-‘l
S ] Hydrogen Eliminator Operation

The bydrogen eliminator performed two functions on the second dive, The first was
to lower the H; concentration in the boat from 1.75% t0'1.1% although uss of the eliminator
for this purpose was probably not essential since the concentration had practically levaled
off by the starting time due to the decreased gassing rate of the battsries. The second
{ - 1 function, which was unintentiohal, was to remove CO and cause its conoentration to level off,

The eliminator did not function when it was first started becauss the catalyst had not i
1 been heated to u sulficiently high temperaturs., After this had been remedied the unit oper-
A ated efiectively as a hydrogen eliminator considering that its performance iniproves as
] the hydrogen concentration increases. Since it was determined that the eliminator outlet
§ concentration was about half that of the inlet this may provids a means of coutrolling CO
‘ on a submarine, However, it is aot an Weal solution as the eliminator consumes from {

1-1/1 to 2 kw of electrical power.

Performance of Ship’s Instruments . 1

CO, concentrations determined with Dwyer analyzers are compared in Figs. 15 and 16
. and Appendix ¥ with those cbtained with infrared analyzers., The Dwyer readingz have beea
corrected for pressure to read percent effsctive as the Infrared amalyrsrs do and ali values
have been rounded off to the nearest 0.1%. As shown in Fig. 3 each type instrument was
: used {n three different compartments with no compartment having both types. The average
| o of the infrared values is believed to represent best the average CO, concentration in the
A - boat but it can be seen that there ia generslly good agreement between the averages obtained
n throughout both dives with both instruments, Thus the Dwyer anlyser appears to be satis-
factory for its intended use under the following conditions: (1) several instruments should
|- - be used and readings sheuld be taken In several compartments, and (2) the instrumnents
VD should be properiy operated and matatained. The need for the {irst condition ia shown by

e % the series of 1ow readings obtalned with one instrument between the 28th and 32nd hours

[ of the second dive.

The kydrogen concentration as automatically recorded by the NRL Composite Gas
Analyzer has beea taken s the best value for the ship’s atmosphers. However, for com-
parative purposes Appendix G tabulates the readings taken routinely on the ship’s hydrogea
indicators as well as the corresponding values from the Composite Analyzer. From these

Poan - data it can bs seen that the after battery indicator became highly inaccurate during both s
,2;‘__, dives. The forward battery indicator agreed very well with the Composite Analyssr during

e the first dive but read considerahly lower during most cf the second dive. This appears o

'_"»;_"\;‘i}f" indicate that neither of the ship’s hydrogen indicators is reliable.

Phtes ?-_"‘ ) ’ : .

‘.‘?\ . . Hourly oxygea partial pressure readings for both dives are tabulated ix Appendiz D,
LTI The ship's instrument appears to be at least the squal of the test instruments in accuracy .

_J’:‘d of calibration because the initial readings (at 2300 cn 11/30) of 165 and 168 mm Hg during

i e oo dhe.Sixst dive appareatly indicate a high calibration for the test instruments since this is =
o W g above normal atrospheric pressure and the oxyges bleed-in had not yet started. It wis
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or without a flashlight. ' - )

Thas zhip‘s barcasster, locsted on the port side in the oontrdl rooxm, was calibraisd at .
NRL after the expsrimental dives and was found to be ascurate to 20.05 in. Hgover the _
range of 30.0 to 370 in. Hg. This should be highly satisiactory for its normal use and the
pactice of reading to the nearest 0.01 tn. Hg appears to be unnecessary. -

cTee et

ol Carnit s Il

CONCLUSIONS AND RECOMMENDATIONS

L CO, Ressoval System |

Lo Ths hopper system of using LiOH or soda-lie appears to be practical for medium
submergenos submarines such as the 562 class. The maximum amount of LiOH that the
TROUT can coavenleutly carry is 2000 1b (3) which with a 2-hopper system would permit
a 10-day comtiauous submergence for 75 to B0 men st & CQ, concentration of 1.5%. Battery

capacity would prevent a single dive of this length and the iotal submerged tims for a
Vo sertes of shortar dives would be greater because of the 8 to 10 hours available before the
. CO, reaches 1,5% at the start of sach dive. Aadiher means of extending tha totzl sub-

merged tines is to purge the boai whanever possible by suriscing or suorkeling for short
L periods, L e., 30 minutes or leaa,

R Yo%)

The use of soda-lime in place of LIOH s of Interest becauss of itz relatively low coat,
ease of handling, and expendibility, However, {f three hoppexs are used, it would require
25% more volume and 1403 more weight for stowage than LiOH with the same method of
packing and would not be satiafactory for emergency uwse.

s It apyears from these tests that hoppers are somewhat inconvenient to install and oper-
LI ate and it is recommended that work be dons to lmprove the systemd. A manifold system
baving a self-contained blower and motor with a filter and using inexpensive expendable
cannistars (possibly fiber) with screans at both ends and filled with 8-18 mesh high- ) °
molsture soda-limie appears worthy of investigation, According to Reference 3 use of mow~

metallic contalvers wouid greatly increase the available stowage space.

The use of LIOH ina three hoppers does not appear satiafactory as a nweans of rapidly
lowering ihe OO, concentration alibough it is considerably more efficient than spreading
the sams amount of material for the same timas. The saturation of spread pelistized LION
is relatively slow but is equivalant to the fine granclar material now cisried,

- ~
- : L v .’:v,r'i)'
bl b %&MMLW-—-_—-” p— .

Oxygen Supply

The normal atr leaks iaside the ship are aa important source of oxygen under certaia {
counditions. For dives not exceeding 78 hours where a final boat pressure of 42 in, Hg is 4 o
acceptable, lsss thas half of the oxygen consumed will psed to be bled from the oxyges v
banks. However, whers the pressure is pumped dowa periodically, esseatially all of the ) J
oxyges consumed will be drawn from the oxyges baaks, In both cases it is assumed that -
the oxyges partial prussure will be matatained at about 160 mm Hg (wormal atmospherie
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The average O, mmmnhmhhodmwuwouﬂ.uunmm/m-
hour which considering the average CO, evolution rate of about 0,70 cu ft. (STP)/man-hour
gives a respiratory guotient of abowt 9.87. The design value of 1.0 cua &t (STP) of O, /man-
hour still appears to be correct as the Jevel of activity was probably lower than normal
onuandlvu

€O Evolutice

‘The problem of CO ia the mp'-mmnmmommddm-vmpm
become increasingly tmportant since it appears to be rejated directly to smoking. The
sscond dive suggesis two methods of eontrol -- restricted smoking and cperation of the
bydrogen eliminator. The former {s undesirable paychologically and the latter from the -
standpolnt of power consumption., No ideal solutlon can be suggested at the preseat time.

Hydrogea Evoluiion ’ . R

The hydrogen eliminator performed satisfactorily after an lnmal mechanical fau 't was
remedied. Ths decreasing gassiag rate characteristic ofbaiteries shouldbe well vader-
stood to eliminate over emphasis of the need for hydrogen eliminators.

Performance of Ship’s Insiruments

‘The ship’s CO, anilysers, oxygen anzlyser, and barometsr appear to be qull. satis-
factory for their: tnunded use. The ship’s hydrogen indicators did not perform satisfactorily
during these tests,
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CONFIDENTIAL

APPENDIX A
Auxillary Equipment Operated During the First uad Second Divess

FORWARD TORPEDO ROOM

1 air blower
1 hot watsr heater

lighting
FORWARD BATTERY ROOM

1 air blower

4 battery-well circulating Sans

1 battery exhaust blower

1 agitation blower

1 TBL transmitter

1 LM oscillator hoater

1 AN/6QR-3 Sonar Recslving Set
forward gyro compass

lighting

CONTROL ROOM

No. 1 ard No, 2 75-kva generators
No. 2 £00-cycle generator

No. 1 IMO pump

2 afy blowers

No. 2 air conditioning mit

1 hot water pump

2 circulsting water pumps

2 gyro compuss synchro amplifiers

1 dead reckoning computer
naiscelluneous IC circuita

Mghting

AFTER BATTERY ROOM

1 exhiust blower

1 agitation blower

1 battery exhaust blower
1 hot water heater ' !
1 hot water hestar booster

1 galley rapge and oven

1 coffee urn

1 refrigeration unit

1’etrculsting water pumap

1 clirculating blower

lighting

ENGINE AND MANE UVERING ROOMS

1 circulating pump

1 circulating blower

afler gyro compass

1 air booater blower

1 precipitron blower

1 precipitron booster blower
1 lub ol pump
miscellaneous IC cireunits

STERN ROOM
1 circulating blower

1 hot water heater
1 IMO pump (steoring)
lighting

4On ths second dive, stearing was by hand and the pit log and dead reckouing computey

were sscured.
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Suzamary of Electrical and Battery Logs

ton:;“ electrical and battery logs for the {irst:and second dives mey be sumamariasd s
. { .

"
2 1. Average armature eurrent for each of the 4 motors was 153 amp during the first
;{.‘5_’ dive, and 25 amp for 25 hours and 225 amp for 1 hour during the second dive.
2 : ' ;
ol 2. Average range of fleld current for each of the 4 motors ranged from 14 to 9.5 amp
g during the first dive, and was 36 amp for 25 hours and 17 amp for 1 hour during the
e second dive, ' '
%;, . s. :‘verage auxiliary load was 101 amp for the first dive and 78.3 amp for the second
; ve.

4. Batteriea were operated in parallel and ranged from 530 to 475 volts for the first
dive and 630 to 485 volts for the second dive. Table Bl glves Htemixed infrrmation
{or both the forward and after batteries.
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TABLE Bl , .
Suramary of Battery Lag .
Pilk Cell {
. Average |[Totsl Chargpel i .
Dive| Battery "‘(.T;)"’ 53“’;‘;{;’:“" Ventilation|  Used
- st (tm) | (amp-be)
Start | End :
1 |Forward| 101 | 91| 1.261 700 €550
After o8 | 88 1258 1450 6758
- 2 |Formd| 0] 1.283 1220 6500 A
" I After se| | 13 1200 7100
4 4
;
283 .
22 .
- .
::,v‘i‘ s mm— a8 i el m— et a W b Al e ol w4 . ipmae o b 4
i
%v%‘ . . . : . .
.‘;'; “ . -
B s ik e oern. - S oy = : ORI R LT R
R aae i/ ;"'"“:— j"\‘? <‘.,_\\7_:’::.: ‘. . DR ,.~ . \"t':‘ - Va &‘-;“ h‘z‘fj\
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APPENDIX C

Analyiicai Procedurrs for Determining Absorbent Peformarce «

ANALYSIS OF LiOR

1. Unused LIOH uas assumed to coatain no carbonste.

2. Samples of spest LIOK were vbtalned during the crulse by nixing the entive
hopper charge i a corumerciai-type turabler wixer and drawing a 4-ouace sample,

" 3. The saniplea ‘vore returned t¢ NRL where a portion of eich was powdered with

a mottar and pertle. To deterzaine the total LiOH and Li,C
samples wess welghed, dissolved in water, snd titrated with
" enJpoint. 7o defermine ti.2 LIOKE conteit alone, approximately 1-giam samples wevey

Q, contentagproximately 1-grava
{ N EC1 to x 1yethyl oringe

again welghed and dissolved t water, 30 mil of 1 N 82C1; solution was sdded o each sam-
ple (o pracipitaia the crrboaate, and the raixture was titrated with 1 N HC1 to a phenol~
phthoisln-entipoint. From thes: two determisations the carbonate content can e obtained

by difisxenca.

4. Weights «2 hopper charge:s before and after use wor: determined duriy): the crulsg,
.From the abovs analyses the C72, absorption in terms of wied material is Jtalsed. Mulii-
rlriag this value by the ratie of tinal to nit'al welehts of absc—Vent giver e vesired result |

of pourds cf C.0, absorbed puo pound of unnsed LICH.

ANALYSS OF SODA -1L.IME

1. Aporoxmately one third of the unused suda-lims was sampied “uring hopper fii-
ltugs by taking 4-qunce samples, Used soda-iime was samplcd during the craise by mistag
the Jatire hopoer charge in & cammercial-type tumbler mixer and tsking 4-ounce stmples.

2. Thuse samples weve ground at N&L a tha Sur0O WRANCT 28 WaN (e L0 saniples.
‘Then approximately 4 -gramn samples wels weighed und analyzed grsomwtrically by adding
the minimury aincuct of 3 N ECL required to disscive the material,

3. linitlal and finai hopper chavge welghts <yire determined during ihe cruise as for
TJIOEL Tie results obtained for ured soda-lrw4 by the above analysis were pai in terme of

. weSghet of CO, per pound of initla material which was then corrected for initial CO, con~

fent Uy subtracting ti> averaye of the initial zoda-limo unatyris resuits,

$Darformed by 7, H. Kischly of the Al\nl.l';ﬁcal Seciion Chemiuvry Dicisiea

CONFINENTL.L
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APPENDIX D
Oxygen Conceatrations

Oxygen Concentrations* on First Dive

 [rwd [rwa. , Fwd. | 7wd.
Date |Time|Torp.| Bat. %‘;‘; Avg l Date | ‘Thne|Torp.| Bat. :;"t‘ Avg
R, | Rm. Rm. | Rm, 1

23001 105 | 158 | 166 {163 1WoB | 172 | 189 ] 170 170
2400 ] 165 | 181 | 168 ;164 200G} 173 | 189} 1v¢ | 170

imo 2200 ~ 1. - 1603} 12/1 | 1800 { 1%1 | 169 | 170 {170
21001 iV3 7 169, 1TV 1IN

12/1 [ 0100] 167 | 103 , 108 {165 | 2200) 173} 189 172 ;71
0200) 128 y 18% §j 170 {186 : 2300) 173 ¢ 189 ] V70 ;1%
0300) 162 | 184 | 172 171 2400 174 ) 185 | 292 jivi

 0400{ 160 | 15 | 172 [168 ,
0500 170 | 165 | 175 |yeo f 12/2 | 0100 174 | 188 | 170 |1m

ocon| 170 ! 167 | 193 |18 0200] 174 | 189 170 {71
orsl vl 1.7 172 |10 josoni 174 | 188} 170 {12
0s0cj 173 | 167 | 173 {0 000] 173 | 70} w70 |imt
0300] 198 | 168 | 178 {113 e50c| 4 | 1ol 110 lim

11000] 378 y 188 { 373 [N 0300] 172 | 80| 168 {109
1120} 173 } 188 | 173 i1 cr00] ima ] 169 170 {170
t30e] 17s | 186 ) 174 jumi | cs00| 173 | 165 | 169 yi70
1800y 1715 | 168 | 174 |im 0000 174 | 10| 162 |11
1“0} v | s ] s lm 1000 19 { 170] 169 {170
1500¢ 143 1 we | 1ra |va 109| w3 | 176 168 | w0

; 1e60] 171 | 188 | 170 {189 1200{ 174§ 10| 10 lam

L wr00] 17 1891 170 (170 i 1800] 178 | wve] wvo | ¢

“purtial presgure in mm Hg
{¥roa: honrly panel meter readings
iEstimaied from shape of stera room record
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CONFIDENTIAL NAVAL RESEARCH LABRORATORY
Oxygen Concentrations on Seccnd Dive*
Date | Time |Torp.| Bat. m Avg || Date | Timo|Torp.| Bat. m Avg
Rm. | Rm. Rrn. { Rm. —
'12/3 ] 1100 | 158 | 153 | 154 | 155 13/5 | 0400 | 154 | 150 | 150 [131
1200 | 157 | 153 | 154.|154 0500 | 156 | 152 -} 150 {153
1360 | 157 ; 152 | 154 | 154 0600 | 158 | 155 | 154 158
1400 | 158 | 152 | 152 {154 0700 | 160 | 158 | 158 157
15300 | 156 1 152 ] 152 {154 0820 | 182 | 154 | 186 (157
1800 | 184 ! 152 | 150 | 152 0500 { 134 | 157 | 160 |[160
1700 ] 154 | 152 ] 150 | 152 1000 | 159 | 154 | 152 |155
1800 | 154 § 1562 ! 150|152 1100 | 145 | 141 | 142 {148
1000 | 154 ] 152 | 150 |1%50 1200 | 145 | 142 | 140 142"
2000 | 156 | 158 | 150 152 1300 | 146 | 142 | 140 {143
2100 | 156 | 152 | 150 {152 1400 | 147 | 142 | 142 [144
2200{ 1586 | 150 | 150 [151 1500 | 149 | 143 |} 142 {148
2300 | 158 | 150 | 148 |[152 1600 | 148 | 143 | 142 [144
4400 | 154 { 153 | 150|152 1700 | 147 | 143 | 142 [144
— ” 16800 | 140 { 145 | 142 145
12/4] 0100 ]| 156 | 1532 | 148 {152 1900 | 149 | 145 | 144 |148
0200 ] 156 | 152 | 150 |153 2000 | 152 | 145 | 144 |147
0300 | 156 | 152 | 150 | 153 2100 | 152 | 47 | 144 [148
0400.1 157 | 152 | 150 §15% 2200 | 153 | 148 | 146 (149
€500 | 154 | 152 1 150 {1523 2300 | 1583 | 148 | 148 149
0600 | 155 | 152 ] 150 {153 2400 | 154 | 149 | 148 [150
0700 | 156 | 152 | 150 |153
0800 | 156 | 152 | 161 [153 12/86 | 0200 | 155 } 149 | 148 |151
0900 | 157 | 158 | 150 | 153 0200 | 155 | 151 | 150 |152
1000 | 158 § 154 | 152 |155 0300 | 157 | 151 | 150 {153
1100 | 144 | 144 | 142 | 143 040D | 156 | 153 | 150 |158
1200 | 141 | 136 | 134 {137 0500 | 157 | 153 | 152 |154
1300 | 141 | 138 § 134 [137 0600 | 158 | 155 | 152 (155
1400 | 140 | 137 | 134 |2387 0700 | 160 | 155 | 154 [156
1500 | 141 { 137 | 134|137 0800 | 153 | 156 | 155 [1585
3600 | 140 | 137 | 134 §137 0y00 | 168 ] 158 | 15¢ 159
1700 | 140 | 137 § 138 137 1000 { 182 ] 158 | 155 {157
1800 | 140 | 138 | 136 |138 1100 ] 150 | 147 | 144 |[14%7
1600 | 140 | 138 ! 156 138 1200 | 158 | 147 | 148 (149
2000 | 143 | 130 | 136 {139 1300 | 154 | 147 | 146 (149
2100 | 148 | 159 | 138 |140 1400 | 154 | 149 | 148 150
2200 | 145 | 141 ] 140 {142 1500 | 186 | 150 | 148 j181
2300 ! 147 | 141 | 142 [243 1600 | 154 § 150 | 150 [151
2400 | 148 | 143 | 142 {144 1700 1 157 | 152 | 150 [183
- 1800 | 157 | 153 | 150 [153
0100 ! 150 | 146 | 144 147 190G | 158 | 153 | 152 [154
0200 | 152 | 147 | 148 14811 | 200C 1150 {154 --{-153--1158
0300 | 154 | 149 | 148 150 2100 | 161 | 156 | 154 (157 B

39

*Partial pressure in mm Hg-

tFrom hourly panel meter readings
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APPENDIX £
Oxygen Bleed-In

Oxygea Bleed-In During First Dive

Cm e e et aes vk mememe s es o

0, AMdded O, Added
Gasmater | Gas | Baromater [ Sea Water | O, Bank | "4 1hr |Temp| Pres in 1 hr,
Date [Thne | Reading [Temp| Reading Temp Fressurs (liters, Couz*| Corr ICorrected
(liters) {tn. Ug) (¢ ] (peig) . {liters.,
ambient) STH
11/30{ 2300 0850 78 30.8 - 2738 €50 1.032| 618
: 2400 2541 80 | L1 (5 2710 191 Lctd] 1798
, 12/1 J o100 4309 (1] 1n.s3 [+ ] 2700 1768 - j1.045) 1688
; 0200 ei91 20 s ] 2700 1882 1.035] 1100
! 0300 79 L8 62 2080 1595 1.082] 1543
. 0400 92338 ™ 35.0 (7] 2030 i553 1.070] 1818
i Q500 0811 % 31,2 " 1340 1078 1.075| 1433
0600 2173 7 | 314 e2 2828 1362 1.082] 1345
0700 3¢07 7 3.6 61 2800 1234 1.000] 1228
0800 4583 t) .7 62 25178 1178 1.092] 1170
0000 8518 ] 3.0 1] 2550 932 1.08a] 832
1000 “n s 3.0 e3 1540 982 1.105] o70
1160 7493 il 3.2 o 1540 1018 1.112] 1032
1200 41y 3] 3.4 ss 2550 932 .130] 938
1300 9235 % 3.8 6% 2540 808 - 813
. 1400 0113 (] 33.4 85 2529 888 io.m - 908
1500 0980 " 339 ei 2510 887 |(min) ] - 883
1600 1887 18 33.8 64 2500 887 1150 o
1700 2634 ([ 3.9 4 2590 67 - 791
. 1800 5 ) 34.0 o4 UTS 200 1.135] 20
. 1900 4814 78 3.2 84 2480 1090 1144 1140
2000 5364 (L) U3 64 M50 750 147} 4
.. 2100 6108 <8 3.5 (11 2440 41 1.354] <780
- 2200 6533 ™ M.¢ % 440 a8 - 73
2300 804 i 4.1 T 10 ™M L1359} 918
2400 8703 't ] 3.8 ¢ ] 480 %01 - ¥50
12/3 | 0100 a7 n TN 5 80 m L1167 930
0200 0284 ™ 35.1 “ U 708 L1714} 158
w0 1007 1] 35.3 1] 110 s - 851
0400 1870 » ‘35,8 () 1125 83 L188] 350
0500 2649. 80 35.8 * 2410 e L191] e45
0600 Mo ™ 38,2 “ 2400 819 LI~ 30
o006 4158 1] 35.4 " 2390 738 1.188; 854
0800 8013 0 35.¢ 74 07 759 1.101] 22
woo 5708 80 5.8 74 12368 7] L198] 58
1000 €504 2 35.9 ] 7360 68 fo.s18}1.120] 370
1m0 ! T2 1n 38, .M 2350 789 {Grozx); 1.203] 888
1200 | . sos« 81 38.3 {1 2350 L) B R 3T
1300 808 81 3.3 ] 1349 w3 1L314] 834
R 39, 644 total]

*Average wool was §.912
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NAVAL RESTARCH LABORATORY

_Oxygen Bleed-In During Second Dive

CONFIDENTIAL

Gasmeler
Date |Time | Reading
(liters x10)
12/311100. | 14505
1200 1863%
1300 25875
1400 IM0G
1500 40033
1600 A84TS
1700 56428
1800 823089
1900 71828
2000 179223
2100 86481
2200 95449
2300 04498
2400 1380
12/4 {0100 2320
0200 31309
G300 40180
Q400 48010
0500 58278
0600 66508
0700 15674
0800 4465
900 93427
1000 oM
1100 1193%
1300 N7
1300 31720
1400 41308
1500 S196Y
1600 8¢650
1700 | 81487
1800 97301
1000 15700
2000 31919
2100 45458
2200 87534
2300 0340
2400 51670
12/5 | 0100 US2AU
000 13243
[1.1%] 43018
) 72000

cag222gacneRes 22822822822888

.08

WNverage nsed was 0.92¢
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CONFIDENTIAL 43
Oxygen Bleed-In During Second Dive (cont'®)
0, AMded
Gesmeter |Gan Berometer|Sen Water| O, Bank | O fMed | ;1N
Dats | Time Readiog |Terap | Reading | Tomp |Pressureli o, oy Cork | Zreal Corrected
Qiers x10) | () | (o B | OB | tpeig) [(HHieTexith T “(ers,
ambient) 5TH
12/51 05001 o0d78. | T L4 62 1550 /S 1.05] 37500
- |osoo} 28218 n nse € 1510 T8 1.00] 27050
0700 { 36306 | 11 LY 62 1440 29182 1.08] 27450
God | eu1Ts n 31,9 .2 1425 24308 .07} 24500
0500 | oTa58 | TO 33.4 61 1410 16079 |o.930!1.08f 15088
1000] 503 | M 319 1] 1400 17250
1100 | 83120 n 28,5 s1 1360 18627
1200 | 50591 7 2.6 s 1375 17462
1300 87320 | 74 2.8 61 1350 18729
1400 |  s38ss ) 2.9 61 1325 18335
1300 ) o050 | M 20.3 3 1300 17385
1000 ] 1463 | T8 29,3 61 1300 19412
1700 | 30078 ) 29,4 e 1255 20613 .
1800 { 50140. | T3 2.5 63 1250 20065
1900 |- 76700 ) T4 9.7 e 1325 20640
2000 | oesss 7 20,8 ] 1200 198718
2100 | 10508 Kt ] 30.0 62 1160 20347
2200 | 40205 Kt s0.2 62 1140 20700
2300 | 80584 e 30.12 61 1120 | 20388
2400 { 81258 7 30.4 62 1100 20684
13/]0100] o17T00 | M 30.% 61 1020 012
0260 | 23187 n 30.8 61 1050 20487
0300 | 41020 7 30.8 a2 1030 19733
0400 | 63450 | 73 31.0 62 1019 21530
o500 | 64200 | 78 3.1 o3 78 207150
0300 { 02041 ;] 32 6 960 17841
0700 | 32264 1 31.4 o 950 20323
080U { 43783 ] LS 62 900 a0se
0900 ] 31.1 e 378 22043
1000] 610m |7 316 61 250 16248
1100 | 06432 L] 2.1 ] 840 25384
1200 | 20650 | 18 20,2 o2 3] NN
1300 5117 | 18 20.3 61 800 23257
1400 | 75799 " 20.8 €1 ™ 23838
1500 | 07641 ™ 29,6 61 %0 21888
1600 | 20553 ] 9.7 a 170 2911
1700 | 42373 ] 0.9 62 100 31820
1800 | 5100 | 30.1 st £50 2728
1000 {  895TS ) 0.2 81 €30 LS
2000 | 07160 | Y4 0.4 81 €20 578
2100 | 30458 ;) 3.8 sl 513 33%8

*Average used -us 0.930
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CONFIDENTIAL

3
M
4
1
i
?
1

2
4
s

i
i
1

' . Dviyer Amalysar
Iafrared Auslpser g
' Twd. an,
Deie ] Time | Fud, Fcﬂ,rd&at.mf; Bet., Ren. | Bat. Rm, Man. Rm.
Torp. [ Ris. |Bwm ] Ave
Trug (K. 1Tvus | EIf. | Tres | X1,

12/3 ] 1100 | 0.1 0.0

1300 | 0.3 0.2

1300 | 0.8 L0

31400 § 1.8 1.6

1500 | 1.1 L7

1600 § 1.4 Le

1700 | 1.3 1.7

1900 { 1.3 1.7

1000 | 1.3 .7

3000 | 1.2 | 18 |

3100 { LS | L8

3200 | 1.4 1.9

2300 } 1.4 1.7

00 | L3 8
13/4] o100 | 1.4 .Y

0206 | 1.8 17

0300 | L4 LY

0400 | L4 1.7

0500 | 1.5 L7

0800 | 1.4 1.9

0700 | L4 1.7

0800 | 1.4 1.9

oS00 | 1.4 E N §

1000 { L4 L7

1100 | 1.3 L6

1200 | L& | )

1300 | 1.2 1.8

1400 | 1.3 1.9

“1600 | 1.3 1.9

1500 | 1.1 18

1700 { 1.3 1.8

1800 { 1.3 2.5

1500 | L8 1.8

2000 | L6 L8

200 § LB 1.9

2200 | L§ 1.v

2300 | w6 LY

00 | 1.7 Le®
12/8] 0100 { 1.9 1.8

0200 1.8 | 1.8

asoe | 1.8 1.8
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: . nee "

CO, Concontrations on Jecond Dive (comt'd)

Dwyer Atalyser
° .Inlrared Anslyser — b
: ‘ - Twd. AN
Date | Time | Pwd. |Control [Stern |Avg | Bat. Rm. | Bat. Reu. | Mas. R
Torp.] Rm. R, T -
Rea. \AEEERRERERER .t
True | Ef. |Truel Eif. { Tree | B11,
13/ 1.6 IR ENEINIEWITRARK IEN R ERE EW] IS
o0s00 | 1.4 .8 | Lefis]nelrtlrelrs]sa]nsie
0600 | 1.4 s | nafus] nsfre]lrelnylt]ers
J 0700 | 1.5 1.7 | Lafas] re]rr]us|e] e rete
L5 1.8 | teire] r4lus]us|re|rs] elte
1.4 1.8 Jrnajrs] nelra|ss]refro] s
1000 | L4 Ly | Ls]us] is]ne] ralas]o.s]oelta . ]
.l a0l sy us | rajis] z|ia]us]ie]e] ol
1200 ] 1.4 L8 | Lajrel tojrofas)aslne]ushhs
3300 ] 1.3 e | v3jn4al is|re]ra]ee] ] nefils ;
| 1406 | L2 L7} Lajrs] vsirel valng] sl telis
| 1500 | 1.4 .7 ) na{us] ofus|relve]l 7] e
1600 { 1.5 1.7 | L.a]rs] relee]1.8)28)27]10e 1
1700 | 1.4 1.0 { najrs] sfusinsies] el nelus
100] L8 Le | Lajuel Lrjrv]nriny] vs]sre
1900 ] 18 1.8 | L4]ie] Lejre| La]ra] el refrs
2000 ] 1.8 1.9 | ralre] Lejie] 7l us] nelre 4
ate | 16 e | 1slnt] Lejre|relre] el ndys
. 2200 1.7] 20 ] tsln7] Lejre] relre] ry] nylve
2300 1] 20 ] ns|rt] rejra| nelis] el telre
' 200! Le 20 ] Lslutl Lejrefnejre] Lol Lelre
] - .
1 1/e] o100 L7 21 | slns] Lyjnef wrfrt] ue ] Lelrs 1
o200f L] 1] asiis] Lrisnv]atlur] e nejiey
o300] Lo | =23 ! Ls|ie| wejre| Le]lao] 1] 2ol
otoof e | 22} 1.s]Ls] Le|rofieino] 2ol 2ilne
0500] .71 2.1 | relis| 1.s|1e]20]21]21]salat
ocoof L7 23] Lsluis] nsjie]2ofa:] a0l e
oroof 1.e | 21| rslaiv] telio]|aofja1]f2a| sz
ve00] .71 21| ns)srel nofso]| Le|ao]rT| Lelus |
] oco] o] 23| rs]re]| 1s{Le| Lelao]l el Lvlre
1000] .6f 3.1 ] Lsjry] Lefrv] L9j20] 7] Lelrs
1100| 1.9 1.8 | Lajrs| Leire] L)Lt 20 olry
.1200] L3 Lo | Lalus] vefre] ra] te| Ly} nylny
1500} 2.0 17| vefrs] L3l el el ns] najrs
; 1400] 0.9 L] Lalrsa] 1.3j3] re) e 3] L.alns
1500 | 0.8 18 | nafral Lafrs] ne] e} us] naltg
‘ 1500} 0.7 13| naln1] L3jrs] o] Lo sl Ly
q 170 oe] ne] rajra] - -} -0 - - 1~
| woo] oe| 1a] rajus] - -] -] -}os]oejos
) 1800 ]| 0.9 Le | L3]13] 1.6]1e] 1.5] 1.5} 0.6 0. ¢]02
| 2000! vo] w©s] vaual vLefre| usl Ls| cs! aelee i
i» 200f L3| Ly | L3fi4] -] - - -]aTjone
3
’]( .
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l CONFIDENTIAL
APPENDIX G
Hydrogen Readings
Hydrogen Readings During First Dive
Hydvogen Cocentration
(% true) .
Daie| Time! Forward| After | Stera
Battery | Battery | Roomf]
z Rone | oo

11/30{ 2300{ 0O 0 0
: . 230! o 0 0.3

12/1 0300§ 0.3 0.1 0.3
Q700| O0.43 0. 15 0.8 :
1100]| 0.8 0.175 | o.¢ ]
145 0.7 9.8 0.7%
1900] 0.78 0.48 0.8 k
2300| 0.8 0.4 0.8 ‘

: 13/2 | owo| o.31 | o3 | 08 1
: ' 0700| o.31 |03 | 0.9 .
1200 0.83 | 0.06 | 0.9

sFrom ship's kydroegea indicators
tFrom NAL Composite Gas Anzlyzar ¢
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CONFIDENTIAL MAVAL SESEARCH LARGRATORY 4
Hydrogea Readings During fecoad Dive

E l .- c - | rat -
(% true)
Date Tinie |Forward | After | Stera
Battery Roomt
Roowa® | Room®
13/3 1100} 0.2 0.3 0.0
1500} 0.4 0.3 0.2%
1900 0.7 0.8 0.8 -
2400} 0.83 0.75 c.9
12/4 0330} L0 0.3 L0
9700f 1.1 0.8 .35
1100] 1.3 0.5 1.4
1530 - - 1.8
1760] L2 0.25 1.¢
2300; 1.3 0.06 e
12/ 0330] L3 0.08 1.8
0700] 1.1 o .1
1200 L1 0.3 1.7
1600 1.1 0.6 1.1
1800} 0.9 1.0 L8
2300 0.8 20 1.3
12/ o400 o.v | L& | 11
o1 0.8 - 11
1% 0.8 - 1.1
o-. - L‘
“From skip's hydrogen indizators
tFrom NRL Composite Gas Awalyser
$¥From ship's pertable meter
COMPIDENTIAL ‘ -




s s MNP M TP, w0

J e TR
~ N
) OB3 J0WR IFTRID TI) JO DEATD IO PEISTIVLIN BOH GAY} JEPO JEPIS SFR IO DOLTD PN POISTIEIN SO
L sgawxe Liemivgd *SNICYS BTITVN TP Y TE Jeduot +urgEs L1079 *IVLIONS HINCCIq SOAYp o3 0% S3Bu
20q porsed o ‘547D OF §UEST 2 )0 saR) PA3IrIIgRS . poja0d o) ‘adwp B weer W 30 sup) padrowmps
’ 38.-58!%3!3’382:_!235 TSN % 3o o7rdIps 8q PInos (1 00IE) £THO9eS pejLIm
< vY YMVSRPRY *ALj3q e HOTRA RO JO WAOLTS IY) P18 SNTERION 9q O BN '3 *Y ‘YUROIPRY A1\ VNS X218 BOT IO TNOTCE W) JUT ‘OIIXEI0N OQ M S8y
*g 4 ‘sewony, I} ~%L8 ) DAROYE TN "STTITIXRS 8CL2 - RAERY-1RL X g °d ‘sveoxl, TH| ~els o pEac SRANY LIV SEAL-TRV-WEL
MM 'pIORRI) ‘D ¢.338-§§.§8a..:-§3§-8 N A 'progosd [ .gﬁ@gga’la-ﬁn%.ﬂo
‘5N IINAT0E; S 9 UTTRTEN 0} eyEls Jeddon v ¥ pesn °% M SISO I} WYCTITER of WAYLE Joddoq ¥ T pISN
‘iofoeeo0o 7| eaea amp-rpow gretm g1~ PN (EOTT) WPIIOIPAY T 15oSemtOaN] 1| 939A FXITI-YPOS AEVEE §1-g PuE (LOTY) epREoILN wng
sonsaddy . Putnt pesnoniad ‘s101WA Wrua A1PTTACDO ‘UsEp W RINOY weyeNiddy LWt pespaTied ‘0Io)EA WISA LIPTIID0ME ‘devp W) E5R0Y
...Q“Nhu . £/1-T8 PUE §/1-4% POIFST SR $a4(p oAy g : laﬂ.ﬁu " £/1°38 PUE 3/1-88 DNV IS seAP oa) Rag
wendiosqy 5941 *9¢ $9Q0100 s ¥ *44 ) ‘WTIPIY L Y P wopdzosqy “¥s] 98 3900 sy § ‘dd ¢) ‘ENVIIPEVY L Y PR
- opEop w0qrs) ‘3| ‘sToqL §°4 ‘Pacyi0d N A L3Tavemnlom R A ¢ wopmopeoqas) gl ‘STmORL P 4 PIROID K A "Asqdawinolon X "M
WOITEITIUSA £q°(gass LOOML §31 TR NOFIAND VOTTVITIeA £ {92559 JOOML 8§30 TIL KO FAANY
o goupIvRqng ‘Y GRANILLT OAL NO FCWINOD HEITIZOMLY - goupwEgNg 'Y GRANZLIY OAL NO TOULNOD I IBA0OMLY
, . *053p Jodey *LI0TRIOGE] RITTIRY (RSN OTHP $0CN “A30jea0qVT N5~ ~ 7 A%
IVILNEGLINOGD TVLLNXZINDD
{3o40) TVILNZQLANOD ' (seas) TORLKEIINOD
GE] JOYY SEINII SN} JO PRATP NISN POTTITR I} WOTY ) JUS SSTRII STR) J* S4LTP NI POTIEIN W0G)
«PRETTS LIONVG I0)ICHS STUOING SOATD BN} ¥V JOBOY ~OUTI LISFNG *SELIONS CWMONS4 25AD) 8%) ¥8 Safony
29 pojaod am ‘sA¥p 0 INY TN J0 wum) peSistanes poraed omy ‘sivp 0} 3| 1 28 surp) Pedioumpe
5101 3 30 oT¥RbeDT 3q PINOA (1 OOOK) £IETWea POTLITD | w08 © 205 syenbops e proca @) 300T) STINRZ PRI
2 Y ‘ENVIPUY *AI|0QTITINITNA HOFT JO MmO Syt PUN 'elqETION 8q Of BN .u.d..all! *Azj00 T A BOVT J0 WI0WT 51 PUS ‘OITLI0N o &) W
°g °J ‘sewouy, - TT| -2k S PoAcYs MRS ‘WIITE MALL-XIERV-IETL *8°4 ‘svmony, “TI| -tis eq poace SIy CewLIvIAqRS SLL-XTERY- N
N AL PIORO3D “TI} W ‘(59558) LNOWL £IA 9 29 944°] T8 WORTRUED 0 N ‘paopead Tl ® (92555) LNOUL 520 #%) PO X §°) 3T FORRITIION00 O
‘1A "3j1oqdsount a) UTTRTIM ) Weysse Joddoy ¥ ¥] pemm ‘TA 315934 0RIS M) WIIAIT 0} ISAS J0000N ¥ W] pesw
cfoginewoyofy °I| szam swp-wpOs YsW $1-3 PUB (BOTT) spixosphy wny CiwloseosdoW 1|  S3A SWIK-TDOE NFST 91§ PUS (HOVY) SpRopiy way
suoRTdly LR pexTNTed ‘eIaiea mies K(9rzapons 430 Wy IRy swenwIdyY FNT perRaad ‘s 0 wrea L{ee Jpom ‘deep Wy sIm0y
s.«“_ﬂ.ﬂ . £/1-28 PU L/T-6¢ POIET] NS seA1p oay Surrn] - oM . £/1-28 PUS £/1-8¢ oY A Sl on) Serag
vondosqy f *¥o81 ‘88 3990100 a1} ¥ "4 ) ‘TREY g Y e wopdsosqy “¥S61 ‘98 2000 “sBis ¥ °Od gy ‘PRREY 2 VP
- BpIXOW UOQIE) °F[ ‘SRORY ° °d ‘PIOROID N ‘A 'SsqInrwwodN °X A - pEUPuogR) g SFTmORy B PIOPOID N A ‘Seqiermmodcy] °S A
WORPINPA . 4q *{59555) 1LNOUL §IN FAL NO SIAKS BORETHERA 48 ‘(opses) LOOKL £SN1 TAL NO STAXE
- seupIveang  °Y GIAHALXA OAL KO TOHLROD NEIHIOOMELY « SPULIVINGNg  °y GRONILXE OAL NO "TOULNOD XHTAIDONLY
s éb“ﬂzooﬂd greesny (WaWN 05yy Wodey L0700V YIRS TeATY
b - TTVIRNIXIROD




e o TR

o st bl g o
[E ISR Y
,.”M.vx ﬁ..t. W.
- Qe .r‘ﬂ,m\...ﬂ). : m.'f.. :
it v
s 8.1
A
. ’. 1;V (Y L ..ﬂ
" m:wr )
by Y
| S |
! AN A
- TVILNZGLINOGD TVILNILINGD , \L) T
) ibadhagltty ‘WS werTIoR oy
304 01094 00038 Limvmpeosdde 10 borermeIucs ¥ 3% Maw Troq Pt iggagﬁati-i!‘ilﬁl _.:.u.. s
-0sendsouny 3,91%8 S} OF PUNO] FEA (SUIITOIONIPORTIP) §] NOdLL Adoydeormyv #,41778 a3 €] punof ea ( ) 81 Mowxg ﬁ. SR :
"3 SUIEIEY o) T8 93120338Q STIITYI 25 POLIed anoy 3/2-1 ¥ ‘0PI JUTYSTHY o) 19 SoLiering SIT oD J0 non §/3-1 9 a0 "
u.rolo.:!?!.58&:5..8&136??.2338%!808.5! ggéasgiulinoég.ﬂ!‘goﬂi L ey ]
WG 5 LTS 01 17 0I0F £i{R[1u0NEs 8204 SUOLIRIuSIUR3 (CHT3) KNG - YYNY pUS WS 4 I8 003 L[TeTiETSe ST8A sTORZIEN000 (*1qg) supng SR ,
"A1pens o911 0 peaoire sua aznersad jroq "HIPIIE BY1 @ DANOTIY L M8 SReERd 100y ) Sty
.a.-.i:u..o!aginl-xsi_é:.u.ﬁl.ilasoaﬂ..i 5;»3.0333853-82252‘-iz._-.s.!.._.-._.& Tae b
*41ea13o0dses anog-uve 20d (I8 3 2 01°0 PEE 210 1RGN Pratoan sva '0p KidAnddINRd dnoy-uwik Iad (11R) Y M2 m».o T £5°) $60q8 18 pesjors e fng A ) i
P2 pomnmiod w4 ' syl ‘wajjjim sad s1and g £{ue paqueed ) ‘acimymie ) iy Poumanios vsa "o eyd ‘woTite 2ed mued gL e Pogavel N Lacqmnmiste H..." LA
VAN IPAY ) Jo 39N Piis Bujooim pajjuj) 0 drtinueqd Liquqold 'eAtp. puoasy ey UsToiply oy jo ssr pus Nurows PUTT 70 A90T30q Ligvqasd ‘sap pucces ey AN :
U0 Haeans \ LaAp 15111 N} VO VoY Sod By 081 pryavad uoriviveruos 9 DO ‘I0AMMOY 184D NI} ON) WO LONITE sad w3 2d [ 1 83 WORRIEEONCY QO S WA
Tl aealp 4100 INUINOIY) PeINTTIW Saa FUOCIYSOIPAY PUY ] 103 ‘0D o ML ‘TR (o8 FogkioIy) PAInTTINS SI9A n&ﬁﬂ!ﬂ = 'y %05 ‘05 o “ L
i% °I0TIRHEN0D 0 $opTRIITA pnaedo.Jaddog Suikpmys o3 sonppe Y 9 SUCRIINa500) Bt £RIQULITA JUTITEdd 20d5oy Seidpins oy »OnPEs 1y TN o) u
*ONMOYE 10 (el 00 44)] PUT SURIOA #I0W 452 peambea 31 1nq ‘sars oSzaos o5 yBem sJow $0V] PR SR04 830W 0T pesribea ¥ g ‘eate Y iagina
~uadxs s5ef ganm Jujeq ¥] PUS #uBuIAT0 TeTIEIad0 € HOTT 2040 JaJTiURAYY . UACXD §Bdf gOnM JUTaq U] PUB S3USRUSABDD Xyeiedo 51 ROYY J348 selvaruapu LR
8510 01 PL0} FTA STIT-BPOR “)6¥ U83q JrHaINdle Py £pICIea SIvEWIOLME 4010 & pun} SeA SWTI-Wpog "} B0 LTUSITEIY PYY Bp0382 sSuvwaoged L
IVIINZITINOD TVLLNICLINOD S
cr
. "\ )
) . IVERIQINGD TYLLNSTLINGD -
s mmd S1oyomrrosdds i badaat 4 Bwwemciade Sepmp ]
o4 m1ed poag A1 10 DORRLIOI000 . o8 304 mred po0g 20 WPNEIENIS 3 38 SAAP WOQ .
§-§i!!§i—§.§§32§~h i-ki!ﬂia”%gv!g
.igiu.ﬂﬁu-tqﬁag%!ﬂ&gv\?ﬁn .i?gaiaﬂgg%iiv\?-a
gglﬂﬁﬂ!u&ﬁiaﬂhﬂﬂd v.u“.u»-ﬁaﬂ.»ﬁﬂuv-qooo- " » 3840 WOz swrius oﬂlcaualu&tlnod Esnj.ﬁug!‘
WO PUS LIWe o3 3% o203 ATTORN SO} RI7a00800 WKRE REPEY] PoS T o) 38 o028 {[FFE0US0 Sl0a sUOTISIIIONS? hialals, ]
“Ai¥sns w112 o) pasore sua amnsesad jeoq AIPENS 9012 0f panorre ses sraesed Jeog

53?6!835'-8832‘%553-&-3
*L1oanasdans anoy-vvms Jad Eacnoo...ognn.ogﬁviga (2]

PUY pewrnuod swa "o oy .Sﬁﬁlu&-tlﬂ.»iovﬂusa.gﬂno
88&2!%3:5835333583»3&;5?5
0 ‘2043809 10A1) 32173 ¥4} 0O UONTI 94 siavd 0g1

*a3LA0LS 30} 1GITRY SIOW FAY] PUT SWN[OL SIOW 5T PaaTHde 3y 34 ‘sape
~uadxs 3331 ganm Jujeq uf Pu PInPUAECS Pupvrade ¥Y HOT1 J8s0 salmmeape
JP[J0 0y puno} wea eTITI-wpoP 98 u2eq Lnussedds pay spacIss souvasosIed

. TVLLNIMINOD

2

;

i

;
§

3
§
;;
gt

*83uncys 2of wMaa o2om 4051 pow « 30 Y47 pasrnbes 31 1ny ‘Sape

~Usdxs s gontm 3vjeq €] pUR SdUImNILGY i HOIT 5840 S3Smuvipe

570 O U} FER SWMY-WoP 8 ¥9eq LTmesvdds puy 3pI008s SoUSEIIIiad
TVILNRIALINOGD

O AT /P i o YTl " A B o Ay A A, Bml . s 7 s




Naval Research Laboratory
Technical Library
Research Reports Section

DATE: 15 June, 2000

FROM: Mary Templeman, Code 5227

TO: Code 6100 Dr Murday

CC: Tina Smallwood, Code 1221.1 /@7 9/.2‘%»
SUBJ: Review of NRL Reports

Dear SirY/Madam:

1. Please review NRL Reports 4430, 5022, 6206 for:

|/ mR- /23Y
Possible Distribution Statement

O Possible Change in Classification

Thank you,

.

Mary Templeman
(202)767-3425

maryt@library.nrl.navy.mil

The subject report can be:

Changed to Distribution A (Unlimited)
Changed to Classification




