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SUMMAR Y

An outline of human factors information requirement s fox
diver tool design was prepared in conjunction with other Navy
facilities.

Library searches for related reports were conducted and
all possible pertinent reports were obtained and studied.
Summaries of the reports are contained in the Annotated
Bibliography (page 14). Reference numbers for all reports are
entered in the Information Requirements Outline (page 4)
opposite the items to which they were relevant.

Data is presently lacking for many of the information
requirements, particularly for individual tools and classes
of tools.
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BACKGROUND

We have approached the diver tool information requirement
problem by outlining the requirements for information , dis-
regarding the availability of such data. There was no previous
list of the information requirements of underwater tool de-
signers , so the Information Requirements Outline represents
the biases of the author ’s consulting group.

The reports which were located address the human factors or
human engineering aspects for diver tool design and a great deal
of information in related areas of physiology , diving medicine,
ergonomics, human engineering and engineering. The reports
listed in the Annotated Bibliography are not necessarily exhaustive
of re1~ted literature , but were selected by the authors as being
highly pertinent. Reports of very questionable relevance were
purposely omitted.

APPROACH

The librarians listed in the “Acknowledgement” section
were tasked to prepare bibliographies in the report subject
area. Key search words were provided.

A preliminary outline of Human Factors Information
Requirements for Diver Tool Design was prepared by the authors.
A meeting was held at Port Hueneme, California with personnel
from the Civil Engineering Laboratory , Naval Coastal Systems
Laboratory , and the Naval Undersea Center in attendance. Each
item of the outline was discussed and items added where
necessary. The objective was to make the outline as complete
as possible , such that all significant items of importance for
tool design were included .

Organization of Outline

The general method used was to work from the general to
the specific , concluding with individual types of tools such as
chain saws and grinders. This was done to remove the necessity
of repeating items for each tool, that may have been common to
many.

The numbers appearing in the outline to the right of various
items refer to the report numbers of reports listed in the
Annotated Bibliography which contains information relative to
that item. For example, under l.A. (2), Effects of Cold on
Grip Strength, numbers 18 and 39 are given . These are the
numbers of the reports in the Annotated Bibliography which
give information about grip strength as affected by cold.

2
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CONCLUS IONS

It is apparent from perusal of the Information Requirements
Outline that much of the available information relevant to
underwater tool design is concentrated on the ef fec ts of
environmental variables on man . Relatively little has been
written about specific tools. However , the pauci ty of writ ten
information is not indicative of wha t is known about des ign of
particular types of underwater tools. Practitioners of diver
tool design have an unwritten store of information which is
not signif icant enough to publish in its individual elemen ts ,
but  would he highly useful if collected and presented in a
unified report.

The lack of a unified source of information results in
unnecessary duplication of effort on the part of individual
designers of underwater tools.

This informa tion could be collected and publ ished as the
proceedings  of ~ meeting of underwater tool designers. The
agenda of such a meeting could include all item s of the
In fo rmation Requirements Outline for which informat ion has
been obta ined through actual design and field experiencc~.
Other missing elements in the Information Requirements Outline
iw~y be f illed through specific research projects.

RECOMMENDATIONS

A Navy  sponsor such as the O f f i c e  of Nav al Research cr
th e  N~~v~~l ~ ej  Systems Command shou ld task a Navy Labora to ry
to prt ’p~l re a unified underwater tool design manual. Emphasis
should be p laced on the iequirements for the design of individual
t, Ic)ls and separate classes of tools such as hydr a u l ic . Navy
(
~1~j~Inizations such as the Naval Coastal Systems Laboratory,
Nav~~l Undersea Center and the C iv il Engineering Laboratory and

iin~ercial organizations such as Battelle Memorial Institute ,
d l f wh ich have been active in underwater  tool des i gn , shou ld
I -

~~ Ln ked to participate.

~~~~~ ~~~~~~~~~~~~~~~~~~~~ ~~~~ ‘~~~~°;i’ ~1~T~T ~~~~~~~~~~~~~ ~~~1I
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INFO RMATION REQUIRE ME NTS OUTLINE

I. General Considerations in Diver Tool Design:

A. Effects of cold 2, 108 , 109, 116 , 126 , 129 , 132

(1) Tactile sensitivity 7 , 18 , 45 , 63 , 64 , 74
(2) Grip strength , initial & sustained 18, 39
( 3 )  Arm strength, in i t ia l  & sustained 106
(4) Lift strength, initial & sustained
( 5)  Whole body cooling and its e f f e c t  44 , 45 , 69 , 108 ,

127 , 128 , 129

( 6 )  Interpretation of tactile displays
(7) Effects of protective suits & diver heating 108 , 116 ,

117

(8) Menta l acquity 9 , 12 , 18 , 63 , 109
(9) Combined effects of cold & f a t igue 8, 69
(10) Effects on other physiolog ical processes such as

vision
(11) Other 108 , 109

B. Effects of overheating

(1) Caused by warm watei
(2)  Caused by protective clothing or malfunctioning of

diver heating equipment

C. Impediments to diver vision

(1) Water turbidity (natural or caused by work process )
62 , 96 , 97 , 110

(2) Low light levels 97 , 110
( 3) Fi l te r ing  and absorption
(4 ) Headgear 71, 89 , 112

(a) Peripheral 110 , 130 , 131
(b) Distortion 57 , 59 , 110

( 5 )  Water leaking in mask
(6) Eye irritation caused by dry air
(7) Distortion of perception of size & distance 70, 72 , 113
(8) Other

V isibility of objects , dials , displays , etc.

(1) Color 91, 93 , 94 , 97 , 105
(2) Configuration 41 , 105
(3) Contrast  93 , 105
(4) Lighting effects 94 , 110
(5) Effects of phosphorescent & tiourescent paints 97
(6 ) Resul t s  of dark  adapta t ion  86
( 7 )  Other 43 , 89 , 90, 96 , 97
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I. (Conti.nued)

H. Other major factors affecting general diver performance
and tool use

(I) Narcosis
(a) Breathing air 10 , 11 , 40 , 61 , 114 , 127
(h) Breathing helium mixtures

(2) F~itiguc
(a ) riuscular
(•) Psychological

(~~ Psychological stress 10, 16 , 19 , 40, 112 , 124 , 131
( 4 , Relative wei ghtlessness 21
(5) Water viscosity
(6) Surge & current
(7) Ear clearing prob lc ;:ui
( 8) Breathing excessively dry air
(9) Training & proficiency maintenance

(10) Communication 67
(11) Type of diving equipment used
(12) Other 2 , 25 , 70

U’. General safety hazards

(I) Noise
(a) Impeding communications
(h) h earing hazard

(2) Dropping of heavy objects on divers
(3) General diving hazards

(a) Equipment related
(b) D iving operation related

1. General
2. Too rapid ascent or descent

(c) Other 76

C . Anthropometry 102

II. Diver load carrying/transportin’; capabilities

U.) On bottom or swimming 49 , 130
( 2 )  As a f f e c t e d  by cu rrent & objec t bulk

I . D i v e r  d)rce application capabilities 22 , 32

( 1 )  Uorce threction , (one arm vs two ar~~s) & orientation
(2) Tethered or using hogg ing line vs free standing 24
(3) Instantaneous & sustained torque countering
(~~~~

) Power output
V~,) Other

~T . Ef~~~ets of gloves

(1) 1I t : c r i ~1i  , thickness , and c o r : L i  ;ur~iti on
( 2 )  W t  or wet and ody

5
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I. (Continued )

K. Problems associated with marine growth on work object

I. Tool, tool accessory and/or part locations on diver ,
tool con tainer , etc.

M . Tool maintenance

(1) General requirements
• (2) Customary practices by working divers

N. Tool and task analysis and evaluation

( 1) Se1~ ction of proper performance criteria 107
(2) Selection of representative working divers ,

work objects , and environments 107

0. Tool development

(1) Utility of using mockups , simulators , and prototypes
(2) Need for basic design parameter data (rpm , torque,etc.)

II. Considerations in Design of Hand Tools

A. Buoyancy

4 B. Grip surface

(1) Shape (cross section )
(2) Length
( 3) Roughness

C. Safety

D. Relative effects of different tool configurations
• (wrench examples : box end , open end , nut spinner ,

speeder , ratchet, etc.)

1. Relative effect of different tool terminations
(screwdriver examples: standard , philli ps , clutch ,
and Reed and Prince tips)

F. Relative effect of multiple tool terminations for
a g iven tool

G. Specific problems with particular hand tools 24

11 . Special problems working with wet materials

I. Control configuration requirements (as FWD—REV control
for ratchet wrench) . 

-

J. Effects of design of object to be worked on -
‘

6
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III. (;eneral Considerations in Design of Power Tools

A. Buoyancy

B. Balance 54

C. Safety Hazards

• (1) hlazard analysis
(2) h azards resulting from use of cutting or abrasive

bl ades , wheels , brushes , etc.
(3) Requirehlents for “dead man ’ con trols
(4 ) Compound e f f e c ts of d iv ing and i n j u ry
(5) Excessive fatigue
( 6 ) Need for torque con trol
(7) Using underwater tools on surface

D. Power supply cables or hoses

(1) Drag 78
(2) Stiffness 78
(3) Buoyancy 78
(4  Conf iguration (as double hoses vs concen tr ic hoses )
(5) Location

1:. Connectors for hoses or cables

(1) swive l connections
(2) Quick disconnects 34
(3) Configurations

F.  Tool torque countering capabilities of di’.ers

(1) Conventional tools
(2) Requirement for longer handles o~ right angle drives
(3) A ; a function of footing , tethering , diver buoyancy,etc .
(4) Combined effect of torque & ~- e i q h t

C. Advantages of quick change tool bits and chucks 78

1. lht dle location and angle relative to cutting blade or hit

F . A d v an t •d q c s  & d i s a d v a n tage s  of revers ing  ro ta t ion  d i rec t ion

t . ~~is ic  information concernin’~ cp t i ;~ur cuttina rvoeds and
cutting tool v;aterials

~ e i u b t , ma in t enance , u a f c t y  and c f f ~~c e n cy co~~~a ri so n s
of ay dr a uL i c , e lect r ic, an d  a n e u m a t i -  d i v er  tools 133

L. C o nt r o l  r cce :~men d a t i on s  ~or d ive r  c o m f o r t , s~i~~e t v ,
Oid et E Iciericy

7
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III. (Continued )

1. Special considerations for zero visibility

N. Need for topside control of tool power

0. Ri gg ing

P. Percuss ion ef fects of moving parts

Q. Reasonable diver maintenance expectations

IV . Special Considerations in Design of Hydraulic Tools

A. Oil contamination in water

B . Oil contamination of diving equipment

C. Water co~~ arninat ion in oil

D. Maintenance 78

E. Other 6, 17 , 29 , 33 , 38 , 115

V . Special  Considerat ions in Design of Pneuma tic Tool s

A . Bubbles obscuring vision 26, 54 , 55

B. Noise 26 , 55

C. ~laintenance 26 , 55

D. :aderstanding of depth limitations 26 , 55

H. Understanding of physiological effects of pressure pulsationE

V I. Special Considerations in Design of Electric Tools

A. Shock hazard protection 4, 54 , 56 , 77

(I ) Ef f e c t s  of voltage , f requency ,  & AC vs DC

13. Eu~ ntenance

C. Abrasive materials in water

v i i .  ,ecial Considerations for Tools To Be Cued in . Habitats
or Diving Bells

A
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VI II . Speci f ic Types of Tools

A. Impact  wrenche s 14

( 1) A d v a n t  a g u  in  • ~r i 1 l a r g e  di a met o r  holes  78
( 2 )  1u ~poi f a n e t  of L t ’  h a n - i  o;er i d le  FWD— REV con t ro l

3) i l o b len s in cen t r - ng app l ied  torque
(4) Problems in drillin g close tolerance holes

B. D r i l l  ~ u te r  S

(1) Problems in dr~~lliag rig ht m d c  holes
(2) Knowledge of drill bit use rates for different

size drills and drill object materials
(3) Need for FWD—REV control
(4) Knowledge of expected hole accuracies 84

C. A b r a s i v e  wheel saws

( 1) Importance of correct  blade ro t a t iona l  d i r e c t i o n
( 2 )  Knowlege of blade drag factors

13. Grinders

-d (1) Need for alternate handle locations
(2) Need for a guard

- 
(3) Need for a guard modification to reduce torque

di ver must counter 78
(4 ) Knowledge of diver use problems 78

H . Cha in saws

• (1) Unique safety hazards
(2) r~ced for “dead man ” control
( 3) Opt imum blade set vs type and we tnes s of wood
(4) hoed for “dogs ”

F. Hull cleaning brushes 67 , 84

U) Unique safety hazards
(2) Neee for FWD—REV controls
( 3 )  Need f or “dead man ” cont ro l
(4 ) Need ~ar speed co nt r o l
( 5 )  hO ed fo r  l i g h t s
( 6 )  Special  conf i g u r a t i o n  r eq ui rem en t s

— . N nd saw

( b • ) J f l .L q U C  s a f e t y  h a z u r d s  & r e q u i r e m e n t s
2 )  ‘ n i .~~ue buoyancy  r r q u i r e m en t n
~3) Unique handle reU~1rements( 4 )  U n d e r w a ter b lade  chang ing

9
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VIII. (Continued)

H. Diver powered hydraulic pump 78

(1) Optimum diver muscle combinations
• (2) Unique bas~’ or at tachment  requirements

(3) Consideration of volume & pressure of pumped f l u i d

I. Stud guns 66, 135

( 1) Unique sa Thty hazards  66 , 99
(2) Problems •~~~ accurately placing studs 100
(3) Other 2 , 98, 100

J. Rock drills ~ I , 35 , 36 , 80

(1) Optimum ..~~rtical bearing loads (weight or
feed pry sure)

(2) Indexing angle (ratio of impact frequency to
rotatic; speed )

( 3) Need f toque control 32
(4) Uniquc isibility problems
(5 )  Chip i ioval problems

- 
- (6) Rock o illing vehicles 80
• (7) Other 20

K. Lift devi E ; (lift bags or pontoons) 32 , 81

(1) Unic j vertical control problems and recommendations
32 , 79 , 107

(2) Ric j ng problems 106
( 3 )  Se~~ ting proper size for load
(4) Ot.’:

L. Explos c devices

( 1) •1UC s a f e t y  considerations 13
• (2) ‘ er placement 80

(3) ter 35

M. ~.eidi i and buraing equipment 111

(1) y vs wet environment
(2) ‘cai ning and experience
(3) quipment design 84 , lii
(4 )  )perational procedures 84
(5 , Need for stag ing

10 . 
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• VI II. (Continued )

N. Nut splitter

(1) Requirement for operational & maintenance instr uctions

0. P1 Ic cutter

P. Fas teners 37 , 38

~. Hurst Resc ue Tool 4 3

* R . Power Sources 27 , 30 , 72

• IX. Underwater Work Vehicles (operated by divers and used
essen t ia l ly  as tools , to t ransport tools or as too l power
supp l i e s) ,  Consult with NUC & CEL 31 , 73 , 134

A. Unique safety hazards 28

(1) At air—sea interface
(2)  Control of ascent rate

B . Need for  haza rd  analysis 28

(I) General
(2) Problems working near support craft , etc.

C. Emergency procedures training 28

D. Use of cockpit mockups in development 28

V. increased problems of working in turbid water

F. Communication problems

C. Instru tent and contro l problems 28

i i .  perator training

1. Controis & displays

J. Er ad] ems of using umb i licals

- P r o i i c n u  encountered operati nq in surqe

t 
. e t h e r

~~T-~~)Ulator Controlled Tools 53 , 134

A. “i~~ua~ control  problems 4 6, 51

d. Al L c j n n e t  cont ro l  prob~ as 4 6 , 48 , 50, 51 , ~2

1- . Unique instrument & control r (L~ui~~ acnts 46 , 47 , 50 , 60

~l . o;~c ’r a t•or selec tion & training 51
— 11—
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XI. Rigging 80

A. Unique object location problems

B. Torque control requirements

C. Problem moving heavy cables or chains

• D. Techniques to prevent loss of attachment device parts

-* E. Communication & verification problems 65

- 

XII. Diver Support Work Platform

A. Control problems

B. Instrumentation problems

C. Dry work area requirements

D. Lighting & communication requirements

0

I
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REQUIREMENT S FOR ADDITI ONAL INFORMATION

- The areas where information is largely or completely lacking
may be readily obtained from examination of the Information

• - Requirements Outline . We were unable to locate documents which
contained information concerning some general areas such as
I.B. Effects of Overheating . Information was essentially lacking
for design of ind ividua l tools and classes of tools.

-
~ 

* All of the items listed in the outline were considered
important by the authors and participating Navy Laboratory personnel.
Sincere efforts should be made to obtain the required data as

-
- explained in the Recommendations Section .

I

I
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ANNOTATED BIBLIOGRAPHY

1. Adolf son , J., “Deterioration of Mental and Motor Functions
in Hyperbaric Air ” , Scan. J. Psychol., 1965 , V6 ,
pp 26—32.

The effects of hyperbaric air on manual dexterity
and arithmetic calculation capacity were studied
in 15 subjects’ at ambient pressures of 4, 7, lO’ and
13 ata at rest , and at 4, 7, and 10 ata during
exercise (300 kpm/min). A significant reduction of
the performance in both tests was observed at 10 and
13 ata at rest. Durino ~ ercise in manual dexterity
the reduction was signlLlcant at 4, 7 and 10 ata and
in arithmetic calculation capacity at 7 and 10 ata.
At 13 ata (at rest) a number of marked behavioral
symptoms were observed , including changes in mood ,
impairment of conscieouSnesS , disturbance of perception ,

- : and deterioration of motor functions. These changes
were readily reversible as soon as the pressure was
lowered .

2. Anonymous , 1968 , “Diving Scientists Test Underwater
Work Ability ” , Ocean Industry , 3(1), pp 23—24.

Tests were used to answer the questions , “How
well does man function underwater? What kind of
equipment should be developed to make his
underwater work more productive? How much work
can be done? and What type of work can he do
most effectively?

The tests were conducted at water temperatures of
4 50  and 64°F. Psychomotor , mental, and combination
tests were used .

1
Anonymous , “-Japanese Develop Sea—Going Bulldozer ” , Ocean Industry,

January 1969, pp 7—8.

An underwater bulldozer , powered hydraulically from a
surface craft , is operating successfully in 30 ft.
waters. Its Japanese developers are already develop-.
ing a larger unit for commercial applications. The
prototype - capable of operating in water depths of
10 meters - is a conventional 17-ton class bulldozer
which has had its diesel engine removed and mounted
on the accompanying floating control deck.

14
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4. Anonymous, 1969 , “Amphibious Motor Takes On Repair and
Salvaging Underwater ” , Product Engineering,
pp 58—59.

The desi gn and ut ilization of an underwa ter
electrical tool is discussed . The tool has bothhigh and low speed output shafts. The tool is
provided with both rotary and linear impac tors.

* Use of the tool during the “Tek tite ” project
is discussed .

Special provisions are provided for electrical
safe ty .

5. Anonymous , “Underwater Trencher Remotely Controlieci , Ocean
Industry , May 1974 , pp 21—24.

The system was developed by several Japanese manu-
facturers commissioned by the Japan Society for the
Promotion of the Machinery lndus tr y .  Th e u n i t  consis ts
of an explorer robot , a borer , shovel and grab—bucket ,
a L~ en c I~~r and suppor t systems. These systems work on
the sea—bed at depths up to 70 m , remotely controlled
from a parent vessel floating on the surface .

~~~. I.rerj Mobility Equipment Research and Development Center ,
Fort Belvoir , Virginia , September 1975
(Rpt. No. 2155) , by D. L. Jenkins , et a l . ,
“Hydraulic Powered Underwa ter  Tools For The
Installation and Maintenance of The Nultileg
Mooring System ” .

This repor t covers the development of hydraulically
powered tools for both surface and underwater
use in the in s t a l l ation and serv icing of o f f s h o re
t anke r  mooring ar d  shi p—to—shore  o f f l o a d i n g
t i peline  systerr i s .  The power u n i t  is a gasol ine—
eng ine powered hydrau l i c  pump assembly moun ted
in a conta iner  wh ich  can he placed on the ground
or in a smal l  boat or f l oat ed  on the :;urface of
the water while in use. Two hydraulically powered
winch-hoists are included for use during replace—
m on t  of the seaward end of the ship-to-shore
pipeline . Other components are a li ght—duty
impact wrench , a hydraulic drill , a heavy-duty
impact wrench , a disc—wheel grinder , and two cable
cutters capable of cuttinc~ w ire rope of up to

• 1 / 2 — i n c h  and 3/ 4 — i n c h  di meters , respectively.
A pressure intensifier is also included to
operate the larger of the two cable cutters
provided .

—h, Lt 1E 1.~-I~, .~~ftøf b~~ ’~ •.*~~ ~ •. ~~~~~~~~ ~~, ~, 
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7. Army Natick Laboratories , Natick , Mass., April 1972 , (AD 756—417) ,
by J. M. McGinnis , “A Human Factors Evaluation of
Cold Wet Handwear ” .

Subjects performed a battery of manual performance
tasks (Torque Test, Minnesota Two—Hand Turning
Test , O ’Connor Fine Finger Dexterity Test,
Cord Manipulation and Cylinder Stringing Test ,
Bennett Hand Tool Dexterity Test) under six hand-
wear conditions ; bare—handed , standard leather
glove , impermeable glove , leather glove with
wool inserts , impermeable glove with wool inserts ,
and impermeable glove with built—in insulation .
Each subject performed the tests under each hand-
wear condition for 14 days at 35°F ambient temper-
ature and this comprised the Dry Glove Investi-
gation. An additiona l Wet Glove Investigation
involved the same tests and handwear conditions
and was of four days ’ duration . On days 2 and 3 ,
subjects immersed their gloved hands into 35°F
water for two minutes prior to testing each glove

ccndition while , on Days 1 and 4 , there  was
rio water immersion. Durinq the Dry Glove Investi-
qation , the impermeable gloves resulted
in superior performance on the Torque Test. For
the remaining tes ts , the bare hand condition
resulted in superior performance and the imper-
meable gloves with built-in insulation resulted in
inferior performance compared to the other hand—
wear conditions. Performance level on all tasks
decreased on the first day of water immersion , but
performance on the ~1innesota Two—Hand Turning Testonly was adversely affected on both water immersion
days. It was recommended that the impermeable
glove with built—in insulation be given no further
consideration and that the impermeable gloves ,
with and without wool inserts , be given serious
consideration for field use under wet-cold conditions.

r! ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ ~1I~~~•’1 ~~~~~~~ ~~~~~~~



•‘~• Raddeley , A.D., “ Influence of Depth on Thy Manua l Dexterity
of Free Divers: A Comparison Between Open Sea and
P r e s s u r e  Chamber Tes t ing ” , J. Applied Psycho l .
v50(l) 1966 , pp 81—85.

Using a compression chamber , Riessling and Maag
(1962) showed a decline in manua l dexterity at a
pressure simulating 100 ft of water. Impairment
was slight ( 7 . 9 % ) and was assumed to be of li tt le
practical importance.  The present stud y exam ines
this conclusion by test ing d iver s in ~~he  water.
The manua l dex ter i ty and tact ile sen si t ivi ty of
12 free divers were tested above the surface , and
at 10 and 100 f t below the surf ace. The dex terity
test took 28% longer at 10 ft and 49% longer at
100 ft than on the surface , the differences between
all cond itions be ing sign if icant (p ~ .0 05 ) .  Ta c t i l e
sensitivity did not change. Replication in a dry
t~ressure chamber showed an impairment of less t h a n
6~~, which though reliable (p< .05) was si-;ni--
f acantly smaller than that shown in the open sea
(p< .05). Conclusions are (a) the imp~ irment of
manual dexterity at depth is consinerab whi :
tested under wa ter , (b) it is unwise to qen rilize
from pressure chamber experiments to under wat i
performance.

‘U R iddeley , A.D .  , “Cognitive Efficiency of i iVera - d r k i n ;  i :

Cold Water ” , Human Factors , 1975 , V17(5) , pp 44 -4H4.

The cognitive etficiency of 14 divers ~;is stud ia
during 1—hour exposure t° water of 40°F (4.4°C)
and 78°F (25.6°C). Reasoning ability was tested
using a sentence comprehension task presented at
the beg inning and end of each test session.
Vigilance was tested by requir ing suh~~ects t e
detect the onset of a f a i n t per i phern ] l ight
during the performance of a two—~ an pipe assembly
task. Memory was tested by requiring subjects to
learn a number of “ fac ts ” during the dive , wi th
retent ion tested by r eca l l  an d recognit ion on
lan d , after a 40—mm delay. Despite a mean drop
in rectal temperature of 1.3°F (0.72°C), neither
reasoning nor vigilance was impaired . Memory
per formance did deteriorate , though it is suggested
tha t th is  may ref l e c t  a per i pheral context—
dependent memory d fect. It is concluded thdt a
well-motivated subject may be cognitively un-
impa ire d despite i marked  drop in deep body
temperature.
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10. Baddeley , A.D., and N. C. Flemrning , “The E f f i c i e nc y  of D ivers
Breathing Oxy—Helium ” , Ergonomics , 1967 , yb ,
pp 311—319.

Eight divers performed an addition test and a
screwplate test of manual dexterity in the open
sea under four conditions — breathing either air or
an oxy—helium mixture and working at a depth of
either 10 or 20 0 f t .  Speed of addition was
impaired at depth for both air (19.9 per cent) and
helium (14.8 per cent) , while errors increased only
on air (from 5.9 to 21.1 per cent). The manual
dexterity test also showed a decrement in speed for
both air (46.7 per cent) and helium (31.8 per cent)
and air divers lost more screws at depth (11.1 per
cent) than at 10 ft (4.7 per cent). While a decre-
ment at depth was expected in the air dives , the
considerable impairment shown on oxy—hel ium dives
was not. A further experiment was therefore run
in a dry pressure chamber to study the e f f e c t s  of
breathing oxy-helium at pressure when the additional
stresses associated with deep diving in the open sea
were absent. At a pressure equivalent to 200 f t of
water , there was a 10 per cent impairment in speed
on both the screwplate (p~ 0.01) and the additiontest (p

~~ 0.05). It is concluded that the diver ’s
efficiency on either breathing mixture is impaired
at depth , but tha t at 200 f t  the he l ium diver
works slightly faster and considerably more
accurately than the air diver .

11 . Baddeley , A.D ., et al., “Nitrogen Narcosis and Performance
Under Water ” , Ergonomics , 1968 , Vii , pp 157—165.

Ei ghteen divers were tested four times under water ,
twice at a depth of 5 ft and twice at 100 ft.
They performed three tests — dig it copy ing , a
sentence comprehension test and a manual dexterity
test. All three showed a significant drop in
efficiency at depth . This was small for digit
copying (7.9 per cent) and manual dexterity
(3.5 per cent) , and somewhat larger for sentence
comprehension (15.3 per cent). In all three cases
the drop in efficiency was approximately the same
as found at the equivalent pressure in a dry
pressure chamber. This contrasts with previous
results where impairment in the open sea has been
considerably greater than in a dry chamber .
Possible reasons for this discrepancy are discussed
and it is suggested that level of anxiety may be
a crucial factor .



r

12 . Baddeley , A. D . ,  et al., “Cognit ive Ef f iciency of D ivers
Working in Cold Water ” , Human Factors , 1975 ,
Vl7(5) pp 446—454.

The cognitive effiency of 14 divers was studied
during 1—hour exposure to water of 40°F (4.4°C)
and 78°F (25.6°C). , : o 1 1 i 1 ~~ a b i l i t y  wa s tested
using t sentence comprehension task presented
at the beginning and end of each test s~ nsion.• Vigilance was tested by requiring subjects to
detect the onset of a faint peripheral light
during the performance of a two—man pipe assembly
task. Memory was tested by requiring subjects
to learn a number of “facts ” i i r in g  th e  d iv e ,
with retention tested by reca ll and recognition
on land , a f t e r  a 4 0 — m m  dela . Desp i t e  a mean
drop in rec ta l  t e m p e r a t u r e  of 1.3 °F  ( 0 . 7 2 ° C ) ,
nei ther  reasoning  nor vi g i l ance  was impa i :1 .
Memory pe r fo rmance  did de te r io ra te, though i t  is
suggested tha t  this  may r e f l e c t  a peri pheral
con tex t—dependen t  memory e f f e c t .  It is con-
cluded tha t a w~~1i— mo t i ’ : : tc:1 sub jec t  may ho
cogn i t ive ly  una : : p a i r e i u esp it c  a marked d r op
in deep body t e r : e r i t nr e .

l b  Bar tho lomew , C.A. , etal. , ‘ [J ~~] rwater E x p l o s i v e  C u t t i n g
in Ship Salv iqe ” , ILEE Ocean , 1975 , np 592

The sensitive use of ‘ ::plosives in shi p sa lvage
operations is qeacribo l w i t h  a b r i e f  review of
the phys ical phciom ena involv il in underwate r
explosive cutting . Specific rohbems encountered
in the design and us” of shacci char ;c cutters
are identifiec ; uctua l on sate improvisations
are summarized from rec :. t and curicot case
histories of ship salvage i nvolvin’j extonnive
explosive cuttir ;. Prime factors leading to
succe$;sfui results wi h c>:r ion ives in ship
salvage are cons  i (loreci and clarified .

,it :t e l lc  Columbus  L a b o rat o r i e s .  Ope l a t  ion an d  Mal r:t~ ::ance
I n s t r u c t i o n s, Hy d r au l i c  fri~ net drench ,
Columbus , Ohio , Ju ly 1975 .  (Con t r ac t
idimher N00024—70—c— 4175)

The nanua l contains op rat 1mg m a i n t en a n c e
* 

instructions for a coromrrcial hydraulec impact
wrench manufacto ~~‘ by S icy ‘~~ r a  ic Toot s.
The wrench  w~ s m o di f i e d  by b a t t e l l e  to enhance
corrosion res is tance, provide r e s su re  corn—
~ensa t ion  fo r  sea w o r h i  in  d’ h s .  and to
iii -rov e diver  i in d l  ing

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~T ~~~~~ S. 
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15. Biersner , R.J. & B. J. Cameron , “Memory Impairment During
A Deep Helium Dive” , Aerospace Med. . June 1970,
pp 658—661.

Twenty divers performed an associative memory
task at three intervals during a saturation
dive ; once at the surfa ce , a second t ime at a
depth of 600 feet , and a th i rd time duri ng ascent
at 100 feet. Memory tested after a 60 minute *

delay at 600 feet was sig n i f i c a n t l y  poorer than
60 minute memory tes ted on the surface or at

V 100 feet. It was concluded that the selective
impairment resulted from psycholog ical stress
rather than helium narcosis , since 5 minute
memory was not impaired at 60 0 feet , and
60 minute memory remained completely intact in
several instances. This study prov ides evidence
suggesting that psychological stress may be an
important factor in influencing performa nce a t
extreme depths.

17. Black , S.A. and Quirk , J.T., Hydraulic Tools for Divers ,
Equi pment for  The Working Diver , 1970 Symposium ,
pp 323—

This paper presents a review of hydrau l i c  tool
power systems developed and evaluated at the Naval
Civil Engineering Laboratory under the joint
sponsorship of the Naval Facilities Engineering
Command and the Navy Supervisor of Salvaqe .
Diesel hydraulic and electro-hydraubic power systems ,
including tools , are discussed wi th  the r a t i o n a le
for their use. The paper further discusses human
factors relating to the design and development of
safe and effective diver tools.

_ _ _  
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18. Bowen , H.M., “Diver Performance & The Effects of Cold” ,
-a Human Factors , 1955 , V49(2), p. 445.

The capability of divers was tested by a test
battery composed of tests of tactile sensitivity ,
grip strength, manual dexterity , track ing ,
assembly of a s t ructure by groups , mental
ar i thmetic, symbo l processing , simple problem
solving and memory. At a diving tower and a
flooded quarry , test data were collected for
performance on dry land (control) and at water
temperatures between 44° and 72°F. A limited
sample of post—dive urine temperatures and skin
temperatures were recorded . Divers wore a
complete 3/16” wet suit , except tha t , dur ing
the tests , the hands were bare . The results
show : hand impairment — losses in tactile
sensitivity , grip strength and manual movement;
the losses were proportional to degree of cold
and exposure time ; the losses follow a similar
course to skin temperature decrease and hence
are considered due ma inly to per ipheral physio-
logical attenuations ; psychomotor impairment —

losses in manual dexterity , tracking and group
assembly were proportionate to water temperature;
mental impairment — losses in mental capability
occurred in those cases where the task required

LI intense attention and involved considerable short-
term memory ; “blocking” effects occurred at the
lower temperatures. The causes of the losses
in capability are discussed in terms of
peripheral and central impairments , in terms
of “water ” effec ts and “cold” effec ts , and
in terms of a hypothesis that immersion in
cold water serves to distract the diver .
Some practical and theoretical implications of
the study are reviewed .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ T~~ _ _ _ _



H. Bowen , H.M., etal., “Studies of Diver ’s Performance During
The SEALAB II Project ” , Human Factors , 1966 ,
V8 ,

Field studies of the three 10—man teams of
divers participating in the SEALAB II project
were undertaken. During each teams 15-day
submergence at 205 fee t , psychomotor and v is i on
tests were conducted in the water and a mental
arithmetic test in the habitat. Compared to
base l ine performance ( d r y — l a n d  and shal low
water conditions) , performance on the mental
arithmetic test showed no deterioration while
performance on the psychomotor tests showed
considerable deterioration. Many divers found
that their in—water work activities proceeded
slowly ; among other causes of a more physical
nature , concern for ones s a f e t y  may de t rac t

— f rom the a t tent ion  one g ives to the tasks
at hand .

~0. Brackett , R.L., “Development and Testing of Hydraulic
Powered Diver Oper ated Pock Dr i l l  and Sea Floo r
Fasteners ” , Ocean 75, 1975 , p.  2 4 9 .

LI The Civil Engineering Laboratory has developed
a hand held diver operated rock dr i l l .  The
dr i l l  is hydrau l ica l ly  powered thus  e l i m i n a t i n g
the percussion and visibil ity problems associated
with the underwater use of pneumatic rock drills.
Capable of drilling holes up to 2-1/2 inches in
diameter and 18 inches deep , the hydra ulic rock
dr i l l  has been us ed to in stall  var ious seaf loor
f a s t e n e r s  and to provide shot holes for  smal l
expl osive charges. Underwa ter testing of
commerc ia l ly  avai lable  rock bol ts prod uced data
wh ich can be used for the design of boat moorings
and immobi l i za t ion  of unde rsea cables and pipelines
in var ious types of s ea f loor rock . This  paper
discusses the development and testing of the
prototype drill as well. as the results of extensive
testing of seafloor fasteners.
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2 1. Brown , J.L., “Orientation To The V ertical During bater
Immersion ” , Aerospace Med., March 1961 , pp 209—
217.

Subjec t s  were inu: i crsed  in  w a t e r  at  a u e n t t i  of
either 18 or 25 feet ann t h n  r o tat e d  in a
tucked position on a rod through 3 , 4, or 5

• * revolutions. Rotation was terminated with the
* head in one of 4 positions : upri;ht , inclinded

forward , down , or back. Upon termination of
rotation subjects were directed to point in the
up direction , then to nod the head and correct
the direction of po in t ing  if necessary , and
finally to swim toward the surface. There were
errors in direction of initial pointing of as
much as 180 deqrees. Errors were greatest with
the head down or back and least with t~~

-
~

up or forward. Nodding of the head .us followed
by a consistent improvement in the direction
of pointing. There was little indication of
any d i f f i c u l t y  in swimming in the upward direc-
tion . Greater density of the legs as - lniparec
to the trunk resulted in f a i r l y r ap i d  ocit ;ca l
or ien ta t ion of the body upon releane of the
rod . The results are interpreted to reflect
the re la t ive  in e f f i c iency of the utr ic les as
gravity sensors when the head is in certain

* 
. positions . The simulation of zero gravity

may be enhanced by utilizing these positi ons
with water immersion.

Christianson , R.A. , “Thrust Forces in Underwa te r  :w i :r L n i n g ” ,
Human Factors , V7 , 1965.

Instantaneous and mean stu tic thrust levels
were meas ured for  eight uncicrwater swenuners

n -~ rained in a :;ahrnerq:d force p 1 a t f o rm .
Swi m~-ing was examined barefoc’ :ind w~ Ui two
types of f i n s .  The m a i n  H : i e fi c i al  o f t e c t  of
the  t i n s  was to el im i n a t e  ~he s u b s tan t i a l
noqative t:irust component assoc~ a ted w i t d
barctoo t  s w i m mi n g .  U a q h c ~ max -. ~ 1 t h ru s t
outputs were achieved with curved f i n s  t h a n
with straight—b laded on-: n . There were also
significant differences ~~~1tl~ -en bar foot and
finned swimming in the relationshi p of
i n s t a n t a n e o us  th r ;st to leg posit le :  du r a  n ;
the  k i ck  c y cl e .  k~ick  r at e  and loot  ic c e l e r a —
tion were both proportional to thi.st cupat ,
bu t the re la tionsh ip ic-~~~r. -d on diver siz~
and experience.
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23. Civil Engineering Laboratory , Port fluenerne, C~ 1if ., . T n r ~~ 1968 ,
(Tech. Rpt. R 583) , “ Use of ~1agnets in rlarineSalvage ” , by J. ()u i rk  & R . L.  Geor qe .

A s tud y was made f o r  the Superv i so r  of Salvaqe ,
Naval  Ships Systems Command , to d e t e r m i n e  the
usefulness of magnets in underwater applica-
tions. A literature search indicates that
large electromagnets are useful for salvaging 

*

ferrous cargoes in shallow water . They are
of little value in deep water salvage because
of the low payload-to-weight r a t io  and the
difficulty of positioning an electromagnet at
the end of a long line . Tests of 6- to 8—pound
permanent magnets on a ship ’s hull showed they
had underwater hold ing forces of 40 to 100 pounds.
These values indicate such magnets are usef ul
for securing divers and tools to underwater
ferrous objects.

~ Civil Eng ineer ing Lab., Port Hueneme , Calif., Dec 1969 ,
(TR R—653) , “Diver Performance Using Hand

• Tools and Handheld Pneumatic Tools” , by
F. Barrett and J. ~)uirk.

The Naval Civil Engineering Laboratory ,
Port Hueneme , and the Nava l Missile Center ,
Point Mugu , Ca l i f . ,  have jo in t l y  conduc ted
tests to measure diver performance using
hand tools and hand held pneumatic tools.
The tools included ad j u s table  p ipe and
machine wrenches , ra tche t and spec ial han d wrenches ,
screwdrivers and tho following pneumatic tools:
two drills , a power saw , an impac t wrench and a
chipper . The initial tests were conducted on
land and in a test tank filled with fresh water .
Ocean tests using the same tools were accomplished
at a working depth of 50 feet. Performance times3 of d ivers  using the various tools on ver t i ca l,
deck , and overhead surfaces in the ocean are
reported . Performance decrements for in—tank
and ocean tests are c o ared to land—test

j performance. Difficulties encountered using the
var ious  tools , tethering devices , an d tool
holding and tr anspor ting devices are reported
and sugges tions fo r improveme nt are made where
aup licable. Additiona l tests conducted in the
ocean to determine diver one- and two—arm
strencj +~h while working on vertical , deck , and
overhead surfaces are summarized in tri o appendix.
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2~~. Civil Engineering Laboratory, Port Huenej e, Calif ., June 1970 ,
(TR R 684 ) ,  “Salvage Work Projects — SEALAB III ” ,
by 3. Bayles.

The Navy is authorized by public statute to
provide salvage facilities to assist both
public and private vessels. In keep ing wi th

• - this responsibility, the Supervisor of Salvage ,
U.S. Navy , is prosecuting a v igorous program to
incorporate the latest techniques and equi pments

• into the Navy ’s salvage forces.

The SEALA B III program , under the di rec tion of
the Ocean Engineering Branch , Deep Submergence
Systems Project Office , was initiated to advance
the state—of-the-art of man ’s capability to
live and work in the deep ocean environment .
It was the goa l of the Salvag e Pro j ec t s  fo r
SEALAB III to demons trate and f ie ld tes t some
of the more important new salvage device-s and
techniques.

This report discusses the aqu-anaut familiari-
zation and training phases associated with the
Salvage Projects planned f or Team Two - SEALAB III ,
and the modifications to both equipments and
procedures as suggested by the divers. Preliminary

LI results are included with recommendations regarding
future plans.

Human factors studies were conducted in con-
junction with the training phases in preparation
for SEALAB III. Goals included assessment of
divers performance , the development of improved
underwater work procedures , and improvement of
underwater equipment design through development
of design criteria .

‘ l  Civil Engineering Laboratory , Port Iluenern e , Calif., June 1971,
(TR R—729), “Techn ical Evalua t ion & Diver Held
Power Tools” , by S. A. Black & F. B. Barrett.

Pneumatic and hydraulic hand-held power tools
were evaluated by divers pe rf orming rea listic

ç underwater tasks. These tasks Included drilling
steel and aluminum , nut running and tighten ing ,

_ _ _ _ _ _ _ _ _ _  
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(Continued)

grinding meta l, and chain sawing wood . An on—
the—site observer monitored diver performance
time for each task. Diver skill in effective
tool utilization is very important in working
underwa ter. At test depths to 60 fee t ,
hydraulic tools were very effective and practical ,
while pneumatic tools , although effective ,
required excessive maintenance . A t greater
depths , hydraulic tools retain their effective—

• ness , but pneumatic tools lose effectiveness
because of the compressibility of gas. Hydraulic
tools generally supply more energy per unit of
tool weight than do pneumatic tools; thus , the

I -
. diver can perform work more rapidly using

hydraulic tools.

2 7 .  Civil Engineering Laboratory, Port Hueneme , Cal i f . ,  Aug . 1971 ,
(TN-N—l174) , “Submersible Diver Tool Power
Sources; Electro-hydraulic and Cryogenic
Pneumatic ” , by S. A. Black.

Two self—contained and completely submersible
power supplies for powering diver operated
hand held tools are discussed ; one power

a supply operates pneumatic tools whi le the
other operates closed cycle oil hydraulic tools.
Operational evaluations performed with Navy
qualified divers using hand held tools powered
by the modules proved both to be effect ive
submersible power sources. Refinements
necessary are delineated .

C i v i l  Eng inee r ing  Laboratory , Port Hueneme , C a l i f . ,  March 1972 ,
(Tech. Rpt. R 762) , “Cons truc t ion Assistance
Vehicle (CA’?)” , by S. A. Black & R. E. Elliott.

An experimental diver—operated Construction
Vehicle (CAV) was designed , fabricated , and
evaluated in order to determine the f easibility
of and general specifications for a prototype
diver work vehicle. The CAy , f a b r i c a ted from
off—the—shelf components , is capable of carrying
1,300 pounds of we t weight car go between the
surface and the ocea n bottom work s ite. The
cra f t ’ s pneumatic and hydraulic power is avail-
able to operate hand—held power tools. Over 100
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28. (Continued )
I

test dives were conducted in the ocean , with
the craft being operated to a maximum depth of
110 feet. Operational testing proved the CA\’
to be a safe and effective means for delivering
cargo and for powering diver tools. Also , when
the CAV was compa red to other vehicles, it was

- • 
- 

determined that the CAV is the only sys tem that
provides the working diver with total ocean
bottom support. The necessary refinements are

• delineated , and general specif icat ions fo r a

-
~~ prototype vehicle are presen t ed .

Civil Engineering Laboratory, Por t Hueneme , Calif . ,
a July 1972 , (TN—N—l229), “Hydraulic Tools & Equip-

ment For Underwater Salvage ” , by C. L. Liffick
and F. Barrett.

-ì Extending the U. S. Navy ’s underwater salvage
capability will require improved diver-operated
tools and equipment. NCEL (Naval Civil
Engineering Laboratory) is conducting a program
to develop hydraulic hardware for future under-
water salvage operations. Commercially avail—
able hydraulic pumps , rigging , load handling
and cutting equ ipment have been evaluated at
NCEL to determine characteristic diver perform-
ance and mechanical suitability f or u n d e r w a t e r
operation. Manually operated hydraulic pumps
were modified and pumped against a load cell
to determine reasonable levels of diver exe rt ion.
Tests have shown tha t divers  can be utilized
as pr ime movers fo r  small job s and tha t  some
conventional surface hydraulic equipment can
be used underwater fo r reasonab le per iods of
time with a minimum of additiona l maintenance .
Surface hydrau l ic equipment su itable fo r
underwater operation includes manua l pumps ,
rams , cylinders and several cutL rs. however ,
innovative new equipment is ur~ ent1y required
for  underwa ter salvage , par t icu l a r l y  for load
handling .

I
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I
;u. Civ il Engineering Laboratory, Port Ilueneme , Calif.,

Dec. 1973 , (TR R— 801) , “Desi gn C r i t e r i a  Eor
Power Sources Supplying Underwater Hydraulic
Tools ” , by G. L. Liffick , et al.

The Naval Civil Engineering Lihu r Itory is
developing hydraulic power sources for
underwater hydraulic tools. Hydraulic po~’or
sources driven by diesel and gasoline engines
engines and electric motors have been

H successfully developed and evaluated . The
operational testing was conducted by divers

-ç utilizing hydraulic tools to work underwater .
The criteria for select ing a part icu lar hydraulic
circuit and the components for an underwater
hydraulic power source are different from those
used for designing a hydraulic power source for
sur face  tools. For examp le , a hydraul ic pump ’s
tolerance for salt wa ter and its reliability are
generally more important than the pump ’s volum-
etric efficiency. Pressure and flow gages must
be able to withstand severe mechanical vibration ,
hydraulic fluid shock , and salt spray corrosion .
Hydraulic hose expansion under pressure must
be minimized but not at the expense of exc essive
weight. Hydraulic hose couplings should be easy
to couple and uncouple but should not separate
when dragged over the s ide of a boat . h ydraulic
fluid must provide adequate lubricity, have a
low viscosity in cold wa ter and re tard damage
to the hydraulic system from intrud ing salt
water . The Appraisal given in the report of the
relative merits of different hydraulic circuits
and components is based on experience gained
during NCEL’s power source evaluation program .
Final component selection , however , is dependent
on the user ’s particular requirements.

Civil 1-hiqineering Laboratory, Por t flueneme , Calif.,
A pril 1974 , (TN—N—1339) , “Modification of a
Pneumatic Track Dr ill For Underwater Use By
Divers ” , by G. L. Page.

The Navy often relies on explosive excavation
t echn iques for deepening channels and for

t implac ing underwate r pipelines and cables on

— 
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31. (Continued )

rock bottoms . ‘ro effectively emplace the
explosive charges requires  holes about  2 ~/4 - in c he s
in diameter by e; much as 20 f ein t deep.
Terrestrial track drilJs have been used fo r this
underwater drilling , but the equipment has
experienced early and frequent failures . In
order to alleviate these problems , the labora tory
has successfully mod ified a standard N-ivy-issue
Worthington Model l290D track drill for under—
water use to depths of 120 feet.

Three sys tem s of the basic track drill we re
modified : ( 1) the hydrau l ic  system tha t posi tions
the drifter mast , (2) the pneumatic syst em , and
(3) the track drill frame .

32 . Civil Engineer ing  Laboratory ,  Por t  h lueneme , Calif.,
Ju ly  1974 , (TN—N -1345) , “Development of The
CEL Salvage , Remote Ass i s t e  L i f t  Device ” ,
by J. Bayles.

This report discusses the need for and development
of a diver ’s l i f e  assist  device as a part of the
Navy ’s salvage forces program . The device dis-
cussed in this report combines the best features
of the Hunley—W ischhoefer Remote Recovery System
and the family of commercially available diver ’ s
lift assist devices. Features of the unit include
buoyancy variabili ty, inflatab ilit\’ , : esscr:qer
capability , and reliability. It is dc-signed
to be s imple , safe , and economical. A water
brake designed for the device proved quite
effective as a safety feature in slow ing the
rate of ascent through the water column .

The assembly was successfully tc-~;ted in the
laboratory an - I at sea and ban i ecn f o r w a r d e d  to
the h arbor Clearance hnit in Hawaii for in—
service evaluation.

t
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Civil Engineering Laboratory , Port Hueneme , Calif.,
Oct. 1974, (TN N—l358) , “Diver hcork .aystems ’ ,
by R. N. Cordy.

For the past 7 years the Navy ’s Civil Engineering
Laboratory (CEL) has conducted research and
development on diver work systems in support of
Navy seafloor construction and ship salvage.
Under the sponsorship of the Nava l  Faci l i t ies
Engineering Command and the Naval Ship Systems
Command the program has progressed from the
evaluation of unpowered hand tools through
pneumatic and hydraulic powered tools , and
flyer-operated work vehicles. The current
program is investigating controlled methods of
excavating rock underwater . These investigations
have shown that oil—hydraulic—powered equipment
is best for most underwater work. Systems using
seawater as a hydraulic fluid offer many potential
advantages ; however , successf ul development of a
practical seawater—powered motor has not yet been
achieved . A variety of operationa l oil hydraulic
power sources and compatible tools have been
developed and delivered to operationa l Navy units.
The power sources include hand pumps , surface—
tendered diesel driven pumps and submersible
electric powered units. These bottom units can
be either battery powered or supplied from the
surface or from shore via an electrical cable .
Operational tools include rotary drills , impac t
wrenches , grinders , rotary abrasive cutters ,
cable and barstock cutters , chain saws , jacks ,
pull cylinders , and rotary—im pact rock drills.
This program has had an impact on many Navy
underwater operations. Because of the availability
of these work systems , underwater assignments
can he done more rapidly, previously impossible
tasks can now be undertaken , and hazards to the
diver have been dec reased .

C i v i l  Engineering Laboratory, Por t Hueneme , Cal if.,
Nov . 1974, (TN N—).3i-~l)  , ‘ Test and Evaluation
of Underwater Mateable  Hy d rau l i c  Disconnects
For Use in Diver Tool Systems ” , by R. L. Brackett
and A. M . Parisi.

*
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C .  (Cont inued )

The Civil Eng ineering Laboratory has been
invest igating hardward and techniques that
a l low the diver to connect and d isconn ect
hyd raulic tools underwater in order to utilize
several tools d u r i n g  a single dive . Two
commerciall y available non—air including
couplings were tested and evaluated for use as
underwater mateable hydraulic quick—disconnect
couplings.  Tests were conducted at 1—foot ,
35—foot , and 75—foot depths. It was found
that both non—air including couplings met or
exceeded the per form ance req ui reme nts
established for underwa ter ma teable hydr auli c
connectors.

35. Civil flng ineering Laboratory, “Har~~-held Hydraulic flo~i-h
and Masonary Dri ll f or Use By ~~~~~ s” , T chCata
Sheet 75—7 , Por t Hueneme , California 1975.

The Civil 1;ng ineering Laboratory has developed a
hand-held hydraulically ~owor~- -~i rock amC masonry
drill for use by divers in underwater projects
tha t involve such face ts as dr ill ing f or exp losive
p lacement , moving lar ge rocks , immobil iz ing cables ,
es tabl i sh ing moor ing poi nts , and obtaining core
samples of rock formations .

I
- ~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~ 

.. - . 
~~~~~~~~ 

.
~~~ ~~

. - - . -, - -- - 
~~~- V 

-
-5 -~ --- --5 — -5—- - - 5 — — - - -  .~— - — —•-- - 5 --5--



~ 
-- --- --5--—

$~~ . Civil Engineering Laboratory, Port Hueneme , Calif., 1976
in editing , “Hand—held Hydraulic Rock Drill
and Seafloor Fasteners For Use By Divers ” ,
by R. L. Brackett and A. M. Parisi.

The Civil  Eng ineering Laboratory has developed
a hand—held hydrau l ica l ly  powered rock and
masonry dr i l l  for  use by divers  in underwater
projects that involve such facets as drilling
for explosive placement , moving large rocks ,
immobilizing cables , establishing mooring
points , and obtaining core samples of rock
formations. The drill has the following
characteristics :

Drill weight
In air (no ballast) . . . 34.0 lb
In seawater(no ballast . 18.6 lb
In seawater (with ba l l as t )49 .6  lb

Ballast weight
In air 34.1 lb
In seawater 31.0 lb

Drill rate 0.75—in ..diam .
hole at 3.25
in ./min(in
granite)

Hydraulic input 8 gpm flow at
800 psig (with
50 f t of
hydraulic hose)

- 
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~ ; . C i v i l  Engineer ing Laboratory , Por t Hucnerne , Cal if . , 197 6
in editing , “Fas teners For Use by Dive rs ” ,
by R. L. Brackett and A. M . Parisi.

Observations mafln during pullout tests of
different commer cially av ai lable rock bol ts
ind icate that the bol ts can be us ed e f f ecti vely
to:

MOVE ROCK S . ~t stud bolt and eyenut can be
installed in a large rock , and w ith the use of
a buoyancy lif t device , the rock can be moved
underwater . The installation of the rock bolt
and inflation of the lift bag take as little
as 5 minutes , and the diver has comp lete contr -i
of the relocation operation .

SECURE MOORINGS IN HARBOR AND /T WOR}~~ITLS.
Two—bolt padeyes and three—bolt padcvcs a r -  used .
The pullout strength of th e padeye co nf iguratin-r
is about 90% of the sum of the individ~~~l i i -k
bolt strengths .

IMMOBILIZE OCEANOGRAPHIC CABLE. Zinc anodes
have been adde d to prov ide catho dic prot ec t ion
in this long—term installation .

~~~~ . Civil Engineerin g Laborato ry , Port Hueneme , Calif., 1976
in edit ing , “Recent Developments In Diver
Construction Equ ipment ” , by R. L. h-rackett , et al.

The Civil Engi neering Laboratory , Port huoneme ,
has been devloping tools and equipmen t for
working divers under the sponsorship of the
Naval Facilities Eng ineerin g Command and the
Pacific Missile Test Center. This name r describes
re cent adva ncem ent s in tools , equipment , and
techniques to increase the construction diver ’s

— 
capability to perform assigned work functions .
Specific items include two oil hydraulic powered
rock drills , rock co r ing equ ipment , a se afloor
rock and coral trencher , a diver held hy drau l ic
powered band saw f o r cut t ing cabl es and pipe up
to 4 inches in diameter , mechanical and hydrau~~icnut sp l i t t e r s  and speci a l bol ts and tools f or
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iö . (Cont inued )

blindsided bolting . Techn iques and equipmen t to
fast en objects to rocky seafloors us ing both
grouted and non-grouted rock bolts will be
represented a lon g wi th a d iscussi on of the
development of an underwater gr ou t dispensin g
system . Development features of each item will
be described along with test results and fina l
ope rational per fo rmance charact er istics and
limitations.

;~~ . Cla rk e , R. S., “The Durat ion of Sustained Contraction s
of The Human Forearms at Different Muscle
Temperatures ” , J. Physiol., 1958 , 143 , pp. 454—473.

The dura tion of submaxim al con trac tions held to
the point of fatigue was measured for four subjects
af ter they ~‘ad immersed their  for earms f or
30 m m .  in water at temperatures between 2
and 42°C.

Contractions were longest after the arm had been
immersed in water at 18° C , above and below which
temperature of the water the duration was shorter .
Immersion of the forearm in water  at 18°C for
30 m m .  resulted in a muscle temperature of
about 27°C measured halfway between the skin and
the center of the forearm .

The maximum tension that could be exer ted af ter
immersion of the forearm for 30 m m .  was the same
as the initial value in water at 18°C or more;
in water at temperatures below 18°C the tension
that could be exerted fell sharp ly wi th falling
bath (and muscle ) temperature , to a value of
some 40% (of the maximum in water at 2°C.

The post—exercise hyperaemic response was greater
for a given duration of contraction in water at
34 and 42°C than at lower temperatures. The rate
of blood flow through the muscle during contrac-
tions also increased by a greater amount when
the water temperature was higher .

Integrated muscle action potentials showed that
at the termination of the contraction there was
no difference in electrical activity over the
muscle when its temperature was 27 or 35°C; when
it was reduced to 20°C there was considerably
less electrica l ac tivity at the end of the
contraction .

I’
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The implications of these results have beer.
discussed . I t  is considei e~i l i k e l y  t h a t  as
muscle temperature increases above 27°C the
rate of metabolism increases and result; in the
earlier acc umula t ion of metabol ites so as to
cause fa tigue ; at muscle temperatures below
27°C a proportion of the m ore superficial
muscl e f ibres do no t co ntrac t, as a result of
i n t e r f e r ence  in nervous or neuro~uusculart r ansm ission due to cool ing.

Davis , F.M., etal. , “Diver Performance : Nitrogen Narcosis
and Anxie ty ” , Aerospace Pied., 1972 , V43 ,
pp. 1079—1082.

In two experiments in hnitish waters , 16 divers
were tested twice underwater , once at a Jeuth
of 3 meters and once at 30 me torn . The-,-
performed 4 tasks — a sentence c oi’ mi . m h e n s i o n
test , a memory test , a simple arithmetic t -nt

- and a manual dexterity test. All but the
memory test show a significant drop in
e f f iciency at d ep t h :  in Expe r imen t i ; m anua l
dexter ity 2 2% , sentence congm ehension 16% and
arithmetic error-s from 6% at 3 meters to 14%
at 30 meters; in Experim ent 2: manual dexterity
18% , sentence comprehension 10% and arithm -tic
errors from 5% at 3 meters to l?% at 30 meters.
In all three tests these chio~ es are similar
to those from boat—diving experiments in the
Medi te r ranean , whereas  m a n u a l  d e x t e ri t y
impairment is grea ter  than for  equ ival en t  shore
diving in the M e d i t e r r a n e an , A t e n t a t i v e
relationship between the extent of per fi-i 
impairment of manua l t a sks  at depth and a n x i e t y
in divers  is suqgested .

-- n i a p  & As soc . ,  I n c . ,  “ Ne Ii~~in at i o n  of The Desi gn of
Visua l  Disp lays  in The :~~ l - euvcring Room of
Guppy Submnersibles ” , by J. D .  Coaxley , et a l . ,
S t an fo rd , Coon . ,  Sept . 1949 ( A N  6 4 2 — 6 0 0 )

For purposes  of an a l y s i s , the d i sp lays  were
divided into two n i i n  gr o n  - : (A)  i n s t r u m en t s

_________ - - - 
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H (Cont inued )

providing q u a n t i t a t i v e  in fo rma t ion  of p r imary
importance to the controllermen , and (B) accessory
instruments  permi t t ing  few , if any , quan tita tive
readings. The analysis revealed that: (1) there
are many violations of the guiding principles
of human eng ineering . (2)  the instrum ents have
not been organized in to  a system of d i sp lays
from which the opera tor may obtain prec isely the
required information .

Lb Dunlap & Assoc., Inc., “Submarine Control By a Single
Jperator ” , by C. R. Kelley , et a l .,  St an fo rd ,
Conn., Oct. 1953 , (AD 643—655).

This report is an analys is of the problems
involved in one—man submarine control. It is
an at tempt to stud y sys temat ica l ly the submarine
control system , assuming there is a single human
l ink  between the sensing i n s t r u m e n t s  measur ing
the subma r ine ’s performance and the control sur—
faces used to minimize  errors  in this  pe r fo rmance .

L~. E l l i o t t , R . ,  “New Hydrau l i c  Tool S t ra ightens  Out Old
Problem ” , Faceplate , Apr i l  1976.

The successful  use of the Hurs t  Rescue Tool in
s t r a ightening of a propel ler  of an ARS is
described . The tool develops 10,000 pounds of
force in its arms . Divers used the tool in
shallow water in c o n j u n c t i o n  w i t h  a hy d r a u l i c
ram .

d.iydus , }1.F., “Effect on Complex Pianual Performance of
Cooling the Body While Maintaining the h ands
a t Normal Temperat ures ” , J. Applied P s y c h o l . ,
V12 , Jan—May 1958.

Subjects were tested on complex manual perform-
a nce tasks under two different condi t ions. In
one the body and hands were cooled simultaneously ,

L and in the other th e bod y was cooled to the same
degree whi le  the hands were kept warm . A
sig n i f i c a n t  decrement  in m a n u a l  p ro f i c i ency  was

~~ e i~iii~ ~~~~~~~~~~~ 
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observed when hand skin t emp er a t u r e  ~i r c - p - d  to
50—55°F , but no decrement occurred whi-n hand
skin temperatures were maintained at 80°F or
high er , des pite bod y surface cooling t o  78°F

. in both cases. It was concluded tha t band
temperature is a v i t a l  f a c t o r  in fine man~ pu1ation ,
but the body can be cooled to a degree which is
distinctly uncomfortable without affect ing
ma nual pe r fo rmance if the sur f a c e  t em p e r a t u r e  of
the hands is m a i n t a i n e d  at normal  l eve l s .

Lb Gaydus , H.F. and E. R.  Dusek , “ E f f e c t s  of L o c al i z e d  hand
Cooling Versus  Total  Body Cool ing on N a n u a k
Performance ” , J. App lied N sy c h o l .  V 12 ,
Jan—May 1958.

Subjects  were tested on complex manua l perform-
ance tasks under two different environmental
conditions. Under one condition , on ly  t h e
sub jec t ’s hands were cooled while the rest of
his body was exposed to a comfortable ambient
temperature. In the other experimental
condition the subjec t wo rbe e ‘ an toto ’ in a
low ambient t empe ra tu re .  The tests were g iven ,
in bo th cases , when f i n g e r  skin temperatures
reached certain predetermined levels. ~‘-;o
s i g n i f i c a n t  d i f f erences we re found be tween
performances obta i ned under the two conditions
of exposure ; however , the results indicate
that performance was imj-aired — -~hcn finger skin
t empera tu re  dropped . The f i n g e r  tcmmer ature
seems to have been the primary cleterm~ rant of
manua l per formance  decror :aent .

0e mi al Dyn e ~cs , Electric heat Division , Behav ;

Cyberne t ic  Theory Applied to Problems fri Ship
Control and Manipulator Operation in fmall
Submarines , b ;  A.  J . Pesch , Groton , Cc nr~.,
July 1966 (U— 4l7—66—020)

Thi s  paper descr ibes some of t iLe h u m a n  f a c tors
in man—multiloop control systems from the
standpoint of B~ h~-vioral Cybernetic Theory.
L~~e c i f i c al ly , it addresses itself to ~- rob1ems
associated with small subme rs ibles w here an

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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ope rator is req u ired to con trol the veh icle s
or ienta t ion  in a mobile medium . This r e f e r s

• to hoveri ng , t r im  ang le , e t c . ,  while inter-
actin g w ith the ex terna l environmen t via mani pu-
lator arms and visual observation operations.
The use of three—dimens ional television systems
is evaluated .

I ’ . Gener al Dynami cs , Electric Boat Division . Experimental
Anal ysis of Three Ty pes of Pos it ion Control For
~emote Manipula tors , by A.  J. Pesch , Groton ,
Conn . , December 1967 , (P—4l7—67—077)

Tests were conducted to compare performance
• using a manipulation system with three different

types of controls: control box , sk eletal
harness and miniaturized skeleta l harness.

Generally, performance using either type of
skeletal harness improved by a factor of 2.5
in compa r ison w ith the con trol box and
learnin g time was significan tly shorte r .

~~~~ - General Dynamics , Electric Boat Div ision . Studies of
Operator and Control Systems for Small Submer—
sibles , by A. J . Pesch , Gro ton , Conn., Feb 1969 ,
(P—417—69—026)

This report describes a ser ies o f s tud ies whi ch
were performed in or der to improve our knowled ge
and technology in the area of small s ubmersible
manipulator and ship control systems. The effort
w~ s lo g icall y div ided into two mai n areas ,
manipulators and sh ip control. The manipula tor

— programs major effort was the development of a
new con trol method wh ich u ti l i zes  a concept of
rate indexin g as a sol ution to the problems of
harness type operation in the limited space
available in small submersibles. Modifications
were made to our ba sic m in iature  h arness , which
was developed in 1967 , to a l low l imited  posi tion
control and ra te i n d e x i n g  of the pos i t ion  envelope
of the external ; d r L ~~ulator arrr . Additiona l work
was also performed in areas such as: empiric al
calculations of frequency response requirements ,
selection of paint colors tor underwater arms,

~‘~T ‘~~~~~~
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experimental ova l uation the -\utec mar a -: later
aria ’s drilling tool periorrance , and t he  : - ~ elup—
ment of a matrix approach to examine manipulator

• arm capabili ties in reference to type of work ,
control system comp lexi ty ,  jux taposed  w it h
diver performance .

In the area of ship con trol the small s ubmersible
simulation facility was imp roved for upcoming
train ing programs (Au tec) and ship control
system development work. Mockup sections were
designed and fabricated for the interior of the
simulator . Each section represents a part of a
typical small submersible confi guration namely
control console , viewport simulation , press ur e
hull shape , and seat mounts . Desi gn s w ere also
comp leted fo r a 2 ’ x 2 ’  platform which r otates
with 3 degrees of freedom to simulate- visual
underwater approaches for ship control and
manipulator work simulations. Finally, pre-
liminary work was performed in the area of
adaptive ship control sys tems for sma li
submersibles.

General Dynamics , Electr ic  Boat D i v i s i o n .  Nicer F e rf - a r m a r i c ’
Measurement: Transporting Neutr all y D oyant
Objects  and Manual  Movement of Heavy O b j e c t s ,
by B. G. Andersen , Groton , Conn., July 1969 ,- (U—4l7—69—066) -

The purpose of the  program was to develop and
apply measurement techniques to de termine a free—
swimming diver ’ s c a p a cit y  to t r anspor t  ob j ects
of vary ing size and wei~ ht underwater . Two
experiments were conducted during this phase of
the program . The first was to measure a diver ’s
ability to swim with neutrall y bu--iyant objects
of varying size to determine the effects of
increased drag on a sw immer . The se cond experiment
consisted of an exploratory invest taation of
a diver ’s ability to move heavy objects under-
water for shor t distances.
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General Dynamics , Electr ic  Boat Div i s ion . Capabi l i t ies  of
• Operators as Divers vs Submersible Manipu la tor

Controllers in Undersea Tasks , by A. J. Pesch , et al.
Groton , Conn., June 1970 , (U 417—70—043).

The selection and des ign  of underwater  work
systems is often dependent on the ability of
the designer to quant itat ively estimate the
performance of the proposed systems . The major
objective of this research program was to
ana lyze , empirically evaluate , and quantify the
capabilities of the human operator to perform
applied undersea work tasks as a diver , in
comparison to his role as the operator of a
manipulator—equipped small submersible. A
survey of the literature was made in order to
include previous data in the analysis .  Li ttle
of this data was directly applicable due to
difficulties in extrapolating from the dry (in—
air) laboratory situation to the cramped sub-
mersible operating underwater . Problems such as
distorted viewports , submersible reaction ,
empty visual fields , and poor visibility occurred .
As a result , experimental data was collected
utilizing a small submersible mockup with an
actual viewport looking into a water—filled
tank in which the manipulator and task were
located . The experiment consisted of typical
applied salvage tasks such as sample collecting,
rigging and hooking , valve t u r n ing , connecting
and disconnecting a Hansen quick disconnect ,
drilli ng , tapp ing , threading , and unbolting.
These tasks were dissected into common behavioral
segments (travel, al ign , etc.) and performance
times recorded . Accuracy measures were taken
for each of the tasks and the behaviora l segments
within the tasks. The work systems under study

- 
included divers and various manipulator controls
(joystick , var iable rate ; joys tick , fixed rate ;
and pushbutton , fixed rate)

The results of the experiments showed that , over—
all , divers were faster than rate—controlled
manipulators by a factor of 4. This relation—
ship is highly task—specific however , ranging from
1/1.3 (diver/manipulator ) for tapping holes to 1/31
for a close tolerance connect/disconnect task .
The advantage of one type of manipulator control 

- 
-

system over another is also highly task—specific.
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In addition , the relationship between task
complexity and manipulator complexity is invers-
and not progressive , at least for the rate-
controlled devices studied . In short , the
study showed tha t a simple pushbutton controller
performed more complex tasks faster than a more
complex joystick controller . The addition of
variable rate to either the joystick or push-
button controller generally improved performance;
however , the actual benefits of variable rate

A control were again task—specific.

General Dynamics , E l e c t r i c  Boa t D i v i s i o n .  At -
Sea Operator Perfor mance of Small Submer s ible
Manipulators , by A. J. Pesch , et al., Gro ton ,
Conn . , Dec 1971 (U413—7l—031)

This is one of a series of reports concernirac
investigations into the capab ili ti es of scuba
divers and submersible manipul ators for per-
forming undersea work . The r -nort contains a
representative summary or literature search
of previous undersea na n L - l l a t o r  work which
indicates , in overv iew , tha t the tasks which
were successfully per f~~rme i were mor- - t he
result of the ingenuity of the operator in
utilizing the existing hardware than the r’s ilt
of the hardware augmentin g th . n :- cr a~~or ’ s
basic abilities to perform the task. This
report concerns rho o p e r a t i o n  of :- -ar~imuiatorsin an at—sea envirore- ’2: t usina he b-ivy Submer-
sible vehicles SEA CLIFF and TUgTLE . The tasks
under study in this r ep o r t  c o a c e r r e d  the  recovery
of 50—lb lead pigs, c~~t ti :;q 3” e lectrica l bundles ,
cutting 1” wire rope , drilli n ; 1/2” holes in
1/4 ” steel plate and intoachan ’oinq of tools at
d~ mth . The m a j o r  f e a t u r e s  of th m anipulator
system studred were: two arm s , 7 df (each> ,
pushbut ton  r a t e  con t ro l  syst or., and inter—

• changeable tools. The results of ti — - test s
concluded that: at—sea performan -e time ’ compari-
son between d ivers  and m a n i p u l a tor ’-  recovering
50—lb lead samples showed a ratio of from 1/40
to 1/17 depending on the f orm of f L  m an i p u l a t o r
tool used ; the average t ime for  a m a n i pu la tor  to
recover a 50—lb lead sample ranged f r o m  3 .0  to
6.9 minutes depending on the type of manipulator
jaw used ; manipulator arm motion , especially
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with heavy loads , has a direct e f f e c t  on the
s tab i l i ty  of the submersible and is not e a s i l y
sensed by the operator ; the average time for a
manipulator to cut cable ranged from 2.4 to 3.3
minutes; operators had difficulty using a
cable cutting tool which required close per-
pendicular alignment to the cable ; the mani pu-
lators were unable to dri l l  holes in steel
plate probably due to problems of ali gnment , lack
of force feedback and t ra in ing ; operators had
difficulty connecting the manipulator arm to the
tools located in the basket due to location ,
visua l access , and lack of s e l f — a l i g n i n g  fea tures ;
a major interface between manipulator and vehicle
control exists and requires detailed human
factors/control system eng ineering study and
development. A program for  both the selection
and training of Navy manipulator opera tors is
an apparent need . Leading problems include
developing the cr i ter ia  for  selection of
operators and the defini tion of facil it ies for
app lied training.

l~~. General Dynamics , Electric Boat Division. Operator
Performance With Alternate Forms of Unilateral
Position Control For Undersea Manipulators , by
A. J. Pesch , et al., Groto n , Conn., Sept. 1972 ,
(U 4 13 — 7 2 — 0 5 l )

This is one of a series of reports concerning
investigations into the capabilities of operators
to use various forms of manipulator control in
the performance of undersea work. This report
describes an evaluation of two forms of uni—
la tera l , posit ion control .  The forms include a
knob—operated control and a harness—operated
control. The two controls were evaluated usingo experienced undersea operators under simulated
cond itions including in—water visual conditions ,
use of a submersible viewport , and the cramped
interior typica l of a small submersible.  The
results are presented for eight tasks including

r sample collection, valve t u r n i n g , hooking and
rigg ing , unbolt ing , d r i l l i ng , tapp ing , threading ,
and use of quick—disconnect  f i t tin g . Resul ts
showed that performance using the harness—operated
control was approximately twice as fast as the
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(Continued )

knob—opera ted control over a l l  the tasks
s tudied . More impor tant ly ,  the p e r f o rm a n e ’
time difference was highly dependent on the
task being performed . For examp le , althoug h
the harness contro l was consisten t ly superior
for all tasks performance was proportionally
bet ter  on basic tasks than on complex tasks.

~. s . General Dynamics , Electric Boat Division . Operator
Performance in Undersea Manipulator Systems,
by A. J. Pesch , Groton , Conn., Feb . 1973 ,
(U440—73—020)

A system and meth od fo r sa lv ag incj subzl’-rqed
mar ine  vessels and other submerged objects ,
according to which a plurality of flexible
inf l a t ab l e  conta iners are dispos ed in
accessible compartments of the sunken oL-ject
and/or secured to its exterior and inflated
until the object is buoyant. The suuaerged
object is p e r m i t t e d  to rise progress ively
i n  cont’-e i P 

- 
rede-te r~ m o o  increa ient:5. daj id

upward acceleration of the object due to rapid
S expansion of the volume of gas in the i n f la t e d

containers  is prevented . When the object reaches
the lim it of each con trol led incrementa l  r ise ,
the buoyancy of the containers is reduced by
bleeding air therefrom or o the rw ise , while
still main ta in ing the object  buoyant . Then
the submerged object  is pe rmi t t ed  to r ise  a
further predeterm ine -a amount , an d the buoyancy
of the in f la ted  conta iners is again reduced .
This is repeated until the object is surfaced .
This inven tion rela tes to a rela tivel y s imp le
and relatively inexp ens iv e syst em and method
for economically salvaq t fl T  subi~orged marinevessels and othe r objects. Lan I reds of ships
have been s unk , as the result of storms or
col l i s ions or otherw i se , through the ages .
Although  many at tL -s - shi ps may contain valuable
cargo or fitting s and may themselves have con—
siderable sa lv age v a lue , relativel y few sunken
ships have been recovered because the grea t cost
of salvaging usually exceeds the value of the
ship and its contents . Sim a Lirl y , many  a i r c r a f t
have been lost due to ditching and off-shore
rada r and dr il l i ng p l a t f orms hav e been damaged
and sunk .
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54 .  Ilackman , D.J., “Power Tools for Divers ” , Battelle P~esearch
Outlook , 1969 , Vol.  1, No. 1, pp 13—16.

The fo l lowing  top ics ar e discusse c’:

1. Reduction of or adaptation to the developed torque .
2. Development of required torque .
3. Size , weight , and handling .
4. r4ateria ls.
5. Avenues for improvement .
6. Design of electrical tools for  d ivers .
7. Prevention of shock.

55. Ilackman , D.J., “Electric Tools for  Diver Opera tion ” ,
Symposiu5l on Underwater Welding , Cutting and
h and Ton s, pp 141— 159.

Commerc ial pneuma t ic impac t w ren ch es and air
hammers were modif ied for  underwater  use (by
coating them for corr osion resistanc e , movi ng the
exhaust so it would not interfere with the diver ’s
vision , and using water as a lubricant) .

a, .  H ackman , D.  J . and J. S. Gloscow , “Unde rwa te r  E lec t r i c
Shock Hazards ” , J. Ocean Technol .  V 2 ( 3 )  , 1968 ,
pp. 4 9 — 5 7 .
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S .  Hiroshi , 0., “Underwater Distance Distortion ” , Human
Factors , Vl2(5), pp. 473—480.

An experiment was conducted to measur~ appa c ~ : r
distance of a target w i t h i n  arm ’s length  above
water and under water . Ei ght  experienced
divers and eight novice divers  wear ing  facemasks
indicated apparent distances by reaching responses.
The viewing conditions were ( 1) a target
and a subject in air environment , (2) a tar - ;- t
in water but a subject in air , and (3) a taryet
and a subject under water . Apparent distances
were smaller in conditions (2) and (3) tLar .
in (1). This difference is interj-re-ted as
being due to the d issimilar conve rgence and
accommodation requirements in the various
conditions. There was little difference ~,etwc-en
the experienced and nov ice divers.

59. Hiroshi Ono, and O’ Reilly, J.P. , “Adaptation to Underwater
Distance Distortion as a Function o~ Different
Sensory—Motor Tasks ” , Human Facto rs , 13(2), 1971 ,
pp. 133—139.

Adaptation to underwater distance d i st o r t i o n .  was
investi gated as a function of three sensory-
motor tasks and exposure time . The tasks dmffered
in terms of the extent to which visual feedback
during the reaching response was provided . EicP1t~~e-n
experienced divers served as s u b j e c t s .  Each su;~~ cct
performed the three sensory-motor tasks and also
observed another subject performing the task s .
Underwater distance perception was measured after
each sensory-motor task and observing period .
Adaptation occurred when the subjects performed the
tasks but not when they were observing . The
different sensory—motor tasks produced different
amounts of adaptation . ~r. a rgument  is made th - - t
v i s u a l l y  predirected rea-Thing responses (no fE-e ach ,
would produce greater adaptat ion than v i sua l ly
guided (feedback ) reaching responses.
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60. Jones , Robert A., “Manipulator Systems : A Means for Doing
Underwater Work ” , Naval Eng ine er ’s Journa l ,
Feb . 1968 , pp. 107—118.

Various design considerations are discussed .
Limited information is provided for the following
terminal devices for use with submersible work
vehicles : Cable cutter , various types of hand-like
devices , stud gun , centrifugal pump , drill , impact
tool and a saw tool. Recommendations are made for
controlling and monitoring the manipulation and
terminal devices.

61. Kiessling , R.J. and Maag, C.H., “ Perfor mance Impairment As
A Function of Nitrogen Narcosis” , Journal of
Applied Psychol., 1962 , Vol. 46 , No. 2 , pp 91-95.

The effects of nitrogen narcosis on the performance
of several tasks was studied . 10 Ss were t ra ined
to a constant level of performance in a choice reaction
time test , a motor coordination test , and a reasoninq
test .  The amount of impairment was determined as a
function of increased partial pressure of nitrogen ,
equivalent to 100 feet of sea water . The results
indicated : (a) significant decrease in performance
for  all Ss on al l  tests when compared with their
individual sea level efficiencies; (b) a position
relationship between degree of impairment and the
complexity of the task;  and (c)  an ini t ia l  loss
in efficiency as pressure increased , with this
level of impairment remaining relatively constant
with  increased duration of exposure.

‘~~- .  K inney , J.S., et a l . ,  “ E f f e c t s  of Turbidi ty on Jud gements
of Distance Und erwater ” , Perceptual & Motor
Skills , 1969 , V28 , pp. 331—333.

Judgments of the distance of an underwater
target  at various locations were obtained as
a function of water—clar ity. When the target
was chose to S , i tS  distance was underestimated.
Jud gments changed to overestimation as the
actua l physical distance was increased .
Estimates were invar iably greater in turbid
water than in clear water . These data resolve
the apparent conf l ic t  between expectations
from optical considerations and actual
distance estimates made in natural waters.
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( S . Kowal , J.P., “Cold & The Diver ” , Sea Frontiers , Jan.—Feb . 1970 ,
pp. 42—47.

Tests were conduct-ed to determine the effects
of cold on divers mental performance and
manual dexter i ty. Comparisons were made of
performance on the surface and in the water
at temperatures of 45° and 64°F.

The major cold effects occur where the water
temperature is less than 55°F and when the
diver is dressed in a norma l 3/16” wet sui t
and is immersed for up to 30 minutes .

‘4. LeBlanc , J.S., “Impairment of Manual Dexterity in The
Cold” , J. of Applied Physiol., J u l y  1956,
V9(l), pp. 61—64.

In an attempt to estimate the factors involved
in manua l dexterity impa irment observed in
the cold , the following has been found . When
the f ingers alone were cooled , performance of
tests involving little movement of the joint
was only slightly enhanced , whereas the
impairment was large when the joint movements
were increased . This is interpreted as
additional evidence to the hypothesis that
the increased viscosity of the synovia l fluid
is a factor in decreasing finger dexterity
in the cold . However , this  is not the only
factor since cooling of the arm , even when
the hands are kept warm , also caused a large
decrement in f inge r  dex te r i ty.

be~ gierc , T., “Sound Localization and Homing of Scuba Divers ” ,
Marine Technol .  Society 3 . ,  M a r c h — A p r i l  1970 ,
pp. 27— 34.

Several subject—d ivers were studied for their
ability to point to or loca te a transducer
emitting a sinusoidal , pure tone for ty feet
away in shallow water. Various frequencies ,
signal stren gths , and pu lsing formats were
tried and experiments were run with the skull
masked by a foam neoprene hood . Slight
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improvement in pointing performance was
- detected at the lower frequencies but none of

the trials revealed any large improvements in
the binaural  e f f e c t .  In 350 t r i a l s  of a l l
types, a standard deviation of pointing error
of 58 degrees was found .

In 20 homing t r i a l s  the subject swam to the
transducer 12 t imes but the divers noted that
when they were oriented to the bottom plane ,
homing was always possible. It is conc luded that
a weak binaural ability exists with scuba divers
and that a sonic , scuba emergency beacon is
possible and probably pract ical .

H 66. Lewis, C.A., “Velocity Power Tools ” , Symposium on Underwater
Weldin g , Cutting , and Hand Tools , pp 114-131.

Both li ght and heavy duty tools were developed .
The various available types of projectiles and
ammunition loads are discussed .

~7. Liffick , G.L., et al., “Diver Tools ” , Symposium Proceed ings ,
The Working Diver 1974 , Columbus , Ohio ,
March 5—6 , 1974 , pp. 125—143.

The Supervisor of Salvage has recently provided
hydraulic diver tool sets to fleet activities.
This paper describes the equipment provided ,
training program , and the early work experience.
Also covered is recent Navy experience in sonar
dome cleaning including a description of
hydraulic powered and pneumatic powered systems

- with a brief discussion of brush design .
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b~~. Lockhart , J.M., “Effects of Body and Hand Cooling on
Complex Manual Performance ” , J. Applied Psychcl.
1966 , V5 0 (1) , pp. 57—59.

Twelve U.S. Army enlisted men were tested on
3 manual tasks , knot—tying (KT), alock—stringing
(B S ) ,  and block-packing (BP) , under 4 conditions:
(a)  Control-Mean Wei ghted Skin Temperature (MWST)

- 

90.0°F , Hand Skin Temperature (LIST ) ~‘3.0°F ,
(b) Cold Body—MWST 69.0°F , HST 9 0 . 4 ° F , ( c)

Cold Hand—MWST 85 .8°F , HST 45.7°F , and
(d) Cold Hand—Body——MWST 68.5°F , HST 45.8°F.
The 3 cooling conditions had a differentia l
effect across the 3 tasks. Cold Body was the

• only condition that did not result in significant
• decrements for all tasks . Knot-ty ing was unaffecte-.~

by body cooling . The results were interpreted in
terms of the differential effect of cooling the
hand or body upon various aspects of comp lex manua i
performance .

~9. Lockhart , J . M . ,  “Extreme Body Cooling and Psychomo tor
Performance ” , Ergonomic s , 1968 , V l l ( 3 )
pp. 249—260.

In a series of experiments on the effect of body
cooling (the lowering of Mean Weighted Skin

• Temperature ($WST ) while maintaining normal
Hand Skin Temperature (LIST) on psychomotor
performance , the following results were
obtained . (1) Block—stringing (BS) and block-
packing (BP ) performance decreased li nearily
across levels of body cooling (MWST’s of 78° ,
74° , 70° and 66°F). (2) Body Cooling (MWST—
70°F) affected steadiness—aiming (SA) performance ,
but did not affect performance on the Craik
screw task , the Purdue pegboard assembly (PA)

-
‘ task and the two—plate-tapping task . (3) The

effect of level of body cooling on SA performance
was similar for fast and slow cooling rates .
Significant BS and PA performance decrements

- 
I occurred only under the low level ( 7 0 ° F  MWST)

and slow rate (90 m m .  exposure) condition .
(4) Increasing the duration of exposure for
20 and 40 m m .  a f t e r  a given ~-1WST condition was
attained resulted in significant decreases in
BS performance relative to the control condition .
The si gnificance of the above find ings to the
problem of alleviating cold—exposure—induced
performance decrements is discussed .
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70. Luria, S.M., McKay , C.L. and Ferris , S.H., “Hande dness and
Adaptation To Visua l Distortions of Size and
Distance ” , Jour nal of Exper imenta l Psychology,
10 0 ( 2 ) ,  1973 , pp 2 6 3 — 2 6 9 .

Both before and after 15 run of ada:itation under water ,
20 right—handed and 20 left—handed or ambidextrous

S 
Ss made s ize matches to standard rectangles and were
tested for hand—eye coordination . Nearly all showed a

• reduction in the amount ot distortion to position
a f t e r  adaptation with no significant differences
as a function of handedness. In ot her
respects , however , the 2 groups showed great  dis-
similarities. The results for the right-handers were
consonant wi th  p rev ious  reports of a negative
correlation between magnitudes of adaptation to size
and distance , bu t this was not true for left-handers.

The ef fect  of prev ious diving exper ience also
d i f f ered for  the 2 groups. Finally, the ie~ t—
handers consistently showed increased distcrtion in the
perception of size after adaptation , but the right-
handers did no t . Thus , only the left—handers showed
t rue  counteradapta tion ( increased distor t ion a ft e r
adapta tion)  but  only the r ight—handers showed

- 
negative correla t ions between 2 modali ties of
adaptation .

7 1 .  Lu r i a , S.M., et al., “Visio n Through Various Scuba Facemask s ” ,
Huma n Factors , 1974, V16(4) , pp. 395—405.

The visual per formance  us ing f i v e  commercially
a\’ailable facemasks was compared . Measurements
wer e made of v i sua l  f ields , visua l acu i ty ,
ster eoacu it y ,  hand—eye coordination , accur acy
of d istance estimates , and accuracy of size
estimates at both near and far distances. In
addi tion , the optical propert ies of the masks
were measured and the susceptibility of each
mask t i -  fogg ing was tested . There were signifi-
can t d if ferences among the masks fo r every
visual process tested . Some masks were superior
for one purpose and infer ior for another purpose.
For example , the mask which had lenses desi gned
to compensate for  the opt ical d istor t ions  found
underwater improv ed s ize and distance estima tes
and hand-eye coordination , but degraded acuity
and stereoacuity. The results were not explained
on the basis of differential susceptibility to
fogging .
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- 72. Macnair , E.J., “Closed Cycle Diesel Engines for
Underwater Power” , SAE Intersociety Energy Con-
vers ion Engr .  “onf ., Boston , Mass., Aug . 1971 ,
pp 577—586 .

Diesel eng ines can be operated under water at
continental shelf depths on stored oxygen wi th
recycled cooled exhaust as diluent . By this
means , considerably longer submerged endurance
can be achieved than from a lead-acid battery of
the same weight and bulk , and the eng ine can also
opera te on the surface breathing air if required .
The paper describes development work on this  system
in the UK.

73. Ma’’-Iesich ,J., “The Design and Construction of an Underwater
Dred ge ” , Eartbxnoving Industry Conference ,
Peoria , Illinois , Society of Automo tive Engineers ,
April 1971.

- 

The world ’s first underwater dredge is at work
successfully replenishing badly eroded beaches
in Florida . Existing off—the-shelf components
have been utilized in the underwater dredge ,
extending dredg ing techniques where surface dredges
have not been able to operate because of wind and
wave action .

Mills , A.W., “Finger Numbness and Skin Temperature ” ,
J. Applied Psychol . ,  V9 , July-Nov . 1956.

The tactile discrimination of the right index
fingertips of men exposed to a cold environment
was lo und to decrease wi th the skin temperature
of the same area . The measure of the tactile
discrimination was minimum separation between
two edges at which they could be discriminated
as two. The log of this Beparation was
inversely proportional to the skin tempera ture
between 0° and +33°C. If the finger was
rewarmed by a phase of spontaneous vasodilatation ,
which genera l ly  developed after about 15 minutes

F of exposure to -18° to —23°C , tactile dis—
crirnination recovered w i t h  the rise in skin
temperature. If spontaneous rewarmir.q did not
occur at that temperature , frostbi te usually
ensued.

I



‘3. Montagne , W .E. and S. F. Strickland , “Sensitivity of The
Water-Immersed Ear to High and Low Level Tones ” ,
J. of Acoustical Soc. of Amer. 1961 , V33 ,
pp. 1376—1381.

Two experiments are reported regarding man ’s
sensitivity to waterborrie sound . The first study
investigated the threshold sensitivity to tones
of 250 , 500, 1000 , 1500 , 200 0, 3000 , 4000 , and
6000 cps and the attenuation due to the diver ’s
hood . The second experiment obtained data on
the “tolerance ” to a high intensity tone of
1500 cps .

The sound—pressure  level needed to reach thresheld
in water is about 40—70 db higher than the MAP
threshold in air . The greatest loss in sensi-
t i v i t y  occurs in the reg ions of greatest  air
sensitivity . The diver ’s hood was found to provid e
about 20 db or more of attenuation of underwater
sound at frequencies above 1000 cps.

The “ tolerance ” limits for hoodless divers is
approx imately 174 db re 0 . 0002 dy ne/cm 2. When
wearing the hood divers were able to tolerate at
leas t 180 db , the system ’s maximum output. Above
165 db all divers reported some distortion of the
visua l f i e ld .

Moore , A. P. ~ K. Masubuchi , “Metal Joining in Deep Ocean”, IEEE Ocean ,
1975, pp. 578—583.

Needs , diving system limitations and pressure  related technical
problems are considered in an examination of deep ocean metals
joining technology . Methods will soon be needed to repair
structures at depths exceeding 300 meters but existing arc
welding p rocesses are limited in depth by pressure effects
actin g both on the diver and on the arc. -Toining devices
be Lng developed for salvage operations are not constrained by
diving considerations hut are not adc5~u-ite for most repair
and construction work. New processes suitable for remote
operation yet versatile enough for practical application are
needed .

_ _  _ _ _ _ _ _ _  
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77. Naval Coasta l Systems Laboratory , Analysis of Electro-
-. shock Circuit Configurations Relative to Underwa ter

Cutting and Welding, by F.A. Blanchard & M.  W . L i p p i tt ,
Panama City , Florida , April 1976, (NCSL 278-71).

An analytical study of the electroshock circuit
configuration of the diver using electrically
powered tools was attempted considering normal
and failed modes of various diver equipments ,
including arc cutting and welding , and AC powered
hand tools.

Naval Coastal Systems Laboratory . Navy Diver Tools , Development and
Evaluation , by F. B. Barrett , Panam a City, Florida , May 1976 ,
in editing.

The primary purpose of the report is to present available data
concerned with the suitability of selected Navy diver tools
for Fleet use. The objective is to gain offici al service
approval for Fleet procurement and use of the tools. However ,
the report should be of general utility to those concerned w i t h
the development and evali tion of diver tools.

7~ ) . Naval Explosive Ordnance Disposal Facility. Evaluation of a lithium
Hydride Gas Generator To Inflate Underwater Lifting Balloons ,
by B. S. Poe, Indian Head , Md . , December 1973 ,
( NAVEODFAC Tech. Rpt . TR—l54).

Underwater ordnance lifting equipment currently av~ iiahie is
depth limited and does not f u l f i l l  magnet ic  r r ~uirements.
Consequently , a metal hydride gas generator was tested as a
nonmagnetic inflation source for the MK 2 Mod 1 Flotation Bladder.

This report outlines systems operatiuns and compares the present
compressed air system used by the Explosive Ordnance Disposal
(EOD) community with a n~-w lv developed Lndrogen gas generating
system. Fuel considerations , tests conducted , and hazardous
considerations of the chemical gas generator lifting bag system
are reported in the appendixi- .-~.

Test results show that  ;1 chemical gas generator ran be used
successfully as an inflation source for underwater lifting
balloons .

L
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80. Nava l Facilities Engineering Command , Washington , D . C .
1971 , Ocean Construction Experience Devolving
from Project AFAR .

Project AFAR incompasses the construction, install-
ation , and operation of the Azores Fixed Acoustic
Range . Some of the underwater tasks accomplished
follow :

1. Site survey using the PISCES III , a manned
submersible vehicle .

- -  2. Diver use in underwater rigging .
3. Underwater cable laying .
4.  Roc k dr i l l ing by divers using hand tools and
a track drill.
5. Placing of explosives.
6. Underwater inspection
7. Cable protection by utilization of diver placed
split pipe .

?~I Naval Medical Research Institute. A Self Contained Load Handling
Pontoon , by K. J. Konda , Bethesda , Md . , May 1973 (R pt . No. 4) .

To increase dive s a f e t y ,  endurance , and performance , and to
measure dive work in assembly projects , a self—contained load—
handling pontoon was developed . The pontoon is light and small
enough for one man to handle , yet big enough to carry a good
pay—load . It enables a diver to l i f t  a heavy object , move it
from point “A” to point “B” in complete safety, and to control
the obj~~~~s up—and—down movemen t within a matter of inches.
Testing results and specifications of the pontoon are discussed ;
recommendations for improving future models are made. This
self—contained load—handling device should significantl y extend
the performance capability and safety of the working diver.

c
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~2. Naval Missile Center. Diver Operated Cargo Carrying Vehicle , Lse of
Cockpit Mockup as a Design and Training Aid , by F. B. Barrctl ,
Point Mugu , California , June 1971 (ITP—74—9).

liii CAy is the first known e f f o r t  to develop an onelL , di v~-
operated , cargo—carrying submersible vehicle. As su~~~ , - a c - .-
uni que design problems existed . The cockp it mockup W i ~~

fabricated to aid in solving these design problems . The
specific objectives were :

1. The mockup must serve for both s u r f a c e  and u n d e r w a t e r
test and evaluation of instruments , controls , seats , hand r .iils ,
and other equipment used by the operators.

2. The mockup must be useful in training pt- r - -- nnk I i n  v e h i c l e
operation and underwater  s a f e ty  and en te r t e I I c  r o ( e du r e n , and
serve as such both on the surface and underwater.

3. ‘the mockup must he relatively i n e x p e n s i v e  and -
~ i n i p le to

construct.

The m a t e r  i~ 1s were se le ct e d  fo r  ease in fabricat ion and suit—
ab i lj t y  f o r  a l t e r n a te  use in s a l t — w at e r  an d  on l a n d .  It  was
also d e s i r a b l e  to have m a t e r i al s  w h i c h  w a i l d  make the
i n t e r c h a n g i n g  of instruments , controls , and other equi pneii t
l a i r l y simple .

The a u t h o r , p ro j ec t  engineers  and v e h i c l e  op e r a t o r s  we~~ - a l l
Navy certified SCUBA divers , as well as en t h u s i a s t i c  s p o r t  d i ve r s .

A l l  t es t  objectives were s u c ces s  l i i i  l v  met  . A d d i t i o n a l ly ,  t he
m o ckup  proved e x c e p t i o n a l ly  e f f e - -t i v e  fo r  emergency p r o c e d u re s
t raining.

A v cr y  s i g n i f i c a n t  sav ing  in -~ i -n  i gn and op e r - I t  l e n 1 ]  t - s t  t inc

was ach i e v ed  t h r o u g h  use of the mockup and d e s n r i h e u  p r o c e d u r e s .

83. Nav~~ ~~iii ~~ Research & Development  C e n te r , Swinoer  Capabilities
S t u d y , b y R . K .  Johnson ~~~~rJ R . H .  l - ~~ nc- , Panama  C i ty ,
L-l oric-la , June 1970 , (flSRDL/PC3127).

The Thjective of tLis task was to obtain data on
nav igational abilit~- and physical capabilities o~i
r -risonably well c-c-riciitione d swimners in moving
waLer in order to permit more rel~ ab1e predictions
1 ) f  ~ossible scenarios of swimj nc r attacks. It is
r e co g niz e d  tha t the motivation of -~~ detcr-~inedsw immer s ~in important but indeterminate factor.

~~~~~~~
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Ml. Naval Ship Systems Command . Underwater Ship Repai r , by N. M. Mada tov
(Russian translation), Washing ton , D.C. , Ju ly 1970 ,
(NAVSHIPS Translation No. 1238).

During the operation of ships , it Is p o s sib l e  to ave a br eakdown
of the propeller , rudder and other devices , Inc luding the bottom

• and hull fittings ; the hull of a shi p or vesse l  may id’.’*

sustained combat or navigational damage . ‘ l i e  p robl em o f the
present reference handb ook is to Instruc t and to provide
practical advice on how to elimin ate the malfunction ; of t h e
vi tally important devices and systems , how to stop leakage and
to repair ruptures in the shi p hul l  w h i l e  w i t e r h o r n i - , without
resorting to the aid available at a dock or shi pyard .

The individual malfunctions of the units , systems and equipment
and also damages to a sh ip  hull can be repaired more rap idly
wtth the use of underwater ship repair and t h e  repair w i l l  n t
less than during docking since it is expens ive  f o r  a ship to be
drydocked. At the present time , w i t h  the dispersed Pin ing of
shi ps , th e necessity for repair away from the main repair bases
and the docking facilities is growing ; therefore , a k n o w l - d h e
of the underwater  shi p repair techni ques is acquiring con—
s id erabl e impor tance .

The author has described in de tai l  the technol og ical methods and
operations of underwater ship repair , including with the utili—
zation of unde rwate r semiautomatic welding and cutting of
metals , underwater painting and other tasks , the  technique for
which has been developed in recent years. A review is made of . -

the effect of the underwater ship repair methods on the
expans ion of the production potentialities of the ship rep air
enterprises for providing the repair of th e submerged s e c t i o n s
o f the hu ll and of th e impor tan t units on a ship or vessel;
he also di scusses the seq uence of performing underwater shi p
repair under autonomous conditions by the personnel at the
underwater ship repair stations and by the crews on board the
ships. He explores the questions of the technical monitoring
and safety techniques involved in underwater ship repair .
The required reference materials are included in the book .

This reference handbook is intended for the engineering-technical
workers , div ing specialist s , experts and crew members at the
underwater ship repair stations , for the cr ews on shi ps in the
Navy , merchant marine and commercial fleets , i n s t r u c t o rs ,
military school students and students at Naval training
establishments. It is also of interest for a broad group of
readers since it makes one fami l i a r  wi th  a promising t y p e  of
ship repair.
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85. Naval Ship Systems Conunand . Proc eedings of The Underwat er Shi p Uushandry
Work shop, by R. E. Elliott , et  a ! .  , ka~- hin gton , D.C.
September 1975, (SUPDIV Rpt . 4—75).

Undo rw,i I or Sh i p Ilunband ry encompasses repo i r 
* 

n i t  l o t  enar l ( - ( , and
inspec t ion  tasks p e r f o r med b y divers as a se rv ice  t o  w a t e r b or n o
shi ps. Iii our Navy the execut i on of t h es e  tasks is p r i m a r i l y
tli ~ r e s p o n s i b i l i t y  of shi pyard , tende i , and repair - l i i p diving
crews . The Supervisor of 1)iving (SUl’l)IVE) funds and mon i tors
r e searc h and deve lopm eii  t efforts who- , i oh ice  I iv c- - i r e  t o
upgrade the  c a p a b i l i t i e s  of shi p husbandr y d i ver s  t hr eii ~;ii
hardware developments and information t ransfer. The S i v i l
Coastal Systems Laboratory (NCSL ) , i n  Panama City, I - b r Ida , is
the prime laboratory performing shi p h L J s b -Inl rv Rl.l) for d l’l)IVE.

~~, .  N av a l ; ( l b i n a r I F l C Medical Cent e r. U n d e r w a t e r  V i s i b i l i t y  ot  F] s t - -c  i t  ,iisl
Non—Fluoresce nt P a i n t s  by J . S. K i n n ey , et . 01 . , - r e t  no • 

( oIi n .
Sept .. 1965 , (Memo. Rpt . No. 65—1 1).

FIlE PROBLEM : To compare the und erwit I r v i s i b i  I i l \ -  I t  y i n - I I

11 ,iorescent paints with bright , non— I I n r c - s c e n t  p d i n t S  ot  t i ~
same c o l o r .

FINI)1NCS : Fluorescent paints w e r e  ( c i r r 1  c t  ly  h - u t  i t  i ed  a - r t - . i t i - ~
p ercen tage  of the  t ime than were non—fl l J ) r ( - s c - i - n t  p a i n  I S ‘I

same color , under all viewing conch i t  I on s .  Among t h e  var  j u n
fluorescen t paints tested , yel lows were th e most  v i s i h l  -

A P P L I C A T I O N S :  The u s e  of fluorescent p u  m t s  s h o u l d  he ( ( n s i i u - r  -d
wherever visibility is an Important p r o b l e m  f o r  a d i v e r . I-’o r
exampl e , f l uo re scen t  m a r k i n g s  on a w et  tn  i t  s~o - I l ~1 ~

- a k -  i t  ~~ci -

c-ic ier to f ind a companion underwater. Simi larl y, equi ; t s - l i t

siud underwater hazards could he made ri i- eonsp I C to ils hy the
use of fluorescent p a i n t s .

P .5.  N v - i l  Su b m a r i n e  Med ical UI I l t c - r .  E st  l i i i t  ion  o t  S i _ c -  ari d d i s t a i ~~- c-
u n d e r w a t e r , b y S. H . or Li , ( - r i t o n , ( o n i t  - , Dc- - emb er 1965 ,
(R pt . No. 462).

A compa risen was made ot es t~ imat c - i ;  of  b e t  P he si ;:t- ari d d i st ance
ot unknown objects i n  air and in w a t e r . I s t i m a t e s  were made both
by train ed SCUBA diver s and b y random ! ‘i -c Icc  ted -oiL 

-
~ 4 - e t s . . \

f i t  r I n c h  square  t a r g e t  wa s posit i oned a t  I rye and twe I ‘. C i t

1 m m  the subject tor t h e  s i z e  c - n t  i m i t  -i  and  i t  em- foot i n t e r v a l s
I rem f o u r  to f i f t e e n  fe et  f o r  t h e  d i n t  l u l l -  oSt  lO o t -i .

I

-



-
~~~~~~~~~

(Cent I n u ed )

o h o e r v i t  Ions i n  air were made out of doors and the underwater
observations were made from a porthole in a submerged t o w e r .
It w i n  h ound that the estimates of size were reasonably
accurate In both air and water , but they were somewhat larger
in water; the increase corresponded to the increase in t h e
size of the retinal image as a result of the refraction of
lifht waves passing from water to air , by the main group of
subjects , hut not by the divers. The overestimations increased
with increasing distance and the variability was greater in
water. Similar overestimations of distance were shown to
occur in air when the visual cues which are normally present
were sharp ly reduced . It was concluded that , in unstructured
visual fields , estimates of distance are generally too large .

~~) N~~v a 1  Submarine Medical Center . Visual Resolution Underwater , by
P. R. Kent , Croton , Conn., May 1966, (Rpt. No. 476).

Visua l resolution in air and underwater were compared using
Landolt Ring targets and a self—luminous , water and pressure
proof target mount. SCUBA diving masks were worn during the
tests , both in water and in air. Comparisons were also made
while viewing above and below surface targets throug h a
periscope from a surface position .

In both instances , visual resolution in clear wate r  was b e t t c - r
t h a n  i n  air at the same actual target distancc- , when apparent
luminanc es were equated for the two conditions . In most
uaSes , the improvement while wearing the SCUBA mask feli below - .

- predictions based on the magnification of the target image
u nderwater. The reasons for this were ascribed to fogging
cu t the mask underwater , and the lack of sufficientl y small
targets for some observers. The difference in resolution between
air and underwater viewing throug h the periscope was nearer
that predicted by theory .

,av .ul Suhm ;iri nc- M e d i c a l  Center. Visibility of Colors Underwater , by
.1. S. Kinney , Groton , Conn., October 1967, (Rpt. No. 503).

PROBLEM : To determine : (1) t h e  most and least visible colors
or iso underwater; and (2) whether these results are app licable
[~ ~1l bodies of water.

:
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‘Mt . (Continued )

F I N D I N G S : The s p e c i f i c  colo rs w h i c h  wer e  most v i s i b l e  varied
with the type of water investi gated , f r o m  orange in m u r k y
water to blue—green in clear water. Fluorescent pa i nt s
were always superior to non—fluorescent of t he  same color and
white was the best non—fluorescent. (;ray and black w- r e  th0
most difficult to see .

APPL i CATIONS: Spec i f ic colors are recommended as a ids  to
visibi Lity for use in unde rwa te r  ope ra t i ons  of d i v e r -  and
operators of small suhmersibles. Other colors are recommended
for concealment and combinations are chosen for cases in which
color confusions underwater must be avoided .

~~b .  Nava l Submarine Medical Center. Underwater Visibility o f Co lo r s  l~i t h i
Artificial illumination , by J. S. K inney , et al. , (;i- ( t ( Iil , Conn .
October 1968, (Rpt. No. 551).

The visibility of va r ious  colors underwat er , when ~‘icwe d  under
art ificial illumination 

* 
Pa~ been measured  in thr e1  dii I er ~- n t

bodies of water chosen to samp le a continuum f rom c le ar  to  t u r b i d .
S u b j e c t s  were SCUBA d i ver s  who oh ser vc - ~i t he  color s  at  n i p h i t ,
using a mercury or an Incandescen t lig ht sour - c- . i t e v i  ,ih ilitv
results show numerous interactions among color , fluorescence ,
type of light source , and type of w a te r ;  f r o m  then , i t i s
possible to select the optimum combination to he us ed undc a
wide variety of conditions. Colors are specified t h a t  w i l l
(I) maximize vis ihllity, (2) provide t h e  h i - s t  e ; t m o l i t  I p~c - . and
(3) allow distinct color differences i n  ap s l ; u r i n - m- f o r  uu c-
in color coding. I h i - s e  results arc- summarized in erms ci
the colors that are most effectiv e for use under v a r i o u s
operational conditions encountered undt-rwater.

~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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92. Naval Submari ne Medical Research Laboratory,  “Field
Test of Dark Adaptat ion of Divers ” , by
Everley , I. and Kennett , W ., New London , Conn .,
July 1949 , (AD 368— 163).

Data are  presented ott 120 dives in water of a depth of
15 to 18 feet in which the bo ttom was very muddy
and tide and current conditions such as to make
the advantages of dark adaptation difficult to
measure . Subjective improvement , however , was
reported by all 60 divers. Data are presented on
42 dives in 170 feet  of water  half of which were
by dark-adapted divers who showed definitely
measureable improvement in vision and who universally
expressed their opinion that  dark adaptation improved
underwater vision markedly . The advantages of dark
adapt ing divers is more evident on days  m w  hcih
meteorological and other conditions provide low
i l l u m ination on the bottom . The practicability of
dark adapting divers by dark adaptation goggles worn
until the diver was ‘on bot tom ’ has been demons trated
It was found that once dark-adapted , a diver ’s vision
will remain constant unless radical change : a li ght
intensity occurs.

)3~ Naval Submarine Medical Center , Effec ts of Diving Experience
itt Visual Perception Underwater , Rpt. 612 , by
Kinney , J.S., Luria , SM ., Weitzman , D.O. and
Markowitz , H . ,  1970.

Measures of a number of visual functions were per-
formed on subjects with varying amounts of underwater
exper ience.  Al l  measures of hand-eye coordinat ion
revealed a sizable infl uence of underwa ter experience,
the more ex tens ive the divng history , the grea ter
th e visual—motor skill. On the other hand , siz e
estimates under water by men w ith div ing exper ienc e
li ffered little from those by men with none . Results
t o r  e s t i m at i o n  of distances •~mnderwater were inter-
:~in chate , showing some - but not perfect - corres-
pondence with the amount of underwater experience.
The da ta suggest var ious additions to the t rainin g
procedures for SUCBA divers which shou ld facilitate
~:l eir adjustment to underwater distortion .
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9 4 .  \:uv i I  Sui h iiiari tte tic ! ical R e s e a r ch  L a b o r a t o i -y .  ‘‘J nd c n u e n t  s of ih-
V is i h i I I ty of Colors ~hidc 

l: rota an lindersat or h u b  I tat
Repo u t  No - 777 , by •JoAnn Kinney and 1 . It - ~lj 11 or ,
(;i- ot ~~~~, ;orl nci -t i c u t  • I ~) 7 - J  -

J ui d gements ot  t h e  r e l a t  cc- v i s i b i l i t y  of c o l e t s  ~ c is-
during t lii- I ,a Chuc lu p a ’ dive I rein an citi dorwa t or h a b i t  it i i i

loe it ccl to lO t . ) f t  of  ( ; ; t r i h h e ; i t i  s u i t  c r . - Jud ge tn c r t t s I~~~ c l ~-

with colored targets viewed against thc c~ it er back ground
sire i t t  uigt-ee ttt ent w ith p r e v i o u s  studies; th at is , bright
col e us were t h e  e a s i e s t  t o  -ic - c and clark color e J i s aj p -a r e d
t h e  itlost read i l v .  hiose ver , w hen t h e  VI  l o i s  w e e -  V i -we t

:tgui i ii st a li ght i-a b a c k g r o u n d , d a t -k  c o l o r - ;  5 ho m o s t
V I s i b  Jo . It appe a u s  I li _ i t uc- at i cc co Ot  c a s t  u n d o  sa t  Is
su u p c t l i t  t o  posit i y e  cent ru s t ci i  t I l t ’  ~-w rc Im otifli - I n
add it ion • c m i  11 d iti rn i I chari i~ -~ s- cr c  f l e d  s i t h  g u i - c u

t i c  e e l s  i rug i t t  t i  s d ’  i I i t  
~ 

- co d  orange Jc~ r : u s  c o g  as  t h i -  l i v
5 )  15 Lit ) -

95~ 
Naval ‘Fr .iin ing 6 v i ce  l u - o N e . S t t i l v , F - i ~~i h i 1 i t v  a t  tJnd~ rse0 u f c i ~ eSim ulu t ion , b y H.  ‘- 1 . h e w - i , Ui lando , Flo rid- c , ~‘Iav 1971 ,

(64 - ( — 0 1  ] i ~_ 1 ) .  -

1 i ~~- st u d y r e v i e w s  mal t ’ s invol vem ~- uit itt u u u d e r s ~ u s a l v a g e  p c - r o t i o n s
i -  c o n d u c t e d  b y t h e  N i t ’ ,- and def  l o t s i i -  relevant tr a inin g
r iqu ii rements.

\ val S.uivau -~- Syst -in s u t  - ‘ mobil l i t - i rem o p t - c  i ii ized and goner -c ]
p lir p osu- equi pments. Flue i-on H- - i r u t  l u i t  i t a iv s ;u1 v a ~~c - Scot -eu
is J u t  c rrnined by t h e  s - u l v i ~~ - e ~~~. Th u -  re no

- u l v a c c -  sv S tc-n;~~ ; r u t l i u t  , t - - r -  t-x)sts - - u h l i p licjty of
components and pers u n n c - I cu t  v ar  i euco hi l i t  l c S  from which an
i i  l u a u  salvage sy sti~rut is e J- t l i z - i .

I
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9 5 .  (Con t inued )

Divers represent  an important c a p a b i l i t y .  However , the  work
use fu lnes s  of d ivers is a t t e n u a t e d  i t  deeper depths  and by
the complexity of the required ‘ife support systems and
other equipment. One—atmosp here submersibles offer an
alternat ive capability.

A considerable variety of surface ships , submersibles , diving
systems and underwater tools is ava i l ab le .  A descriptive model
of the mobilization of these resources at a salvage site is
o f f e r e d . The follouing recommendations are derived from this
descr i p t i v e  mode l :

Divers must be trained in wate r ; hence , training tanks are
required . Suitable f a ci lt i e s  are described .

Underwater systems require the carrying out of complex
procedures and skilled tasks ; appropriate simulators to
t ra in  the required skills art - necessary .

Salvage , from the point of view of the on—scene commander
and his staff , Is a p r o b l em — so l v i n g  operation. Training is
necessary and may be conducted by means of a model , an
on—line computer , and scenarios dep icting salvage situations .

96. Naval Undersea Center . Performance Study at Present and Near—Future
Diver Viewing Systems , by S . B. Bryant and C. J. Funk ,
San Diego , Calif ornia , July 1972 , (NUC—TP—302).

This stud y evaluates the  viewing performance and engineering
features of present and near—future diver viewing systems .
A simple polarization—discrimination system for diver use
was tested in San Diego Bay and evaluated. Water character—
isrics data was recorded to establish system performance in
additi ona l locations. Several near—future diver viewing

- systems were hypothesized , and a computer simulation
icredic red the performance of these systems in deep ocean ,
-oastal , coa st a l , and bay water. The effects of multip le
—icattertng won - inc luded  i n  the simulation . Finall y, all
sy s t e m ; were evaluated as l unctions of beam pattern , power,
human fac tors , safety , reliability, maintainability and
operability.

I
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97 .  N v y  Electronic -s Laboratory . Evaluation of  Ph osp hores - c- nt and Fluorc-: ;cent
Coatings For Equipment Used at t~ t-O , San I) iego , Cal l i rn ia ,
January 1954 , (R pt. 455 , AD #035502) .

Tests  were conduc ted  u s i n g  d i v e rs  t o  li t ermine the visibility
c u t  objects coated with phosphorescent and flu r - - u - -ut coat logs

Fluorescent coatings were found to he u n s a t i s fa c t o r y  Ju t -  I

relatively short detect ion distances and the need for
ultraviolet light. The use of phosphores ci-nt coa t ing s  d e f i n i t el -
increased the detection distance. The v i i b i l itv  of d i f f e r e n t
colors and the effect of turbidity and darkness is discussed .

98. Navy Electronics Laboratory. Divers ’ Bod y heat l os :- , by J. lte -ig lc- - and
E. Coil , San Diego , California , October 1966, (Al) 652— !o ’~) .

A study was made primaril y to obta i i i  d a t a  app licabl e t o  t i e
design o an optimum protective suit for divers in ;-i rit ic
environments. The exper imen ta l  metho d  employed  swimmers ~h
p e r f o r m e d  shallow dives in the NF L a r c t i c  pool it 30- -32° F.
Skin temperatures were rec orded by the u - i c  01 suit~cdl y

• l o ca t ed  thermistors , and other data were obta ined  t u m  b lood
samp les drawn immediatel y before and a f t e r  c-aoL dlv~- . Results
suggest tha t  a f o u r — p  i c - c  foam n e o f l r - l u c  Wet s u i t  consist  iiig ~~
a 1/8 ir u ch  t i g h t — f i t t i n g  inne r  s u i t  arid a 1 1 +  i nch  sn u g —
f i t t i n g  o u te r  s u i t  along w i t h  two p a l - c s  ci n e o p r e n e  socks  and
mittens would provide the optimum combination of p r ot e c t i o n

- 
- and mobility for divers in arctic waters.

9 9 .  Navy E x p e r i m en t a l  D i v i n g  U n i t : . Compara .  lye Evaluation of P w - -~~-r .\cr uat -d
Stud  D r i v i n g  Tools for Underwa ter U se , by I - . M .  l a n ney , c t  a]

Washington , I).C., Feb . 1959 , (AD 780—211).

Powder actuated , stud driving tools wore  s u b m i t t e d  h’ , t h r c - c -
d i f f e r e n t  m a n u f a c t u r e r s  for  a c o m p ar a t i v e  - v i l i ; a t i o n .  The purpose
of t h i s  c-valuation was to determine the underwat er operat I
capabi l i t i e s , the  rebi t ly e  ease of o pe r a t  ion , and  the sOic t y
haracteristics of each of the tools. Ftt - evaluation consistee

of l a b o r a t o ry  t y p e  p e r f o r m a n -e t e s t s  and a l i m i t e d  s,it i c-ct lye
evaluat i o n .  Two of t he  t e el s- y r  c f o u u f to be -oc t is factor ’.- ant:
were recommended for fiel d eva fi c t i o n . flu o t h e r  too l  w as
determined to be u n s u i t a b l e  for u s t -  by a d i v e r .

ci
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100. Navy E x p e r i m e n t a l  I ) iv i i i g  U n i t .  F i t - I d  E va l u at i o n  of a Powder  A c t u a t e d
Stud 1)rivlii g Tool for Underwater Use , by B. L. Delanoy ,
W a s h i n g t o n , I ) . C . , Apr il 1959 , (Al) 778—857).

A brief field evaluation of a powder actuated stud drive
m an u f a c t u r e d  by the  Mine Safety App liance Company was madi-
t o  determine its suitability for underwater salvage and
repair use. The tool was found to give satisfactory per—
formance , but was difficult to operate by a diver.

101. N u u v v  Exper iment al Diving Unit. Memory lmpairment During a I)eep
h elium I)ive , by R. J. Biersner , el a l . ,  Washington , D . C . ,
J u n e  1970 , (Al) 715—344).

iwcnty divers performed an associative memory task at
three intervals during a saturation dive : once at the
surface , a second time at a depth of 600 feet , and a third
time during ascent at 100 feet. Memory tested after a
60 minute delay at 600 feet was significantl y poorer than
60 minute memory tested on the surface or at 100 feet.
Ft was concluded that the selective impairment resulted from
psychological stress rather than helium narcosis , since 5
minute memory was not impaired at 600 feet , and 60 minute
memory remained completely intact in several instances . This
study provides evidence suggesting that psychological stress
may he an important factor in influencing performance at
extreme depths .

02 . \ - v  ~po rim en t a I I) i c i n g  U n i t  , l iv e r  \ u i t h r n p o n i c t _r i c s , b y
R e a t t y , II .T. and Berghage , T .E., l : a sh i n g t o n , D . C . ,  1972.

I .  ~i i d t he d c —  ign  eng i n c - e r  i n  t h e  dcv e  I sp l in t  of t a t  ur e
Lu .~,. \:uvy c h ivi n ;~ systems and equipment a compreh ensive
u n t h  1- op omet n c  stud y w a s  iun de  r t a k e n  . Fifty- four anthro —
- - oct n c  measures , two pulmon ary func t ion  me asures , and

ri-c derived bod y measures w o r e  oh t a i  ned on 100 , -11 , and
fli t 11 .5. \avy d ivi- r s rcs ltc-ct vet s . i)oscri ptivc st at isti cs

t in t u ti ca - - ut - es of itu t c - rr -lui t u otl hi}) are given lot each
l e O  -~ u i red ;it u d de r i v  cd var i ab Ic’ - The mu n m u m  number  of
n t h r o i s u n ; -f  t i c  va ru ah ies nc- c - ;h-d w ; i~ c l t ’t c ru ; i l nc J he f a c to r

i sil y s i s . ih e  m e a s u r e s  oht  - i t fl c t on the 11. S. \av) divers
so rt  c o t t i p a u i - d  s thu an t h r o p t t ; s - t  n c  data avai habi t ’ for t h e
itni I c at m l  ion popti I at ions
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103. N a v y  M e d i c a l  Research i n s t i t u t i - . Self  Cont a i n e d  Load H a n d l i n G  Po nt  e t c .
by K en da , et i i . , Bethesda , Md. . ~l v  1971 , (R~- -~ - R 1 t  . s- - . I.

Ilte developed pont uj  i- light and sm:i i enough b r  Oi1~ m l
to h and Ic , y e t  big enoug h 1 a carry a good p u v  — lo:e! . - e

movement of the object vertically may he controll ed within a
few i riches. 1 € - s t  ing was ;iccOmj)1 ished using a 130 p ound

‘ pay load , but the system has i cop u i ty  of 65U tountin .
pontoon is SCUBA bott it- inf l:it -d .

10 4 .  N o r n c i i t  , h) .G . , Porce A pp lication in S i m u l a t e d  Zero Gravit y ” , hlciman Factors ,
1969 , V1l(5), pp . 489—506 .

Uti l izing zero—gravity simulat ion tec l itiques , six suD~~-c t s
provi ded basic force exert ion data under var i n - - - - n d  it i us
of personal restraints , works i te reac t s- I  r ’,- , and vpe au -i
direct ion of forces t o  he ex e r t e d .  A l  1 da t a  r epor t  & i
wert- col k-i -ted w ith subjects wearing Apo llo suits pr u - - --u r i z - f
to 1 .5 p-;ig. Current efforts are  p r o v i d i  tug ha c- inc ci i t a

under i—g. and 0—g. shirt—s i eev€- ceu id  it ions. This  51 u t ~’
part of an ongoing program of research on man ’s role in

- 
m a i n t a i n i n g  advanced space sys tem s .

105. North Ame rie :itt Aviation inc., Underwa te r  1) isplav l e g i b i l i t y  as :1 F u n c t i o n
of Display Format , Color , Brightness and V i ew i n g  D j s t : i t i c - ,
by R.  A . Beam , ct al. , Anaheim , California , Ju ne 1 ) 67 ,
(17—827/020 , 675—008 ) .

Information is presented - - o n cer n  in g  tb - l eg i b i l i t y  oc und~- r w ~ t c  r
displays. included ar€ - the eff ect at indicia and numeral size ,
viewing di e lance , contrast , hr i gli tnes s , to) or , si - c c nd shape.

- 

l i m i t e d testing was accom p lished.
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106. North American Rockwell , Space Div i s ion .  A Stud y of Work I’roducing
Cha rac te r i s t i c s  of Underwater Operations iii- a Function of
Depth , b y I . Streime r , Los Angeles , California , November 1969 ,
(SD—69—7l2).

-

‘ 
The effects of alterations in working depth upon the work
produc ing characteristics of humans performing specific underwater
manual tasks we re examined . The tasks were :

- 
1. A simple , repetitive rotary task requiring continuous torque
production against a fixed resistance in a self—paced manner.

2.  A simple , repet i t ive, d iscont inuous  f l e x i o n/ e x te n s i o n  task
- requiring the exertion of linear forces against a fixed

resistance in a self—paced manner.

The work was performed at two depths ; 33 and 66 feet in the open
I ocean . During work sessions , heart rate and three skin

temperatures were recorded . Similarly, techni ques were employed
- which allows measurement of mean respiratory flow volumes and

oxygen uptake level.

The results obtained were examined as functions of task and
d e p t h .  S t at i s t i ca l ly  significant performance differences were
found and related to previous stud y results.

~1
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107. Ocean u ut les , t n t - . l)iver Performance and Human I- t mgl itet -ring lest s

Salv cgc - Equi pment Evaluation Program , G~;N/ :-f ~~k~ I Cung  At -gi r
-

- Ilah it ;ut , by B. C . Ander sen , San hit-go , Ca lif or n i s , IC- ft . 1’ i 7 2 ,
((th— -rR— 72/1—p01)

I .  l o t  ro l it - t i on
I I  . I)esc r ipt ic)n of the  0 -e an  F loo r  Salvage Tool P r o g r am

Lii. Performance Measurt-m -m~- m t t Program
IV. ‘lest Results

A.  l’raining and Base]ine Program , Point Mugu

I . Load Handling — Move it- st Stand
2. l oad Handling — Move b c )  1 Box/Mani fold
1. Load H a n d l i n g  — Return l e st  Stjmtj and Tool f i o x / ~i - , n  j f u ~~~ d
4. Cut  t ing — Hy d r a u l i c  O p t - n — C e n t e r Cut ter
5. Cutting — A b r a s i v e  Saw
6. Cutting — Enerpac Diver— lt owe red Hydraulic Pump and m ; t i t t  • r s
7. Combination Task — I n s t a l l  Ey eh o l t
N . Combination Task — In s t al l  F y nn u t
9. Combinat ion Ta sk — Install Ey~nut3 10 . Combinat ion Task — Ins ta l l  Three—Bol t  Pacico- c-

- - 11. Combina t ion  f i sk  — In s t a l l  T h r e e — B o l t  diide~ €-

V. D i scu ssion and R e c o t m n e n d a t i c c i i s
V i . Appendix — Detailed Ac- i i v i t v  Anal ysis  o f S c h e d u l l - g  - du1 v ~igt 1asks

I O N .  ( k c ; t t t ~ i t i t  icS . l i c e . ,  ‘‘Divi t tg I - c i tui p mn e tm t and h uman P. c-form; iiic - d i n
l i i  -.- rig () p e r a t  ions i n  The H i g h A r c i  ic ’ , by B. 1- . \ncl c-rscn
N ;m t i i ) it -mp t , G n u  fonni ;t . j 9 73~

lit is t-epo rt descnihc - s the research ti n n ~ t es ol ¶ h~ u I i - ~~L c - u - t t c - r
I i i u t t n i t i  s - r i  o r m a nc e  p r o gt - ;tn w h i c h  sos  con d u c t  ed i t i t h e  It i g h
- \ u ct mc d u r i n g  the A r c t i c - I l l  l t 1 t - d t t  jolt . liii- c-\ p ec lit ion s s

a ti u t i l t i — d u s c i p I i t u i r ~ pro Je ct o f  ‘-l~ic l t iti i s I -a - m t ul it i - t m  ot
l o t - a u t o . t atGuda , u t i \ t i v i n g  i nc ntm b ei - m G r m n c Sc icuicc- and

I
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108. ( C o n t i n u e d )

a

e n g i n e e r i n g  p r o j e c t s .  The p r o j e c t was c urried o m i t  at
R e s o l u t e  l i : u v  , NWT , Canada , f rom ~~~ -~t l ) t c - r to  22 h ) e c e t c ib c -r  I 072
-\ p r i mary  o b j e c t  i ye of t h e  hu it i an pc - r i o  r mna icc- program was to
add to the Ii a it ed body of k flow ledge regard i rig d i v e r  pt - r fo  u -man e c-

• in Arctic waters. Focus of the program w a s  an evaluat ion
of the underwater construct ion of t he  manned  u n c l e r w a t o r
work station Sub-i g loo w h i c h  w a s  assemb l ed at  a d e p t h  of

• -1 (~) feet in Resolute Bay . h )uring the period of t h e  pi -oj e c t
ice cover over Resolut e Bay was 37 inches , with a constant
w a t e r  temperature of 28.S u l .  S u r f a c e  temperatures ranged
be tween -5 F and 45 F, with wind velociti es of up to 35 mp h.
b h e  P ( ’rform ~iuu ce program also examined the effects of
physiolog ical stress on the divers working under the ice.
Measures of di ver FCC/heart rates and d eep bod y temperatures
were obtained using an a c o t i s t  i c - al telemetry system. Au
evaluation was a l so  made of the diver and support equipment
used during the expedition , inc l uding diver apparel ,
communications equipment , l i f e  support  sys tems , ice c u t t i n g
apparatus , and portable surface structures.

109. Oceanaut ic e , Inc . , Fffects of L o n g — l ) t u i - a t i o n Col ci Fxposure on
l’ er f o rtnat -icc of Tasks_ i t i  N a v a l  I n s h o r e  Wa rf are Op e r a t i o n s ,
by V a u g h a n , W . S .  and Andersen , B .C., Land over , Md ., 1973.

l i g ht  U I ) T and SEAL feam l) c1’ sonul e l  p a r t  i c i  1)atcd itt a set- i es
of 6—hour test scetuarios composed of 3-hours in wate c - , 1 -hou r
in a i r  and 2-hours in water. A v a r i e t y of task s we re per form ed
i n  the water which were simul ations of submersible operator
an d  navigator tasks: depth and heading contro l , obs t a c l e
det ection and avoidance , and naviga tion proble m-solving.
I n - a ir ta~ ks were simulat ions of a demolition raid on an
inland target. Test scenarios were run in both cold and
control t emperature conditions. Cold exposure consisted of
water temperature of 4.5 C . ( 4 t )  F) and a i r  t empera t ure
of I D  C (~‘0 F) a i r ;  cont ro l exposure t e m p e r a t u r e s  were
1 5 5  C (60 F) water and 20 C ( ( uS F) air. F o l l o w i n g  the

t t - - h c o u r  expos u res , divers rewa rmed in either a hot —w ater h a t  Ic
~t -w C ( 1 0 — I  F) or i n  a h o t — a i r  van  at  38 C (100 F). Three
s ki tu temperatures , core tem p e r a t u r e  and FCC records were t ake t u
t h r c n i g h ouu t  t he  CX~ OSUFC and rewarm in g  ph a s e s .

Rc-si ul t s  suggest  a first-hour d i  s t  r a c t  ion e f f e c t  o f  ex t  rome
e c t u p c r a t u u  rc con d it ions on l ) o n f o c - t n~in c e  of v i g i l  once  and
st c hlcm—sol vmn g tasks. ~n co l d  wa t er , per toi ni-ituc c - w i t S  s i g tuifc—
cant I y degraded re 1 at i ye to t bc m ode rat c- tempc- r;u t u rc- dii ring
t h e  f i r s t hour ’s exposure , then t- ecovered to a l e v e l  of effect ive—
doss compa i-ab le to that as soc i a t  c d  s-i t h t h e  f l i t  t ic- rat c- teniperat tire
A l l  tasks showed a gradual ch t’ci-etttent with time i n  t h e  w a t e r .  I n —

ii r task performance w a s  less c-ffect c v i  f o l  I t - w i n g  t h e  3 -hour
w , i  t c r  e xp o su r e  10 r both m anu n  I and mc -nt a I t a s k  -
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110. () c e :un : tu t  i~~s , lute . • tn Atcalvs is of Lu t v i r t ) I i t c i e i u t a l  and h ’ e r c c l ) t c ua l
Dete rutu it ian t s of Displ ay L e g i b i l i t y  lJn~L - r s ; c t  u ,
. S. Vaug han , Land lover  , Md. , A p r i l  l O T t ,

A c-ot mu t muou i  visua l task r e c h u m  rc-d -O Navy c i i  t t - t ’  is q u a u c t  i t ; i t  i i i -

reading , 011th t h e  typ i c a l e n v i  r onuuuen t  i i  c o n t e x t  P ot  t I tc -
reodl ing task is dark , t u rb  Id wat ci- . li i  t lose c dMtib i n a t  t i l t s  of
s t i r - f a t e  i I lum i nance and opt-rat ing depth wlm c - r e visibl e e mi t - rpy
i s  preseul t as a back ground , the spectra l cli au’a cter i St ic~ i ) f

t h w  c-ml em - gy wi l l  be specifi c- to the t c ir biuli t ;~ 
of the  s i t  c r.

C - a t iii Ot-e tu waters are’ c har a c  t en ~od b y I as ct - cmce n t rat in cus

- - 
of  large—s i X CdI suspenso ids , wi t l i e  Ha rb or  tom i t -  r s a no def  I n e d
by re l at i v e l y  h i g h  c u n c e n t r a t i o m m s  of sm a l l - s i z e d  h a r t  c I t - s .
I h ese t w o  k i n d s  of t u r h i d i t )  c o n d i t i o n s  a f f e c t  1 i g ict t r a i t s —

tuu i s s i o n  in different WayS. C o a s t a l  Ocean w a t e r  t t-: utus mi l S

gre-eu and vel l ow/g reen  l i ght  ene rgy  best , ~hj 1 t -  I h a r h o r  m o t t c - t -
I r ous t t t  i t t  s ye I l ow and o r a n g e/ c c  I 1 ~~s en cip - most c- ffect i ye I v  -

1 1 1 . ~- c I I i u i -c , II. F. , “Deep b~;it or Met il Cut  t i tug It - r ei m ‘ ‘
, N y t i t 1 t i t s  i tu tt u nc

tJt cd er w~itc t Cci tt ing , b~c - I d i n g  amid  i I : m  r id ‘ I n -  i l s .

North Amer ican R ockw e l i Co t -p a  u - at  ion , t Im u-neigh it • s Oc ean

~~
> - - -

~ 
c-ms Opc - u’ :u t m accs , h a v e  s;e mm ;e-d the fcmn ct t i rm a I u’ ip :t of

cm i r tc - tct working tools ouch t h u  i ptn etut nos in t—i - - lu - v fo oted
t h a t  mos t  t o o l s  i t t c - x i st e tm c - e todti~ sees- of l i t t l e  at -  no us c
u t i lt d e c -p ocean .  b i t t  st m r m c h i ng on t h i s  I st s-s --’ t h e  comp h ¶c

l a c k  of c;i1iahi 1 i tv f t r  deep m o m t t - r  o c t a l  c u t t t  i c u p  c m l  s- -kI l n .
Pr&- sent t cpe s of undc’rwat -r c ci tt in ~ to rci m c o m i c  pt l id’nt  h a v e
I i n c i t  c c l  ca pabil ities to pc- i-f 0 m m  moo-k t a- -ks m t  c h m - e t t  ci - ; t h s .

I n t i -  ej i  sea operat i ons soc- h as , ro~ cuc- , e mI t i- c’ , calm I m~ i ct multi ,
tic in i t u g ,  Jr u l it  ng . etc - , a metal c- it t t i t  and si Id  i flg cap a l )  u I i t  v
i - c  i - i t  j i l t a r e q u i r e m e n t , i i  I S  - u  n c - c c s v - u t ~ if mmmiii u s to

- 
-~u e coodi to his quest ~~f I but- d eep o c e a n .

h us n d ’c t - - ; s  i t y  w a s  r c c o p t m  i :c’d inc h m u me sc -a rc h  p t - g - , r : um ; u  s~u -;

o i t  i at  Ccl . Tic u s p r u g u - m i m  m c m i i ;  o s t  al )  I u she ’d t i m  ( I ) ‘ r u - d i c e  a hi dv
of i t u fo rinat ion pert m ont to i : u r uuuc cult imp t -- rclm rc - u I mt i ~~c m  0 1 5 ,

(~~) conduc t  a d e t a i l e d  a m cz i i e - s m s  o f  p r c -~~- u t  ¶ c p e s  i t  ~ m m I t  i t u g
arch & - c 1 mmi pmetc t , and ( 3 )  concent  r a t  c- O t t  t l c c -  u l p e t O i ’ t i . i l  - -~~i - J t C t  - - -

at wl  cha r a c - t i -u’ i St it’s reqm i mccl in a deep S ;t t  c- i’ c u t  I ng i f l ; l  i _ c - I _ I m me
t 0 t ~t It s v s t e - n m . This, ~-u t~a I~’st -c showed t cc itcu s log ic ;i I ;u k- :i nce-~ ti

— i t  - t i I - e m i t  t l o g  f i  t o m’ i no ax  i d ;iu ct s a icd i n Sic - 1 s wh u ch ct m m id - t - -v ide
Cc i  mci Ic I c  m m m u - ; i u c ; c  P i t t ’  ; c mlt - u t uc i tip th t ’  st  m i t  e- of I he a - ti u ncle- r — t - a

—I
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111. (font inttetl I

c u t t  i u i g  m i n d  w e l d i n g  . A s c  1 f - c ’ o u u t m u i t i r d , n u o d u l , u r pa~~k iged

s v — —i em , t’ahricated fronu ‘ she I I ite’in’’ c o n m p o u i e l c t  s , co u ld he

t ies  i guiedh and a -csetlii) led . Such a torch , bas ed on a ii qui d

sc -c t e t t i , cou l d  operate at mi ut u h u - -ui t j)rcs’Oir( mUl tI  ~ou i l t l  o n l y
• requ I me sui ffi c i ent add it io na  I p r c - s su r e  to t o  l e t -  the O X  c d a r u t

m i t t ) fuuc- l i i q ut i d is fronc t he  c on t a in e r  to  t h e  t o r c h  head : I t

Wa s l)C Ii t’vccl that a torch tus i ucg a met mu I —cu t t i ng I I c c o m i  t m

i t .xidtin t , mun c h some  w a t e r  mi s  m e prehe-mi t ing tue- i , cou ld he
• su c c e s s f u l l y  e m pl o y e d .

North \ m i -  i i  can R o c k w e l l  Co u-p ci rm u t ion , Ocean s’- :1 ems Op o m a t  i o m c s

si uh m n i tted their findings t o  N -P- C ( N a v a l  Sb i p S\ stems Lomnuanct )

c u d  c~flt creel ~uta an mI~~t’ i t - m i C I 1 l  to c o t u t  I c u ue  t l i e - t m  mt sc -arch

- a d  ~- s t a h i  i sh  ‘he  f e a s i b i l i t y  of  a l)eep Wa t c ’ m ~t e t a l  Cutting

l a r c h  System .

112. Ri i s , u . i - : . • 
‘ Adaptation of Divers To Curvature Distortion Underwater ’ .

I~rgonounics , V12(4) 1970, pp .  489 — 499.

A dive r ’ s face mask causes ‘ p in—cush ion ’ distortion for objects
seen underwater. The apparent curvature in depth of a strai ght
l i n e  was measured for seven divers in air and water before
and after a half—hour dive in the sea. Approximately 2 5 per cent
of full adaptation to the optical distortion occurred during the
d ive , wi th a corresponding negative after—effect in air.

• ‘Ilue apparent curvature of the line was also measured for 16
novices and 15 experienced d i v e r s  b o t h  in air and inmcediatel y on
en t e r i ng  the water. The experienced divers showed some initial
adaptation , while the novices showed none. This result suggests
that the experienced divers had acquired a ‘situation—contingent ’
visua l response.

1 . 1 . Itiu ~ - -c , i L l . .  et o h - , “51cc and Di - ctanc e -Jud g e me n t s  i n  I h i ~ Ve r t i c a l
P1 mine’ ttnd l e u-wat m ’r ’’ , Psych ol - Forsch . , 33 , 1 h7 () , Pp 1 5 5 — l o b  -

I 
~c~- t-t - i! t u ents w i t h  subjects of ’ c - c r i e d  ex p e r i e n c e  mc c i t - m c i ’ w a t e r

- - t Mit I Ia sh we’d that d i v e - m s  t end  t o  unde u’ c- st  I m u t e  t Ice d i  st m u m ce
i - I  t l ie surface more than t h m i t  of t h e  seabed . Jo- und e r - -
e l  in cmt t ion is most mar ked in c i e , u r  e mp t y  s- m u t e r , but  d i  ou p 1-o ; i t ’ -c
cs mt li  p r m -i c  t i c e .  O hj e c t s  V m o w c ’ d  V e i t  i c a i l y tIo ~~i m w t t ~ l~ t en d  to
I ri - i t  1 v c-c t i f l in t  i’d m n -c j ~~~~‘ ; but  thu i s  u s m m m i  u m t d c -  tc- ;t i mi mi t e i n
c -nm mi r i  - o t t  w i t h  l i c e  i t v e  c- - t m n a t  i - cm SI I ch no rm m mi 1 1 y 0cc  mu r - - s i t  Ii

t h i - i - i  nc t m u l  t i c - s m i t e .  ‘h h es - e t  a cts i u t  - c u r i u m l a m -  t o the ‘‘ m :iom,ut
I h i s  con ’ , O m i t  m m r c- j t r o b m u h  I t  ch im e  I -  vt sui t I m a t  mc- r  t h a n

p r o p r i t i c ’ e pt i c c -  c’ h m u r c i e - ’ - i n  t h -  I i c m i l  p I ; u nic- . 

— -~.c- - V ’ ~~~~ 
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114. Sh illing, C.W. and W . W . Wiligrube , “Quantitative Stud y of Mental mind
Neuromuscular Reactions as in f lu e n c e d  By Increased  Air
Pressure ” , Naval Medical  Res .  B u l . ,  Oct .  1937 , V 3 5 ( 4 ) ,
pp.  313—380.

Men exposed to inc rease d a i r  pressu res of 5 atmosp Iuu -r~ - m m  ( g m i g c )
or above have a definite feeling of stimulation and w c - l l — f t u - i t t g
which they liken to a fe-cling of “drunkenness ”. During such
an air—pressure exposure , they h ave an exaggerated tonI i m h - n r e
in their ability to accomplish a given task , hut to the observer
thei r  a ctu a l  accomplishment falls f a r  sh o r t  of that demonstrated
at  a tmospher i c  pressure . ‘liii; ; failur e of accomp lishment was
noted , associated w i t h  emotional distrub m inces , in the l - ) ’il
de ep—d iving t r i a l s  of h i t -  Bn i t  ish Navy m i nd W I t s  r d - p o r t  c d  by bo th
l’hiili ps ( I ) ,  and Hill  and P h i l l i ps ( 2 ) .  Be h i nke , Thomson , m i nd
m o t l e y  (3)  wro te  a t h e o ret i c a l  paper c - t i l l  Li ed “Th e Psychiologic
E l f  c o t s  f rom B r e a t h i n g  A i r  at 4 Atmo sp hc e r eis Cr  ‘- ; ; - mre ” in w h c i c h
they  desc r ibed  the  abnormal  r i - , ic!  ions of n ine  m d i v  h f  mit t  l -~
engaged in p h y sio log i ca l  research work  t ind er  p r c m m c s i u r -  at
4 a tmospheres  (absolu t  t )  . l)amant (4 )  a I ; made r c - f t - r erc ce t u ’
t he  ch ange in behavior  which  men undergo s f i e m m  i - x p u - -~~-d t o  in c r o i st  a
a i r  p r e ss u r e .  A l t h o u g h  much has bk -en w r i t t e n  e o m i i : i - r n i m m g  t h e
incp a ired n e u r o m u s c ula r  c o o r d i n a t i o n , t h u e  s lowed menta l  ic t l v i  L y ,
ar -id t he  alterat ions of b ehav io r  b r o u g h t  on b y ex p o s u r e  to
incr emcs ech air pressure- , no one has r epo rt ed  any q u a u i t  i t a t i v e
of l i c t - a c -  changes .  1he p r c - s e m t t  paper is a r epor t  of such a
q u i m i n t i t a t i v e  s tud y.

1 .1 5 . Sluo cu rt , .I. . ’’ L n ~Ic-rwa tc- r Tools’’ , Ma r i u i c ’  i e - c l m u m d )  I ogv S~~c i c ty  J o u r n a l
lu l y — A u g u s t  l%9 , pp.  2 6 — 2 9 .

‘ i t  p r oposa l  d e l i n e - m c i e s  t h e  i c- us i b i  l i Ly  of u v e r s a t i l e -  t o r q u e i  c-as
m m u d - - r w a t e r  hand  too l f o r  use in l i gh t  amid Iue ~-ivy construction .
‘I h i t- tool  i su ,-s water in an open h u y d r a u l  ic sys tem t h a t  e x h a u s t s
i n t o  the  e n v i r o n m e n t ,  I t  will p e r f o r m  t h e  f o l l o w i n g  f u n c t i o n s :
r o u ; i t u i ) n . impac t  f o r war d  thrust , h a i -k w a r d  t h r u s t  and c l amping .

mc . id d i  m ion , the  too l case has f o r w a r d  j e - I s , b a c k i n g  j e t s , and
r o t . u t l o n m u l j e t s  fo r  tool p o s i t ’ i o n i m l g .

1 i i i . - - m i n e  • P. R. , - ,  
h i t -  Working Diver : l ’ t ’ r i o r r u i m i n c c - in C u t  Id Wat ~~ r ’ , F o u r t h

Auiuie i .ul Lnference and i - si t i l it , Marine lu .s-iunclogy Soc ie ty ,
J u l y  1968, pp. 289— 109.

s I I , a on f i v e  m m u n u a 1 t a sk ; , , m u m a s k  sj u n u l a t  i n g  f~~- ,u v v  p c - r c - - - p t u a l
l a d i n g  i c - c d f o u r  p l i y ;  i o b a g i c : i l  mc ’ . isec r c ’m e- n t - c was c o l lec t e d  on

t
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116. (Continued)

twelve experienced divers d u r i n g  1 1/2 hour sessions at 500 ,
60°, and 70° F. All subjects wi -re run under all experimental
conditions. The dives were executed in a tank in 6 1/2 f e e t  of
water with the divers wearing f u l l  3/16 inch wet suits and
SCU BA equ ipment. All measures except the perceptual loading
task showed m c si gn i f i can t  drop in performance over time and mu
significant time—b y—temperature interaction . A general character—
ist i, c per formance  curve seen in the manual and percep tual load ing

— 
tasks was also obse rved in several of the ph ys io logica l  measurement s .

117. St -u n g ,  P. R . , “l) lver Performance in Cold  W at e r ” , Human Factors , 197 0,
V12(4), pp. 391— 399 .

Twelve experienced divers repeatedly performed se-vi ral rc-p r c- -

-
- sen ta t ive  underwater  work tasks for  90 mm sessions at water

temperatures  of 50 ° , 60° , and 70° F. Time to complete the
task was the primary performance measure; choice reaction time ,
w i t h  men ta l  arithmetic as loading task , and f o u r  phys io log ica l
measurements were also recorded. The subjects worked in 6 1/2 f t
of water wearing full 3/16—inch thick wet suits arid SCUBA

- equipment. Performance on all tasks except  mental arithmetic
tended to decrease as water temperature decreased. Most
performance measures also showed a significant decrement over
t ime and a significant time-by—temperature interaction . The
general trend in performance measures was also reflected in
sever,-il of the physiological measurements.

118. S t u i u h t e r , J.L . , “Effects of Trai n ir c~ on Human Underwater Sound Localization
Ahi lit-\- ” , J. Acous t .  Soc. Am ., V57(5), May 1975 , pp . 1212.

Experimental evidence has suggested that humans have a moderately
i unctional sound—localization capability underwater; it
appeared appropriate to determine if this ability could be
improved by training. Si ,~n a 1 o  of 1000 Hz and 25 pps were
presented to t h e subjects at five angles (to the head). Four
setS ot’ stimuli were employed : the first and last sets con—
stttuted the pre— and post—tests , respectively, and the middle
mets were a training procedure where subjects were informed of
the ac tual  source location a f t e r  each p resenta tion . The obtained
sm - mI res demonstrated a si g n i f i c a n t  increase in correct responses
fa r the 1000—Hz signal ; improvement for 25 pp s was not as great
mind did not show statistical significance.
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119. St range , R . J . ,  “ Sys t em For — a l v a g i n g  Submerged Ob ject s ” , U . S .  Patent
#3 ,500 , 785 , March 17 , 1970.

A sys tem and method f o r  s a lvag ing  submerged m a r i n e  vessels
and other submerged objects , acco rd in g to w h i c h  a p l u r a l i t y
of flexible inflatable containers are disposed in a c c e s s i b l e
compartments of the sunken object and/or secured to its
exterior and inflated until the object is buoyant.

120.  ~;t r e - i mne -r , I . ,  “ Human Performance C h a r a c t e r i s t i c s  in ci Complex M m u m i i i a l
Task Underwater ” , Human Factors , 1972 , V 14 ( l ) ,  pp .  9 5 — 9 9 .

Subjects performed a b a t t e r y o f manua l p e r t  i r c m m m u m i - - e- t a - k s
(‘I’orque Test , Minnesota Two—Hand lurnim i g ‘1’ c- ~~t , U ’ m : m m c , r F i n e
Finger Dexterity Test)  under six handwear c o n d i t i o n s  ban --
handed , standard leather glove , impermeable glove , l i t t l e r
glove with wool inserts , impermeable- glove with wool it t - a rts ,
and impermeable glove w i t h  b u i l t — i n  i n s u l a t i o n .  Each subj c-~~t
performed the tests under each hmcndwear condition f o r  Li dav~
at 35 °F ambient t empera tu re  and t h i s  c o m p r i s ed  the  ory  Gl ove
I n v e s t i g a t i o n . An add i t i ona l  Wet Glove In v e - st  i gat i c - n i nvo lved
the same tests and handwear conditions ari d was of f o u r  ~l i v s ’
duration . On Days 2 and 3, subjects immersed their e l o v e d
hands into 35°F water for two minutes prior to testing i a m b
glove condition while , on Days 1 and 4, t h e r e  was no w a t e r
immersion . During the Dry Glove Inves t iga t ion , the  i r c m f c l ’nm c m i i , l t -

gloves r e su l t ed  in super ior  p e r f o r m a n c e  on Lice-  T o r q ue  T e s t .
For the rema ining t e s t s , the bare hand c o n d i t i o n  r e s u l te d  in
super ior  pe r fo rmance  and the impermeable gloves w i t l m  b u i l t — i n
i n s u l a t i o n  resu l ted  in i n f e r i o r  p e r f o r m a n c e  compared to thi ~
other handwear conditions , Perforcnanccc l e v e l  on a l l  t ; i --L-
dec reased on the f i r s t  day of w a t e r  immersion , hut p e -r iu rma n c
on the  Minneso ta  Two—Hand Turn ing  Test onl y was a d v i - r s t - 1  v
a f f e c t e d  on both w a t e r  immersion d a y s .  I t  was r e c i m n n m e n t i e - f t h a t
the- impermeable glove with built —in imisulation he g i ’ - u - c m  no
further consideration and that the impermeable glc uvi — , with
mind witout wool inserts , be given serious cons ult -ration f i r
f ic-Ich use under wet—cold conditions.

- j
~- 1- i i i  , W. H. , “ Ma ncia I Dexterity in The Co Id ° , J.  A p p  1 ted Psy e  ho I

V 11 , J u l y — N o v e m b e r  1957.

i i  , - f f c - c t s  of t i m e -  cold on m m u i m u a l  c l e - m - t - r i t v  w~ r -  s t u d l i - il i ,v
r u - I  ut i i i  m t pe r  f o r m a n - i- t i me on the  >1 i n n - ;ot , R u  I i -  of M i n i  p m m —
l m i t  ion  I i t  t o  a i r  t e m p e r a t u r e -  c m i i i  vc - I i -’i - i t v , w i nd e -hi i 11 , t m - i n  -

s e m r f m u c -e sk i n  t e m p t - r u t  u n - , dig i t a l t e l i t i t - r u t t ir e -  of t h e  is i r k i n g
I amid and r a t e  of cli  g i t  mu c oo l ing  u s i n g  d i  t a r ain ~ IC )  s u thj  cc t S
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121. (Continued)

sorted In t o  14 d i f f e r e n t  c o n t l t i n a t i o n s  of a i r  t e m p e r a t u r e
and wind for an exposure period of approximatel y 60 minutes .
Air temperature and wlndch i ll were found  to i t ic nu-ase ic r f o r m a n c e-

— time si gnificantl y; wind velocity did not have mu s i g n i f i c a n t
c - t t e c t by itself; mean surface skin temperature was slightl y,
but significantly , inversely correlate-el with performance- t i me
only for nude men; dig ital cooling rate and digital temperature
were not demonstrated to  be re la ted to pe r fo rmance  t ime .

122. reichner , W. H . ,  “Reaction Time in The Cold” , i.  Applied Psychol. V42(I),
1958, pp. 54—59.

Visual RT ’s were elicited f r o m  620 so ld ie rs  sor ted  i n t o  14 d i f f e r —
ent groups representing a variety of  a m b i e n t  t empera tu re s ,
wiu u e l speeds  and w i n d c h il l s .  Inc luded  w e r i - two g roups  m i t  60°F ,
five mph , one of which was nu de and the  othe r li gh t l y  c lo thed
RT was measured after 45 mm of exposure ard again Is i l I t w c i g  a
Sli c)rt , mild exercise , after 65 m m .  of exposu re .  in a d d i t i o n ,
mean area—weighted skin temperatur-s were- obtained. The
following conclusions drawn from the results app ly to the effects
of the cold on “non—acclimatized ” and/or “non—habituated ” men , not
in phyiological distress :

l~ 2 i . T i  -c -h , ~~~ - , “A ~ p I i  t N u t  for  ti m i c l e- rc~~m I or  -\ h i i - I i  c - t ion ’’ , Syumipos i urn
om i I l n e h e i t i - m u t e r  icc - i d  ing , C u t t i n g  and R anc h  I ia I s . pp 1 3 2 — 1 - l U .

i ’hc m u i h v m u i m t u g o s  of t i m e -  S p l i t  n u t  f i r  u i m i !c - r - c , i t o u ’  w o r k  f o i l - c :

( I )  - \ h m , ,- m i c c  of t o m - hue  tic end load to c i t - c t  mu t a s t e -n e - cl
a s s e m b l y  or remove- same

( 2 )  lh e  t ’ m u ’ m t i - n m u i 1 ,  of o b j e c t s  e m u i t  he clone- c j u i c k l v  u s i n g  no
cli , m e  t h mmn c - i h and  w r e n c h

a m  I m e  a p e - n e d  n u t  w i l l  p m - ~ - - c’i V L  t h e  em id t h m - - ; m d s c i t  t h e
ho l  t , t h e  t h r e a d s  a t  s-h i ch ma y he re-mu d l i v  cl m mm:ia  ge- il by
d i rect  c a n t  mu ~ t w i ti c ot he -i- ob j  0 ’  t S 0~ covere d - c i  t h
m a r i n e  g r o w t h .

~~~~~~~~~ can he done i n  mi ctr i - di ff iciul t I n c  i t  i ons  where
c h c-muranc e for tool -c may not exi st

~
, ) M ’ s  c am )  f : u s t  cmi  objects i h uuicki - m - ~h c-u c - r~- i m t o c - ~l m c n t m i l

c ’F f i c  me -nc ’ - , h e a v y  g l i i v i - s , or absence m i t  I l m ~h t  m i r e  m i  prob l em

((i ) i - i - ~ t i - m c i ng : i n  be accornp l u s lu t - i l w i t  hi one- h an d  ml lowing the
i t  h e m  hand  f r ee  t o  g r a s p  mu h and  Ico h e1 on t he oh) i - c t  he im ig

t m - c t  ene d .
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124 . tl n lv c -rs ity a t ’ California. Unde-rwat~-r Work Mocm ~ cir eine nt  ‘I s - c h i c I t p i , -- ,

by C. We ltman , et a l . , Los Angelea , m u m  c i o r m u i mu , sfl y 191( 1 ,
(U C LS—EN G —7 052 )

This  r e -por t  reviews p rog res s  f o r  t im e per iael i ’ c ic r e u m m r ’ ,- I , 10 13

to Janua ry  f l  , 1970 in the s t u d y  of un d e r w a t e r  work  me asur e s- c u l t

te chnq iemus being conducted  at the  U n i v e r s i t y  i t  C m u l  u fiirn ia ,

l~os A ng e l e s .

Research work in t h i s  period f o cu s e d  on q u e s ti o n s  of f m e - r c  1-pticil

n ar r o w i n g  dur ing  s tress  and on comp lex t a sk  p i - r t o r m ; -ur c ee  i f

exper ienced div -rs u n d c - r  adverse  ocean c o n d i t i on s .  k o r ~ L e g u r i

on c ompute r  h a n d l i ng  of the  Sealab I I I  S c e n a r I o  wa s  comp l e t e d ,

and several publication s prepared . This effort is summari a 0

below :

1) Ferc eptual N a r r owt h~~. The objective of this investigation
was to demonstrate perc eptual narrowing in a “ri sks ’ si tu a t i o n
wi thout the presence of extraneous physi i lo gical change , which
accom panied the last diving stud y. A nonfunctional alt it eide
chiambe-r wan refurbished to resemble a pressure facility; descenL
was simulated realistically by means of h iss ing a i r , mo v in g
pressure gauges , etc. The deception appeared acleqc u-utc - .
St u dent subjects (non divers) were used ; 1~ rode the  c l c em nh er  to
‘hf) f ee t ” , 15 served as con t ro l s .  The c e - i c t r a l  t a sk  w i — - a sc- It—
paced aeutomatic presentation at  Landolt ring targets; l i i i .-
peri pheral task , f r o m  wh i t-h p e r c e p t ua l  n a r r o w i n g  wOs d -ei~ice- d ,
was m u li ght flash in the peri phery of mc d i v i n g  mask (15ii msec
about 8 t imes a m i n u t e ) .  Measures of ~U X j e ’ t v  W P c -  ii a r t  r a t e
and score on the Multipic - A f f e c t  A d j e c t i v e  ‘l e s t  List (rinxie - tv .
depress ion , and hostility during mu spec ’if ii- peri od) .

Cent rmd t a sk  p e r f o r m a n c e  was t im i same for both groups ; itt the-
citmuni h t- r subjects detected si gnif i - - u n t l y C c -we -r  peri p ) i e - r 1  1 m g i t s
(30 per i - e n t m  versus 70 per c e n t ;  P = . O t C )  and a n x i e ty  t e s t  s i r e - s
(P 0 .5)  thaui the com i trils ; scores  on d e p r e s s i o n  - m n - I  I m i m-~ t iii ty

w on - t h e  same. Tb, - a n>: c e - t y  s c e n t - s  in d i c c a t e d  a - m m i i  S t ; u t e -  for
the i - a n t  ro ls , and a “n u i l d ”  a n x i et y  for  the  ch~ r d - c - r  seu b i - m ~ t s.
I t  appeared  t h a t  a n x i e t y  p r o d u c e d  by L u -  c - in m i l mi t i o n  c c i m c - , -d a
marked r i - d i n t ion in p er i pheral  i t t  c - n t  ion . ‘ib is  vo l  id -u ted the
pr e-v ious  s t u d y ,  and r e a t ’f i r m e d  our  i n t e r es t  in the  e f i e - i t o f
psyt -hi ol og ica l st ress ;  on d I v i u ~ p e r t  o m ’ m ;u n ’ e 
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124. (Continued)

2) ( - on m p l ex  ‘t - r ~~ m r r n o n e e - in the  Oc ean .  A stud y conducted in
Summuue -r I9h~ L m m d l c m i t e d  t m a t  un l ike -  novice-  d i v e r s , exper ienced
dive-rs showed virtuall y no i l i - c r e m e n t  in a complex p e r f o r m a n c e
(pipe—puzzle) task between the tank and time shallow ocean

(20 feet). TIu e ob j ec t  of the present stud y w;us to repeal tin-
&-x am inat ion of experienced d i v e r s  um i der  more demanding  ocean
concd i t  Ions (50 feet , cold water , poor visibility). Nine

different teams of two d i v e r s  each were formed f rom a sub~ e-c t
I - ’ pool of eight experienced d ivers. Each team p e r f o r m e d  at  least

twice in each environment. Written problems were done in the

water before task assembly and aft er disassembly ; the divers

logged their own task times. Heart rate was recorded continu-

ously.  The diving tank was cooled  by means of shad ing ,  evapor—
m u t t o n , and ice to 58° — 60 ° F and the water dirtied by

blackened diatomaceous earth ; the ocean  test locale off the
P t .  Mugu p ier had v i r t u a l l y  th c  same c o n d i t i o n s .  The Ltm u l ti p le
Af fect Adjective Test List was administers.- i I to each-i subject
hu ’tore every trial.

- m Results indicated that the completion times were- shorter
In the  ocean trials than in t h e  tm uri k trials , and that th e
assemb l y type errors  were  also no g r e - a t c - r in the mice -m o m
t han  in t h e  t a n k .  Some d i i :  r i - - a t in “p r a c t m  ica l ” p r o b l em
solving may have o c c e u r r e d .  T h i s  tends  to v e r i f y our
p r e v i o u s  hypo thes i s  tha t i f  t he re  is an “open ocean e f f e c t ”
on experienced divers , i t s  onl y ac t ion  is to h u r r y  o p e r a t i o n s
somewhat , which may or may not be detrimental, It also
r e a f f i r m s  the value of tank simulations of ocean work.

3) Ue ar t  R a t e  of Workin& D i v e rs . Data on heart rate- response
during underwater work in trop ical water was studied a t
Rangiroa Atoll on experienced divers utilizing Aquad yne swimmable
card h u t s  and associated gear. D i v e r s  were engaged in assembl ing  an
underwater , heavy duty shark cage and in f i l m i n g  o p e r a t i o n s  iii
2— 5 knot cu r ren t s , d u r i n g  nigh t and day operations . The absence
cuf  i e , i vy  concentrations of sharks  to provide  a hi gh stress
u - m c v i r o n m e n t  was d i s a p p o in t i n g .  Successful ruins with 3/~Y’ umbi l i ca l s ,
tOO feet in length , using swim fins or divers boots should add
another paramete r  to our insight  in to  d iver  response- t o  under-
w a t e r  work states . These divers worked at 50 toO t di ’ith s in
M O° F w a t e r  w i t h  good v i s i b i l i ty  m c i  generally strong i ’mm rrents over
rough  coral  bo t tom . Hear t  r i t e  u , i t a  was r ecove red  e v e ry  5th

m i n u t e  over pe r iods  up to 1 hour  40 minu tes  and is in the
p r a c i - s s  of be ing  e v a l u a f  e d .  It  is p lanned t i c a t  these  d a t - i  w i l l
1 , -  m u i f d - r l  to d a t a  acqu i red  ev e r  the past  two ve~i r s  in m m p u b l i s h e d
-, mnmc ar v of u - c u r t  r a t e  rt - c ; p n m u s e  of wi - i rk ing  d i v e r s .  V o l  tie-s

i - o il - ti t le fo r  tasks  r a n g i n g  f r o m  light to heavy will be 01

i n t e r ~-- - c m as “benchmarks ” to i t l t , - r investi gators. Previously
i h s c -r v e d  r u l e s  as; h i g h  as ( i l l  — 170 1PM suggest t h a t  d i v c - r - m  do

t u o t  ( o r  c a n n o t )  s e l f — l i m i t  i -m n rgy e x p e n d i t u r e s  to low l eve ls .

~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘T.
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124 . ~~‘ m ’ u t  i n i c e - i f  I

-~~ m m m i i i  t m , - , m s u m r & - n u i  n t s  t a k e n  of l i e - a r t  r a t e  a m c d o x v g & - n  o t m c , i i S m l t  u i - f l
( u u s m  imcg  a in m i - t u r n e d to t h e -  s u r f a c e )  . Thrust l e v i  I: , w- r i
‘) lb. (ml n in c a l )  , 12 lb ( n m i u d c - r ~m te) and 15 lb ( huc - avy )  . c i i -

different fins were e x a m i n e d  f o r  n i n e  s u bj e c t s .  The r c - s u u l t s
i n u i i c m i t t -  ci l i nea r  r e - i m u t t o n s h i p bet wee n m u - a r t  m , t c -  m m m l
u p t a k e  u m n d e - r w a t e r , wh i ch confirms the- findings of othe r
invest i gmu tor s . No list inc t  advantage  was ci (si eve r, -! f o r
any p a r t i c u l a r  f i n  t y p e .

4 )  S e - imimi b  I I I  S c e m i a r i o .  A c o m p u t u -r  p ro gram was wr i tt emm to permit
t r a n s l a t i o n  of the Sealab  I I I  Opera t i u u t u s  Sc e n a r io  f r i m ;  type-
written form to computer storage . Printout was provided in
the or iginal  format , but  at g r e a t l y sp e a - d e d  r a t e s .  F l i t -
p ri m e - i pal innovation wit -; in t h e  ir ~- ;u i f Scenario modi fie ’m ut io n

- t inder cont ro l  of the - p r ’ n ’ m imcm . the S - ,- ;msm io wa s  ruodi Lied on
the alphanumeric display screen of an interactive c i o m i p u t e r

4 terminal (TV monitor p ie ms 1-a-vhoard). This approach to modifi—
-~ cati on proved fast , effective , and easily learned by u-m e -cretar i u l

hel p. The sys tem was w o r k i n g  w e l l  wlce - n cancellation of the

1 
- , Sealab exper iment  ha l t ed  work on e x t e ns i o n s  of the m b a s i c

program . The r e su l t s  of t h i s  e f f o r t  h ave  been p u b l i s h e d  in the
Marine Technology Society Journal.

5) U n d e r w a t e r  Ener~~~~ E x p e n d i t u r e - . The s t u i d ~ of  n i - : i c - i , r u  1 ic ’ rmt
t e c f in i q u e s  for estimating energy em- :ite-nditure ;mnderwater wm is
c - m m t i n u e d  w i t h  an i n v e s t i g a t i o n  of t i m e  energy cast  cu f  fin
s w i m m i n g .  Our p r e v i o u s ly  c o n s t r u c t e d  t h r u s t p l m t f o r r m c  was used ,

I

I 
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a
1 2 5 .  1!n i ve- rs itv u t  ~~~~ icurt u j u .  f o d t- rw , i te-r g - m k  P e r f o r m a n c e -  amid Work i i m l c - i m m i m c- ,

by C . I I .  Eg m-m t r onc , c- I a i .  , f i t s  At mge-l C c m l i f o r m i i a , _ Ju lv 10/2 ,
( I J C I -\- - : N i , - 7 J - ’u I).

l h m  i s  r e -por t  p r e s e n t - s  f C i i  i m t ~~s of ti me - re-search efforts for
1971 In the St uei y of unci e - r w a r c r  w i c k  1u e r f - u r m u m i c-  am-id work
ti ul e r mc u ct- - o n m u t m i c t e d  at t h e  P m t i v e r s j t — ,- u I  C m i i i  f u i r u c i m u ,
L c u u ~ An ge les. 11cc s t u d i c-c m w e r e -  d i r e c t e d  t ’w:mr ~1 —m t o e  d c - v ~- i u u p —
cl ue-mit  o f p e r fo rmance  decrement  c m m r v e - s  related to t mc specific
variables which affect umuderwat er work . Experiments desi;:.cicil
t o  ~ dd t o  t u e  body of knowledge n e c e s s ar y  t o  the  I o r m n a t i o n  o l
fe - i -r u - me -itt c ur v e s  were  co n dumrte -~1. Them experi m: u - m lrs exam i n ed:
(a)  the e f f e c t of c o l d — w a t e r  e x p o s u r e  upon memory , n - , - s u s i c - m c  C m i ; :

- 

- 
-
- ability, and vi gilamice , ( b )  t i l e -  i Ifcc t of dept h u p u u f l  memor ,

(c) wet vs. dry training far mu s p e c i f i c  undc -rwmi te - r t usk , aims
(d) t ice phys io logica l  and p e r f o r m a n c e  e~~f~~~t s  o f b c - h ex as ci

h r e a t h i m m g  gas in cold w a t e r .  The corre -s pi i mi ui m ug re--sn I. s a m t u ~
t h a t :  (a )  c o l d — w a t e r  exposure  impairs  utmemory hut c u - I

reasoning a b il i t y  or v i -g h lanc - o , (b) although narcotic imp :uir—
ment to depths of 11( 1 fee t  were  smal l , m a t e r i a l  i c - i r o e d  m i - ~~m
water is not remembered well on t i m e  surf,ie:e , (c) trainin g
under wmter for a sp ec i f i c- underwate r task is pref er-ch ic- Li’
d r y — l a n d  t r a i n i n g ,  an d ( d )  p f m v s i o l o g i e : m u l  s t — i t e  chiange s and
pc r f c i  rm ni ar mce levels in cold wut e -  r m m m c - not  s u b s ta n t  i al l y
dl f f e r u : m u t  f a r  i ce l iox  mis c e m u u r - l  t o  ~i r  i i , r  m u we-tSuiti: I div~-r.

h e-se  da ta  a m i d  t h e  d a t  ~ f r o m  th em literature am - c i n c o r p o r a te d
and p r - m-a - i m t e d  as f r a m e w o r k  f c u r  the icr  I o rmnan ce decrement  cmi cv i : —, .

“6 .  V r u i v c - r s i t y  of C a l i f e r n i m u .  “U n d e - r w m t e r  g i i r k  Pt - r i  o r imiminc e  and g~~rg
‘ i o i i - r ; i c m c e ” , by C .  H.  Egst  r on , c - I  m l . , ies A n g m - l c - s , (m il f ia rn i m i
Janus r~ 197 1 , (UCLA-ENC-fl iS).

h’urpiu se - : Remm e ar , :h efforts f o c t u s ,  - m  on c - s l i d - I  f s i u i n g  a mL- t ;c dm h i a g y  for
develop ing curves which will rd ut o t he- d i v e r s  a b i l i t y  to  per-
f o r m  to  -J o’ c o n di t i o n s  under w h i c h  me- mus t  w o r k .  An eX t c -i t ~~; ye
i i  t e r m c t m i t e  search was made- , o n-i  ,u c omber  of s m r c - l i m i n m u r s  cu rves

-

- dc -r i s t - u i  f r o m t he  r e sul  r i n g  daF a  . At t i m e  same- t i m e , several
c- x p c - r i ; ; m e - n t m u l  st u d i i - s  wem r . , f u c t e d  t o  he lp t i l l  gaps i i i  t h e
- - — 1 s t  i c i g  d a t a  s t o r e . i l c e s e -  i lum ’ a lL  w i t h  c i t e  ej i f e u c t s  ou co ld
i tm x ju iu s ur e - on two cr i tie -mu 1 mi m e - m i S  o f  i f  iver i c r  - m u n a n c e  : memo r-
- u i i d  m u s c l e  s t r e n g t h .  The I o l l i s w i t m g  “cc c 1. i c n m s  d e sc r ibe  t h i s
w o r k .

‘ 
_ ,,  _ _ _  - - . — a - .  - S — f l4-~~~~ — -
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126. (ContInued)

l’erformani - c- Decremen t Curves : 1k- ~-p i t e t hi, ge -un -  ra I i v If s -

ordered s t a t e o f t h e  literature- on divi ng s, - r f o t - m :i a m m u
i t  does seem p o s s i b l e -  to  b r i n g  t i g ~- t t -  ; d a t a  fr - it;; ia 1at~ ci

tum d ie-s and t o e - s t a h l i s h  g i-n u— ralized curve- S of p e - - r f o r m a t c - e
d e c  remn ent as a f u n c t i o n  t i  v a r i o t i s  d i v i n g  c i u u i d i t  1 0 m m  - In
t h i s  initial presentatio n , samp le d ecrement  c u r v e - - -, a re
g i ven  for cognitive performance during cudd e x p o s u r e  and

- 
during psychological s t r e ss , for motor performance du ring
cold exposure , for psychomotor performance m i t  mu f u n c t i - m of
hyperbaric pressure , anti for s u - v u - r a l  o t h e r  combina t ions .
Futu re work will require more careful definition of per-
formance- catagories and stress variables , as well as con—
sidc- rahl e attention to the practical app licol i o n  of L l t c
resulting curves. It is expected that an iunmedi ati- out-
come wi l l  be the identi fication of import ;cnt gaps 1 m m t im ~-
p r e s e n t  ly ava i l ab le  da t a .

M c-moç~y In  Cold Water: A p rev ious  s-  ud y con~; c m c t e m d  S i t  t s 1 ~~u
showed t h a t  when divers nm e-rnoriz ed facts 1m a prose -  pass ige
und erw at -r and were l a t e r  asked abou t  i t s  c o n t e n t s  si n d c c
surface , recall was significantly wa r m c- for cold ex ;m us sur e
than for warm , while re c ognition was a buuuut t h e  same f o r  t h e
two conch i t  ions. The pre sent st eud y a l t  e - c i e - m i  the- order 01
p r e s e n t a t i o n  as well a - c  the -  s t i m u l u s  mat erial. H c - t S  el f

• p i c-tu r e s  were  memorized  on the s u r f a c e -  and r e - c a l l e d  u m n d c - rai t e - c i

a f t e r  ( :old (1u 3 ° F) or warm (79°F) e-x pu-cc m r -- - - I n  - m d - h i  t i l l s
s pe c i f i c  c o n f i g u r a t i o n  of t h e  L CLA P1 1;t E’ u u z z l c -  sm is  n t e r u r i z e e h
anti --cu -cuted following a s i m i l a r  p r o c e d u r e .  f h i e m  r e s u l t s  were
as before. Recall was markedly d egraded by cold exposure ,
while recognition was c -smit- n t im m l ly unaffected . From - i t f ; i  s - r e t —

h i - mit stand po int , these findings support l i m o  decal p rocc-ss
cc )m ls ic j i t of memory ,  and suggest t h a t  t i-ic- adve- r -su- effect is due
c - i t  mt: r to the  genera l a t  r e -ss of  cold , or a t ime-  c i m s u i g e  of
m c t ; i t e  b e t w e e n  m e m o r i z ; i t i o n  and r e - c - i l l .  F r - u t ; ;  a pr actic al stand-
point , the findings should 1 nf 1 u e~~ce both how divers imim - t ructio ns
are formatted and how post—dive reports are- obtaimi ed .

- t : ; i i a r y  i n  Hy pe r b a r i c  Cond i t i o n s : A p r e v i o u s  s t u d y  c o n d u c t e d  in
th e  o c e - m m u l  suggested t h a t  a spec t s  of ‘l i -t si r y we- r e’ e ’ i l m - ,  i t  i’; , to
ug pi c u u m i r  cc exposure as we- i l  m is t o  cold . i he- p r e s e n t  p i l o t
- , t u d v  was st e -s igned  t o  t e : m i t  ; : m i c m  h v p o t  c c- -c  is u n c f e - r ‘m o r e  c’ a r e I u l h v
c ,i t i: rolled conditions. f-;ci h~ ce- u ms s -s - re  r e s t e et  I o r  re t- i l l  mmrm c l
r e c t i g i c i t i : of facts in -m f i r m - c c  pissage nc-n an -c e -- ; e - f o r e -  the m
test. exposure ;c f t e r  p r e s s u r i z a t  i o n  to 0 , 1 00 , and l b I f e e t  in

m h r y  hyperbaric chamber. A b r i e f  an t h u - i t  i t - t e s t  was a l s o
s t n i t n i  s t e rec h  . i t  was f o und t h a t  r e - c a l l  dec-r ca - m e-c t 26~ I cu rt

Ii u~ o I t i - c t , wit it mu st of t h e  ch a n g i -  - ‘ c c m m c  i n c  h - - twe e - n 0 ant i
i O u  1 i e m t  . Both re -i -mc ~’ ;; j I con ari d a r i t t m t e-t Ic , cci t h em o t h e r  c m ; ,

t H u  w i - u i  ~ , m change  h e t w i  - - - mc 0 and i l u (  I c - u - i  , m i- I  o n ly  -m I 0i’~ decrease
c i t  H N  I , ’e t .  T h is  - ; t m g g c ’m i t s  t h u a t  rec l i  is  ~~i - f l S i t  l v i -  I t ’ t h u  

TL111T11 ~~~~~~~



126. (Continued)

psychu e i iu g ie mm l a t  ress of  ch amb e-- r  exposure m m ,  w e - l i  as to  t ice-
flare-ct Ic c - f t  O c t  of p r e s s u r e .  Thc-se f in e !  in gm- m i n d i c a t e -  that
when cold In  e omblned w i t h  & ‘V lti inoder ;-ute nar,- m is i s in
um nderwatc-r work , the ability of divers to  follow ins tru ui t ions
or t o  utilize short—term memory may he severel y compromised .

Stren~ th Durin~~ Co1d~~~j~osurc : Divers are f r eq u e n tl y c-milled
upon to exert  cons iderab le  muscle  forces  d u r i n g  the ( c o u r s e -  o f
u n d e r w a t e r  work .  Accordingl y ,  the m e f f e c t  of cold exposure-

sun strength is of great intem re st. The present study established
a mnethodology for isometric strength ucceasurement on several
musc le grou ps, and obtained preliminary data on dry land and
a t  the start and finish of hoeir—long underwater exposures; i n  t i m e -
UCLA t ank at 80°F and 43 °F. There was a marked s h e - c r c - u s e  i n
g r i p s t r e n g t h  in both underwat er conditions due to the use of
neoprene gloves . Otherw ise- , only shoulder g i r h  I c a dduc t  io n
e x h i b i t e d  any apparen t  e h e - t n i m e n t a l  e f f e c t  of cold e x p e i s u u r c ’ , mu ]
I t  was s l i g h t .  The f i nd ings  sugges t  the -  cormmcon 1/4 i t c c h
wetsuit offers adequate cold protection in shallow w m m t  u - i .

At greater depths , however , where  s u i t  e smp re-ssio ti r ec imm i cc- s

thermal insulation , maintenance of strength capabi lit ic ;~ is
questionable , and should be i;mve--stigate -d .

1 2 7 .  H u ; ~~cr  s u t g  ~~t ( :~~h e;rnja . Los A r u m ~c l e - s; , I lnei e - t s m m t e r  wor k  l’ec r lursmit ucc-
m c m i i i  ho i -k To!  m ’m-ance : F i n u l  dm- ~ - ccrt , h y Egst rom , C • I i .  and 

—

“el t t t i t t ;  , C. , 10~ I -

l i c u s  i s  the fi na l report on the- U n d c r e ~ i t e m  Vu rk  ‘ u - u  i o r t m ; ; u n c c -
m m m c d  h u r l ,  i i i  u- rmun cc s t i uch v etonducteel at m b u L\ i t t  the depa i-tmeuits
s - I  l l n g i t t u - i - r i c t g  and Ki nesiolom ~’- i n  t h e i r  u m n d e m u . m t c r  ni ’ se - m u r t -h
l ; b t m s m - a t u r u u - s . h i -  ob j e c t  i v e -  of the S t u i k  t i m u s  t h e  c l m m s s i t i -

c m l  t o r i  o f  the c - m - i a t  i o n s h i ps h t - t s c -en sc - i e c t c ’ ci i m u r m c s i - 1 e - m ~ a l
r m c i  m mirm a nc e and i mi t  cm -y en  i ng  y m u r  i - m b  Ii ’ s s m m c h  j a  c c i i  d

n m  ri- inc j c  mm c ci  u unucce r s iou - i  -

_____________________ - - - -
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12 8.  ‘ J a m u - , ica,m ,W . S . m mmd Mave n , A . S. , “Diver Performance In Control 1 I m u g a W e t
Su b m er s i b l e  D u r i m i g  Four Hot ir Exposure - : ;  i n  Cold Wat or ” ,
I h u m m i n  b ’m u c t o r s , 1972 , V 14 (2)  , PP~ 173— 180 .

Six - ‘u - - f u r .  , op e - - i c—sea  test t r i a l s  we-re condu cce-eh wi t i m  a wet
- ;u h n m e r s i h t e . The purpos e  of t h e s e  t r i a l s  was to m l a - ; e - s s
t i ce m e f f e c t s  of limu ig exji~s - une- to cold (16. 5°C) water on man ’s

- u .ub uli t y to perform basic submersible control task -c . The
s u b j e c t s  were experic-ns:e-d subm ers;ible-- pilots who had a
m i m i n i m u m  of 20 hours tr ;uining prior to t h e  e x p e - r i m e - n t ;m l  t r i , m l s .
Skin  and r e- i -t a l  t e inpe rm u tu re s  were con t inuous ly recorded f r o m
both the pilot and rider of the submersible. A continuous
re-cord of vehicle d e p t i m  and water temperature was also
obtained . The p ilot ’s task was to mai ntaiu m a prescribed depth
w h i  Lu performing ;c s eq u e n c e  of course  c hanges for a 4 — h r .

- -: period of submergence. I)epth error variance was correlat ed
w i t i m  p i lc) t core and s k i m - i  t e m p e r a t u r e  changes ove r t i m e , and
althou gh pilot core- temperature fell as much as 1.83°C , no
degradation in depth c i umi t rol performance- was apparent.

1 2 r1 V i  um ghiarc , W. S. , “Div er Tempe c d t  m i r e -  mind Per Co r m i i i r l e ’ e Changes miii ring
L o r c g — c i u r ; i t  ion , Cold W m m t e - r Exposu re ” , Undersea  B iomed ica l
Re-search , Vol. 2, N i , . 2 , •June 1975 , pp.  75—85 .

Twelve Navy d ive r s  p a r t i c i p a t e d  in 4— and 6—hour amen—wa de -c
t c: mt trials of a 2—m an wet s u b m e r s i b l e -  in 6 ° C w a L e r .  Skim ;
and rectal t e m p e - r a t c m r e - n  of the crc-us u s - r e  c o n t in u o u m - c l v
r e - c i u r c f c m u l  arid p e r f o r m a n c e  measures w ri  t aken  in t h r ee  task
m u i - a s ;  p ilot tasks , sonar—operator t usks , and crew— ~~u s i ’ r h i n a t  ion

L ; ; ;k n ; . Results suggest a complex , task—dc -penden t  e f t  i - c t  of
— cold Stre ss from deep body cooling. Rectcc l tempera tmir i-

c i m un ge -  was r e l a t iv ~- 1 y l n m i t - f l m i  i t i v e  to d i f i e r e u m c e - s i n  exposure
- :eu mud it ions; , however , m i nd  is p r o b a b l y  mc poor i n d e x  of cold

for use as m m correlate if per form ance c l i i: r t c h c u t  ion  between
normal , i c ; s t  c l i n i c a l l y c r i t i c a l  va leme s  o f  deep h od”  teu r;pm- rat ur ’-s .
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130. ise ’L t m uu an , C . mum i el Crooks , I I ’ . ,  ‘‘Human I ; i c t o r m ;  I n f l u e n c i n g  Underwater
Per fo rmance - ’’ , b i q u m i  pment f o r  t h e  ~‘ m r k  i ng l i i  ce- n , 1970 Sympos I u rn ,
Co I umumb u s , Oh i c) , PP 31 — 5 1

i i i  m s pop e- c sumnia r i  :‘es c x l i i -  u- m imi c - m it  a ]  f u  m m d i  ng s  e’ - - r i c e ’  r c u  i rig t ice-
pe- r f i ’nmrmar tce - c a p abilities of the- ~mn-k rig d i v e r . I t  a t t e m p t - c
t o  e m t m i b i i s h  a mini Hod e0mt L ook  - ‘ m c  und e rwmi t cm i- wu u m - k , t o  a-;se-s
the relat ive i n m p o r t m c m c c ’~- of v m i r m o u m s  s k i l l s  and e - n v i  r a n u c m e m c t a l
I m u c t m m u ~c to  m c t u a i  job  commc p l c - t  u u u n .  h b o  present mt  u n  f m u c m i s c - m --
on what m ight he termed the pres m - m u ’ C —  im i d epe -nd c -ri t m u s p e c t s  of
per fo rmance  s u c h  as t r a m n m u g ,  1 u — c  ho log  i c mi  I -~t r e - - c s  , the
oe~ean cn v i r o n m e -n t  , Col d , m imuel d i t en - s t m m h l  i m~;it  iou - i . N a r c o s i s ,
b r e m u t h i  i n g  m i x t u r e s  , mind s i m i  l m u m - d i r e c t  p r c - m s m m r e  e f fe c t s  on
pe rtom -umc mu n cc are not i ne lud c’d . ~l uu chc of the pro- m e - c it at ion deals
wi t h recen t - t  ud ies  p e r f o n imm e e l  h t h e - h i m c d c - m m % m m t  e r  R e s e a r c h  Croup

• m ut  UC LA . \ e ~ cord i rug ly , e -x pe r u r i c - n t  a I m l m e -t hodo I i ; ’, i s eh i s c m m s see ]
; m l u m u e t  w i t h  iL m i e l i r u g s  . Of p a r t  i c u l m u r  m r c t e - u - c s t  a r ’  t i u -  sork
m e m m s u r e m e n t  s t u d i e s  done eiu r  in g  Sum ru mn c- r 191,7 on t he- s h a l l o w
w a t e r  t r i a l s  of t he  D c v e r c u u a  I c i u m t s t  m m i c t  m c m i  pr sj e ’ct  f o r
S i : A L \ B  I I I  , w h i c h  r epresen t  pe i -h m mp s  t lie H u - s t  f u m i  1 — s c a l e

-
‘ 

ex ;t f l i  nut ion cif a l e n g t h  1 Y m m d  h i g h  1> coflup I cx cii v i  ng job -

These s t u d i e s  y m  e ’lded not o n l y  d i  i c-ct d a t a  0 mm h - s - r f o r n an c c -
m um - i d p i iy - s i ol og i cm i 1 r esponse  , h u t  m c i  so s u m  m p n c  S m m u g  I v c a m i c i )  r m l m m t
ucsponses by the N a v y  d i v e r s  t h e m u i s e l v u s  t o  q m i c - - -- t  i o n n a i  c i i :
c o m i c e r n i n g  s i g n i f i c a n t  f m i c t o r m c  in  t l~u s -  t ;i~ k e n vir o n m e n t .

131. ~i - i tnma m m . C , Smit h , 1 F , and l : g s t r o m , (Lii ., Percept u m I  N ;i rriti e imig
h ) u r i n g  I-I i m m i u l ; m t c - 5f P r e s s u r e — C h a m b e r  i :x l - u m; ure , h i u mmmn Fac to r s
197 1 :13( 2) , PP 99-107.

h u m  t h i  s st t i d y ,  15 r m m a l e  sub j e c t s  p e r t u u r u m m e e i  ,i cen t r a l  v i sua l
; m c m u  u t y  t-c-J5 ( L an d o l t  ring d ot e - c t  ions ) md a p e r u  m I t t - c - m i  1 l i g h t
m I t t ci ’Ct i o u t  t a s k  d u r i n g  w h a t  t hey  t h c u u i g i i t  t he mu 60— f t  d i v e

m u m  a p re ssemi - e c h a m b e r .  T h e m - tm a u: ; no m m c t u m a l p r e s s u r e  c h a n g e .
1 5 — m a n  coc c i  rol group perform cme -d the samn e t m m ~ k~- m i t  m i i i  o u t S  ide

l a s - m i t  io n  - I x h u e  i i  me ’ n tm m I m ucemm s t m res inc iu d em d mu post t c’~u anx i ci—
c b s - c  k i m - m r  and c a n t  i n imous  h c ’ m i  m l  m i t  o i- c- s-ore! u n i t  - The ch ;mmh e- u-
or o m i p  showed a ign i ficmunt 1 y h i  gher m i n x i c t v  sCore - c m i n d m m i so m m
a igm i  i f i c’ m u m u t  1 h i g h e r  h e a r t  r u t  t h  m o u m g h o u t  the ’ expe r in l c -n t  -

[he r~e- aria no di ficrom iec b e t  5cc -n the groups mu i t h  r c - g m u  c - u t  t o
correct h ando i t  de tec t  i oti s , a i t  hough the ch um ) - cm group ic ’ --po mhed
n s : m ; c w l m m u t  s l o w e r .  P e r i p h e ra l d e t e c t  iOU , h o w e v e r , t’ee s : ~~- v e r i l y
r u n t  4 i g f l i  f i c a m u t  l v  e i e g r ; m e h m - e I  i n  t h e  J m m u m i m b u e r  t r u m i j i . I t  s i - tm con-
e i tm eie - d I ; c ; t  pen ce- ’it mm I no cm - - i s i uc g  had h o s t t l c ’m u n u  - -t  c— , m t od mu :~ a

s u i t  at p sycho lm ugicru l si ri-as mmssocia tc’ - h wi tbc e - x c - c u -- m ir i  t o  the
‘ s i  ‘ c ) c  i m m  - ‘‘  p m - c s n u r - c- - c h l m m m ; m h u s - r .
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1 132. W I c l t t en b u r g , Vaughan Assoc . , Swi mmer Delivery Veh icle Operations , by
W . S. Vrughan , Land ove r , Md., May 1972 , (AD 521-388) Cam -if.

I. Overview
II. Subnuarine/Switmuner Delivery Vehicle Coordinated Mission C a p a b i l i t y

I I I . Effects of Long Exposure to Cold Water
A. Cold Water Test Operations
B. Effects on Physiological Condition

- 
- C. E f f e c t s  on Pi lot  Performance

133. Wh i t t e n b u r g ,  Vaug han Assoc., Human Factors Guide For the Design of Diver
Operated Hand and Power Tools , by B. G. Andersen , Landover , M d . ,
Jul y 1972, (Ol—TR—72/2—SK) .

T h i s  final technical report describes the  r e s u l t s  of a research
- 

-~ study directed toward expanding the available data base o1
man ’s ability to work underwater , by providing human factors data

- on man ’s requirements and capabilities as an undersea worker.
The repo rt  is a basic human fac tors  criteria guide fo r  the des i gn

- 
of d iver—operated  tools and work systems .

- Data included were developed and comp iled t h r u ~c u g h e v a l u a t i o n  of
operational diver work tasks , in—the—field observation of diving
operations , and surv ey and review of existing huncan factors
research data.

The document is organized into five major sections : 1) A n t h r o p o m e t r y

- 
and Biomechanics , 2) Body Restraint and Tethering Systems ,
3) Underwater Visibility, 4) Control/Display Criteria , and

- 5) Human Engineering Cons idera t ions  for Specific Underwater
Tools. The Appendix contains de ta i led  specifications for a
se l ected number of frequently used power tools.

134 . i c u i s i u l s  i h m u k ’  O c e r u m i u u g r a p h i c  i n s t  m t u t e , h h r t n c l  Tools and Mechanical
u \ e e e s so r i c s  f o r  m u l)ce-p Submers ibl e- , b y C i i iCord I. . ki mig o t  ,
W o u u u i  h o l e , t ) m u s s .  , M m m v  1969 , ( \ 9  i ) 7  .29- 1 ) -

lh e clcs m gn m mm m d conat  t m m c t  ion c l e - t m m  i I s  fa r  -u m u r u o u s  b r u n c h  tools
ami d ;lcce -s: rori es Used by muu :mnned de’eji sui hmmuc ’rsi b le s m a m- -scrm t c5t -

4 i l i c  l o u i s  re-qum re time u sc- of rmni echmm ui i e; m m I uii ani pc mi ;m t o r , mind
) w i- re ’  t h e - s i g n e d  s p c ’ c i f k - m m i l v  t m - i  u m r m m ; u \ m -  t i m e  s c i o n t i - ~t s c a p a b i l i t y

of a l i t  m i n i n g  deep u i c e - ; i m i  geol o g u c m m l c imi t  m m  t i m i d  b i i)  I c ig  i c a l

- m-’hi(’c i m uuCm ms. he - m m m j o r m t v  01 the t o i l s  m l  l u s t  r a t c -e h  m i m e  o f
m nip I c  des i gn munch  m m i o xpens  i Vt- C om i s t  n u i c t  c c)fl .
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1 3 5 .  Young, C. , Jr., “Fnule- rw ;ut e- r Tools” , 6th  U . S . Navy Symposium of Military
Oceanograp hy, Proceedings , VI , Seattle , W u- ~tm ing to n , pp. 117— 127.

i he- tii olc; desu -r Ihed in th i s pape r ~l I p e r f o r m  r e - l a t  ive I v  s i m p l e
-
~ functions under water. All are h and—held or hand—emp l aced ,

and were- dc-signed orig inally for use at 1000—ft depths or i c - s m: .
Each satisfies a particular , well defined need . From this
b e g i n n i n g ,  what may be antici pated in t i m e  f u t u re?  First , i t
is expce:ted that variations of these tools will be r e q u i r e - t i
to s a t i ;m f y a d d i t i o n a l  r equ i r emen t s . Remote- h a n d l i n g  f r o m  a
veh icle may be needed . This migh t generate the need for
electr ical  f i r i ng  systems , modifications necessary to im - it - r f a c e m
wi th  mani pula tors , and deeper operating depth capabi litic--; .
1mm that connection , most tools described in this paper have
been f ired . No data exist for depths at which failures mig ict
oc cur  due to excessive external pressures. It should not he
concluded from data on maximum test depths , timat a design
could scuccessfuuly be achieved for that depth alt u u s u -gh there
is every indication of it. Second , more tools to satisf y
other relatively simple requirements may be needed . An e x: m ; ; m I e
is the rapid cutting of metal plates at any depth. Third ,
fixed tools to p e r f o r m  routine functions on a set time schedule

• or in response to coded acoustic signals may hem r e q u i r e d .  In
fact , remotely controlled valves on underwater oil wells m i r e

• a reality today . It appears that the list of possible
requirements for underwater tools in time future is dependent
only on one ’s imagination . However , i t  must  be concluded
t hat , because of the expenses involved , development efforts
should be expended only on those tools for which definite
requirements exist.
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