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I

I . INTRODUCTION

The diver performance and human engineering tests were planned and
carried out In conjun ction with the NCEL salvage tool evaluat4on . These
tests were conducted as part of the overall ocean floor program for the
following purposes:

1. To obtain both quanti tat ive and qual i ta t ive data ~ f the per-
formance capabilities and l imitat ions of divers to effectwely operate
selected underwater salvage tools and tool systems in carryinq out
work tasks which would meet the design specifications of these tools .

2 . To collect underwater diver performance data that could be
used to further the development of human engineeri ng criteria for

• the design and fabrication of advanced tools and to contribute to
meet more effectively the demanding requirem e:~ts of th e Navy ’ s
manned , deep-divi ng systems.

Overall program plans called for the joint development of tool test scenarios
by Oceanautics and NOEL that would meet the requirements of both the per—
formanc e and engineering tests . Data relating to the performance measure-
ment program would be collected in three phases: baseline and t ra in ing
data at Point Mugu , famil ia rization data during the 200—foot dive , and a
complete salvage test program during the 520-foot dive .
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II. DESCRIPTION OF THE OCEAN FLOOR SALVAGE TOOL PROGRAM

A. Tools and Salvage Equipment

The underwater tools and salvage equipment used for the ocean floor
salvage ti~ol program included:

open-center hydraulic cutter

hydraulic abra sive saw

diver—operated Enerpac hydraulic pump and associated
hydraulic cutters

hydraulic drill  press

hydraulic impact tool

velocity power tool

hydraulic-powered winch

Aqual ift variable buoyancy pontoons

underwater work test stand

underwater tool box/manifold

tool-and-equipment-storage container

A detailed description and specifications for these tools and equipment
are presented in Section B2 , “Salvage Tools . ”
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B. Salvage Tool Tasks

Saturated diving operations place divers in a unique underwater environ-
ment where surface logistic support for tool work is d i f f i c u l t .  Divers may
be called upon to perform a wide variety of work tasks requiring a broad
range of tools adapted to underwater use.  Typical underwater tasks
include assembly , fastening , cutting , and dril l ing . The tools selected by
NC EL for testing as part of the ocean floor program represent an excellent
cross section of tools employed in actual salvage operations .  However ,
to develop one simulated underwater work task that could exercise all of
the selected tools would be prohibitive and not representative of an
operational work si tuat ion.  Overall pro gram plans called for the joint
development of tool task scenarios by Oceanautic s and NOEL . The tasks
selected were to meet both performance and engineering test requirements
and had to be performable within specified time l imits  allotted to the
ocean floor salvage tool program.

Early in the program , planning sessions were held at NOEL to develop a
set of task scenarios that would meet all the specified requirements of the
ocean floor program and ut i l ize  all the tools selected for test ing . Two
types of tasks were proposed to carry out the performance and human
engineering test program. The first  type would be used to evaluate  the
functional and engineering capabili t ies of specified indiv idual tool i tems
to ~erform selected tasks within the l imits  of their design specifications .
The second type of task would represent a s imulat ion of an operationa l
work task or combination of work tasks requiring mult iple  tool applications .

1. Individual Tool Tasks

The following tasks were selected to evaluate diver performance in operating
a tool item and performing specified functional  operations wi th in  the design
limits of the tool:

a. Cutting -- open—center hydrauli c cutter

Cut 5/ 8—inch steel reinforcing bar.
Cut 1-inch-diameter wire rope .

b. Cutting —— hydraulic abrasive saw

Cut 1— 1/2—inch—s quare  steel bar .
Cut 1/2-inch by 6-i nch steel plate.

—3—
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C. Cutting -- hydraulic cutter and diver-operated
Enerpac hydraulic pump

Cut 1-inch-diameter wire rope.
Cut 5/8—inch steel reinforcing bar.

d. Drilling —— hydraulic drill press

Drill 1—1/2-Inch—diameter hole.

2. Multiple Tool Applications on Simulated Work Tasks

The following work tasks were selected as being representative of those
that a diver would be called upon to perform in an operational salvage job:

a. Install eyebolt in 1—inc h steel vertical surface
V 

. Hydraulic impact tool; dr ill and tap .

b. Install eyenut in 1—inch steel vertical surface

Hydraulic impact tool: drill and combination
dr il l/ tap .

C. Install eyenut in 1—inch steel vertical surface

Velocity power tool; insert a threaded stud .

d. Install padeye in 1—inch steel vertical surface

Hydraulic impact tool; drill , tap,  and torque.

e. Install padeye in 1-inch steel vertical  surface

Velocity power tool; insert a threaded stud
and torque padeye bolts with crescent wrench.

f. Load handling

Transport underwater work test stand
(approximate weight 750 pounds) a distance
of 30 fee t , using an Aqualift variable
buoyancy pontoon.

g. Load handling

Transport tool box/manifold (approximate
weight 350 pounds) a distance to 30 feet ,
using an Aqualif t  variable buoyancy pon-
toon and hydraulic-powered winch.

—4-
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h. Load handling

Transport tool box/manifold a distance of
30 feet , using the Aqualift  va riable buoyancy
pontoon only .
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III . PERFORMANCE MEASUREMENT PROGRA M

A. Test Environment

Three test environments were used for the performance evaluation program:

1. Shallow water at Point Mugu

2. Shallow water at Mak ai  Range

3 . Two-hundred-foot test conditions from the AEGIR habi ta t

Shallow water conditions were employed for diver t r aining in the operation
of the salvage tool systems and for obt a ining basel ine  perf ormance data .
These tests were conducted at the Naval  Miss i l e  Center  (NM C) , Point
Mugu , Cal ifornia , in an open-ocean e n v i r o n m e n t  at a depth of 40-50 feet ,
near the pier at Point Mugu . Water tern~~ rature  ra nged between 520 and
620 F. The proximity of this  location to the shore created some amount  of
bottom surge during the testing period . The amou nt of surge varied with
tidal conditions , su rface sea state , and wi nd condi t ions . Tlnderw ater
vi sibi l i ty  varied between 5 and 20 feet . At no t ime du r in g  the te s t ing
period did surge or v i s ib i l i ty  condit ions interfere with the conduct  of the
underwater tool tasks .

Prior to deployment of the AEGIR habitat , the re was an opportuni ty  to con-
duct additiona l base l ine  tests in the shallow waters ad jacen t  to the pier
at Maka l Range.  These tests were carried out at a water  depth of 16-20
feet. Vis ib i l i ty  was est imated at less than  8 feet , wi th  no s i g n i f i c a n t
surge present . Water temperature was approximately 700 F.

The operational tests performed during the 200-foot sa turat ion dive were
carried out off the starboard stern of AEGIR at a depth of 198 feet , with
visibi l i ty in excess of 100 feet . Water temperature was 650 F.

~~0~~
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B. Measures of Perform a nce

The prime measures of the working diver ’ s performance have been broken
down into four classes:

1. Time measures

2. Work output

3. Physiological measure s

4 . Diver debriefing report s

1. Time Measures

Time measures of performance were selected as the primary source of
quantitative data for this evaluation program. Whereas past performance
evaluation programs carried out in a field environment have relied primari ly
on obtaining overall t imes required by divers to complete a work task , it
was decided for this program to attempt to obtain more detailed and com-
prehensive time measures.  The goal was to break down the overall work
tasks into work uni ts  tha t  were representative of discrete events that
occurred within the total task.  If successful , thi s would enable a more
detailed and more complete evaluation of each diver ’s performance .

The additional t ime measure s which appeared to be meanin gful  to the per-
formanc e evaluation program included:

a. Task performance t imes

Overall time to complete a task .
Part—task t ime~ for discrete task events .

b . Rest and Idle t imes

Diver rest period s after work task commenced .
Idle time involving no tool output .

c. Work preparation times

Time devoted to preparing the task or tool
prior to or during the work period .

d. Serv ice and maint ’~nance times

Time devoted to servicing or maintatning
tools and equipment .
Time required to adjust , check out , or
main ta in  personal apparel or l ife support
systems.

—7— 
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In order to specify and allocate t ask elements or events with this kind of
precision , a complete task ana lysis was required of each of the tool tasks
to be performed by the d ivers .

While each of the time measurement categories did not apply to all of the
divers ’ sched u led work task s , th ose that were relevant and predictable
were specified as part of the task analysis . The complete task analysis
for each of the salvage tool work tasks is presented in Addendum A.

2.  Work Output

Work Output was measured with respect to the magnitude or quant i ty  of
work achiev.ement during each task.  Under most performance evaluat ion
conditions , such measures rely heavily on the abi l i ty  of the observers to
physically inspect the work performed and in some cases require detailed
laboratory tests and analyses.  During the saturat ion dive evaluations ,
this kind of inspection was not possible , so observers relied on their own
CCTV observations of the work performed or on the divers ’ reports of their
work achievement.  Laboratory tests and analyses of the work output were
not planned as part of the performance evaluation program , but  would be
done by NCEL personnel following return of the test apparatus  to the
surface.

3. Physiological Measures

Initially , project plans called for obta ining physiological measures for
each diver during the performance evaluation program. These measures
included partial pressure of oxygen (P 02 ) ,  EKG for heart rate , respi ration
rate , and core temperature , and were to be used as correlates to the time
measures of performance in order to ident ify work tasks requiring high
levels of energy output .  The physiological measures would also serve as
safety monitors for the divers . Unfortunately , the M K — 1 0  physiomonitors
were not available during the training and baseline s tudies  at Point  M u g u .

When the phys iomonitors were used at Makat  Range , technical  and
coordination problems limited the data that could be made available . As
a result of these problems , only the heart rate data were recorded for
correlation with the time measures of performance.

4. Diver Debriefing Reports

Each diver participatin g in the salvage tool work program was required to
take part in a post—dive debriefing , in order to ob ta in  a f i rs thand report of
his experiences and to ident i fy any problems encountered in performing the
require d work tasks . Diver debriefing s of the training and baseline studies
at Point Mugu were conducted by Mr . Fred Barr ett of NO EL and recorded on

—8—
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audio tape . These debriefings were particularly beneficial in identify ing
problem areas in both the work task procedures and tool requirements , and
in correcting deficiencies encountered in the performance measurement
protocols and technique s . As th e result of these debriefing s , a numbe r of
changes were incorporated into the salvage tool and performance evaluation
program prior to the 200—foot saturation dive .

A diver debriefing following the 200-foot saturation dive was also recorded
on audio tape . The contents of this debriefing were used to provide first-
hand information regarding additional problems encountered in performing
the salvage tool tasks under saturated conditions .

—9—
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C. Measurement Techniques

The nature of saturat ion diving operations clearly precluded direct obser-
vations of the salvage tasks by scientific personnel connected with the
performanc e measurement pro gram . Direct observations could have been
employed during the shallow-water t ra ining and basel ine tests  at Point
Mugu . However , it wa s decided to rely on the measurement techniques
that would be employed during the saturation dives , I n order to provide
both training and practice for the scientific observers in their data
recording techniques and communicat ion protocols with the divc -rs , alo ng
with diver training in the observers ’ repo rting requirements .

The basic measurement  techniques employed during the salvage task
evaluations relied on the use of underwater CCTV moni tor ing and voice
communications between the divers and a surface observer. During indi-
vidual d ive r tasks , a hand-held video camera was operated by the di~~ing
partner and focused on the work t a sk .  For tasks  such as load han d l ing ,
where both divers were required to perform the task , a st andby or safety
diver manned the video camera . Provisions were also made to use the
camera on a fixed tripod in the event that  an addit ional  diver was not
available . To supplement  the video informat ion provided to the surface
observer and data recorder , the divers were required to report , via thei r
voice communi cat io c~s system , the std tus  and progress of their  work t a s k .
Since each diver was fami l ia r ized  with the detailed salvage task ana lys is ,
they were aware of the specific task events and progress milestones which
should be reported to the surface.  The surface data observer was , in
es sence , provided with two sources of data that would enable him to record
accurate , detailed , t ime me asures  of performance . In theory , the fai lure
of either data source would no~ j eopardi ze the abi l i ty  of surface observers
to obtain suf f ic ien t  in format ion  to record these measure s , as long as the
quality of the video picture or in te l l ig ib le  two-way voice communicat ions
were main ta ined .

Data forms developed prior to the t ra in in g  sessions were used to record
the time measures of pe rformance.  The top part of the form contained
background information for identif icat ion of the divers , test location , and
salvage task being performed . The lower part of the form in i t ia l ly  con-
tained three columns for recording data . The f i rs t  column , “Task Activity , ”
provided space for noting the task e lements  being performed by the divers .
During the t raining and basel ine tests , thi s column was f i l led in as the
divers performed the various act ivi t ies associated with the task .  By
following the prepared task analysis , the observer was able to record the
task act ivi t ies  in their proper sequence. Once the task activit ies and
sequence were clearly defined , th is  column could be fil led in prior to
performance of the task.  The second column provided for insertion of the

— 10—



appropriate activity code description : “Task Performance (W),” “Task
Preparation (P) , ” “Service/Maintenance (S) , ” or “Rest/Idle (R) . ” These
codes could be recorded as the activities were performed , or they could
be inserted following completion of the overall salvage task.

The third column was used for recording the actual  time measures of per-
formance. When the form was developed , the intent was to record activity
start t imes from a continuously running stopwatch timer and to stop the
timer only when the task was completed . Experience with this procedure
showed it to work effectively only for long-duration act ivi t ies  such as were
encountered in the load—handling tasks. An alternate method of data
recording , that emerged during the training sessions as being more effec-
tive and easier for the observer to handle , was to record individual activity
event times which then could be totaled to provide the total task time .
This method was more effective for recording activity times of less than
1—minute duration; however , the observer had to be particularly vigi l ant
to identify changes in the divers ’ acti vities.

In order to provide for both methods of data recording , two stopwatches
were employed by the observer. One was used to record elapsed time
during the task performance , whi le the other functioned as an individual-
event tim€ - . To accommodate this method of data recording , the dat a
forms were subsequently modified to include two columns for time measures :
“Task Time: and “Elapsed Time. ” The form was also modified to include
additional columns for recording the heart rates of two divers . (A sample
modified data form is contained in Addendum B .)

— 1 1 —
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D. Personal Apparel

Every effort was made to outfit the divers in the same apparel for both the
Point Mugu and Makai test conditions; however , as the result of problems
in equipment availability , a number of minor modifications were made .

The basic diver apparel included hot-water-heated wetsuit , MK- l0 life
support system with physiomonitor and communications , five -finger gloves ,
and fins . However , since the MK- 10 communications system was not
available for the Point Mugu tr aining and baseline dives , one member of
each diving team used a surface-supplied , open-circuit air system
employing a Kirby-Mor gan band mask equipped with a hard—wire Helle
Engineering diver communication set . This system resulted in voice com-
munications only between one diver and the surface observer , and no
communications between divers . In addition , no physiom onitors were
availab~~ during the Point Mugu training and baseline dives.

—12—



E. Test Equipment and Apparatus

In addition to the tools and equipment used to perform the salvage tasks ,
two pieces of equipment integra l to the ocean floor salvage task program
were the test stand and the tool box/manifold .

The test stand was designed and built by the Nava l Civil Engineering
Laboratory and served to accommodate the engineering and performance
evaluation testing of the tools and equipment used in the salvage tasks .
The stand was approximately 8 feet square by 8 feet high , and weighed
about 750 pour .ds. The basic framework for the test stand was fabric ated ~from pre-punched angles and panels , such a s those used to con struct
warehouse storage racks . The base was covered with sheet steel and had
a raised lip on one side so the stand could be dragged without d~gging into
the sandy ocean bottom . The stand provided a test p late at tachment  sur-
face for install ing eyebolts and padeye s , alo ng with brackets for mounting
the various types of cut t ing mater ic i  to be used in the tes t .  An underwater
winch with its required snatch blocks were also mounted on one vertical
surface of the stand . In addition to providing the pr imary work area for
the divers , the test stand was used as one of the primary load-handl ing
obje cts to be transported on the bottom , using the Aqual i f t  variable
buoyancy pontoons .

The tool box/manifold provided a receptacle for storing the salvage tools
and also incorporated a manifo ld  for dis t r ibut ion of hydraul ic  fluid to the
tools contained in the box . The box was initially constructed of marine
plywood reinforced with pre-punched angle iron. This construction proved
inadequate for the we ight of the tools and the rough handl ing experienced
during its initial use at Point Mugu . The f inal  version was constructed of
a welded angle—iro n frame covered with steel grating and partitioned into
four compartments that  would keep the tools separated . The manifold
section of the box was fabricated of plywood reinforced with steel angle
iron . The manifold panel served as a partial cover for the box , which ,
when placed on the ocean bottom , could be raised and bolted into a vertical
position providing access to the manifold valves. The tool box/manifold
was approximately 7 feet long by 3 feet deep by 4 feet high , with the mani-
fold pa nel folded in its storage position . Overall weight of the uni t , with
tools , was approximately 350 pounds. The tool box/manifold was also used
as a load-handling object for transport along the bottom , using both the
hydraulic winch mounted on the test stand and the Aqua l i f t  variable buoyancy
pontoons .

• —13—



IV. TEST RESULT S

A. Training and Baseline Program, Point Mugu, California

The salvage task training and baseline program was conducted during a
three—week period in September 1971 , providing the divers with their first
opportunity to perform the salvage tasks and operate the tool sy stems.
This period also provided the first use of the performance measurement
techniques developed for this evaluation program. Throughout this test ing
period , the salvage tools , video , and voice communicat ions were main-
tained at a high level , thereby resulting in maximum t ra in ing and experience
for surface observers and diver personnel. Nine divers participated in the
training and baseline program , performing a total of 115 salvage tool tasks
during the three-week testing period . The results of the perf ormance
evaluation for these tasks are described in the following sections.

1. Load Handling -— Move test stand using large Aqualif t
variable buoyancy pontoon

Handling the test stand involved walking it a distance of 30 feet af ter  it
had been lifted clear of the bottom with the large Aqualift. The lifting
operation involved attaching the Aqual i f t  to the test s tand bridle and
inflating the Aqualif t  to provide suff ic ient  l i f t  to clear the base of the sta nd
fro m the bottom . After moving the test stand to the desired position , the
Aqualift was then deflated , retu rning the sta nd to the bottom. This task
required two divers and was performed five t imes , with a total of eight
divers participating . The resulting performance data are shown in Table 1.

The nature of this task required the divers to move about almost con-
tinuously. It was therefore diff icul t  to identify rest/ idle periods when , or
if , they occurred . However , based on post-dive crit iques , thi s act ivi ty
category was estimated as negligible . The service/maintenance activity
occurred during two repetitions of this task and involved servicing and
adj usting the Aqua l ift  lines which had become entangled . In genera] , the
divers encountered no problems in the performance of this task , and no
human engineering problems were identified .

2.  Load Handling -- Move tool box/manifold us ing  Agua l i f t
a nd hydraulic winch

With the test stand in place , the hydraulic winch mounted on the stand was
used to winch in the tool box/manifold 30 feet to the test stand , a f t e r  the
tool box was raised off the ocean bottom with the small Aqual i f t . This  task
required two divers and was performed five times , with r ’ight divers partici-
pating . Results are shown in Table 2.
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Rest/ idle periods were observed only on one iteration of the task.  Service/
maintenance times occurred on each repetition , and in each case consisted
of returning the winch power handle to the MAS unit  and coiling the hydraulic
lines on the MAS In their storage position. This task element was time-
consuming , due to the diff icul ty encountered in handling the st iff  hydraulic
lines. One minor human engineering problem was observed in attaching the
power handle to the winch , in that a more positive keying device for locking
the drive shaft  to the wi nch could be developed.

3. Load Handling -- Return test stand and tool box/
manifold to their original positions using the Agualift
variable buoyancy pontoons

This task required a team of two divers to return the test stand and tool
box/manifold to their origina l positions . The task was performed in the
same manner as the two previous tasks except that the hydrauli c winch
was not used in moving the tool box/manifold . The mean time for moving
the test stand was 11.08 minutes , and the mean time for moving the tool
box/manifold was 9 .07  minu tes .  No time measures  of performance were
obtained for the individual task elements.  No problems were encountered
with this task .

4. Cutting -- Hydraulic open-center cutter cutt ing 1-inch
wire rope and 5/8-inch steel bar stock

This was a relatively simple task for the divers and required very l i t t le
preparation other than checking the manifold setting and bringing the cutter
to the work area. The mean times presented , therefore , repre sent t he
actual times required for the cutter to penetrate through the mater ia l .  The
diver acted only to actuate power to the cutter and to keep the cutter  blade
in a fixed position around the wire or bar stock. Six divers participated in
the evaluation of this tool. The initial cuts were made with a damaged
cutter blade that was not sharp . The mean t ime for six cuts on 1-inch wire
rope was 1 - 30 minutes , and the mean time for two cuts on the 5/8-inch bar
stock was 2 .09  minu te s .  When the damaged blade was replaced with a new
one , ten cuts were made on the 1—inch wire rope , resul t ing in a mean
cutting time of 0 .36 minutes per cut .

No critical problems were encountered by the divers in operating this tool ,
other than those associated with the damaged blade . With this blade , the
operator had to continually rotate the tool around the wire rope in order to
penetrate all of the strands . Though it was not encountered in these tests ,
the 27-pound in-water weight of the open-center cutter  would probably
result in considerable fat igue under prolonged use by a single diver.

— 17—
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5. Cutting -- Abrasive saw cutting 1/2-inch by 6-inc h
steel plate and 1—1/ 2—inch—s quare  steel bar stock

Operation of the hydraulic abrasive cutter was accomplished by an m di-
vidual diver. The cutter was hand-held , using two hands to support the
tool against  the material to be cut . The rotary abrasive blade was actuated
by a spring-loaded trigger mechanism.  The rotating blade was then pressed
against the area to be cut with pressure exerted by the diver unt i l  the
material  was penetrated. Four divers part icipated in this  task , each making
one cut in the two test i tems.

The mean times required to perform the task and the percent a l locat ion to
the task activities are shown in Table 3.

On two occasions the abrasive saw broke fro m excessive pressure against
the work surface , which required the diver to change the blade . This
activity was included in the service/maintenance task category.

All of the divers who performed the task were somewhat apprehensive about
using this tool , since no protective guards were provided around the
rotating abrasive blade , and the diver’s hand could conceivably slip
against the blade and result in severe personal injury . The human engi-
neering problem was corrected by insta l l ing a protective steel guard
around the blade prior to its planned use in the sa tu ra t ion  d ive.

6. Cutting -- Enerpac diver-powered hydraul ic  pump and
cutters cutting 1-inch-diameter wire rope and 5/8-inch
steel reinforcing rods

The diver-operated hydraulic pump and cutter tool required two-diver
operation . One diver operated the lever-controlled hydraulic pump by
li fting and lowering the pivoted lever handle to develop suff icient  hydraulic
pressure to close the blade of the cutter agains t  the mater ia l  to be cut .
The second diver positioned the cutter uni t  against  the work mater ial  and
maintained It in position unti l  the material  had been penetrated . This ta sk
was performed by three pairs of divers , with 8 cuts made on the 5/8-inch
reinforcement bar and 6 cuts made on the 1-inch-diameter wire rope . The
results of this task are shown in Table 4.

The performance of this task presented no problems for the divers . While
no rest/ idle times were involved in the task as observed , this activity
category can be expected to represent considerable time where mult iple
consecutive cuts are to be made .
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7. Combinat ion  Task -- Instal l  eyebolt using a hydraulic
impact tool to dri l l  and tap

This task called for the instal lat ion of one eyebolt in a vertically mounted
plate of 1-inch-thick mild stee . The task was performed by an individual
diver using a 3/4-inch—drive hydraul ic  impact tool , hammer , and center
punch. The position for the eyebolt was marked using the h ammer and
center punch. A pilot hole was then drilled , followed by a larger hole to
accommodate the tap bit . The hole was tapped and the threaded eyebolt
was screwed in and hand torqued. All dril l ing and tapping operation were
accomplished with the hydraulic impact tool. Five divers performed the
task , once each. Two additional at tempts to accomplish the task were
aborted , due to equipment problems . The results of the task are shown in
Table 5 .

From a procedura l standpoint , this task presented no problems for the divers .
However , minor tool problems resulted in two abortive at tempts  to instal l
the eyebolt . These occurred during the tap drilling and tappin g t ask activi-
ties. The first problem was the result of a chipped drill  bit  which required
the diver to restart the task at a new location on the test plate . The second
was a tap bit which broke off in the hole during the fina l phases of the tap-
pi ng activity . This casual ty  also resulted in the task being restarted . The
problem of chipping and breaking bits appeared to result from not keeping
the impact tool in the same angular position in relation to the work surface.

Another minor problem which occurred during one iteration of the tapping
task was that the tap would continually loosen in the chuck and have to be
retightened . The tota l performance time for the task when this occurred was
therefore approximately 2 minutes  longer , as the result of this added
service/maintenance t ime.

8. Combinat ion  Task -— Ins ta l l  eyenut using a combinat ion
drill/tap with a hy draulic impact  tool

This task was very s imi la r  to the previous one; however , instead of perfo r-
ming the dri l l in g and tapping tasks a~ separ ate act ivi t ies , they were
combined into a single t ask not requi:~ng the changing of bits . Once the
hole was tapped , the bit was not removed from the hole , but , in stead , the
chuck was loosened and removed from the exposed , thre aded end of the
combination dril l / tap bi t .  The task was performed 11 times by four d ivers .
The results are shown in Table 6. The rest/idle and service/maintenance
classifications represented ~ negligible pe rcent of the overall task and
were not included in the tabula t ion .

As in the previous eyebolt t ask , the procedure for this task did not result
in any problems for the divers.  There was again the problem of breakin g
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the drill/tap bits on three occasions; however , the breaks did not occuruntil the taps had fully penetrated the 1-inch steel plate and the diver was
removing the chuck from the bit. In removing the chuck , there was a
tendency for the diver to take his hold ing support off the impact  tool ,
leaving the ful l  10-pound weight of the tool on the exposed end of the dri ll/tap bit . This weight , plus the m anipula t ions  of the diver in loosening thechuck , was sufficient to break off the threaded end of the dri l l/ tap bit .

9. Combinat ion Task —— Ins tal l  eyenut us ing MSA velocity
ppwer tool

The use of a velocity power tool to install  an eyebolt was clearly thefastest and most efficient means of performing this t a sk .  With a loaded
barrel positioned in the driver , the velocity power tool was pressed againstthe work surface; a slight rotation of the barrel and pres sure on the barrelhead against  the work surface released the dual safety mechanism . Acti-vation of the trigger mechanism at this point fired the threaded stud into thework surface. An eyenut was then screwed into the protruding , th readed
end of the stud . The expended barrel was removed from the tool and re-
placed with a new , pre— loaded barre l , a nd the tool was read y to fire again .This task was performed a total of 16 t imes by four divers , with each dive rfiring 4 studs.  The results are shown in Table 7 .

Of the tot a l 16 st u ds fired , only one misf i re  occurred . The safety pre-
caution taken in this case was to try to fire the stud two addi t i onal  t imes .
If misfire continued , the b arrel was carefully removed and a new barre linserted . No huma n enginerring prob lems were observed or identified in
the performance of this task .

10. Combinat ion Task -- Instal l  3-bolt padeye using
hydraulic impact  tool with ind ividual  dri l l  and taps

Instal lat ion of the 3—bolt padeye required p erformance of the same t ask
activities as were used to instal l  an eyebo lt. However , the act ivi t ies
were repeated three t im es to secure the 3 corners of the padeye p late .Bolts securing the padeye plate were torqued , using the hydr aulic  impact
tool as an impact wrenc h . Threading on the eyebolt portion of the padeye
was not Included as part of this t ask.  Seven divers performed the task ,
once each . The results are shown in Table 8.

As with the single-eyebolt task , the problems encountered consisted ofchipping and breaking taps . This problem appeared to resul t  from placing
excessive pressure on the bit whi le tapping and from allowing lateral
movement on the bit  af ter  the thread had been started . Similar  problems
were also experienced with some of the tap/drill b i t s .  The observed
service/maintenance t ime , represent ing 13 percent of the total task ,
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resulted from the time involved in the removal and replacement of the
chipped and broken drill and tap bits .

11. Combination Task -- Instal l  3-bolt padeye using MSA
velocity power tool

The 3—bolt padeye used in this task was s i - n i l a r  to that  installed by the
drill-and-tap method . To instal l  the padeye using the velocity power tool ,
a threaded stud was first fired into the mounting surface .  The padeye plate
was positioned over the exposed , thr eaded end of the stud , and a nut was
threaded on to keep the padeye plate in a fixed position agains t  the
mounting surface .  The second 2 studs were then fired through the padeye
plate a nd into the mounting surface , and 2 nuts were threaded on the studs
and torqued . Padeyes were installed by five divers using this technique .
The results are shown in Table 9 .

No problems were experienced by the divers performing this task other than
two misf i res .  These misf i res  occurred on two consecutive barrel loads and
th erefore appeared to repre sent an inordinately large percent of the overall
task t ime.  The service/maintenance t ime required to handle  a misfire was
appro ximately 1.25 to 1. 4 0 minutes  and should be considered in evaluat ing
performance on this task .  The number of studs fired during the task using
th e velocity power tool was not large enough to determine the number of
misfires that can be expected through extensive use of this tool .

Two salvage tasks ini t ia l ly  planned for the ocean floor program were can-
celled . These were the load cell task and a load-handling task which
involved using a Danforth anchor in dragging the test stand .

The load ce ll ta sk was fo un d not to be a u sef u l salv age task and wa s
potentially dangerous to a diver ’ s safety under saturat ion diving conditions .
The task required strenuous physical  exertion to determine the hydraulic
pressure a diver could build up during a fixed time period by pumping the
diver-powered Enerpac hydrauli c pump against  a fixed air pressure in an
accumulator.

In dragging the test stand using a Danforth anchor , the available anchor
did not hold in the sandy bottom , and , since it would be d i f f i cu l t  to esti-
mate an anchor size and configurat ion that would hold at the 200-foot and
520-foot work sites , the deci sion was made to el iminate this experiment
fro m the ocean floor program .

A third task , the drill  press task , in volving the dri l l ing of 1- 1/ 2—inch—
di ameter holes in 1-inch mild steel , was designated as condit ional .
Training on this  task was to be carried out in shallow water at Makai ,
using a bat te ry—pack power source to verify the safety of the electro-
magnetic  circui try.
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B. Training and Basel ine  Program, Maka i  Range ,  Hawai i

Prior to the 200—foot  saturation dive , addit io nal  salvage tool perf ormance
data were obtained in the shallow waters off the Maka i  Range pier.  These
additional baseline tests were run in order to :

1. Determine the Aqual i f t  l i f t ing capabi l i t i es  on the
heavier modified test stand and tool box/manifold .

2. Determine if the energy output requirement  of the divers
was excessive while operating the Enerpac diver-operated hydraul ic
pump .

3. Test-operate the hydraul ic  dri l l  press , which h ad not
been operated successfully during the t raining period at Point Mugu .

The baseline perform ance data recorded in the shal low-water  environment
off the Makai  Range pier were extremely l imi ted  and , d ue to logist ic  prob-
lems with the underwater TV camera and monitoring system , were obtained
only through voice communica t ions  between the divers and surface
observer. The in te l l ig ib i l i ty  of voice communi ca t ions  was excellent .
However , an elect rical power fa i lure  toward the end of these tests com-
pletely cut off communica t ions , th us resu l t ing  in a break in collection of
the pe rfo rmance data . These tests were run with the use of the M K— 10
physiomonitors , and hea rt rate data were obtained in addi t ion  to the time
measures of pe rformance.

Two divers par t ic ipa ted  in these t ra in ing  and baseline tests , performing
five salvage tasks one t ime each . The results  of the performance
evaluation of these t asks  are described in the following sections .

1. Load Handl ing  —- Move test s tand us ing  large Agu a l i f t
variable buoyancy pontoon

Handling of the test stand in th is task  required moving it a distance of
approximately 20 feet , af t er it had been lifted clear of the bottom with the
large Aqual i f t . The task procedure differed somewhat from tha t  used during
the training program at Point Mugu in that , in thi s test , the Aq ua l i f t  was
brought to the test stand from the surface by a diver and the actual  dis—
tance the test stand was moved was only 20 feet .  In addi t ion , the task
activities recorded did not include def la t ion  of the Aqua l i f t  and lowering of
the test stand following movement . The task was performed only once by
two divers . The resul ts  are shown in Table 10.

The lack of visual  communicat ions  with the divers precluded observation
of any rest/ idle act ivi ty.  However , b ased on the content of the voice
communicat ions , it can be est imated that  very li t t le t ime was allocated
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to this activity category . The service/maintenance act ivi t ies  recorded
resulted from the requirement for the divers to check and report the amount
of air the Aqua l if t  needed to lift  the test stand . Under actual  operat ing
conditions , these readings would not have been made and the Aqua l i f t
operator would have continued to add air unt i l  the object being lifted was
sufficiently buoyant to move . The hea rt rate data recorded were con-
sidered normal throughout the task performance period .

2. Load Handl ing -- Move tool box/manifold  u s i n g  small
Mual i f t  variable buoyancy pontoon

Handling of the tool box/manifold was carried out in the same manne r a s
for the test stand . The t a sk  was performed us ing  only the smal l  Aqua l i f t .
As in the previous task , only one pa ir of d ivers performed th is  t ask .  The
results are shown in Table 11 .

The only problem encountered by the divers resulted from the poor v is ib i l i ty
in the area where the tool box/manifold was positioned . This caused some
di ff icul ty for the divers in locating the tool box . While this  pr oblem was
not a critical one , it did re present a relat ively large percent of the total
task. The heart rate data recorded were considered normal , an d for no tas k
activity did either of the divers indicate any strenuous physic al  exertion .

3. Cutt ing -- Enerpac diver-powered hydrau l i c  pump and
cutters cut t ing 1-inch steel bar stock and 5/ B—inch
steel reinforcing rod

This task was perform ed in an identical manner to that used during the Point
Mugu training tes ts .  One diver operated the lever— controlled hydraul i c
pump,  while the seco nd diver positioned the cutter  uni t  agains t  the work
material and mainta in ed  it in position unt i l  the materi al  had been penetr ated .
Only one cut was made on each of the mater ia l s , with the pair of divers
switching positions in operating the hydraulic hand pump.  The results are
shown in Table 12.

No problems were experienced by the divers in perf orming th is  task , and
the heart rate data indicated that the pumping act ion required to operate
th e Enerpac had no adverse effect that would endanger the divers dur ing
the 200—f oot saturation dive .

4 . Drill Press —— Dril l  1—1/ 2—inch-d iameter  hole in 1—inch
steel plate

The drill press task was scheduled for tes t ing  in shallow water to determine
whether the electromagnet  was capable of f i rmly holding the tool in a fixed
position on the test stand while it was be ing operated , or whether the tool

— 31—
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was capable of drilling a 1-1/2-inch-diameter hole underwater.  Also of

some concern was whether the divers experienced any electrical shock

while the electromagnet was activated . One diver made two attempts to

perform the drilling task.  The results are shown in Table 13.

A problem was experienced in operating the drill press , and performance

of the task was unsuccess fu l . The task progressed successful ly  up to the

poi nt of drilling the 1—1/ 2—inc h—diameter  hole . At that time the elect ro-

magnet began to slip and the drill would not penetrate the steel plat e . The

task was restarted ; however the same problem was encountered . While

engaged in the second attempt to drill  the 1—1/2—inch—diam eter  hole , an

electrical power loss cut off communication s with the d ivers and the task

was abandoned .
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C. Two-Hundred-Foot Saturation Dive, Makai Range, Hawaii
V 

The operational perform a nce data obtained during the 200-foot saturat ion
di ve suffered both in quanti ty and quality . Whil e many of the problems
resulted from poor weather conditions at the dive site , the salvage tool
and pe rformance measurement programs experienced addit ional  technical
and equipment problems.

Both Aqu alifts  were severely damaged by the heavy seas in the air-water
interface encountered during the first  at tempt to lower the AEGIR on
November 22 .  The Aqua l if ts  were subsequently repaired and ready for the
second at tempt at the 200—foot  saturation dive . To prevent recurrence of
th e damage sustained , the Aqu al i f t s  were lowered to the bottom on the
“glug box” line iL~er the AEGIR was submerged . This incident resulted in
a one—day delay in starting the salvage tool program .

No video picture was available from the bottom for observation of the sal-
vage tool tasks . The video camera for making these observations was a
fi xed camera with pan and tilt controls mounted on top of the AEGIR af t
ETC . The plan was to have the divers remove this camera from its fixed
mount during performance of the salvage tool tasks and use it as a hand-
held camera . Unfortunatel y , the dive rs were unable to remove the camera ,
and it was decided to proceed with the salvage tool program without top-
side observation.

During the 200-foot dive , the heliu m speech unscrambler used with the
MK- 10 co municat ions  system was not functioning properly , the refore
m a k i n g voice communica t ions  between the divers and surface personnel
di f f icul t  to understa nd . This prob lem , in conjunction with the lack of
video , severely hampered obtaining reliable salvage task performance data .

The ECG channel of the MK- 10 ph ysiomo nitor did not operate properly for
both divers equipped with this system. The problem was in the at tachment
of the electrodes on the divers in the h igh—humid i ty  environment of AEGIR .
When attached under these conditions , the elect rodes cou ld not be sealed
properly to the surface of the skin.

The salvage tool tasks that were completed during this dive are presented
in the following sections . It should be noted that , a s the re sult  of the
delays in s tar t ing the 200—foot  dive and the l imited funds available for
support of diver performance , the author was unable to be on site during
this di ve. All da ta- taking  responsibi l i ty  was turned over to Mr . G. L.
Li ffick , NCEL project engineer for the salvage tool pro gram. Mr.  Liffick
was briefed on the data collection procedures and the use of the data—
taking forms.
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1. Load Hand ling -- Move test stand to work site us ing
the large Agualift

Movement of the test stand was performed from its stored position on the
AEGIR deck to the designated work site off the starboard stem . The task
was performed once by a single pair of divers . Results of this  task are
shown in Table 14.

While the procedures used in handling the test stand off the AEGIR were
similar to those used in the t ra in ing and baseline studies , certain modi-
fi cations had to be made for the saturation dive . The primary procedure
modification was to release the test stand from its secured position on the
AEGIR deck. Unfortunately , the dive rs ’ activities performed in preparation
for moving the test stand could not be separated into discrete task elements
because of poor communications and lack of visual monitoring .

2 . Load Handling -- Return test stand from work site to
- the AEGIR deck

The procedures employed for returning the test stand to the AEGIR deck
departed from those or iginal ly  planned , in that  both the small  and large
Aqualifts were used.  The added l i f t ing  capabil i ty  was found to be
necessary in order to bring the test sta nd to the height of the AEGIR deck .
The task was performed by two divers . Unfor tuna te ly , the lack of vis ual
monitoring and poor communications again precluded ob ta in ing  detai led
ti me measure s of the individual task act ivi t ies .  The performance data
obtained are shown in Table 15 .

Problems encountered in the performance of this task resulted from the
init ial  addit ion of too much air to the Aqua l i f t s , which caused the test
stand to ascend too rapidly and become out of control. Fortunately , the
end of the winch line connected to the test stand was secured to AEGIR ,
thereby l imi t ing  the ascent of the test s tand . The test stand was brought
back down to the ocean bottom with the use of the winch and hydraulic
power handle.  The load-handl ing task was then continued , u sing standard
procedures developed for this task.

All of the tool tasks planned for this  dive were performed with the test
stand located on the AEGIR deck , in order to restrict the movement of test
equipment and tools , and thereby saved on the limited time that V mained
to carry out the salvage tool ocean floor program.

On completion of the scheduled salvage tool program , th e test st and was
shifted with the use of the Aqual if ts , in order to bring it to its tie—down
position . The test stand and associated tools and equipment were secured
to AEGIR in preparation for return to the surface . These addi t iona l
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load-handling tasks required 35 minutes to complete . The heart rate of
the monitored diver during this time ranged from 112 to 156 beats per
minute , with a mean of 124.8.

3. Combination Task -- Instal l  eyebolt in 1-inch mild
steel using hydraulic impact tool to drill and tap

Two eyebolts were installed , using the same dri l l -and-tap method
employed during the training and baseline studies. Two divers each
installed one eyebolt. The data from this test are shown in Table 16 .

No problems were experienced by the divers in performing this task; how-
ever , before starting the t ask , a thi rd diver in band mask was sent out to
get the tools from the ETC where they had been stored . This required 22
minutes to accomplish. Heart rate data shown in Table 16 are for Diver B
only. The first column of heart rate data represents those obtained while
Diver B was performing the eyebolt instal lat ion task; the second column
shows Diver B’s heart rate while observing Diver A perform the t ask .

4. Cutting -— Abrasive saw cut t ing 1-1/2-inch-square
steel bar and 1/2-inch by 6-inch steel plate

Two cuts on each of the materials were made , with each diver first cutting
the 1—1/2—inch steel bar , followed by the 1/2—inch by 6—inch steel plate .
Since the abrasive saw was br ought down without the blade instal led , this
task element was included in the overall task profi le .  When the f i rs t  diver
completed the cutting t ask , a new blade was instal led by the second diver
prior to his starting the cutting task.  The combined results  for both divers
performing this task are shown in Table 17 .

—40—

L. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



a) — —. — —

CO C CD (0 ~~
0. — C’) U) ~~~~0 C’) U) C’) CD CD
40 ‘- E .~~ — . — . 4—., .

H 1 I~~~~’ I C ’ )  I c’) CD
> 0 to (0 C’) C’) — ‘~0 — C’) C’) —‘0 ~~~~ 

‘
~~~ F. —~ ~~-. -4~~~~-~~ CD .- ~ C’) .-4 —C ~~~~~ a) — — — —to 0..

-4 4—

C ’ ) C D  C ’ ) C )  C’) (’) CD C’)
o ~~ ‘ - E ~~ — . — • I -

4-’ ~~~~~~~~ 1 ( 0  I c ’ )  I C ’ )  I~~~~ ’ —
-
~~~ C’) CD C’) ~~ ‘ C’) I — C’-)

0 r’, r’ C’) — C’) — .-4 — -4 —
o ~-‘ — — —‘
H 0.
4-.
0 a)
to —
0.

a) 0 F. (0 C’) (0 CD
C’) — It) CD

—
— 0 . 0 4 0
0 H
to 

_________ _______________________________ ______

‘0>, U’
4_i . C~~~~~ Q) CD CD CD U) —
a) t 0 H o~~~~~~~ C’) N.

C’) -4 (0 CD C’)
(1) t o E  —

a)
a)
4-.
C/)

‘0 ‘04-. C
— ‘0

- ‘0.0 0. C
0 — (0
C a) - 

44

I — a)
— —I.. (0
C ‘0 0
— 0 -:

~~ .0
0 0. 4.4 0 C
.0 —‘ ‘4 

— __ to
C)) ‘0 a)

I. —
‘4 ‘0 U’ to

a) C C))
9-

> > ‘0 t~:: 00~~~ 44 C • 0~ U’
C~~~ 

0 to ‘4 Cl)
0~~~. ‘4 ~~~ Cc - ~
~~~ 0 .0 —~~~~ ‘0 tot o O  Cl) - C 4-’
— ~4_I — -_-4 — —— I  -.. ‘- 0. 0. 0
2 C D  , ‘0’— 

~~~~~~~~ 4.4

U’ 0 ‘0 4.J a) ‘0 a) ‘
~~

~~‘~5 0. ’~ .0-. 2 .0  ~,• 4.J 0. 
~~~

0. 
~~~

Q. a)
‘ O t o  to
—

~~~~ 
> 4-4 > 4.4 V~~

C ) . - .  E
.0 C)~ 

C a) t~) C
—

H ’—  _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _

— 4 1 —

____ V - - ~~~~~~~~~~~~ 



— V 4 ~~V~ — ~~~~~~~~~~ ~~~~~~ - V
.— V

0) — —
CO C CD CD CD CD CD

C’) CD C—) C ’) .-4 C’) C’) CD to’
L ~~ — • -4 • -4 • -4 . .
a)~~~~~ U’ I C )  I C )  I C ’) 1 ( 0  -~~~
> ~~ CD —‘ CD — ~~ ‘ CD (0 — —

to F. ,.., ~ C) — CD —— to a) — -4
0. 0. ‘- — -—

—
a) to — — —a) 

W C O C (0 to CD ‘toe N.

z ~~ —. CD ‘4 — U) — CD —
4-. — • (0 • —

.0 a) ~- U’ I C) I C’) I CD CD
0 -~~ ,~ C’) CD CD —~ CD CD
C ,.-, ~~. H c, — 0 CD — CD —
— I-~ a) — Z .-‘ —( 0.

a) ‘0
a)

.0 C to -~~ >
0 a) ’40 E~ ~~ C’) C’) C’) CD

‘-4 — U) C’) CD C U)
I a)~~i.~~~U) — 0 .0

C’) 0. O to 0F. (C)

— C ’ ) U )  O C ’ )
‘0 ~p. .  ~~C

U’C .—. C)) 
~~ CD U) LI) LI) U’ II II II II

i-. (0 H V4~~ C’) CD N. N. N. CO
• • . -~~CO C” C’) C’) U) U) 0 (/)

. t o E  — C’)

a) U)
‘4 ________ ___________________________ ______ 

(0
CI) H

C)) >. C
1~. .0 _ 

C))
to 4-’
0 C ~~. Cg C
I ~ 0~~~~.0 to 0 ~~~~~~~~~~~~~~~~~~~~0 U’ 0 (0~~~~ ’ 0 WC — ‘.— >, —.- —
I V -e

C’) to ~~ a ) f.~~~U) ~a) C t..~~~, . a ) a )
-4 1~. C) 

~~~
,

I ‘4
‘0 .-,-, 0— C 4-.C/) (C) a)a) to 0. .0 C 0..
0) — (0

‘4 to C a) a)
4.. a) a)
0 • 44 

U) 4-’ 4-’
C a) U’ U’ .4

> —4 —4 Cl) .0 U’

‘

~~ .~~~~~~~~ 
-
~ ~.4 

~~~~ ‘--~ ~ g 2
to a) >.
H ~ ~~~~~~~~ 0 .0 F.

2 C D  .0
.Q C ’  

~ 
— . 4  0 —

4: ~.. C ’ -  C
- .-, 0 —. C’)

to to I
C’) —N . t o  —‘ ‘4 ~~~~~ I

—
~~~~ .;i; ~~~~~~~ — —

(1) -e.a ‘4 a) 4.-I 4.4
U’ .0 0 0

.

~~~~~~~~ 

,~~~ 0 0 0



V. DISCUSSION AND RECOMMENDATIONS

A. General

One of the primary stated goals of this research pro gram was to obtain
quantitative performance data of diver capabil i t ies  in performin g s imulated
salvage tasks under the operational conditions of a deep saturation dive ,
and to compare such data with those obtained under relatively ideal shallow-
water conditions . Based on further evaluation of these data , recommen-
da tions would be made for improved u t i l i za t ion  and design of underwater
salvage tools.

These goals were only achieved to a limited extent as the result of the
delays and other problems experienced during the 200-foot saturation dive
and the cancellation of the 520—foot  dive , du ring whic h the major portion
of the salvage tool program was to be accomplished .

Conduct of a field test program in underwater human factors research
requires extensive plannin g along with the complete cooperation of al l
members of the project team . In planning the underwater work activities
of the divers , in te rms of task complexity and the number of tasks  to be
carr ied ou t , there is always the tendency to over-commit the diver ’ s ti me.
The rationale for this is that it is better to have too much for the diver to
do than not enough. The fal lacy of this philosophy comes in deciding what
tasks or projects are to be eliminated when the diver ’s time is over—committed .
Once the diving team is saturated and on the bottom , an independent action
group is created , separ ated by x feet of water and connected only by a
communications link which much of the t ime produces only garbled and
unintell igible sounds. Therefore , when the dive rs are over-committed , the
decision as to what tasks are to be eliminated is made by the diver team
and not by the scientific or engineering personnel who are responsible for
thei r respective programs.  This problem can best be resolved by real is t i c
scheduling of the divers ’ ti me in carrying out their assigned work projects.

In scheduling the t ime required to perform the salvage tool ocean floor
program , th e actual performance data obtained during the t ra in in g and
baseline studies at Point Mugu served as the basis for scheduling the
divers ’ t ime . While the re were no real criteria on which to es t imate  the
sa lva ge tool ta sk sched u le , the pe rformance t ime differences between the
shallow-water baseline times and those anticipated during the deep
saturation dives were estimated by increasing the times by a factor of two.
Since only a l imited number of the planned salvage tasks  were performed
during the 200—foot  sa turat ion dive , there was l i t t le  opportunity to deter-
mine exactly how well the time schedule would have worked .
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Another factor whic h compounds the scheduling problems is the inevitable
contingency situations which arise in a deep-ocean diving project . A
case in point was the problem of the damaged Aqu al if ts  which resulted in
a full day ’ s del ay in the ocean floor program schedule.  Another case was
the problem encountered in removing the pan and t i l t  video camera fro m its
base on the ETC . which not only was t ime -consuming but also severely
restricted the performance observation capability . Clearly , t he cont in-
gericy situations which arise cannot be anticipated in term s of either time
or content. However , the overall program schedule mu st  allow for these
events

Cooperation among all members of an open-ocean diving program of this
complexity and scope is essential  to its success. Such cooperation can
best be obtained through a complete unders tanding of the goals , requ ire-
ments , a nd backgrounds of the individual  scientif ic  projects involved .
Early in the program , during the baseline studies and training period at
Po int Mugu , the principal investigators of the various scientific projects
on site at that time gave a presentation to the diving team , describing
their proj ects and re sponsibil i t ies within the overall program . These
presentations did much to clear the air of any misunders tandin gs  or
questions on the parts of the divers and the scient i f ic  and engineering
personnel. The use of such presentations as a means of indoctrinating
personnel in the various projects and providing an opportunity for the
exchange of ideas and discussion of mutua l  problems is highly  recom-
mended. While such presentat ions are t ime-consumin g ,  their  benefi ts  in
terms of resolving problems and misunders tandin gs are more than worth the
effort.
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B. Salvage Task Performance

Comparison of the divers ’ capabilities in performing the salvage tool tasks
under shallow-water and deep—ocean saturation conditions were limited to
the few tasks performed during the 200-foot saturation dive . These
ii~~luded test stand load—handlin g , abrasive saw cutt ing , and eyebolt
installation.

1. Load Hand li~~
Overall performance times for the test stand load-handling task performed
under two shallow-water baseline conditions and the one 200-foot
saturation dive condition are shown in Table 18. Generally , the load-
handling performance t imes indicated that this task took about twice as
long for the saturation dive . Since the divers performin g these tasks
during the saturation dive were extremely well trained in the load-handling
procedures , the performance time differences are attributed in part to the
additional stresses of the saturation environment , ha ndl ing and procedural
di fferences in operating the Aqualifts , and the divers ’ u n fami l i a r i ty  with
the area around the AEGIR .

The percent allocation of overall performance t imes to the four c laLsi f i -
cations of task activities did not differ  s ign i f ican t ly  between the baseline
conditions of Point Mugu and the test condit ions of the 200—foot  dive .
This would further suggest that the increased t ime required to perform the
test stand load-handling task during the 200-foot saturat ion dive can best
be attributed to the stress factors of the saturation environment . The
load—handling task , as it was performed in shallow water at Makai  Range ,
diff ered considerably from the other two conditions in that the task was
performed in extremely shallow water and the Aqua l ift  was handed to the
divers fro m the surface in close proximity to the test stand , the reby
cutting down much of the time that would normally be required to bring the
Aqualift to the test stand . Service/maintenance time recorded during both
of the baseline conditions was attributed to checks made by the divers to
dete rmine the exact amount of air  that  would be required to l if t  the test
stand . These checks were also made at Makai Range , since minor
changes had been made to the test sta nd which influenced the overall
weight of this equipment .

The load—handling task involving return of the test stand was also per-
formed du l ing  the 200-foot saturat ion dive . However , the task observation
and data recording during the 200-foot dive were not at a level of detail
by the task activity c lass i f ica t ion .  The comparative data therefore re-
flects the total task t imes .  When this task was performed during the
baseline test at Point Mugu , the mean time was 11 .08 minutes , while
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during the 200—foot  saturation dive the same task required 23. 5 minu tes.
Neither of the load-handling tasks involving movement of the tool box/
manifold were performed during the 200-foot dive .

These tasks provided for the use of the hydraulic power handle and winch
in conjunction with the Aqua lifts . While the winch system was not used
in a scheduled salvage t ask , t he system was operated during the emer-
gency ascent of the tess stand in order to haul the test stand down to the
AEGIR deck. No perforrn ance di f f icul t ies  were encountered during this
unscheduled operation ‘of the winch system.

2. Abrasive Saw Cutting

Table 19 summarizes the performance data on the operation of the hydraulic
abrasive saw during the 200—foot  saturat ion dive compared with the per-
formance of this tool during the training and baseline tests .

The overall performanc e time for the 200—foot saturation dive was 123
percent greater than that obtained during the baseline tes ts .  However ,
the percent allocation by activity c lass i f icat ion did not differ  signifi-
cantly for the two conditions , with the exception of the preparation
activities. This category increased from 4 to 12 percent for the saturation
dive. The task was relatively easy from a tool-operating standpoint , with
a mean heart rate of 114 .40 beats per minute  recorded for performance
during the saturation dive . The human engineering problem involving the
lack of safety guards that had generated some apprehension on the part of
the divers during the baseline test had been corrected for the sa tura t ion
dive which , in theory , sh ould have increased the operational effect iveness
of the abrasive saw. The great difference in performance times between
the two conditions must  therefor e be attributed to unexplained factors
affecting the saturated divers .

3. Combination Task —— Eyebolt ins ta l la t ion in 1-inch
mild steel using hydraulic impact tool and drillltap
method

Comparison of data obtained in the performance of this task can only be
made in terms of overall performance times , due to the limited observation
and communication capabil i t ies available during the saturation dive . Total
task times were 8.28 minutes for the baseline performance and 12.01
minutes for the saturation dive performance.  These t imes represent an
increase of approximately 4 minutes (or 1-1/2 t imes) in performance time
for the saturation dive . Again , suc h an increase can only be attributed
to unexplained stress factors acting on the divers during their saturation
dive performance. Physiomonitors recorded a mean heart rate of 118 beats
per minute during the saturation dive performance , indicating that a high
level of energy output was not required in the performance of this task .
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4. Performance Time Comparisons —— Shallow-water
ba seline and saturation test conditions

Table 20 summarizes the performance times for those salvage tasks that
were performed in both shallow water and at the 200-foot saturat ion dive
condition. Each of these tasks showed a substantial  increase in time
required for the saturation test condition. The test stand load-handling
tasks required minor variations in perf ormance procedures during the
shallow—water baseline condition , since the AEGIR was not used at that
time. While movement of the test stand to and from the AEGIR deck may
have accounted in part for the increased performance time , the major
portion of the increase is attributed to the stress factors of saturation
diving . Both the eyebolt installation and abrasive saw cuttir . g tasks
were performed without any changes in procedure between the shallow
water and saturation div~ conditions . Each of these tasks  resulted in
similar increases in the time required to complete the tasks  under the
sat uration dive conditions . The average factor increase in performance
for the four selected tasks was 1.97 t imes for the saturat ion dive .

5. Conclusions and Recommendations

Communications with the divers while they performed the salvage tasks
during the 200—foot  dive indicated no performanc e problems relat ing to
these tasks other than those already discussed . The t ra in ing  and base-
li ne tests also revealed no negative aspects of the tasks that might
influence effective completion of the selected salvage tasks , It must
therefore be concluded that the increased performanc e t imes  experienced
during the saturation dive must  in part be due to factors involving the
saturation aspects of the dive . These factors include:

a. General concern for the restrictive limitations
a ssociated with saturat ’ed diving .

b . Unfa nl il iar i ty with the AEGIR surrounding s and
the location of equipment related to the salvage tasks. (This may
explain the increased performance times in the preparation activity
category.)

c. Concern for personal safety and apprehension of
the reliability of life support and personal apparel sys tems.  This
apprehension was found to result in the divers monitorin g the MK— 10
life support system readouts more frequently .

d. Reduced quar~tity and quality of diver-to-diver
and diver—to—surface voice communications .
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Specific recommendations as to how performance times may be reduced
under saturated conditions would be difficult to make at this time. How-
ever , it is believed that increased performance effectiveness can result
from more experience and exposure to saturation diving operations , and
from increased familiarity with and training in underwater tool operations .
The old adage , “practice makes perfect ,” may have been severely over-
looked in the planning and conduct of many saturated diving operations .
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C. Salvage Tools

Deficiencies in the salvage tools relating to their design and operation
were limited . This was due in part to the extensive test and evaluation
program conducted by NCEL prior to assignment of the tools to the Makai
Range dives. In addition , the training and baseline tests at Point Mugu
provided an excellent opportunity to identify and correct any minor prob-
lems which might influence the operation of the tools and/or the safety of
the divers . This section briefly reviews each of the salvage tool systems
in term s of their human engineering design and operating characteristics .

1. Open—Center Hydraulic Cutter

This tool operated well in cutting 1-inch-diameter wire rope and 5/8-inch
reinforcing bars . However, a major drawback was its 27-pound in—water
weight, which made it d i f f icul t  to handle during prolonged use.  Minor
problems were experienced by some divers with the trigger contro l , which
stuck in the “on” or “blade clos ed”  position. This could be corrected by
increased spring tens ion of the trigger or by redesign of the control
mechanism to include a fixed “on/off” switc h . It is also recommended
that a safety cover be provided that can be swung over the cutting blade
while the blade is in motion .

2. Enerpac H~y~çaulic Hand Pump ari d Cutter

This cutter was well accepted by the divers during the training and base-
line tests . However , the re were differences in diver opinion as to the
best position from which to operate the Enerpac pump and the amount of
lever throw that would be most effective . The general consensus was to
operate the pump from a position that would require minimum movement
and to provide a shorter handle requirin g a shorter stroke. Minor prob-
lems were encountered with the two cutters associated with the hand
pump. The wire cutter had a tendency to bend the last few wire strands
being cut. This problem could be resolved by reducing the size of the
opening in the cutting b lade.  The scissor-action bar stock cutter had a
tendency to stick in the closed position , requiring the operator to hammer
it against a solid surface in order to open the jaws. No ready solution to
this problem was found .

This cutting system , requiring two divers , shou ld be pe r fo rmed in su ch a
manner that the uivers have visual contact with each other. This is recom-
mended so that signals between the divers could be exchanged when a
cut is completed .
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3. Hydraulic Impact Tool
The hydraulic impact tool has been widely used in the diving community
for many years and is considered highly effective for a wide range of
applications . Its use in this program to drill , t ap ,  an d torque pres ented
few problems . The most important consideration to be followed when
operating this tool is that it must be maintained in a perpendicular plane
to the work surface . Movement around this plane will result in chipped
or broken drill and tap bits . This problem was experienced during the
training and baseline tests , resulting in increased performance times and
a number of broken drill bits and taps, It has been recommended that a
spirit level be mounted on the tool body to assis t  the operator in main-
taining an accurate and steady tool position; however , such a system has
not been tested and its benefits would have to be evaluated .

- 

4. Velocity Power Tool

The MSA velocity power driver has under gone extensive evaluation during
its development by the Naval Ordnance Laboratory and has been found to
be a highly effective underwater tool. The experience with this tool during
the training and base line tests at Point Mugu proved to be no exception .
As a method of instal l ing eyenuts and padeye s , it was fou nd to be highly
effective and substantially faster  than the hydraulic dr i l l ing  and tapping
method .

As with any explosive device , the problem of m is f i r e s  mus t  be considered .
However, by using the proper safety precautions and hand l ing  procedures ,
these occurrences will  not be a safety hazard . It is recommended that ,
when a misfire occurs , the misfired barrel be ca re fu l ly  removed from the
gun and immediately tagged or coded in such a way as to be readily
identified for future handling .

5. Hydraulic Power Handle arid Winch

The pressure-compensated winch and hydraulic power handle which make
up the winch system worked well in the t r a in ing  and b a se l ir .e tests , and
in the unscheduled application during the sa tura t ion  d i v e .  ~~at i ng  of the
power handle drive shaft to the winch reel was found to be diff icult and
excessively t ime-consuming , a nd a more positive method should be
developed . It is also recommended that provision bc’ made for a free-
wheeling mode on the winc h reel so that the line can be pulled off the
reel easily without f i r s t  being uncoiled.

6. Hydraulic Abrasive Saw

The abrasive saw had not undergone extensive test ing by NC F L prior to
its use in this program . During its in i t ia l  use at Point Mugu , the saw
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was found to require considerable leverage and pushing forc e for the
abrasive blade to cut mild steel.  In its ini t ial  design configurat ion , the
tool was not provided with a blade guard around the bottom part of the
abrasive blade . If the operat or ’ s hand slipped off the ha ndle while
generating pushing force, accidental contact with the bare abrasive blade
could occur. This potential safety hazard was subsequently corrected by
the addition of a blade guard . Further evaluation of this tool is recom-
mended in order to look into the balance of the saw in various operating
positions , the handle and operating control locations , a nd the addition of
a second handle for more effective force application .

7, Hydraulic Drill Press

The hydraulic drill  press scheduled for evaluation during this  program was
modified for underwater use by NCEL. Its genera l design configurat ion is
similar to most standard drill presses , as is its method of operation. The
80—pound in—water  weight of the tool clearly places it out of the hand tool
category . The drill press must be placed in its working position with the
a ssistance of a second diver or supplementary l i f t ing device. Once in
position , operation of the tool only requires the diver to control the down-
ward movement of the drill bit .

The operating d i f f i cu l t i e s  in us ing the drill  press underwater  resul t  from
problems associated with keeping the tool in a fixed , rigid posit io n while
dri l l ing.  A battery-operated electromagnetic base to keep the tool in a
fixed position was developed by NC EL; however , during tests of this
device in shallow water at Makai  Range , the elect romagnetic base would
not hold agains t  the rotary force and resistance of the 1—1/2-inch drill.
While the solution to this problem is an engineering one , further redesign
and modif icat ion of this tool should consider careful ly the potential
dangers of electrical shock associated with the electromagnetic devices.

8. Agua lift Variable Buoyancy Pontoons

The Aqualif t  variable buoyancy pontoons were used extensively during the
load handl in g  ta sks conducted at Point Mugu.  During these tests of the
Aqu al ift s , no problems were encountered by the divers . U nfor tun ate ly ,
little consideration had been given to the severe strain these devices
must  undergo during their  transit  to the ocean floor. The damage sus-
tained to the r i g id  f ib erg lass  Aqua l if ts  by the wave action of the air—water
interface during submergence of the AEGIR clearly indicates the need for a
major redesign of this type of lifting device . It is recommended that these
devices be constructed of a flexible material so that they can be folded or
compressed into a relatively flat unit providing minimum surface exposure .
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D . Performance Measureme y,~~~~

In developing the perfo rmance measurement system for the salvage task
evaluation , primary consideration was given to its ability to provide for
unforeseen problems and to deal with contingency situations . The extent
to which this goal was achieved and the ability of the system to obtain
and record the required performance data were for the most part successful.

The experience gained in the use of the measurement techniques developed
for this performance evaluation program was extremely beneficial in terms
of learning how to deal with the many problems and contingency situations
which arise in an operational diving program of this nature . With this
experience has also come a number of ideas as to how to co nduct a per-
formance measurement program in a field environment and how to improve
field measurement techniques.

1. Organization and Prqgram Planning

Planning and organization of the performance tests are some of the most
critical phases in a diving program of this scope . The level of detail  that
can be specified at this time as to what tasks are to be performed , how
they will be performed , and under what  conditions they are to be per-
formed will , to a large exte nt , determine the amount of success that  can
be expected in obtaining relevant performance data .

A complete understanding of the work tasks that the divers are expected to
perform is essential. Personnel assigned to observe the performance of
these work tasks must have detailed knowledge of them.  While not
always possible , it is highly desirable that the observers be qualified
divers with some experience in the underwater tasks and tools being
evaluated . This greatly enhances their abi l i ty  to observe and communi-
cate with the divers .

In describing and specifying the work tasks , the preparation of a detailed
task analysis was found to be invaluable. This was achieved by an
iterative process. The first task descriptions were very general in nature
and were prepared based only on a general understanding of the sa lvage
tool program. These were then ampli f ied through detai led discussions
with the NCEL project personnel responsible for the salvage tool program .
The resulting task activity analysis was used as the basis for the task
procedures employed during the t ra ining and baseline tests at Point Mugu .
The final iteration of the task activity analysis  evolved during the trainin g
and baseline test period as the result of the divers ’ experiences in per—
forming the tasks  and recommendations by the NCEL Project Engineer and
the Ocean Floor Program and Training Manager .  Subsequent minor modifi-
cations were made to accommodate the AEG 1R operating environment .
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2. Performance Observation

The use of the underwater TV system to observe the divers ’ performance ,
in conj unction with voice communications between the working divers and
the topside observer , worked exceptionally well during the t ra in ing period
a t Point Mugu . During individual diver t asks , the observing diving part-
ner held the camera in the proper viewing position and , for tea mwork task s
such as load handling , a third standb y dive r was assigned this funct ion .
The hand-held TV camera employed could have been improved by providing
hand grips for holding the camera , al ong with some form of view-finder
that woula enable the camera operator to know the area covered in the
camera ’s field of view. This problem was not critical , si nce voice com-
munications enabled the topside observer to direct the movement of the
camera until  the desired field of view was obtained . The camera used
was provided with remote topside focusing controls . Thi s  feature is highly
recommended , sinc e it el iminates one additional task with which the
camera operator has to be concerned .

Voice communications between the diver and the topside observer are only
effective If the working diver or his diving partner will t ransmit  the infor-
mation required by the observer. The divers , the refore , must  be informed
and trained with respect to exactly what information is required . It was
fou nd , when the required data was not being transmit ted , that any prodding
from topside served only to antagonize the divers.  The prob lems encoun-
tered with voice communications during the saturation dive were not
anticipated or provided for . Since tr an s4-~is sion between the surface and
the di vers in the water was controlled by the diving watch supervisor , any
communications between the oerformance observer and the divers had to be
relayed through this third party . Since the diving watch supervisor was
not necessarily aware of the requirements of the performance evaluation
progra m , a la rge gap in the require d data resul ted.  Two additional factors
compounded the communicat ions problem. The first  was an apparent
unwIllingness on the part of the divers to t ransmit  the data that was
considered m i n i m a l l y  sat isfactory to meet the salvage tool performance
measurement requirements .  The reason for this can only be attributed to
the added stresses placed on the divers in their saturated state .

The second factor affecting communications was the hel ium speech problem .
Helium speech unscramblers have advanced to the point of enabling
intelligible speech at depths much greater than 200 feet. However , hel ium
speech is still a problem even under the best of equipment and environ-
mental conditions . Many of the communication problems associated with
the 200—foot dive were equipment—oriented and resulted in l e s s  than
optimum output of the communication networks . While surface personne l
can , in part , adapt to helium speech , gi ven t ime , this period was not
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afforded the performance evaluation observers beca us e of t he shor t
duration of this particular saturation dive . The combination of periodic
communications network failure s an ’ lack of adequate adaptation training
resulted In considerable loss of the voice-transmitted data .

The problems associated with pe rformance observation during a deep
saturation dive cannot be entirely resolved but  only min imized . The
following recommendations are made:

a. A close working relationshi p a nd coordination
among surface command personnel , scientific investigators , and
diving teams is most important , In order to establish and effect
this coordination , all surface - ,vatch pe rsonnel with command authority
should be thoroughly versed in all ocean floor pro gr3ms at a level
where they uhc~~rstand in detail  what the divers in the water are trying
to a~nomplish , and what the goals and requirements for observation
and d~ ta ,collecti on by the surface scientific investigators are . Since
the diving watch officer and supervisor act as midd lemen  between the
scientific investigators and the divers , thi s unders tandin g and co-
operation are essential to accomplish the goals of an ocean floor
program. In turn , it is equally important for sc ient i f ic  personnel a rid
divers to become thoroughly fami l i a r  with the command procedures
and practices established for the given operat ion.

b. Divers required to provide voice data to surface
personnel should be thoroughly trained and briefed regarding the
information requirements of surface observers . It is believed that
only through training and understanding of re quirements  of the
surface scientific observers can the communications lag which
appears to occur in a saturation environment be resolved.

c. Underwater TV camera s should be l ightweight  and
capable of being operated by a diver during prolonged excursions.
Comfortable handgrips should be provided . Where such camera s are
required to cover a broad range of viewing distances , remote surface
focusing capabili ty is desirable.  The provision for a diver view-
finder should be Incorporated in camera s under conditions where
voice communications between surface observers and the diver
camera operator may be restricted .

d. Where the use of hand-held TV cameras Is not
appropriate because of the divers ’ work loads , fixed cameras should
be located at work sites . Such camera s should be equipped with
remote-operated pan , tilt , and zoom controls . This equipment can
provide maximum flexibility for surface sc ient i f ic  personnel and , in
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many cases , can provide an observational capability equal to a
diver-held camera .

e. Time line photography can also provide an
excellent record of underwater performance and would give
scientific investigators the capabili ty of detailed post—dive data
analysis . Such a photographic technique could be incorporated
into a video tape recorder with maximum control of recording by
scientific investigators while underwater work is in progress on
the bottom .

f .  Physiological monitoring techniques should be
improved to provide greater reliability in both obtaining and recor—
ding these data . The techniques for placement and application of
electrodes must  be refined to provide greater s tabi l i ty  in the water-

- tight integrity of the electrode seals. In the display and recording
of physiological parameters , the data should not only be displayed
in real time as a safety monitor for surface watch personnel , but
also be recorded on a known time line . In this way ,  the physi o-
logical parameters of interest to the performance-monitoring
personnel can be correlated accurately with the performance activity
and work output data .
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ADDENDUM A

DETAILED ACTIVITY ANALYSIS OF SCHEDtJLEJJ SALVAGE TASKS

A. Load Handling -- Move Test Stand Using Large Aqualift
Va riable Buoyancy Pontoon

1. Remove hold—downs and chafing gear from both Aqua—
lifts , the test stand , the tool box/manifold , and the
steel plates.

2 . Attach large Aqualif t  to test stand bridle.

3. Secure safety line to test stand .

4. Connect air line from AEGIR bottle s to large Aqu al if t .

5. Inflate large Aqualift to raise test stand off AEGIR and
lower to the ocean bottom.

6. Walk test stand 30 feet out from starboard stern quarter.

7. Deflate Aqualift and set test stand on bottom .

B. Load Handling -— Move Tool Box/Manifold TJsin g Small
Aqua lif t  and Hyd raul i c  Winch

1. Unreel rope from winch on test stand; remove air hose
from large Aqual i f t .

2. Walk end of winch line and air hose to tool box/
manifold on AEGIR .

3. Attach air hose to small Aqualif t ;  at tach end of winch
line to tool box/manifold.

4. Remove power handle from MAS unit and fake out
attached hydraulic hose.

5. Put MAS switch in position *2; inflate small Aqualift
to raise tool box/r anifold .

6. Call for electrical power to MAS unit .

7. Test-actuate power handle.

8. Insert power handle in winch and reel in rope.

9. Deflate Aqua l i f t  and lower tool box next to test stand .
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C. Cutting -- Hyd raul ic  Open- Center , Cutting 1-inch Wire Ropeand 5/ 8—inch Steel Bar Stock
1. Posit ion valve on MAS uni t  in pos ition #1 , bypass valveon manifold open.
2. Request power to MAS unit  from topside .
3. Test-actuate open—center cutter.
4 . Cut 1—inch—diamet er  wire rope .
5 . Cut 5/ 8—inch steel bar stock.
6. Open bypass valve , clos e cu t ter valve , request “PowerOff ” to MAS unit .

- 
D . Cutt ing —— Abrasive Saw, Cut t ing  l— 1/ 2 —j nch— sg u ar e  Bar ,

1/2-inch by 6-inc h Steel Plate
1. Position valve on MAS unit  in position *1, bypass valve

on manifold open .
2.  Request power to MAS unit  from topside .
3. Open abrasive saw valve on manif old and close bypass

va lve .
4 . Test—actuate saw .
5. Cut 1/2-inch by 6-inch steel plate .
6. Cut 1~-l/ 2—inch-squar e steel bar stock.
7 . Request “ Power Off” to MAS unit .

E . Cutt ing -- Enerpac Diver-Powered Hydraulic Pump and Cutters .Cutting i—inch-d iameter  Wire Rope and 5/8-inch SteelReinforcing Bar
1. Wire Rope Cutter (1—in ch-diamete r  w~ —

~ rope)
a. Attach wire rope cutter to hydr aulic  line from Enerpacusing quick disconnect coupling .
b . Close relief valve on Enerpac clockwise.
c. Test-actuate cutter - Diver No. 2 pumps while

Diver No. 1 watches blade come out.
d . Diver No. 2 relIeves pressure ,
e . Diver No. 1 opens guard on top of cutter , positions

cutter over 1-inch wire rope and closes guard .
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f.  Diver No. 2 closes relief valve and starts pumping
while Diver No. 1 tends the cutter.  

-

2. Rebar Cutter (5/8—inc h-diameter rebar)

a. Connect rebar cutter to Enerpac hose.

b. Test-actuate rebar cutter.

c. Relieve pressure

d . Diver No. 1 positions cutter over 5/8-inch rebar.

e. Diver No. 2 closes relief valve on Enerpac and
start s pumping.  Diver No. 1 mainta ins  cutter
position.

- F . Combination Task —- Ins tal l  Eyeb olt in 1—inc h Steel Plate
Usi ng Hydraulic Impa ct Tool to Dril l  and Tap

1. Open bypass valve on manifold , close all others .

2. Put hydraulic valve on MAS unit  in position ~1.

3. Request electrical power from topside .

4 . Open impact wrench valve and close bypass valve on
manifold .

5. Test—actuate impact wrench.

6. Center punc h eyebolt position.

7 . Insert pilot drill  bit in impact wrench.

8. DrIll pilot hole.

9. Remove pilot drill bit and insert tap drill in wrench.

10. Tap drill hole.

11. Remove tap drill bit and insert tap in wrench.

12. Lubricate tap bit .

13. Tap hole .

14. Thread in eyebolt and hand torque.

G. Combination Task -- Insert Eyenut Using a Combinat ion Dri l l /
Tap with Hydraulic Impact Tool

1. Insert pilot drill bit In impact wrench.

2. Center punch eyenut position.
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3. Drill pilot hole .

4. Remove pilot drill bit and insert combination drill/tap.

5. Drill/tap hole.

6. Unchuck the impact wrench , leaving the combination
drill/tap imbedded in the plate .

7 . Screw on eyenut and hand torque.

H. Combination Task -- Instal l  Eyenut Usin g MSA Power Velocity
Tool

1. Load barrel in velocity power tool .

2. Align and position velocity power tool over steel plate .

3. Fire threaded stud into steel plate .

4 . Thread eyenut and hand t ighten.

5, Repeat task elements 1—4 for ins ta l la t ion of second
eye nut.

I. Combinat ion  Task -- Ins ta l l  Three-Bolt  Padeye Using  Hydraulic
Impact Tool wi th  Ind iv t dua l  Dri l l  and Taps

1. Check that valve on manifold is open and that MAS
valve is in position ~l.

2. Request MAS power from topside .

3. Test-actuate impact wrench.

4 . Locate and a l ign padeye on steel p late in mount ing
positi on; center punch ini t ia l  hole.

5. Insert pilot drill bit in impact wrench.

6. Drill pilot hole *1.

7. Remove pilot drill bit from impact wrench and insert tap
drill in impact wrench .

8. Tap drill hole *1 in steel plate .

9. Remove tap drill from Impact wrench and insert tap bit.

10. Tap hole *1 in steel pla te .

11. Position and al ign padeye on steel plate , and torque
bolt *1 with ratchet wrench.

12. Make transfer  punch mark s in posit ions *2 and *3 on
steel plate .
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13. Remove tap from impact wrench and insert pilot dr ill  bit .

14 . Drill pilot hole *2 .
15 . Drill pilot hole *3.
16. Remove pilot bit from impact wrench and insert tap drill

bit .
17. Tap drill hole *2.

18. Tap drill hole *3.

19. Remove tap drill bit from impact wrench and insert tap
bit ,

20. Run tap through hole *2.

21. Run tap through hole *3.

22. Insert washer and thread bolt onto hole *2, and torque
with ratchet wrench.

23. Insert washer and thread bolt onto hole *3 , and torque
with ratchet wrench.

J . Combination Task -- Ins ta l l  Three-Bolt Padeye Using MSA
Vel ocity Power Tool

1. Load barrel in stud gun.

2. Fire threaded stud into position *1 on-steel plate .

3. Position padeye over the first stud and torque nut on
stud using a crescent wrench .

4. Reload barrel into gun (plastic fixture on muzzle) .

5. Fire threaded stud in padeye position *2.

6. Reload barrel into gun (plastic fixture on muzzle).

7. Fire threaded stud in padeye position *3.
8. Torque nuts on *2 and *3 studs .

K. Drill Press

1. Position valve on MAS unit in position *1 , bypass valve
on manifold open (all others closed).

2. Lift drill press and integra l battery pack from tool box
onto test plate using the small Aqualift .
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3. Actuate battery switch and secure electromagnetic base
to test plat e.

4 . Request power to MAS unit , open dri l l  press valve on
manifold , close byp a ss valve .

5 . Test—actuate drill press .
6. Insert 1/2—inch pilot drill .
7 . Drill 1/2-inch hole .
8. Remove 1/2—inch drill and insert 1—1/ 2—inch drill.
9. Drill 1-1/2-inch hole.

10. Remove 1-1/2-inch dri l l .
11. Switch off electromagnetic battery power .
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ADDENDUM B

SALVAGE TASK PERFORMANCE MEASUREMENT DATA FORM

Tool Operator 
___________ 

Dive Partner 
___________ 

Observer 
___________

Date 
__________ 

Time 
__________ 

Location __________________________

Salvage Task Identif icat ion ___________________________________________

Time Measures Heart Rate
Activity Task Llapsed Diver Diver

Task Activity Code Time Time A B
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