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PREFACE

The U.S. Navy is very grateful to each of the
individuals and organizations who participated in the
three cycles of the Deep Ocean Technology Development
Objectives Assessment. Their enthusiastic contributions
have added immensely to the knowledge and results con-
tained in this study. Their generously offered time and

experience are sincerely appreciated.

it

k-~'-—i——-

w ‘._ 1 - i’



p—

Section

11
II

APPENDIX A
APPENDIX B
APPENDIX C
APPENDIX D
APPENDIX E
APPENDIX F
APPENDIX G
APPENDIX H
APPENDIX I

TABLE OF CONTENTS

Page
Introduction.. cveeeeeecococsnnsassoscncs )|
The Selected Assessment Procedure........ 3
Explanation of Statistical Analysis
Method and Results Sheet Data Items
andEntries ®» 0 8 o 0 80 0 0 0 0 00 ® 0 e 8 & ¢ & 0 8 6 0 0 0 0 0 12

Organization of the Technologies,
Sub-Technologies, and Events.....cccee.. 20

Materials & Structure .......c00000eseseess A-1,..A-57
Machinery & Equipment....ccccveeeveeesea. B=1...B-24
Seafloor Construction ..eiveeeeveseesasesss C-1...C-46
Power Sources, Conversion & Transmission .. D-1.,,D-55
PrOpalBtom .« .o svecnvisdniv e seni s crenssee B=1,,.E=28
Surveillance and Communication....e..e.... F-1,,.,F-30
Instrumentation and Display...cceveeeeeeees G-1l...G-25
Load Handling and Transportation .....ec0e.. H=1l...H-27
Life Support and Related Systems ........... I-1l...,1-20

i



I. INTRODUCTION

The Deep Ocean Technology (DOT) Project has as general requirements

the definition, analysis, and development of the technological state-of-the

art for ocean engineering in the deep ocean environment. The specific
requirements for the DOT Project are that there be adequate demonstrated
teachnology options available to support the specific operational requirements
for deep ocean programs which are generated in the foreseeable future. Such
options are those specific technology developments required to achieve
operational systems that will fulfill the Navy's future requirements in manned
and unmanned submersible work systems, seafloor construction systems, and
weapons support systems, Within these bounds the question naturally
arises~-what options are the most suitable and how should their development
be undertaken? After four years of development effort in implementation of
the original project objectives, and in view of past and current funding
limitations, it appeared necessary to reassess the DOT Project development
programs to ensure that the most cost-effective approaches were being taken.
Another hard look at technology state-of-the-art and the cost and time re-

quirements to advance the state-of~the-art was therefore required.

In assessing the technology base in ocean engineering, it was consid-
ered desirable to invite the wider participation of the ocean community in
determining the optimum course of action in advancing the present state-of-
the art necessary to meet the Navy's needs. Advancements and developments
in ocean engineering have and are currently taking place outside the Naval
realm, Participants in these outside programs, by virtue of professional
interest or otherwise, have an interest in the future developments and require-
ments in ocean engineering, and the contribution of their current expertise in
their technical fields to the development planning required to fulfill the ob-
jectives of the DOT Project has been of great value., Due to the nature of the



the DOT Project, the information sought was relatively specific and related
to technical or discipline areas, thereby allowing experts to readily contrib-
ute without appreciable background briefing. The method selected to obtain
thils expert advice was a modified DELPHI technique (see Section I;I).

The objective of the DOT Development Objectives Assessment was to
evaluate specific technological events, anticipated and/or desired in the
near future, required to advance the state-of-the-art in ocean engineering

to achieve Naval objectives.
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IT. THE SELECTED ASSESSMENT PROCEDURE

DELPHI is the name given to a technique for soliciting and assessing
the opinions of a group of people who are especially knowledgeable in
specific areas under consideration, The DELPHI procedure has three dis-
tinctive characteristics: Anonymity, controlled feedback, and statistical

group response.

To maintain anonymity throughout the study, the experts were solicited
by means of a coded questionnaire, and at no time was any response referred
to by an individual's name or organization, The device of anonymity was used
to reduce the effect of a socially dominant or prestigious individual, the
bandwagon effect of majority opinion, and the psychological factors of
deceptive persuasion commonly apparent in committee or round table dis-

cussions,

Controlled feedback was conducted in this study by means of a con-
sensus summary between each of the three cycles, whereby the collected
data from the previous cycle were statistically reduced and fed back to
the participants along with their original estimates and a new, blank ques-
tionnaire which they were to complete in light of what was said by the other
experts, The device of controlled feedback, by the use of consensus sum-
mary sheets, allows each participant to reappraise his response such that a
convergence or consensus may be allowed., Also, those who diverge appre-
ciably from the consensus (outliers) can be detected for future inquiry as to

the reasons for their nonconforming estimates.

The statistical group response was conducted by objectively derived,
predetermined procedures. The summaries or conclusions determined in any
phase of this study were derived by formal statistical methods (i.e., without

judgement) to ensure statistically valid and unbiased conclusicns.



The selected procedure for the Deep Ocean Technology (DOT)

Project Assessment was in accordance with the following steps:

Step 1. Desired and/or anticipated technological events that are
candidates in fulfilling future deep ocean engineering operational require-
ments of the Navy were generated. These events contained specific hardware
performance specifications for systems components. They were specific in
the sense that they apply to fundamental components of basic systems or
techniques appropriate to advancing the Navy's ocean engineerirfg technology
requirements., Of the 286 events generated, 266 were selected for the first
cycle. At its conclusion 6 events were added, at the suggestion of the
participants, and this total, 272, was maintained throughout the remaining
iterations of tﬂe study. The 272 events were divided into 9 technology areas

and 30 sub-technology areas, as shown in Figure 1,

Step 2. One team of experts was selected for each of the nine tech-
nology areas. Each team was composed of members from Naval activities,
from other government activities, and from the private and academic sectors.
The distribution of team members at the conclusion of the assessment is

shown in Figure 2.

Each team of experts was se'kgected from authors of published
papers, members of professional societies, recommendations of the National
Academy of Engineering-Marine Board, and from the recommendations
of program managers within the Navy and other federal agencies. Selection
criteria required that each member (a) be currently employed in an endeavor
related to at least one of the nine technology areas, (b) have a technical
orientation, and (c) where possible, have some project management exper-

ience in research and development.

Step 3. The members of each team were asked to evaluate anonymously,
by means of a mailed questionnaire, the projected technology events in

accordance with the following criteria:

-4-
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Technology Sub-Technology

Massive Glass

Fiber Reinforced Plastics
Concrete

Metals

Buoyancy Materials
Miscellaneous

Structures

I. Materials and Structure

QmMEmoQaw >

Remote Unmanned Work Systems
Ballast Systems
. Hydraulic Systems

II. Machinery and Equipment

0w >

A. Construction by Divers
B. Site Selection and Preparation
C. On-Bottom Construction
D. In-Bottom Construction

III. Seafloor Construction

v, Power Sources, Conversion A. Power Sources
and Transmission B. Electrical Transmission and Conditioning Equi
ment for Deep Submergence Vehicles
C. Transmission and Conditioning Equipment for
Deep Ocean Fixed Installations

V. Propulsion A. Propulsors
B. Power Transmission
C. Integral Energy & Power Sources
D. Propulsion Motors

VI. Surveillance and Communica- A. Bottom Positioning
tions B. Surveillance and Viewing
C. Communications

VII. Instrumentation and Display A, Life Support Monitoring
B. Submersible Positioning and Guidance Instru-
mentation
C. Site Selection Instruments

VIII. Load Handling and Trans- A. Near - Bottom Transport & Positioning
portation B. Guidance
C. Lifting and Lowering

IX. Life Support and Related Systems A. Life Support and Related Systems

Figure 1. TECHNOLOGY AND SUBTECHNOLOGY BREAKDOWN

-5-
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a. System Criticality: How critical is the development

of the system or equirment in achieving a given

objective ?

b. Degree of Risk: What degree of risk is involved

in achieving a successfully demonstrated prototype/
capability based upon anticipated and unanticipated

unknowns.

c. Desired Course of Action: Disregarding degree of

risk, should the development of the event be a
short-range, medium-range, long-range, or an

undesirable goal ?

d. Probable Timing: What is the earliest, most likely,
and latest year in which a prototype will be success-

fully demonstrated in the environment ?

e. Estimated Costs to Achieve: How much will it cost

to develor a prototype capable of operating in the

required environment ?

The above evaluation criteria are discussed more fully in the following

section, Figure 3 illustrates the convenient format of the questionnaire.

Step 4. After the initiai round, two additional cycles were made over a
period of four months each, allowing each expert to reconsider his previous
responses relative to those of the other team members in order to allow,

where possible, a consensus of opinion.

The consensus sheet for each iteration was returned to each participant
for his own use in accordance with the format shown in Figure 4, The parti-
cipants were asked to reconsider their previous estimates according to the

following procedures:
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a. Read the"sub-technology objective" in the upper
left corner of the new questionnaire, and then read

each of the events.
b. Review your previous est‘mates in the old questionnaire.

c. Note the cumulative responses in the consensus sheet,
d. Mark the new questionnaire with your reconsideresd
opinion, whether changed or unchanged. It is important

that all entries be made on the new questionnaire,

Under the headings "System Criticality," "Degree of Risk," and "Des-

ired Course of Action" the participants were given the percentages of re-

sponses in each column. Unanswered events were considered as non-
responses and not included in the percentages. Therefore the sum of

percentages of all columns under each heading equals 100%.

Under the headings "Probable Timing" and "Estimated Cost to Achieve"
the participants were given distribution triangles. Shown on the triangle were
the two extremes, the mean, and the mode or modes. The two extremes
represented the earliest year or lowest cost and the latest year or highest
cost expressed under each separate column; the mean represented the average,
and the mode(s) represented the most frequent estimate(s) in each column,

In some cases, there were noc modes (see Figure 5.)

) o ol

1 2

and ¢ are the two extremes; bl and b, are the modes;

a
> 2
d is the mean, (Note: This example is bimodal.)

Figure 5. DISTRIBUTION DIAGRAM
-10-
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ITI. EXPLANATION OF STATISTICAL ANALYSIS METHOD AND
RESULT SHEET DATA ITEMS AND ENTRIES

METHOD OF ANALYSIS

This section delineates the formalized statistical methods
used to reduce the data collected from the Objectives Assessment.
Opinions and estimates were offered for five basic criteria for each
event. Figure 6 is a sample of the line graphs and charts used to
illustrate the final assessments. The five criteria were evaluated

in the following ways:

1. System Criticality

The experts were asked to estimate how critical the
development of an event is in achieving a given sabtechnology
objective. They were asked to select one of three opinions:

(a) essential, (b) desirable, and (c) unnecessary. The data in the
results sheet under this heading are the calculated percentages of

the responses to these choices. Unanswered events were considered
as non-responses and are not included in the percentages. There-
fore the sum of the percentages of each event equals 100%. The
percentage gain or loss from the second round is given to show the
trend of consensus at the conclusion of the assessment; it represents
the difference between the percentage of response of the second round
and percentage of response of the third round of each of the three
individual choices. Thus, it can be determined whether a system was
gaining or losing in any one of the three criticality opinions at the
conclusion of the assessment. The conclusion as to system criticality

for each event was determined by the highest percentage given to one of



DOT ASSESSMENT RESULTS

EVENT:  11IC08

A raft-type foundation for large, heavy structures

(170 ft x 100 ft) with a differential settlement of
less than 3 inches under uniform load of 5 lbs per

square foot,

water depth of 8,000 ft.

SYSTEM CRITICALITY

The sediment is ocoze 50 ft deep at

PERCENTAGE FINAL CONSENSUS %
N 10 | LOSSJGAIN] © . K 75 en CONCLUSION
ESSENTIAL 9 A - A 0 %
DES IRABLE 2 A 80 % DESIRABLE
UNNECESSARY 2 RN - SO PR 20 %
DEGREE OF RISK

PERCENTAGE FINAL CONSENSUS %
N 10 | LOSSTGAIN] O, . % 075 100 CONCLUSION
.1 PROTOTYPE A 0 %
.4 EXPERIMENTAL 1 A ‘ 10 %
.7 SIMULATION 3 8 70 % .7
.9 UNPROVEN 2 A= e 1Y, i 20 %
DESIRED COURSE OF ACTION

PERCENTAGE FINAL CONSENSUS %
N 10 ] LOSSJGAIN| © 2 7 e CONCLUSION
SHORT RANGE GOAL A 10 %
MEDIUM 10 A 60 % _MEDIUM
LONG A Y 10 %
UNDESIRABLE 10 B e ; 20 « ]
PROBABLE TIMING CALENDAR YEARS
-1 (90% CONFIDENCE INTERVAL) = DEVELOPMENT TiME
N 72 TRE 75 785 Th L % A7 w0 | o o |MODE(S)| MEAN (FROM 1972)
8 | EARLIEST OF=s 57 (o] 3.4 75 76.3 2 -63 vrs
8 | MOST LIKELY o---0 4.1 | 80 |80.1| 5% -11 ves
8 [NOT LATER THAN TSy T 4.8 85 | 84,3 9 - 154 YRrs
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS

— (N MILLONS)
N o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
7 | LOWER LIMIT 1.1] 1 M),29M .46 - 2,12
7 | UPPER LIMIT 2.7 ] 2 M4.07M 2,07 - 6.08

Figure 6. EXAMPLE ASSESSMENT RESULTS
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the three choices. In the case of ties, the conclusion was
determined by selecting the criticality choices that had gained
rather than lost percentage points from the second round. If an
event resulted in a criticality that was equal in percentage and per-
cent gain or loss, the selected conclusion was then determined
to be both choices.

2 Degree of Risk

The experts were asked to estimate how much risk
(chance of failure) would be involved if a development effort were
undertaken today to achieve a successfully demonstrated prototype
of the equipment or system described by the event. Estimates of
risk were to be based on the current state-of-the-art. The experts
were asked to choose one of the four given risks listed as
follows:

a. .1 - System or equipment has been demon-
strated in the operational environment as
a prototype.

b. .2 - System or equipment has been demon-
strated in an operational or simulated
environment as an experimental model.

€ .7 - System or equipment currently has been
demonstrated in a competent study or
simulation.

d. .9 =~ System or equipment currently has not

been established as feasible.
The data displayed in the result sheet were derived.by the
methods used for System Criticality.
3. esir ourse of Action
The experts were asked to give an opinion as to what
course of action should be assigned to the system or equipment de-~
scribed in the event. They were asked to choose one of the four

categories of desired course of action listed as follows:

=i



a. Short-Range Goal - Development effort should
be undertaken immediately
and completed in the near
future.

Development effort should
commence in the near
future.

b. Medium-~Range Goal

Development effort should
be scheduled for the dis-
tant future.

G Long-~Range Goal

Development effort should
not be undeitaken,

d. Undesirable Goal

The data displayed in the result sheet were derived by the me-
thods used for System Crlticalify and Degree of Risk.
4, Probable Timing

The experts were asked to make three predictions as to the

time  the event would probably take place. They are as follows:

a. Earliest Year - The earliest calendar year in
which the event couid be
accomplished, given high
priority and full resources.

b. Most Likely Year - The most likely calendar year
of accomplishment, consider-
ing probable or moderate assign-
ment of priority and resources.

d. Not Later Than - The calendar year in which
Year the event is reasonably cer-
tain to have been accomplished.

A distribution of dates was collected for each category and
since the probability is the same that all the experts would give an
estimate differing from the true expected value by the same amount,
it is then justifiable to assume that the nature of this distribution is

normal, Therefore, the Student's "t" test was best suited as an
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analytical method to determine a confidence interval for each of
the respective categories. The noted statistician Bartlett and others
have shown that the "t" test gives quite good results even for con-
siderable departures from normality.1 Bartlett says, "Unless the
data are very extensive, it is seldom possible to demonstrate that
they are not normal. The standard errors of skewnessand kartosis
are so large with samples of moderate size that only very marked
ncn-normality could be detected, 2 The "t" test has been shown
from past experience to be valuable for sample sizes less than 30,
which occurred in every event of the assessment. In any case the
selection process here employed indicated a normally distributed
phenomenon,

A confidence interval of 90% was determined to be the
optimum interval since the intervals at 95% and 99% were too large
to be meaningful and a confidence interval of 85% or less was
less credible than desired.

The data represented in the results sheet under the heading,
Development Time, show a 90% confidence interval of the estimated

years, rounded to the nearest half-year, and derived from the following

formula:
! o L o
x—tam-<#<x +taﬁ
Lower Limit Upper Limit
(H Bartlett, M.S., "The Effect of Non-Normality on the t-
Distribution," Proc. Camb, Phil. Soc., 31, 1935, pp. 223-31,
(2) Bartlett, M.S., "The Use of Transformations," Biometric, .

3, 1947, pp. 39-52.



where
X = the mean of the sample
ty = Student's t statistic calculated
at a probability of a« = .05
o = the standard deviation
N - the number of observations
I = the true or expected value of the mean

Also, the development time interval is given in year
cuantities from 1972 as well as chronological calendar years.

Additional data includes:

e the mean (%) , calculated according to the following formula:
_ N X1
S A
i=1
and indicates the simple average of the sample data. The mean,

thus defined, is affected by extreme values.

e the mode or modes which is the most frequent response or responses.

(Note: In cases where there were three or more modes, the median
of the modes was selected as this data item entry)

e the standard deviation (o) calculated according to the following
formula:

- [E 2wt )

{=l i=l N

N
and indicates the central tendency of the distribution. (i.e. it

measures the tendency the data have either to spread out (deviate)
from the mean or to cluster about the mean.) The standard devi-
ation is also affected by extreme values.

The standard deviation can serve as a convenient descriptor

of the distribution of the estimates given by the experts by use of

Pl
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the following general rule of thumb: Plus or minus three standard
deviations (+ 3o ) from the mean will include 99.73% of the esti-
mates given by the participants and plus or minus one standard
deviation ( + la) will include 68.27% of the given estimates.,
e the number of responses (N).
The Calendar Year development time interval, computed at
90% confidence is shown on the logarithmic scale, ranging from
1972 to 1999 and has the same interval width as that of Develop-
ment Time.
5. Estimated Cost to Achieve
The experts were asked to estimate two cos:s (lower
limit and upper limit). The costs include labor and materials requ'ired
to achieve a successfully demonstrated prototype of the equipment or
system described. A 90% confidence interval was calculated from the
data in accordance with the method used for Probable Timing. All
intervals are given in millions of dollars. Additional data includes,
as above, the mean, the mode or modes, the standard deviation (o),

and the number of responses N.

RESULTS SHEET DATA ITEMS AND ENTRIES

The following paragraphs explain each of the data items and
entries as they appear in Figure 6. At the top of every result sheet
is the technology event as it appeared throughout the three cycles
of the assessment.

The first three evaluaticn criteria listed in the left-hand
column were analyzed by similar methods and therefore appear on
the result sheet in the same form. Immediately to the left of the
"Conclusion” column is the calculated percentage that each entry

received from the resulting data of the third cycle.

«]7s



"Final Consensus %, " a horizontal line graph wiih triangular
markers, indicates the percentages in each category. These line
graphs are included to give a visual representation of the calculated
percentages of ease of relative comparison.

The "Percentage Loss/Gain" column indicates the percentage
gained or lost from the second cycle in each data category for the
event. In cases where there was no percentage gain or loss the col-
umn is left blank.

The "N=" listed immediately under the category heading is
the number of responses to each of the event criteria.

In the category "Probable Timing, " the "Development Time"
is based on 1972 and calculated at a 90% confidence interval of the
estimated years given by experts. These figures are rounded to the
nearest half year. Under the heading "Calendar Years" a 90% con-
fidence interval of the calendar years is displayed on a logarithmic
scale ranging from 1972 to 1999. TLe remaining columns show the
mean of the estimates of the experts; the mode or the year most
frequently estimated by the participants (in cases where there we e
three or more modes, the median of the modes was selected at this
data item entry); and the standard deviation (o) calculated from the
distribution of estimates given by the experts.

In the category "Estimated Costs to Achieve, " the "Develop-
ment Cost" (in millions) is calculated at a 90% confidence interval

of the estimated costs given by the experts. The remaining columns
show the mean, the mode, and the sta:dard deviation (o), computed

as in "Probable Timing."
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In order to facilitate executive review of this document, a

=y

masking technique has been applied to the supporting data of the
DOT Assessment Results sheet in order to emphasize the conclusions.
This technique is used to stress the pertinent data that will allow

rapid review by management personnel.

—

e T o T T
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IV. ORGANIZATION OF THE TECHNOLOGIES, SUB-TECHNOLOGIES,
AND EVENTS

This section delineates the organization of the technologies, sub-

technologies,and events and discusses both general and specific parameters.

GENERAL PARAMETERS

1. Operational Depths

a. Diver depths - 1,000 ft

b. Continental margin depths 6,000 to 8,000 feet

c. Deep ocean depths down to 20,000 feet

2. Reliability Specifications

a. Man-Rated Systems - A 99.9% reliability at a 90% lower level
of confidence (e.g., no more than one failure in each lot of 1,000 for 90
out of 100 lots tested).

b. Non-Man-Rated Systems - A 95% reliability at a 90% lower
level of confidence (e.g., no more than five failures in each lot of 100 for
90 out of 100 lots tested).

c. Critical Man-Rated Systems -~ A 99.9% reliability at a 95%
lower level of confidence (e.g., no more than one failure in each lot of
1,000 for 95 out of 100 lots tested).

d. Critical Non-Man-Rated System - A 95% reliability at a 95%
lower level of confidence (e.g., no more than five failures in each lot of
100 for 95 out of 100 lots tested).

The above specifications are based on two operational modes: opera-

tions involving permanently emplanted or fixed systems and operations
involving mobile deployable and recoverable systems. In the case of fixed
systems a life expectancy of 10 years is applied. In the case of the mobile

system a cyclic requirement of at least 2,000 cycles is applied.
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SPECIFIC PARAMETERS

Specific parameters applied to the respective technology areas are

evplained in the following paragraphs.

I. Materials and Structures

The materials involved in this technology are massive glass, fiber
reinforced plastics, concrete, metals, buoyancy materials, and other
miscellaneous materials. The operational mode for these materials, except
for concrete, is cvclic to depths of 20,000 feet and for at least 2,000
cycles. The objective of concrete is to achieve a fixed operational capability

at a given depth for a period of at least 10 years.

IT. Machinery and Equipment
In this technology the components selected are those currently believed

to impose limitations and therefore require advancement in the state-of-the-
art in order to achieve the stated objectives. The selected components are
candidates for undersea systems such as manned, untethered, deep submers-
ible, or remote controlled unmanned systems. The general specifications

prreviously stated are applied in this area.

III., Seafloor Construciion

The types of undersea construction operations considered in this
technology area are site selection and preparation, construction by divers,
on-lrottom construction, and in-bottom construction. The parameters of
construction b divers are limited by the current or projected operational
capablilities of a Naval diver, The other types of construction do not involve
the use of divers and are therefore directed toward those advancements

required to carry out co:struction operations beyond diver depths.

IV. Power Sourcer,, Conversion and Transmission
In this technology two basic modes of operation are considered: fixed

bottom installations and cyclic submersible operations, The power sources
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considered are thermc ¢.iemical, electro-chemical, fuel cell, and storage
battery systems; neither nuclear or isotope power sources are considered
because of regulations of the Atomic Energy Commission (AEC). High power
transmission and communications cabling are considered only for fixed
bottom installations and deep submergence tethered (cable controlled)
vehicles. Integral power sources for mobile free-swimming vehicles are
included in technology V, "Propulsion." Conditioning equipment includes
connectors, fuses, circuit breakers, through-hull penetrators, junction
boxes, alternators, controllers, and inverters for either fixed or cyclic

operaiions,

V. Propulsion

This technology explores the developments necessary to evaluate and
design improved propulsors and propulsor systems, transmissions functioning
between motor and propulsor, and propulsion motors for untethered vehicles
intended for deep submergence operations, and to provide optimum energy/
power sources., Nuclear and isotope energy sources are again not considered
because of AEC regulations.

The propulsors desired are those that are highly efficient, reliable,
and maintainable; that can provide precise maneuverability, free from
entanglement and with minimum bottom disturbance; and that can provide six
degrees of motion to the vehicle.

The transmissions must provide improved control and performance, as
well as step-up or step-down rpm,

The propulsion motors considered are external to the pressure hull and
include AC/DC motors, non-water flooded, or seawater flooded. One-
atmosphere motors (i.e., within pressure hull or hard-can) are included in
those technologies requiring advancements in the state-of-the-art in such

components as shaft seals and hull penetrators.
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Integral energy sources are for untethered vehicles and are advance-
ments directed toward increasing power density, energy density, reliability,

maintainability, automation, with negligible noise and vibration.

VI. Ourveillance and Communications

This technology examines the capability to resolve, observe, locate,
and track static and moving objects from and below the surface and to
communicate real time information between various su-face platforms, sub-
surface vehicles, fixed bottom installations down to 20,000 feet, and divers'
communication down to 1,000 feet, Surveillance systems include active and
passive methods of observation such as underwater TV, sonar, hydrophones,
high sensitivity gradiometer/magnetometers, and suspended sensor arrays.
The communication system: shall be real-time, reliable, and high-quality
voice and data transmission between the various surface platforms, submers-

ible vehicles, fixed bottom installations, and divers.

VII. Instrumentation and Display
The instruments and equipment of this technology are intended for life
support monitoring, submersible positioning and guidance, and construction

site selection. Life support instruments are those required for th: one-

atmosphere chamber of submersibles and are addressed to the problems peculiar

to this application; namely, atmospheric contaminant monitoring, limited
power consumption, and limited space and weight requirements, This is also
true for the submersible positioning and guidance instruments, Construction
site selection instruments deal with those instruments necessary to obtain
the required environmental data to resolve or select a construction site for a

seafloor installation such as an acoustic array or habitat.

VIII. Load Handling and Transportation
This technology explores the capabilities necessary to transport, posi-
tion, guide, lift, and lower heavy objects to depths of 12,000 feet, It
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addresses three problem areas: lifting and lowering, near-bottom transport
and positioning, and guidance. The guidance systems presented are those
required for lifting and lowering as well as near-bottom transport and

positioning.

IX. Life Support and Related Systems

This technology examines the life support systems, including a safe
and habitable one-atmosphere environment in a submersible pressure hull
for 8 to 10 men capable of operating up to 30 days. Other systems include
oxygen supply, carbon dioxide removal, emergency breathing, atmospheric
contaminant removal, temperature and humidity control, and waste removal.
Although life support systems are often considered well within the state-of-
the-art, consideration of the requirements for compact, low-power, long-

duration, safe systems are examined in this technology area.
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APPENDIX A
TECHNOLOGY AREA I. MATERIALS AND STRUCTURES

SUB-TECHNOLOGY AREAS:

Massive Glass
B. Fiber Reinforced Plastics
C. Concrete
D. Metals
E. Buoyancy Materials
F. Miscellaneous

G. Structures



IA Sub-Technology: Massive Glass

Objective: To develop massive glass structures capable of operating
down to 20,000-ft depths for at least 2,000 cycles. (The W/D ratio
indicates the weight-to~displacement ratio of a spherical hull fabri-
cated from the given material, near-perfect and free of residual stresses,
which would collapse at the given depth.).

NOTE: All diameters are outside.

Events IAQl - IAl0 address this objective,

A-2
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DOT ASSESSMENT RESULTS

EVENT: TAO1

Flotation structures (hollow spheres) to 10 inches in

diameter. Compressive strength of 10 ksi (kilopounds

per square inch);

(W/D of 0.46); 95% reliability at a 90%

lower level of confidence (e.g., no more than 5 spheres
in each lot of 100 will fail during 2,000 cycles for
90 out of 100 lots)

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N1z ] LOSSFGAIN s s 75 0t CONCLUSION
ESSENTIAL 18 N 0 %
DESIRABLE 11 ) A 75 %| DESIRABLE
UNNECESSARY A 1125 %
DEGREE OF RISK

PERCENTAGE FINAL CONSENSUS %
N- 11 l LOSS TGAIN 5 so 75 100 CONCLUSION
.1 PROTOTYPE g A 64 % .1
.4 EXPERIMENTAL 9 A 36 %
.7 SIMULATION 0 %
.9 UNPROVEN ) 0 %
DESIRFD COURSE OF ACTION

PERCENTAGE FINAL CONSENSUS %
N- 11 | LOSSGAIN B so 75 100 CONCLUSION
SHORT RANGE GOAL A | 100 | SHORT
MED IUM L 0 =4
LONG x 2 0 %
UNDES | RABLE g 0 o il
PROBABLE TIMING CALENDAR YEARS

(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME

T 72 7S5 75 7.5 7% B M A “l o0 = o MODE(S)| MEAN lfm 1972]
1 1{EARLIEST 00 .6 | 73 |73 1/2 - 11/2ves.
11{ MOST LIKELY 0-0 1.0/ 74 |74 11/2-21/2vrs.
11/ NOT LATER THAN 0==-=0 | | 2.,1{74,78 | 76.2| 3 -51/2 vrs.

ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS

=rs (IN MILLONS)
N o IMODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
10{ UPPER LIMIT B8] .S M .93m .43 - 1.43

A=3




DOT ASSESSMENT RESULTS

EVENT: [A02

Flotation structures (hollow spheres) 10 inches in diameter.

Compressive strength of 100 ksi; (W/D of 0.46); 99.9%
reliability, ...same as IAOl...

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N 12 ! LOSSJGAIN] © & 50 75 100 CONCLUSION
ESSENTIAL A . . 8 %
DESIRABLE 8 SRS e T 75 | DESIRABLE
UNNECESSARY | 8 LA BN R TR
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N11 ] LOSSJGAIN] 9. . . % il N e CONCLUSION
.1 PROTOTYPE 9 A 9 %
.4 EXPERIMENTAL | 15 A d 55 % .4
.7 SIMULATION 2 & 18 %
.9 UNPROVEN 8 - WA 18_*%
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N- 11 | LOSSJGAIN] © 50 5 100 CONCLUSION
SHORT RANGE GOAL A 27 %
MED | UM Al 55 % MEDIUM
LONG A 9
UNDESIRABLE ¥ TN TGS 3 =
PROBABLE TIMING CALENDAR YEARS
(30% CONFIDENCE INTERVAL) DEVELOPMENT TIME
rﬁ- n BSOS TS T M w9 % 91 e{gw o |MODE(S)] MEAN (FROM 1972
0.0 | EARLIEST Q-==0 2,0174 174,61 11/2-4 Y°s
JO|MOSTLIKELY | ] == O=ew== Bk, oo 3,3| 75 76.9 { 3 -7 YRS,
9 |NOT LATER THAN L Q====0 3.8 80 80.3 | 6 - 101/2 vss.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
== (N MLLONS)
N = ¢ |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
9 | LOWER LIMIT 26 |1 M|1.03M .67 - 1,40
10] UPPER LIMIT 1.8 5 M[3.05M 2.03 - 4.07
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DOT ASSESSMENT RESULTS

EVENT: TAQ3 Flotation structures (hollow spheres) 10 inches in diameter.
Compressive strength of 300 ksi; (W/D of 0.15); 95%
reliability...same as IA02.

SYSTEM CRITICALITY

I PERCENTAGE FINAL CONSENSUS %
N- 12 L LOSSJGAIN] © s 50 75 100 CONCLUSION
ESSENTIAL 8 <A 17 %
DESIRABLE A o 17 %
UNNECESSARY 8 A [ ]66 =% UNNECESSARY
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N-11 l LOSSYGAIN] & . . . % e CONCLUSION
.| PROTOTYPE A ‘ 0 %
.4 EXPERIMENTAL A A 27 %
7 SIMULATION _ | 9 A A K
.9 UNPROVEN 9 : o A |]73 = .9
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
[N-9 l LOSSJGAIN] © 5 so 75 100 CONCLUSION
SHORT RANGE GOAL | 13 A 22 %
MED | UM 12 A - | |45 | MEDIUM
LONG A : : : : 11 %
UNDES IRABLE 1 e W il oSt § T I ]
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) . DEVELOPMENT TIME

N 72 355 765 Th AL M N W 'T " =1 o MODE(S)] MEAN (FROM 1972)
9 |EARLIEST e e S - 1 7.9| 76 8.1 1l1-11 YRS.
8 | MOST LIKELY O==-0 2.3/ 80 77.8 | 4 -71/2 vrs
8 |NOT LATER THAN AT s e 2.6 80 80.5 1/2-101/2vrs.
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS
L (IN MILLONS|
N ‘ o [MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
9 |LOWER LIMIT 2.9|,52 M|[1.83M .007 - 3.66
8 | UPPER LIMIT ’ 1.8 1 Mm2.12M .91 - 3,34
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DOT ASSESSMENT RESULTS

EVENT: 1A04

Flotation structures (hollow spheres) 10 inches in diameter.

Compressive strength of 300 ksi; (W/D of 0.15); 99.9%

reliability.

SYSTEM CRITICALITY

. .8ame as IA03.

PERCENTAGE FINAL CONSENSUS %
N-12 | loSSJGAIN] © .z s 75 w0 CONCLUSION
ESSENTIAL 8 A 17 %
DES IRABLE A o 6 %
UNNECESSARY 8 ‘ A 75 % UNNECESSARY]
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 11 l LOSSTGAIN] ¢ . . . % e o % e CONCLUSION
.1 PROTOTYPE A I ’ 0%
.4 EXPERIMENTAL A i 0 %
.7 SIMULATION . ‘ 18 %
.9 UNPROVEN K G I e A 82 ¢ .9
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N- 8 OSSJCAIN] ¢ . 2 s0 75 100 CONCLUSION
SHORT RANGE GOAL [12.5 A 0 %
MED UM 1 B oo 50 % MEDIUM
LONG 12.5 A 25 %
UNDES IRABLE N 1 sVTYS ; 25 «
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) ‘ DEVELOPMENT TIME
W n 785 7S 765 78 8 s 87 %0 9|’ 9:'.” o |MODE(S)] MEAN (FROM 1972)
7 |EARLIEST __O===0 2,375,80]| 76,7| 4 - 61/2 Y¥ms.
7 | MOST LIKELY . Q====0 3.4/80,85| 80.1[51/2-101/2rs.
7 |NOT LATER THAN . O=====0 4.9] 85 | 84.0[81/2-151/2rs.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
a7 (1N MOLLONS)
N 1 o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
7 | LOWER LIMIT 1,00 1 M1 44M 69 - 2.20
7 [uPPER LIMIT 1.2 M3,54 M 26 -
A-6
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DOT ASSESSMENT RESULTS

EVENT: TA0OS Unmanned equipment capsules 36 inches in diameter.
Compressive strength of 100 ksi; (W/D of 0.46); 95%
reliability at 95% lower level of confidence.

SYSTEM CRITICALITY
PERCENTAGE FINAL CONSENSUS %

N-_12 l LOSSIGAIN] © - D L CONCLUSION
ESSENTIAL 9 A ] 1 [8 s
DES IRABLE 26 o A 84 %| DESIRABLE
UNNECESSARY 17 A R 8 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 11 LOSSTGAIN] § . . . . % o5 w0 CONCLUSION
.1 PROTOTYPE A ‘ ‘ 0 %
.4 EXPERIMENTAL | 18 A - 18 %
.7 SIMULATION 9 g & ‘ 64 % .7
.9 UNPROVEN 9 i ARSI 18 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %

N- 11 | LOSSJGAIN] © 2 so 15 o CONCLUSION
SHORT RANGE GOAL 9 A ] 9 %
MED | UM 1 ) A 91 % MEDIUM
LONG 10 A 0 %
UNDESIRABLE D i Rt T A g e e 0 % ]
PROBABLE TIMING CALENDAR YEARS

(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
m 72 S 78 765 7h MMM W T .i.."" ¢ MODE(S)] MEAN (FROM 1972)
|1 JEARLIEST 0-~=q 74 | 75.3] 2-41/2 vrs.
1 } MOST LIKELY o---<0 :2{"5 76 | 78.2] 41/2 -8 ves
10 NOT LATER THAN Y . T S ks 2.4 78 [ 79.3] 6-81/2 vrs
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS
(IN MELLONS)
n , o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
1 LOWER LIMIT 1.3:.5,2 M[1.62 M .88 - 2,36
10/ UPPER LIMIT 2.1] 5 M|3.56m 2.34-4.78
A-7



DOT ASSESSMENT RESULTS

gVENT. TAO6  Unmanned equipment capsules 36 inches in diameter. Compressive
strength of 300 ksi; (W/D of 0.15); 95% reliability...same
as IA0S.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N= 12 I LOSS GA'N 0 - ] 215 X o 5.0 - ) 715 L ‘_I_OO CONCLUSION
ESSENTIAL 8 A . A
DES IRABLE A 50 %| DESIRABLE
UNNECESSARY e 1. . A 38 s
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N1 ] LoSSTGAIN] O, . . . 3. ¥, . e CONCLUSION
.1 PROTOTYPE A 0 %
.4 EXPERIMENTAL | 9 A 0 %
.7 SIMULATION A * ‘ 0 %
.9 UNPROVEN 9 ) IS Al 100 % .9
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N g LOSSTGAIN]| © e .2.5 ) 50 ) 715. - 100 CONCLUSION
SHORT RANGE GOAL \ - 0 %
MED | UM 11.5 A& .. = 33 %
LONG : 0.5 tsdiacl A 1145 %] LONG
UNDESIRABLE 11 Ay, | R i 22 o
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
w 72 S 75 765 T8 81 s 87 %o ET 96 5 o MODE(S)| MEAN {FROM 1872)
8 | EARLIEST 0==0 A 1.5175,761 76.3] 3 -51/2 vss.
8| MOST LIKELY ; 00 . 1.6/ 80 | 79.8] 61/2 -9 vss.
8 |NOT LATER THAN cisee: st M 2,1/ 85 [83.5] 10-13 vas
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
e (N MOLLONS)
N : o |MODE(S)| MEAN |[90% CONFIDENCE INTERVAL)
g | LOWER LIMIT 1.8 M{2,56M 1.36 - 3. 76
8| UPPER LIMIT 2.,7] 5 M|5.75M 3.95 - 7.55

A-8
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DOT ASSESSMENT RESULTS

Manned spherical structural hulls 7 ft in diameter.

EVENT: TAQ7

strength of 100 ksi;

as IA06.

SYSTEM CRITICALITY

Compressive
(W/D of 0.46); 99.9% reliability...same

PERCENTAGE FINAL consmsus %
N1z | LoSSJGAIN] © . & s . CONCLUSION
ESSENTIAL 8 . 58 %| ESSENTIAL
DESIRABLE 8 A 25 %
UNNECESSARY A ) . 17 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 11 | LOSSPGAIN] ¢ & so CONCLUSION
.1 PROTOTYPE 9 4 0 «
.4 EXPERIMENTAL A 0 %
.7 SIMULATION A ) 0 %
.9 UNPROVEN 9 e i e l 1004 .9
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
10 | LOSSJGAIN] © 25 50 5 CONCLUSION
suoar RANGE GOAL| 11 { 0%
MEDIUM 5 A 50 % MEDIUM
LONG 3 A 30 %
| NDES IRABLE 9 e kN 20 o
PROBABLE TIMING CALENDAR YEARS
(0% CONFIDENCE INTERVAL) DEVELOPMENT TIME
7 735 75 765 78T 81 s M wg | e o |MODE(S)! MEAN (FROM 1872)
_ldEARLIEST TS 6.1 82.6| 7-14 vrs.
9 | MOST LIKELY . 0=0 1.8 84.7| 111/2 - 14 vrs.
9 NOT LATER THAN | 0-0 1.6 89.2] 16 -18 s
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
(IN MILLONS)
WI . MODE(S) (90% CONFIDE!CE INTERVAL)
| JQLOWER LIMIT 10 m/10.9Mm 5.42 - 16.38
glupm LIMIT 10,20 m[18.11Im 10.93 - 25.2%
A-9




DOT ASSESSMENT RESULTS

EVENT: [AO8
strength of

Manned spherical hulls 7 ft in diameter.

300 ksi; (W/D of 0.15);

...Same as IAQ7.

SYSTEM CRITICALITY

Compressive
99.9% reliability

PERCENTAGE FINAL CONSENSUS %
N 11 |  [rossJeAiN|°. . % % ., o b
ESSENTIAL 4.5 A 45,.5%| ESSENTIAL
DESIRABLE 9 A ) q %
UNNECESSARY 4,5 i A, . 45,5* UNNECESSARY
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N ] LOSSJGAIN] ¢ . . . . % 0 100 CONCLUSION
.1 PROTOTYPE 4 Q0 %
.4 EXPERIMENTAL % 0o %
.7 SIMULATION ) 1o =
guwroven | [T T A 100 % .9
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N7 ] LOSSJGAIN] 9 | K . N . CONCLUSION
SHORT RANGE GOAL 0 %
MED UM 12.59 [ 0_%
LONG 4 L1 o A 1171 % LONG
UNDESIRABLE 16.5 el T e s it o i 9 A L
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
r_N— n TS TS 763 T B M N w0 ’l ai '} MODE(S)| MEAN {FROM 1972)
7 |EARLIEST Baisiiadh. ¢ 3.5! 8s lsL.6 7 - 12 YRS.
7 |MOST LIKELY ~Qe=Q 2.9] g5_18S.2 [U1/2-16 Y
7 |NOT LATER THAN _.0-0 | [2.3] 90 |9l.4 ] 18-21 s
ESTIMATED COSTS TO ACHIEVE .
DEVELOPMENT COSTS
i = (' LLONS)
N ¢ JWODES)| MEAN | (90% CONFIDENCE WTERVAL)
7 | LOWER LIMIT ;.M M 4.75-20,39
7 | UPPER LIMIT 19,2 mﬁm 15.22 - 43,36
A-10




DOT ASSESSMENT RESULTS

EVENT: 1AQ9

Joint design which permits opening and closing of a
glass hemisphere to be mated to another glass hemisphere

such that the complete structure can mobilize the entire

strength of the glass. 99.9% reliability...same as
IADS.
SYSTEM CRITICAITY
PERCENTAGE FINAL cowsmsus %
N LOSSTGAIN] 9 . 5 T e CONCLUSION
ESSENTIAL 9 A " "1 64 «| ESSENTIAL
DES IRABLE 9 B A " Tz =
UNNECESSARY \ - 0_*
DEGREE OF RISK
[PERCENTAGE FINAL CONSENSUS kL
N 11 ] LOSSJGAIN] © . 5  so 100 CONCLUSION
.1 PROTOTYPE ) ) 0 %
.4 EXPERIMENTAL A 27 %
.7 SIMULATION | 9 A 18 %
.9 UNPROVEN 9 N s W .9
DESIRED COURSE OF ACTION /-"
PERCENTAGE FINAL CONSENSUS %
N30 ] LOSSJGAIN] © 2 so 75 100 -~ CONCLUSION
SHORT RANGE GOAL 4.5 A 50 % SHORT
MEDIUM 5.5 A 40 %
LONG 1 A - 10 %
UNDES |RABLE Rls ) = Lt Il LADE ShiE 0 % N L)
PROBABLE TIMING CALENDAR YEARS
puan (30% CONFIDENCE INTERVAL) _| DEVELOPMENT TIME
N 72 LS 75 765 7B K1 A BT 90 | e | P MODE(S)| MEAN (FROM 1972]
0 EARLIEST Qg==s0 Z.LL_M 76 2 2_&__5
) MOST LIKELY e P 4,3 |76 .85 179.9 51 - 104
NOT LATER THAN et o et Qo 5.6/] 90 82,9 7). - 141 YRS.‘
ESTIMATED COSTS TO ACHIEVE :
DEVELOPMENT COSTS
a4l IN MILLONS)
N ‘ o [MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
0 | LOWER LIMIT 7.0°1,2 M M .36 - 8,50
110 [ UPPER LIMIT 28,2/5,10 Mli6,36M .03 - 32,69
A-11



DOT ASSESSMENT RESULTS

EVENT: IA10

Joint design which permits a glass hemisphere to be mated

to a cylinder fabricated from another material (such as
Titanium) and that the complete structure can mobilize the

entire strength of both materials.

same as IAQ9.

SYSTEM CRITICALITY

99.9% reliability...

_N—'Tl tf)‘;gcng:?f‘ o 2 ‘HNAL ngNLSE‘NSUSz: 100 CONCLUSION
ESSENTIAL 9.5 ‘ A 64 % ESSENTIAL

DES IRABLE 9.5 A K ' 36 %

UNNECESSARY DR SR 0%

DEGREE OF RISK

PERCENTAGE FINAL CONSENSUS %

N 10 ] LOSSTGAIN] ¢ N TN TN PO CONCLUSION

.1 PROTOTYPE ' o ] s 0 %

.4 EXPERIMENTAL |8 A 20 %

.7 SIMULATION 4 3 A 40 % .7

.9 UNPROVEN 4 WOR ISRl . 40 % .9
DESIRED COURSE OF ACTION

‘ PERCENTAGE FINAL CONSENSUS %

N- g LOSSJGAIN] ¢ 25 50 18 Mo CONCLUSION
SHORT RANGE GOAL [12, 5 A i 33 %

MED UM 10,5 i 56 % MEDIUM

LONG 2 A 5 : 1111«

UNDES IRABLE RN O R P R * 0 %
PROBABLE TIMING CALENDAR YEARS

- (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 72 TS 7S 765 78 B a4 87 %0 | % 4 MODE(S)] MEAN {FROM 1972)

9 |EARLIEST Qm==w==0 2,7 74 76.8 | 3 - 64 YRS.
9 |MOST LIKELY Q=====0 3.7176,85[7°.4 | 5~ 10 YRS.
9 |NOT LATER THAN /  Q=====0 4.8| 85 [82.6 | 7% - 133  vas.
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS
[N MOLLONS)

IN] : o [MODE(S)] MEAN |(80% CONFIDENCE INTERVAL)
0] LOWER LIMIT ' 7.01'1 Mi4,53 M .47 - 8,59

0] UPPER LIMIT 28.2{510 M]6.66M .32 - 33.00
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1B Sub-Technology: Fiber Reinforced Plastics

Objective: To develop fiber reinforced plastic structures capable

of operating down to 20,000-ft depths for at least 2,000 cycles of

100 hours each. (The W/D ratio indicates the weight-to-displacement
ratio of a cylindrical hull fabricated from the given material, near-
perfect and free of residual stresses, which would collapse at the
given depth.)

Events IBOl - IB11 address this objective.

A-13



DOT ASSESSMENT RESULTS

EVENT: IBO1

Unmanned cylindrical equipment capsules, 6

inches in

diameter, fabricated from glass reinforced plastic, with
hemispherical end closures fabricated from another material
such as Titanium. Compressive strength 150 ksi; (W/D of
0.55); 95% reliability at a 95% lower level of confidence.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N 10 ] LOSSJGAIN| @, & . %, z M CONCLUSION
ESSENTIAL A 110 =
DESIRABLE ) A 90 %| DESIRABLE
UNNECESSARY A, NEERREEED o 0 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N 10 ] IOSSReAI L. - LY CONCLUSION
.| PROTOTYPE 10 & T 10 %
4 EXPERIMENTAL | 20 A . 30 %
.7 SIMULATION 10 \ A 60 % .7
.9 UNPROVEN A s 0 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL-CONSENSUS %
N 10 ] LOSSJGAIN] ¢ . . & s 75 100 CONCLUSION
SHORT RANGE GOAL 10 20 %
MEDIUM 10 A 80 %| MEDIUM
LONG % 0 %
UNDES | RABLE Ry Al s e s 0 % ]
PROBABLE TIMING CALENDAR YEARS
e (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 7 TS 75 765 T8 B M a7 w0 T»o” o |MODE(S)| MEAN (FROM 1872)
1QEARLIEST Q====0 2,0 75 74.9] 11/2-4 vrs.
10| MOST LIKELY Qe s Q 3.5 78 | 77.6] 31/2-71/%rs.
9 | NOT LATER THAN 0=--0 “113.0] 80 | 79 5-9 YRS,
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
(I MILLONS)
N] \ o |MODE(S)| MEAN |(80% CONFIDENCE INTERVAL)
qum LIMIT M| .40 M 07 - .72
9| UPPER LIMIT .3 .5 M[.51L m .35 - .67
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DOT ASSESSMENT RESULTS

Unmanned cylindrical equipment capsules, 36 inches in
diameter, fabricated from glass reinforced plastic, with
hemispherical end closures fabricated from another
material such as Titanium. Compressive strength 230 ksi;
(W/D of 0.35); 95% reliability...same as IBO1.

EVENT: 1BO2

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N= 10 I LOSS GA'N 0 . ) 215 510 ) 75 . ‘-I‘Oﬂ CONCLUSION
ESSENTIAL A 0 %
DESIRABLE 10 ) A 70 %| DESIRABLE
UNNECESSARY 10 A 30 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSYUS %
N= 10 l LoSSTGAIN] © K- 50 75 100 CONCLUSION
.1 PROTOTYPE ) 0 %
.4 EXPERIMENTAL A 10 %
.7 SIMULATION SR A 60 % .7
.9 UNPROVEN S TSNS 30 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N- 10 | LOSSJGAIN] ¢ & 50 75 100 CONCLUSION
SHORT RANGE GOAL A 0 % _
MED 1 UM A , 60 % MEDIUM
LONG 10 A 10 %
UNDES IRABLE wlil s o 2E ST 30 % —
PROBABLE TIMING CALENDAR YEARS
S (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 72 575 765 78 Bl M A W “l “Pw o MODE(S)| MEAN (FROM 1972)
9 |EARLIEST Q====0 2.4/76,80] 76.8(31/2-61/2""s
9 | MOST LIKELY N 4,5| 80 | 80.7[6-111/2 vrs
9 [NOT LATER THAN Qmr====Q 5.7 85 | 83.9(81/2-151/2vrs.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
(IN MRLLONS)
E o |MODE(S)| MEAN |[90% CONFIOENCE INTERVAL)
S (LOWER LIMIT 1.9/ 2 M|1.97M .79 - 3.14
9| UPPER LiMIT 3.6/ 5 M|4.18 M 1.92 - 6.44
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DOT ASSESSMENT RESULTS

Manned cylindrical structural hulls, 7 ft in diamter,
fabricated from glass reinforced plastic, with end

closures which may be another material.
strength 150 ksi; (W/D of 0.55); 99.9% reliability...

EVENT: IBO3

Ity

same as IB02.

SYSTEM CRITICAL

Compressive

PERCENTAGE FINAL CONSENSUS %
N-_ 10 LOSSJGAIN] ¢ %, . %, 5 . CONCLUSION
ESSENTIAL A 50 % ESSENTIAL
DESIRABLE 10 A B ‘ ) 40 %
UNNECESSARY 10| A R - 10 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N g LOSSJGAIN] O . . .2 .. B g CONCLUSION
.1 PROTOTYPE ¥ - g %
.4 EXPERIMENTAL |15 A 45 % .4
.7 SIMULATION 13 . A 33 %
.9 UNPROVEN 2 SRy e S 22 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N 10 | LOSSJGAIN] ¢ 25 0 75100 CONCLUSION
SHORT RANGE GOAL 4 ey 0 %
MED | UM 10 A _ 40 %
LONG A ) i 50 %] LONG
UNDES IRABLE Wil & B X
PROBABLE TIMING CALENDAR YEARS
(20% CONFIDENCE INTERVAL) DEVELOPMENT TIME
ﬁ\r 72 M 75 S TE sl M W w0 | 95»” ¢ |MODE(S)| MEAN (FROM 1972)
9 [EARLIEST Q==-0 1.9175,76 | 76.8[31/2 -6 _¥mrs.
9 | MOST LIKELY 0====0 _ 4,0/ 80 | 80.2/51/2-101/2rs.
9 |NOT LATER THAN , Q=c====0. . .| 1 6,6{77,82| 84,3| 8 -161/2 Yrs.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
e (0 MLLONS)
N 3 o |MODE(S){ MEAN |(90% CONFIDENCE INTERVAL)
9 | LOWER LIMIT 82 M M 1,07 - 4,57
9 [UPPER LIMIT 29,5( 10 M[17.1M 0 -35.38
A-16
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DOT ASSESSMENT RESULTS

EVENT: IBO4

Manned cylindrical structural hulls, 7 ft in diameter,

fabricated from glass reinforced plastic, with end

closures which may be another material.

Compressive

strength of 230 ksi; (W/D of 0.35); 99.9% reliability...
same as IB03.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N0 ] LSS JGAIN] ¢ kS 50 8 ton CONCLUSION
ESSENTIAL 10 \ ] 1 [30 »
DESIRABLE A T30 %
UNNECESSARY 0] A |[]40 % UNNECESSARY
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- g LOSSYGAIN| © . . . . % . %, . . .7, 100 CONCLUSION
.1 PROTOTYPE / 0 %
.4 EXPERIMENTAL |10 A 0 %
.7 SIMULATION 3 ' A ) 33 %
.9 UNPROVEN 7 ) LA 167 .9
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N- 9 | I0SSIGAIN] © 2 o 75 100 CONCLUSION
SHORT RANGE GOAL A 0 %
MED UM 19 A , s 11 %
LONG 4.5 A 44.5 %
UNDES IRABLE 14.5 e T W 44.5 %] UNDESIRABLE |
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
rN— 72 735 75 76,5 78 Kt M AT o 'l s » o MODE(S)| MEAN lFm '972]
7 |EARLIEST o==0 ! 1.6 80 79 6 -8 YRS.
7 | MOST LIKELY 0--0 3,2] 85 84.1 |10 - 141/2 YRrs.
7 | NOT LATER THAN - 2n o---0 | [4.3] 90 [89.9[141/2-21 vrs
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
", (1N MNLLONS)
N ‘ o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
6 [LOWER LIMIT 2,910 M{7,17 M 4,77 - 9,56
6 | UPPER LIMIT 1.8/ 20 M 30 M 3.88 - 56,12
A-17



DOT ASSESSMENT RESULTS

Unmanned cylindrical equipment capsules, 36 inches

in diameter, fabricated from graphite reinforced plastic,
with hemispherical end closures fabricated from another
material such as Titanium. Compressive strength

EVENT: IBOS

70 ksi; (W/D of 1.1); 95% reliability...same as IB04.
SYSTEM CRITICALITY
PERCENTAGE FINAL CONSENSUS %
N- 10 I LOSSJGAIN] © K. S N . CONCLUSION
[ESSENTIAL 10 ) ] ) 0 %
DESIRABLE B - A . 40 %
UNNECESSARY o] A 60 % UNNECESSARY
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N° 9 | LOSSTGAIN] © . = L . CONCLUSION
.1 PROTOTYPE A 0 %
.8 EXPER IMENTAL A 11 %
7 SIMULATION 11 A ‘ 11 %
.9 UNPROVEN 11 I A | |78 & .9
DESIRED COURSE OF ACTION
[PERCENTAGE | FINAL CONSENSUS *
N 9 | LOSSJGAIN] © .25 50 9 100 CONCLUSION
SHORT RANGE GOAL . 0 %
MEDIUM 3 = A, . ll78 % MEDIUM
LONG A = 0 %
UNDES | RABLE 3 AN T 22 %
PROBABLE TIMING CALENDAR YEARS :
= (0% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N n 7S 75 765 T8 e M w0 | % o {MODE(S)| MEAN (FROM 1972)
g [EARLIEST _Q==20 1,61 76 (75,9} 3-5 YS
9 MOST LIKELY —orma, 2,7177,78 1 79 |51/2-81/2""s|
8 | NOT LATER THAN . ,Oo==o | |3.,8] 80 [81.8 | 7-121/2 ves.
ESTIMATED COSTS TO ACHIEVE
: DEVELOPMENT COSTS
= (IN MMLLONS]
N i o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
9 [ LOWER LIMIT 28 1,3 M .8IM .30 - 1,33
8 [ UPPER LIMIT 3.0/ 2 M2,33M .33 - 4.32
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DOT ASSESSMENT RESULTS

EVENT: IBO6

SYSTEM CRITICALITY

Unmanned cylindrical equipment capsules, 36 inches

in diameter, fabricated from graphite reinforced plastic,
with hemispherical end closures fabricated from another
material such as Titanium. Compressive strength 130 ksi;
(W/D of 0.6); 95% reliability...same as IB0OS.

PERCENTAGE FINAL CONSENSUS %
N30 ] LOSSJGAIN] ¢, . % T . CONCLUSION
ESSENTIAL A - 10 %
DESIRABLE 10 [ A 80 %] DESIRABLE
UNNECESSARY | 10 Ao ] s
DEGREE OF RISK

PERCENTAGE FINAL CONSENSUS %
N- 10 I LOSSJGAIN] § < S SO R . CONCLUSION
.1 PROTOTYPE A 3 0 %
.4 EXPER IMENTAL A 0 =
.1 SIMULATION | 10 o Ty 20 %
.9 UNPROVEN 10 BN iwiieni i A ]]80 % .9
DESIRED COURSE OF ACTION
‘ PERCENTAGE FINAL CONSENSUS %
N- 10 ] LOSSJGAIN] © 25 so 75 0o CONCLUSION
SHORT RANGE GOAL [ Ao ] 0 %
MEDIUM 7 A 60 % MEDIUM
LONG 8 A 1130 =
UNDES | RABLE 1 = S TR S | [ 10 4
PROBABLE TIMING CALENDAR YEARS
S (90% CONFIDENCE INTERVAL) % DEVELOPMENT TIME
N n 7S 75 765 7h AL s W %0 | %) ) MODE(S)| MEAN (FROM 1872)
9 [EARLIEST 0--0 1,7177,78 | 77.7 | 41/2-61/2rs.
9 | MOST LIKELY % 0-=-0 3.0{80,82| 81 7-11 YRS,
9 | NOT LATER THAN : o--0 | |3.6] 85 84 |10-14  vrs
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS
. & 3 (I MILLONS)
N : o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
9 | LOWER LIMIT 4 11 M1 M .71 -1.,29
9| UPPER LIMIT 2,715 Mm3.89m 2.22 - 5.55
A-19




DOT ASSESSMENT RESULTS

EVENT. IBO7

Manned cylindrical structural hulls, 7 ft in diameter,

fabricated from graphite reinforced plastic, with end

closures which may be another material.

strength 70 ksi; (W/D of 1.1); 99.9% reliability...

same as IB06.

SYSTEM CRITICALITY

Compressive

PERCENTAGE FINAL CONSENSUS %
N 10 | LOSS[GAIN] © . = S0 s e CONCLUSION
ESSENTIAL 10 A A o 0 %
DESIRABLE ~ A " 50 %
UNNECESSARY ol 50 % UNNECESSAR
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- g LoSSTCAIN] O, . . & AL L CONCLUSION
.1 PROTOTYPE 4 o 0%
.4 EXPER IMENTAL 0 %
.7 SIMULATION A ‘ 11 %
.9 UNPROVEN j A 89 % .9
DESIRED COURSE OF ACTION
[PERCENTAGE FINAL CONSENSUS %

N-_ 8 LOSSJGAIN] °© k3 so 75 1o CONCLUSION
SHORT RANGE GOAL 0%
MED | UM 12. A . . 12,5 %
LONG 12.5 B A 50 % LONG
UNDES IRABLE o e P EA IR R 37.5 %
PROBABLE TIMING CALENDAR VEARS
g (50% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N n TS 7S %S 7 8 W A %0 ”1' {ow ) LMODE(S) MEAN (FROM 1972)
8 [EARLIEST Q=-==0 112,3,78,80/79.5 [ 6-9  ves.
7 [MOST LIKELY ¥ O====0 3.8] 80 | 83.6/81/2-141/2ns.
7 | NOT LATER THAN o---=0 | [5.5]85,90] 88 12-20 ves
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS
Y. (N MLLONS)
N : ‘ ¢ [MODE(S)| MEAN |(90% COMFIDENCE WNTERVAL)
8 | LOWER LIMIT 7.7{2,3 M|7.56 M 2.53 - 12,60
7 [UPPER LIMIT 3.3 5 MBE2D M .75 - 49,82
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DOT ASSESSMENT RESULTS

EVENT: IBO8

SYSTEM CRITICALITY

Manned cylindrical structural hulls, 7 ft in diameter,
fabricated from graphite reinforced plastic, with end

closures which may be another material.
(W/D of 0.6); 99.9% reliability...

strengt® 130 ksi;
same as IB07.

Compressive

PERCENTAGE FINAL CONSENSUS %
N= 10 I LosSTGAIN] © 25 o0 Bt CONCLUSION
ESSENTIAL 10 . 0 %
DESIRABLE 20 A 90 %| DESIRABLE
UNNECESSARY 10 A i e 10 %
DEGREE OF RISK

PERCENTAGE FINAL CONSENSUS %
N 10 | LOSSTGAIN] ¢ B 075 100 CONCLUSION
.1 PROTOTYPE A _ 0 %
.4 EXPERIMENTAL 4 - 0 %
.1 SIMULATION 20 A ‘ 30 %
.9 UNPROVEN 20 § [ A 70 4 .9
DESIRED COURSE OF ACTION

PERCENTAGE FINAL CONSENSIIS %
N- 9 l LOSSJGAIN] ¢ & 0 75 100 CONCLUSION
SHORT RANGE GOAL A i 0 %
MEDI JM 1 A 11 ¢
LONG 2 A /8 9 LONG
UNDES IRABLE 1 RS T, L [T ]
PROBABLE TIMING CALENDAR YEARS
s (90% CONFIDENCE INTERVAL) & DEVELOPMENT TiME
N 72 RS 75 765 78 b1 84 AT w0 -.l o H o MODE(S)| MEAN (FROM 1972
8 [EARLIEST Q-=-0 3.1180,85)81,3 [ 7-111/2 ves.
8 [MOST LIKELY O=r===0 4,7| 85 | 86 11-17  ves
8 |NOT LATER THAN ¢ o----0 | [5.2] 90 90.1|141/2-21 vrs.
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS
§o (1N MILLONS)
N g o [MODE(S){ MEAN |(90% CONFIDENCE INTERVAL)
8 |LOWER LIMIT 8.5/ 10 M|9.25M 3.57 - 14.93
8 | UPPER LIMIT 30.3]| Nonem|28.63 M 8.32 - 48.93
A-21




DOT ASSESSMENT RESULTS

Non-destructive test methods and equipment which ensure
that a given fiber reinforced plastic structure will perform
as designed.

EVENT. IBO9

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N- 10 l LoSS JGAIN] © k-3 50 s o CONCLUSION
ESSENTIAL R A 90 %| ESSENTIAL
DESIRABLE A DR 10 %
UNNECESSARY A, ) 0 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N-10 ]| [rosSPeAN|§.. . . ®. %, . B W OPNELAG
| PROTOTYPE 4 | 0o =
.4 EXPERIMENTAL A 60 % .4
.7 SIMULATION 10 A B 30 %
.9 UNPROVEN 10 A 10 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N- 8 | LOSSTGAIN] ¢ 2% s 75 100 CONCLUSION
SHORT RANGE GOAL 8 A 75 «| SHORT
MED I UM 8 A 25 %
LONG A 3 0 %
UNDES IRABLE TSy ——_— 0 =
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) . EVELOPMENT TIME
W 7 TS 75 765 T 81 M 87 % ”i v T [ ¢ TMODEIS)] MEAN (FROM 1972)
9| EARLIEST Qemnmommmmoe= a 8,2 75 |78.8/11/2-12 ¥rs
8| MOST LIKELY Q=== 3,7 77 |78.8|41/2-91/2ns.
8 | NOT LATER THAN } p----0 4,2 80 | 81.1[61/2-12 vns.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
__ (1N MILLOKS)
N 2 o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
8 UPPER LIMIT 15.8] 2 Mm|8.84Mm 0-19.44
A-22
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DOT ASSESSMENT RESULTS

Event. [B1O Structural design which permits major penetrations
(hatches, viewports) in the fiber reinforced plastic
structure.
SYSTEM CRITICALITY
PERCENTAGE FINAL CONSENSUS %
N- 10 | LOSSJGAIN] © & ~ so 35 o CONCLUSION
ESSENTIAL 10 A 90 %| ESSENTIAL
DES IRABLE 10 ) " 0 %
UNNECESSARY A e 10 =
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N 10 ] LOSSYCAIN] § . . . . %, SR CONCLUSION
.1 PROTOTYPE . o 0 %
.4 EXPERIMENTAL A ) 30 =
.7 SIMULATION 10 ) A 40 % .7
.9 UNPROVEN 10 W AR TS T e T 30 %
DESIRED COURSE OF ACTION
| PERCENTAGE FINAL CONSENSUS %
N g LOSSJGAIN] © 25 so " 75 100 CONCLUSION
SHORT RANGE GOAL 12.5 A - 62.5% SHORT
MED UM 5 A ‘ 25 %
LONG A Q %
UNDESIRABLE 7.5 = . . . 12.5 % =
PROBABLE TIMING CALENDAR YEARS
e (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 7 NS 75 765 78 81 84 87 w0 913 SN o MODE(S}| MEAN (FROM 1972)
9 |EARLIEST Q===== -0 3.4/ 75 [76.9 3-7 YRS,
8 | MOST LIKELY O====- 0 4,3 77 [79.5 |41/2-101/2ks.
8 |NOT LATER THAN o-----0 | |4.9{ 78 82 [61/2-13 1/2vrs.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
PRERY {IN MILLONS)
N : ’ o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
9 [ LOWER LIMIT * [1.4] 1 m1.70m .80 - 2.60
8 | UPPER LIMIT 3.0] 2 Mm3.21m 1.22 - 5.20
A-23
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EVENT: [Bll Structural design which permits fiber reinforced plastic
end closures for fiber reiniorced plastic cylindrical
structures.
SYSTEM CRITICALITY
SHE %
N 10 | ’[f,’g‘;""é:f,ﬁ o = AFWA“ CON‘SE‘N “‘75‘ e CONCLUSION
ESSENTIAL 10 A N 20 %
DESIRABLE 10 A 70 %| DESIRABLE
UNNECESSAR'Y A Rl 1] %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N 10 | LOSSTGAIN] O . . . . % ; SODERRN, S ) CONCLUSION
.1 PROTOTYPE 0 %
.4 EXPERIMENTAL A . 40 % .4
7 SIMULATION 10 A 1120 =
.9 UNPROVEN 10 A |40 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS
[N- 8 LOSSTGAIN] © B3 %0 75 ko CONCLUSION
SHORT RANGE GOAL | 22 A 0 %
MED UM 20.5 A . lls7.5% MEDIUM
LONG i 0 %
UNDESIRABLE 1511 A N 12.5 %
PROBABLE TIMING CALENDAR YEARS ;
- ‘ (30% CONFIDENCE INTERVAL) A DEVELOPMENT TIME
N n TS 75 %S TE 81 e4 07 w0 | %] o |MODE(S)| MEAN (FROM 1972)
8 |EARLIEST O====0. 2 3,3(75,80)78.4] 4 - YRS.
7 |MOST LIKELY 0====-=0 4.1 7?7 |81.0 6-12 YRS.
7 |NOT LATER THAN . Qme==0 4.,2] 80 | 84 9-15 YRS.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
Qe (N MILLONS)
N y o [ MODE(S)| MEAN |[90% CONFIDENCE INTERVAL)
9 {LOWER LIMIT 1,8] .2 M{1.73 M .59 - 2,88
8 [UPPER LIMIT 3,.2[None M[3.61 m 1.44 - 5.78
- A=24
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IC Sub-Technology- Concrete

Objective: To develop concrete pressure resistant structures capa-
ble of fixed operation at the given depth for a period of at least

10 years.

! = ey

-

Events ICOl - IC07 address this objective.
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DOT ASSESSMZINT RESULTS

EVENT: ICO1

Manned spherical structures 20 ft in diameter, for

operation at a depth of 1,000 ft. Compressive strength
of 10,000 psi; 99.9% reliability at a 95% lower level

confidence.
SYSTEM CRITICALITY
o B O S i SO S
ESSENTIAL 4 A A | [25 =
DESIRABLE 20. N A ) 62.5% DESIRABLE
UNNECESSARY 16.5 T T 12.5
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 7 LOSSTGAIN] § . . . 2. 0 . = CONCLUSION
1 PROTOTYPE 17 P TR 0 %
4EXPCRIMENTAL | 4 A 29 %
.7 SIMULATION 7 A 57 % -7
.9 UNPROVEN 14 i < TR T 4%
DESIRED COURSE OF ACTION
PERCENTAGE ] FINAL CONSENSUS %
N 6 ] LOSSJGAIN] ¢ B » % o CONCLUSION
SHORT RANGE GOAL | 4 A 67 % SHORT
MED|UM 4 R 33 »
LONG A y . : 0 =
UNDESIRABLE | WSS C 0 %
PROBABLE TIMING CALENDAR YEARS
=8 (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 7n TS 7S S T 81 s 87 w0 | v o |MODE(S)| MEAN (FROM 1872)
7 [EARLIEST P o 3.9] 75 [76.7 | 2-71/2 vrs.
7 |MOST LIKELY Qr=mmccccnnan o 8.3 [None [81.3 [3 -151/2 vss.
6 [NOT LATER THAN Qm==m———=- © | |S5.3|None [80.2 |4 - 121/2 vas.
ESTIMATED COSTS TO ACHIEVE -
DEVELOPMENT COSTS
ke (I8 MILLONS)
N 3 o | MODE(S)| MEAN |(90% COMFIDENCE INTERVAL)
7 [LOWER LIMIT 2,0] .5 m2.um .63 - 3.60
6 | UPPER LIMIT 17,91 2 M|10.03m 0-24.79
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DOT ASSESSMENT RESULTS

EVENT: 1C02

SYSTEM CRITICALITY

Manned cylindrical structures, 10 ft in diameter, for
operation at a depth of 1,000 ft. Compressive strength
of 10,000 psi; 99.9% reliability...same as ICO1l.

PERCENTAGE FINAL CONSENSUS %
N- 8 LOSSJGAIN} © & % i CONCLUSION
ESSENTIAL 8.5 A ] [37.5%
DESIRABLE 7 ) A L S0 %| DESIRABLE
UNNECESSARY 1.5 A e 12.5 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 7 LOSSTGAIN] © 50 5 100 CONCLUSION
.1 PROTOTYPE 3 A R 14 %
.4 EXPERIMENTAL 4 A - 29 %
.7 SIMULATION 7 A 43 ¢« .7
.9 UNPROVEN 14 ST 14 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
Ne 6 LOSSEGAIN] ¢ 28 50 % 100 CONCLUSION
SHORT RANGE GOAL = 83 % SHORT
MEDIUM A N 17 %
LONG i | 0 %
UNDESIRABLE o 0 = ]
PROBABLE TIMING CAENAR TRARS
(90% CONFIDENCE INTERVAL) OEVELOPMENT TIME
FN— 7 S 75 768 T MmN -'o] n Y[ e [MODES)H MEAN {FROM 1972)
7 |EARLIEST o = 2.9 175 75.7] 11/2-6 Yrs.
7 | MOST LIKELY Qesmme== o) 4,4 | 85 78.9 | 31/2 - 10 vrs
6 | NOT LATER THAN Om======= 0. | |5.,2[ 75 [80.3 |4-121/2 vrs
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
i (N WOLLONS)
N o [MODE(S)| MEAN |{90% CONFIDENCE INTERVAL)
7 [LOWER LIMIT 1.5/.5,2 m[l.56 M .41 -2.70
6 [UPPER LIMIT 18,1 1 m9.57m 0 - 24.47




DOT ASSESSMENT RESULTS

EVENT: ICO03 Manned spherical structures, 20 ft in diameter, for
operation at a depth of 3,000 ft. Compressive
strength of 10,000 psi; 99.9% reliability...same
as IC02.
SYSTEM CRITICALITY
PERCENTAGE FINAL CONSENSUS %
N- 8 | LOSS §GAIN] ¢ % AN ... " CONCLUSION
ESSENTIAL 4 A ' 25 %
DES IRABLE 5.5 A 62.5% DESIRABLE
UNNECESSARY 1.5 A == 12.5%
DEGREE OF RISK
[PERCENTAGE | FINAL CONSENSUS %
N7 LOSSJGAIN] O . & s 1 W CONCLUSION
.1 PROTOTYPE 17 , 0%
A EXPERIMENTAL | 4 A 29 %
.7 SIMULATION 9 A ) 42 % ¥
.9 UNPROVEN 12 A 1729 =
DESIRED COURSE OF CTION
PEPCENTAGE FINAL CONSENSUS %
N6 LOSSTCAIN] ¢, . . 3 o 15 0 CONCLUSION
SHORT RANGE GOAL A 17 %
MED IUM A 83 % MEDIUM
LONG 0 %
UNDESIRABLE j N 0 & ]
PROBABLE TIMING CALENDAR YEARS
=== (90% CONPIDENCE INTERVAL) DEVELOPMENT TIME
N ”n NS NS W M MW "°”l wh | & |MODES)] MEAN (FROM 1972)
7 |EARLIEST Qm===ew=g $,3175,77(79.9 | 4-111/2 vrs.
7 | MOST LIKELY O===recceQ 7.4 None [83.3 [ 6 -161/2 vas
6 | NOT LATER THAN " Qm======0 | | 6,2|0:one [84.3 | 7 = 171/2 vns|
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
o (N MNLLONS)
N @ |MODE(S'[ MEAN |(00% CONFIDENCE INTERVAL)
7 | LOWER LIMIT 6,8/ 1 Mm|5.33m .36 - 10.30
6 | UPPER LIMIT 17,8] 2 m[10.42m 0-25.04 |
A-28
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DOT ASSESSMENT RESULTS

EVENT: 1C04

Manned cylindrical structures, 10 ft in diameter,

for operation a a depth of 2,000 ft.
strength of 20,000 psi;

Compressive
99.9% reliability...same

as IC03.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N- 8 L0SS IGAIN] © B 50 s Mo CONCLUSION
ESSENTIAL 4 A 25 %
DESIRABLE 8 A i 50 % DESIRABLE
UNNECESSARY 4 A 25 %
DEGREE OF RISK

PERCENTAGE FINAL CONSENSUS %
N- 7 I (Y1) S ST S SR e i
.| PROTOTYPE 17 A ) c %
.4 EXPERIMENTAL 12 A i 29 %
.7 SIMuLATION | 19 A 14 %
-9 UNPROVEN 24 A 57 % -9
DESIRED COURSE OF ACTION

PERCENTAGE FINAL CONSENSUS %
N 6 LOSSJCGAIN] © B 50 % 0o CONCLUSION
SHORT RANGE GOAL | 17 0 %
MEDIUM 17 A 83 %/ MEDIUM
LONG 17 0 =
UNDES IRABLE wrr 8 - 17 %
PROBABLE TIMING CALENLAR YCARS
- (30% CCFIDINCE INTERVAL) DEVELOPMENT TIME
N n” AN L A N o MODE(S)| MEAN {FROM 1972)
6 |EARLIEST Pl varm < ([3.4] 75 [78,3] 31/2-9 ves
6 |MOST LIKELY Q=====n= o 4.7 | None | 80.8 5 - 121/2 vns
6 [NOT LATER THAN " Queme====0 | | 9.8 None| 85.3|81/2-18 vas.
ESTIMATED COSYS TO ACHIEVE

DEVELOPMENT COSTS
= [ MILLONS)
N . o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
6 | LOWER LIMIT 3.4/ .5 M 2.38m 0-5,22
6 | UPPER LIMIT 17,9] 2 M[9.93Mm 0-24.70
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Manned spherical structures, 20 ft in diameter, for

EVENT: ICOS

ope

ration at a depth of 6,000 ft.

Compressive strength

of 20,000 psi using reinforced concrete or polymer-
impregnated concrete; 99.9% reliability...same as

IC04.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSYS %
N- 8 | LOSSJGAIN] ©. & 50 s 0 CONCLUSION
ESSENTIAL 4 A ) 25 «
DES!RABLE 16.5 A T 12,5 %
UNNECESSARY 0.1 = 0 AT 62.5% UNNECESSAR
DEGREE OF RISK

PERCENTAGE] FINAL CONSENSUS %
N 6 I LQSSQALN-?AA‘AIE':A o 75 100 CONCLUSION
.1 PROTOTYPE 20 , 0 %
.4 EXPERIMENTAL 13 A 33 %
.7 SIMULATION | 20 A o 0 %
.9 UNPROVEN 27 [ [ A 67 % .9
DESIRED COURSE OF ACTION

PERCENTAGE) FINAL CONS..NSUS %
N6 LOSSJGAIN] ©¢ . . & s 75 100 CONCLUSION
SHORT RANGE GOAL | 17 2 0 %
MEDI1UM E i 17 9
LONG A 33
UNDES IRABLE - 4 S A 50 %/ UNDESIRABLE
PROBABLE TIMING CALENDAR YEARS
- (950% CONFIDENCE INTERVAL) OEVELOPMENT TIME
N n TS T NS M M W w ”1 ?em o |MODE(S)| MEAN (FROM 1972)
§ |EARLIEST Qeezepmesc=q 1 14.6/75,85/ 79.4] 3-12 vms
’_5 MOST LIKELY Qes==see=- Q 6.11 90 82,65 - YRS.
5 [NOT LATER THAN | Qe====eee==g| | 9,1{None | 88.8( 8 ~251/2 vrs
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS

r_ (N MLLONS)
N , o |MODE(S)| MEA |(90% CONPIDENCE INTERVAL)
S | LOWER LIMIT 19,3 1 M|12.46M 0-30.68
S [UPPER LIMIT 2 M23 9 0 - 60,83
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EVENT: 1C06

SYSTEM CRITICALITY

Non-destructive test methods and equipment which
ensure that a given concrete structure will perform

as designed.

PERCENTAGE FINAL CONSENSUS %
N-_8 LOSSJGAIN] O, % o 75 10 CONCLUSION
ESSENTIAL 11 A 75 % ESSENTIAL
DES IRABLE 12.5 A T 12.5%
UNNECESSARY 1.5 A e 12.5¢
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N6 ] [tossfeAIN] . . . . ST . et
.1 PROTOTYPE 17 ) i - 0 %
.4 EXPER IMENTAL 17 A 83 « .4
.7 SIMULATION A N 0 %
"9 UNPROVEN A 17 %
DESIRED COURSE OF ACTION
‘ PERCENTAGE FINAL CONSENSUS %
N- 7 l [OSSJGAIN] © 2  so 75 o CONCLUSION
SHORT RANGE GOAL 40 A 57 «| SHORT
MED | UM 23 A 43 %
LONG 17 4 D 0 %
UNpESiRABLE | | (A 0 = ]
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 72 A5 75 765 78 BL M M % “l’ 0 Vg 'l MODE(S)| MEAN (FROM 1972)
7 |EARLIEST Qr=—mm—me—cem—e - 8.9] 75 80 111/2-141/2"s.
6 | MOST LIKELY Q===mm=m—— o S.14 77 ]78.8 |21/2 - 11 vms.
6 |NOT LATER THAN Om==m————- g 8.0/ 80 [82.5 | 4-17 YRS.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
- ['N MILLONS)
N s o |MODE(S)| MEAN |(90% COMFIDENCE INTERVAL)
7 | LOWER LIMIT 1,6] .5 M{1.34 M A7 - 2,52
6 | UPPER LIMIT 1,8/ 1 M2.05Mm .59 - 3,51
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EVENT: IC07

SYSTEM CRITICALIT”

Structural design which will permit entry locks as
large as 10 ft in diameter in a concrete structure.

[P CENTAGE FINAL CONSENSUS %
N- 8 LOSSJGAIN] © . & % B . %™ CONCLUSION
ESSENTIAL 16 A 50 % ESSENTIAL
DES IRABLE 8 A 25 %
UNNECESSARY 8 ST AT T 25 %
DEGREE OF RISK

PERCENTAGE FINAL CONSENSUS %
N5 LOSSJGAIN] o . . % e B _u CONCLUSION
.| PROTOTYPE 4 . 0 %
.AEXPERIMENTAL | § A 20 %
.7 SIMULATION 10 A ) 60 % 7
.9 UNPROVEN S A e g T 20 %
DESIRED COURSE OF ACTION

PERCENTAGE FINAL CONSENSUS %
N- 7 l LOSSJGAIN] © 2 %0 75 100 CONCLUSION
SHORT RANGE GOAL 17 A . 57 %| SHORT
MED | UM 3 A ) 43 o
LONG 20 i 0 %
UNDES IRABLE - FENRGT DR NI 0
PROBABLE TIMING CALENDAR YEARS
=L (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N n S 75 S N 8 s W eioﬂl y‘dw o MODE(S)| MEAN {FROM 1972)
6 |EARLIEST e . o 5,1/73,78177.5 [11/2-91/2vns.
6| MOST LIKELY O===cee==Q 5.2 75 |80.7 | 41/2-13 vns.
6|NOT LATER THAN - -0 | [8.1]77,90/86.5]| 8-21 vrs.
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS
= (N WILLONS)
N ; e |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
7 | LOWER LIMIT 6| .1 M .66M 17-1,15
6] UPPER LIMIT 1.7] 1 Mm[2.20m .78 - 3,62
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ID Sub-Technology: Metals

Objective: To develop metal structures capable of operating

down to 20,000-ft depths for at least 2,000 cycles. (The W/D
ratio indicates the weight-to-displacement ratio & a spherical hull
fabricated from the given material, near-perfect and free of residual
stresses, which would collapse at the given depth.)

Events IDO0l - ID09 address this objective.
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EVENT: IDO1

Manned spherical structural hulls 7 ft in diameter,

fabricated from Titanium. Yteld strength of 100 ksi;
(W/D of 0.88); 99.9% reliability at a 95% lower
level of confidence.

SYSTEM CRITICALITY

_ PERCENTAGE FINAL CONSENSUS %
N 12 LOSSTGAIN] ¢ A T . CONCLUSION
ESSENTIAL 9 A ) 50 %

DES IRABLE 17 A R 50 %] DESIRABLE
UNNECESSARY 8 A 0 %

DEGREE OF RISK

PERCENTAGE FINAL CONSENSUS %
N- 12 | LOSSJGAIN] ¢ B : .y ™ CONCLUSION
.1 PROTOTYPE 6 A o 58 % =
.4 EXPERIMENTAL 6 A 42 %
.7 SIMULATION A 0 «
.9 UNPROVEN . DR 0 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %

N- 12 | LOSSJCAIN] © , & so 75 100 CONCLUSION
SHORT RANGE GOAL 2 A 92 «| SHORT
MED IUM 2 A s 8 ¢
LONG 0 %

UNDES | RABLE 5 - T 0 o L

PROBABLE TIMING CALENDAR YEARS
P (0% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N n TS 5 768 T M w87 % 91 sle’w o |MODE(S)| MEAN {FROM 1972
12| EARLIEST o==-0 1,7]| 74 173.8] 1-21/2 Yrs
12| MOST LIKELY O====0  _ 2,4(74,75]75.8| 21/2-5 vrs
12| NOT LATER THAN A e I 3.41 77 77.8| 4-71/2 vrs

ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS

e (N MLLONS)

N } o IMODE(S)| MEAN ](90% COMFIDENCE INTERVAL)
11] LOWER LIMIT 3.9/1,2 M|2,.75M .59 - 4,90
11] UPPER LIMIT 13,31 S M[8.75 M| 1.52 - 15.99

A-H4

e [

ettt Cumewselel gl




e o |

DOT ASSESSMENT RESULTS

EVENT: 1D02

SYSTEM CRITICALITY

Manned spherical structural hulls 7 ft in diameter,

fabricated from Titanjum.

Yield strength of 150 ksi;

(W/D ot 0.59); 99.9% reliability...same as IDO1.

PERCENTAGE

N_=12 I L0SS JGAIN] © K- ‘F'NAL CgN‘SEANSUS:. 100 CONCLUSION

ESSENTIAL A T =

DES IRABLE "A [ [ 92 «| DESIRABLE

UNNECESSARY A X . 0 =

DEGREE OF RISK

PERCENTAGE FINAL CONSENSUS %

N= 12 I LOSSTGAIN] © = & so0 75 100 CONCLUSION

.1 PROTOTYPE A . 0 %

.4 EXPERIMENTAL - A 58 % .4

.7 SIMULATION ) A - 25 %
.9 UNPROVEN A - B 17 «
DESIRED COURSE OF ACTION

PERCENTAGE FINAL CONSENSUS %

N 12 ] OSSJGAIN] ¢ 50 75 100 CONCLUSION

SHORT RANGE GOAL| 1 A 17 %

MED1UM 1 A || 83 % MEDIUM

LONG A 0 =

UNDESIRABLE £k 0 « L

PROBABLE TIMING CALENDAR VEARS

(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME

[N ] m  ms s omsm w wowow'lw) [0 |MODESI] MEAN |  [FROM 1872)

12| EARLIEST 0==0 2,0175,77 [ 76.5 |31/2-51/2 Yrs.

12| MOST LIKELY 3 0--0. 3.0| 80 79.71 6-9 YRS.

12{NOT LATER THAN o N 3.8/ 85 83.8 10-14 YRS.

ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS
1N MILLONS)

[N] ‘ o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
LOWER LIMIT 7.3] 20 Mlg, 20M 5,24 - 13,16
UPPER LIMIT 24,1 10 M[2503M 11,86 - 38,19
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Manned spherical structural hulls 7 ft in diameter,
Yield strength of 185 ksi;

(W/D of 0.48); 99.9% reliability...same as ID02.

EVENT: IDO3

SYSTEM CRITICALITY

fabricated from Titanium.

PERCENTAGE FINAL CONSENSUS %
N- 12 l LOSSJGAIN] ¢ . & s 75 W0 CONCLUSION
ESSENTIAL A 1[0 =
DESIRABLE A 75 __%| DESIRABLE
UNNECESSARY A |25 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
12 ] DY [.Y7) S S S S SOhOLIGOw
.| PROTOTYPE A 0 %
.4 EXPERIMENTAL A ) 17 %
T SIMULATION [ 17 A ‘ 8 %
.9 UNPROVEN 17 i ) A | [75 % .9
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N- 12 I LOSSJCGAIN] © 25 50 75 Ko CONCLUSION
SHORT RANGE GOAL A 8 %
MEDIUM A 42 «| MEDIUM
LONG A 25 %
UNDES IRABLE A 20 ) 25 o
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) = DEVELOPMENT TIME
W n TS 75 %5 T M w87 % 91’ v o |MODE(S)] MEAN (FROM 1872)
12| EARLIEST Q===0 4.3 77 80.4| 6 -101/2 vrs.
12| MOST LIKELY _0===0 5,6 | 85 |84.8[10-151/2 vas.
11/ NOT LATER THAN ) 0---0 | |[5.785,90] 88.7 [131/2-20 vas.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
(W MILLONS)
[n] ‘ o [MODES)] MEAN | (90% COMFIDENCE INTERVAL)
LOWER LIMIT 4] 20 Mpo3 M 9.72 - 24.34
10| UPPER LIMIT 24.4 50 Mm[36.05M 21.91 - 50.19
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DOT ASSESSMENT RESULTS

EVENT: TDO04

SYSTEM CRITICALITY

Unmanned flotation structures (hollow spheres) 20 inches

in diameter, fabricated from Titanium.

Yield strength of

150 ksi; (W/D of 0.59); 95% reliability...same as 1D03.

PERCENTAGE FINAL CONSENSUS %
N= 12 | LosSTGAIN] © 3 S0 75 100 CONCLUSION
ESSENTIAL / 0 %
DESIRABLE 17 A | 100 %] DESIRABLE
UNNECESSARY 17 YRR N 0 %
DEGREE OF RISK
" [PERCENTAGE FINAL CONSENSUS %
N-12 ] LOSSIGAIN] © . .2 s 75 w0 CONCLUSION
.| PROTOTYPE 1 A 8 %
.4 EXPER IMENTAL 4 A 59 % .4
.7 SIMULATION / A 25 %
.9 UNPROVEN 10 A 8 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N- 12 I LOSSJGAIN}] ¢ & so 75 100 CONCLUSION
SHORT RANGE GOAL 16 A 25 %
MED |UM 16 A 75 % MEDIUM
LONG B 0 =
UNDESIRABLE e ‘ 0 ¢ ]
PROBABLE TIMING CALENDAR YEARS ’
(90% CONFIDENCE INTERVAL) = L DEVELOPMENT TIME
r_N- 72 RS 75 785 7R KL m A W0 ”l "f'. o MODE(S) MEAN {FROM 1972)
12{EARLIEST 0--0 1.1 75 74.4 | 2-3 YRS.
12| MOST LIKELY 0-0 1.5] 77 176.8| 4-51/2 vrs
12| NOT LATER THAN R 1.6| 80 |79.6 | 7-81/2 vrs
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
2| (IN MOLLONS)
N o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
11} LOWER LIMIT S |1 M .86 M .60 - 1.12
1] UPPER LIMIT 1.612,5 M[2.66 M 1.78 - 3.55
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EVENT: IDOS

Yield strength of

Manned spherical structural hulls 7 ft in diameter,
fabricated from steel.

180 ksi;

(W/D of 0.78); 99.9% reliability...same as 1D04.

SYSTEM CRITICALITY

PERCENTAGE FINAL conssnsus
N 12 l LOSSJGAIN] ¢, & s 75 00 CONCLUSION
ESSENTIAL 16 ) 83 «| ES3ENTIAL
DESIRABLE 16 A 17 «
UNNECESSARY A 0 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 12 l LOSSJGAIN] ¢ &8 80 78 100 CONCLUSION
.1 PROTOTYPE A 32 %
AEXPERIMENTAL | g A 25 %
.7 SIMULATION 8 A 42 % .7
.9 UNPROVEN 4 R 0 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
11 l LOSSTGAIN] © K- so 75 100 CONCLUSION
suom RANGF C0AL| 4 A [ 55 «| SHORT
MED UM I 3 A 36 %
LONG 1 A 9 ¢
UNDESIRABLE I s - 2F e . 0 «
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
m : 7 S 75 765 78 81w 87 w0 91’ 9:;” o MODE(S)| MEAN {FROM 1972)
gﬂRLIEST Qm=m== 0 | [2.7] 75 | 74.6] 1-4 YRS.
MOST LIKELY Qm====0 3.9] 78 | 77.7[31/2-71/2 wes.
1ZNOT LATER THAN "~ g=====0 | |5.2] 80 | 80.1[51/2-11 v&s.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
(M MLLONS)
N > o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
1 J LOWER LIMIT 1.9/2 m3.10 M 2.08 - 4.12
[1J UPPER LIMIT 3.9' 10 M7.47 M 5.35 - 9.59
A-38
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DOT ASSESSMENT RESULTS

ID06

EVENT:

Manned spherica! structural hulls 7 ft in diameter,

fabricated from steel.

Yield strength of 210 ksi;

(W/D of 0.69); 99.9% reliability...same as IDO0S.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N- 12 | LOSSTGAIN] © 5 so I i CONCLUSION
ESSENTIAL A 17 =%
DESIRABLE 8 A 58 %| DESIRABLE
UNNECESSARY 8 — A 25 «
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N-12 ] LOSSTGAIN] © . .2 y .. CONCLUSION
.1 PROTOTYPE 8 A 8 %
.4 EXPERIMENTAL 8 A 0 %
.7 SIMULATION 8 ) A 50 % .7
.9 UNPROVEN 8 A 42 .
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N- 12 | LOSSJGAIN] © % so 75 10 CONCLUSION
SHORT RANGE GOAL 8 A 8 %
MED UM 5 A 17 %
LONG 8 A L 50 % LONG
UNDESIRABLE 9 i Sl T 25 9% ___J
PROBABLE TIMING CALENDAR YEARS
- (50% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 72 TS 75 765 75 M M 8T w0 ,I uo N o MODE(S)| MEAN |FROM 1972
12/ EARLIEST Qmpe e 0 4.7 80 | 78,9(41/2-91/2"Fs
12| MOST LIKELY Q-===0 S.8| 85- |83.3[81/2-141/2s
12| NOT LATER THAN Q----0 7.4 90 87.7 12 = 191/2 vrs
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
- (IN MILLGNS)
N I o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
11] LOWER LIMIT 9.715,20 M|12.41IM 7.13 - 77.69
11§ UPPER LIMIT 22.3| 40 Mm{31.24Mm 19.07 - 43.40
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eVENT: IDO7

Welding methods for HY 170-210 steels using an automated

gas metal-arc (GMA) process rather than the gas tungsten-
arc (GTA) process.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N= 10 | 10sS IGAIN] © K 50 3o CONCLUSION
ESSENTIAL A i 40 %
DES IRABLE A T ""[50 «| DESIRABLE
UNNECESSARY A 10 % N
DEGREE OF RISK

PERCENTAGE FINAL CONSENSUS %
N9 ] LOSSGAIN] © . . . % 50 s Ly CONCLUSION
.1 PROTOTYPE 20 0 %
.4 EXPERIMENTAL. 26 A 56 % .4
.7 SIMULATION 4 A 44 %
.9 UNPROVEN 10 A N 0 %
DESIRED COURSE OF ACEON

PERCENTAGE FINAL CONSENSUS %
N 10 I LOSSTGAIN] © B 50 75100 CONCLUSION
SHORT KANGE GOAL 10 A 1120 %
MED IUM 10 A “[]60 %] MEDIUM
LONG A 1710 9
UNDESIRABLE A o 10 o ]
PROBABLE TIMING CALENDAR YEARS

(90% CONFIDENCE INTERVAL) . 40 DEVELOPMENT TIME
W 72 735 7S 765 7 81 M 87w “L’fm o |MODE(S)| MEAN (FROM 1972)
10| EARLIEST 0==-0 2.1175,76 1| 76.6 | 31/2 -6 vrs.
10{ MOST LIKELY ] 0-0 2,0/ 80 [79.9] 61/2~-9 vss
10| NOT LATER THAN (g S o e 2.6 85 84.3| 1l -14 YRS.
ESTIMATED £OSTS TO ACHIEVE
DEVELOPMENT COSTS
(N MILLONS)

N : o [MODES)] MEAN |(90% CONFIDENCE INTERVAL)
|9 | LOWER LIMIT B8 | 1 Mm1.30Mm .80 - 1.80
9] LPPER LIMIT 3.3] 2 m4.39m 2.37 - 6.41
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Welding methods for HY 170-210 steels and Titanium
using the electron beam process "out of vacuum" or
with the welder and vacuum chamber moving along

EVENT: IDO08

the joint.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N-_10 LOSSJGAIN] ¢ & 50 75w CONCLUSION
ESSENTIAL 10 A o 0 %
DESIRABLE 10 ~ A 90 %| DESIRABLE
UNNECESSARY AN 10 %
DEGREE OF RISK

PERCENTAGE FINAL CONSENSUS %
N- 9 LOSSGAIN] ¢ 2 50 75 100 CONCLUSION
.1 PROTOTYPE / , 0 %
.4 EXPER IMENTAL 12 A ) 22 %
.7 SIMULATION [ 13 i A 67 % .7
.9 UNPROVEN 1 A e 11 %
DESIRED COURSE OF ACTION

PERCENTAGE FINAL CONSENSUS %
N- 10 I L0O:5JGAIN] ¢ % 50 75100 CONCLUSION
SHORT RANGE GOAL 10 A 10 %
MED [UM 20 A i 50 % MEDIUM
LONG 10 4 1120 %
UNDES |RABLE FY 20 % ]
PROBABLE TIMING CALENDAR YEARS
= (90% CONFIDENCE INTERVAL) ‘ DEVELOPMENT TIME
N 72 73S 75 765 78 1 a4 AT W “l wl | & [MODE(S) MEAN {FROM 1972)
10| EARLIEST 0---0 2.3|75,80[77.3 | 4-61/2 vrs
10| MOST LIKELY _o-=-® 3.8/80,85(/82.2 | 8 ~121/2 vrs.
10[NOT LATER THAN , o--0 | | 4.0] 90 [87.6[131/2-18 vrs.
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS
s (IN MILLONS)
N r o [MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
9 | LOWER LIMIT 2.8 M M .55 - 4.01
9 | UPPER LIMIT 8.4/2,4 M7.44M 2,2] - 12,68
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EVENT: IDO09

Manned spherical'stmctural hulls 7 ft in diameter,

fabricated from "Transformation-Induced-Plasticity”

(TRIP) steel.

Yield strength of 250 ksi;

(W/D of

0.58), with a ductility of at least 30%; 99.9%
reliability at a 95% lower level of confidence.

SYSTEM CRITICALITY
PERCENTAGE

FINAL CONSENSUS %

N 10| LOSSJGAIN] 9, - N . CONCLUSION
ESSENTIAL A 1[0 %
DESIRABLE A e 40 =
UNNECESSARY o A 60 % UNNECESSARY
DEGREE OF RiISK
PERCENTAGE FINAL CONSENSUS %
N30 ] LossYGAanN| ¢ . . . ¥, . %, . . B e CONCLUSION
.| PROTOTYPE A ] 0 %
.4 EXPERIMENTAL A 0 %
.7 SIMULATION A 0 %
.9 UNPROVEN ) RN ) | 1004% .9
DESIRED COURSE OF ACTION
PERCENTAGE] FINAL CONSENSUS %
N- 10 | LOSSTGAIN] © Ky 50 15 100 CONCLUSION
SHORT RANGE GOAL / 0 %
MED | UM A ) 10 %
LONG 14 A 30 %
UNDES IRABLE 1407 A 60 «| UNDESIRABLE
PROBABLE TIMING CALENDAR YEARS
- (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 7 TS TS ST M w7 w0 91 9599 o |MODE(S)| MEAN (FROM 1972)
LG EARLIEST g-===0 .| | 6,2] 85 85.2/ 91/2 - 17 vrs.
1d MOST LIKELY ¥ o----o| | 9.5] 90 92.7| 15-26 wrs
i'_9 NOT LATEP. THAN .~ p===t+o11.3[None | 97.9} 19 - 33 YRS.
ESTIMATED COSTS TO ACHIEVE ca
DEVELOPMENT COSTS
5 (N MILLONS)
N : o |MODE(3)| MEAN |(90% COMFIDENCE INTERVAL)
9| LOWER LIMIT 20 M|31.7M 13.74 - 49.70
UPPER LIMIT 100 M[78.25M] 39.44 - 117.06
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IE Sub-Technology: Buoyancy Materials
Objective: To develop buoyancy materials capable of operating
down to 20,000-ft depths for at least 2,000 cycles and for periods

of at least 2 years, with water absorption of less than 1% by weight
af a surface-to-volume ratio of 1 inch ~1,

Events JEO]l - IE03 address this objective.
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EVENT: TEOL

SYSTEM CRITICALITY

Syntactic foam with a density of 32 Ib/ft° (Btnary packing).

N 11 ] fﬁ,’;ﬁ‘"&fﬁ o = ‘F'N{“ CS,N‘SEANSUSK?‘ o CONCLUSION
ESSENTIAL 6 A 64 %| ESSENTIAL
DES IRABLE 6 A 36 %
UNNECESSARY A SR ) 0 %
DEGREE OF RISK
PERCENTZ.GE FINAL CONSENSUS %
N1l ] LossJGAIN] § . . . % %, . . ¥, . CONCLUSION
.| PROTOTYPE 4 A 36 %
.8 EXPERIMENTAL 5 A - 55 % .4
.7 SIMULATION 1 A 9 %
.9 UNPROVEN A 0 %
DESIREC COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N~ 11 | [TOSSJGAIN] © . % o 7 o CONCLUSION
SHORT RANGE GOAL 12 A 82 %/ SHORT
MED | UM 12 A ) 18 9
LONG  } ) 0 %
UNDESIRABLE A . o ' 0 %
PROBABLE TIMING CALENDAR YEARS
r— (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N n TS 75 %65 7 M w8 % !'l‘ »f.” o |MODE(S)| MEAN (FROM 1972)
11 EARLIEST Om==-0 1,.9]173,74] 74.1 1-3 YRS.
11 MOST LIKELY O=====0 3.3, 74 76.2] 21/2 -6 vss.
1 1 NOT LATER THAN O======9© 5.6] 75 | 78.9] 4-10 s
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
o= (N WILLONS)
N f o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
1] LOWER LIMIT 3 [ .1 M .29m JAl - .48
11| UPPER LIMIT 1,5/.2,.5M]1.21 M .42-2,02
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EVENT: 1EO2

SYSTEM CRITICALITY

Syntactic foam with a density of 26 lb/ft3 (Tertiary
or higher degrees of packing).

PERCENTAGE | FINAL CONSENSUS %
N- 11 | LOSS JGAIN' © K 50 8 oo CONCLUSION
ESSENTIAL 11 A 9 9
DES IRABLE 11 A | |91 % DESIRABLE
UNNECESSARY A, BENEEENN 0 &
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N 11| LOSSJGAIN] 8 . & 50 L CONCLUSION
.1 PROTOTYPE / ] 0 %
.4 EXPERIMENTAL | 12 A 18 %
.7 SIMULATION 4 [ A 64 % .7
.9 UNPROVEN 8 A e 18 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N-_ 10 IOSSJGAIN] ¢ = 50 75 100 CONCLUSION
SHORT RANGE GOAL| 10 A 0 %
MED | UM A 90 %| MEDIUM
LONG 10 A . 10 %
UNDESIRABLE A 0 %
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) N DEVELOPMENT TIME
FN— 3 7 73S 75 765 78 b1 w87 w0 "1 o i o |MODE(S)] MEAN (FROM 1972)
1 2 EARLIEST Q====- Q 3,174.75]/75.9 | 2-51/2 vrs.
11/ MOST LIKELY o----0___ 4,4 75 78.5|] 4-9 YRS.
11{NOT LATER THAN : . 0====-0 6.6 77 | 82.3[61/2-14 vrs
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
e (IN MILLONS)
N X o | MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
1 1] LOWER LIMIT 8 .2 M .85M .38-1.31
11 UPPER LIMIT 191 5 m2.35m 1.31 -3.38
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DOT ASSESSMENT RESULTS

EVENT: [EO3

SYSTEM CRITICALITY

Active flotation with a system weight/displacement ratio

of 0.3. Gas generation which automatically maintains an
internal pressure in a thin-walled container at the ambient
external pressure.

PERCENTAGE

FINAL CONSENSUS %

Ny ] LOSSJGAIN] 9 & 50 B o CONCLUSION
ESSENTIAL 10 A o=
DES IRABLE 6 A ‘ - 36 =
UNNECESSARY 4 A 64 %| UNNECESSARY
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 10 l LOSSTGAIN] ¢ 50 78 100 CONCLUSION
.1 PROTOTYPE 4 0 %
.4 EXPER IMENTAL ‘% o 0 %
.7 SIMULATION | 2.5 A 60 = .7
.9 UNPROVEN ¢S] | A 140 .
DESIRED COURSE OF ACTION
PERCENTAGE | FINAL CONSENSUS %
N- 10 ] LOSSJGAIN] ¢ 28 o 75 100 CONCLUSION
SHORT RANGE GOAL 10 A ) 10 «
MED | UM 2 A ’ 20
LONG / A 40 % LONG
UNDESIRABLE 15 e DLk . N 30 %
PROBABLE TIMING CALENDAR YEARS
=1 (J0% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 7 TS 75 765 T8 81 W 87 %0 | % o |MODE(S)] MEAN {FROM 1972)
| 9 |EARLIEST Q====== 0 1 14.4] 75 77.9] 3 -81/2 yrs.
9 |MOST LIKELY __ Qee====0 5.5 77 [ 81 [51/2-121/2ves
8 |NOT LATER THAN 3 Om=em===0 6.7 80 | 84.6] 8-17 vas
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
A (1N MILLONS)
N . o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
9 | LOWER LIMIT 2,9 1 m{2.90m 1.12 - 4.68
8 [ UPPER LIMIT 15,1 s m10.90 m .77 - 21,03
A-46
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IF Sub-Technology: Miscellaneous Materjals

Objective: To develop miscellaneous materials capable of operating
down to 20,000-ft depths for a determined period of time.

Events IF0l -~ IF06 address this objective.

A-47
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DOT ASSESSMENT RES

ULTS

EVENT: 1F01 Manned cylindrical structures, 20 ft in diameter,
fabricated from steel, capable of fixed operation at a

depth of 8,000 ft for at least 2 years.

at a 95% lower level of confidence.

SYSTEM CRITICALITY

99.9% reliability

PERCENTAGE FINAL CONSENSUS %
N 10 | LOSSJGAIN] © .3 s 1 e CONCLUSION
ESSENTIAL 12 A ' 10 %
DESIRABLE 2 i A | [ 80 «] DESIRABLE
UNNECESSARY 01T 4 NN 10 s
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N-10 ] "OSSTGAIN] S . . . . % N, S CONCLUSION
.| PROTOTYPE 11 4 . ) 0 %
.AEXPERIMENTAL | 6 A e 50 %
.7 SIMULATION 17 ' A 50 % .7
.9 UNPROVEN N, 0 =
DESIRED COURSE OF ACTION
PERCENTAG FINAL CONSENSUS %
N 10 ] LOSSJCAIN| © 25 o 15 100 CONCLUSION
SHORT RANGE GOAL | 23 A 10 %
MEDIUM 13 ; A 80 % MEDIUM
LONG A o ) 0 %
UNDESIRABLE Witag. . .. . 10 |
PROBABLE TIMING CALENDAR YEARS
(90% CONFIOENCE INTERVAL) ___| OEVELOPMENT TIME
W 72 TS 75 765 78 s W 67 % "l’ »yw o [MODE(S)| MEAN (FROM 1972)
1 dEARLIEST oiimerd 2.1] 75 | 76 3-5 YRS.
10{ MOST LIKELY O====0 _ 3.7 77 | 79.6] 51/2 - 10vss.
10/ NOT LATER THAN . . o----o | |5,8] 80 | 83.3|8-141/2 vrs.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
W MOLLONS)
v] _ o [mooeis)] MEAN | (90% cowFiDEncE nTERVAL)
10] LOWER LIMIT 17.1] 20 m}8.73m 8.82 - 28,64
10| UPPER LIMIT ' 83.3]20,8M69.06M] 20,77 - 117,35
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DOT ASSESSMENT RESULTS

EVENT: 1F02

Seal and gasket materials for use on large locks, capable

of 2,000 cyclic operations at a depth of 8,000 ft for a
period of at least 2 years,

SYSTEM CRITICALITY

PERCENTAGE | FINAL CONSENSUS %
N9 | LOSSJGAIN 2 50 T, oo CONCLUSION
ESSENTIAL ] A 67 %| ESSENTIAL
DESIRABLE A 1338 = 1
UNNECESSARY RN 0 % ]
DEGREE OF RISK
o B RS S S O S
.| PROTOTYPE 11 0 %
.AEXPERIMENTAL [ 11 A 44 %
.7 SIMULATION 44 A 56 % .7
.9 UNPROVEN 22 ) ) 0 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %

N- 9 | LOSS f GAIN B 50 75 100 CONCLUSION
SHORT RANGE GOAL A 11 %
MED | UM A 89 %/ MEDIUM
LONG ) i 0 %
UNDESIRABLE | | A 0 o L
PROBABLE TIMING Rlebi el
— (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 7 s 75 s m s v w | wy | o |MODE(S)] MEAN (FROM 1972)
9 |EARLIEST 0----0 2,1 75 | 76.1] 3 -51/2 vss.
9 | MOST LIKELY 0----0 3.4 77 [ 79.6[51/2-91/2\ss
9 | NOT LATER THAN . Q===-0 _ 5.4] 90 | 83.4] 8-15 ves.
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS
o (IN MILLONS)
N o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL|
9 [ LOWER LIMIT 4 [ .5 m.77 M .46 - 1.07
9 [UPPER LIMIT 2,8 1 m{2.53m] .82 -4.25
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DOT ASSESSMENT RESULTS

Protective coatings for metals which will virtually

EVENT: IFO03

eliminate biological or corrosive damage during

continuous exposure for 2 years at a depth of 8,000 ft.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N30 ] LOSSYGAIN] § .2 . % B o CONCLUSION
ESSENTIAL 4.5 A 40 %
DESIRABLE 5.5 A T 50 %| DESIRABLEL
UNNECESSARY 1 A ... 1] s
DEGREE OF RISK ’
PERCENTAGE FINAL CONSENSUS %
N 10 ] LoSSTGAIN] ¢ . . & o . = i CONCLUSION
.1 PROTOTYPE 2 A - 20 %
.4 EXPERIMENTAL 15 A 60 % .4
.7 SIMULATION 2 A ) 20 4
.9 UNPROVEN 11 y 0 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N- 10 | LOSSJCAIN] © . 25 50 75 100 CONCLUSION
SHORT RANGE GOAL 6 A 50 %| SHORT
MED UM 6 A 50 «f
LONG i) ; 0 %
UNDES IRABLE Ao I 0 &
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
m n 7S5 765 T8 B s W w0 91 »‘aw ¢ |MODE(S)| MEAN {FROM 1972)
1 FARLIEST Q===9© 2,1] 74 74.6| 11/2 -4 vss.
1d MOST LIKELY O===== R 3.5| 76 | 76.8| 3 -7 YRS,
1 NOT LATER THAN O====-0 _ S.1] 78 | 79.4/41/2-101/2ss.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
[ MALLONS)
[N , o [MODE(S)] MEAN |(90% CONFIDENCE INTERVAL)
9 | LOWER LIMIT 3 [.1,.2m .28 M Jl - .44
9 | UPPER LIMIT 1.4 .5 M[1.29m 42 - 2.15
A-50
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DGT ASSESSMENT RESULTS

EVENT: TF04

SYSTEM CRITICALITY

Protective coatings for viewports which will prevent
fouling (no discernible decrease in visibility) for
periods of 20 days in any ocean area.

PERCENTAGE FINAL CONSENSUS %
N9 | LOSSGAIN] © 5 0 B, o CONCLUSION
ESSENTIAL 11 78 % ESSENTIAL
DES IRABLE 11 A i 22 %
UNNECESSARY \ BRSNS 0 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 9 I LOSSJCAIN] ¢ 50 75 100 CONCLUSION
.1 PROTOTYPE 22 A 11 %
.4 EXPERIMENTAL Y A 67 % .4
.7 SIMULATION A 22 &
.9 UNPROVEN N 0 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N- 8 I LOSSJGAIN] © _ 25 s 75 10 CONCLUSION
SHORT RANGE GOAL 9.5 'A 87.5% SHORT
MEDIUM 9.5 A 12.5%
LONG i 0 %
UNDESIRABLE | ¥ -y e 0 %
PROBABLE TIMING CALENDAR YEARS
=y (90% CONFIDENCE INTERVAL) ‘ DEVELOPMENT TIME
[N 72 RS 75 765 78 81 w4 A7 w0 | ool o |MODE(S)| MEAN (FROM 1972)
9 [EARLIEST Q=z===n 2,3] 73 | 74.2] 1-31/2 YRS
9 | MOST LIKELY Queasdan 3.8 74 | 76, 9 YRS
9 |{NOT LATER THAN p=======p _ 5.3| 75 78.3 jﬁ 91/2 YRs.
ESTIMATED COSTS TO ACHIEVE :
DEVELOPMENT CISTS
£od (1N MLLONS)
N ‘ @ |MODE(S)| MEAN | (90% CONFIDENCE INTERVAL)
8 | UPPER LIMIT ] O M .54 M .40 - .68
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DOT ASSESSMENT RESULTS

Protective coatings for viewports which will prevent
fouling (no discernible decrease in visibility) for
period of 2 years in any ocean area,

EVENT: IFOS

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
Ny | LOSSIGAIN] © = 30 B CONCLUSION
ESSENTIAL 11 A o 11 %
DESIRABLE 11 A 89 «| DESIRABLE
UNNECESSARY \ RN 0 =
DEGREE OF RISK

PERCENTAGE FINAL CONSENSUS %
N- 9 LOSSTGAIN} ¢ . . . . & » .7 i CONCLUSION
.| PROTOTYPE A ) 0 %
4 EXPERIMENTAL [ 11 A 11 %
.7 SIMULATION c2 ' A 89 % .7
.9 UNPROVEN 11 4 NN 0 %
DESIED COURSE OF ACTION
I [PERCENTAGE FINAL CONSENSUS %
N9 I LOSSJCAIN] ¢ . & 50 75 e CONCLUSION
SHORT RANGE GOAL A 22 %
MEDIUM 22 ) A 78 «| MEDIUM
LONG 22 i 0 %
UNDES | RABLE Y e e g 0 % |
PROBABLE TIMING CALENDAR YEARS
— (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 72 735 75 765 78 81 84 b7 W ”l’ 9{;” o MODE(S)| MEAN IFROI 1072]
9 |EARLIEST 0--0 1.8| 77 | 76.8] 31/2 -6 ves.
9 |MOST LIKELY _ 0===0 2,7] 80 | 79.7] 6-91/2 vrs.
9 |NOT LATER THAN y ~ o---o. | |4.4]83,90] 83.6]/9 -141,°2 vss.
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS

S (N MILLONS)
N : o |MODE(S)| MEAN [(90% COMFIDENCE INTERVAL)
9 | LOWER LIMIT Jd 1.5 M .42 M .33 - .51
9 [UPPER LIMIT 5 | 1 mI.07m .78-1.35
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DOT ASSESSMENT RESULTS

EVENT: IF06

Acrylic hemispherical viewport 24 inches inside diameter
suitable for use {n manned structural hulls for fixed
operation at a depth of 8,000 ft for periods of 2 years.
99.9% reliability at a 95% level of confidence.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N-_9 l 10SSJCAIN] ¢ 3 o 75 CONCLUSION
ESSENTIAL 4.5 A 33 %

DES IRABLE 4.5 A 67 %| DESIRABLE
UNNECESSARY A BN 0 %

DEGREE OF RISK

PERCENTAGE FINAL CONSENSUS %
N9 | LOSSJGAIN] O . % s s Mo CONCLUSION
.| PROTOTYPE 1.5 A 1] ™
AEXPERIMENTAL | 3 A 22 %
.7 SIMULATION 4.5 | A 67 % .7
.9 UNPROVEN A ) o ) 0 %
DESIRED COURSE OF ACTION

PERCENTAGE FINAL CONSENSUS %

N- 9 I LOSSJGAIN|] ¢ 2 50 75 100 CONCLUSION
SHORT RANGE GOAL |15 . 5 A 22 %

MED I UM 15.5 A 78 «| MEDIUM
LONG A ) ) 0 %

UNDES |RABLE R, D) e e ey ) 0 % ]
PROBABLE TIMING CALENDAR YEARS
= (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 72 735 75 76.5 7% K1 84 A7 9 -.1 o e (4 MODE(S){ MEAN lm “72,

9 [EARLIEST 0=-==2 2,0(75,76{75.8 | 21/2 -5 vrs.
9 |MOST LIKELY 0=---0 3.2 80 |79.3|51/2-91/2ss.
9 |NOT LATER THAN . Q====0 S.1] 85 [83.4[81/2-141/2rs.

ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS

e (N MILLONS)

N : o |MODES)! MEAN |(90% COMPIDENCE INTERVAL)
9| LOWER LIMIT o5 | .5 M .63 M .32-.95
9{ UPPER LIMIT 111 1 M5O m 972 - 2.26
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1IG Sub-Technology: Structures
Ohjective: To develop new and better methods for evaluating various
concepts of pressure hulls constructed from available and projected

material relative to performance criteria, fabricability, and configura-
tion analysis verification,

Events IGO0l - IG03 address this objective.
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DOT ASSESSMENT RESULTS

EVENT: 1GO1

Analytical structural calculations which accurately predict
static and dynamic stresses and strains for complex

structual hull shapes, appendages and interfaces, including
toroids, ring-stiffened hulls, sandwich materials, penetrations,

hull intersections, and thick-walled hulls.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N 10 ] LOSSJGAIN] © . 25 50 s o CONCLUSION
ESSENTIAL 2 A 80 %| ESSENTIAL
DESIRABLE 2 A 20 %
UNNECESSARY AT 0 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 10 | LOSSTGAIN] ¢ K so 75 100 CONCLUSION
.| PROTOTYPE 15 A 60 % .1
AEXPERIMENTAL | 1 A 10 %
.7 SIMULATION 13 | A 20 «
.9 UNPROVEN * A ) 10 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL "UNSENSUS %
N 10 ] LOSSTCGAIN] ¢ % 50 75 00 CONCLUSION
SHORT RANGE GOAL 1 A | |90 % SHORT
MEDIUM A ) 0 %
LONG 1 A 10 %
UNDES IRABLE A - 0 % i
PROBABLE TIMING CALENDAR YEARS
g (30% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 72 LS 75 765 78 K1 a7 ug | o o MODE(S)| MEAN (FROM 1972)
10| EARLIEST Q=======ecn- ) 4,9172,74/74.6 | 0 -51/2 Yrs.
10{ MOST LIKELY Or====== -0 4.9/ 76 |78.2| 31/2-9 vrs
10| NOT LATER THAN e 0 8.2] 74 [82.8[6 - 151/2 vrs.
ESTIMATED COSTS TOC ACHIEVE
DEVELOPMENT COSTS
e (IN MILLONS)
N o |MODE(S)| MEAN [(90% CONFIDENCE INTERVAL)
10 LOWER LIMIT 14.4, 1 M| 7.09M 0-15.47
10] UPPER LIMIT 58.3| 5 M|25.68M 0 - 59.46
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DOT ASSESSMENT RESULTS

EVENT: 1G02

Unmanned cylindrical internal hydrostatic pressure vessels
20 ft in diameter, capable of 30,000 psi static pressure,
and 10,000 psi cyclic pressure (5 m&lllon cvgles) with

simultaneous thermal cycling for 90 F to 28 F, The design is fail-

safe such that pressure loss occurs before a catastrophic

failure.
SYSTEM CRITICALITY
PERCENTAGE FINAL CONSENSUS %
N- 9 l LOSSJCAIN] ¢ & 50 s o CONCLUSION
ESSENTIAL 1.5 A 11 %
DES IRABLE 1.5 A 89 % DESIRABLE
UNNECESSARY ) 0 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N9 I LOSSTGAIN] O, & Sk 100 CONCLUSION
.1 PROTOTYPE A 0 %
.4 EXPERIMENTAL |17 A 33 %
.7 SIMULATION 6 A 56 % 7
.9 UNPROVEN 11 A e 11 «
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N- 8 [OSSJGAIN] ¢ = 2 50 75100 CONCLUSION
SHORT RANGE GOAL 12.5 A 12.5%
MEDIUM 12.5 A ) 75 % MEDIUM
LONG 25 A 12.5 %
UNDES IRABLE A 0 =
PROBABLE TIMING CALENDAR YEARS
{90% CON\"IDENCE INTERVAL) ., DEVELOPMENT TIME
r-N_ 72 S 75 765 T8 81 w4 87 90 T e»y"' o |MODE(S)| MEAN (FROM 1972)
9 |EARLIEST P Q 5.4) 77 | 80,3|5-111/2 ¥es.
9 |MOST LIKELY P 0 7.5 80 | 84.2|71/2 -17 vrs
9 [ NOT LATER THAN L o-----—0 | [9.4] 85 | 89.4][111/2-231/s.
ESTIMATED COSTS TO ACHIEVE
| DEVELOPMENT COSTS
L (N MILLONS)
N : o |MODE(S)| MEAN | !80% CONFIDENCE INTERVAL)
9 | LOWER LIMIT 30.1] 20 M|[25.13 M 6.49 - 43.78
9 | UPPER LIMIT 147 .| 80 Mm(%.,11m 3.92 -~ 186.3
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DOT ASSESSMENT RESULTS

EVENT:

IG03

Design of mating systems and appendages to withstand the
dynamic loads resulting from joining structural modules and
temporarily mating submersibles with other structures.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N- 9 I [0S JGAIN] © . 5 50 75t CONCLUSION
ESSENTIAL A 78 %| ESSENTIAL
DESIRABLE A N o 22 %
UNNECESSARY A ] i 0 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 9 LOSSTGAIN] © = = so 75 100 CONCLUSION
.| PROTOTYPE 11 ) A 45 % .l
.4 EXPERIMENTAL |11 A 22 %
.7 SIMULATION A 33 %
.9 UNPROVEN A i o 0 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N-9 l LOSSJGAIN] © 25 so AL CONCLUSION
SHORT RANGE GOAL 19.5 A 44.5% SHORT
MED ! UM 30. A o 44.5%
LONG 11 A 11 %
| UNDESIRABLE \ R ) o 0 4« ]
PROBABLE TIMiING CALENDAR YEARS
. (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 72 IS 75 765 Th K1 M AT w0 “1 o0 yl o MODE(S)}] MEAN (FROM 1972)
9 |EARLIEST T o 5.8 72 76.2 11/2 -8 YRS.
9 [MOST LIKELY  Qm===———- 0 6.2 | 77 79.8 | 4~-111/2 vrs
9 |NOT LATER THAN Om==== o0 7.5 None|83.6 | 7 -16 YRS.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
= 1l (IN MILLONS) .
N o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
9 [LOWER LIMIT 15.4(.5,,6M6,59M 0 -16.14
9 | UPPER LIMIT 30.6 1 Mmi13.48M] 0 -32.48
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APPENDIX B
TECHNOLOGY AREA II. MACHINERY AND EQUIPMENT

SUB-TECHNOLOGY AREAS:
A. Remote Unmanned Work Systems

B. Ballast Systems
C. Hydraulic Systems

B-1



ITIA Sub-Technology: Remote Unmanned Work System

QObjective; To advance the technologies necessary to design and
operate work systems at depths of 20,000 ft, which wauld be capable

of accomplishing the following:

0] Provide highly versatile manipulators to perform a
variety of manual tasks such as lifting and moving
objects, or using mechanical or power tools. The
manipulators must be capagle of performing both
delicate work and work requiring great force, while
at the same time achieving a high degree of articulation
and control including tactile feedback.

Events IIAOl - IIAO8 address this objective.
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DOT ASSESSMENT RESULTS

A remote controlled (via cabled signals) electromechanical,
(eight degrees of freedom) manipulator arm work system with
position feedback on all degrecs of freedom and force feedback
on four degrees of freedom (i.e., three translations and grip)
capable of performing mechanical tasks with the aid of a hold-
ing arm ar 20,000-ft ocean depths. The system has a 48-inch
reach, can lift 25 pounds, has a grip strength of 100 pounds,
can apply a wrist torque of 20 pound feet, has a wrist exteiasion
of 4 inches, and weighs less than 100 pounds.

EVENT: IIAOl

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N 12 ] LOSS JGAIN I S SN GONELYSIN
ESSENTIAL 0 %
DESIRABLE 4 A 83 %| DESIRABLE
UNNECESSARY 4 A EEEEENNS 17 «
DEGREE OF RiSK

PERCENTAGE FINAL CONSENSUS %
N 12| LoSSJcaiN] & . . . % % T o CONCLUSION
.1 PROTOTYPE ) 0 %
.4 EXPERIMENTAL 11 A 25 %
.7 SIMULATION 5 A 67 % 7
-9 UNPROVEN 6 A e 8 %
CESIRED COURSE OF ACTION

PERCENTAGE FINAL CONSENSUS %
N 12 LOSSJGAIN] © 25 50 75 100 CONCLUSION
SHORT RANGE GOAL 8 A 8
MED UM 10 ) A 67 % MEDIUM
LONG A S . g %
UNDESIRABLE 2 A ) 17 % ]
PROBABLE TIMING CALENDAR YEARS

(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
m 72 73875 765 76 %1 s4 67 99 91 o o MODE(S}| MEAN {FROM 1972)
ngmuzsr 0-0 .6 74 | 74.6 2 1/2 - 3vms.
12| MOST LIKELY 0-0 .9 76 76,6 4-5 YRS.
12 NOT LATER THAN 0-0 1.4| 80 | 78.9] 6-8  vns)
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS

= (1N MILLONS)
N X o |MODE(S)] MEAN |{90% CONFIDENCE INTERVAL)
11| LOWER LIMIT .4 {1,1.5M]1,18 M .94 - 1,42
11{ upPER LIMIT 8 3 MR.86 M| 2.43 - 3,30
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DOT ASSESSMENT RESULTS

EVENT: IIAOQ2 A remote controlled (via cabled signals), hydrailic, eight
degrees of freedom manipulator arm ... same as IIAQL ...

SYSTEM CRITICALITY

“’ m *

- = 4 - & " T

[PERCENTAGE FINAL CONSENSUS %
N2 ] LOSSYGAIN] 9, . %, . % ., B, . . % |___ConcLusion
ESSENTIAL A 0 %
DES IRABLE 12 S A 83 % DESIRABLE
UNNECESSARY 12 A 17 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 12 | LOSSTGAIN] ¢, . .2 LT A CONCLUSION
.| PROTOTYPE ‘ A 0 %
.4 EXPERIMENTAL 1 A A 8 %
.7 SIMULATION s [ A 84 % 5/
.9 UNPROVEN 6 e T 8 %
DESIRED COURSE OF ACTION
PERCENTAGE | FINAL CONSENSUS %
N"12 | [(OSSJGAWN] S . .3 %o B, COnELpou
SHORT RANGE GOAL ] 0 %
WEDIUM 4 ) A 66_%  MEDIUM
LONG 2 A i . 17 &
UNDES IRABLE & R T T A e 17 %
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) ' , DEVELOPMENT T'ME
m n S5 %S M M MW 9‘091’ 9‘0” o [MODE(S)| MEAN (FROM 1972
| 12/ EARLIEST 0-0 oo 1l.e 174,75] 74.5] 2-3 s
11 MOST LIKELY - 0=0 .9 77 | 76.8[31/2 - 4 1/2rs.
11| NOT LATER THAN TS . EEE 1.4| 80 | 79.1|S1/2- YRS,
ESTIMATED COSTS TO ACHIEVE
. DEVELOPMENT COSTS
VAN (W MILLOWS)
N > o IMODE'S)| MEAN |(90% COMFIDENCE INTERVAL)
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DOT ASSESSMENT RESULTS

EVENT: TIAO3

SYSTEM CRITICALITY

A remote controlled (via cabled signals) hydrauiic, eight
degrees of freedom manipulator arm work system with position
feedback for all degrees of freedom and force feedback for
four degrees of freedom (i.e., three translations and grip)
capable of mechanical tasks with aid of holding arm at
20,000 ft. The system has a 7-ft reach, lifts 150 pounds,
has a grip strength of 500 pounds, a wrist torque of 30
pounds/feet, a wrist extension of 6 inches, and no weight
limitation other than minimize.

PERCENTAGE FINAL CONSENSUS %
N:12 | LOSSJGAIN] © & 50 75 o0 CONCLUSION
ESSENTIAL 14 A S0 %| ESSENTIAL
DESIRABLE 22 A 42 <
UNNECESSARY 8 A e 8 9
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 12 | LOSSJGAIN] © . . & so 75 100 CONCLUSION
.| PROTOTYPE 8 A B 9
.4 EXPERIMENTAL | 14 A 0 %
.7 SIMULATION 2 ) A 84 % .7
.9 UNPROVEN 8 A o 11l8 =
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N- 12 l LOSSJGAIN] © = 25 s 75 100 CONCLUSION
SHORT RANGE GOAL 4 A ) 58 %| SHORT
MED IUM 4 A j 34 o
LONG A 8 %
UNDES IRABLE 8 A T i 0 o
PROBABLE TIMING CALENDAR YEARS
_ (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 7o 7s 73 e m mow o wowo | wmy | o |MODE(S)] MEAN (FROM 1972)
12 [ EARLIEST o--0 ] 75 | 75.0[21/2-3 1/2 vRrs
11 | MOST LIKELY 0o _ 1,0/ 76 | 77.1/41/2-51/2 vrs
11 | NOT LATER THAN . 0~-0 - 1.8] 80 [78.9| 6-8 ves
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
=T (IN MILLONS)
N ’ o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
11 | LOWER LIMIT 6 [1.5 M[1.50Mm 1.16 - 1.85
i1 TUPPER LIMIT 8 | 3 m3.28m 2.76-3.70 |
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DOT ASSESSMENT RESULTS

EVENT: IIAO4

SYSTEM CRITICALITY

A remote controlled (via cabled signals), electromechanical,
eight degrees of freedom manipulator arm ... same as IIAQ3 ...

PERCENTAGE FINAL CONSENSUS %
N-12 | [T0SSIGAIN] © . 2 50 75 w00 CONCLUSION
ESSENTIAL A 8 =
DESIRABLE 4 A = 58 %| DESIRABLE
UNNECESSARY 4 A 34 «
DEGREE OF RISK

PERCENTAGE FINAL CONSENSUS %
N-T2 l LOSSTGAIN] ¢ ol - . CONCLUSION
.1 PROTOTYPE ) 0 =
4 EXPERIMENTAL { 8 A o LK
.7 SIMULATION 1 ' A 83 % 7
.9 UNPROVEN 9 17 % k
DESIRED COURSE OF ACTION

PERCENTAGE FINAL CONSENSUS %
N-12 | LOSSJGAIN] ¢, . & 50 75 w00 CONCLUSION
SHORT RANGE GOAL 8 A 17 %
MED |UM 4 A 33 %/ MEDIUM
LONG 2 A N 25 ¢
UNDES IRABLE 2 A ) 25 %
PROBABLE TIMING CALENDAR YEARS

(90% CONFIDENCE INTERVAL) DEVELOPMINT TIME
FN— n NS5 S M 8 M W ”°91 {ow ¢ [MODEIS)| MEAN (FROM 1972)
12| EARLIEST 0-0 8 | 75 | 75.1121/2-31/2vrs.
12/ MOST LIKELY 00 1.2177,78(77.25]| 4 1/2-6  vrs.
12| NOT LATER THAN 00 1.4] 80 | 79.4]|61/2-8  vas.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS

— — (0 MILLONS)
N ] o [MODE(S); MEAN | (90% CONFIDENCE INTERVAL)
11| LOWER LIMIT o4 [1.5,2M[1.57 M 1.32 - 1,82
11| uPPER LIMIT 6] 3 m3.50m .15 - 3.

] e o
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DOT ASSESSMENT RESULTS

EVENT:

ITAQS

A remote controlled (via cabled signals), electromechanical,

eight degrees of freedom manipulator arm work system with
position feedback on all degrees of freedom and force feedback
on four degrees of freedom (i.e., three translations and grip)
capable of performing mechanical tasks with the aid of a
holding arm at 20,000-ft ocean depths. The system has a
10-ft reach, can lift 500 pounds, has a grip strength of

1,000 pounds, can apply a wrist torque of 60 pound/feet,

has a wrist extension of 8 inches, and weighs less than

300 pounds.
SYSTEM CRITICALITY
PERCENTAGE FINAL CONSENSUS %
W—_'l 0SSTGAIN] © 2 50 75 100 CONCLUSION
[ESSENTIAL A 0 %
DES IRABLE 8 A ) * 47 o
UNNECESSARY 8 AT 58 »|UNNECESSARY
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
nN-12 I LOSSTGAIN] © . 2 so 75 100 CONCLUSION
.| PROTOTYPE ) 0 %
.4 EXPER'MENTAL | 14 A - 0 %
.7 SIMULATION 21 - A 42 %
.9 UNPROVEN 7 A 58 o .9
DESIRED COURSE OF ACYION
Ly c— PERCENTAGE FINAL CONSENSUS %
Ne 12 ] LOSSJGAIN] © 25 s 15 100 CONCLUSION
SHORT RANGE GOAL A 0 %
MED 1 UM 3 A N 17 %
LONG 10 A ) 33 %
UNDES IRABLE 71 ] A 50 % UNDESIRABLE |
PROBABLE TIMING CALENDAR YEARS
{90% CONFIDENCE INTERVAL) " DEVELOPMENT TIME
N 72 7575 765 78 sl b4 7 g '1 v | o |MODE(S){ MEAN (FROM 1972)
11 |EARLIEST 0-0 . 76 | 76.2]31/2-41/2 vrs.
11 | MOST LIKELY 0- 0 1.8] 80 [ 78.3]51/2-7 YRS.
11 [ NOT LATER THAN . 0-0 2,3| 85 | 82.3]9-11/1/2 vrs.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
- (IN MILLONS)
N y o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
|10/ LOWER LIMIT o9 3 _M2.45 M 1,91 - 2,99
10] UPPER LIMIT 1.1] 4 Mm4.85M 4.2]1 - 5.49
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DOT ASSESSMENT RESULTS

EVENT: TIAQ06

SYSTEM CRITICALITY

A remote controlled (via cabled signals), hydraulic, eight

degrees of freedom manipulator arm ... same as IIAOS ...

PERCENTAGE FINAL CONSENSUS %
N-12 I t0SSIGAIN] © 2 so 75 100 CONCLUSION
ESSENTIAL Y A 0 =
DESIRABLE A 75 «| DESIRABLE
UNNECESSARY 4 A 25 %
DEGREE OF RISK
PERCENTA FINAL CONSENSUS %
12 (0SS GAIN] °_ L., » . L% ConcLYGION
.1 PROTOTYPE A 0 %
.4 EXPERIMENTAL | 14 ‘ 0 %
.7 SIMULATION a4 A i 33 %
.9 UNPROVEN 10 o A 67 % .9
DESIRED COURSE OF ACTION
A PERCENTAGE FINAL CONSENSUS %
N- 11 I LOSSJCAIN] ¢ & 0 75 100 CONCLUSION
SHORT RANGE GOAL 0 %
MEDIUM 9 A ‘ 27 %
LONG +5 A 55 % LONG
UNDES IRABLE +4! ] A 18 %
PROBABLE TIMING CALENDAR YEARS
S (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 7 TS 75 765 78 81 w4 87 %0 91 wtr | o [|MODE(S)] MEAN (FROM 1872)
1 EARLIEST 0-0 . 26 | 76.0{31/2 - 4 1/2Rs/
1 MOST LIKELY 00 1.2] 78 | 78.4]51/2-7 vrs.
10 NOT LATER THAN 0-0 2,3] 80 | 82.0{8 1/2-1]1 1/2vss.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
(N MILLONS)
N] : o [MODES)] MEAN |(90% CONFIDENCE INTERVAL)
| 1 LOWER LIMIT .9 3 M{2.60M 2.08 - 3,12
10{ UPPER LIMIT 1.0{ 4 m[5.10m 4,50 - 5.70
R-8
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DOT ASSESSMENT RESULTS

EVENT: 1IAQ7

An attachable (e.g., clamps, suction cups, adnesives, etc)

lifting device, using chemical gas generation for suoyancy
capable of lifting a 250-pound object from t"=2 ocean floor
at a depth of 20,000 ft to the surface.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N=12 l LOSSTGAIN] © 3 50 75 100 CONCLUSION
ESSENTIAL 7 A 50 % ESSENTIAL
DESIRABLE 6 A 42 %
UNNECESSARY 1{fta f ‘ e 8 =«
DEGREE OF RISK
— PERCENTAGE FINAL CONSENSUS %
N-12 l LOSSTGAIN] ¢ B s 5 190 CONCLUSION
.1 PROTOTYPE 14 / 0 %
.4 EXPERIMENTAL 6 A A 42 %
.7 SIMULATION A ‘ 42 7
.9 UNPROVEN 8 A o 16 %
DESIRED COURSE OF ACTION

PERCENTAGE FINAL CONSENSUS %
N- 12 | LOSSTGAIN} © kB s0 75 100 CONCLUSION
SHORT RANGE GOAL 20 A 84 % SHORT
MED | UM 29 A 0 %
LONG 8 ) 8 o
UNDES IRABLE 1A - 8 « .
PROBABLE TIMING CALENDAR YEARS

(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
W 72 TAS 7S 765 76 Bl we 7 90 | v | o MODE(S){ MEAN {FROM 1972)
11| EARLIEST 0-0 | 1.9 ] 74 | 74.1]11/2 -2 1/2nrs.
11 [ MOST LIKELY 0--0 2.0 76 76.2[{3 -51/2 vas.
11 [ NOT LATER THAN | 0===0 3.0(78,80( 79.4[51/2-9 vrs
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS

L (IN MALLONS)
N ] o | MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
1 uppeER LIMIT S.4] 1 mj296 m .01 - 5,92
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DOT ASSESSMENT RESULTS }
EVENT: IIAO8 An attachable (e.g., clamps, suction cups, adhesives, etc)
lifting device, using pressure sphere dewatering for buoyancy 1
capable of lifting... same as IIA07 ...
SYSTEM CRITICALITY
PERCENTAGE FINAL CONSENSUS % i
N-12 l LOSSJCAIN] ¢, & % 3w W CONCLUSION ]
ESSENTIAL 6 A 8 %
DESIRABLE 2 . A1 9e2% DESIRARIE ]
UNNECESSARY 14 i e YO W |
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS % ]
N 12 ] LOSSYGAIN] © & s 1w CONCLUSION ’
.| PROTOTYPE 7 ] , 1[0 = .
4EXPERIMENIAL | 3 A 33 % ’
.7 SIMULATION 9 A 59 « .7
.9 UNPROVEN altaA e g % ]
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N12 |  [TOSSJGAIN] © .2 s 75 ko CONCLUSION ]
SHORT RANGE GOAL 11 A 33 % :
MED UM 5 . A i 59 % MEDIUM
LONG 1 A , ‘ 8 % ]
UNDES IRABLE 7 e 0 % e
PROBABLE TIMING CALENDAR YEARS '
(90% CONFIDENCE INTERVAL) DEVELOPMENT T.ME
m- 7n ™S TS M M wm W ea‘o_”L:s_” o IMODE(S)| MEAN (FROM 1972)
12[EARLIEST Py 1 1.8 ] 74 | 74.1] 11/2-2 }/2vrs. l
12 MOST LIKELY 0-==0 . [ {1.9] 75 | 75.8] 3-5§ YRS,
NOT LATER THAN ., ,0-=0, . 113,1] 78 | 78,61 5-8 YRS, 5
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
31 (W MLLONS) !
y o |MODE(S)| MEAN [(90% CONFIDEN'CE INTERVAL)
11} LOWER LIMIT 1.3/ .5 M .84M .11-1,.56
11| UPPER LIMIT 1 551 1 M2.72Mm 0-5.72 v
B-IO i
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IIB Sub-Technology: Ballast Systems

Objective: To develop a lightweight, relatively compact (120 lbs/
ft9), highly reliable, efficient ballasting system that has a low-
power requirement and can operate at 20,000-ft depths (near silty
bottoms, if requiréd). The systems components must b2 based upon
500 hours unattended and 2,000 hours intermittant operations.

Events ITBO1 - IIB10 address this objective.

B-11



DOT ASSESSMENT RESULTS

EVENT: IIBOl

A seawater ballast positive displacement pump capable of
pumping against the seawater pressure for 2,000 hours
intermittant at 20,000-ft ocean depths at a 2.5 gpm rate.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N- 11 | LOSSTGAIN] © . B 0 L CONCLUSION
ESSENTIAL 5 A 82 % ESSENTIAL
DES IRABLE 5 A - 18 %
UNNECESSARY DR e 0 =
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N 10 I LOSSJGAIN] . . .2 % 8 1o CONCLUSION
.1 PROTOTYPE 3 A 20 %
.4 EXPERIMENTAL | 3 A ) 20 %
.7 SIMULATION 6 A 60 % i
.9 UNPROVEN A, 0o_%
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N-11 I LOSSJGAIN] © = o 75 10 CONCLUSION
SHORT RANGE GOAL| 3 ) A 82 s SHORT
MED UM 3 A ) N 18 %
LONG A 0 o
UNDES RABLE | IHEE aTeTare 0 % W
PROBABLE TIMING CALENDAR YEARS
— (0% CONFIDENCE INTERVAL) WEVELOPMENT TIME
N 72 7315 7‘5 76:5 7} [ 1] 5‘4 5] «o IJL%” o MODE‘S’ WAN . lm “12)
1ITEARLIEST | 00 8 | 74 | 74.1.11/2-21/2 s
10| MOST LIKELY 0-0 , 1,0/ 75 | 75.8/3-41/2 ves.
| 10{ NOT LATER THAN N e 1,0{ 78 77.7|5-61/2 vns.
ESTIMATED COSTS TO ACHIEVE
DEVELOPIENT COSTS
(1N MRLLONS)
[N] \ o |MODE(S)| MEAN |(80% CONFIDENCE INTERVAL)
11_amwm LIMIT 4 | .5m.625mM .36 - .89
UPPER LIMIT .8 1 ImI.57Tm 1.09-2.05 |
B-12
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DOT ASSESSMENT RESULTS

EVENT. IIBO2 A ballast fluid (oil) positive displacement pump capable of
Q pumping ...same as IIBOl ...

SYSTEM CRITICALITY

B-13

) Fl’gs;gmé:?ﬁ _ AFIN;‘\I.ACS?’NASE‘NSUS;‘ e ey
ESSENTIAL 6 A 9 =
B DES IRABLE 5 ’ TR 82 | DESIRABLE
E UNNECESSARY A 115 = J
[ DEGREE OF RISK 3
CET B 13 i [ T D S T CONCLUSION
.1 PROTOTYPE 2 A ] [10 %
{ .4 EXPERIMENTAL 12 A ‘ 50 % .4
.7 SIMULATION | 13 AN ‘ ] [10 =
I .9 UNPROVEN 1 j SN 30 %
' DESIRED COURSE OF ACTION
PERCENTAGE t INAL CONSENSUS %
/ i N-11 | LOSSJGAIN] © 2 so 75 100 CONCLUSION
SHORT RANGE GOAL 6 A ] | 73 %] SHORT
MED |UM 7 A e 18 %
E LONG \ . . 0%
UNDES |IRABLE 1 A 9 o ]
| PROBABLE TIMING i TEARS
—— (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N n TS 75 765 75 ML w4 6 % Jl' o "1 ¢ |MODE(S)| MEAN (FROM 1972)
! r 11 |EARLIEST 0-0 : : 74 74.2 {11/2-2 1/2 vrs.
: 10| MOST LIKELY 0-0 ' 1 ]1.3] 75 | 75.8[3-41/2 s
'if l 10 NOT LATER THAN ~ 0=0 _ 1.5177,78| 77.8[5-61/2 vrs
E ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
f l (IN MILLONS)
' [N] ) r o |MODE(S)| MEAN |(90% COMFIDENCE INTERVAL)
Eo LOWER LIMIT 3 | .5M .65M .43 - .87
‘ 0| UPPER LIMIT 1.0] 23 M1.73mM 1.14 - 2,32




DOT ASSESSMENT RESULTS

IIBO3 A seawater ballast hydraulic system capable of transferring

EVENT:
seawater against ... same as IIBOl ...

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N-10 I t0SSTGAIN] © 2 %0 s 100 CONCLUSION
ESSENTIAL 6 | A A 60 %| ESSENTIAL
DESIRABLE 6 A el 40 %
U'NNECESSARY A 0 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N* 9 LOSSJGAIN] © , .2 s 75 o CONCLUSION
.1 PROTOTYPE 4 A - 11 %
.4 EXPERIMENTAL 7 A o 22 %
.7 SIMULATION 3 A 67 % .7
.9 UNPROVEN ¥ o 0 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
10 |  [toSSJGAIN] . . . s CONCLUSION
SHORT RANGE GOAL| 9 A 60 % SHORT
MED | UM 9 A = 40 %
LONG A i . 0 %
UNDES IRABLE A NS S 0 % ]
PROBABLE TIM!NG CALENDAR YEARS
= (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 7] TS 7S 765 78 61w 67 %0 T o0 Yl e MODE(S)| MEAN (FROM 1972)
1Q EARLIEST 00 . o6 74 74.312 -21/2 ¥rs,
S | MOST LIKELY o=o_ . .8 76 | 76,2]31/2 - 41/2Rs]
9 | NOT LATER THAN . 0=0. . . | 11.5] 78 | 78.2]51/2-17 \vrs.
b
E ESTIMATED COSTS TO ACHIEVE
! DEVELOPMENT COSTS
, LB (1N MILLONS)
N - o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
9 | LOWER LIMIT 31 .5M .8IM .60 - 1,01
8 [ uPPER LIMIT 7]12,3M 2.2M 1.77 - 2,68

B-14
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DOT ASSESSMENT RESULTS

EVENT: 1IB04

fluid against ...same as IIBO1.

SYSTEM CRITICALITY

A ballast fluid (oil) hydraulic system capable of transferring

TR r:g;c;mg:tl;ﬁ , " FINALACS?)NSENSUSK;I- " e
ESSENTIAL 7 A 10 %
DESIRABLE 12 A 70 4| DESIRABLE
UNNECESSARY 5 A 20 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 9 l LOSSTGAIN] O . & o T oo CONCLUSION
.1 PROTOTYPE / ‘ 0 %
.4 EXPERIMENTAL | 20 A 22 %
.7 SIMULAT{ON 12 A ) 45 % 7
.9 UNPROVEN 8 A o 33 %
DESIRED COURSE OF ACTION
[PERCENTAGE ] FINAL CONSENSUS %
N9 LOSSJGAIN] ¢ 25 so 75 100 CONCLUSION
SHORT RANGE GOAL| 6 A 44 %
MED UM 22 A 56 % MEDIUm
LONG 8 A N X ) 0 %
UNDESIRABLE 8 A ) 0 « ]
PROBABLE TIMING CALENDAR YEAR:S
£ (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 72 575 765 78 8L 84 67 90 “l wl | @ MODE(S)| MEAN (FROM 1972)
10 EARLIEST 00 +6 74 | 74.3]2 -21/2 vrs.
9 [ MOST LIKELY 00 o .6 76 | 76.3[4-41/2 vrs
9 | NOT LATER THAN . 00 1.3|] 78 | 78.4/51/2-7 vss.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS

- (1N MILLONS)
N o |MODE(S)| MEAN |{90% COMFIDENCE INTERVAL)
9 [ LOWER LIMIT .4 SMm.82 m .53 -1.11

UPPER LIMIT 1.1| 2 ml2.08m| 1.39-2.77

B-15
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DOT ASSESSMENT RESULTS

EVENT: IIBOS

A hydraulically-operated, 2-inch seawater valve with a wet

weight of less than 50 lbs, highly reliable, and capable of
500 operations of bubble tight shut-off at depths of 20,000
ft against differential pressures of 10,000 psi.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N- ] | L0SS JGAIN LB % P o CONCLUSION
ESSENTIAL 5 A 18 %
DESIRABLE 7 ) A ~ || 55 %| DESIRABLE
UNNECESSARY il A 27 %
DEGREE OF RiSK

PERCENTAGE FINAL CONSENSUS %
N-10 | LOSSTGAIN K S0 oo CONCLUSION
.1 PROTOTYPF ) - 0 %
.AEXPERIMENTAL | 8 0 %
.7 SIMULATION 2 A 40 =
.9 UNPROVEN 6l — A ""1[eos .9
DESIRED COURSE OF ACTION

PERCENTAGE FINAL CONSENSUS %
N10 | IoSSTGAIN o T CONCLUSION
SHORT RANGE GOAL| 18 A 20 %
MEDIUM 1 i A 60 %  MEDIUM
LONG ) - C %
UNDESIRABLE 4] A 20 % ]
PROBABLE TIMING CALENDAR YEARS
- (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 7 7575 765 T8 M 84 87 % ”l’ -{ow o |MODE(S}! MEAN (FROM 1972)
11[EARLIEST 00 NEK 74 | 74.1[2-21/2 vrs.
10{ MOST LIKELY 0 -0 : 101 26 | 76,013 1/2-41/2 ¥®s
10[NOT LATER THAN 0=-0 i 18] 78 | 78.0[{5 -7 YRS.
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS

e I\ MILLONS)
N : o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
9 | LOWER LIMIT ol | .2 M ,25M .16 - .34
9 [uPPER LIMIT .8 1 M .99M .48 - 1,50

B-16
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DOT ASSESSMENT RESULTS

EVENT:

1IB06

. same as IIB0OS .

SYSTEM CRITICALITY

An electrically-operated, 2-inch seawater valve

PERCENTAGE FINAL CONSENSUS %
N- 11 | LOSSTGAIN] © | s 50 75 100 CONCLUSION
ESSENTIAL / B 0 %
DES IRABLE 3 A 82 % DESIRABLE
UNNECESSARY 3 A e 18 %
DEGREE OF RISK

PERCENTAGE FINAL CONSENSUS %
N"10 | [loSSTGAIN] ©. . . @ % e CaNGLbpon
.1 PROTOTYPE ) 0 «
.4 EXPERIMENTAL 2 A 10 %
.7 SIMULATION 2 [ [ A 40 %
.9 UNPROVEN 4 ' A 50 % .9
DESIRED COURSE OF ACTION
‘ PERCENTAGE FINAL CONSENSUS %
N-10 | LOSSIGAIN} ¢ 2 50 75 100 CONCLUSION
SHORT RANGE GOAL / 0 «
MED |UM 5 i A 90 % MEDIUM
LONG A 0 «
UNDESIRABLE 5 A 10 % ]
PROBABLE TIMING CALENDAR YEARS

(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 72 WS 75 765 78 81 8 7 %0 | g o MODE(S)| MEAN (FROM 1972)
11{eARLIEST 00 B8 | 74 | 74.3] £ -2 1/0 e
10| MOST LIKELY 00 1.2] 76 [ 76.3[31/2 -5 s
10/ NOT LATER THAN . 0-0 2,0 78 | 78.5[51/2 = 7 1/%s.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
. (IN MLLONS)
N ‘ o |MODE(S)| MEAN ](90% CONFIDENCE INTERVAL)
9 | LOWER LIMIT 3| .2m .36m .20 - .53
9 | UPPEP. LIMIT 1.0].3,1 m1.16m .53-~-1.78
B-17




DOT ASSESSMENT RESULTS

An hydraulically-operated, 2-inch gas valve

EVENT: 1I1BO7

SYSTEM CRITICALITY

. .Same as IIB0S...

e [eme, sy covELvSn
ESSENTIAL 1 A - 9 %
DESIRABLE 14 A D 55 % DESIRABLE
UNNECESSARY 13 A ] ]36 s
DEGREE OF RISK
CorRmmm 51 PO S ot S S -
.| PROTOTYPE 0 %
.4 EXPERIMENTAL 2 A ) 10 %
.7 SIMULATION 2 A 40 %
.9 UNPROVEN 4 i - |50 % .9
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %

N= 10 1.0SS FGAIN] © BR— zls . 0 3 100 CONCLUSION
SHORT RANGE GOAL 5 A ] 20 %
MED IUM 12 A 50 % MEDIUM
LONG A Q %
UNDESIRABLE 7 e 30 % ]
PROBABLE TIMING CALENDAR YEARS
s (30% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 72 T3S 75 765 78 81 84 87 %0 | v o MODE(S)| MEAN [FROM 1972)
9 |EARLIEST Q==-0 l.4] 74 74.3 111/2 - 3 YRS.
9 | MOST LIKELY owe=s 2,0 ] 76 76.1 {3 -51/2  vrs
9 [NOT LATER THAN 0==0 2,8 78 [78.11]41/2 -8  vas.
ESTIMATED COSTS TO ACHIEVE

DEYELOPMENT COSTS
- (W8 MOLLONS)
N : o |MODE(S)| MEAN |(90% COMFIDENCE INTERVAL)
9 |LOWER LIMIT S (.1, .M 41 mf .06 - .77
9 [uPPER LIMIT 1.71 1 mléd yf .18 -2.30
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DOT ASSESSMENT RESULTS

EVENT: 11B08 An electrically-operated, 2-inch gas valve...
same as [IBOS.

g

SYSTEM CRITICALITY

B-19

l' m ‘[f,@‘;‘“g:‘,‘,ﬁ 0 K- ‘F'NfL‘cgNASE‘NSUSa? S o CONCLUSION
ESSENTIAL A ‘ 0 %
[‘ DESIRABLE 22 ) A 54.5| DESIRABLE
UNNECESSARY 22 | A " ]]45.5%
DEGREE OF RISK
i PERCENTAGE FINAL CONSENSUS %
N30 | LOSSTGAIN] ¢, . .2 . . = CONCLUSION
.| PROTOTYPE 4 ) 0 %
f A4 EXPERIMENTAL | 5 A A 10 %
.7 SIMULATION 9 A 140 =
E .9 UNPROVEN 4 o AT "~ [[S0 & .9
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
{ N 10 ]  [TOSSPGAIN] ® % ® 1 o CONCLUSION
SHORT RANGE GOAL ) ‘ 0 %
MED UM 9 A " []60 « MEDIUM
E LONG 8 \ ) , 1[0 =
UNDES IRABLE i A 40 o ]
fj PROBABLE TIMING CALENDAR YEARS
— (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 72 25 7S 765 78 81 84 b7 90 ”f 96 T o MODE(S)| MEAN (FROM 1972)
l 10 EARLIEST 0-0 1,3[74 74,5| 2-3 YRS.
9 |MOST LIKELY 0--0 1 11.7]76 76.613 1/2-5 1/2 s
l 9 [NOT LATER THAN . 0==0. 0 2,678 78.8] 5-81/2 vas
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
’ =5 (IN MILLONS)
;. v N , o IMODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
- 9 [LOWER LIMIT 9 [.2,.m.57 m[.03-1.11
= 3 9 | UPPER LIMIT 2.9[.2,1M1.79 | .00 ~3.62




DOT ASSESSMENT RESULTS

EVENT. IIBO9Y An hydraulically-operated, 2-inch oil valve...same
as 11B0S.
SYSTEM CRITICALITY
— PERCENTAGE FINAL CONSENSUS %
N 11 ] LOSSJGAIN] © . .= » W om CONCLUSION
ESSENTIAL 6 A ) q %
DESIRABLE 3 A 723 %| DESIRABLE
UNNECESSARY 3 A R 18 %
DEGREE OF RISK
o 5 1 U DU St SO SO -1
.1 PROTOTYPE A , . o %
.4 EXPERIMENTAL 5 A 0 %
.7 SIMULATION 170 | A 40 % .7
.9 UNPROVEN 22 X A N 40 % .9
DESIRED COURSE OF ACTION
PERCENTAGE | FINAL CONSENSUS %
v ] LOSSJCAIN] o & s0 L CONCLUSION
{ SHORT RANGE GOAL [ A 30 %
MEDI UM 6 A 60 % MEDIUM
LONG A N |10 =
UNDES IRABLE 5 A 1lg % ]
PROBABLE TIMING CALENDAR YEARS
- (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 7 ms s esm m wwowwl | o |MODES)[ MEAN [FROM 1972)
1Y EARLIEST 0-0 .8 74 [ 74.1111/2-2 1/2vss.
10/ MOST LIKELY 0--0 1.3| 76 | 76 3-5  vas
10{NOT LATER THAN 0=0 2.0| 78 -] 77.9 §$=~-7 YRS.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
o (™ MLLONS)
N ' o |MODE(S)] MEAN |(90% CONFIDENCE 'NTERVAL)
9 [LOWER LIMIT 4 [.1,.24 36m .1- .62
9 [upPER LIMIT 1.70.2, 1 m[ 1.2 M| .13 -2.27
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DOT ASSESSMENT RESULTS

EVENT: TIB1O An electrically-operated, 2-inch oil valve...same
as IIBOS.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N 11 | L0SSJGAIN] © K- 50 75 100 CONCLUSION
ESSENTIAL A ] B 0 %
OESIRABLE 1 ) A 82 %| DESIRABLE
UNNECESSARY 1 AT 18 s
DEGREE OF RISK

PERCENTAGE FINAL CONSENSUS %
N10 ] LOSSJGAIN] & % s 3 M CONCLUSION
.| PROTOTYPE A , ) 0 %
.4 EXPERIMENTAL 3 A ) 20 ¢
.7 SIMULATION s || A " 40 % 7 N
.9 UNPROVEN 18 ) A 0 1]40 %
OESIRED COURSE OF ACTION

PERCENTAGE FINAL CONSENSUS %
N- 10 I LOSSJGAIN] © 25 50 15 0o . CONCLUSION
SHORT RANGE GOAL A 0 %
MED UM 15 A []90 % MEDIUM
LONG 8 ) 110 =
UNDES IRABLE g N 10 % _
PROBABLE TIMING CALENDAR YEARS

(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
FN— 72 7S 75 768 78 Bl M 87 w0 ”l 9..]9 o MODE(S)] MEAN (FROM 1972)
1 )| EARLIEST 0-q 1,0 74 | 74.4] 2 -3 YRS.
10 MOST LIKELY -0 1.4| 76 | 76.4] 31/2-5 vrs
10 NOT LATER THAN ~0-0 2.0 78 [ 78.5]5 1/2 - 71/2ss.
ESTIMATED COSTS TO ACHIEVE
NEVELOPMENT COSTS
— (IN MILLONS)
N . o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
9 | LOWER LIMIT o3 [.2,.5Mm 35 M .18 - .52
9 | UPPER LIMIT .8 [.2,Tm .84y .34-1.35
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I11C Sub-Technology: Hydraulic Systems

Objective: To advance the technologies necessary to have 20,000~
ft seawater hydraulic systems for use in submersible and remote

work systems.

Events IIC01 - IIC02 address this objective.
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DOT ASSESSMENT RESULTS

EVENT: TICO1

A low-pressure (500 psi over ambient pressure)

hydraulic system using seawater as the hydraulic
fluid. The system is open-ended, and includes
cylinders, rotary actuators, hydraulic motors,

valves and pressure accumulators.

It is undisturbed

by fine silt contamination, and i{s operable for

1,000 hours to ocean depths down to 20,000 ft.
Radiated noise of the system regardless of size
or cpeed, should not exceed 30 db above .0002
microbars at a distance of 10 ft.

SYSTEM CRITICALITY

N_=_T—| EgggENé:fﬁ 0 K ‘HNAL‘C.'E())N‘SE‘NSU‘S 7; 100 CONCLUSION
ESSENTIAL 4 A S0 | ESSENTIAL
DESIRABLE 11 A " 47 4
UNNECESSARY 7 A e ' 8 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N11 ] LOSSYGAIN] § . . . . % N CONCLUSION
.| PROTOTYPE 2 A 18 %
.8 EXPERIMENTAL A i 0 %
.7 SIMULATION 13 A — 55 & i
.9 UNPROVEN 15 A 27 %
DESIRED COURSE OF ACTION
PERCCNTAGE FINAL CONSENSUS %

N 11 | % [COSSJGAIN] © = 50 7100 COMCLUSION
SHORT RANGE GOAL 13 A 46 %  SHORT
MED | UM 2 A 27 %
LONG 16 A 9 «
UNDESIRABLE 1 A i 1] 18 %
PROBABLE TIMING CALENDAR YEARS

(90% CONFIDENGCE INTERVAL) DEVELOPMENT TIME
FN— 72 73575 765 78 M 84 87 90 ST v‘ow o MODE(S)| MEAN (FROM 1972)
9 |EARLIEST o=-0 .0 174,75] 74.7 - YRS
9 |MOST LIKELY 0-0 ) .8 77 | 76.6 4 -5 YRS.
9 [NOT LATER THAN] | o=--0 | [3.8] 80 | 79.8]51/2- 10 vss.
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS
h2s (IN MOLLONS)
N { o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
101 LOWER LIMIT 1.7].6,2Mm|2.02M] 1.04 - 3.0
10 UPPER LIMIT 14.4] 4 ml0.03m] 1.68 - 18.38
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DOT ASSESSMENT RESULTS

EVENT: 11C02

SYSTEM CRITICALITY

A high-pressure (2,000 psi over ambient pressure)

hydraulic system...

same as IIC01

PERCENTAGE FINAL CONSENSUS %
@j LOSSJGAIN] ¢ = 50 s 00 CONCLUSION
ESSENTIAL 14 A ) 25 %
DES IRABLE 12 B A 58 % DESIRABLE
UNNECESSARY 2 A 17 %
DEGREE OF RISK
PERCENTAGE | FINAL CONSENSUS %
N-11 ] LOSSGAIN] O . . & 80 B e e i CONCLUSION
.| PROTOTYPE 1 A i 9 %
.4 EXPER IMENTAL 1 A ‘ 9 %
.7 SIMULATION 7 ) A - 27 %
.9 UNPROVEN ST A 55 « .9
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N- 11 | LOSSJGAIN] © 28 50 7 0 CONCLUSION
SHORT RANGE GOAL 1 A 9 %
MED UM 4 I} A 46 % MEDIUM
LONG 15 A 5 27 &
UNDES IRABLE 10 R 18 4
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N ” LS 7S 765 T8 8 M 87 s ’? % ¢ |MODE(S)| MEAN (FROM 1972)
10| EARLIEST 0===0 1.7 78 75.5 [2 1/2-41/2 vrs.
10| MOST LIKELY O-===0 4,0| 78 78.5] 4-9 YRS.
9 |NOT LATER THAN T EE (- R 1.8] 80 79.6 161/2-81/2 YRrs.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
e {IN MALLONS)
\ o |MODE(S)| MEAN |{90% CONFIDENCE INTERVAL)
10{ LOWER LIMIT 2,41 5 M 3.2M 1.82 - 4.58
10| UPPER LIMIT 22,71 3 M}iS.44 M 2.31 - 28.57
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APPENDIX C
TECHNOLOGY AREA III. SEAFLOOR CONSTRUCTION

SUB-TECHNOLOGY AREAS:

A. Construction by Divers
B. Site Selection and Preparation
(@ On-Bottom Construction

D. In-Bottom Construction



II1IA Sub-Technology: Construction by Divers .

Objective: To develop the techniques and hardware necessary for
divers to conduct underwater construction for extended periods on
the continental shelf (to 1,000 ft). The construction capability will

include the following:
0] Site selection

(0] Site preparation
0 Facility constructian

Events IIIAOl - IIIAO6 address this objective.
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DOT ASSESSMENT RESULTS

EVENT: IIIAO1 Hydraulic systems with attachable tool suits that will
provide the conventional construction function, saw-
ing, drilling, torqueing, hammering, holding, position-
ing, etc., utilizing conventional hydraulic fluids and
are specifically designed for use by divers underwater
to depths of 1,000 ft.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N= 10 I LOSS [GAIN 0 o ) zls . - 5]0 - 715 L 100 CONCLUSION
ESSENTIAL A o 50 % [ESSENTIAL
DESIRABLE A 50 % DESIRABLE
UNNECESSARY A R 0 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N 10| LOSSJCAIN] O . % s 75 wo CONCLUSION
.1 PROTOTYPE ! o 40 % 1
.4 EXPERIMENTAL A ' - 20 %
.7 SIMULATION R : A 40 % .7
.9 UNPROVEN \ o 0 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N 10 | LOSSJGAIN] © = 5 so 75 0 CONCLUSION
SHORT RANGE GOAL A 90 % SHORT
MED UM A o ) 10 %
LONG ) 0%
UNDES IRABLE [ A - o 0%
PROBABLE TIMING , CALENDAR YEARS
(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
w 72 RS 7S 768 78 81 84 87 %0 ‘T wi [ o MODE(S)| MEAN (FROW 1972)
10 EARLIEST 0~0 1].9 74 |73.9 14 - 23 vss.
10| MOST LIKELY 0—0 o 1.2 75 |75.8 3 -44 ves
10{NOT LATER THAN . O==0 2,0 8o |78.7 54 -8 vrs.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
et {IN MLLONS)
N ! o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
9 [ LOWER LIMIT 1.5] .5 M| .90M 0-1.81
9 { UPPER LIMIT 4,4 .5 M[3.06Mm .30 - 5,81




DOT ASSESSMENT RESULTS

Hydraulic tools as in IIIA01, except that seawater is
used as the hydraulic fluid in an open cycle.

EVENT:

ITIA02

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N- 10 l LOSSJGAIN] ¢, & 50 75100 CONCLUSION
ESSENTIAL A A B 20 %
DESIRABLE 10 A o 50 %|  DESIRABLE
UNNECESSARY 10 A 30 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 10 I LOSSTGAIN] ¢ = 25 50 75 100 CONCLUSION
.1 PROTOTYPE 10 A 10 %
.4 EXPER IMENTAL A . 0 %
.7 SIMULATION 20 A 70 %
.9 UNPROVEN 10 A 20 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N9 I IOSSJGAIN] ¢ 50 75 K0 CONCLUSION
SHORT RANGE GOAL | 27 A 33 %
MEDIUM 12 A 22 % ,
LONG 3 A o 33 4 LONG
| UNDES IRABLE 12 A 12 %
PROBABLE TIMING CALENDAR YEARS
= (30% CONFIDENCE INTERVAL) OEVELOPMENT TIME
N 7 RS 75 765 78 81 a4 A7 90 | 916” o MODE(S)| MEAN (FROM 1972}
9 [EARLIEST 0——o0 1 11,8/ 75 [75.2 2 -4} vrs
9 |MOST LIKELY o—0 2 4177,80]79.1 54 - 84 s
9 INOT LATER THAN 0= 2.8/ 85 [83.7 | 10 - 13% vas.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
(W MILLONS)
[N ] o [MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
8 [LOWER LIMIT 6.4L,5.1 M M 0- 7,36
8 | UPPER LIMIT 6] 5 M[g,88M 0 -19,35
C-4
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DOT ASSESSMENT RESULTS

Tools such as disc and chain saws, drills,hammers,
impact wrenches, etc., powered by electricity and
specifically o :signed for underwater use by divers

EVENT:

IITAO3

SYSTEM CRITICALITY

to depths of 1 000 ft.

PERCENTAGE FINAL CONSENSUS %
N- 10 l LOSS[GAIN 0 » ) 2? ) o sP ) 715 X 100 CONCLUSION
ESSENTIAL 10 A ) 10 *
DESIRABLE ) ) A L 50 % DESIRABLE
UNNECESSARY 10 L A 40 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N 10 | LOSSTGAIN] . . & o= iy CONCLUSION
.| PROTOTYPE A o 10 %
LA EXPERIMENTAL |10 A 20 %
.7 SIMULATION 20 ) A 60 % 7
.9 UNPROVEN 10 A 10 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N- 9 LOSSJGAIN] © = 25 50 75 100 CONCLUSION
SHORT RANGE GOAL | 14 A 56 % SHORT
MED 1 UM 2 A 1122 o
LONG . 0 %
UNDESIRABLE 12 A o 22 ¢
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) . DEVELOPMENRT TIME
m— 7 TS 7S 765 70 81 s 87 ".091 w| | @ |MODE(S)[ MEAN (FROM 1972
9 |EARLIEST 00 .4 75 (74.7 2% -.3 YRS,
9 |MOST LIKELY v 1.6 77,78 |74.4 44 - 64 vrs
9 |NOT LATER THAN . O=——0 2.9 80 |81.4 784 = 11 ves.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
= ¥. (N WLLONS)
N : e |MODE(S)| MEAN |{90% CONFIDENCE INTERVAL)
8 | UPPER LIMIT 1.4] 1 m2,09m] 1,16 - 3,03
C-5




DOT ASSESSMENT RESULTS

EVENT: IIIAO4

SYSTEM CRITICALITY

An underwater laser surveyeing system specifically
designed for diver use, capable of accurate third
order angular measurement (vertical and horizontal).

ﬁ* )

PERCENTAGE FINAL CONSENSUS %
N- g l L0SS K 50 7100 CONCLUSION
ESSENTIAL 11 0 %
DESIRABLE ‘A 89 %| DESIRABLE
UNNECESSARY | I || . A 11 %
DEGREE OF RISK

PERCE FINAL CONSENSUS %
N- 8 LOSS 2 e o
.| PROTOTYPE . c_%
.4 EXPER IMENTAL 12.5%
.7 SIMULATION o A 62.5%
.9 UNPROVEN 12,5 A 25 %
DESIRED OURSE OF ACTION

PERCENTAGE FINAL CONSENSUS %
N 8 LOSS o 25 50 75100 CONCLUSION
SHORT RANGE GOAL[ 25 A 0%
MEDIUM A ]]87.5% MEDIUM
LONG 12.5 | [12.5 %
UNDESIRABLE__ | | A : 0% |
PROBABLE TIMING CALENDAR YEARS
— (0% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N A w_w e ol wl [ ¢ [MODES) (FROM 1972)
8 |EARLIEST 2,5 175,80 3 -63 vrs
8 | MOST LIKELY 0—0 3.6| 85 7 - 12 vrs.
8 |NOT LATER THAN o—o0 | |4.,4] 90 12 - 18 vrs|
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS

— (N MNLLONS)
N o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
7 | LOWER LIMIT 17.0/.2,.5 M| 9.06 m 0-21,56
7 [ UPPER LIMIT 50.6{ N/AM26393m| 0 - 64.12
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DOT ASSESSMENT RESULTS

EVENT: IIIAOS An underwater optical surveying system ... same
as ITIAO4
SYSTEM CRITICALITY
-9 ] 'EE,’;CSEN&?& o AHNA:E;N*SENSUS; 10 CONCLUSION
ESSENTIAL 8 A 22 %
DESIRABLE 6 - A 56 % DESIRABLE
UNNECESSARY 2 A D 22 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %

N- 9 | LoSSTGAIN] ¢ . . . %, s . T 100 CONCLUSION
.1 PROTOTYPE 4 0 %
.4 EXPERIMENTAL [10 A i o 0 %
.7 SIMULATION 17 A 67 % .7
.9 UNPROVEN 7 A 33 %
DESIRED COURSE OF ACTION
‘ PERCENTAGE FINAL CONSENSUS %
N- 9 LOSSJGAIN] ¢ = 25 50 75 100 CONCLUSION
SHORT RANGE GOAL | 5,5 A 44.5 %
MED |UM 4,5 A N 44,5 % MEDIUM
LONG A ) o - 0 %
UNDESIRABLE 1 A ) 11 % ]
PROBABLE TIMING CALENDAR YEARS
== (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 72 MBS 75765 78 Bl 44 87 w0 !l % v o MODE(S)] MEAN {FROM 1972)
8 |EARLIEST o—0 1,9 75 [75.4 2-412 s
8 [MOST LIKELY o—0 2,9 80 ([78.9 5-9 YRS.
8 |NOT LATER THAN . O0——0 4,1] 85 [82.6 8 - 131 vas.
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS
e (IN MILLONS)
N ) o |MODE(S)| MEAN | (90% CONFIDENCE INTERVAL)
7 |LOWER LIMIT 3.4 N/A M|1,76M 0- 4.24
7 [uPPER LIMIT 8.5].5,10m/6.82mM] .61 - 13.04
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DOT ASSESSMENT RESULTS

EVENT. IIIAOQ6 An underwater acoustic surveying system ... same
as IIIA04 ...
SYSTEM CRITICALITY
PERCE, ITAGE FINAL CONSENSUS %
N- 8 LOSS T 3AIN kB 50 75 100 CONCLUSION
ESSENTIAL 3 A ) 25 %
DESIRABLE 15.5 N A ) 62.5%| DESIRABLE
UNNECESSARY 2.9 48 . . .. BEEEN 12.5%
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 8 LOSSFGAIN] ¢ 25 so 75 100 CONCLUS'ON
.| PROTOTYPE 4 ) 0%
.4 EXPERIMENTAL 14 A 25 %
.7 SIMULATION 4.5 R A 62.5% .7
.9 UNPROVEN 9.5 A R 12,5%
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N- 8 LOSSJGAIN] © 25 50 D L CONCLUSION
SHORT RANGE GOAL | 17 A 50 %
MEDIUM 28 - A s 50 % MEDIUM
LONG 11 4 . 0 %
UNDESIRABLE | | | A .. . X 0%
PROBABLE TIMING CALENDAR YEARS
S (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 72 735 75 765 78 81 &4 67 40 ”l 174 o MODE(S)] MEAN (FROM 1972)
8 |EARLIEST 00 .6 |75 74.8 2% -3 vRrs
8 | MOST LIKELY o—o 1.2 77 77.6 4% - 63 vrs.
8 | NOT LATER THAN )  0——0 [ [2.481,85]81.5] 8 -11 vas
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
e (N MILLONS)
N A o | MODE(S)| MEAN |{90% CONFIDENCE INTERVAL)
7 |LOWER LIMIT 2,0/ .5v[1.98M[ .52 - 3.43
7 | UPPER LIMIT 7.4] 1 M[6.25M .84 -11,66
Cc-8



IIIB Sub-Technology: Site Preparation and Selection

Objective: To develop the technologies and techniques by which a
seafloor site at 8,000-ft depths can be prepared as a habitat con-
struction site. The following operational objectives are to be
undertaken:

Excavation, trenching, and dredging of bottom soils
Seafloor soil transportation and filling

Soil mass stabilization

Site appraisal

0000

Events IIIBO1 - IIIB06 address this objective.



DOT ASSESSMENT RESULTS

Determination of the stability of a submarine slope
at water depths of 20,000 ft, using analytical
techniques based on physical measurements of
the topography, structure, and strength of the

EVENT:

I1IBO1

SYSTEM CRITICALITY

sediment,

PERCENTAGE FINAL CONSENSUS %

N 10 ] LOSSJCGAIN] © &~ s0 75 00 CONCLUSION
ESSENTIAL 13 A 60 % ESSENTIAL
DESIRABLE 11 A e 20 %

UNNECESSARY 2 A R 20 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %

N 10 ] LOSSTGAIN] 0. . . . % 50 o ioa CONCLUSION
.| PROTOTYPE A 0%

AEXPERIMENTAL | 8 A 10 %

.7 SIMULATION 17 | [ A | [ 90 = .7
.9 UNPROVEN 9 YRR ‘ 0 %

DESIRED COURSE OF ACTION
PERCENTAGE | FINAL CONSENSUS %

N 10 ] LOSSJGAIN] ¢ = so 75 100 CONCLUSION
| SHORT RANGE GOAL 3 A . 30 %

MED UM 5 A 50 4| MEDIUM

LONG 2 A - 20 %

UNDESIRABLE | )} a4 0«

PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
m 7 TS 75 %S M @ s @ e»_o')] 9‘69‘) o |MODE(S) MEAN (FROM 1972)

ol EARLIEST o—o . 75 174.8 24 - 34 vms.
10| MOST LIKELY 0—0 2.8 80 [79.0 [ 5% -8% vrs
10{NOT LATER THAN ~ o—o | |3.,7[80,85[84.0 | 10 - 14 vss.
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS
— (W MILLONS)

N . o | MODE(S)| MEAN |(90% COMFIDENCE INTERVAL)
9 |LOWER LIMIT 1.6 .2 ml.11M A1 -2,12
9 [UPPER LIMIT 3.0]5 m3.13m 1.30-4.97

C-10
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DOT ASSESSMENT RESULTS

EVENT:

I1IB02

SYSTEM CRITICALITY

Stabilization of an area of ocean sediments 100 yds
square at a water depth of 8,000 ft, which would
otherwise fail in a mass sediment slide when a
structure with a submerged weight of 100 tons is
placed with a raft foundation on the slope.

PERCENTAGE FINAL CONSENSUS %
N- 10 | LOSSICAIN] © = 50 75 100 CONCLUSIOR
ESSENTIAL 7 A 20 %
DESIRABLE 3 A o 30 %
UNNECESSARY 4 ) A 50 %| UNNECESSARY
DEGREE OF RISK

PERCENTAGE FINAL CONSENSUS %
N- 1 LOSSJGAIN] O, . % s 18 o CONCLUSION
.| PROTOTYPE a4 0 %
.4 EXPERIMENTAL 1 A 10 %
.7 SIMULATION 12 ' A ‘ 30 %
.9 UNPROVEN 13 A 60 % .9 j
DESIRED COURSc OF ACTION

PERCENTAGE FINAL CONSENSUS %
N- 10 l LOSSTGAINT ¢ 25 50 75 100 CONCLUSION
SHORT RANGE GUAL 1 A 20 %
MEDIUM 4 A ‘ 40 %| MEDIUM
LONG 9 A = 0 9
UNDES IRABLE ¢ ri e = 40 %| UNDESIRABLE |
PROBABLE TIMING CALENDAR YEARS
. (90% CONFIDENCE INTERVAL) . DEVELOPMENT TIME
N 72 73575 765 T8 81 k4 87 w0 91 0 i o MODE(S)| MEAN (FROM 1972
9 |EARLIEST o——0 3.6 75 |76.4 2 -63 s
9 | MOST LIKELY o—0 5.3| 80 [81.6 6% - 13 YRS.
9 [NOT LATER THAN A o———o0 | 18,0 85 |87.6 |10% - 20% ves
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS

= (1M MILLONS)
N e |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
8 | LOWER LIMIT 1,2{.5,1M]1.17M .36 - 1,98
8 | UPPER LIMIT 3,7] S M[4,3IM] 1.85-5,77




DOT ASSESSMENT RESULTS

A bottom crawling remotely operated vehicle, with

a rotary cutter and slurry suction removal system,

that performs leveling, excavation, and trenching

at a rate of 50 cubic yds/hr in unconsolidated mud

and 20 cubic yds/hr in a dense sandy sediment, at

a water depth of 8,000 ft on slopes of at least 10,
producing a finished cut with a tolerance of *+ 6 inches.

EVENT:

I1iB03

SYSTEM CRITICALITY

— PERCENTAGE FINAL CONSENSUS %
iqn 10 loss GAlN 1] . . zls 5.0 . 7ls Ll00 CONCI.USOON
ESSENTIAL 7 20 %

DESIRABLE 6 A 70 % DESIRABLE
UNNECESSARY 1 A e 10 %

DEGREE OF RISK

PERCENTAGE FINAL CONSENSUS %

(N 10 ] LOSSJGAIN] © . .~ so 15 o CONCLUSION

.| PROTOTYPE 4 ‘ . 0%

.4 EXPERIMENTAL | 6 A 30 %

.7 SIMULATION 5 A 50 % .7

.9 UNPROVEN 11 N e 1 20 %
DESIRED COURSE OF ACEON

PERCENTAGE FINAL CONSENSUS %

N- 10 I LOSS GAIN| © K 50 s 100 CONCLUSION
SHORT RANGE COAL| 4 A - 60 % SHORT

MED UM 3 A 30 %

LONG B 0%

UNDESIRABLE 1 7 10 % N
PROBABLE TIMING CALENDAR YEARS

. (90% CONFIDENCE INTERVAL) ’ xS mm T”‘
N 7 RS 7S 765 T8 81 ke 67 90 | %[ o MODE(S)! MEAN (FROM 1972)
10[EARLIEST 0——0 1,71 75 |{75.7 24 - 4} vrs.
10{MOST LIKELY 0—0 2,1 80 [80.0 7-9 vas
O[NOT LATER THAN REY e 4,6 | 85 85,1 104 - 16 vns.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS

Beis (1N MILLONS)

N d o |MODE(S)| MEAN 'A% CONPIDENCE WTERVAL)
9| LOWER LIMIT 2,1] S m| 2614 1.28- 3,94

9] UPPER LIMIT 14,21 5 mll44m| 2,61 - 20.27

C-12



DOT ASSESSMENT RESULTS

EVENT:

SYSTEM CRITICALITY

IIIB04

same as IIIBO3 ...

-

A swimming remotely operated vehicle, with ...

PERCENTAGE FINAL CONSENSUS %
N= 10 l LossTGAIN] © o ) zls . - S|0 - 715 o 100 CONCLUSION
ESSENTIAL A 0%
DESIRABLE 5.5 A 40 %
UNNECESSARY 5.5 A 60 | UNNECESSARY
NEGREE OF RISK
(W10 ] [tospom|e m o won CONCLUSION
. .| PROTOTYPE 0%
ﬁ .AEXPERIMENTAL | 9 A 0%
.7 SIMULATION 2 A ‘ 20%
! .9 UNPROVEN 7 o A 80 % 9
‘ DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
i N“—IO——I LOSSJGAIN] ¢ 25 50 5 100 CONCLUSION
SHORT RANGE GOAL 1 A ] 10%
MEDIUM 9 A o [T 10%
i LONG 14 A I 50% LONG
UNDES IRABLE 6 | [ [ A 304 ]
I PROBABLE TIMING iR AR
' (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
! W 7 7S 75 765 M B M 8w 'l )u% o |MODE(S)| MEAN (FROM 1972)
' 9 [EARLIEST —a 3.3] 75 177.4 | 31- 71 ves.
9 MOST LIKELY i ——0 3.5| 80 [81.8 ] 73-12 vas
. 9 [NOT LATER THAN 5=="""14,2| 85 |86.8 | 12 - 17} vas
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
I U3 (1N MILLONS]
‘ N ‘ o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
8 [ LOWER LIMIT 15.81 1 M| 9.44M 0 - 20,02
' 8 | UPPER LIMIT 39.7 5 M32.13Mm| 5.51 - 56.74
1 C-13



DOT ASSESSMENT RESULTS

EVENT.  IIIBOS A vehicle remotely operated with articulated legs,
with ... same as IIIBO3 ...

SYSTEM CRITICALITY
PERCENTAGE FINAL CONSENSUS %
50

m LOSSJGAIN] © 5 so 75 00 CONCLUSION
ESSEMNTIAL B 0%
DESIRABLE 5.5 . A 60 %| DESIRABLE
UNNECESSARY 5.5 AN 40 »
DEGREE OF RISK

PERCENTAGE FINAL CONSENSUS %
N 10 | LOSSJGAIN] O & s 75 100 CONCLUSION
.| PROTOTYPE A ) ‘ 0%
4 EXPERIMENTAL | 9 \ o 0%
.7 SIMULATION 8 A ) . 10 %
.9 UNPROVEN 17 . B A 90 % .9
DESIRED COURSE OF ACTION

PERCENTAGE FINAL CONSENSUS %
N 8 | LOSSJGAIN] ¢ 25 s 75 100 CONCLUSION
SHORT RANGE GOAL 4 0%
MED | UM 11 A ) o 25%
LONG 1.5 A . [ 137.5%
UNDES RABLE 9. | A 37.5 %| UNDESIRABLE |
PROBABLE TIMING CALENDAR YEARS

{90% CONFIDENCE INTERVAL) OEVELOPMENT TIME

[N ] s 75 s owm s owow [ w] | o |[MODES)] MEAN [FROM 1972)
9 |EARLIEST o——o0 3.2| 78 78.8 5 - 8% ves
9 [MOST LIKELY 0—0 3.8/ 85 [84.1] 153-143 vas.
9 | NOT LATER THAN . o=—0 | [4,6] 90 [89.3 [ 143-20 ves

ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS
= (IN MILLONS)
N ‘ o |MODE(S)| MEAN |{90% CONFIDENCE INTERVAL)
8 | LOWER LIMIT 15.71 5 M[11.69Mm 1.19 - 22,18
8 [ UPPER LIMIT 31.6 10 mB0.38Mm 9,18 - 51,57

C-14
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DOT ASSESSMENT RESULTS

A slurry transport system remotely operated capable
of transporting cut sediments a distance of 1 mile
at a rate of 50 cubic yds/hr to a controlled fill
area at a depth of 8,000 ft,

EVENT:

I1IB06

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N- 10 I LoSSJGAIN] © kN 075 100 CONCLUSIOX
ESSENTIAL 9 B B 0%
DES IRABLE 7 L A 80 %| DESIRABLE
UNNECESSARY 2 A 20%
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N-10 | [ross]eain] © B oy % SO 1 s
.| PROTOTYPE / _ 0%
.4 EXPERIMENTAL 11 A - 20%
.7 SIMULATION _[5.5 ' A 40% 7
.9 UNPROVEN 5.5 A i 40% 9
DESIRED COURSE OF ACTION
‘ PERCENTAGE FINAL CONSENSUS %
N- 8 LOSSTCAIN] © B so 75 100 CONCLUSION
SHORT RANGE GOAL| - | 14 A 50%| SHORT
MED1UM 11 A ] 25%
LONG 3.5 A 12.59%
UNDESIRABLE 6.5 A 12,54,
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) OEVELOPMENT TIME
W 72 735 75 765 /A 81 84 87 w0 | ',:6”9 o MODE(S)] MtAN (FROM 1972)
8 | EARLIEST O———0 2,1] 75 [75.1 14 - 41 vrs.
8 [ MOST LIKELY O——0 - 3.2] 80 [79.3 5 - 91 vas
8 | NOT LATER THAN . O—0 4,3 90 [85.3 | 104 - 16 vas.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
v {IN MILLONS)
N : o [MODE(S)| MEAN |(90% COMFIDENCE INTERVAL)
9 | LOWER LIMIT 3.9 1 m| 32 .81 - 5,62
9 | UPPER LIMIT 14,9 10 m{11.284] 2.04 - 20.52
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I1IC Sub-Technology On-Bottom Construction

Objective: To develop the techniques ard technologies to assemble,
weld, bolt, and/or cement prefabricated components of large struc-
tures, to make or emplace foundations and pilings for support of the
structures, and/or pour concrete in-place on the seafloor at depths of

8,000 ft.

Events IIICO1 - IIIC24 address this objective.

C-16




DOT ASSESSMENT RESULTS

On the basis of seismic response measurements of
an ocean floor site and calculated hydrodynamic
loads, the capability to design a pressure resistant
structure enclosing a volume of 20,000 £t3 (may be
interconnected modules) at a depth of 8,000 ft
which can survive an earthquake that measures 7.5
on the Richter Scale, with the structure located

EVENT: IIICO1

SYSTEM CRITICALITY

above or near the epicenter.

PERCENTAGE FINAL CONSENSUS
N- 10 | LOSSTGAIN] © 25 50 i 100 CONCLUSION
ESSENTIAL 4 . 0%
DESIRABLE 4 A 60 %| DESIRABLE
UNNECESSARY 4 o A 40 %
DEGREE OF RISK
PERCENTAGE | FINAL CONSENSUS
N 10 ] LOSSTGAIN] 0 . . %, %, i CONCLUSION
.1 PROTOTYPE / 0%
.4 EXPER IMENTAL A 0%
.7 SIMULATION 4 ' A 40 %
.9 UNPROVEN 41 1] A 60 % .9
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N9 LOSSJGAIN] © . kN 50 100 CONCLUSION
SHORT RANGE GOAL A 0%
MED |UM 4 A 56 % MEDIUM
LONG 13 A ) 33 4%
UNDESIRABLE 9 Y S 11 N
PROBABLE TIMING CALENDAR YEARS
i (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 72 TAS 75 765 78 81 e4 7 ooj 90 | o MODE(S)| MEAN (FROM 1972)
9 |EARLIEST o——o0 1 14.078,80[79.6| 5 =10 vrs
9 | MOST LIKELY 0==-0 4 85 |84.3| 934 -15 ves
9 |NOT LATER THAN o—o | [4 90 [89.2 ] 14% - 191 v&s.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
- (1N MILLONS)
N ! o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
8 | LOWER LIMIT 7.0] S m| 7.50m 2,83 -12,17
g8 | UPPER LIMIT 23,2(15,50m[30.63 [ 15.34 - 45,91
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DOT ASSESSMENT RESULTS

A concrete overlay, poured in place at a depth of
8, 000 ft, following gentle contours of the sediment
(may be preleveled), which can support a load of

EVENT:

I11C02

SYSTEM CRITICALITY

100 1bs/ft2.

PERCENTAGE FINAL CONSENSUS %
V10 ] flossfeaw] o m  ® . w EoNcLSioN
ESSENTIAL 7 A A 20 %
DESIRABLE 5 A A 60 %| DESIRABLE
UNNECESSARY 2 A B 20 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 10 | LOSSJGAIN} § . . . . % so 75 100 CONCLUSION
.1 PROTOTYPE A ‘ 0 %
.4 EXPERIMENTAL 11 A 20 %
.7 SIMULATION 15 A 40 %
.9 UNPROVEN 4 A 40 % .9
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N- 10 | LOSSJGAIN} © = & so0 75 100 CONCLUSION
SHORT RANGE GOAL 1 A 10 o
MEDIUM 6 A 70 % MEDIUM
LONG 9 4 ) 0 %
UNDESIRABLE 2 A o 20 o ]
PROBABLE TIMING CALENDAR YEARS
o (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N ” RS 75 7.5 7 A 1 4 MODE(S)| MEAN (FROM 1972)
9[EARLIEST 0--0 1.9(78 [76.7 | 31/2-6 vrs
9| MOST LIKELY 0-=-0 3,4 85 [80.9 | 7-11 vas
9[NOT LATER THAN e “o--o | |3.9[85,90[84.9 [101/2-151/2s
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
— (IN MILLONS)
N g o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
g | LOWER LIMIT 3,01 1 M2,27M .22 -4,32
g| UPPER LIMIT 5.8) 10 M{7.,78M] 3.88 - 11.67
C-18




b ] ”ﬁ m 4 ] o~

| m——

DOT ASSESSMENT RESULTS

EVENT:

ITICO03

SYSTEM CRITICALITY

Intcrlocking preformed concrete slabs assembled
at a depth of 8,000 ft, forming a mat f~llowing

--~- same as IIIC02 ...

PERCENTAGE FINAL CONSENSUS %
N- 10 I LOSSJGAIN] ¢ 2~ so 75 100 CONCLUSION
ESSENTIAL A 0%
DESIRABLE 1 o A 90 4| DESIRABLE
UNNECESSARY 1 A . 10 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 10 I tossTcaIN] ¢ = s 75 100 CONCLUSION
.1 PROTOTYPE A 0%
.4 EXPER IMENTAL 10 A 10%
.7 SIMULATION |13 ) A 60 % 7
.9 UNPROVEN 3 | A ) 30%
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N- 10 LOSSJGAIN] ¢ & so 75 100 CONCLUSION
SHORT RANGE GOAL 1 A 10 %
MED I UM 15 i A 70 %] MEDIUM
LONG 26 A ) 10 %
UNDES IRABLE 10 A o 10 o
PROBABLE TIMING CALENDAR YEARS
(30% CONFIDENCE INTERVAL) DEVELOPMENT TIME
Tﬂ 7 7575 765 78 Bl 84 7 %0 91 98 T ' 4 MODE(S)] MEAN (FROM 1972)
10| EARLIEST o—0 | [2,2]74,76 | 76.3 3 - 5% ves.
10[ MOST LIKELY ) il 3,1/ 78 [80.6| 7 -101 vas
10| NOT LATER THAN 0—0 | 14,3[60,90[84.3[ 10-15 s
ESTIMATED COSTS TO ACHIEVE )
DEVELOPMENT COSTS
o (1N MILLONS)
N . o |MODE(S)| MEAN | (90% CONFIDENCE INTERVAL)
9 | LOWER LIMIT 1,9] .5 mj1.63m .46 - 2,80
9 [UPPER LIMIT 3,7]2. 10M5.13 ] 2.81 -7.44
C-19




DOT ASSESSMENT RESULTS

EVENT: IIICO04 Large fabric "air-mattress" bags (Fabri-Form) filled
with a grout slurry at a depth of 8,000 ft ... same
as IIIC02 ...

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N- 10 | tossfcAIN} © . &8 so 750 CONCLUSION
ESSENTIAL A 0%
DESIRABLE 2 A 80%( DESIRABLE
UNNECESSARY 2 AT 20% |
DEGREE OF RISK

PERCENTAGE FINAL CONSENSUS %
N-10 |  [rosSfcAw] ©. . . %, o 7w CONCLUSION
.1 PROTOTYPE A ‘ o 0%
|4 EXPERIMENTAL A . 0%
.7 SIMULATION 3 o ' A 70 % 87
.9 UNPROVEN 3 j A 30%
DESIRED COURSE OF ACTION

PERCENTAGE FINAL CONSENSUS %
N- 9 l LOSSJGAIN] © = 25 so 75 100 CONCLUSION
SHORT RANGE GOAL 11 A 11%
MEDIUM 13 A ‘ 67% MEDIUM
LONG 1 A ) j 11%
UNDES IRABLE 1 A ) 11% ]
PROBABLE TIMING CALENDAR YEARS
_ (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 7 ms s s 78w s v | v | o |MODE(S)] MEAN (FROM 1972}
8 [EARLIEST 0———0 3.4{ 75 |76.1 2 - 6} vrs.
8 | MOST LIKELY o—o0 4,2] 80 [80.0 5-11 vas
8 [NOT LATER THAN R ) 5.2| 85 |84.9 9F-16% vrs.
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS

Ty IN MILLONS)
N \ o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
6 | LOWER LIMIT 1,6/ 1 Mm[1.59M .25 - 2,94
6 | UPPER LIMIT 2.8 5 Mm4.59m 2.27 -7.11
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DOT ASSESSMENT RESULTS

IIICO0S A plastic film overlay placed on easily distrubed
sediments to control turbidity. The film is placed
by a submersible at a rate of 50 square yds/hr, at

a depth o{ 8,000 ft, and can support a load of

EVENT:

e Saptines

| 10 1bs/ft°.
|
SYSTEM CRITICALITY
PERCENTAGE FINAL CONSENSUS %
N- 10 l LOSSTGAIN] © B’ 50 75 100 CONCLUSION
ESSENTIAL 1 A 10 %
; DESIRABLE 6 - A i 70 %] DESIRABLE
{ UNNECESSARY 7 A S 209
- DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N-10 ] LOSSTGAIN] ¢ . . % 0 s o CONCLUSION
. .| PROTOTYPE \ 0%
‘ B EXPERIMENTAL | 9 0%
.7 SIMULATION 4 A 40 %
-9 UNPROVEN 5 YR 60% -9
DESIRED COURSE OF ACTION
| PERCENTAGE FINAL CONSENSUS %
] W—l LOSSJGAIN] © 25 so 75 100 CONCLUSION
SHORT RANGE GOAL| 8 A 10%
MED |UM 5 A 60% MEDIUM
H LONG 2 A N 20%
UNDES IRABLE 1 A 104 ]
! PROBABLE TIMING e T
— (30% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N n TS 75 765 TR 81 64 87 %0 | W o |MODE(S)] MEAN (FROM 1972)
‘ 1U[EARLIEST o——0 3.6176,80] 77.2| 3 - 7% ves
'; 10{ MOST LIKELY o~——0 49] 85 [81.6] 6}-124 vrs
’,’ l 10| NOT LATER THAN ‘o——o0 | |6.9] 90 [85.8] 10 - 18 vas
¢ ESTIMATED COSTS TO ACHIEVE
ﬁ% DEVELOPMENT COSTS
' T (N MILLONS)
1 N : o |MODE(S)| MEAN |{90% COMFIDENCE INTERVAL)
Q | 9 [LOWER LIMIT 21.2] .5m[ 9.9 0 ~24.35
; ' 9 [ UPPER LIMIT 46,1 2 M| 27.0m 0-55.64
' C-21




DOT ASSESSMENT RESULTS

EVENT:

ITICO06

SYSTEM CRITICALITY

A chemical flocculating agent capable of rapid
precipitation of suspended particles (sediments, etc)
in seawater, eliminating turb!d condition for in-
creased visibility. The agent must be capable of
increasing the sedimentation rate such that sus-
pended sediments are precipitated within 24 hours
and/or prior to the diffusion of the flocculating
agent into the surrounding water.

S PERCENTAGE FINAL CONSENSUS %
N- 10 —] LOSSJGAIN] © K- 75 00 CONCLUSION
ESSENTIAL 13 A 40 %
DESIRABLE 13 A 60 %| DESIRABLE
UNNECESSARY N o 0%
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 10 I LOSSTGAIN] © 2 L0 5 100 CONCLUSION
.| PROTOTYPE , Q*
.4 EXPERIMENTAL 2 A - 20 %
.7 SIMULATION 1 A . 10%
.9 UNPROVEN 3 o ) A 70 % .9
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N 10 I LOSSJGAIN] ¢ 5 50 75 Ko CONCLUSION
SHORT RANGE GOAL 13 A 40 % SHORT
MEDIUM 7 A N 30 %
LONG 3 A 30 ¢ ]
UNDES | RABLE 9 \ - 0w N
PROBABLE TIMING CALENDAR VEARS
- (90% CONFIDENCE I!TERVAL) g DEVELOPMENT TIME
N 7” RS 75 765 78 81 s 87 %0 | ue | o |{MODE(S)| MEAN (FROM 1972)
10 EARLIEST 0—o0 3.0|80 [77.5 33 -7% vrs
1 0] MOST LIKELY o~——0 4,3 | 85 81.3 7 =12 vrs
10[NOT LATER THAN =g 5.3]90 [85.7 7 10F=T6% ves
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
— (IN NILLONS)
N 4 o [MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
8 [ LOWER LIMIT 4,8] +5 M2.65Mm 0 - 5,85
8 | UPPER LIMIT 9,5[2,10Mm[6.92 4] .54 - 13.30
C-22
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DOT ASSESSMENT RESULTS

EVENT: IIICO7

A manned crawling vehicle, capable of powering,

positioning and controlling with interchangeable
subsystems (manipulators, excavating head, etc)
and capable of accomplishing construction at a
depth of 8,000 ft on slopes as great as 10°, The
vehicle has a payload capacity of 5 tons sub-
merged weight,

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N- 10 | LosSJGAIN] ¢ = 0 75 100 CONCLUSION
ESSENTIAL 12 A 30 %
DESIRABLE 14 o A i 50 %| DESIRABLE
UNNECESSARY 2 A NEENEEe 20 %
DEGREE OF RISK

PERCENTAGE FINAL CONSENSUS %
N-10 ] LOSSTGAIN] © ., 3 . _ton CONCLUSION
.| PROTOTYPE , 0%
.4 EXPERIMENTAL 2 A 20 %
.7 SIMULATION 3 A 30%
9 UNPROVEN 5 A 50 % .9
DESIRED COURSE OF ACTION

PERCENTAGE FINAL CONSENSUS %
N 10 ] LOSSJGAIN] © . = % ¢ 75 100 CONCLUSION
SHORT RANGE GOAL A 50 % SHORT
MEDIUM 10 A o 20 %
LONG A o 10 %
UNDES IRABLE 10. e i 20 %
PROBABLE TIMING CALENDAR YEARS
S (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 7 WS 7S NS M M M 8 % gl ‘)‘6” o |MODE(S)| MEAN (FROM 1972)
8 |EARLIEST Dt . 3,31 75 76.9 24 - 7 vas
8 [MOST LIKELY o—o0 | [4.1] 80 [81,1 {; - 12 vns]
B [NOT LATER THAN T 00 | [4.6] 85 |86.5 | 113 - 17kvwns,
ESTIMATED COSTS TU ACHIEVE

DEVELOPMENT COSTS
T (1N MILLONS)
N : : o | MODE(S!| MEAN |(00% CONFIDENCE INTERVAL)
7 | LOWER LIMIT 1,7] 1 M 236 1.10 - .3,61
7 [UPPER LIMIT 7,1|Nonem(10.4 M|  5.24 - 15.62 |
C-23
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DOT ASSESSMENT RESULTS

A raft-type foundation for large, heavy structures
(100 ft x 100 ft) with a differential settlement of
less than 3 inches under uniform load of 5 lbs per

EVENT:

I11C08

SYSTEM CRITICALITY

square foot.

water depth of 8,000 ft.

The sediment is ooze 50 ft deep at

PERCENTAGE FINAL CONSENSUS %
N- 10 I LOSSJCAIN] © 5 50 75 M0 CONCLUSION
ESSENTIAL 9 0%
DESIRABLE 7 B A 80 %| DESIRABLE
UNNECESSARY 2 A o 20 %
DEGREE OF RISK

PERCENTAGE FINAL CONSENSUS %
N 10 1] LOSSYGAIN} ¢ . %, . % AL CONCLUSION
.| PROTOTYPE A ) 0%
.4 EXPERIMENTAL 1 A 10%
T SIMULATION | 3 ' A 708 .7
.9 UNPROVEN ¢ A 20%
DESIRED COURSE OF ACTICN

PERCENTAGE FINAL CONSENSUS %
N 10 ] LOSSJGAIN] © 75 100 CONCLUSION
SHORT RANGE GOAL A 10 %
MED | UM 10 A 60 4| MEDIUM
LONG A 10 4
UNDESIRABLE 10 A 20 4 |
PROBABLE TIMING CALENDAR YEARS
m—— (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 72 TS 75 765 76 ML o4 7 w0 | o |MODEIS)| MEAN (FROM 1972)
g8 [EARLIEST gt 0 3.4 75 |76.3 2 - 61vrs
8 {MOST LIKELY 0=--0 4,1 80 |80.1 §51- 11 wes
8 [NOT LATER THAN 0-===0 4.8 85 [84.3 9 - 153 ves.
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS
- (IN MILLONS)
N ; o | MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
7 |LOWER LIMIT 1.1 1 m|l.29m .46 - 2,12
7 [uPPER LIMIT 2,7] 2 m[4.07w] 2.07 -6.08
C-24
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DOT ASSESSMENT RESULTS

A buoyancy controlled foundation (total and differ-

ential settlement controlled by varying the buoyancy
of the structure at different points) for large, heavy
structures ... same as IIICO08 ...

EVENT:

ITIICO09

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N10 ] LOSSJCAIN] © . . & 50 75 100 CONCLUSION
ESSENTIAL 9 A 0 %
DESIRABLE 5.5 A - ) 40 %
UNNECESSARY 4.5/ [ A 60 %| UNNECESSARY
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N 10 ] LOSSJGAIN] ¢, . . % el B4 100 CONCLUSION
.| PROTOTYPE 4 0 %
.4 EXPERIMENTAL |8 A 10 %
.7 SIMULATION [ © Jo A . 30 %
.9 UNPROVEN 14 A 60 % .9
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N 10| TOSSJCGAIN] ¢ . = 50 75 100 CONCLUSION
SHORT RANGE GOAL A 10 %
MEDI UM 20 A ) ) 20 %
LONC 10 A 30 %
UNDES IRABLE 10 | A 40 %] UNDESIRABLE
PROBABLE TIMING CALENDAR YEARS
— (90% CONFIDENCE INTERVAL) - DEVELOPMENT TIME
N 7 RS 75 765 78 81 w4 87 90 | w6 o MODE(S)| MEAN {FROM 1972)
8 |EARLIEST b 0 5.0 75 [77.5 2 - g YRs.
B{MOST LIKELY " O==-===0 6.1] 80 |83.0 7 =15 ves.
8 NOT LATER THAN R e 6.0 [85,95(87.6 114 - 193 vrs.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
i (N MILLONS)
N : e |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
7 | LOWER LIMIT 1.,0] 1 Mm|2.00M 1.21 - 2,79
UPPER LIMIT 4.3[3.,1m[7.140 4.02 - 10.27
C-25
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DOT ASSESSMENT RESULTS

A foundation with total and differential settlement
controlled by individually extendable piles (tele-
scoping), for ...

EVENT:

IIIC10

SYSTEM CRITICALITY

same as IIIC08

PERCENTAGE FINAL CONSENSUS %
m LOSS I GAIN 0 . 215 50 75 100 CONCLUSION
ESSENTIAL 4 0%
DES IRABLE 11 ) A 80 %| DESIRABLE
UNNECESSARY 11 A e 20 %
DZGREE OF RISK

PERCENTAGE FINAL CONSENSUS %
N= 10 I LOSSTGAIN] © K e 75 100 CONCLUSION
.1 PROTOTYPE 4 0%
A EXPERIMENTAL | 9 / A 0 %
.7 SIMULATION 2 A 80 % .7
-9 UNPROVEN nl{[ A RS 20 %
DESIRED COURSE OF ACTION
T tgl;gmg:(l;ﬁ 9 P FINAL c;wsmsus?? . e
SHORT RANGE GOAL A 0%
MEDIUM 4 A 60 % MEDIUM
LONG 6 A : 30 %
UNDES IRABLE 10 JA S L N S B I 10 % o
PROBABLE TIMING CALENDAR YEARS
i {90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 72 73S 75 765 Th AL M N W El oo iy o [MODE(S)| MEAN (FROM 1972)
9 |EARLIEST O--=-m== o 5.0{ 75 [77.0 2 - 8 ves
9 | MOST LIKELY O===2=~ ) 5.776,80(80.8 5 -124 vrs
9 | NOT LATER THAN - s0==emb 5.0/ 85 [84.6 94- 154 vas.
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS
5 [N WLLONS)
N o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
8 | LOWER LIMIT 1.11 1 ml.44 M W72 - 2,16
8 | UPPER LIMIT 3.1{3,10m[4.94m] 2.86 - 7.02
C-26
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DOT ASSESSMENT RESULTS

EVENT: [IIC11

the sediments, for ... same as IIIC08

SYSTEM CRITICALITY
PERCENTAGE

FINAL CONSENSYS %

A pile foundation, drilled to a depth of 200 ft into

N- 10 —I LOSSJGAIN] © = so 75 10 CONCLUSION
ESSENTIAL 17 A o 10 %
[DES IRABLE 23 A ) 50 %[ DESIRABLE
UNNECESSARY 6 A 40 %
DEGREE OF RISK

PERCENTAGE | FINAL CONSENSUS %
N- 10 I LOSSTGAIN] © . .2 so 75 100 CONCLUSION
.1 PROTOTYPE 4 _ - 0%
.4 EXPERIMENTAL 6 A 40 %
.7 SIMULATION 2 A 20 %
.9 UNPROVEN 4 o A . 40 % .9
DESIRED COURSE OF ACTION

PERCENTAGE FINAL CONSENSUS %
N0 ] LOSSJGAIN] @, 25 - so 75 10 CONCLUSION
SHORT RANGE GOAL £ - 0%
MED | UM 20 A 40 %
LONG 10 A 40 %] LONG
UNDESIRABLE 10 e YR ) 20 %
PROBABLE TIMING CALENDAR YEARS
e (30% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N n__ 7S 75 765 78 81 s 67 90 5‘1 9“,” o MODE(S)| MEAN (FROM 1972
7 |EARLIEST Or===f 111.91725 1754 2- 5 vRs.
7 [ MOST LIKELY Y | [2,9] 80 79.8 5- 9% vrs
7 |NOT LATER THAN . 9====0 ] 14,6 [80,90[g3,4 8-15 vas
ESTIMATED COSTS TO ACHIEVE

, DEVELOPMENT COSTS

] [N MILLONS)
NG ¢ ; o |[MODE(S)| MEAN |[90% COMFIDENCE INTERVAL)
7 [LOWER LIMIT 1.0({.5,20%|1.30M .58 -.2,02
7 | UPPER LIMIT 3.7/10 m[4.61m .1.88 - 7.30
Cc-27




DOT ASSESSMENT RESULTS

A pile foundation, water-jetted to a depth of 200 ft

EVENT:

IIIC12

SYSTEM CRITICALITY

into the sediments for ...

same as IIIC08 ...

PERCENTAGE FINAL CONSENSUS %
N= 10 I LOSSJGAIN] © 5 50 75 100 CONCLUSION
ESSENTIAL 9 0%
DESIRABLE 6 A 70 % DESIRABLE
UNNECESSARY 3 A 30 %
DEGREE OF RISK
[PERCENTAGE FINAL CONSENSUS %
N- 10 I 0SS GA?N o 25 50 75 100 CONCLUSION
.| PROTOTYPE A : 0%
L4 EXPERIMENTAL 2 A 20 %
.7 SIMULATION 17 A ) 10 %
.9 UNPROVEN 15 R A 70 % .9 ]
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N= 10 I LOSSJGAIN] @ 25 50 75 100 CONCLUSION
SHORT RANGE GOAL 0%
MEDIUM 10 A 70 % MEDIUM
LONG A 20 ¢
UNDES I RaBLE 10 e ¥ e o 10 % ]
PROBABLE TIMING CMENGAG YEAES
(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
m- ” TS 75 765 T8 KL MM 90 ? " Y1l e MODE(S)| MEAN (FROM 1972)
8 |EARLIEST 0-o & 75 75.0 2% - 3% vYRs.
8 | MOST LIKELY e 2.6 80 80.0 63 - 93 vRrs
8 |NOT LATER THAN v s et 3.1} 85 84.4 | 103 - 143 vss.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
i (N WILLONS)
N : @ IMODE(S)| MEAN |{90% CONFIDENCE INTERVAL)
8 | LOWER LiMIT 1.0(,5,2 M{1.17M] .51 -1.82
8 | UPPER LIMIT 4.0{2,10m4.94M] 2.28 - 7,60
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DOT ASSESSMENT RESULTS

EVENT: TIIC13 A pile foundation, vibrated to a depth of 200 ft
into the sediment for...same as ITIC08.

r——

SYSTEM CRITICALITY

{ : PERCENTAGE FINAL CONSENSUS %
N10 | LOSSJCAIN] ©¢ & s 75 00 CONCLUSION
ESSENTIAL 9 ‘ A 0%
‘ DESIRABLE 17 ) S A 90 %| DESIRABLE
: UNNECESSARY 8 A 10 %
DEGREE OF RISK '
l PERCENTAGE FINAL CONSENSUS %
N-10 | LOSSTGAIN] & . . . .2 % ., 75 _ o CONCLUSION
.1 PROTOTYPE A , . ‘ 0%
! .4EXPERIMENTAL | 8 A A 10 %
.7 SIMULATION 3 A : 30%
{ .9 UNPROVEN 5 A 60 % .9
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
[ 'ﬁrlo——l LO0SSIGAIN] © B s 75 100 CONCLUSION
' SHORT RANGE GOAL A ‘ 0%
MED UM 10 . A 70 »| MEDIUM
E LONG A ‘ ) 20 o
UNDESIRABLE 0 ([ A ] s .
: l PROBABLE TIMING CALENDAR YEARS
¢ — (30% CONFIDENCE INTERVAL) DEVELOPMENT TIME
I N 72 TS 75 755 78 81 B &7 %0 | ve o MODE(S)| MEAN [FROM 1872)
\ ! 8 [EARLIEST 0-0 1 1. 75 |75.1 | 2% - 31 vms
8 [ MOST LIKELY 0-0 "I [1.8] 80 [79.4] 6 - 8% ves
& ! 8| NOT LATER THAN X -~ o0=-=0 | [3,2] 85 [84.4]10f-14% vss
" ESTIMATED COSTS TO ACHIEVE
b DEVELOPWENT COSTS
| l " (N MLLONS|
- N . o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
8 | LOWER LIMIT 1.5 M{1.29M .27 - 2.30
| ‘ 8 [ UPPER LIMIT 2.0 rzi,fo m4.94M 2.28 - 7,60
f ‘ C-29




DOT ASSESSMENT RESULTS

EVENT: IIIC14 A pile foundation, driven to a depth of 200 ft.
into the sediment for...same as IIIC08,

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N- 10 I LOSSTGAIN] © % 50 75 100 CONCLUSION
ESSENTIAL A 0%
DESIRABLE 12 A 70 %| DESIRABLE
UNNECESSARY 12 ||, A 30 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 10 l LOSSJCAIN] © = s0 75 100 CONCLUSION
.| PROTOTYPE A ) Q%
A EXPERIMENTAL | 8 A ‘ 10 %
.7 SIMULATION 4 A , 40 %
.9 UNPROVEN 4 AN 50 % .9
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N 10 ] LOSSJCAIN] © = so 75 100 CONCLUSION
SHORT RANGE GOAL A 0%
MED | UM 20 A o 50 %] MEDIUM
LONG 10 A . 10 «
UNDES IRABLE 30 || A i 40 % o
PROBABLE TIMING GBI YEARS
= {90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 7 T3S 75 765 7h 81 he M w 'T wl [ o |MODE(S)| MEAN (FROM 1972)
7 [EARLIEST =0 ’ 3175 174.9 24 - 3 vrs.
7 [ MOST LIKELY o ‘[ 12.0/ 80 [78.9 51 - 81 ves
7 INOT LATER THAN .o, oo 1 14.5785,90]84.0 85 - 153 vrs

ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS
(IN MILLONS)

[N] o [MODE(S)] MEAN | (90% CONFIDENCE INTERVAL)
7 Tuower LimiT 2.6,.1,1m1.81mM o0 - 3.72
7 [UPPER LIMIT 6.5]2,10 M{6.77M] 1.99 - 11,55
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DOT ASSESSMENT RESULTS

A vibratory anchor capable of holding 20,000 lbs
at depths to 20,000 ft in bottom conditions ranging
from ooze to coarse sand and slopes up to 10
degrees, to be installed with a remote retrievable/
reuseable power unit,

EVENT:

ITIIC1S

SYSTEM CRITICALITY

- PERCENTAGE FINAL CONSENSUS %
N9 | [tossJGAIN] © - S N CONCLUSION
ESSENTIAL 16 A 56 %| ESSENTIAL
DESIRABLE 16 A D 4 %
UNNECESSARY | & e RN 0%
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 9 | LOSSPGAIN] & . . . % % . B, | M CONC! USION
.| PROTOTYPE 1 A A 11 %
.4 EXPERIMENTAL 2 A 22 %
.7 SIMULATION 5 A ) 45 % 7
.9 UNPROVEN l A ) 22 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %

N9 ] L0SS} AIN] © K o 75 10 CONCLUSION
SHORT RANGE GOAL 1 9 A 89 % SHORT
MEDIUM 10 4 . 0%
LONG 1 A o ) 11 %
UNDESIRABLE | | |4 o ) 09
PROBABLE TIMING CALENDAR YEARS
=P (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 72 T3S 75 765 78 81 84 57 %0 91, 9Ao” o MODE(S)| MEAN |FROM 19872)
9 [EARLIEST 0--0 1,8] 74 175.2 2 -4% vRs.
8 | MOST LIKELY R chee 3,1/ 76 [78.5 | 4% - 8% vrs
8 |[NOT LATER THAN 2 g . 3,8] 80 [81.4 7-12  vas.
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS
s (N MLLONS)
N o [MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
g [LOWER LIMIT 1,6/ .2 M| .88M] 0-1.93
8 [UPPER LIMIT 4.6/ 1 m{2.85m 0-5.95
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DOT ASSESSMENT RESULTS

A vibratory anchor capable of holding 300,000 lbs
... same as IIIC15 ...

EVENT:  IIIC16

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N- 8 [ LosSTGAINT © 25 s 75 o ‘lon CONCLUSION
ESSENTIAL 14 A ) 25 %
DESIRABLE 15.5 A 62.5 % DESIRABLE
UNNECESSARY tsf oA 1 [12.5%
DEGREE OF RISK

PERCENTAGE FINAL CONSENSUS %
N-_8 LOSSTGAIN] © . 25 59 75 1o CONCLUSION
.| PROTOTYPE 4 0 %
.4 EXPERIMENTAL A 04
.7 SIMULATION  |20.5 A 12.54%
.9 UNPROVEN 20.5 | . i A | [87.5% .9
DESIRED COURSE OF ACTION

PERCENTAGE FINAL CONSENSUS %
N- 8 I LOSSJGAIN] © 5 s 75 100 CONCLUSION
SHORT RANGE GOAL | 22 A 0%
MED UM 20.5 L A | 187,5% MEDIUM
LONG A X 0%
UNDES IRABLE 1. (A 12.5% ]
PROBABLE TIMING CALENDAR YEARS
_ (90% CONFIDENCE INTERVAL) N DEVELOPMENT TIME
N 7 RS 75 765 Th KL s AT w0 | i 0 MODE(S)| MEAN (FROM 1972)
7 [EARLIEST 0--0 1.0{75,76 175.9 3-41 vrs.
|7 | MOST LIKELY 00 1.4/ 80 |79.7 | 63 -8}  «vrs
7 |NOT LATER THAN i I 0--0 2.9] 85 [s4.6 [10% - 143 ves
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS
s (IN MILLONS]
N o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
7 | LOWER LIMIT 3.3/ 1 _M[1.99M| 0 -4.41
7 [ UPPER LIMIT 6.4] 2 M4.64M] 0-9.35
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DOT ASSESSMENT RESULTS

EVENT:  IIIC17

SYSTEM CRITICALITY

A waterjet anchor capable of holding 20,000 lbs
... same as IIIC1S5 ...

I PERCENTAGE FINAL CONSENSUS %
N8 ] LOSSTGAIN] °© 25 50 B o CONCLUSION
ESSENTIAL 1.5 A 1 112.5%
DESIRABLE 3 ) A 75 % DESIRABLE
UNNECESSARY 1.5 A o |]i2.5%
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N-_ 8 | LOSSTGAIN] . . . . % e CONCLUSION
.| PROTOTYPE 1.5 A 12.5%
.4 EXPERIMENTAL {11 A 0%
.7 SIMULATION 8 ' A 25 %
.9 UNPROVEN 17.5 A 62.5 % .9
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %

N- 8 LOSSJGAIN] © 25 so 75 W0 CONCLUSION
SHORT RANGE GOAL 15.5 A 37.5% SHORT
MEDIUM 18, A [ [37.59%
LONG 1.5 A 12,54
UNDES IRABLE 1. | . A 12.5¢ -,
PROBABLE TIMING CALENDAR YEARS
— (30% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 72 73575 765 Th M a4 AT 90 'l s o MODE(S)| MEAN {FROM 1972)
7 |EARLIEST 0-0 i 75 175.3 3 -3 s
7 | MOST LIKELY 0-0 1,2/ 80 [79.0 6 -8 YRS.
7| NOT LATER THAN 0=-0 2.7] 85 [82.1 8-12 vas.
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS
w (1N MHLLONS)
N \ o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
7 | LOWER LIMIT 1,5! 1 m[1.3m .19 -2.44
7 [ UPPER LIMIT 3.811,5 M 3.79m 1.01 - 6.56
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DOT ASSESSMENT RESULTS

EVENT: IIIC18

SYSTEM CRITICALITY

A waterjet anchor capable of holding 300,000 lbs
same as IIIC1S5 ...

PERCENTAGE FINAL CONSENSUS %
N- 8 I LOSSJGAIN] © o1 CONCLUSION
ESSENTIAL A A " 0%
DESIRABLE 4.5 A " | ]62.5%] DESIRABLE
UNNECESSARY 4.5 A 37.5%
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 9 l LOSSTGAIN] © . . & so 75 100 CONCLUSION
.1 PROTOTYPE A ) ) B 0%
.4 EXPERIMENTAL 11 A 22%
.7 SIMULATION  [22 A ‘ ) 0%
.9 UNPROVEN 11 - A 784 .9
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N- 9 LOSSJGAIN] © 25 so 75 100 CONCLUSION
SHORT RANGE GOAL 11 A 11%
MEDIUM 11 A 45%| MEDIUM
LONG 11 A 11%
UNDES IRABLE 1] i A I 334 b
PROBABLE TIMING CALENDAR YEARS
_ (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N n TS 75 705 76 81 s N7 w0 [ e o [MODE(S)| MEAN (FROM 1972)
7 |EARLIEST 0-=0 1 12,2 80 78.1 41 - 74vrs
7 [MOST LIKELY 0--0 2.4 | 85 [83.0 9 - 13 vas
NOT LATER THAN ~o-o | [2,5] 90 [87.9 14 - 175 vrs.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
i IN MILLONS)
N o |[MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
5 [ LOWER LIMIT 3.7/.5.1 m[2.60Mm 0-6.13
5 | UPPER LIMIT 7.1] 2 m[6.00m 0-12.80
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DOT ASSESSMENT RESULTS

EVENT:

IIIC19

SYSTEM CRITICALITY

An explosive anchor capable of holding 20,000 lbs
at depths to 20,000 ft in bottom conditions ranging
from ooze to hard rock, and slopes up to 10 degrees,
to be remotely installed.

_ PERCENTAGE FINAL CONSENSUS %
N9 LOSSJGAIN] ©, & s 35 {  CONCLUSION
ESSENTIAL 10.5 A N 56 %] ESSENTIAL
DESIRABLE 10. A 44 =
UNNECESSARY (4 . 0%
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %

N-_39 LOSSJGAIN] O . . . % L . CONCLUSION
.| PROTOTYPE 1 A 11 %
.4 EXPER IMENTAL 15 A 45 % .4
.7 SIMULATION  [17 A 33 %
! .9 UNPROVEN (A - 11 %
DESIRED COURSE OF ACTION
e tgggenmﬁ _ FINAL c;N?EN?uszZ,. o T
SHORT RANGE GOAL 9 A 89 % SHORT
MED | UM 10 d o 0 %
LONG 1 A ) ’ 11 ¢
UNDES | RABLE ) ——— = ' 0« ]
PROBABLE TIMING CALENDAR YEARS
— (50% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 72 7S5 75 765 78 KL m A7 90 | %o | 0 MODE(S)| MEAN {FROM 1972
| 9 [EARLIEST - e 1.8| 75 |75.2 2 - 41 vrs.
9 | MOST LIKELY 0--0 2.6] 77 |78.7 5 -8 vrs
9 |NOT LATER THAN i e e 3.8| 80 [81.8 | 74 -12 s
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS
1) (N MILLONS)
N o |MODE(S)| MEAN |(90% COMFIDENCE INTERVAL)
8 [LOWER LIMIT 1,51 .5 M1,23mM  .20-2.25
8] UPPER LIMIT .11 1 J42.78M .71 -4.84
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DOT ASSESSMENT RESULTS

EVENT.  IIIC20

at depths to...same as IIIC19,

SYSTEM CRITICALITY

An explosive anchor capable of holding 300,000 lbs

PERCENTAGE FINAL CONSENSUS %
N9 ] LOSSJGAIN] ¢ 50 5 CONCLUSION
ESSENTIAL 11 A ) 11 %
DESIRABLE 12 A 78 %| DESIRABLE
UNNECESSARY 1 A o 11 %
DEGREE OF RISK

[ PERCENTAGE FINAL CONSENSUS %
N9 ] LOSSJGAIN] O . . . @ o7 100 CONCLUSION
.| PROTOTYPE A 0%
.4 EXPERIMENTAL 1 A 11 %
.7 SIMULATION 2 A . 22 %
.9 UNPROVEN 3 ) A 67 % .9
DESIRED COURSE OF ACTION

PERCENTAGE FINAL CONSENSUS %
N-_ 8 I LOSSJCAIN] ¢ . = 50 7S 100 CONCLUSION
SHORT RANGE GOAL A 50 .| SHORT
MED 1 UM 2.5 A 37.5 %
LONG A B 0%
JUNDES IRABLE 2.5 A 12.5 o ]
PROBABLE TIMING CALENDAR YEARS
- (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 72 RS 75 765 Th AL M M W .l i o MODE(S)| MEAN (FROM 1972)
8 |EARLIEST ga = 1.8] 76 177.0 4 - 6 VYRS
8| MOST LIKELY 0--0 2.9| 82 [80.9 7-11 vrs
8 |NOT LATER THAN 0--0 3.8 85 [84.5 10 - 15 vrs.
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS
LL (IN MILLONS)
N _| @ |MODE(S)| MEAN |[90% CONFIDENCE INTERVAL)
71 UPPER LIMIT 6,3 2 Mm[5.70m .94 - 10.46
C-36
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DOT ASSESSMENT RESULTS

Event.  IIIC21 An automatic remote rock bolt driving device capable
of holding 300,000 lbs at depths to 20,000 ft in
coral or rock bottoms of up to 10 degrees slope. To
be installed by means of a retrievable/reuseable

power unit.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
Nz—g_—] 0SS [GAIN] © s S0 75 w0 CONCLUSION
ESSENTIAL 1 A ] A 11 %
DESIRABLE 2 o A 78 %| DESIRABLE
UNNECESSARY YA e
! DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
s N- 8 LOSSJGAIN] ¢, . . . % i N I CONCLUSION
.1 PROTOTYPE i ‘ o 0%
F .4 EXPERIMENTAL | 10 A e 0%
.7 SIMULATION | 20 ; ' ) 0%
f .9 UNPROVEN 30 : o A[100% .9
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
E N 7 LOSSJGAIN] ¢ = = so 75 100 CONCLUSION
SHORT RANGE GOAL| 6 A 14 %
MED UM 71 A o 43 %| MEDIUM
ﬂ LONG 9 A ) ‘ 29
UNDESIRABLE 4 A o 14 %
(90% CONFIDENCE INTERVAL) DEVELOPVENT TIME
FN— 72 73S 75 765 78 81 s 87 50 ”l! o1 4 o MODE(S)| MEAN (FROM 1972)
7 |EARLIEST i 1.4] 77 (771 4- 6 YRS
7 |MOST LIKELY 0=-0 2,4180,82(80.7 7 - 16} vrs.
7[NOTLATERTHAN[ [ ~ ©0==0 3.3 85 [84.3 10 - 143 vrs.

ESTIMATED COSTS 7O ACHIEVE

DEVELOPMENT COSTS
(IN MOLLONS)

[N] , o |MODE(S)| MEAN |(90% COMFIDENCE INTERVAL)
I 7 [ LOWER LiMIT 3.2 1 mj2.46mM .14 - 4.79
| 7] uPPER LiIMIT 7.6] 5 m7.8m 1.59 -12,77
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DOT ASSESSMENT RESuLTS

EVENT.

I11C22

SYSTEM CRITICALITY

The development of a padlock anchor to hold 20,000
lbs at depths to 20,000 ft in bottom conditions
ranging from ooze to coarse sand and slope up to

10 degrees, to be installed by means of a remote or
retrievable/reuseable power unit,

PERCENTAGE

FINAL CONSENSUS %
50

N 8 ] T0SSTCAIN] © & L CONCLUSION
ESSENTIAL 1A B 1 0%
DES IRABLE 9.5 " A 17(87.5% DESIRABLE
UNNECESSARY 9.5 A e e [ 12.5 %
DEGREE OF RISK
N- 8 ‘L’(E)’;gmg:?lg N 3 .HNAL cg)N? ENSU? 7?‘ 100 CONCLUSION
.1 PROTOTYPE A i 0%
.8 EXPER IMENTAL 1.5 A 12.5 %
.7 SIMULATION  [4.5 A 62.5 4 .7
.9 UNPROVEN 3 A RO e o 25 9
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS % .
N8 [0<[CAIN| ¢ & 50 5 o CONCLUSION
SHORT RANGE GOAL] ~ J1.5 A 12,5 %
MED 1UM 17.5 A | [62.5% MEDIUM
LONG 9,5 A “Tha2.5%
UNDES |RASLE 9,5 A 12,5, i
PROBABLE TIMING CALENDAR YEARS
o (90% CONFIDENCE INTERVAL) CEVELOPMENT TIME
N 72 AL A A e " P} MODE(S}] MEAN IFROM |972|
8 |EARLIEST 0-0 .9 75 175.75 3 - 41 vrs
8 | MOST LIKELY oo 1.2| 80 {79.75 7 - 83 vrs
8 [NOT LATER THAN e ATt ] [2.,1] 85 [83.9 | 104-13% vrs
ESTIMATED COSTS TU ACHIEVE
DEVELOPMENT COSTS
(IN MILLONS)
[N] \ o |MODE(S)] MEAN |(80% CONFIDENCE INTERVAL)
8 | LOWER LIMIT 1,5/ .5 M1.06 M .04 - 2,08
8 | UPPER LIMIT 3.1{1,5 MB.09 m .99 - 5,19
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DOT ASSESSMENT RESULTS

The development of a padlock anchor to hold 100,000
lbs ... same as IIIC22 ...

EVENT:

I1IC23

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N- 8 I LOSSJGAIN] ¢ . . & so 7510 CONCLUSION
ESSENTIAL 12.5 A 12,5%
DESIRABLE 8 A 25 %
UNNECESSARY 4.5 o A 62.5 %|UNNECESSARY
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 8 l LOSSJGAIN] S . . . &, . LS " CONCLUSION
.1 PROTOTYPE A 0%
.4 EXPER IMENTAL 1.5 A - 12,59
.7 SIMULATION 7 A 37.54 h
9 UNPROY s.s | A S0 .9
DESIRED COURSE OF ACTION
PERTENTAGE FINAL CONSENSUS %
N- 8 I LOSSJGAIN] ¢ 2 50 75100 CONCLUSION
SHORT RANGE GOAL 4 0%
MEDIUM 15.5 A | [37.5%
LONG 9.5 A ] 12,54
UNDESIRABLE 6 I [ A ) ) 50 4[UNDESIRABLE
PROBABLE TIMING CALENDAR YEARS
— (90% CONFIDENCE INTERVAL) . DEVELOPMENT TIME
N 7” L5 75 765 78 81w A7 0 | | o MODE(S)| MEAN {FROM 1972)
5 |EARLIEST 0--0 |1 11.91 80 178.0 4- 8 YRS
S | MOST LIKELY 0--0 1.6 82 82,2 84 - 11} vss.
5 | NOT LATER THAN . 0==0 | 12.3] g7 |[86.4 12 -164 vrs.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
= (1IN MILLONS)
N o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
5| LOWER LIMIT 1.9/ 5 m[2.70M .85 - 4,55
5] UPPER LIMIT 4.2)10 M|6.60M 2.62 - 10,58
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DOT ASSESSMENT RESULTS |
EVENT. IIIC24 A very stable tri-moored platform, moored in 20,000
ft of water with the platform at a water depth of l
2,000 ft. The platform is a sphere 12 ft in diameter,
and lLias a tuoyancy of 30,000 lbs, and will remain ’
in fixed position for two years. J
SYSTEM CRITICALITY
PERCENTAGE FINAL CONSENSUS %
IN-9 ] 105SIGAIN] © 50 75 0 CONCLUSION ]
ESSENTIAL 10 A 0%
DES IRABLE 2 A 78 %| DESIRABLE i
UNNECESSARY 12 A 22 4 :
DEGREE OF RISK ‘
PERCENTAGE FINAL CONSENSUS % !
N- 9 I LOSSTGAIN] . . . & il e 4 CONCLUSION
.1 PROTOTYPE 0%
.4 EXPERIMENTAL | 10 A 0% ;
.7 SIMULATION 7 A 67 % o7
| .9 UNPROVEN 3 A ) 33 % ]
DESIRED COURSE OF ACTION
<
N_-g————l, Fl’gl;(;ENg:?ﬁ o .8 AFINAL C:;NSEN:USKZ.L T o '
SHORT RANGE GOAL 11 A 11 %
MED IUM 15 A 45 % MET'UM ,
LONG 3 A ) 33 % ;
UNDES IRABLE 1 A D ) 11 % ]
PROBABLE TIMING CALENDAR YEARS i
(90% CONFIDENCE INTERVAL) | OEVELOPMENT TIME
r,\T 72 S 75 765 7 MMM ‘l &1 o MODE(S)| MEAN (FROM 1972) '
8 |EARLIEST O===>0 2,11 76 76,6 3-~-6 YRs. !
8 | MOST LIKELY = 2.9 78 [80.5 61 - 104 ves '
8 |NOT LATER THAN D A AR 3.9(82 [34.5 10 - 15 ves. &
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
= (N MLLONS) '
N I o |MODE(S)| MEAN |(90% COMFIDENCE INTERVAL)
7 | LOWER LIMIT 4.7 5 m| 4.59m 1.15 - 8.04 -
7 [UPPER LIMIT 1,8 |10 Mli2.56m|  3.69 - 21,23 l
C-40 l
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IIID Sub-Technology: In-Bottom Construction

Objective: To develop the technologies and techniques to construct
an in-bottom habitat consisting of a vertical shaft beginning at the
bottom of the ocean at a depth of at least 8,000 f., and extending
downward hundreds of feet joining a horizontal tunnel complex which
extends from dry land under the seafloor. The technologies required
are as follows:

Vertical drilling
Tunneling

Inside~Out Drilling
Rock and Muck Removal
Formation Probing

00000

Events IIID01 - IIID0S address this objective.
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DOT ASSESSMENT RESULTS

EVENT: IIIDO1

A vertical drilling machine, capable of -utting a
vertical shaft 10 ft in diameter, 300 ft deep, under
8,000 ft of water, in a competent rock formation;

remove all rock and muck, construct a lock, and
dewater the shaft,

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N9 |  [tossfekin] o, @ %% 13w CONCLUSION
ESSENTIAL 8 A 22 %
DESIRABLE 4 A 56 % DESIRABLE
UNNECESSARY 12 A 22 %
DEGREE OF RISK

PERCENTAGE FINAL CONSENSUS %
IS S 1153 (7] [ S . S, e SONL WO
.| PROTOTYPE 0 %
‘3 EXPERIMENTAL A 0 % ]
.7 SIMULATION A O 11 % B
.9 UNPROVEN 3k 89 % .9
DESIRED COURSE OF ACTION

PERCENTAGE FINAL CONSENSUS %
N- 9 l LOSSJGAIN] ¢ 2 50 ' 100 CONCLUSION
SHORT RANGE GOAL A 11 %
MED | UM A i 11 %
LONG 11 A 67 % LONG
UNDES IRABLE 11 A B 11 % |
PROBABLE TIMING CALENDAR YEARS
- (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 72 NS TS 765 Th M M N o o MODE(S)| MEAN (FROM 1972
8 [EARLIEST 0-==-0 3,3 [80,85(80.1 6 - 104 ves
8 | MOST LIKELY 0-=-0 3,9 | 90 85.9 11 - 164 vrs
7 | NOT LATER THAN & 0-==-0] [7,8 95 [92.9 | 15-26} vrs
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS

sk (IN MILLONS)
N v |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
6 | LOWER LIMIT 4,71 S M|5,08M 1.24 - 8,93
6 | UPPEK LIMIT 9.9 10,40M[16.67 M 8.56 - 24,78
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DOT ASSESSMENT RESULTS

EVENT: IIIDO2 A tunneling machine capable of cutting a horizontal
tunnel complex (10 ft in diameter) in competent
rock, and join this complex with a vertical shaft
... Same as IIIDO] ...

SYSTEM CRITICALITY

' PERCENTAGE FINAL CONSENSUS %
4 N* 9 l LOSS GA'N 0 ) ) zls ‘ ) 510 - 715 o 100 mem
ESSENTIAL 8 A - 22 %
[ DESIRABLE 4 A 56 % DESIRABLE
UNNECESSARY 12 A 22 %
: DEGREE OF RISK
[ PERCENTAGE FINAL CONSENSUS %
N9 I LOSSTGAIN] ° 2 7 100 CONCLUSION
.1 PROTOTYPE A ) 22 %
[ .4 EXPERIMENTAL A 0%
.7 SIMULATION A A 11 %
! .9 UNPROVEN e A 67 % .9
DESIRED COURSE OF ACTION
. [PERCENTAGE FINAL CONSENSUS %
!? N- 9 l OSSJGAIN] © 2 %0 - L CONCLUSION
SHORT RANGE GOAL A 22 %
. MED | UM 11 A A 22 %
l LONG 22 4 . 45 %/ __LONG
UNDESIRABLE 11 A DR 11 % ]
| PROBABLE TIMING S oass
(30% CONFIDENCE INTERVAL) OEVELOPMENT TIME
rN_ 72 THS 75 768 Th 1 M BT w0 | ve o MODE(S)| MEAN (FROM 1972)
l 8 |EARLIEST 0 4,1] 80 (79,0 44 - 91 vmrs
8 |MOST LIKELY ol < 5.4 90 [84,25] 84 -16 vmrs
l 8 |NOT LATER THAN e LB T e 6.4 95 |[89.7 13 - 224 vps
ESTIMATED COSTS 70 ACHIEVE
DEVELOPMENT COSTS
’ i (N MILLONS)
N o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
: 6 | LOWER LIMIT 1.711,5 M|{2,58M 1.15 - 4,02
] 6 | UPPER LIMIT 5.6/10 M|9.50M 4.90 - 14,10
‘ C-43




DOT ASSESSMENT RESULTS

EVENT: IIIDO3

An inside-out driller capable of machine cutting a

large opening from a one-atmosphere environment
of an in-bottom facility through the seafloor at
ocean depths down to 8,000 ft.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
W_j LOSS IGAIN 0 le 510 715 100 CONCLUSION
ESSENTIAL A 0% =
Dt IRABLE 15, A 62.5 % DESIRABLE
UNNECESSARY 15.5 A ———. 37.5 *
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 8 I LOSSFGAIN] © e 50 75 100 CONCLUSION
.| PROTOTYPE 4 0%
.4 EXPER IMENTAL 3 0 % s
.7 SIMULATION 12,5 | A 37.5 %
.9 UNPROVEN __ [12.5] A 62.5 % 9
DESIRED COURSE OF ACTION
T fé'éi‘"éﬁfﬁ 1 . FINAL cgnsmsus; o R,
SHORT RANGE GOAL 4 0%
MED | UM 12.5 A 50 ¥ MEDIUM
LONG 25 A 25 %
UNDES IRABLE 12,5 A 25 % )
PROBABLE TIMING Exsinias Fals
(90% CONFIDENCE INTERVAL DEVELOPMENT TIME
N ” WS 75 TeS A M e W ""IJ # 8 o MODE(S)] MEAN (FROM 1972)
© [EARLIEST | A o 4,8 | 80 [g0,0 4-12 VYRS
6 | MOST LIKELY PE==r==0 5.4 |[None |85.5 9-18 vmrs
5 [NOT LATER THAN it ‘0--=--0[ [5,9 [None [90.6 | 13 -24 vas
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
- {IN MILLONS)
. o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
3 |LOWER LIMIT 6,6/ 1 M| 5.67Mm 0-16.79
3 | UPPER LIMIT 17 . 8[None m{25.00m 0 - 55.00
C-44
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DOT ASSESSMENT RESULTS

EVENT:

[IID04

SYSTEM CRITICALITY

A formation prober capable of exploring rock masses
lying ahead of an excavation machine and can
remotely determine the geological and engineering
characteristics of the ahead formation, and is
capable of functioning in ocean depths to 8,000 ft,

PERCENTAGE FINAL CONSENSUS %
N- 9 l L0SSTGAIN] ° 2 50 o e CONCLUSION
ESSENTIAL 9 A M s
DESIRABLE 9 A 89 %| DESIRABLE
UNNECESSARY A e e 0%
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N° 9 l LOSSTGAIN] ¢ = o 100 CONCLUSION
.1 PROTOTYPE 0%
A EXPERIMENTAL | 10 0%
.7 SIMULATION 14 A 44%
.9 UNPROVEN 4 o A 56% .9
DESIRED CCURSE OF ACTION
[PERCENTAGE ] FINAL CONSENSUS %
N 9 I LOSSTGATN] © 5 %0 ' Ho CONCLUSION
SHORT RANGE GOAL \ 0%
MED UM 4 A 56%] MEDIUM
LONG 4 A a 44%
UNDES | RABLE X N i 0% j
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
W ] TS 75 TeS 78 K1 M M 0 '1 wl c MODE(S)| MEAN (FROM 1972)
9 |EARLIEST 0=-=-G 3.2 78 17 54 - 9ivms.
9 |MOST LIKELY 0=--0 4,0| 90 [84,9 104 - 154 ves.
8 |NOT LATER ;HAN ~0---0 [ [4.8[85,90090.0 | 143 - 21 ves.
ESTIMATED COSTS TO ACHIEVE
DEVFLOPMENT COSTS
e % MILLONS)
N ? o |MODE(S)| MEAN |(90% JoMFIDENCE INTERVAL)
7 | LOWER LIMIT 8.2 1 M| 5.07m 0 -10.98
7 | UPPER LIMIT 15,5110 Mm[12,93m] 1.56 - 24,29
C-45



DOT ASSESSMENT RESULTS

A rock and muck removal system capable of removing
rock and muck from a one-atrosphere in-bottom
tunneling operation into the ambient environment at

ocean depths of 8,000 ft,

EVENT:

ITIDOS

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N- 9 I LOSSTGAIN] © 2 50 7 100 CONCLUSION
ESSENTIAL 1 A 11 %
DESIRABLE 3 A 67 %| DESIRABLE
UNNECESSARY 2 A NN 22 % ]
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
u I LOSS JGAIN] © 2 50 7 100 CONCLUSION
.1 PROTOTYPE A 0%
.4 EXPER IMENTAL 11 A 11 %
.7 SIMULATION A 22 % N
.9 UNPROVEN 11 LA 67 % .9
DESIRED COURSE OF ACTION
[PERCENTAGE] FINAL CONSENSUS %
N9 LOSSJCGAIN] © 2 50 s 100 CONCLUSION
SHORT RANGE GOAL A 11%
MED|UM A 45 % MEDIUM
LONG 11 A 22 %
UNDES IRABLE 11 _A ) 22 g B
PROBABLE TIMING CALENDAR YEARS
g (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N n TS T3 768 Th AL W w0 | ¢ |MODE(S)] MEAN (FROM 1972
7 |EARLIEST e B . - 5.4 75 ]79.6 31 - 114 ves
7 | MOST LIKELY S I -0 6.4| 80 [84.6 8 - 174 vas
6 |NOT LATER THAN S A 6.5| 85 [88.7 | 114 -22 ves
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
—— ol (1N WNLLONS)
N o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
S | LOWER LIMIT 1.9 S M| 3.40M 1,53 - 5,27
S [ UPPER LIMIT 6.1 15 M2.40m 6.60 - 18,20
C-46
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APPENDIX D

TECHNOLOGY AREA IV, POWER SOUKCES, CONVERSION,
AND TRANSMISSION

SUB-TECHNOLOGY AREAS:

A, Power Sources

B. Electrical Transmission and Conditioning Equipment
for Deep Submergence Vehicles

C. Transmission and Conditioning Equipment for
Deep Ocean Fixed Installations



IVA Sub-Technology: Power Sou..es

Objective: To develop bottom supported powver facilities with a
capacity of 100 to 300 kw to provide power for such bottom operations

as seafloor construction, active acoustic array, etc.

NOTE: Nuclear and isotope power sources are not considered .

Events IVB0] - IVB0O8 address this objective,



L _oai S e R

DOT ASSESSMENT RESULTS

EVENT: TVAO1

A one-atmosphere, bottom-supported, thermochemical

power system using hydrocarbon/oxidizer fuel (e.g.,
diesel oil-hydrogen peroxide) capable of driving
generators producing 100 to 300 kw of electrical power
in ambient conditions at 8,000-ft ocean depths. The
system can operate for up to 1 month self-sustained
with unattended operation.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N-_19 LOSSJGAIN] © B % Bt CONCLUSION
ESSENTIAL 0.5 A i 10.5 «
DES IRABLE 6 A 79 «| DESIRABLE
UNNECESSARY 5.5 | A [ Ti0.5 % .
DEGREE OF RISK
N 19 '[522 NGI%Q{ °, & iy cgn:s iNS.U? ’; M CoNCLUSION
.| PROTOTYPE 5 A ) 5 % ]
A EXPERIMENTAL | 34 A ) 26 %
.7 SIMULATION 33 A 58 « .7
.9 UNPROVEN 6 A s 11 %
DESIRED COURSE OF ACTION
= PERCENTAGE FINAL CONSENSUS %
N 19 LOSSJGAIN] ¢ K 0 R L CONCLUSION
SHORT RANGE GOAL| 9 A 26 %
MED I UM 2 A 63 % MEDIUM
| LONG A 0 =%
UNDES | RABLE el A 11 « _
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) = DEVELOPMENT TIME
) n TS 7 78 T 8w M w “wl [ ¢ [MODESIT MEAN (FROM 1972)
| 1 EAR EST Q0 l.1] 75 | 75.4] 3-4 YRS
14 MOST LIKELY ) = 1.4| 78 | 77.7] 5-6 YRS.
1 NOT LATER THAN ‘ e 1,4/ 80 | 80.6] 8-9 YRS,
ESTIMATED COSTS TO ACHIEVE ‘
DEVELOPMENT COSTS
(iN MILLONS)
[N] o [MODEIS)] MEAN | (90% CONFIDEMCE INTERVAL)
18 LOWER LIMIT 6.6 5 MIS.99M 3.28-8.71
16 UPPER LIMIT 4,2 15 Mml4a.78m] 8.94 - 20.62




DOT ASSESSMENT RESULTS

EVENT: TVAO2

SYSTEM CRITICALITY

A one-atmosphere, bottom-supported, thermochemical
power system using exotic fuel/oxidizer (e.g., hydrozine-
hydrogen peroxide, metal slurry-oxidant), capable of
driving...same as IVAQ1l.

e — (==

LS )

PERCENTAGE FINAL CONSENSUS %
N19 ] LOSSJGAIN] ¢ 2 30 s wa CONCLUSION
ESSENTIAL 0 %
DESIRABLE N | |79 | DESIRABLE
UNNECESSARY A 21 %
DEGREE OF RISK

PERCENTAGE FINAL CONSENSUS %
N 19 l LOSSTGAIN] ¢ K s 73 100 CONCLUSION
.1 PROTOTYPE A} 0 %
4 EXPERIMENTAL | 5 z 16 % )
.7 SIMULATION A 68 4 B
-9 UNPROVEN 5 A 16 % _
DESIRED COURSE OF ACTION

PERCENTAGE FINAL CONSENSUS %
N )7 | LOSSTGAIN] °© K 50 s 160 CONCLUSION
SHORT RANGE GOAL A 0 %
MED | UM 6 82 %] MEDIUM
LONG 12 A 6 %
UNDESIRABLE 6 A o 12 o ]
PROBABLE TIMING CALENDAR YEARS
= (90% CONFIDENCE INTERVAL) DEVZLOPMENT TIME
N 72 U TIRATRC LA M AT '? . o MODE(S)| MEAN {FROM 1’72)
19 EARLIEST 0-9 9| 76 [76.3] 4-41/2 vrs
18 MOST LIKELY 0-Q 1.3 80 |79.3] 61/2-8 vrs
18 NOT LATER THAN Ll L T 2.2 | 85 82.9( 10 - 12 YRS,
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS

— - IN MILLONS)
N : o |MODE(S){ MEAN |[90% CONFIDENCE INTERVAL)
18/ LOWER LIMIT 7.3|5,10M|8.17M 5.15 - 11.18
18 UPPER LIMIT 14,2 15 Mj21.56mM] 15.72 - 27.39
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DOT ASSESSMENT RESULTS

EVENT:

IVAO3

SYSTEM CRITICALITY

A one-atmosphere, bottom-supported fuel cell power
system (e.g., hydrogen/oxygen) capable of driving...

same as IVAOl

PERCENTAGE FINAL CONSENSUS %

N9 ] LOSSJGAIN] © . & ¥ B OONGLVRN

ESSENTIAL 0.5 A ) 10.5%

DES IRABLE 4 A 79 | DESIRABLE
UNNECESSARY 4.3 A o o |]lo.5%

DEGREE OF RISK

PERCENTA FINAL CONSENSUS %

N- 18 | L0SS AGE ’ 3 %N i CONCLUSION

.| PROTOTYPE A 11 %

.4 EXPERIMENTAL 9 A 67 % .4

.7 SIMULAT |ON 9 A i 17 «

.9 UNPROVEN A S 5 %

DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
m LOSSJGAIN] ¢ 28 %0 73 100 CONCLUSION

SHORT RANGE GOAL A o 29 %

MED UM 6 A ) 42 s MEDIUM
LONG 6 A . 29 %

UNDES |RABLE a 0 = ]
PROBABLE TIMING CALENDAR YEARS
_ (90% CONFIOENCE INTERVAL) DEVELOPMENT TIME
N 7 75 7% 65 70 s e W "°’l »‘.w o MODE(S)| MEAN (FROM 1972)

7] EARLIEST o=0 111,31 76 75.4 | 3-4 YRS.
17| MOST LIKELY 0-=0 2,0178,80)77.7 | S-61/2 vms.
17 NOT LATER THAN ¥ . 0==0 3.3082,85{80.7 | 71/2 - 10 vrs.
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS
{IN MLLONS)
[N] : o [MODE(SI] MEAN |(80% CONFIDENCE INTERVAL)
Ez LOWER LIMIT 5,7 |8,20m[7.97m{ 5.55 - 10.39
7] UPPER LIMIT [12,6] 15 m18.684] 13.76 - 23,60
D-$§



DOT ASSESSMENT RESULTS

EVENT: IVAO4

An ambient pressure, bottom-supported, fuel cell power

system (e.g., hydrogen/oxygen) capable of driving...
same as [VA03,

SYSTEM CRITICALITY

- PERCENTAGE FINAL CONSENSUS %
(N__ 19 LOSS JGAIN] © B 50 75100 CONCLUSION
ESSENTIAL 10 A 16 %

DESIRABLE 15 A 84 %| DESIRABLE
UNNECESSARY 5 / e 0%

DEGKEE OF RISK

PERCENTAGE FINAL CONSENSUS %

N 19 ] LOSSTGAIN] ¢ 2 50 T 100 CONCLUSION

.1 PROTOTYPE 6 A B 0 %

.4 EXPERIMENTAL 1 A 21 %

.7 SIMULATION 7.5 A 68.5% .7

.9 UNPROVEN 0.5 A ) T 10.5% ]
DESIRED COURSE OF ACTION

] tggcsmmﬁ A . FINAL cgusmsusaz.‘ o T
SHORT RANGE GOAL| 6 A 0 %

MEDIUM 6 A 47 % MEDIUM
LONG A 53 %

UNDES IRABLE A L 0% ]
PROBABLE TIMING CALENDAR YEARS

{90% CONFIDENCE INTERVAL) DEVELOPMENT TIME

'_N_] n T3S 75 765 75 M M M w ‘l wr | @ IMODES)] MEAN (FROM 1972)

19 EARLIEST 0-9 1,5/ 75 (76,31 31/2-5 YRs
19/ MOST LIKELY 00 2.,3] 80 |79.1 7-8 YRS.
19]NOT LATER THAN : 0-0 3.2 85 [83.1[10-121/2 vrs
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS

e (IN MILLONS)

N 2L o |MOGE(S)| MEAN |(90% CONFIDENCE INTERVAL)
14 LOWER LIMIT 10,21 10 Mm{11.95M] 7.78 - 16.13

18] UPPER LIMIT 17,3 20 m{2.8 m] 15.58 - 29.78

D-6
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DOT ASSESSMENT RESULTS

EVENT. IVAOS A remote control system capable of controlling a 300 kw
seafloor plant (as in IVAO1 thru IVA04) at 3,000-ft depths
from the surface or shore via cables.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N- 19 | L0SSTGAIN] © 2 L 75100 CONCLUSION
ESSENTIAL 6 A 26 %
DES IRABLE 3 A 69 %| DESIRABLE
UNNECESSARY A ) o ) S %
DEGREE OF RISK
b o gD, rwasesy T
.| PROTOTYPE 2 A 2] %
i "CEXPERIVENTAL | 13 A ‘ 5 %
.7 SIMULATION 16 A 69 % .7
! .9 UNPROVEN 1 A 5 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
‘ N- 18 |  [tOSSTGAIN] ¢ = o 75 o CONCLUSION
‘ SHORT RANGE GOAL| 12 A 61 %| SHORT
MED | UM 3 A ‘ T 28
[ LONG 5.5] |2 ) T 5.5%
UNDESIRABLE 1.5 i 5.9¢
[ PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL' DEVELOPMENT TiME
N 72 7S TS 765 A sl s W7 0 "l! 0 v o MODE(S)| MEAN {FROM 1972)
l 14 EARLIEST 0-0 | [1.3] 75 | 75.1]23/2-31,2/s.
18 MOST LIKELY ~ 0=0 1.9 [76,80; 77.2] 41/2 -6 vas.
l 18 NOT LATER THAN . o= | gi2,5] 80 | 80.1] 7-11 YRS.
¢ ESTIMATED COSTS TO ACHIEVE
£ DEVELOPMENT COSTS
; ' <. (1N MILLOWS)
N : o |MODEIS)| MEAN |(90% COMFIDENCE INTERVAL)
16 LOWER LIMIT 4,7 2 m|3.38M 1.47 -5.28 |
' 18 UPPER LiMIT 10,5{ 5 Mm8.28M] 3.99 - 12,57
l D-?




DOT ASSESSMENT RESULTS

An ambient pressure, bottom-supported, storage battery
power system rechargeable on the seafloor with an integral
battery charger and powered intermittertly or continuously
via cable from surface or shore utilities.
operate up to one year at 3,000-ft ocean depths and have
an ene.Jy capacity between recharges of 2500 kwh at 5 kw.

EVENT: TVAO6

SYSTEM CRITICALITY

The system can

R PERCENTAGE FINAL CONSENSUS %
N 17 ] [T0sSTGAIN] © 25 o s 100 CONCLUSION
ESSENTIAL 1 A 18 %

DESIRABLE 10 A 82 % DESIRABLE
UNNECESSARY 11 A e 0 *
DEGREE OF RISK

' PERCENTAGE FINAL CONSENSUS %

N 16 ] LOSSTGAIN] § d 0, .0 100 CONCLUSION

.1 PROTOTYPE 12 A 19 %

.4 "XPERIMENTAL 6 A 69 % .4

.7 SIMULATION 6 A 12 %

.9 UNPROVEN A 0 %
DESIRED COURSE OF ACTION

PERCENTAGE FINAL CONSENSUS %

N 16 | OSSJGAIN] © = 50 s 100 CONCLUSION
SHORT RANGE GOAL 1 A 81 %] SHORT

MED UM 6 A 19 %

LONG \ B 0 «

UNDES IRABLE 7 Y e 0 % )
PROBABLE TIMING CALENDAR YEARS

- (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 7 TS 75 765 Th AL 8 A7 90 | o MODE(S)] MEAN (FROM 1972}

16 EARLIEST o-o .81 74 74.3] 2-21/2 ves.
16 MOST LIKELY 00 - 1,0 { 76 76.5! 4-5 YRS.
16/NOT LATER THAN I - S A ] 78.8] 6-8 YRS.
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS

e (I MILLONS)

N o [MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
15{ LOWER LIMIT 3,1] 2 Mj2.44M 1,03 - 3.85

14 UPPER LIMIT 5,113 M4.28mf 1.87 - 6,68

.
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EVENT: TVAD7 An ambient pressure, bottom-supported high energy density
[ electrochemical power system (e.g., consumable magnesium
anode seawater battery, alumium-peroxide battery or
hydrazine-hydrogen peroxide fuel cell) capable of providing
{ 100 watts of power with a total energy capacity of 1000 kwh
at oceandepths to 20,000 ft.
SYSTEM CRITICALITY
PERCENTAGE FINAL CONSENSUS %
g W19 | [tossfcAm]° & s CONCLUSION
ESSENTIAL 4 A 16 %
; DESIRABLE 4 A 74 % DESIRABLE
§. UNNECESSARY A ][0 %
. DEGREE OF RISK
E PERCENTAGE FINAL CONSENSUS %
‘ N 18 ] LOSSTGAIN] 9. . . . % 0 G b COMCLUSION
.1 PROTOTYPE 6 l " . 0 %
i .4 EXPERIMENTAL 6 A ) 22 %
.7 SIMULATION 6 A 72 % .7
E .9 UNPROVEN 6 A 6 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
, N 18 I [OSSTGAIN] © 2 50 75 100 CONCLUSION
‘ SHORT RANGE GOAL | S A 17
MEDIUM A 67 % MEDIUM
{ LONG A N 11 %
UNDESIRABLE 5 A T 5 % ]
' PROBABLE TIMING CRGRAR TR :
' (90% CONFIDENCE INTERVAL) DEVELOPMENT TIMZ
rf\—' 72 73S 75 765 78 KL M A7 90 [ v v l o MODE(S}] MEAN (FROM 1972
. 18/ EARLIEST 0 8 | 75 |75.3l 3-31/2 ves.
18] MOST LIKELY 00 . 1.6 | 77 [77,8] 5-61/2 ¥es
' 18[NOT LATER THAN ' 0-0 _ 2.5 80 80.91 8-10 YRS.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
' (N WNLLONS)
N , o |MODE(S)| MEAN [(90% CONFIDENCE INTERVAL)
17| LOWER LIMIT 5,115 M|4.52M] 2.36 - 6.69
i 17] UPPER LIMIT 8,9] 10 Mm10.75m] 6.98 - 14,53
! D-9



DOT ASSESSMENT RESULTS

EVENT: TvAOS8 An ambient pressure, lithium power cell, capable of
providing...same as IVAQ7,

e

SYSTEM CRITICALITY

— PERCENTAGE FINAL CONSENSUS % |
N- 16 LOSSJGAIN] © 2 so 75 w00 CONCLUSION {
ESSENTIAL 5 A 19 %
DESIRABLE 10 A 62 % DESIRABLE
UNNECESSARY 5 A 19 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS % {
N- 16 | LOSSJGAIN] © 5 0 75 100 CONCLUSION
.1 PROTOTYPE / _ 0 %
.4 EXPERIMENTAL A A 50 % .4
.7 SIMULATION A A 44 %
.9 UNPROVEN A 6 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N 16 | LOSSJGAIN] @ = & o0 75 100 CONCLUSION
SHORT RANGE GOAL|7.5 A ) 12.5%
MED I UM 8.5 A - | |62.5% MEDIUM
LONS 0.5 A A ] ]12.5%
UNDESIRABLE (0.5 A 12.5% ]
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL.) - DEVELOPMENT TIME
m 72 73575 765 T8 ML M M w ”f o o MODE(S)| MEAN (FROM 1872) -
1GEARLIEST Q0 9| 75 | 75.4] 3-4 YRS :
16] MOST LIKELY 0-0 1.4| 78 | 77.8| 5-61/2 ves
16/ NOT LATER THAN - - 2.5| 80 | 80.6]71/2-91/2vrs ]
ESTIMATED COSTS Y0 ACHIEVE
DEVELOPMENT COSTS
= (IN MILLONS)] ]
- o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL) i
15| LOWER LIMIT 4,9] 1 M[4.23M] 1.98 - 6.48
15] UPPER LIMIT 10.2] 10 MRO.60Mm{ 5.97 - 15.23

D-10
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ssion and Conditionin

lectrical Tran
bmergence Vehicles

IVB Sub-Technology:

Equipment for Dee

logies necessary for the transmission

Objective: To advance the techno
y required by deep submergence vehicles

and conditioning of electrical energ
t ocean denths:

undergoing cyclic ambient conditions down to 20,000-f

Events IVBO1 - IVB24 address this objective.
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DOT ASSESSMENT RESULTS

EVENT: TVBO1

Electrical cabling capable of conducting 115 volts, 400 Hz,
150 to 20U amperes, AC, while subjected to cyclic conditions

down to ocean depths of 20,000 ft. The cabling has a 0.9

probability of no failure at a 90% lower confidence limit
based upon an operating period of one year at 250 operation
cycies per year.,

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N= 14 [ L0SS TGAIN 2 50 75 100 CONCLUSION
ESSENTIAL 4 A 57 4| ESSENTIAL
DES IRABLE 3 A - 43 %
UNNECESSARY 7 \ o 0 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 14 l 0SS TGAIN 2 so 15 100 CONCLUSION
.1 PROTOTYPE 7 ) A 64 % .1
.4 EXPER IMENTAL A ) 29 %
.7 SIMULATION A 7 %
.9 UNPROVEN 7 \ 1 0 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N-_14 LOSSTGAIN % s 75 100 CONCLUSION
SHORT RANGE GOAL A 93 %| SHORT
MED IUM A 7 %
LONG h 0 %
UNDESIRABLE | | | A . 0 % ]
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
m 2 7S 75 765 7 MmN w0 "l wi | ¢ |MODE(S)] MEAN (FROM 1972)
14 EARLIEST 0-© 9 | 73 [ 73.1] 1/2-11/2rs
13| MOST LIKELY 00 oS 78 74.8{ 21/2-3 vrs
13| NOT LATER THAN . 00 9 77 76.7] 4-5 YRS.
ESTIMATED COSTS TO ACHIEVE
DEVEL.OPMENT COSTS
s (IN MILLONS)
. o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
14| LOWER LIMIT 215 M .41 M .30 - .51
14| UPPER LIMIT S 1 M .89m .65 -1,13

D-12




L DOT ASSESSMENT RESULTS

EVENT: TVBO2 Electrical cabling capable of conducting 115 volts, 300 to
400 amperes, while subjected to...same as IVBO1.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS *
[N 14 ] T0SSTGAIN] © s 50 5o CONCLUSION
ESSENTIAL 6 A 21 %
DESIRABLE 12 A 72 % DESIRABLE
UNNECESSARY 6 A 7 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 13 ] LosSJoain) o . ., T 100 CONCLUSION
.| PROTOTYPE 1 A ) 31 %
.4 EXPER IMENTAL 7 A 61 % .4
.7 SIMULATION A ) ‘ 8 %
.9 UNPROVEN 8 NN 0 =%
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N 14 ] LOSSJCAIN] © & so 75 100 CONCLUSION
SHORT RANGE GOAL A 72 % SHORT
MED UM 7 A _ 14 %
LONG 7 A ‘ ) 7 %
UNDES IRABLE Do — 7 % .
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
W 7 73575 765 73 ML M M w0 "f u‘.,w [ o [MODE(S)| MEAN {FROM 1972)
13 EARLIEST 0--0 | 12| 74 | 73.8] 1-21/2 s
12 MOST LIKELY 00 ! = 75 | 75.1] 3-31/2 vrs
12NOT LATER THAN o0 . |11.3]77,78] 77.1{41/2-51/2vrs
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
WS (IN MILLONS)
N , o [MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
13 LOWER LIMIT 231.5 M .45 M .28 - .62
13 UPPER LIMIT 611 M.96 M .66 - 1,27

D-13




DOT ASSESSMENT RESULTS

EVENT: IVBN3

SYSTEM CRITICALITY

An electro-mechanical single coaxial cable, capacity

50 kva/3,000 volts, 60-400 Hz, AC, length 25,000 ft.,
working strength 50,000 lbs (not including cable weight).
Carrier frequency 12 mHz with a 65 db maximum attenuation.
The cable has a 99% reliability at a 95% lower confidence
limit, based on a 10-day mission with 5 days of continuous
operation at ocean depths of 25,000 ft.

PERCENTAGE FINAL CONSENSUS %
[N- 14 I LOSS [GAIN 2 50 75 100 CONCLUSION
ESSENTIAL 8 A 21 %
DESIRABLE 8 A 79 %| DESIRABLE
UNNECESSARY . 0 %
DEGREE OF RISK
— PERCENTAGE FINAL CONSENSUS %
N 14 | LOSSJGAIN . 50 75 100 CONCLUSION
.1 PROTOTYPE 7 A 7 %
.4 EXPERIMENTAL 12 A 72 % .4
.7 SIMULATION 6 A 21 9
.9 UNPROVEN 13 E 0 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N- 14 | LOSSTGAIN B so 75 100 CONCLUSION
SHORT RANGE GOAL 1 A 21 %
MEDIUM 18 X A 65 % MEDIUM
LONG 19 A 14 %
UNDESIRABLE | ¢} |&A 0 % ]
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) - DEVELOPMENT TIME
m 7 7S 75 765 TH  h1L ha 7 % ‘l w | ¢ |MODE(S)| MEAN |FROM 1972)
14 EARLIEST o=-0 | [1,5 75 74,31 11/2. -3 YRs.
14| MOST LIKELY 9-0 1.4 76,77 | 76.1]31/2-41/2vrs
14| NOT LATER THAN 0=0 X 2,0 | 80 | 78.3|51/2-71/2vss
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
— (IN MILLONS)
N o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
14{LOWER LIMIT .8 1 Mll.12 M 77 - 1.47
14| UPPER LIMIT 1,512,3 M2.42 M 1.71 - 3,13
D-14
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DOT ASSESSMENT RESULTS

EVENT: TVBO4

SYSTEM CRITICALITY

Single, coaxial electrical cabling, capacity S0 kva/
3,000 volts, AC, buoyant and flexible, carrier frequency

12 mHz with a .0026 db per ft maximum attenuation.

The

cable has a 99% reliability at a 95% lower confidence limit,
based on a 10 day-mission with 5 days of continuous
operation at ocean depths down to 25,000 ft.

- PERCENTAGE FINAL CONSENSUS %
N~ 14 |  [10SSJGAIN] ° R N T CONCLUSION
ESSENTIAL 1 A 14 o
DESIRABLE 5 T A 79 ¢| DESIRABLE
UNNECESSARY 6 A e 7 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 14 LOSSTGAIN] ¢ . & so 75 100 CONCLUSION
.1 PROTOTYPE A ] 0 %
.4 EXPERIMENTAL | 6 A 21 g
.7 SIMULATION 2] | i A 72 % .7
.9 UNPROVEN 6 A N 7 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N 14 [ LOSSJGAIN] © 25 50 15 100 CONCLUSION
SHORT RANGE GOAL | 7 4 o 0 %
MED | UM 7 e 50 4| MEDIUM
LONG A N 50 s
UNDESIRABLE Y o 0 «
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
r_N—I ” 85 75 765 78 AL A6 AT 00 :Il 0 4 o MODE(S)} MEAN (FROM 1972)
14 EARLIEST 0-0 1.41 75 | 75.6] 3 -4 YRS.
13 MOST LIKELY 0o | l1.0] 77 | 77.2]41/2-51/2 vas.
14{NOT LATER THAN 0--0 2,3/ 80 | 80.1(61/2-91/2ves.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
. — (IN MILLONS)
e |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
14| LOWER LIMIT Bl 1 mil.04m .75 - 1,33
14! UPPER LIMIT 1.41 2 . M[2.07m 1.42 - 2,72
D-1§




DOT ASSESSMENT RESULTS

EVENT: TVBOS

An operational undersea electrical connector with both

in-air and underwater make/break capability (dead cable)
for use on 115 volts, 150 to 200 amps, 400 Hz systems.
The connector has a 0.9 probability of failure free operation
for one year at a lower confidence limit of 90% based upon
250 immersion cycles to 20,000 ft.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
m 10SSJGAIN] © 2 50 s 100 CONCLUSION
ESSENTIAL 12 ' A 47 %
DESIRABLE 12 A 53 %| DESIRABLE
UNNECESSARY Ao . 0 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N 15 I LOSSTGAIN] ¢ . -5 s0 73 100 CONCLUSION
.1 PROTOTYPE 11 A 13 %
.4 EXPER IMENTAL 8 A 27 %
.7 SIMULATION 19 A 60 % .7
.9 UNPROVEN A 0 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N- 15 LOSSJCGAIN] © 25 50 C7s 0o CONCLUSION
SHORT RANGE GOAL| 4 A 67 % SHORT
MEDIUM 4 A 33 %
LONG / 0 =%
UNDES | RABLE A y 0 % ]
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
[N 7 ms 1 s wm s woojwl | @ |MODES)] MEAN (FROM 1972)
15| EARLIEST 00 .6 74 | 73.9] 11/2 -2 ¥®s
15| MOST LIKELY 0-0 5 75 | 75.11 3 -31/2 vrs
15/ NOT LATER THAN 00 B 1.4 77 | 77.0[41/2-51/2vss.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
— (IN MILLONS)
N - . o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
15| LOWER LIMIT : 2 ].3 M 35 M .25 - .4¢
5| UPPER LIMIT .3 1 M,76 M| .60 - .92
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DOT ASSESSMENT RESULTS

EVENT: TVBO6

An operational undersea electrical connector with both
in-air and underwater make/break capability (dead cable)
for use on 112 volts, 300 to 400 amps, DC electrical

system, The connector has a

SYSTEM CRITICALITY

...same as IVB0S.

TPERCENTAGE FINAL CONSENSUS %
m——l L0SS JGAIN] © K- 75 100 CONCLUSION
ESSENTIAL 1 A 40 %| ESSENTIAL
DESIRABLE 1 A . 40 %| DESIRABLE
UNNECESSARY 2 A ' ] 20 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 14 | LOSSIGAIN] § . . % s 1 w— 1 CONCLUSION |
.1 PROTOTYPE 1 A 7 %
.4 EXPER IMENTAL 1 A 64 % .4
.7 SIMULATION 4 A ; 29 %
-9 UNPROVEN 6 e O
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N- 15 | LOSSJGAIN] © _ 2 so 75 100 CONCLUSION
SHORT RANGE GOAL 8 A 73 %| SHORT
MED I UM 10 A 13 %
LONG A X 7 %
UNDES IRABLE 1 A R . 7 % ]
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
m 72 73S 75 765 78 AL a A7 w0 | »‘..m ¢ |MODE(S)| MEAN (FROM 1372)
14 EARLIEST Q== 1.2 74 73.71 1-21/2 vrs.
13 MOST LIKELY 00 . 6 | 75 | 75.1] 3-31/2 ves
14 NOT LATER THAN Y - ) 1.4 ! 76 | 77.1] 41/2-6 vrs
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
(IN MILLONS)
V] o [MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
14] LOWER LIMIT d11.3 m.28m .22 - .34
14 UPPER LIMIT A1 M .67 m .53 - .81
- D-17



DOT ASSESSMENT RESULTS

EVENT: IVBO7

Electromagnetic circuit breakers, 150 to 400 ampere (AC

and/or DC) rating, capable of instantaneous and/or delayed
response and providing over and under current circuit and/or
remote reset and can function in ambient conditions down to
ocean depths of 20,000 ft.

SYSTEM CRITICALITY

—_— — PERCENTAGE FINAL CONSENSUS %
N 12 | LOSSJGAIN] © . 50 75 100 CONCLUSION
[ SSENTIAL 15 A 75 %| ESSENTIAL
DESIRABLE i5 A 25 %
UNNECESSARY A ] EEEED 0 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N-12 | LOSSJGAIN] ¢ . . . & so 7 CONCLUSION
.| PROTOTYPE 2 A 25 %
4 EXPERIMENTAL | 2 A 58 % .4
.7 SIMULATION 4 A 17 %
-9 UNPROVEN YR 0 %
DESIRED COURSE OF ACTION
eRTemma] Egggmg:fﬁ o FINAL csgwsmsus; e T
SHORT RANGE GOAL | 3 A 83 «| SHORT
MEDIUM 3 A 17 %
LONG \ B ) 0 _
(UNDESIRABLE | | A i ) 0 ]
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
m 72 73575 765 T8 ML s AT W "l on T o MODE(S)| MEAN [FROM 1972)
J%EARLIEST 0-=-0 I3 ] 74 [73.4] 1-2 YRS,
12 MOST LIKELY 00 6 | 75 |75.1121/2-31/2 vrs
1)/ NOT LATER THAN "~ 0-0 1.3 | 76 | 76.9] 4-51/2 ves|
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
(IN MILLONS)
V] A o [MODE(S)] MEAN | (90% COMFIDENCE INTERVAL)
12 LOWER LIMIT 31.3 ml.29 M .16 - .41
UPPER LIMIT 3| .5 Mm.54 m .42- .67
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DOT ASSESSMENT RESULTS

EVENT:

IVB08

SYSTEM CRITICALITY

Hydraulic magnetic circuit breakers...same as IVB07.

. PERCENTAGE FINAL CONSENSUS %
N- 13 —l LOSSJGAIN] © 25 50 75 100 CONCLUSION
ESSENTIAL 10 A 23 %

DESIRABLE 12 A e 15 %
UNNECESSARY 2 A 62 % UNNECESSARY
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N* 10 I L0SSTGAIN] © 2 o0 75 100 CONCLUSION
.1 PROTOTYPE 61 ) A 70 % obl
.4 EXPERIMENTAL | 35 A 20 %
.7 SIMULATION 17 A 10 «
.9 UNPROVEN 9 N i ) 0 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N- 12 l LOSSTGAIN] ¢ & 50 75 0o CONCLUSION
SHORT RANGE GOAL | 6 A 17 %
MED |UM 6 A . 25 %
LONG 7 A ‘ 8 %
UNDESIRABLE 19 A )1 50 % UNDESIRABLE |
PROBABLE TIMING CALENDAR YEARS
— (90% CONFIDENCE INTERVAL) " DEVELOPMENT TIME
N 72 TS 75 765 T8 KL a4 A 90 | i | o MODE(S)| MEAN (FROM 1972)
10]EARLIEST 0===0 1.4 | 74 [73.8] 1-21/2 vrs
9| MOST LIKELY 0==9 1.3 | 75 [75.6] 3-41/2 s
9| NOT LATER THAN . 0--0 . 1.8 76 77.3 4-61/2 vrs
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
i (IN MILLONS)
V] o [MODE(SI] MEAN |(90% CONFIDENCE INTERVAL)
10| LOWER LIMIT 1.3 m.29m .20-.37
10{ UPPER LIMIT W2 |5 M[.58 M .46 - .70
D-19




DOT ASSESSMENT RESULTS

EVENT:

IVBO9

SYSTEM CRITICALITY

Fuses, 50 to 150 ampere (AC and/or DC), capable of
circuit interruption at the designed ogercurrgnt while
subjected to ambient conditions of 0 to 50°C and

0 to 13,000 psi.

—— PERCENTAGE FINAL CONSUNSUS %
N- 13 LOSS TCAIN] © K 50 7100 CONCLUSION
ESSENTIAL . 18 A 62 %| ESSENTIAL
DESIRABLE 2 A 23 %
UNNECESSARY 16 A 15 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 12 | LOSSTGAIN] © . . . % S iy CONCLUSION
.1 PROTOTYPE 14 A 17 %
.4 EXPERIMENTAL 14 } A 75 % 4
.7 SIMULATION 4 . 0 %
.9 UNPROVEN A 8 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N= 12 I LOSSJGAIN] © 25 50 75 100 CONCLUSION
SHORT RANGE GOAL 7 A 92 % SHORT
MEDIUM 8 A 8 %
LONG \ 0 %
UNDESIRABLE 15 Ao 0 % ]
PROBABLE TIMING A NN TARS ,
(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
W 72 LS 75 765 T8 AL AT 0 ,l sy o MODE(S)| MEAN {FROM 1972)
12[EARLIEST o--0 l.c | 74 |73.3] 1/2-2 s
12| MOST LIKELY o-o ' 1,] 75 74.7| 2-3 YRS.
12[NOT LATER THAN 0--0 1.7 | 76 [76.2| 31/2-5 vrs.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
— — (IN MILLONS)
N o {MODE(S}{ MEAN |[90% CONFIDENCE INTERVAL)
12{ LOWER LIMIT A 11 Mm.IS M .11~ .20
12| UPPER LIMIT ol 1.3 m .33 m .26- .40
D-20
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DOT ASSESSMENT RESULTS

EVENT: IVB10

capable of...same as IVB09.

SYSTEM CRITICALITY

A\ solid state 50 to 150 ampere circuit protection device

PERCENTAGE FINAL CONSENSUS %
N= 12 I LOSS [ GAIN 0 ) - 215 ) . LSIO e 78 ) 100 CONCLUSION
ESSENTIAL 2 A 59 % ESSENTIAL
DESIRABLE 3 A 33 9
UNNECESSARY I A 1] 8 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 11 | tossTGaInl © B 50 75 100 CONCLUSION
. PROTOTYPE 3 A 18 %
i .4 EXPERIMENTAL | 4 A 73 9 4
.7 SIMULATION A 0 %
.9 UNPROVEN 1 A B 9 %
DESIRED COURSt OF ACTION
e PERCENTAGE FINAL CONSENSUS %
N 11 I LOSSVGAIN] © 5 50 C 75100 CONCLUSION
SHORT RANGE GOAL 6 A 91 %| SHORT
MED [ UM 6 A 9 9
LONG A 0 %
UNDESIRABLE | | | A X B 0 % N
PROBABLE TIMING CALENOAR YEARS
(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
r_N— 72 7115 7:. 76.5 7: K1 a4 sA7 Ml (-4 MODE‘S’ MEAN 'FPOM |972|
11| EARLIEST 0=-=-0 1.1173,74] 73.2] 1/2-2 Yrs
11{MOST L IKELY 0--0 1,11 75 74,7 | 2-31/2 vrs
11 NOT LATER THAN . 0=0. 1.5/ 75 |76.5(31/2-51/2 vrs
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
e {IN MILLONS}
N o |MODE(S)| MEAN [({90% CONFIDENCE INTERVAL)
11/ LOWER LIMIT 1.1 m.21 m  .15-.28
11] UPPER LIMIT o1 .S Mm.50 m .43 ~ 57
D-21
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DOT ASSESSMENT RESULTS

EVENT: TVB11

SYSTEM CRITICALITY

A 1/2 inch, 20-wire through-hull penetrator, cross-talk
free, with a 25 ampere total capacity capable of functioning
in 20,000 ft ocean depths.

PERCENTAGE FINAL CONSENSUS %
N- 14 I LOSSJGAIN] © %5 50 75 100 CONCLUSION
ESSENTIAL 3 A 43 %
DESIRABLE 3 A 50 *| DESIRABLE
UNNECESSARY 6 A o - 7%
DEGREE OF RISK

PERCENTAGE FINAL CONSENSUS %
N3 ] LOSSTGAIN] § . . .2 50 s 100 CONCLUSION
.1 PROTOTYPE A g %
A EXPERIMENTAL | 1 A 76 % .4
.7 SIMULATION A 8 %
.9 UNPROVEN 8 A 8 %
DESIRED COURSE OF ACTION

PERCENTAGE FINAL CONSENSUS %
N- 13 l LOSSJGAIN] © 25 50 75 100 CONCLUSION
SHORT RANGE GOAL 15 A 69 4| SHORT
MEDIUM 7 A 23 4
LONG A 8 o
UNDESIRADLE g ¥ DR U g ]

(90% CONFIDENCE INTERVAL) X ODEVELOPMENT TIME
W 7 LS 75 765 78 AL M M w0 .l T o MODE(S)| MEAN {FROM 1972)
12{EARLIEST 0o .4 74 [73.9] 11/2-2 vrs
12| MOST LIKELY 00 .6 75 [75.3] 3-31/2 ves
12{NOT LATER THAN . 0=0 . N 1.3 76 76.6| 4-5 YRS
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS

s [N MILLONS)
N . o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
13| LOWER LIMIT ol | .2 M .20 M .16 - .23
13[ UPPER LIMIT A1 .5 M .42m .36- .48

D-22
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DOT ASSESSMENT RESULTS

EVENT: IVB12

A 1 1/2 inch, 84-wire through-hull penetrator...same

as IVB11.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N- 14 | LOSSTGAIN] © . T N . CONCLUSION
ESSENTIAL 6 A 14 %
DESIRABLE 6 A 79 % DESIRABLE
UNNECESSARY A o 7 %
DEGREL OF RISK

PERCENTAGE FINAL CONSENSUS %
13 ] LOSSTGAIN] & . . . . % A B CONCLUSION
.| PROTOTYFE 8 A 0 %
.4 EXPERIMCNTAL 2 A 69 % .4
.7 SIMULATION 2 A 23 9
.9 UNPROVEN 8 A - g %
DES!RED COURSE OF ACTION

PERCENTAGE FINAL CONSENSUS %
N 13 l LOSSJGAIN] ¢ % 50 75100 CONCLUSION
SHORT RANGE GOAL A 15 %
MED | UM A 77 % MEDIUM
LONG A - 8 %
UNDES IRABLE A X 0 o ]
PROBABLE TIMING CALENDAR YSARS

(90% CONFIDENCE INTERVAL) . ___| DEVELOPMENT TIME
rN— 72 735 7S 765 Th MM M w0 | W i o MODE(Si| MEAN (FROM 1972
12| EARLIEST 0-0 6] 74 174.3] 2-21/2 vrs
12| MOST LIKELY 00 .6 [ 75 7.5 3-4 YRS
12|NOT LATER THAN 0-0 N [1.,4]76,7877.3 | 41/2-6 vrs.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS

= (IN MLLOKS]
N o |MODE(S)[ MEAN |(v0% CONFIDENCE INTERVAL)
13 | LOWZR LIMIT Jd [ .4 M .25M .19- .31
13| UPPER LIMIT ol | .5 M .46 M .39 - .54
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DOT ASSESSMENT RESULTS

EVENT: TVB12 A wireless split transformer link through a pressure hull
of appropriate material, without penetration, capable
of transmitting 50 watts at ocean depths down to

20,000 ft.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N 12 I LOSSTCAIN] © 5 S0 75 00 CONCLUSION
ESSENTIAL 4 A 25 %
DESIRABLE ) A 50 %| DESIRABLE
UNNECESSARY 4 A 25 %
DEGREE OF RISK

PEF.CENTAGE FINAL CONSENSUS %
N 13 [ [17J5STGAIN] © K5 so 75 100 CONCLUSION
.1 PROTOTYPE 8 5} ; 0 %
.4 EXPERIMENTAL 2 A 69 % .4
.7 SIMULATION 6 A 23 %
.9 UNPROVEN A X 8 %
DESIRED COURSE OF ACTION

PERCENTAGE FINAL CONSENSUS %
N- 13 LOSSJCAIN] ¢ 50 500 CONCLUSION
SHORT RANGE GOAL 10 A 70 »| SHORT
MEDIUM 8 A ) 15 %
LONG 13 A - 0 %
UNDES | RABLE S A 15 ¢ ]
PROBABLE TIMING CALENDAR YEARS
. (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 72 IS 75765 A AL A AT l? o o MODE(S)| MEAN (FROM 1872)
1 JEARLIEST u=-0 1.5 74 | 73.9, 1-21/2 vrs.
11 MOST LIKELY 0--0 1.5 75 | 75.4| 21/2-4 vrs
1 1INOT LATER THAN . 0=0 1.4 78 | 77.3] 41/2-6 vrs
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS

_— (IN MMLLONS)
N - o |MODEIS)| MEAN |(90% CONFIDENCE INTERVAL)
11{ UPPER LIMIT 2] 6 M .42 M .30 - .54

D-24
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DOT ASSESSMENT RESULTS

EVENT: T/R14

SYSTEM CRITICALITY

A wireless microwave/electrical link through a pressure
hull of appropriate material, without penetration capable
of transmitting 50 watts at ocean depths down to 20,000 ft.

PERCENTAGE FINAL CONSENSUS %
E_ 13 l LoSSTGAIN] © 2 50 75 100 CONCLUSION
ESSENTIAL 1 A 15 %
DES IRABLE 12 A 62 % DESIRABLE
UNNECESSARY 13 AN 23 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N= 11 l LOSSTGAINT © 25 50 A 100 CONCLUSION
.| PROTOTYPE A , 0 %
.4 EXPERIMENTAL 2 A 27 %
.7 SIMULATION 6 A 27 %
.9 UNPROVEN 4 A . ]]46 = 9
DESIRED COYRSE OF ACTION
[PERCENTAGE] FINAL CONSENSUS %
N 13 | LOSSJGAIN] © 5 50 75 100 CONCLUSION
SHORT RANGE GOAL 1 A 15 %
MED |UM 3 A 39 % MEDIUM
LONG 2 A 31 %
UNDESIRABLE 6 A 15 ¢« ]
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) " DEVELOPMENT TIME
’_ﬂ 7 LS 75 765 7h L me A7 w0 'l o o MODEI(S)] MEAN (FROM 1972)
1HEARLIEST 0-0 .9 75 175,1121/2-31/2 ¥Rs.
11| MOST LIKELY 0-0 1,3 78 77.3]| 41/2-6 vrs
1 INOT LATER THAN 0-0 i 2,0 | 80 | 79.5]61/2-81/2vss.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
(1N MILLONS)
TN'] o |MODE(S){ MEAN |(90% CONFIDENCE INTERVAL)
1 LMER LIM'T ..2 .3,;-5 M 032 M 024 G 041
121 UPPER LIMIT 3 1 M .64 M .48 - .80
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DOT ASSESSMENT RESULTS

EVENT: TVB15

A wireless optical/electrical link (e.g.,laser) through
a pressure hull of appropriate material, without penetration,
capable of transmitting 50 watts at ocean depths down to

20,000 ft.

SYSTEM CRITICALITY
—= PERCENTAGE FINAL CONSENSUS %
N- 13 | L0SSJGAIN] © 2 o075 100 CONCLUSION
ESSENTIAL 2 A 8 %
DESIRABLE 2 A 77 % DESIRABLE
UNNECESSARY 4 A ) 15 %
DEGREE OF RISK

PERCENTAGE FINAL CONSENSUS %
N° 12 | L0SSTGAIN] © 25 so 75 100 CONCLUSION
.| PROTOTYPE ‘ 0 %
.4 EXPERIMENTAL |13 A 0 %
.7 SIMULATION | 7 20 A 33 %
.9 UNPROVEN 20 A 67 % L9
DESIRED COURSE OF ACTION

PERCENTAGE FINAL CONSENSUS %
Ne 12 1' LOSSJGAIN] ¢ 25 50 AL CONCLUSION
SHORT RANGE GOAL 1 A 8 %
MEDIUM 3 A " 17 %
LONG 2 A 75 % LONG
UNDES |RABLE A o 0 %
PROBABLE TIMING CALENDAR YEARS
. (90% CONFIDENCE INTERVAL) - DEVELOPMENT TIME
N n TS 7S 765 7 b w7 w gl’_ﬁ‘"'” o |MODE(S)| MEAN (FROM 1972)
12| EARLIEST 0-0 1.4] 78 76,4 31/2-5 YRs.
12| MOST LIKELY 00 1.7/ 80 | 78.8] 6-71/2 vrs
12| NOT LATER THAN o--0 . | |2, 80 | 81.5(81/2-101/2vns.
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS
= . (IN MILLONS)
N o |MODE(S)| MEAN | (90% CONFIDENCE INTERVAL)
12| LOWER LIMIT 3 1 ,3 M .48 M| .33 - .63
12] UPPER LIMIT ,8 11,2 M1.14M .73 - 1,54
D-26
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DOT ASSESSMENT RESULTS

EVENT: IVB16

Junction box, pressure cormpensated, with easy accessibility

for maintenance, 100 ampere capacity, capable of operations
at 20,000-ft ocean depths.

SYSTEM CRITICALITY

[PERCENTAGE FINAL CONSENSUS %
N 13 | L0SSTCAIN] © K- 50 75100 CONCLUSION
ESSENTIAL 8 A 77 =%| ESSENTIAL
DESIRABLE 8 A ) 23 %
UNNECESSARY A REee 0 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N 13 | LOSSTGAIN] © = & so 75 100 CONCLLISION
.1 PROTOTYPE 11 ‘ A 61 % .1
.4 EXPERIMENTAL | 6.5 A 31 %
.7 SIMULATION | 4.5 A 8 =
.9 UNPROVEN o 0 %
DESIRED COURSE OF ACTION
PERCENTAGE] FINAL CONSENSUS %
N- 12 | LOSSJGAIN] © 25 o 75 100 CONCLUSION
SHORT RANGE GOAL 12.5 A [ 100 4] SHORT
MEDIUM 12.5 i 0%
LONG ) 09,
UNDESIRABLE [ 1 |A o - 0%
PROBABLE TIMING CALENDAR YCARS
- (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N s 7S 768 78 M w8 | 93” e |MODE(5)] MEAN (FRCM 1972)
13{EARLIEST 0= N 1,0 ] 73 173,0] 1/2-11/2YRs.
12 MOST LIKELY 0-0 B8] 75 | 74.6] 2-3 YRS
12INOT LATER THAN . 0=0 12 76 [ 75.9(31/2-41/2 vs.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
= (1N MILLONS)
N] e |MODE(S){ MEAN |(90% COMFIDENCE INTERVAL)
13{ LOWER LIMIT ALl MM .8 - ,15
UPPER LIM!T o) 12,.3M .24 M .19 - ,30
D-27



DOT ASSESSMENT RESULTS

EVENT: IVB17

SYSTEM CRITICALITY

Junction box, pressure compensated, with easy accessibility
for maintenance, 400 ampere capacity...same as IVB16.

PERCENTAGE FINAL CONSENSUS %
N33 ] LOSSJGAIN] ¢ 2 50 5 w00 CONCLUSION
ESSENTIAL 8 A 77 | ESSENTIAL
DESIRABLE 4 A 23 %
UNNECE SSARY 12 B i 0 %
DEGREE OF RISK o
ol ffgfégmcrzf;; ) . FINAL cg(ﬁs&ANsusZo . TR
.| PROTOTYPE 9 \ 31
.4 EXPER IMENTAL 14 \ 61 = 4
7 SIMULATION 51 o g %
.9 UNPROVEN A 0 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N 12 l LOSSTGAIN] © 25 50 75 100 CONCLUSION
SHORT RANGE GOAL 2 A 83 %| SHORT
MED UM 2 A 17 %
L0t G 0 %
| UNDES | RABLF A 0 % L
PROBABLE TIMING CALENDAP YEARS
. 190% CONFIDENCE INTERVAL DEVELOPMENT TIME
m - Ses T w1 s o | o |MODE(S)| MEAN (FROM 1872)
13 EARLIEST Q- 1.2 74 73.4] S YRS.|
MOST LIKELY 71 75 75.0121/2-31/2 ¥rs
Jémr LATER THAN V=0 1.2/ 76 | 76.3]|31/2-5 vrs
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
— (IN MILLONS)
N o |MODE(S}{ MEAN |(90% CONFIDENCE INTERVAL)
13| LOWER LIMIT o1 1.1 M,II M .09 - .17
13| UPPER LIMIT ol | .2 M .27 M .21 - .33

D-28
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DOT ASSESSMENT RESULTS

EVENT: T/B18

SYSTEM CRITICALITY

A solid-state inverter with'no moving parts, pressure
compensated, capable of producing a minimum of 150 kw,
AC, at ambient conditions down to 20,000-ft ocean depths.

PERCENTAGE FINAL CONSENSUS %
N- 12 l LOSSJGAIN] © 5 s 78 100 CCNCLUSION
ESSENTIAL 3 A 17 %
DESIRABLE 4 A’ 75 | DESIRABLE
UNNECESSARY 1 A DNREEEEED 8 %
DEGREE OF RISK
—_— PERCENTAGE FINAL CONSENSUS %
N- 11 LOSSTGAIN] ¢ . . . . %, SN N - CONCLUSION
.1 PROTOTYPE A 0 %
AEXPERIMENTAL | 7 A 82 % -4
.7 SIMULATION | 8 0 %
.9 UNPROVEN 1 [P A 18 %
DESIRED COURSE OF ACTION

PERCENTAGE FINAL CONSENSUS %
N- 11 | LOSSTGAIN] © 5 %0 75 100 CONCLUSION
SHORT RANGE GOAL 7 A 82 %| SHORT
MED | UM 7 A ' 18 %
LONG A 0 =
UNDES |RABLE A 0 %
PROBABLE TIMING CALENDAR YEARS
pa (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N n T3S 75 765 78 81 w4 7 %0 | v | L MODE(S}| MEAN (FROM 1972
11| EARLIEST 00 .6 174,751 74,4, 2-21/2 Yrs.
11| MOST LIKELY 09 ) 9] 76 176.1(31/2-41/2rs.
1 1{NOT LATER THAN 00 1,41 78 |78.3] §1/2-7 vas.
ESTIMATED COSTS TO ACHIEVE

DEVELOPNENT COSTS

— (1N MOLLONS)
N X ¢ |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
11] LOWER LIMIT W1 | .5 M,40 M .34 - .45
0] UPPER LIMIT o2 1 M.73 M .59 - .86
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DOT ASSESSMENT RESULTS

An alternator, pressure compensated,...same as IVB18,

EVENT: IVB19

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS % N
N- 12 l LossJoaiNt ©, & s s 100 CONCLUSION
ESSENTIAL 1 A 16 =
DESIRABLE 3 A ) 47 4| DESIRABLE
UNNECESSARY s 1 T A 42 o
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N-10 ] LoSSJCAIN] § . . . . % Gl G o8 CONCLUSION
.| PROTOTYPE \ - - 0 %
.4 EXPERIMENTAL 10 A 80 = .4
7 SIMULATION | 10 A 0 =
.9 UNPROVEN A o 20 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL “ONSENSUS %
N- 10 LOSSJCAIN] ¢ . 38 s 73100 CONCLUSION
SHORT RANGE GOAL 19 A 50 %] SHORT
MED UM A 1130 %
LONG 10 A ) 0 %
UNDES |RABLE A o 20 «
PROBABLE TIMING CALENDAR YEARS
. (90% CONFIDENCE INTERVAL) b DEVELOPMENT TIME
N n SIS %8 T B w8 %0 ”1 w1 | o |MODE(S)| MEAN (FROM 1972)
9| EARLIEST Q---:0 4 1,91 75 [ 74.4]11/2-31/2vns.
8] MOST LIKELY 0-=0 1,5( 76 [ 76.4[31/2-51/2vss.
8| NOT LATER THAN 0=-=0 o 1,6 77 | 77.9] §-7 YRS,
ESTIMATED COSTS TO ACHIEVE
~ DEVELOPMENT COSTS
— (I MLLONS)
N i o |MODE(S)] MEAN |(90% CONFIDENCE INTERVAL|
| 9 LOWER LIMIT 2 1.2 M 38 M ,22-.53
9] UPPER LIMIT o3 1 M .81 M .59 - 1,03
D-30
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DOT ASSESSMENT RESULTS

EVENT: TVB20

An alternator, ambient pressure, seawater flooded, capable

of..same as IVB18,

SYSTEM CRITICALIYY

PERCENTAGE FINAL CONSENSUS %
N-12 | LOSSTGAIN] © KN 0 78100 CONCLUSION
[ESSENTIAL 8 A 0 %
OESIRABLE 2 A o 33 %
UNNECESSARY b A 67 «| UNNECESSARY
DEGREE OF RISK

PERCENTAGE FINAL CONSENSUS %
N- 9 I LoSSTcAIN] ¢ . P 190 CONCLUSION
.1 PROTOTYPE 4 0 %
.4 EXPERIMENTAL 11 A 78 % .4
.7 SIMULATION |11 / ‘ 0 %
.9 UNPROVEN A 22 %
DESIRED COURSE OF ACTION

PERCENTAGE FINAL CONSENSUS %
N- 9 | LOSSJGAIN} ¢ 25 50 15 100 CONCLUSION
SHORT RANGE GOAL | 8 A 22 %
MEDIUM 13 A . 33 %
LONG 10 A 0 %
UNDES | RABLE 5 A 45 «| UNDESIRABLE
PROBABLE TIMING CALENDAR YEARS

(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
W n LS 7S 765 78 81w 87 %0 91 w) | @ MODE(S)| MEAN (FROM 1972)
8 |EARLIEST Q====0 1.7 75 74, 1-21/2 vrs.
7 | MOST LIKELY 0=-0 1.2] 76 | 76.4 = YRS.
7 | NOT LATER THAN 0= 113 77 78,1| 5 -7 YRS.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS

- (N MILLONS;
N o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
8 | LOWER LIMIT dl.5 M .46 M .35 - .56
8 | UPPER LIMIT 3.8 M.89 M .70 -1.07
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DOT ASSESSMENT RESULTS

EVENT: TVB21

An AC motor controller, pressure compensated, for a 50 hp

motor, capable of functioning in ambient conditions down to
20,000-ft ocean depths.

SYSTEM CRITICALITY

.N;l—ﬁ l:gr;gmg:?rs " '3 FINAL CgNASE‘NSUS?%‘ o CSRTo
ESSENTIAL 4 A 25 «
DESIRABLE 4 A 75 «| DESIRABLE
UNNECESSARY A RS T 0 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N 12 | LOSSTGAIN] & . . 2 : o] CONCLUSION
.| PROTOTYPE 6 A 8 %
.4 EXPER IMENTAL 3 A. 75 % .4
.7 SIMULATION A i 0 =
"9 UNPROVEN 3 A o 17 =
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N- 10 | LOSSJGAIN] °© 2 so 75 10 CONCLUSION
SHORT RANGE GOAL 16 A 70 4
MED UM 16 A ] 1130 %
LONG A ! 0 %
UNDES IRABLE K 0 %
PROBABLE TIMING CALENDAR YEARS
—— (90% CONFIDENCE INTERVAL) - DEVELOPMENT TIME
N n TS 75 765 7 81w 8 w0 | o |MODE(S)| MEAN (FROM 1972)
11| EARLIEST Q=-=-0 1.4 | 74 [73.8] 1-21/2 vrs
11| MOST LIKELY 0==-0 1,7 | 76 |75.5[21/2-41/2 vrs.
11{NOT LATER THAN 0-0 1.6 | 78 | 77.5[41/2-61/2 vns.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS

s (W MLLONS)

‘ e [MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
12| LOWER LIMIT w2 |2 M 34 M 24 - .44
12| UPPER LIMIT 3 |.5 M .71 .53-.89

D-32




i) Wt AR SR jewy  Amemp mees o

DOT ASSESSMENT RESULTS

An AC motor controller, ambient pressure,seawater flooded
for a 50 hp motor...same as IVB21.

EVENT: TVB22

SYSTEM CRITICALITY

PEKCENTAGE FINAL CONSENSUS %
N- 12 LOSSJGAIN] © 2 sc 75100 CONCLUSION
ESSENTIAL 2 A 17 o
DESIRABLE 4 A 66 «| DESIRABLE
UNNECESSARY 2 A 17 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N* 12 l LOSSTCGAIN] © . 28 so 75 100 CONCLUSION
.1 PROTOTYPE 7 LA 8 &
JAEXPERIMENTAL | 6 A 33 =
.7 SIMULATION 11 A 42 o .7
.9 UNPROVEN 2 A 17 =
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N- 10 I LOSSJGAIN] ¢ 28 50 7 100 COMCLUSION
SHORT RANGE GOAL 14 A 50 «| SHORT
MED | UM 1 A 20 «
LONG 6 A 30 «
UNDES IRABLE 9 A o 0 =
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE IN "ERVAL) DEVELOPMENT TIME
N 7”2 TS 7% Snd T S s A7 %0 ) w' 0 MODE(S)| MEAN (FROM 1972)
11/ EARLIEST o-0 1,2| 74 |74.9|21/2 -31/rs.
11/ MOST LIKELY 0--0 1.71 76 |76.9] 4-6 YRS
10| NOT LATER THAN i . 00 1.4[77,78[78.5 [51/2-71/2ves
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
{IN MILLONS)
N] \ o [MODE(SI] MEAN | (80% COMFIDEWCE INTERVAL)
11| LOWER LIMIT 3 1.5 M.51 M .37 - .65
11| UPPER LIMIT J |1 mlidzm .73-1.32
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EVENT- TVB23

SYSTEM CRITICALITY

A DC motor controller, pressure compensated, for a 50 hp
motor, capable of functioning in ambient conditions down to
20,000-ft ocean depths.

PERCENTAGE FINAL CONSENSUS %
N 12 ] LOSSJGAIN] © & % I CONCLUSION
ESSENTIAL 4 A 25 «
DESIRABLE 3 A 75 %| DESIRABLE
UNNECESSARY 7 A 0 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N12 ] LOSSTGAIN] ¢ s 075 100 CONCLUSION
.1 PROTOTYPE / ) 0 %
.4 EXPERIMENTAL A 83 = .4
.7 SIMULATION 0 %
.9 UNPROVEN A . ) 17 %
DESIRED COURSE OF ACTION
| [PERCENTAGE | FINAL CONSENSUS %
N 12 ] LOSSJGAIN] © 25 R 100 CONCLUSION
SHORT RANGE GOAL 3 A 67 % SHORT
MED UM 3 A 33 %
LONG A . 0 %
UNDES IRABLE | Y A o 0 %
— (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 7 NS 7S %S M M W W% T"‘” e |MODE(S)| MEAN (FROM 1972)
11| EARLIEST 0-==0 1.4 74 73.711 - YRS.
11] MOST LIKELY 0=--0 1.5 | 75 | 75.5]21/2-41/2 vas.
1 1| NOT LATER THAN . Q=0 . | 3.7 177,78 77.441/2-61/2 vas.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
— (N MLLOMS)
N e [MODE(S)| MEAN |(90% COMPIDENCE INTERVAL)
12 LOWER LIMIY 02 |.2,,5M] .38 M .28 - .47
UPPER LIMIT 3 1 M.,72] M 598 = ,85
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EVENT: TVB24

for a 50 hp motor...same as IVB23.

SYSTEM CRITICALITY

A DC motor controller, ambient pressure, seawater flooded,

PERCENTAGE FINAL CONSENSUS %
N: 12 I LOSSITGAIN] © B 50 75 100 CONCLUSION
ESSENTIAL 8 A ) 0 %
DESIRABLE 6 A 75 «| DESIRABLE
UNNECESSARY 2 A i ) 25 %
DEGREE OF RISK
[PERCENTAGE FINAL CONSENSUS %
N 12 | LOSSTGAIN] @ s 50 75 100 CONCLUSION
.| PROTOTYPE 14 A ) 0 %
.4 EXPERIMENTAL 4 A 33 %
.7 SIMULATION 6 A 42 o .7
.9 UNPROVEN 4 A 25 %
DESIRED COURSE OF ACTION
e PERCENTAGE FINAL CONSENSUS %
1 | LOSS]GAIN] ° 2 50 s CONCLUSION
[SHORT RANGE GOAL| 9 A 37 % SHORT
MED I UM 9 A 27 %
LONG A ) 27 o
| UNDESIRABLE A o 9 = ]
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
FN- n RS 75 765 76 81 w4 7 90 | w7 [ @ |MODE(S)] MEAN (FROM 1972)
11| EARLIEST 070 . 78 175,1121/2-31/2""s.
11} MOST LIKELY c-0 1.5/ 76 | 77.3[41/2-6 vrs
10{NOT LATER THAN 00 1.8] 78 [78.6][51/2-71/2vrs
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
S ("N MMLLONS)
o |MODE(S)| MEAN [(90% COMFIDENCE INTERVAL)
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e Sub-Technology: Transmission and Conditioning Equipment

for Deep Ocean Fixed Installations

Objective: To advance the technologies necessary to transmit and
condition electrical energy required by deep ocean fixed installation,
at ambient conditions of 8,000 ft depths for installations with a life

expectancy of up to 10 years.

Events IVCO1 - IVCIS address this objective.
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DOT ASSESSMENT RESULTS

Electrical cabling capable of conducting 480 volts, 400 Hz,
50 ampere alternating current with a 95% probability of
a 10 year life at a lower confidence limit of 90% while
functioning at 8,000-ft ocean depths.

EVENT:

IVCO1

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N 14 I LOSS FGAIN 0 ) ) zls ) 50 ' 715 ) K 100 CONCLUSION
ESSENTIAL 2 A 29 %
DESIRABLE 8 A 64 % DESIRABLE
UNNECESSARY 6 A S N 7 %
DEGREE OF RISK
Cvmn B 13 (v [ S S SNt T CONCLUSION
.1 PROTOTYPE 3 A 33 %
.4 EXPER I MENTAL 5 A 59 % .4
.7 SIMULATION A N g %
.9 UNPROVEN 8 A N 0 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N- 12 | LOSSJGAIN] © s s 75 10 CONCLUSION
SHORT RANGE GOAL 14 A 75 % SHORT
MED UM 6 A i o 25 %
LONG 8 A ) 0 %
UNDESIRABLE A 0 % ]
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
’-N— n 7S 75 765 78 81 s 87 %0 | '{6” ¢ |MODE(S)| MEAN (FROM 1972)
12 EARLIEST 0--9 1,3| 74 | 73,7] 1-21/2 vrs.
12 MOST LIKELY 00 .7 175,76] 75.3| 3-31/2 vss.
12.NOT LATER THAN . 0=0. 1.3] 77 | 76.8] 4 -51/2 vrs.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
(IN MILLONS)
N] : o |MODE(S)| MEAN |{(90% CONFIDENCE INTERVAL)
12/ LOWER LIMIT 3 L1,5M .34 M .21- .48
12  UPPER LIMIT o3 |.5,1 M .73 M .54 - .91
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EVENT:

IvCo2

Electrical cabling capable of conducting 15,000 volts,

400 Hz, 150 ampere alternating current with a 95%
probability...same as IVCO1.

SYSTEM CRITICALITY

TS I et s A CoRELvEN
ESSENTIAL 1 A ) 8 =
DES IRABLE 10 A 69 % DESIRABLE
UNNECESSARY 9 A BEEN 23 %
DEGREE OF RISK
TR B .33 7171 S D S T GoncLIRon
.| PROTOTYPE 0 %
A EXPERIMENTAL [ 21 A . 0 %
.7 SIMULATION 19 A 69 % 7
.9 UNPROVEN 2 A 31 &
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N_-_l_z_—l LOSSJCGAIN] ©¢ = 25 50 D CONCLUSION
SHORT RANGE GOAL A 8 %
MED 1UM 14 A 17 %
LONG 14 A ) 75 %/ LONG
UNDESIRABLE y BNENe s 0 %
PROBABLE TIMING
PR - el v PO DEVELOPMENT TIHE
rN_l 72 25 %S M s M A %0 T wi | & |MODES)| MEAN (FT.OM 1872)
12 EARLIEST o) 1.6 75 75.4| 21/2 - 4 ves.
12/ MOST LIKELY _ 0===0 2.5 | 77 | 77.4] 4 -61/2 vus.
11| NOT LATER THAN ® i, 80 | 79.0(61/2-71/2vns.
ESTIMATED COSTS TO ACHIEVE TR
(N MRLLONS)
N ] o [moDE(s)] MEAN | (96% CONFIDENCE TERVAL)
12 LOWER LIMIT JI11 M .87m .49 - 1.25
12[ UPPER LIMIT 1.2| 2 wl.68 T1.06-2.31




DOT ASSESSMENT RESULTS

IVC02a Electrical cabling capable of conducting 15,000 volts,

60 Hz, ...same as IVC02.

EVENT:

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N: 13 l L0SS JGAIN] © s 50 75 100 CONCLUSION
ESSENTIAL A | [15 =
DESIRABLE 7 A 77 %| DESIRABLE
UNNECESSARY 7 A g8 %
: DEGREE OF RISK
: PERCENTAGE FINAL CONSENSUS %
‘ N 13 | LOSSTGAIN] ¢, . .3 so 75 100 CONCLUSION
.1 PROTOTYPE 9 A g %
.4 EXPERIMENTAL | 17 A ‘ 8 %
.7 SIMULATION 28 ' A 69 % .7
{ .9 UNPROVEN 2 A ) 15 %
DESIRED COURSE OF ACTION
| PERCENTAGE FINAL CONSENSUS %
i‘ N 11 [ LOSSJGAIN] © 25 50 R L CONCLUSION
SHORT RANGE GOAL A 9 ¢ _;
MEDIUM 9 A ‘ 64 % MEDIUM
H LONG 9 A ) T 27 «
y UNDES IRABLE d o . 0 % B
I PROBABLE TIMING CALENDAR YEARS
(30% CONFIDENCE INTERVAL) DEVELOPMENT TIME
-N—‘ 7 TS 75 765 78 Bl g4 87 90 91’ 939’ o MODE(S)}| MEAN (FROM 1972)
! 1 ZEARLIEST baad A2 75 [ 75,0021/2 - 31/%°s
: 12 MOST LIKELY or==0 2,2 176,77| 76.8] 31/2 - 6__vrs.
' 12| NOT LATER THAN ., O==p . []3.5(77,80]79.5[51/2-91/2¥rs
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
(1N MILLONS)
', N] ; o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
_u{wm LIMIT 7 |1 m .80M .42-1.,18
] 12{ UPPER LIMIT 1.2]2 m1.53M  .90-2.15
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DOT ASSESSMENT RESULTS

EVENT:

VC03

Electrical cabling capable of conducting 5,000 volts,

400 Hz, 50 ampere alternating current with a 95%

probability...same as IVCO1.

SYSTEM CRITICALITY
PERCENTAGE

FINAL CONSENSUS
50

%

N- 14 I LOSSJGAIN] © - 75 100 CONCLUSION
ESSENT!AL 2 A 21 «
DESIRABLE 3 A 72 %| DESIRABLE
UNNECESSARY 5 A BEEENS 7 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N 13 ] LOSSTGAIN] © . . . % 50 A ey CONCLUSION
.| PROTOTYPE 7 A 0 %
.4 EXPERIMENTAL 26 A 69 % .4
.7 SIMULATION 13 A 23 %
.9 UNPROVEN 6 A N 8 %
DESIRED COURSE OF ACTION
[PERCENTAGE] FINAL CONSENSUS %
N 11 'LOSSJGAIN] © 50 75 100 CONCLUSION
SHORT RANGE GOAL 1 A 9 «
MED IUM 7 i A 1 ¢ MEDIUM
LONG 8 ) 0 %
UNDES IRABLE e ] 0w ]
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME

’—N—I 72 TS 5 765 T8 41 M 87 w0 "l %) o MODE(S)| MEAN (FROM 1972]
ngussr 09 .6 75 | 74.5] 2 -3 YRS.
12| MOST LIKELY: 0--0 ) 1.3 76 | 76.1] 31/2-5 vms.
12 NOT LATER THAN .00 | [2.83] 77 | 78.3] 5-71/2 vas.
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS
- (I LLONS)
N o |MODE(S)| MEAN |(90% COMFIDENCE INTERVAL)
13LOWER LIMIT N 1 m| .81m .49 -1.14
12 UPPER LIMIT 1,21 2 Mjl.66 M 1.02 - 2.30
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EVENT: TVCO03a

60 Hz, ...same as IVC03.

SYSTEM CRITICALITY

Electrical cabling capable of conducting 5,000 volts,

PERCENTAGE FINAL CONSENSUS %
N4 ] LOSSJGAIN] © K- 75 0o CONCLUSION
ESSENTIAL 1 A 21 &
DESIRABLE 5 T A 72 w%| DESIRABLE
UNNECESSARY 6 T 7 e
DEGREE OF RISK
v O s U S Sl SO S
.| PROTOTYPE 8 25 %
.4 EXPERIMENTAL 8 A 50 % .4
T SIMULATION | 16 B 17 %
.9 UNPROVEN o o 8 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N- 12 ] LOSSTGAIN] © 2 so 75 o CONCLUSION
SHORT RANGE GOAL o 25 %
MED|UM A 75 % MEDIUM
LONG A ) 0 %
UNDES IRABLE A 0 %
PROBABLE TIMING CALENDAR YEARS
{90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
m 72 RS 75 765 76 81 4 67 %0 913 "'f’” o MODE(S)] MEAN [FROM 1872
JﬁEARUEST fome) 8 | 74 [74.1)111/2-21/2vss.
12| MOST LIKELY 00 6] 76 | 75.4] 3-31/2 ves
12{NOT LATER THAN 1.2 77 | 77.3] 41/2-6 s
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
1N MILLONS)
[N] y o |MODE(S)] MEAN |(90% CONFIDENCE INTERVAL)
I:ﬂw«sn LIMIT 4| .5 M,60 M .35-.87
UPPER LIMIT 6] 1 MIIZM .83 - 1.51
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EVENT:

IVC04

Electrical cabling capable of conducting 480 volts,
400 Hz, 50 ampere alternating current with a 95%
probability of a 10 year life at a lower confidence
limit of 90% while fur..tioning at 20,000-ft ocean

depths.
SYSTEM CRTICALITY
PERCENTAGE FINAL CONSENSUS %
N 14 I LOSSJCAIN] © & so 75100 CONCLUSION
ESSENTIAL 1 A B 7 %
DESIRABLE 5 A 86 «%| DESIRABLE
UNNECESSARY 6 A e 7 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 13 l LOSSTGAINY ¢ 2 so 75 100 CONCLUSION
.1 PROTOTYPE 1 A - 8 %
.8 EXPERIMENTAL 9 A 76 % .4
.7 SIMULATION 5 A 8 %
.9 UNPROVEN 5 A I —— 8 %
DESIRED COURSE OF ACTICN
PERCENTAGE FINAL CONSENSUS %
N_'-l_'.i__——l LOSSJCAIN] ¢ 25 50 73 100 CONCLUSION
SHORT RANGE GOAL 10 A 23 o
MED | UM 6 A 54 « MEDIUM
LONG 5 A ] 15 =%
UNDES IRABLE 1 A e 8 %
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
m 72 S 75 765 T 81w 87 90 | "nw o [MODE(S)] MEAN FROM 1972)
131 EARLIEST a-a 8 174,75l 74.61 2 -1 YRS.
MOST LIKELY 9= . 14) 75 1763 = YRS.
13]NOT LATER THAN . 0=-0, milly 2.3| 77 | 78.7151/2-8 ¥ms.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
(I MLLONS)
n ‘ e [MODE(SI] MEAN | 190% CONFIDENCE INTERVAL)
13| LOWER LIMIT 6 |1 M.85M .53-1,17
13[ UPPER LIMIT 1.5 2 m1.90mM 1.13 - 2.66
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Electrical cabling capable of conducting 250 volts, 400 Hz,
50 ampere direct current with a 95% probability...same

EVENT: TVCOS

as IVC04.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N= 14 I LOSS TGAIN 0 . zls ] 50 i 715 - 100 CONCLUSION
ESSENTIAL 1.5 A i 14 «
DES IRABLE 2.5 A X 65 % DESIRABLE
UNNECESSARY 4 A IENEEREE 21 %
DEGREE OF RISK

PERCENTAGE FINAL CONSENSUS %
N 12 ] LOSSTGAIN] ¢, . . % e e CONCLUSION
.1 PROTOTYPE 5 A 8 %
.4 EXPERIMENTAL 29 A 76 % .4
.7 SIMULATION 12 A 8 %
.9 UNPROVEN 12 ‘A R . 8 % i
DESIRED COURSE OF ACTION

PERCENTAGE FINAL CONSENSUS %
N1l ] [OSSJCAIN] © 5 50 75 100 CONCLUSION
SHORT RANGE GOAL 14 A 36 %
MEDIUM 5 A ‘ 55 | MEDIUM
LONG 14 A ) 09
UNDESIRABLE 5 A 9 %
PROBABLE TIMING CALENDAR YEARS

(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
W 72 73S 75 765 78 81 64 A7 90 gl’ ‘{6” o MODE(S)] MEAN (FROM 1972)
12 EARLIEST o= L1 11.3] 74 | 74.6] 2-31/2 ves.
14 MOST LIKELY 0-----0 4,0/ 76 | 77,11 3-7 YRS,
12NOT LATER THAN ~ O======p 6.2] 78 | 79.8] 41/2-11 vss.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
(N MILLONS)
W o |MODE(S)| MEAN |[90% CONFIDENCE INTERVAL)
wam LIMIT 3 | .5 M 45 M .30- .61
UPPER LIMIT 8 1.5 Mjo6M .66 - 1.46

D-43




DOT ASSESSMENT RESULTS

EVENT: IVCOSa

An electro-mechanical, multiplex, multiconductor

communication cable, near neutrally buoyant, non-

twisting, non-kinking, carrier frequency of 700 kHz
with a maximum attenuation of 2db per 1,000-ft with
a 95% probability...same as IVC04.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N- 13 | LOSSTGAIN] © 2 so 75 100 CONCLUSION
ESSENTIAL 8 A A 15 %
DES IRABLE 16 ) N 70 %| DESIRABLE
UNNECESSARY 8 A 15 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N= 12 I LOSSTGAIN] © KB 50 75 100 CONCLUSION
.| PROTOTYPE A 0 %
.4 EXPERIMENTAL 6 A o 42 % 4
.7 SIMULATION 6 A : 1 [42 & .7
-9 UNPROVEN 12 A BN N R
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N 12 | [OSSJCAIN] ¢ 25  so 75 IO CONCLUSION
SHORT RANGE GOAL| 1 A 17 %
MED UM 12 A | ]s8 s MEDIUM
LONG 10 A ‘ ) 17 %
UNDESIRABLE 1 RN 8 %
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
W 2 BSOS 75 7 M M W w0 91 \)‘sm o |MODE(S)| MEAN (FROM 1972)
12| EARLIEST Q-0 1.4 ] 74 | 75.0 - Ll
12{ MOST LIKELY _O====-0 4.4 | 76 [ 78.1] 4-91/2 vms
12NOT LATER THAN Y o 116.7] 80 | 81.051/2-121/2vrs.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSYS
[I0 MLLONS)
v] o |MODE(S)| MEAN ] (80% CONFIDENCE INTERVAL)
%w«sa LIMIT 711 Mm,g7 M 73 - 1,02
12| UPPER LIMIT 1,5] 1.5M1.95M 1,16 -2.73
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EVENT: TVCOSb

SYSTEM CRITICALITY

.same as IVCO05a.

An electro-mechanical, multiplex, single coaxial
communication cable..

PERCENTAGE FINAL CONSENSUS %
N- 13 l LoSSTGAIN o2 o 75 100 CONCLUSION
ESSENTIAL 8 A 15 %
DESIRABLE 16 A 70 %| DESIRABLE
UNNECESSARY 8 A ' - o 15 &
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N-_12 l LOSSJGAIN DR L CONCLUSION
.| PROTOTYPE 0o %
.4 EXPERIMENTAL 20 A 75 % .4
.7 SIMULATION 19 A 17 %
.9 UNPROVEN 1 A 8 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N- 12 [ LOSSJGAIN] © 25 s 73 100 CONCLUSION
SHORT RANGE GOAL| 2 A ) 25 %
MEDIUM 12 A 67 % MEDIUM
LONG 9 A . 0 %
UNDES IRABLE 1 Ao N 8 %
PROBABLE TIMING CALENBRR VERRS
- (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 72 735 75 765 78 81 s 67 90 gl »‘699 a MODE(S)| MEAN (FROM 1’72]
12| EARLIEST 0-9° 1,31 75 74.6 | 2-3 YRS.
12| MOST LIKELY O====<0 4.0 | 76 77.3] 3-71/2 vrs
12{NOT LATER THAN Om=====Q 6.4 78 [80.2] 5-111/2 vrs.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
— (N MILLONS)
N . o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
12] LOWER LIMIT .3 S M .49M .29 - .68
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EVENT:

IVCO06

SYSTEM CRITICALITY

A 100 kVDC high voltage undersea long-distance high power
transmission cable system with source and load terminal
power conditioning equipment for bottom supported 250 kva,

AC, electrical loads at 8,000-ft depths.

PERCENTAGE FINAL CONSENSUS %
N3] LOSSJGAIN] © & s 75 10 CONCLUSION
ESSENTIAL 7 A . 0 _*
DESIRABLE 13 A 92 %| DESIRABLE
UNNECESSARY 6 A DNEEEEENS 8 =
DEGREE OF RISK

PERCENTAGE FINAL CONSENSUS %
N 12 LOSSTGAIN] O, . . % 50 . CONCLUSION
.| PROTOTYPE A ) Q %
.4 EXPERIMENTAL 18 A 75 % .4
.7 SIMULATION | 21 A 8 %
.9 UNPROVEN 3 A 17 %
DESIRED COURSE OF ACTION

PERCENTAGE FINAL CONSENSUS %
N- 13 LOSSJGAIN] © & so 75 100 CONCLUSION
SHORT RANGE GOAL 1 A 23 %
MEDIUM 1 A 8 %
LONG 3 A 61 % LONG
UNDES | RABLE 1 A o 8 % ]
PROBABLE TIMING CALENDAR YEARS

(90% CONFIDENCE INTERVAL) OEVELOPMENT TIME
FN- n IS5 765 T8 8L s 47 %0 91' 9‘0"” o MODE(S}! MEAN (FROM 1972
13] EARLIEST 090 ) & 75 75.4] 3 -4 YRS.
13 MOST LIKELY 0===0 3.6 | 77 | 78.5] 41/2-8 vrs
13\ NOT LATER THAN B e 6.2 | 80 |[82,0] 7-13 YRS.
ESTIMATED COSTS TO ACHIEVE
X DEVELOPMENT COSTS
I MILLONS)

N ‘ o |MODES)] MEAN |(90% CONFIOENCE INTERVAL)
13] LOWER LIMIT .6 M ,96 M .65-1.27
13| UPPER LIMIT 3.1] 2 Mi3.32m 1.77 - 4,87
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DOT ASSESSMENT RESULTS

EVENT: IVCO7

A pressure compensated line voltage regulator and power

factor correction system for insertion at intervals in long
AC high-power undersea transmission cables at 8,000-ft
ocean depths.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N 11 ] LOSSJGAIN] ¢ & 50 75100 CONCLUSION
ESSENTIAL 14 A 9 %
DES IRABLE 14 A 91 %| DESIRABLE
UNNECESSARY A o 0 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N 11 ]  [rossfeaN] ©. . % S S COMELUSIN
.| PROTOTYPE 1 A ) 9 %
.4 EXPERIMENTAL 4 A 73 % .4
.7 SIMULATION 6 A 9 %
.9 UNPROVEN 1 A o M 9 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N 11 ] LOSSJGAIN] © s 80 75 100 CONCLUSION
SHORT RANGE GOAL| 6 A 36 %
MED UM 14 A 28 %
LONG 20 A o 36 %] LONG
UNDES IRABLE B I 0 %
PROBABLE TIMING CALENDAR YEARS
. (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N ?Ms v omsn woww 0091’93” o |MODE(S)| MEAN (FROM 1872}
1 )| EARLIEST P 1,91 75 74.7 111/2 -3 1/2"Rs.
MOST LIKELY 0==0 2,0 [ 75 76.6/31/2-51/2Yrs.
1 NOT LATER THAN . o=0. [ {2.,1]r8,79 | 78.7]51/2-8 s
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
(N MILLONS)
'N] \ o [MODE(S)] MEAN |(90% CONFIDENCE INTERVAL)
%Lowm LIMIT 2 | .3 ml.42m .30- .54
1 X UPPER LIMIT .3 [.7,1 M[.78 M .60 - .96
D~-47



DOT ASSESSMENT RESULTS

EVENT: TVCO08

A fully torque-balanced, lightweight, flexible, electro~

mechanical support cable capable of power transmissions
up to 10,000 kw and supporting 50-ton submerged loads
(at 8,000 ft) from a surface support platform.

SYSTEM CRITICALITY
PERCENTAGE

N 13 | [toSs]GAIN] ° p GRS CONCLUSION
ESSENTIAL 4 A 31 %
DESIRABL 1 A 5S4 %| DESIRABLE
UNNECESSARY 5 AT s R R 15 %
DEGREE OF RISK
Wiz ] Mool sz oy CONCLUSION
.| PROTOTYPE A . - g
.AEXPERIMENTAL | 3 A 25 %
.7 SIMULATION 23 A ] 67 % .7
.9 UNPROVEN 20 - R RS T A 8 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %

N-12 | LOSSJGAIN| ¢ &5 o 7 w0 CONCLUSION
SHORT RANGE GOAL 3 A 17 %
MEDIUM 4 7 g 33 %
LONG A 50 %| LONG
UNDESIRABLE 7 B Tl S St L SERN 0 %
PROBABLE TIMING
o0 PO ool A DEVELOPMENT TIME
N n 7875 765 78 61 e A7 % 91 e:ow o |MODE(S)| MEAN (FROM 1872)
1A EARLIEST 0=0 L .9 75 75.1 3 /5 a YRS.
12 MOST LIKELY Bagt - . ares 1.5| 78 | 77.3/41/2 -6 s
12NOT LATER THAN oo | ]2 80 | 79.9161/2-91/2vrs.
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS

(N MOLLONS)
V] o [moDE(SI] MEAN | (90% COMPIOENCE TERVAL)
12{ LOWER LIMIT S5 11,5 M ,71M .45 - .97
12 UPPER LIMIT 1,3/ Mm1.68M 1.01-2.35
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EVENT: IVCO9

down to 8,000 ft.

SYSTEM CRITICALITY

Buoyant or neutrally buoyant electrical cabling capable
of power transmission up to 10,000 kw in ocean depths

PERCENTAGE FINAL CONSENSUS %
N-_13 LOSSJGAIN] O, & 50 75 100 CONCLUSION
ESSENTIAL 7 \ ) 0 %
DES IRABLE 6 . A 92 «| DESIRABLE
UNNECESSARY 1 A 8 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N 13 LOSSIGAIN] ¢ . . . . & e . CONCLUSION
.| PROTOTYPE A R 0%
.4 EXPERIMENTAL |13 A ‘ 0 %
.7 SIMULATION 18 N A 92 « .7
.9 UNPROVEN 5 A 8 %
DESIRED COURSE OF ACTION
[PERCENTAGE | FINAL CONSENSUS %
N-_ 13 I LOSSEGAIN| © 2 50 75100 CONCLUSION
SHORT RANGE GOAL - 0 %
MEDIUM 2 A ) 1138 &
LONG 2 A 62 %/ LONG
UNDES IRABLE i il o 0 % ]
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) DEVELOPMENT TiME
m n RS 7S 765 T8 M s 7 w0 91 sp” o |MODE(S)| MEAN |FROM 1872)
13| EARLIEST @® .4 75 [ 75.0] 3-3 YRS,
13 MOST LIKELY oo 1.1] 77 | 77.2]41/2-51/2 vas.
[13NOT LATER THAN o0 | |2.3| 80 | 80.5[71/2-91/2vss
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
(IN MILLONS)
[n] : o [MODEISI] MEAN ] (9% CONFIOENCE INTERVAL)
LOWER LIMIT 31 1 M.70M .54 -.85
UPPER LIMIT 1.2 1 Mml.63 M 1.05-2.22
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EVENT: TIVC10

SYSTEM CRITICALITY

A pressure compensated 200 amp battery charger system
to be integrally mounted with seafloor supported storage
batteries at 8,000-ft ocean depths.

PERCENTAGE FINAL CONSENSUS %
N- 11 LOSSJGAIN] © B 0 B CONCLUSION
ESSENTIAL 13 A 73 %| ESSENTIAL
DESIRABLE 2 A * " 18 «
UNNECESSARY |11 A ENEENNNNS 9 «
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
VI LOSSTGAIN] ¢ d o 1w CONCLUSION
.| PROTOTYPE 8 A A 0 %
.4 EXPER I MENTAL 14 A 64 % .4
.7 SIMULATION 7 A 18 %
.9 UNPROVEN 1 A e 18 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N 10| LOSSJGAIN] ¢ 25 50 75 K0 CONCLUSION
SHORT RANGE GOAL| 1 A 90 %| SHORT
MED | UM 1 A T S 10 %
LONG X 0 %
UNDES I RABLE Poro e 0 %
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
W n NS 78 S B M W 7 % "1 &:ow o |MODE(S)| MEAN {FROM 1972)
1Q EARLIEST g=-=0 41 74 173,9] 1-21/2 YRS
MOST LIKELY 9-9 1,0 | 75 | 75.7| 3-41/2 ves
10/NOT LATER THAN . Q=-0 P 1.5 76 | 77.3] 41/2-6 vas.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
e (1 MLLONS)
N : o |MODEIS)| MEAN |(90% CONFIDENCE TERVAL)
10 LOWER LIMIT 2 1.5 M.30 M .33- 45
10l UPPER LIMIT 4 11 Mm.88 M .62-1.13
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DOT ASSESSMENT RESULTS

EVENT: vC1] A pressure compensated power line/multiplex decoupling-
cricuit to isolate control signals carried on high voltage
(5,000 volt) high current (50 amp) power cable functioning
in ambient conditions at 8,000-ft ocean depths.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N1l ] LOSSJGAIN] @, & s 1 w0 CONCLUSION
ESSENTIAL 9 A B 55 %| ESSENTIAL
DESIRABLE 10 B A RS 36 %
UNNECESSARY 11 1.A RS 9 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N 10 ] LOSSJCAIN] © . & S 15 CONCLUSION
.| PROTOTYPE 1 A , ) 10 %
.4 EXPERIMENTAL | 6 A o 30 %
.7 SIMULATION 5 ' A . 60 % 7
.9 UNPROVEN A 0%
DESIRED COURSE OF ACTION
PERCENTAGE | FINAL CONSENSUS %
N 10 | TOSSJGAIN] © 2 so 75 w0 CONCLUSION
SHORT RANGE GOAL 3 A ) 70 % SHORT
MED 1 UM 3 A NN 30 %
LONG N ) ‘ 0 %
UNDESIRABLE A 0%
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
m n NS 75 5 M M M 8 %0 T 95.” ¢ |MODE(S)] MEAN (FROM 1972)
_;gmucsr 0-—0 1,2] 74 ]| 73.6] 1-21/2 vrs.
10| MOST LIKELY 0--0 ) 1.3[75,76| 75.3] 21/2-4 vrs
10/ NOT LATER THAN . Ore “T11.7] 76 .3|41/2-61/2 vrs |
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
L (1% MILLONS)
N 2 e |MODEIS)| MEAN |(00% CONFIDENCE INTERVAL)
10/ LOWER LIMIT 1] .3 m.33 M .23-.42
UPPER LIMIT 2 1.5 M.70 m[ .58 - .81
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An operational undersea electrical power connector with
both in-air and underwater make/break capability (dead
cable) for use on 250 kw (50 ampere, 5,000 volts AC)

EVENT.

vCi2

SYSTEM CRITICALITY

transmission system to depths of 8,000 ft.

PERCENTAGE FINAL CONSENSUS %
N1g ] LOSSJCAIN] ©, 8  so 15 10 CONCLUSION
ESSENTIAL 17 A o 21 %
DESIRABLE 17 A A 79 s/ DESIRABLE
UNNECESSARY | T A T NeER 0 =
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N 14 ] LOSSJGAIN] ¢ = R . CONCLUSION
.1 PROTOTYPE 5.5 A , ) 7 %
.4 EXPERIMENTAL 16 A 72 % .4
.7 SIMULATION 2 A ) 21 &
.9 UNPROVEN 12,5 A e 0 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N-13 ] LOSSJGAIN] ¢, . % N CONCLUSION
SHORT RANGE GOAL 4 A 77 | SHORT
MED UM 2 A ) ) o 15 «
LONG 7 0 %
UNDESIRABLE 1 A 8 %
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
m n 7S 75 %65 7 st wM w sp”l’ ef” o |MODE(S)| MEAN (FROM 1972)
EARLIEST Q-0 1.1] 724 |23,7] 1-21/2 s
13| MOST LIKELY oo, . . . 1.6 (74,761 75,5| 3 -4 YRs.
13]NOT LATER THAN . Q===0 A 2.7 75 | 77.2] 4-61/2 vns.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
(1N OLLONS)
n ‘ ¢ [MODE(S)] MEAN | (90% CONPDENCE MTERVAL)
14/ LOWER LIMIT ol |4 M .31 M .24-.37
14 UPPER LIMIT 2| .6M .67 .57-.77
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DOT ASSESSMENT RESULTS

EVENT: IVC13

SYSTEM CRITICALITY

Circuit breakers, 500 ampere capacities, with automatic
and/or remote reset, capable of functioing in amblent
conditions down to ocean depths of 8,000 ft (0 to 50 C

and 3600 psi).

PERCENTAGE FINAL cowsmsus % .

m LOSS 1 GAIN 0 o . zl.f; . ‘ 715 - 100 CGNCLUSION

ESSENTIAL 4 A 77 %| ESSENTIAL

DESIRABLE 4 A 23 %

UNNECESSARY A o 0 %

DEGREE OF RISK
CrE I s R DT R e O CONCLUSION

.1 PROTOTYPE 5 A - 8 %

.4 EXPERIMENTAL 3 A 76 % .4

.7 SIMULATION 1 A 8 «

-9 UNPROVEN I'[Ta NN 8 %

DESIRED COURSE OF ACTION
PERCENTAGE FINAL consmsus %

N 13 l LOSSJGAIN] © 5 s 7 100 CONCLUSION
SHORT RANGE GOAL| 1 . A 92 %| SHORT
MED | UM 1 A N ' 8 %

LONG A " . 0 =%

UNDES IRABLE A i 0 %

PROBABLE TIMING CALENDAR YEARS
— (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME

N /] S 75 765 78 8l s 57 %0 91 9‘6” o MODE(S}{ MEAN (FROM 1872)

13 EARLIEST a-a. L 74 74.2. = YRS.
13| MOST LIKELY Q--9 ) 1.6] 75 | 7 3-5 YRS
13| NOT LATER THAN . 0==0 2.5] 76 | 77.8] 41/2 -7 vrs.
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS
== (N LLONS)
2 ¢ |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)

13] LOWER LIMIT ol 1,2 M 28 M .23 - .34
13| UPPER LIMIT 2] .5M .59 M .48 - .70
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EVENT: IVC14

A transformer, pressure compensated, capable of stepping

down 15,000 volts to 440 volts, 60-400 Hz, and 250 kva,
in ambient conditions at ocean depths of 8,000 ft.

SYSTEM CRITICALITY

[PERCENTAGE FINAL CONSENSUS %

N1l ] LoSSJGAIN] © . B 50 7s 100 CONCLUSION
ESSENTIAL 5 A - 18 %

DESIRABLE 10 A 64 % DESIRABLE
UNNECESSARY 5 A BN 18 %

DEGREE OF RISK

CERTO B 1553 77 R T S S SO CONCLUSAON

.| PROTOTYPE 17 / ) 0 %

.4 EXPERIMENTAL 13 A 80 ° .4

.7 SIMULATION 2 A 10 %

.9 UNPROVEN 2] A NN 10 »

DESIRED COURSE OF ACT.ON

PERCENTAGE FINAL CONSENSUS %

N 10 ] [TOSSTGAIN] °© 28 o 75 o0 CONCLUSION
SHORT RANGE GOAL| 2 A 40 %

MED | UM 8 A 50 %/ MEDIUM

LONG 2 A 10 %

UNDES IRABLE U NI ¥ NN R 0 %
PROBABLE TIMING

— S S AR DEVELOPMENT THME
N mo ns s s wm w v wl | o |MODE(S)| MEAN (FROM 1972) _j
1 EARLIEST 0-0 o8 | 75 | 74.1]11/2 -21/2vrs.
10 MOST LIKELY 00 8| 76 [ 75.6] 3 -4 vRs.
1 NOT LATER THAN . 0=0 1.4] 78 [ 77.9] 5-61/2 vns
ESTIMATED COSTS TO ACHIEVE oy
G (0 BLLONS)

N \ o | MODE(S)| MEAN |(80% CONFIDENCE INTERVAL)
10 LOWER LIMIT 02 }3,.5M .46 M .32 - .59

10 UPPER LIMIT o7 1 Ml1.0lm .59 - 1.42
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DOT ASSESSMENT RESULTS

EVENT: IVC 15

SYSTEM CRITICALITY

A transformer, ambient pressure, seawater flooded,
capable of stepping down...same as IVC14.

PERCENTAGE FINAL CONSENSUS %
N- 11 l LOSSJGAIN] © k-3 50 75100 CONCLUSION
ESSENTIAL 8 A 0 %
DESIRABLE 4 A o 27 %
UNNECESSARY 4 A 73 % UNNECESSARY
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 9 | [tossJcain] ¢ K- ORI e CONCLESIN
.| PROTOTYPE / 0 %
.6 EXPERIMENTAL |10 \ 0 %
.7 SIMULATION 11 A 56 % v/
.9 UNPROVEN 1 I S 44 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N-_10 | LOSSJGAIN] - 25 e 75 100 CONCLUSION
SHORT RANGE GOAL / 0 %
MED UM 6 A 40 % MEDIUM
LONG 3 A 130 =
UNDES |RABLE $ 1] . . A 30 % ]
PROBABLE TIMING CALENDAR YEARS
_._ (90% CONFIDENCE INTERVAL) ‘I DEVELOPMENT TIME
N 7 LS 75 765 78 81 s K7 90 !l eo:.” ) MODE(S)| MEAN (FROM 1972)
g [EARLIEST Q-Q A J1.0] 75 [75.72] 3-41/2 YRS
9 | MOST LIKELY 0--0 . 1.5] 78 78,0 5 -7 YRS.
9 [ NOT LATER THAN 0= 2.0] 80 [80.4] 7-101/2 vrs
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
ber (W8 MNLLONS)
N . o [MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
8 | LOWER LIMIT S5 11 M .83M .47 - 1.19
8 | UPPER LIMIT 1,01 2 M|1.59 m .88 - 2,29
D-55
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APPENDIX E
TECHNOLOGY AREA V. PROPULSION

SUB-TECHNOLOGY AREAS:

A.
B.
C.
D.

Propulsors
Power Transmission
Integral Energy and Power Sources

Propulsion Motors
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VA Sub-Technology: Propulsors

Dbjective; To develop the technologies necessary to cvaluate and
design improved propulsors and propulsor systems for deep submergence

vehicles that will provide the following:

Greater efficiency

Precise maneuverability in all directions

Free of entanglement

Minimum bottom disturbance

Have increased reliability and maintainability
Provide 6 degrees of motion to vessel

O0O0OO0O0O0

Events VAOl - VA04 address this objective.
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DOT ASSESSMENT RESULTS

Cycloidal propellers for systems up to 60 hp designed for
submersible use at 20,000 ft. ocean depths.

EVENT: VAOl

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N12 | LOSSJGAIN] O = %0 75 100 CONCLUSION
ESSENTIAL 8 A 0 %
DESIRABLE 14 B A 75 | DESIRABLE
UNNECESSARY 6 I NEENNES ] %5
DEGREE OF RISK
— PERCENTAGE FINAL CONSENSUS %
N 12 ] LOSSTGAIN] ¢ . . . & 50 75 100 CONCLUSION
.| PROTOTYPE A . 8 %
A EXPERIMENTAL | 9 A ) 8 %
.7 SIMULATION 9| | - A 67 % .7
.9 UNPROVEN A 17 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N 12 ] LOSSJGAIN] ¢ 25 50 75 00 CONCLUSION
SHORT RANGE GOAL A 17 %
MED | UM A 50 % MEDIUM
LONG A ) 17 %
UNDES | RABLE A 17 %
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
-E] 72 RS 75 765 78 81 w4 87 w0 91 96 * c MODE(S)| MEAN (FROM 1972)
EARLIEST 0==-0 1.5 | 75 [74.25 14 -3  vrs.
11} MOST LIKELY 0-0 1.4] 78 1|77.5 5-64% vrs
12{NOT LATER THAN £- 0==0 2.5| 80 [80.1 7 -94 s
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
[N MILLONS)
[N ] : o [mooEs)] mean | (90% conrioence iNTERVAL)
_]_g{wwsa LIMIT . 2 M[1.39M 1.09 - 1.68
12] UPPER LIMIT 1.2] 4 Mm[3.13m] 2.49 -3.76




DOT ASSESSMENT RESULTS

EVENT: VAOQ2 variable pitch propellers for systems up to 60 hp ... same
as VAOl.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %

N 12| LOSSJGAIN] © 2 50 Bt CONCLUSION
ESSENTIAL 6 A 17 %

DESIRABLE 6 A 75 %| DESIRABLE
UNNECESSARY A ERRNEEE 8 %

DEGREE OF RISK

PERCENTAGE FINAL CONSENSUS %

N- 12 I LOSSFGAIN] ¢ 25 s 75 100 CONCLUSION
.| PROTOTYPE A 25 %

.4 EXPERIMENTAL 17 A 59 % .4
.7 SIMULATION 17 A : 8 %

.9 UNPROVEN A ) 8 %

DESIRED COURSE OF ACTION

PERCENTAGE FINAL CONSENSUS %

N 12 | LOSSJGAIN] °© 25 50 75 100 CONCLUSION
SHORT RANGE GOAL 8 A . 67 % SHORT
MED |UM 8 A 25 %

LONG A 0%

UNDES IRABLE la 8 % ]

PROBABLE TIMING CALENDAR YEARS

. (90% CONFIDENCE INTERVAL) ‘ DEVELOPMENT TIME
N 72 735 75 765 7% 6L w1 w0 “l w] [ o |MODES)] MEAN (FROM 1972)

(L2 | EARLIEST 0===0 1.2 | 74 73,25 3}-2 s
1{MOST LIKELY - .8 | 76 175.6 3-4 vrs
2| NOT LATER THAN o0 | l2.1] 80 [78.25] 5-7% wms

ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS

o (N WNLLONS)

N : o |MODE(S)| MEAN |{80% CONFIDENCE INTERVAL)

) 2 | LOWER LIMIT 31 .5 M ,63M .49 - .77

) 2 [ UPPER LIMIT . 2 M{1,75M] 1.37-2.14
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EVENT: VAO3

|

DOT ASSESSMENT RESULTS

Waterjet propulsors for systems up to 60 hp designed for
submersible use at ocean depths »f 20,000 ft.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N 12| LOSSJGAIN] © & s 3 CONCLUSION
ESSENTIAL 14 A [ s
DESIRABLE 28 . A ) 66 %/ DESIRABLE
UNNECESSARY 14 A 17 .
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
v 12 ] LoSSJGAIN} © . . . %, . %, . . . B, . . . OONELUEEw
.| PROTOTYPE 9 A 8 %
.4 EXPER IMENTAL 9 A 59 % .4
.7 SIMULATION ) A 33 %
.9 UNPROVEN A 0 %
DESIRED COURSE OF AC[ION
PERCENTAGE FINAL CONSENSUS %
Ne 12 | LOSSJGAIN].© 2 50 5 100 CONCLUSION
SHORT RANGE GOAL| 1 A 66 % SHORT
MED | UM 9 A B IRE
LONG A ) 0%
UNDES | RABLE 8 A ) 17 4
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
Fm 72 755 75 785 78 81 84 A7 %0 ‘T 96 v o MODE(S)] MEAN (FROM 1972)
12[EARLIEST 0---0 1.2 | 73 ]73.2 $-2 s
11| MOST LIKELY 0-0 i -9 I75/76 175.4 3-4 _ Yms
11]NOT LATER THAN ) 0=-0 | |2.0 | 80 |78.4 54 - 74 ves.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
(N MOLLONS)
V] o |MODE(S)] MEAN |(30% COMFIDENCE INTERVAL)
12| LOWER LIMIT 3] .sm ,s0m .37 - .64
[12] UPPER LIMIT 5 1,5 Mm1,28M 1.00-1.55




DOT ASSESSMENT RESULTS

EVENT: VAQ4

for submersible use ... same as VA03.

SYSTEM CRITICALITY

A tandem propeller propulsor for systems up to 60 hp designed

PERCENTAGE FINAL CONSENSUS %
N 12 ] LOSSJGAIN] ©, & % s o CONCLUSION
ESSENTIAL \ 0 %
DES IRABLE 6 A L 25 %
LINNECESSARY 6 ) T A 75 %/ UNNECESSARY
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N1 LOSSTGAIN] § . . . % ® P = CONCLUSION
.| PROTOTYPE / ) g *
.QEXPERIMENTAL |18 A ‘ 18 %
.7 SIMULATION 18 A 73 % .7
.9 UNPROVEN A o 9 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
12 [ LOSSJGAIN] ¢ 5 s« 75 100 CONCLUSION
snonr RANGE GOAL A 8 %
MED | UM 8.5 A ) 33.5% MEDIUM
LONG 8.5 A “T1133.54
UNDESIRABLE A - ]2 = ]
PROBABLE TIMING CALENDAR YEARS
= (0% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N n W Ej ‘?w o |MODE(S)| MEAN (FROM 1972)
11 EARLIEST 0-0 .9 75 74.8 24 - 34 vrs.
11/ MOST LIKELY 0===0 _ 1 12.1] 75 [77.2] 4 -64 vms
1 1] NOT LATER THAN 0==0 3.1] 80 80.5 64 - 10 vms.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
L IN MILLONS)
N g o |MODE(S)| MEAN ] (90% COMFIDENCE INTERVAL)
11] LONER LIMIT .6 1172 M|1,09M .72 - 1.45
11| UPPER LIMIT 2.3].5/3M2,95M 1,72 - 4,18

E-6

(R p—



VB Sub-Technology: Power Transmission

Objective: To develop the technologies necessary to evaluate and

design transmissions functioning between the motor and propulsor or
motor and mechanism in the deep ocean that will improve control and
performance characteristics, and where necessary, either step-up or

step-down rpm.

Events VB0l ~ VB07 address this objective.
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EVENT: VBOl An encapsulated mechanical transmission including shaft
seals capabie of transmitting 40 hp at ocean depths of
20,000 ft,
SYSTEM CRITICALITY
PERCENTAGE FINAL CONSENSUS %
N 11| LOSSJGAIN] © . 23 R CONCLUSION
ESSENTIAL 4 0%
DESIRABLE A 64 %| DESIRABLE
UNNECESSARY A 36 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N 11| LOSSJGAIN] O, . & % 1 e CONCLUSION
.1 PROTOTYPE 4 , 0%
.4 EXPER IMENTAL A 27 %
.7 SIMULATION A i 18 %
.9 UNPROVEN A o K -9
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS % .
N1 LOSSJCGAIN| © 2 R L CONCLUSION
SHORT RANGE GOAL A 9 %
MEDIUM 9 A i 55 % MEDIUM
LONG 9 A 18 %
UNDES IRABLE A o 18 o
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) OEVELOPMENT TIME
m 7 73578 765 7 81 84 67 w0 ’1 ”S:u.a o |MODE(S)] MEAN (FROM 1972)
1 Y EARLIEST oo . .61 75 |74.5 2 -3 vms
12{ MOST LIKELY a8 v 1.2| 78 |76.6 4 -5¢ vs
1) NOT LATER THAN W7 00 | | ]3.5] 80 [79.1 64 - 8 vas.
ESTIMATED COSTS TO ACHIEVE
DEVELOv YENT COSTS
(1N MLLONS)
N] e o |MODE(S)] MEAN | (90% CONFIDENCE INTERVAL)
11| LOWER LIMIT 4] 1 M| .92m .69 - 1,15
11| UPPER LIMIT 1.1] 3 m]2.58m 1,95 - 3.21
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EVENT: VBO02

A non-water flooded, pressure compensated mechanical trans-

mission with efficiencies comparable to conventional trans-
missions and capable of transmitting ... same as VBO1.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N 11 ] L0SSTGAIN] © kB 50 5 o CONCLUSION
ESSENTIAL 9 A 73 %| ESSENTIAL
DES IRABLE 9 A ) 18 %
UNNECESSARY A D D ) 9 ¢
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 11 ] LOSSYGAIN} § . . . ¥, %, . T s CONCLUSION
.1 PROTOTYPE A 18 %
.4 EXPERIMENTAL A 18 %
.7 SIMULATION )} A 55 & .7
.9 UNPROVEN A e 9
DESIRED COURSE OF ACTION .
PERCENTAGE FINAL CONSENSUS %
N 11 ] L0SSTGAIN]. © k-3 so 75 100 CONCLUSION
SHORT RANGE GOAL 13 A 73 % SHORT
MED1UM 21 A 9 %
LONG 9 A - , 9 %
UNDES IRABLE 1 A 9 «
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
W 72 73S 75 765 73 M M 87 %0 Jl %6 | o MODE(S)! MEAN ) (FROM 1872)
0L 1 | EARLIEST 0-0 9 | 74 |74.0 13 - 2} ves.
i1 1] MOST LIKELY 0--0 1.4| 75 |75.5] 3 -4% ves
L 1 | NOT LATER THAN : 0==0 2.2 80 |78.1 § =74 ves
. []
ESTIMATED COSTS TO ACHIEVE
) DEVELOPMENT COSTS
R (N MILLONS)
N 3 o |MODEIS)| MEAN |(90% COMFIDENCE INTERVAL)
) 1 | LOWER LIMIT 2] .5 M .65M 52 - .78
11| UPPER LIMIT 6 | 2 M1.95M 1,60 - 2,31
E-9




DOT ASSESSMENT RESULTS

A seawater flooded mechanical transmission capable of
... Same as VBOl.

EVENT: VBU3

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N- 11 I LOSSJGAIN] © _ - S . CONCLUSION
ESSENTIAL q A A 9 %
DESIRABLE 9 A 73 % DESIRABLE
UNNECESSARY A R 18 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 11 I LoSSTGAIN] 9 2 o 75 100 CONCLUSION
.| PROTOTYPE ) . Qg %
.4 EXPERIMENTAL A 18 %
.7 SIMULATION 9 A ‘ 18 %
.9 UNPROVEN 9 A 64 % .9
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N- 11 I LOSSJCAIN] © 28 50 75 100 CONCLUSION
SHORT RANGE GOAL| 11 A ) 9 %
MED UM 4 A ) 46 % MEDIUM
LONG 8 A ) 18 %
UNDES IRABLE il A 27 o
PROBABLE TIMING CALENDAR YEARS
(30% CONFIDENCE INTERVAL) DEVELOPMENT TIME
rN_ ) 7S 75 765 8 Bl m N %0 | W o |{MODE(S)| MEAN (FROM 1972)
11 EARLIEST 0-0 .8 75 75.0 24 - 34 ves.
1| MOST LIKELY . 00 1.8 |76/80(77.7 5 -6k vrs
11/ NOT LATER THAN  0==0 2,5 | 82 [81.2 8 - 10% vrs.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
Lo (I8 MILLONS) ‘
N e |MODE(S)| MEAN |(80% CONFIDENCE INTERVAL)
E-10
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DOT ASSESSMENT RESULTS

EVENT: VBO04 A hydraulic transmission using conventional fluids, pressure
compensated capable of...same as VBOl.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N- 11 l LOSSTCAIN] © . K- T e CONCLUSION
ESSENTIAL A 27 %
DES IRABLE ) A 64 %| DESIRABLE
UNNECESSARY A 9 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N 11 LOSSJGAIN] ¢ .= o 75w CONCLUSION
.1 PROTOTYPE 9 A A 9 %
.4 EXPER IMENTAL 18 A 73 % .4
.7 SIMULATION 9 A . 18 %
.9 UNPROVEN A 0 %
DESIRED COURSE OF ACTION
[PERCENTAGE FINAL CONSENSUS %
N 11 ] LOSSJGAIN] .©¢ . 2 so 75 100 CONCLUSION
SHORT RANGE GOAL | 14 A . 36 %
MED | UM 14 A ) 64 %  MEDIUM
LONG o ) 0%
UNDES IRABLE A 0 %
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) . DEVELOPMENT TIME
—N—l 72 S 75 768 78 81 x4 K7 90 T e:o” r' MODE(S)| MEAN IFIOI |.72]
1 | EARLIEST 0-0 A1 .81] 74 [73.7 14 -2 ws.
12 MOST LIKELY 0-0 ; .91 75 [75.0 24 - 31 ws.
1]/ NOT LATER THAN __  O==0 = 11177 78 |77.4 4} - 6} vrs.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
(N MILLONS)
] 1 o |MODEIS)] MEAN | (80% CONFIDENGE INTERVAL)
1HLONER LIMIT .3 1 m|l .76Mm .60 - .92
12 UPPER LIMIT .8 2 M[1.79Mm 1.37 - 2,22

E-11



DOT ASSESSMENT RESULTS

A hydraulic transmission using seawater at ambient condi-
tions capable of...same as VBOl.

EVENT: VBOS

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N- 11 | LOSSJCAIN] © B s 75 wn CONCLUSION
ESSENTIAL 8 A X . g %
DESIRABLE 7 A 73 % DESIRABLE
UNNECESSARY 1 A NN 18 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 11 | LOSSJGAIN] ¢ . . . = T . CONCLUSION
.1 PROTOTYPE 9 A , 0 %
.4 EXPERIMENTAL A 18 %
7 SIMULATION A . 0%
.9 UNPROVEN 9 o S A 82 « .9
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N 11 ] LOSSJCAIN] © 25 s0 5 w00 CONCLUSION
SHORT RANGE GOAL [ 11 A 9 %
MEDIUM A . X 0%
LONG 13 A i 73 #| LONG
UNDES IRABLE 2 A ) 18 % ]
PROBABLE TIMING CALENDAR YEARS
— (30% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N n TS 7S TS T Bl s 8 to l, u:."' o |MODE(S)| MEAN {FROM 1972)
11| EARLIEST 0--0 1 [1.4] 75 [75.7 3 -4% ves.
11{MOST LIKELY 0-0 2.0{77/79178.1 5=-7 vrs
11| NOT LATER THAN 0--0 : 3.6 80 [8l.8 8 - 12 vas.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
ey (N MRLLONS)
N 3 o | MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
11/ LONER LIMIT 5 ] 2 mii.61 M 1,30 - 1,93
UPPER LIMIT 1.7] 5 M[3.98M 3.05-4,90
E~12
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DOT ASSESSMENT RESULTS

EVENT. VBO6

A torque converter using conventional fluids, pressure com-

pensated, capable of transmitting 100 hp at ocean depths of

20,000 ft,
SYSTEM CRITICALITY
PERCENTAGE FINAL CONSENSUS %
N 11 ] LOSSJGAIN| ©, & s 75 o CONCLUSION
ESSENTIAL A 18 %
DESIRABLE A 73 %| DESIRABLE
UNNECESSARY A RN g %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N 11 LOSSTGAIN] O . . . . % 2PN/ SN, CONCLUSION
.| PROTOTYPE A 9 %
.8 EXPERIMENTAL A S 9 %
.7 SIMULATION ' A 82 % .7
-9 UNPROVEN A R *
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N 11| LOSSJGAIN|.© 25 50 78 100 CONCLUSION
SHORT RANGE GOAL [ 1 A 9 %
MEDIUM 6 A 64 % MEDIUM
LONG 7 A ) 27 «
UNDESIRABLE A ) 0 4
PROBABLE TIMING CALENDAR YEARS
- {90% CONFIDENCE INTERVAL) = DEVELOPMENT TIME
N 72 74575 765 78 AL b A w0 [ W) o MODE(S)| MEAN (FROM 1972)
11| EARLIEST 00 1.00 75 [ 74.4 2 -3 vrs.
13/ MOST LIKELY 0--0 2.0 77 | 76.8 3;;6 YRS.
11| NOT LATER THAN O====0 3.2 80 | 79.5 74 -9 vrs.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
(1N MILLONS)
v] o [moDE(S)I] MEAN | (90% CONFIDENCE INTERVAL)
12 LOWER LIMIT B 1 M 92m .75 - 1.10
11 UPPER LIMIT 1.1 3 m2.70 .08 - 3.

E-13
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DOT ASSESSMENT RESULTS

EVENT: vBO7

SYSTEM CRITICALITY

A torque converter using seawater at ambient pressure
capable of ...same as VB06.

PERCENTAGE FINAL CONSENSUS %
N 11 l 0SS [GAIN] © 3 %0 L« CONCLUSION
ESSENTIAL A - 9 %
DES IRABLE 9.5 A ) 45,5% DESIRABLE
UNNECESSARY 9.5] u A i 45,5%| UNNECESSARY
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N1l | LOSSTGAIN] S, - o1 100 CONCLUSION
.| PROTOTYPE A 0 %
.4 EXPER IMENTAL 1 A 9 %
.7 SIMULATION 11 A ~ ) 9 %
.9 UNPROVEN 12] [ A 82 % .9
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N1l ] LOSSJCAIN] © 25 o 7500 CONCLUSION
SHORT RANGE GOAL A 0%
MED!UM 11 A - - 9 %
LONG 4 A 64 4| LONG
UNDES!RABLE 7 AR e SN 27 o ]
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) : DEVELOPMENT TIME
T 72 735 75 765 78 81 s A7 w0 "l " '] MODE(S)| MEAN (FROM 1972)
11| EARLIEST 0==0 1.5! 75 76,1 3 -5 VRS
10] MOST LIKELY 0==0 2.5 77 [79.0 54 - 84 vas.
11{NOT LATER THAN TR T v W 4,2| 80 [82.6 8% - 13 vrs.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
S (IN MILLONS)
N 1 o |MODE(S)| MEAN |[90% CONFIDENCE INTERVAL)
UPPER LIMIT 2.3] S m4.91m 3.64 - 6.17

E-14
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VC Sub-Technology: Integral Energy and Power Sources

Objective: To provide optimum energy/power sources for untethered
vehicles and devices in accordance with the following:

Increased power dentisy (power/lb, power/ft3)
Increased energy dernsity (power/hr/ b power/hr/ft3)
Increased reliability and maintainability

Increased automation

Negligible noise and vibration

o oNoNoNo)

NOTE: Nuclear and isotope energy sources are not to be considered.

Events VCO0l - VC06 address this objeciive.

E-15



DOT ASSESSMENT RESULTS

EVENT: VCOl

An encapsulsted thermochemical power system using hydro-
carbon-oxidizer reactants (e.g., diesel oil-hydrogen
peroxide) capable of a specific energy of 100 watt hrs/lb,
and an energy density of 10 kilowatt hrs/ft3. The system
is capable of a 70 hour duration delivering 50 kw/unit and
can operate at 20,000 ft depths.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N1l ] LOSSTGAIN] © B 5o 75 100 CONCLUSION
ESSENTIAL A 18 %
DESIRABLE 82 4| DESIRABLE
UNNECESSARY Ao 0%
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N 11 | LOSSJGAIN| ¢ . . = 0 75 100 CONCLUSION
.| PROTOTYPE 4 , 0 %
4 EXPERIMENTAL A f 27 %
.7 SIMULATION 9 A 73 % .7
.9 UNPROVEN 9 A B o 0 9
DESIRED COURSE OF ACTION
= PERCENTAGE FINAL CONSENSUS %
N1l ] LOSSJGAIN] © K 5075 100 CONCLUSION
SHORT RANGE GOAL| 9 A 64 % SHORT
MED |UM 18 A ) 18 %
LONG 18 A ) 9 %
UNDES | RABLE 9 A ) 9 % ]
PROBABLE TIMING CALENDAR YEARS
— (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 7 TS 75 765 78 AL M AT 9 [ wn c MODE(S)] MEAN (FROM 1972)
11| EARLIEST o0 .8 78 74.5 2 -3 vrs
11| MOST LIKELY 0-~0 ) 1.5] 78 76.9 4 -54 vrs
1 [NOT LATER THAN o--o [ 12.,3]80/81]79.9 63 -9 vrs
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
e N MLLONS)
N o |MODE(S)| MEAN |[90% COMFINENCE INTERVAL)
10{ LOWER LIMIT 2.2 2 mj2.85m 1,59 - 4,11
10] UPPER LIMIT 4.0 5 m[7.00 m 4.67 - 9,33
E-16
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DOT ASSESSMENT RESULTS

EVENT: VCO02

An encapsulated thermochemical power system using exotic

fuel-oxidizer (e.g., Hydrazine-hydrogen peroxide, Metal

Slurry-Oxidant), capable of a specific energ

of 500 watt

hrs/1b and an energy density of 55 kw hrs/ft°, The system
... Same as VCO1l.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N- 11 I LOSSJGAIN] ¢, . & 50 75 0 CONCLUSION
ESSENTIAL 9 A X 27 %
DESIRABLE 9 A 55 %| DESIRABLE
UNNECessary |  F [ A 18 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 11 | LOSSYGAIN} © . .28 . % . . %, ol CONCLUSION
.| PROTOTYPE / . 0_%
.4 EXPERIMENTAL o 18 %
.7 SIMULATION 18 A 73 % .7
.9 UNPROVEN 18 A 9 9
DESIRED COURSE OF ACTION
[PERCENTAGE | FINAL CONSENSUS %
N 11 l [OSSJGAIN] ¢ 28 o 75 o CONCLUSION
SHORT RANGE GOAL| 9 4 0%
MED | UM 9 A ‘ 27 «
LONG ) A 55 &l  LONG
UNDES IRABLE A N 18 %
PROBABLE TIMING CALENDAR YEARS
—~ ~ (50% CONFIDENCE INTERVAL) & DEVELGPMENT TIME
N 7 TS 7S %5 7 M M 67 %0 | % o |MODE(S)] MEAN (FROM 1972)
11]EARLIEST 0-=0 1.5] 75 176.0 3 -5 s
1/ MOST LIKELY 0-0 2,4178/80/79,2 6 -84 vrs
11{NOT LATER THAN R S 4.4] 85 [84.0 94 - 143 vs.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
s (1N MILLONS)
N o |MODE(S)| MEAN |(96% COMFIDENCE INTERVAL)
10| LOWER LIMIT 3.2] 2 m[ 4.4 2,55-6.25
10] UPPER LIMIT 4.6] 10 Mm{10.904 8.24 - 13,60
E-17




DOT ASSESSMENT RESULTS

EVENT: VCO03

An encapsulated fuel cell power system capable of a
specific energy of 200 watt hrs/lb and an energy density

of 10 kw hrs/ft3. The system is capable of a 20-hour
duration delivering 50 kw/unit and can operate at 20,000-
ft depths, and has a system life expectancy of 2,000 hours.

SY'STEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N- 11 l LOSSTGAIN] © k3 50 75 100 CONCLUSION
ESSENTIAL 2 A 27 %
DESIRABLE 6 A i 64 %| DESIRABLE
UNNECESSARY 8 A DRREREeNS 9«
DEGREE OF RISK

PERCENTAGE FINAL CONSENSUS %
N 11 ] LOSSTGAIN] ¢ . . . % ) —) CONCLUSION
.| PROTOTYPE A - 0 %
.4 EXPER INENTAL 15 A 73 % .4
.7 SIMULATION 7 A 18 %
.9 UNPROVEN 8 A e 9%
DESIRED COURSE OF ACTION

RCENT, FINAL CONSENSUS %
N 11| LOSSJGAIN} ¢ = s 75 100 CONCLUSION
SHORT RANGE GOAL 3.5 A 36.5%]  SHORT
MEDIUM 13.5 A 36.5%
LONG A 18 %
UNDES IRABLE 8 A 9 %
PROBABLE TIMING CALENDAR YEARS
a—_— (0% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N n MS IS NS T w7 w0 | e o |MODE(S)| MEAN [FROM 1872)
10{EARLIEST 00 =7 75 74.5 2 -3 s
10/ MOST LIKELY o=-=0 | {1.7] 78 |77.4 41 - 61 vas.
10{NOT LATER THAN ~ 0--0_ 3.1[80/85]81.4 74 < 11 vas.
ESTIMATED COSTS TO ACKIEVE
DEVELOPMENT COSTS
(N MILLONS)
'N] o [MODE(S)] MEAN | (90% CONFIDENCE INTERVAL)
10/ LOWER LIMIT 3,11 5 m 4.8m 3.06 - 6.64
10{ UPPER LIMIT 6.5[10/204[11. 20w 7.41 - 14,99
E-18
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DOT ASSESSMENT RESULTS

EVENT: VCO04

SYSTEM CRITICALITY

]
An ambient pressure fue! cell power system capable of a
specific energy of 300 watt hrs/1b and an energy density
of 18 kw hrs/ft3, The system is capable of a 20 hour
duration delivering 50 kw/unit and can operate at 20,000
ft depths, and has a system life expectancy of 9,000 hours.

PERCENTAGE FINAL CONSENSUS %
N1 LOSSJGAIN] © s 50 75 100 CONCLUSION
ESSENTIAL A 36 %
DES IRABLE 9 A 64 %| DESIRABLE
UNNECESSARY 9 - T 0%
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 11 | LOSSJGAIN] ¢ K- s« 75 100 CONCLUSION
.1 PROTOTYPE A 0%
8 EXPERIMENTAL | 7 A ) 9 %
.7 SIMULATION 22 A ] 64 % 7
.9 UNPROVEN 15 A o 27 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N- 11 I LOSSJGAIN] © 2 so 75 100 CONCLUSION
SHORT RANGE GOAL| 7 4 0%
MED 1UM 3.5 A 45,5% MEDIUM
LONG 3.5 A 1 ]45.5%] LONG
UNDES |IRABLE . Y ]
PROBABLE TIMING CALENDAR YEARS
= (90% CONFIDENCE INTERVAL) . DEVELOPMENT TIME
N 72 TS 75 765 7 41w M7 90 ”l 96 i V' MODE(S)| MEAN lfm 1972)
11[EARLIEST 0--0 1.4 76 | 76.5 34 -5 vrs
11/ MOST LIKELY 0-0 1.2 | 80 78,7 6 - 74 ves
11]NOT LATER THAN 0=0 2.7 '81,85| 83.4| 10 - 13 ves.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
{IN MILLONS)
n / o |MODE(S)] MEAN |(90% CONFIDENCE INTERVAL)
10| UPPER LIMIT l10.5 15 Mm[15.604 9,53 - 21,67
E-19




DOT ASSESSMENT RESULTS

EVENT: VCOS

A solid propellant energy source controllable and operable
in ambient pressures down to 20,000 ft with a specific
energy of 500 watt hrs/lb with an energy density of 60 kw
hrs/ft3 and capable of a 20-hour duration delivering 50 kw/

unit.
SYSTEM CRITICALITY
PERCENTAGE FINAL CONSENSUS %
N- 11 I LOSSJGAIN] °© 5 S0 75 100 CONCLUSION
ESSENTIAL / ) 0%
DESIRABLE 7 A 82 %| DESIRABLE
UNNECESSARY 7 A o 18 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 10 I LOSSJIGAIN] ¢ & o 75 100 CONCLUSION
.1 PROTOTYPE A ) 0%
A EXPERIMENTAL | 10 A 0%
.7 SIMULATION 10 A ‘ 40 %
.9 UNPROVEN A 60 « ]
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N 10 ] LOSSJCAIN] 0, % S0 75 100 CONCLUSION
SHORT RANGE GOAL \ 0%
MED | UM 10 A 10 %
LONG 10 X A 804 10ONG
UNDES IRABLE A Vs 0
PROBABLE TIMING CALENDAR YEARS
- (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N n RS 75 765 78 81 M M w0 | o MODE(S}] MEAN (FROM 1972)
10] EARLIEST 0--0 2.1 | 80 ]77.4 4 - 6% vrs
9| MOST LIKELY 0---0 3.1182/85] 80.4 6% - 104vas
10{ NOT LATER THAN U ey . 90 [ 85.7| 11%-16 vrs
ESTIMATED COSTS YO ACHIEVE
i DEVELOPMENT COSTS
o [ MILLONS)
N o |MODE(S)| MEAN | (90% COMFIDENCE INTERVAL)
9| LOWER LIMIT 2.4| 5 M 4.2 2,71 - 5,73
9] UPPER LIMIT 7.1110 mpl.89m 7.51 -16.27
E-20
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DOT ASSESSMENT KESULIYS

EVENT: VCO06

A secondary battery capable of a specific en:rgy greater
than 60 watt hrs/lb and an energy density of 7.8 kw hrs/
ft3, operable in ambient conditions for 20,00~-ft ocean

depths and capable of a 40-hr duration delivering 50 kw/
unit, and capable of 200 charging cycles,

SYSTEM CRITICALITY

A FINAL CONSENSUS %
N- 11 I tg’;gENéAfﬁ 0o 25 50 75 100 CONCLUSION
ESSENTIAL 2 A N 27.%
DESIRABLE 3 A, 64 %| CESIRABLE
UNNECESSARY 1 A i e 9%
DEGREE OF RISK
FINAL CONSENSUS %
v 1T [fossfeaw] ®. . .3 ®. . .m CORCLUSION
.1 PROTOTYPE 4 0%
.AEXPERIMENTAL | 8 A ; 9%
.7 SIMULATION 16 A 82 4, .7
.9 UNPROVEN 8 A ‘ J %
DESIRED COURSE OF ACTION
[PERCENTAGE ] FINAL CONSENSUS %
N1 LOSSJGAIN} &, %, % B, ., W SONBLUAN
SHORT RANGE GOAL 13 A 55% SHORT
MEDIUM 3 A i . 36 %
LONG 17 A 0%
UNDESIRABLE 1 A RSN TE S P 94 ]
PROBABLE T!MING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) : DEVELOPMENT TIME
-N_l 72 RS 75 765 78 W m AT %0 "l 0 Y1 o MODE(S)| MEAN (FROM 1972)
10| EARLIEST 0--0 ] 1.1 [74/76 | 74.8 2 ~-31 ves
10] MOST LIKELY 0--0 | 1.8 178/79 | 77,7 4% - 63 rs
10]NOT LATER THAN 0-0 . 3.3[ 83 [81.6] 74-124 wvas
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
N MILLONS)
[N ] : o [mooes)] mean 190% conmoence TeRvAL)
10] UPPER LIMIT 2.8] 8 Mm|/5.85M] 4,21 -7.49
E-21




VD Sub-Technology: Propulsion Motors

Objective: To advance the technologies necessary to develop various
externai (outside the pressure hull) propulsion motors thatcan be used
to drive propulsors or other mechanisms with the desired performance
characteristics in ambient conditions down to 20,000~ft ocean depths.

Events VDOl - VD06 address this objective,

E-22
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DOT ASSESSMENT RESULTS

EVENT: vDO1

A 40 hp, AC motor, ambient pressure compensated, non-

water flooded capable of 500 hours unattended and 2,000~
hours intermittent operation at ocean depths of 20,000 ft.

SYSTEM CRITICALITY

_ PERCENTAGE FINAL CONSENSUS %
N- 10 j L0SS [GAIN - N 50 75100 CONCLUSION
ESSENTIAL A 50 %| ESSENTIAL
DESIRABLE A . 50 %| DESIRABLE
'UNNECESSARY RS 0 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N 10 | [iosSTcAIN T ConGLYOIm
.| PROTOTYPE 10 A 30 %
.4 EXPERIMENTAL | 10 A i 30 %
.7 SIMULATION A 40 % 7
.9 UNPROVEN R 0%
DESIRED COURSE OF ACTION
] tgggm&:‘,ﬁ v FINAL csgnsms‘us; e TR
SHORT RANGE GOAL| 10 A 80 %/ SHORT
MED |UM 10 A ) 20 %
LONG - 0%
UNDESIRABLE | | [A o 0%
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) OEVELOPMENT TIME
W 7 78 7S 768 78 M1 w4 N 90 ”l iy 'l MODE(S)| MEAN (FROM 1972)
10| EARLIEST o---0 1.4 | 73 |73.5 4 - 24 vrs
1@ MOST LIKELY 0-0 3 4.8 1.3 | 75 75.7 3 -44 vrs
L (NOT LATER THAN . 0==0 2.2 | 78 78,6 54 -8 vms.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
(N MLLONS)
n : ¢ [mooe(s)] mean | i90% conrioence mrervaL)
10f LOWER LIMIT A | S wm 55w .32- .77
10{ UPPER LIMIT .8 1 M[1.25m .80 - 1,70
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DOT ASSESSMENT RESULTS

A 40 hp, AC motor, ambient pressure, seawater flooded

EVENT: VD02

SYSTEM CRITICALITY

... Same as VD01,

PERCENTAGE FINAL CONSENSUS %
(- 10 ]  [rossJcAw] ©, .z % . % ConcLec
ESSENTIAL 10 A 10 %
DESIRABLE 10 A 90 | DESIRABLE
UNNECESSARY ¥ i eeee 0%
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N~ 10 | [losSPeAN] ® . . . % % B w0 Goncteson
.1 PROTOTYPE 10 A 10 %
.4 EXPERINENTAL | 10 A 30 %
.7 SIMULATION 10 A 40 % .7
.9 UNPROVEN 10 A DO 20 %
DESIRED COURSE OF ACTION
[PERCENTAGE FINAL CONSENSUS %
N 10 | LOSSTCGAIN] ¢ 25 5 78 100 CONCLUSION
SHORT RANGE GOAL 10 A 10%
MED 1UM 30 A o 50% MEDIUM
LONG 20 A 40%
UNDESIRAGME | | I& . . 0% ]
PROBABLE TIMING CALENDAR YEARS
(50% CONFIDENCE INTERVAL) DEVELOPMENT TIME
m ” TS 7S 765 76 M s W w0 | w'y ¢ {MODE(S)| MEAN (FROM 1972
10| EARLIEST 0=-='a 1,1] 74 [74.7 2 =34 s
10] MOST LIKELY 0--0 1.8 75 |76.9 4 -6 vrs
10/ NOT LATER THAN _0-=0 2.3] 80 [80.9 7% = 103 vas
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
(W MILLONS)
n ‘ o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
| LOWER LIMIT J 11 mil.21M .78 - 1,64
10| UPPER LIMIT 1.6] 2 m2.75m| 1.80-93.69 |
E-24



DOT ASSESSMENT RESULTS

EVENT: vDO3 A 40 hp, DC motor, ambient pressure compensated, non-
water flooded ... same as VD01,

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N- 10 I LOSSJGAIN] © 25 so 7100 CONCLUSION
ESSENTIAL 10 A ‘ 60 %/ ESSENTIAL
DESIRABLE A R 20 %
UNNECESSARY | 10 A a0 s
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 10 ] [rosSPean| o, . % . 3w CanCLEC
.1 PROTOTYPE 10 , A sg % .1
.4 EXPERIMENTAL 10 A ) 40 %
T.7simuLation | 20 A . 10 %
.9 UNPROVEN . 0%
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N- 10 | LOSSJGAIN} ¢ & so 15 w00 CONCLUSION
SHORT RANGE GOAL A ' 40 %
MED | UM 10 A 60 %| MEDIUM
LONG 10 A ) 0%
UNDESIRABLE A o ) 0% ]
PROBABLE TIMING CALENDAR YEARS
i (90% CONFIDENCE INTERVAL) . DEVELOPMENT TIME
N n S 7% 765 Wt w87 w "f wi | o [MODE(S)] MEAN (FROM 1972)
10{ EARL'EST 0=---0 1.4] 73 [73.3 $-2 s
10 MOST LIKELY 0-0 1.2 74 | 75,2 24 -4 s
10[NOT LATER THAN ~ o==-0 | ]1.9] 80 | 78.4 54 - 74 vas.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
(I MLLONS)
'N] \ o [mopE(s)] mean |(90% comnoence mrervaL)
_;_gwm LIMIT 6 | 2M .67M .32 - 1,01
10| UPPER LIMIT 1.2 1 M[1,53M .82 - 2,24
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DOT ASSESSMENT RESULTS

EVENT: D04

A 40 hp, DC motor, with electronic commutation, 10 hp

ambient pressure, seawater flooded ... same as VDOl.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N 10 ] losscaIN] ¢, & %0 5 100 CONCLUSION
ESSENTIAL A 0%
DESIRABLE i - A[100 %] DESIRABLE
UNNECESSARY o 0%
DEGREE OF RISK
V] e, sy CoHT
.| PROTOTYPE A C %
A EXPERIMENTAL | 20 10 %
.7 SIMULATION 20 i A 60 % 7
) UNPROVEN CSINY SORE
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N 10 ] LOSSJCAIN| ¢ so 75 0 CONCLUSION
SHORT RANGE GOAL \ 0%
MEDIUM A 20 %
LONG A 80 4] LONG
UNDES |RABLE D TS W I Q% L
PROBABLE TIMING CALENDAR YEARS
o (5% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N n TS TS TS T B M A w0 | ¢ |MODE(S)| MEAN (FROM 1972)
10{ EARLIEST 0-=0 1,01 75 |[74.9 23 - 3% vrs
10/MOST LIKELY 0=0 1.6 77 [77.9 5 =7 s
10[NOT LATER THAN { 0---0 3.4] 80 [82,1] 8 --12 vas]
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT (OSTS
(I MILLONS)
[N] o [moersi] meAN | 90% cownoence mTeRviL
10| LOWER LIMIT .2 M{1.,70m] 1.08 - 2,32
10{ UPPER LIMIT 2.2] 1 m4.10M 82 -5,
E-26
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DOT ASSESSMENT RESULTS

EVENT: VDOS

water flooded ... same as VDOl.

SYSTEM CRITICALITY

A 100 hp, DC motor, ambient pressure compensated, non-

PERCENTAGE FINAL CONSENSUS %
N- 10 I 10SS JCAIN] © 5 s 75 oo CGNCLUSION
ESSENTIAL 10 A J 20 %

DES IRABLE A L 40 5| DESIRABLE
UNNECESSARY 10 A 409
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N 10 ] LOSSTGAIN] 9 . . . . & R . CONCLUSION
.1 PROTOTYPE 10 A 20%
.4 EXPER IMENTAL 10 A 10 %
.7 SIMULATION 30 A 60 % W
.9 UNPROVEN 10{].A RS 104
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N 10 | OSSJGAIN} © &5 50 75 100 CONCLUSION
SHORT RANGE GOAL 10 A 10%

MED UM 10 A ) 20%

LONG 10 A 60%] LONG
UNDES IRABLE 10 A o 10+ ]
PROBABLE TIMING CALENDAR YEARS

(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME

T 72 ™S 75 768 78 31 a4 b7 90 !l " 3 o MODE(S}] MEAN [Fm "72]
10| EARLIEST 0-~-0 1.8/ 75 |74.6 14 - 34 vas.
10 MOST LIKELY 0=-0 2.2] 60 [77.9 42 - 7  vas.
10{NOT LATER THAN ~o----0 | ,3,7] 80 [82.0 B - 12 vas

ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS
(™ MOLLONS)

N] ‘ o [MODE(SI] MEAN | (90% CONFIDENCE INTERVAL)
10| LOWER LIMIT ,0/1/2 m[1.55Mm .98 - 2,12
10{ UPPER LIMIT 1.9 3 wm3.200 Z.IT-4.79

E-27



DOT ASSESSMENT RESULTS

EVENT: vDO6

A 100 hp, DC motor, with electronic commutation, ambient
pressure, seawater flooded ... same as VDOl.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %

N 10 ] LoSSJGAIN] ¢ o % Al CONCLUSION
ESSENTIAL A 20 %

DESIRABLE 20 A 30 %

UNNECESSARY 20 N 50 x| UNNECESSARY
DEGREE OF RISK

PERCENTAGE FINAL CONSENSUS %

N 10 | LOSSGAIN] O . . . .3 N . CONCLUSION

.| PROTOTYPE ) R 0%

.4 EXPERIMENTAL 0%

.7 SIMULATION 10 A 40 %

.9 UNPROVEN 10 | [ ; A 60 % .9
DESIRED COURSE OF ACTION

RCENTAGE | FINAL CONSENSUS %

N- 10 LOSS JGAIN] ¢ 3 %0 7 10 CONCLUSION
SHORT RANGE GOAL 0%

MED IUM ) 0%

LONG 20 A 70% LONG

UNDES IRABLE 20 T TR 30 ]
PROBABLE TIMING CALENDAR YEARS

" (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N n NS M NI 8w 7w "" .:..” o |MODE(S)| MEAN (FROM 1972)

10| EARLIEST 00 1.11 75 | 75.8 3 - 4Lvn.
10/ MOST LIKELY 0==0 2.3 80 | 79,7 64 -9 vnrs
10/ NOT LATER THAN . 0=0 _ 3.2| 80 | 83.8 10 - 134ves.
ESTIMATED COSTS TO ACHIEVE

OEVELOPMENT COSTS

it (™ MLLONS)

N ¥ e [MODE(S)| MEAN |(00% CONFIBENCE INTERVAL)

E-28
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TECHNOLOGY AREA VI,

SUB-TECHNOLOGY AREAS:

APPENDIX F
SURVEILLANCE AND COMMUNICATIONS

A. Bottom Positioning

B. Surveillance and Viewing

C% Communications




VIA Sub-Technology: Bottom Positioning
Objective; To develop the capability to resolve a small object (S ft in

diameter) at a 20,000-ft depth for precision work employing various
types of underwater work systems.

Events VIAOl - VIAO2 address this objective.

- ——
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DOT ASSESSMENT RESULTS

A surface-mounted, 3-dimensional, active acoustic system
capable of locating an on-bottom or above-bottom object at
least 5 ft in diameter to an accuracy of + 200 ft in range,

azimuth, and depth, at depths to 20,000 ft,

EVENT: VIAOl

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N- 14 l LOSS[GAIN] © K- 50 75100 CONCLUSION
ESSENTIAL 6 A 0%
DESIRABLE 4 ) A 79% DESIRABLE
UNNECESSARY 2 A e 21%
DEGREE OF RISK

PERCENTAGE FINAL CONSENSUS %
v 14 ] [iosSPoam| g . » % e CONGVSI0%
.| PROTOTYPE A i 0%
A EXPERIMENTAL | 5 A 7%
.7 SIMULATION 5 A . 14%
.9 UNPROVEN wo | A 79% .9
DESIRED COURSE OF ACTION

PERCENTAGE FINAL CONSENSUS %
N 14 ] [OSSJGAIN} ¢ = 50 75 00 CONCLUSION
SHORT RANGE GOAL[12,5 A 0%
MED | UM 1.5 A 14%
LONG 9.5 A 72% LONG
UNDES |RABLE 1.5] [ A o e 149
PROBABLE TIMING CALENDAR YEARS

(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
F 7 TS 7S %S T 81w M w wi | o |MODEIS)] MEAN {FROM 1972)
] 3|EARLIEST 0--0 2.8 78 76,5 34 -6 vrs
13| MOST LIKELY 0=== B.2 [75/80] 80.1 6 - 10 vms
B2 INOT LATER THAN o---0 | |6.2] 80 | 85.5] 104 - 163ves
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
(N MILLONS)
[N] ‘ o [MODE(SI] MEAN | (90% CONFIDENCE INTERVAL)|
F LOWER LIMIT 3.6] 1 m4.25m] 2.56 - 5.94
4| UPPER LIMIT 15.4 5 mpd.29w] 6.92 - 21,65
F-3




DOT ASSESSMENT RESULTS

EVENT: VIAQO2 A surface-mounted, 3-dii. onsfonal, active acoustic system
employing a transponder on the submerged device, capable
of locating the on-bottom or above-bottom device to an
accuracy of + 100 ft in range, azimuth, and depth, to
depths of 20,000 ft,

SYSYEM CRITICALITY

k

PERCENTAGE FINAL CONSENSUS % ;
N- 14 | L0SSJGAIN] © 3 075100 CONCLUSIOn
ESSENTIAL 2 A ‘ 64 % ESSENTIAL
DESIRABLE 2 A R 29 %
UNNECESSARY A 7 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 14| LOSSTGAIN] © . . . . % o 7 o CONCLUSION
.1 PROTOTYPE 2 A o 29 %
.4 EXPERIMENTAL 2 ' A o 35 % .4
.7 SIMULATION 4 A _ ) 29 %
.9 UNPROVEN A 7 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N 14| LOSSJGAIN] © . 5 s 75 100 CONCLUSION
SHORT RANGE GOAL 7 A 72 % SHORT
MED UM 7 A ‘ _ , 14 %
LONG i A ) , 7 %
UNDES |IRABLE 7 4 7 4
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) - DEVELOPMENT TIME
’_N- n NS5 NS M oMW -;‘oyl’-{o" ¢ |MODE(S)| MEAN (FROM 1872)
13 | EARLIEST oo .9 173/75]74.0 14 - 234 vms.
12 MOST LIKT' Y 0--0 i 1.9 75 [76.4 34 - 54 vns
L2 NOT LATER THAN . o-—0. 1]2.6] 78 [78.9] 5% -8} vs.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
(™ MRLLONS)
[v] [ o |MODE(S)| MEAN |(50% CONFIDENCE INTERVAL)
LOWER LIMIT 2.6] s M1 ggM 37 - 2.95

v F-4
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VIB Sub-Technology: Surveillance and Viewing

Objective: To develop active/passive, acoustic and visual methods for
observation, location, and tracking of static and moving objects from
beneath the surface down to ocean depths of 20,000 ft.

Events VIBO! -~ VIBIS address this objective.

F=§



DOT ASSESSMENT RESULTS

EVENT: VIBOl

A head coupled television system, using conventional

underwater TV, which has a remotely controlled TV camera
in a work vehicle at a 20,000 ft depth. The viewing CRT
screen is mounted on the head of a surface operator and the
remote TV camera moves in synchronization with the head

movement of the operator.

The system includes a two-way,

multiplex link via a single coaxial cable between a surface
The system,

using conventional underwater TV has a 20-ft to 30~ft range
and is used in conjunction with quartz-iodide 250 w ‘*t lamps
or equivalent for {llumination,

control center and the remote work vehicle,

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N- 13 ] tosSJGAIN] © & s 75 400 CONCLUSION
ESSENTIAL 1 A ] g%
UES IRABLE 5 A 61% DESIRABLE
[INNECESSARY 4 | A 31%
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
'N- 13 l LOSSTGAIN] © 2 %0 7 100 CONCLUSION
.| PROTOTYPE A - 0 %
.4 EXPERIMENTAL | 1 A 46 % .4
.7 SIMULATION 1 A ) 46 % .7
.9 UNPROVEN 2 A e 8 %
DESIRED COURSE OF ACTION
—t e PERCENTAGE FINAL CONSENSUS %
N- 13 | [TOSSJGAIN] © . 5 s wo CONCLUSION
SHORT RANGE GOAL 3 A . 23 %
MED UM 9 A 38 % MEDIUM
LONG 2 A 8 %
UNDES IRABLE i - Y e - AN 31 %
PROBABLE TIMING CALENDAR YEARS
. (90% CONFIDENCE INTERVAL) . DEVELOPMENT TIME
N /] 7575 765 T8 81w 87 w0 L"“” o |MODE(S)] MEAN (FROM 1872
12 EARLIEST 0-0 1,0 | 75 74.4 2 =3 vrs.
12 MOST LIKELY 0= 1.8 ! 78 76.5 34 - 5% ves.
12INOT LATER THAN o--o i ]2,7] 80 | 78.8 54 - 8 vrs.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
(N MILLONS)
ﬂ e |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
12 LOWER LIMIT 1.6 1 m|1,83M .98 - 2,69
12] UPPER LIMIT $.2[1.5/M] 5.92m 3,21 - 8,62

F-6
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DOT ASSESSMENT RESULTS

EVENT: VIB02

SYSTEM CRITICALITY

A directional ranging sonar system

with a 180~-yard range

and a forward field of v 2w of 160 degrees in azimuth and

17 degrees vertical. The system h
mounted on the operator's console,

as a visual display
The system is remotely

operated by a surface operator, via a transmission cable,
and can {unction on a platform at 20,000 ft ocean depths.

PERCENTAGE FINAL CONSENSUS %
N= 13 l LOSS GA'N. 0 - 2‘5 ) 50 715 ) ‘.‘_I_OO CONCLUSION
ESSENTIAL 5 ' A 8%
DES IRABLE 4 - A 84 »| DESIRABLE
UNNECESSARY 1 A I 8 %
DEGREE OF RISK \
PERCENTAGE FINAL CONSENSUS %
N 13 ] LOSSJGAIN] . . . & o0 75 100 CONCLUSION
.| PROTOTYPE 2 h_, 15 %
.4 EXPERIMENTAL 2 A 62 % .4
.7 SIMULATION 4 A 23 %
.9 UNPROVEN 138 DD 0%
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N 13 | IOSSJGAIN] © &5 o 715 10 CONCLUSION
SHORT RANGE GOAL A 54 %|  SHORT
MED 1UM A 31 %
LONG 1A = 15 %
UNDES IRABLE R L i D 04 ]
PROBABLE TIMING CALENDAR YEARS
. (90% CONFIDENCE INTERVAL) DEVELOPMENT T\VME
N o oms 35 ws e mow v wl [ o [MODE(S)] VEAN (FROM 1972}
12 EARLIEST Y] .9 74 | 74 2 1} - 23 vrs.
12 MOST LIKELY -0 1.6 [ 75/77] 76.3 34 -5 s
12| NOT LATER THAN LED 1.0 80 | 79.2 6 -84 vrs
ESTIMATED COSTS TO ACH!EVE
DEVELOPMENT COSTS
(™ HLLONS)
[v] o [moDEs)] MEAN | (90% CONPIDENCE INTERVAL)
13| LOWER LIMIT .9 1 Mi1.08M e el
13{ UPPER LIMIT 4.5] 3 M3.95M 1,73 - 6,16
F-7



DOT ASSESSMENT RESULTS

EVENT: VIBO3 A directional passive binaural hydrophone system with a
P capability of positioning an 80dB sound (0.0002 microbars)
up to 1,000 ft distances with a beam width of 3 degrees at
a{proximately 10 KHz, The system is remotely operated
P by a surface operator via a single phase coaxial cable.
.’ The system can function on a platform at 20,000 ft ocean
< depths.
SYSTEM CRITICALITY
PERCENTAGE FINAL CONSENSUS %
N 13 | TiosSJeAIN] ©, & s 5 wo CONCLUSION
ESSENTIAL 5 A 8%
DESIRABLE ] A ) 46 %
UNNECESSARY 6 | ] R ) A ’ o 46 %| UNNECESSARY
DEGREE OF RISK
PERCENVAGE FINAL CONSENSUS %
N_12 ] LOSSJGAIN] © . . & 50 75 100 CONCLUSION
.1 PROTOTYPE 7 A Q%
.4 EXPERIMENTAL 15 ) A 58 % .4
JSIMULATION | 11 A 25 %|
.9 UNPROVEN 3 A 17 4
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N- 12 l LOSSIGAIN] 9 25 50 75 100 CONCLUSION
SHORT RANGE GOAL 4 A 25 %
MED | UM 12 A 17%
LONG A 0%
UNDESIRABLE 8 o A 58 9| UNDESIRABLE
PROBABLE TIMING CALENDAR YEARS
-(90% CONFIDENCE INTFRVAL) DEVELOPMENT TIME
T 72 3575 765 78 81 54 87 9 91 ".‘i” e MODE(S)| MEAN (FROM 1972)
12| EARLIEST o—=0 2.2 74 |74.8 14 - 4 vrs.
12} MOST LIKELY Preeeg 3.6 75 |77.3 33 -7 wes
12| NOT LATER THAN . O====0 5.6] 77 [80.3 5} - 11 vrs.
ESTIMATED COSTS TO ACRIEVE
DEVELOPMENT COSTS
. (N MULLONS)
N : e |MODE(S)] MEAN | [90% CONFIDENCE INTERVAL)
12| LOWER LIMIT 2.2 1 M[1,73M .60 - 2,87
12| UPPER LIMIT 5.2 2 M|4.53m 1,85 -7.21
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DOT ASSESSMENT RESULTS

EVENT: VIBO4

SYSTEM CRITICALITY

A narrow field of view (FOV) TV system with FOV variable from
2,59 to 20° and having a field depth of + 20 ft, System can
resolve a 1-inch, 25% reflecting target against a black back-
ground anywhere “sithin FOV (for FOV=50) at a signal-to-noise
ratio of .unity for a target distance of up to 100 ft in water with
an attenuation coefficient of .25/meter. Resolution will not
be degraded by platform motions of 6 kts. System weight in
water will not exceed 150 lbs and system will be capable of
operation at a duty cycle of 1 for 40 hrs with a total input
power of 25 kw hrs,

PERCENTAGE FINAL CONSENSUS %
N- 12 —_—I LOSSFGAIN] © k-3 so 75 100 CONCLUSION
ESSENTIAL A 8%
DES IRABLE 2 ) A 67 % DESIRABLE
UNNECESSARY 2 A 25%
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N 12 ] LOSSTGAIN] o . . .3 % 75 100 CONCLUSION
.1 PROTOTYPE 9 A i 17%
.4 EXPER IMENTAL 2 . A 25%
.7 SIMULATION 15 A ‘ A 8%
.9 UNPROVEN 4 ) A 50% .9
DESIRED COURSE OF ACT!ON
PERCENTAGE FINAL CONSENSUS %
N 11 ] [OSSJGAIN] © 25 50 75 100 CONCLUS!ON
SHORT RANGE GOAL 3 A A 28%
MED | UM 6 A ) 36%
LONG A B} 0%
UNDES|RABLE 3 Y T 36 %| UNDESIRABLE |
PROBABLE TIMING CALENDAR YEARS
= (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 72 7S 75 765 78 81 84 7 % Bl ‘)‘oe o [MODE(S)| MEAN (FROM 1972)
1 1| EARLIEST 0-=---0 1 12.5] 75 | 75,5 2 -5 es.
11| MOST LIKELY O=====0 5.2 77 | 79.4 44 - 10 vrs.
11{NOT LATER THAN Ommmen—=g- 8.0 80 | 83.5] 7 -16 vrs.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
(IN MRLLONS)
[N ] \ o |MODEIS)]| MEAN |(90% CONFIDENCE INTERVAL)
11| LOWER LIMIT 7.5 1 m/7.07M] 2,99 -11,15
11{ uPPER LIMIT 12.7!13,50 ME7.77m[ 8.09 - 27.50




DOT ASSESSMENT RESULTS

EVENT: VIRO

5 Same as VIB04 except that total input power available is
30 kw and maximum range shall be 125 ft. Weight require-
ments will be those appropriate to towed fish or submersible.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N 39 l tossJcAIN] © . & %0 s 100 CONCLUSION
ESSENTIAL 0%
DESIRABLE 2 A 75 %| DESIRABLE
UNNECESSARY 2 A T 25 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N 12 ] LOSSTGAIN] 0 . . . . %, ", 2 e CONCLUSION
.| PROTOTYPE 1 A g%
.4 EXPER IMENTAL 8 A 8%
.7 SIMULATION | 19 A , 17 %
.9 UNPROVEN 3 ' A 67 % .9
DESIRED COURSE OF ACTION
‘ [PERCENTAGE | FINAL CONSENSUS %
N- 12 l LOSSJGAIN] ¢ = 2 so 75 100 CONCLUSION
SHORT RANGE GOAL 8 A 17%
MEDIUM 13 A 334
LONG 8 A ) 174
UNDESRABLE 3 BN 2R - 33| UNDESIRABLE
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
W ) 735 75 765 T8 81 w4 87w 91 -)‘ow ¢ |MODE(S)| MEAN (FROM 1972)
11{EARLIEST O===== (o} ; 3.6/ 76 |76.9 3 =7 vers
11{MOST LIKELY O==m=w== © | |6.4]77/78[80.7| § =17 s
11| NOT LATER THAN ! O===== -0 8.5/ 80 [84.9 84 - 174 vrs.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
e (1N MILLONS)
N : o |MODE(S)| MEAN |(90% COMFIDENCE INTERVAL)
11{ LOWER LIMIT 8.3| 2 m[{8.73Mm 4.19 - 13.27
11] UPPER LIMIT 28.4 3 Mﬁﬁ.ﬂmw
F-10



DOT ASSESSMENT RESULTS

EVENT: VIBO6 A wide field TV system having a 100° x 100° FOV (employing
rotating optics). System shall resolve a 25% reflecting 4-
inch object against a black background anywhere within FOV
at a signal-to-noise ratio of unity at a 70 ft receiver-to-
target plane distance in water with an attenuation coefficient
of .33/meter. Depth of fleld is +20 ft across FOV. Image
will not be degraded by platform speeds of up to 6 knots.
Input power, weight, duty cycle same as VIB04.

SYSTEM CRITICALITY

F-11

PERCENTAGE FINAL CONSENSUS %
[ [N 10 ] oSSJGAIN] © . s 75 w00 CONCLUSION
‘ ESSENTIAL A 0%
E DES IRABLE 3 A 70 %| DESIRABLE
UNNECESSARY a ([, A 30 %
E DEGREE UF RISK
P W 1153 1 T S S T CONCLUSION
: .| PROTOTYPE A A o g%
{ .4 EXPERIMENTAL ) ‘ 0%
.7 SIMULATION 4 ' A f ‘ 44 %
[ .9 UNPROVEN 4 M-\ A S— 56 % .9
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
E m LOSSJGAIN] ¢ & 50 15100 CONCLUSION
SHORT RANGE GOAL| g A ] 10 %
MED UM 3 A ) o 30 %
[ LONG 2 A ‘ ‘ 204
' UNDES IRABLE 3 [T A 40 9| UNDESIRABLE |
i PROBABLE TIMING S AR YEARE
e (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 72 RS 75 765 78 81 s M %0 j“" v o |MODE(S)| MEAN (FROM 1972)
! 9 | EARLIEST 0===0 2.4|75/80] 76.4 3 =6 vrs
L 9[MOST LIKELY o==-==0 4.5/ 78 | 80.6 6 - 113vrs
l 9 |NOT LATER THAN . O0=-====0 | | 6.,7|NONE]| 84.7 8% = I7 vas
5 ESTIMATED COSTS TO ACHIEVE
% DEVELOPMENT COSTS
: ' bt (IN MILLONS)
% N , o [MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
o |LOWER LIMIT 8.5 2 M 7.4M 2,16 - 12,73
’ ‘ o | UPPER LIMIT 16.3[3,10M[16.67M]  6.58 - 26.76




DOT ASSESSMENT RESULTS

EVENT: VIBO7

Same as VIB06 except available power is 30 ¥w and maximum

range is 85 ft. Weight and size suitable for towed fish or

submersible.
SYSTEM CRITICALITY
PERCENTAGE FINAL CONSENSUS %
N- 10 I LOSSTGAIN] © - 50 7510 CONCLUSION
ESSENTIAL 4 0%
DESIRABLE 55 A ) i 40 %
UNNECESSARY 85 A 60 »| UNNECESSARY
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N-_ 8 LOSSTGAIN] § . . . . 2 s SPIaL ) Ios CONCLUSION
.| PROTOTYPE ) 0%
.4 EXPERIMENTAL A 0%
.7 SIMULATION 8.5 | A S | [37.5%]
.9 UNPROVEN g & . ﬁ 62.5% .9
DESIRED COURSE OF ACTION
‘ PERCENTAGE FINAL CONSENSUS %
N 10 ] LOSSJGAIN] ¢ 2 50 7 100 CONCLUSION
SHORT RANGE GOAL | 17 A 10%
MED UM 10 A o 10%
LONG 2 A ‘ 204
UNDES|RABLE 5 A 605 UNDESIRABLE
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
W n 7575 %65 T8 W s 87 v | 9‘6” ¢ |MODE(S)| MEAN {FROM 1872)
8| EARLIEST Q====0 3.0{f 80 [77.0 3 -7 vas
8|/ MOST LIKELY O======0 | Is.2] 85 [81.0 sz = 12§ vas.
8| NOT LATER THAN . O=wome --0 | ]7.7] 90 |85.5 8% - 18%vns.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
- (W ILLONS)
N i o |MODE(S)| MEAN |{80% CONFIDENCE INTERVAL)
8] LOWER LIMIT 10/ 9.130] 4.19-14.0
8] UPPER LIMIT 17.1] JOMES.75m| 12.30 - 35.20

F-12
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DOT ASSESSMENT RESULTS

A 5° FOV TV system using expendable underwater flares
which will image a 1 inch 25% reflecting target against a
black background anywhere within FOV for a targer distance
of up to 160 ft in water with an attenuation coefficient of

EVENT:

VIBO8

.25/meter.

Resolution will not be degraded by vehicle

motions of up to 6 knots. System will be provided with 100
flares which can be fired automatically to ranges of up to

160 ft and each flare will last at least 30 seconds. Weight
of system shall not exceed 150 lbs in water,
SYSTEM CRITICALITY
PERCENTAGE FINAL CONSENSUS %
N 11 ] LossJeAaiN] O, & 0% 5 100 CONCLUSION
ESSENTIAL A 0%
DESIRABLE 6 A ) 36%
UNNECESSARY 6 A 64%| UNNECESSARY
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N g ] LOSSTGAIN] 9 i e Lid CONCLUSION
.1 PROTOTYPE A 0%
.4 EXPERIMENTAL N - 0%
.7 SIMULATION 7 A 6 0% .7
.9 UNPROVEN 7 j A 40%
DESIRED COURSE OF ACTION
i PERCENTAGE FINAL CONSENSUS %
N 11 ] LOSSJGAIN] ¢ 25 50 75 100 CONCLUSION
SHORT RANGE GOAL A o
MED | UM 6 A 27%
LONG 1 A 9%
UNDES IRABLE 5 . . N 64%| UNDESIRABLE
PROBABLE TIMING CALENDAR YEARS
= (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 7 73575 768 78 A1 54 B w0 91 ol ¢ MODE(S)| MEAN (FROM 1972)
1 EARLIEST O====e= o 1 14.7] 75 ] 76.6 2 -7% s
1 MOST LIKELY O=====0 [ {5.7]78/80 80.3 S - 113 ves
1 NOT LATER THAN | Qm=====0 6.9 90 | 83.5] 7% - IS} s
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
o (1N MOLLONS)
N 4 o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
|10 LOWER LIMIT 4,81 1 pm| 4.65m 1.86 - 7.44
1 UPPER LINIT 20.0{3,5 mM)6.30M 4,68 - 27.92
F-13



DOT ASSESSMENT RESULTS

EVENT: VIBOS

A high sensitivity gradiometer/magnetometer system

capable of locating and tracking small anomolies (1.e.,
a moving submersible) to within +20 ft.
capable of operating from or beneath the surface and can
track objects down to ocean depths of 20,000 ft.

SYSTEM CRITICALITY

The cystem is

PERCENTAGE FINAL CONSENSUS %
N- 11 I LoSSTGAINT © 3 s 00 CONCLUSION
ESSENTIAL 5 A 36 %
DES IRABLE 5 o A 64% DESIRABLE
UNNECESSARY A 0%
DEGREE OF RISK
[PERCENTAGE FINAL CONSENSUS
N1 rLoSS[GAIN| © % 0 s e CONCLUSION
.1 PROTOTYPE A 0%
.4 EXPERIMENTAL \ 0%
.7 SIMULATION 3.5 A 54.5%| .7
.9 UNPROVEN 3.5 X A 45.5%
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
10 | LOSSJCGAIN] ¢ s so 75 100 CONCLUSION
SHORT RANGE GOAL A 20%
MED UM 13 A ) 20%
LONG 10 A S0q LONG
UNDES IRABLE 3 A — 10, 5
PROBABLE TIMING CALENDAR YEARS
{90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
FN— 7 TS 7S 765 78 81 s 87 w0 ‘l w.w e |MODE(S)| MEAN (FROM 1972)
1 EARLIEST O====mmeme= o 1 {761 75 ]78.2 2 - 104 vrs.
dMOST LIKELY 0==-0 "1 14.23]75/80]79.0 5-9 vms
g NOT LATER THAN e g SRS 4,9183/90] 83.1 8 -14 vns.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
Ly (W MILLONS)
N g o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
1Y LOWER LIMIT 29.22,3 mi7.88m] 1.93 - 33.84
1Y UPPER LIMIT 40.6] 5 mp3.73pm U - 140,52
F-14




DOT ASSESSMENT RESULTS

EVENT: VIB10

A focused imaging system using a 100 x 100 element or
equivalent hydrophone array capable of resolving a 24-inch
effective target against a neutral background at a 100-ft

range.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %

N 13 LOSSGAIN] © 50 s 100 CONCLUSION
ESSENTIAL 1 A 15 %

DES IRABLE 3 i A ) 54 %| DESIRABLE
UNNECESSARY 2 AT 31«

DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %

N 13 ] LOSSTGAIN] & . .2 % B CONCLUSION
.1 PROTOTYPE 0%

.4 EXPER IMENTAL 7 A 54 % .4
.7 SIMULATION 7 A ) 31 %

.9 UNPROVEN A e 15 %

DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %

N 13 | LOSSJGAIN] ¢ 25 so 75 100 CONCLUSION
SHORT RANGE GOAL| 6 A 23 %

MED UM 2 A . 39% MEDIUM
LONG 2 A . 15 %

UNDES IRABLE 2 A i 23 %

PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
m- 7 TS 7S 765 78 81 84 67 90 913 wl | @ MODE(S)] MEAN (FROM 1972]

3 EARLIEST Al 1 11-4 {74/75] 74.8 2 -3} ves.
] 1| MOST LIKELY 0o--0 ) 2.0 | 76 77,2 4 - 64 vrs.
13| NOT LATER THAN N "0==0 3.3 |78,85| 80.3 64 - 10 vrs.
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS
Pk (1N MILLONS)

N / o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
13| LOWER LIMIT 2.6| I m2.50m 1.22-3.7%
13| UPPER LIMIT 6.5 3 Mm6.27M] 3.04 - 9,50

F-15




DOT ASSESSMENT RESULTS

EVENT: VIB11

SYSTEM CRITICALITY

A focused holographic imaging system ... same as VIB10.

_ PERCENTAGE FINAL CONSENSUS %
N- 12 LOSSJGAIN] © | e " s 100 CONCLUSION
ESSENTIAL A . 0%

DESIRABLE . A 67 %| DESIRABLE
UNNECESSARY | f | . A T3

DEGRZE OF RISK

PERCENTAGE FINAL CONSENSUS %
N 11 LOSSJGAIN] O . = R . CONCLUSION
.| PROTOTYPE 0%
LA EXPERIMENTAL | 1 A 9%
.7 “IMULATION 4 ) A 36 %
.9 UNPROVEN 5 A 55 9 .9
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %

N- 12 | LOSSJGAIN] © k3 s0 s we CONCLUSION
SHORT RANGE GOAL A ] 17 %

MEDIUM 8 A 0%

LONG 8 ) A 584 LONG
UNDES | RABLE A i 25 %,
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME

FN- 72 7S 75 765 78 81 84 7 %0 ‘19}” l o MODE(S)] MEAN (FROM 1972)
1| EARLIEST O== 1.9 ] 75 77.3 4 - 63 vmrs

11| MOST LIKELY 0===0 4.1 ] 85 |8l.8 74 - 12 wvrs.
1[NOT LATER THAN O0=-===0 | |6.8 | 80 |86.4] 104 - 18 vas.

ESTIMATED COSTS TO ACHIEVE
. DEVELOPMENT COSTS

(N MULLONS)

[N] , o |MODE(SI] MEAN | (90% CONRIDENCE INTERVAL)
1{LOWER LIMIT 7.112,3 M| 6.9 M 3.00 -10.73
1{UPPER LIMIT 18.0] 10 m{17.7 m] 7.81 -27.55

F=-16
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DOT ASSESSMENT RESULTS

A focused acoustic imaging system using a 100 x 100
element hydrophone array capable of resolving a 24-inch
effective target against a neutral background at a 300-ft

EVENT: VIB12

range,

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N: 12 | LOSSJGAIN] ¢ = 50 s CONCLUSION
ESSENTIAL A ) B 0%
DESIRABLE 2 i A 83 %| DESIRABLE
UNNECESSARY 2 A 17 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 12 LOSSTGAIN] ¢ . . . . & T . CONCLUSION
.1 PROTOTYPE 8 o %
.4 EXPER IMENTAL A A g %
.7 SIMULATION A 67 % .7
.9 UNPROVEN 8 AN 25 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N 12 | LOSSJGAIN] © k-3 50 75 100 CONCLUSION
SHORT RANGE GOAL| 8 A 0%
MED |UM 14 A ) 17 %
LONG 20 A o 66 %] LONG
UNDES IRABLE 2il..aA (1174 o
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
w 72 RS 75 765 78 81 84 87 90 | 3o99 o MODE(S)| MEAN (FROM 1972)
1 2 |EARLIEST Q====0 4.1 76 |77.8 34 -8 s
12| MOST LIKELY Q====0 S.1| 77 |80.4 6 =11 vrs
hz NOT LATER THAN . 0====0 6.1 85 83.6 84 - 144 vrs
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
padk (N MILLONS)
N : o IMODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
12 | LOWER LIMIT 13.2] 2 M| 8.2WM 1.35 - 15.07
12 | UPPER LIMIT 27.54 S5 Mm18.33m 4.07 - 32.60
F-17




DOT ASSESSMENT RESULTS

EVENT: VIB13 A focused acoustic holographic ranging system ... same
as VIBl2.
SYSTEM CRITICALITY
PERCENTAGE FINAL CONSENSUS %
N- 11 | LOSSTGAIN] ¢, & 50 75 100 CONCLUSION
ESSENTIAL 0%
DES IRABLE 82 %| DESIRABLE
UNNECESSARY A X 18 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N-10 ] LOSSTGAIN] . & =0 B CONCLUSION
.1 PROTOTYPE A Q%
A EXPERIMENTAL | 1 A 10 %
.7 SIMULATION 7 ' A ) 40 %
.9 UNPROVEN 6 . A 50 % .9
DESIRED COURSE OF ACTION
‘ [PERCENTAGE | FINAL CONSENSUS %
N 11 l LOSSJGAIN] © e 50 75 100 CONCLUSION
SHORT RANGE GOAL A 0%
MED IUM A 9 %
LONG A 73 % LONG
UNDES IRABLE A R 18 %
PROBABLE TIMING CALENDAR YEARS
. (50% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N n NS NS M M M@ 9091 v_c” o |MODE(S)] MEAN (FROM 1972)
10 EARLIEST Q====0 . 5.7 RO a0 2 € - 11% /RS,
10{ MOST LIKELY e o 6.5 1 78/85] 84.2 84 - 16 vrs.
10/ NOT LATER THAN 9==--0 7.4 90 [87.9] 114 -20 vas.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
(™ MILLONS)
[N] : \ o [MODEIS)] MEAN ](80% CONRDENCE INTERVAL)
[10] LOWER LiMIT 21,3/ 3,8 Mp4,.55M]  2.21 - 26.89
F-18
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DOT ASSESSMENT RESULTS

EVENT: VIBI

4 A sensor system capable of covert, real-time monitoring of
the physical positions of an array of individually suspended
passive ASW surveillance hydrophone during surveillance
operations throughout a five-year operating life of the array.
The system would be capable of determining the relative
positions of the acoustic elements within + 0,8 ft displace-
ment in any direction per 100 ft of length alcng the array.

SYSTEM CRITICALITY

PERCENTAGE

FINAL CONSENSUS %
50

W_l lOSS GAIN 0 . zls \ 75 . 100 CONCLUSION
ESSENTIAL 5 18 %
DES IRABLE A ) 46 % DESIRABLE
UNNECESSARY 5 A 36 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N 10 ] LOSSTGAIN] S . . . & o ive CONC.USION
.1 PROTOTYPE B p%
.4 EXPERIMENTAL | 5 A 20 %
.7 SIMULATION 12 A B 70 % .7
-9 UNPROVEN 7 3 ) . 10 %
DESIRED COURSE OF ACTION
‘ PERCENTAGE FINAL CONSENSUS %
N 11 ] LOSSJGAIN] © & o 75 100 CONCLUSION
SHORT RANGE GOAL| 6 A 9%
MEDIUM 4 A 27 %
LONG 2 A 37% LONG
UNDES |RABLE 4 A 27 %
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
W 7 575 765 7 81 s 87 w0 l’ 9‘599 o |MODE(S)| MEAN {FROM 1972)
10{EARLIEST 0===0 2.3|74/78] 76.7 34 -6 vrs.
10{MOST LIKELY 0----0 4.4] 78 | 80.5 6 - 11 vrs.
10/NOT LATER THAN - gee=asy 6.6] 80 | 84.5 8% - 164vrs.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
" (N ILLONS)
) o2 |MODE(S)| MEAN {(90% CONFIDENCE INTERVAL)
10 LOWER LIMIT 4.2] 5 M| 5.0 2.59 - 7.41
10{ UPPER LIMIT 13,0/ 10 m14.4m 6.89 - 22.01
F-19




DOT ASSESSMENT RESULTS

EVENT: VIBIS

A sensor system capable of covert, real-time monitoring

of the physical positions of an array of individually sus-
pended passive ASW surveillance hydrophone during the

installation of an array to water depths of 20,000 ft., The
system would ... same as VIB14.

SYSTEM CRITICALITY

el tgggmg:cl;ﬁ . s ‘rmftkcgrise‘nsusl?‘ e ey

ESSENTIAL 3 A . 30 %

DESIRABLE 11 A 70 %| DESIRABLE
UNNECESSARY 8 s, . BEEENNES 0% J
DEGREE OF RISK
TR Egggsug:?’s S ‘FINA: Cg)N‘SENSU‘S 7;.‘ " e

.| PROTOTYPE 9 I ‘ Q%

.4 EXPER ! MENTAL 3 A S 30 %

.7 SIMULATION 15 B A 70 % .7
.9 UNPROVEN 9 A e ) 0%

DESIRED C2URSE OF ACTION
| "PERCENTAGE ] FINAL CONSENSUS

N 10 ] LOSSJCAIN] © 25 s T 100 CONCLUSION
SHORT RANGE GOAL 2 A " "20 %

MED UM 16 A ‘ 30 %

LONG P A , 50 5| LONG
UNDES I RABLE 9 b . 0
PROBABLE TIMING CALENDAR YEARS
= (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N n RS 75 065 78 a1 s 87 %0 ) w] | ¢ |MODE(S)| MEAN (FROM 1972)

O] EARLIEST O====0 2 61 74 75.7 2 =5 VRs.
) 0 MOST LIKELY 0====0 3.6]77/80}78.7 4 -9 vas
L0 [NOT LATER THAN C Qewmen=g s.0|] 80 [81.9 7 =13 ves
ESTIMATED COSTS TO ACHIEVE . =

(N WNLLONS)
[N] \ o |MODE(S)| MEAN |(99% CONFDENCE WTERVAL)

0] LOWER LIMIT l6.0 (2,5 m{6.75m| 3.30 - 10.20
i’ﬁ I1PPER LIMIT 16.0]5,10m6.15 M|  6.85 - 25,40

F-20
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VIC Sub-Technology: Communjications

Objective: To advance the téchnologies necessary for real-time, relia-
ble, quality voice and data communications links between the various
surface and bottom facilities and vehicles in the environment required.

Events VICOl - VIC09 address this objective,

F-21



DOT ASSESSMENT RESULTS

EVENT: vICO1

An underwater acoustic, multi-channel (voice and digital

data), high data rate communication link capable of secure
communications between submersibles, bottom habitats, and
the surface at 20-mile distances and down to 20,000 it ocean
depths with negligible multi-path and reverberation inter-

fererce.
SYSTEM CRITICALITY
PERCENTAGE FINAL CONSENSUS %
N 13 LOSSJGAIN] 9 | s s 75100 CONCLUSION
ESSENTIAL 5 A 62 % ESSENTIAL
DESIRABLE 5 B A 38 %
UNNECESSARY | | [ A e 0%
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N13 | LOSSTGAIN] § . . % 5 NN LY CONCLUSION
.| PkOTOTYPE | A g %
.4 EXPFRIMENTAL 1 A ‘ 15 %
T SIMULATION | 9.5 A . 38.5% .7
.9 UNPROVEN 11, A ][38.5%
DESIREDC COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N 14 | LOSSJGAIN] © a8 o0 5 oo CONCLUSION
SHORT RANGE GOAL| 13 A 14 %
MED UM 16 A 36 %
LONG 10 A 50% LONG
UNDES IRABLE 13 A 0%
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE 'NTERVAL) DEVELOPMENT TIME
W 7 S 75 765 T8 81 w4 87 %0 | v v P MODE(S)| MEAN 'FROM 1972
13 EARLIEST 0==0 2,0 75 [76.,3 3% - 51 ves.
13| MOST LIKELY 0=--0 4.3| 80 | 80.5 64 - 104vrs
13|NOT LATER THAN ~ o----0 | [6.6] 90 | 84.8 94 - 16 v=s.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
— (IN MNLLONS)
N . o |MODE(S}| MEAN |(90% CONFIDENCE INTERVAL)
15| LOWER LIMIT 2.8/ 3 mpo0.23m 3.92 - 16.55
13] UPPER LIMIT 33.0) 5 Mpg.3sm| 12,53 - 45.17
F-22
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DOT ASSESSMENT RESULTS

EVENT: VICO02

SYSTEM CRITICALITY

An underwater laser multi-channel, high data rate, communi-
cation link between submersibles, habitats, and the surface
with a range of 1,000 ft in seawater with a light attenuation

coefficient of 0.12/meter,

PERCENTAGE FINAL CONSENSUS %
N- 10 l L0SS NGA(I;N o K- 50 75 100 CONCLUSION
ESSENTIAL 1 A 10 %
DESIRABLE 5.5 A ‘ 40 %
UNNECESSARY 4,511, A 50 %| UNNECESSARY
DEGREE OF RISK
PERCENTA FINAL CONSENSUS %
W o ] [fossfeam]c. . x o m o w  w GONCLESION
.1 PROTOTYPE / 0%
.4 EXPER IMENTAL A 0 %
.7 SIMULATION ' A _ 33 &
.9 UNPROVEN A 67 % q
DESIRED COURSE OF ACTION
‘ PERCENTAGE FINAL CONSENSUS %
N- 10 | LOSSJGAIN] ¢ 25 so 75 100 CONCLUSION
SHORT RANGE GOAL| 10 A 0%
MED IUM 10 A . X 20 %
LONG 10 A 20 %
UNDESIRABLE 1wl A 60 | UNDESIRABLE
PROBABLL TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
r_N— 7 73.5 75 765 78 81 w4 87 w0 | % Y[ o TmODE(SI] MEAN (FROM 1972)
9 |EARLIEST 0---0 3.1] 76 |77.4 3} - ,} vrs.
9 | MOST LIKELY O=Fo s o 5.4 78 |8l1.6 632 - 13 vrs.
9 | NOT LATER " HAN i  Q=o==== o 7,9 /80/85] 85.9 9 =19 vrs
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
et (1N MILLONS)
N 3 o IMODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
9 TLOWER LIMIT 14.71 5 m|8.61pm ¢-17.73
9 TUPPER LIMIT 28.4| 10 MmR0.22m| 2,58~ 37,86
F-23




DOT ASSESSMENT RESULTS

EVENT: VICO3

An underwater poitable acoustic, two-way voice communica-

tions link for communications between divers, habitats,
vehicles and the surface, capable of functioning reliably
down to 1,000 ft depths and over a range of 1 mile.

SYSTEM CRITICALITY

[PERCENT. Gt ] FINAL CONSENSUS %
W_] L0SS [GAIN 2 50 75 100 CONCLUSION
ESSENTIAL 5 A 69 %| ESSENTIAL
DESIRABLE 5 \ ) 31 %
UNNECESSARY ! S 0%
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N 13 ] LOSSJGAIN} & & s 75 w0 CONCLUSION
.1 PROTOTYPE 9 A 23 %
.4 EXPERIMENTAL [ 11 A 54 % .4
.7 SIMULATION 1 A 15 %
.9 UNPROVEN 1 A 8 g
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N 12 ] LOSSJCGAIN] ¢ 25 so 75 00 CONCLUSION
SHORT RANGE GOAL 21 A 83 % SHORT
MED | UM 21 A 17 %
LONG 4 - 0%
UNDES |RABLE Ao 0%

PROBABLE TIMING

pemy

CALENDAR YEARS
(90% CONFIDENCE INTERVAL)

DEVELOPMENT TIME

N 7 S 75 765 76 6L b4 M %0 ET o T o IMODE(S)| MEAN |FROM 1972)

13| EARLIEST 0-0 9] 73 |73.7 1 -2 vss
13| MOST LIKELY 0= O 1.9 |74/75|75.4 2% - 4% ves.
13[NOT LATER THAN 0-==0 2.9] 77 177.4 4 -7 vrs

ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS

—— (N WNLLONS)
N ‘ o |MODE(S)| MEAN |[(90% CONFIDENCE INTERVAL)
13| LOWER LIMIT 1.2] .5m| .97m .38 - 1,56
13 UPPER LIMIT 2.5 S5 m[3.30m] 2.03 -4.56

F-24
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DOT ASSESSMENT RESULTS

EVENT: VICO4

A helium-speech unscrambler for two-way voice communica-

tions betwveen divers, habitats, vehicles, and the surface,
capable of functioning reliably down to 1,000-ft depths.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N= 13 l LOSS YGAIN 0 — . 215 . 510 — 75 100 CONCLUSION
ESSENTIAL 3 A 61 % ESSENTIAL
DESIRAELE 2 A e 31%
UNNECESSARY A EEEENNNS 8 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 13 I LOSSJGAIN] © = & so. 75 100 CONCLUSION
.1 PROTOTYPE 18 , A 54 % .l
.AEXPERIMENTAL | 5 A 23 %
.7 SIMULATION 13 A A 23 %
.9 UNPROVEN N o 0%
DESIRED COURSE OF ACTION
| PERCENTAGE FINAL CONSENSUS %
N- 12 | LOSSJGAIN] © 2 50 7 100 CONCLUSION
SHORT RANGE GOAL 6 A 2¢%  SHORT
MED UM 6 A 17%
LONG A 0%
UNDESIRABLE A o 8% ]
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) ‘ DEVELOPMENT TIME
r-N— 7 7S 75 765 78 AL a4 67 %0 | ‘iﬁ"", o2 |MODE(S)| MEAN (FROM 1972|
13| EARLIEST 0-0 1.0 [73/74] 73.9 14 - 24 vRs
13| MOST LIKELY 0--0 1.9 74 | 75.5 24 - 4% vrs.
13| NOT LATER THAN 0-===0 ) 3.11 75 [77.2 33 -7 vrs
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT Cu.TS
" {IN MILLONS)
N X o |MODE(S)| MEAN |[90% CONFIDENCE INTERVAL)
13| UPPER LIMIT 1.7 1 Mml1,84M .98 - 2.70




DOT ASSESSMENT RESULTS

EVENT: VICOS

A tactile (physical stimulus of different body areas) two-
way communications system for use as a means of communi-

cations.,
SYSTEM CRITICALITY
PERCENTAGE FINAL CONSENSUS %
N- 12 I LOSSTGAIN] © k-3 50 7510 CONCLUSION
ESSENTIAL A 0 %
DESIRABLE 5 A I 33 %
UNNECESSARY 5 i A 67 %| UNNECESSARY
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N 10 ] LOSSTGAIN] § . . . . % T CONCLUSION
.| PROTOTYPE 4 n*
.4 EXPERIMENTAL | 10 A 0%
.7 SIMULATION A L 20 %
.9 UNPROVEN 10 ) A 80 % .9
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N- 12 ] LOSSJGAIN] ¢ . > so 75 100 CONCLUSION
SHORT RANGE GOAL A 0%
MED | UM 7 A 17 %
LONG 3 A 33 %
UNDES IRABLE wl (] A 50 %[ UNDESIRABLE
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
[N] n_ ns s s w w vl wl [a [MODES)] MEAN (FROM 1972)
0| EARLIEST 0=-=-0 2.4178/80 | 76.6 3 -6 VR
0 { MOST LIKELY 0-=0 3.3 /80/85] 80.4 64 - 104vns.
0 {NOT LATER THAN ~ o---o [ [5,9] 90 | 84.6 9 =16 vas.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
- [ MLLONS)
N \ e |MODE(S)| MEAN |(90% COMFIDENCE INTERVAL)
9 | LOWER LIMIT 3.01.5,5M{3,16M 1,28 - 5,03
9 | UPPER LIMIT $.4)1,10M4.61Mm 1.84 ~-7.38
F-26




DOT ASSESSMENT RESULTS

EVENT: VICO6

A wireless split transformer link through a pressure hull of

appropriate material, without penetration, capable of trans-
mitting two-way multi-channel digital communication signals
at ocean depths down to 20,000 ft.

SYSTEM CRITICALITY

I PERCENTAGE FINAL CONSENSUS %
N- 13 l L0SS I GAIN 0 . ) 215 . 50 75 100 CONCLUSION
ESSENTIAL 2 A 15 %

DESIRABLE 3 - A 77 %| DESIRABLE
UNNECESSARY 5 A ) S 8 %

DEGREL OF RISK

PERCENTAGE FINAL CONSENSUS %

N- 12 | [losSTeAw| §. . % s W GRGLUSN

.1 PROTOTYPE 1 A - g %

A EXPERIMENTAL | 11 A 25%

.7 SIMULATION 6] A 42 % .7

.9 UNPROVEN 4 ) A B ‘o, N
DESIRED COURSE OF ACTION

PERCENTAGE FINAL CONSENSUS %

N 12 ] LOSSJGAIN] © 25 s 75 10 CONCLUSION
SHORT RANGE GOAL 13 A 67 %]  SHORT

MED | UM 9 A 17 %

LONG 15 A 8%

UNDES IRABLE 7 (A 8o N
PROBABLE TIMING CALENDAR YEARS

= (90% CONFIDENCE INTERVAL) ; DEVELOPMENT TIME
N n 78S 75 765 78 81w 87 90 91 qu” 2 [MODE(S)| MEAN (FROM 1972)
12[EARLIEST 0===-0 2.6 173/75(74.7 14 -4 vrs
11/ MOST LIKELY Qmmm——— o 5.3| 74 |[78.6 31 - 94 vrs
12| NOT LATER THAN T 0 8.4 | 76 |81.9 5% - 144vrs.
ESTIMATED COSTS TO ACHIEVE
: DEVELOPMENT COSTS
(IN MILLONS)

[N ] \ o |MODE(S)] MEAN | (90% COMFIDENCE INTERVAL)
12{ UPPER LIMIT 5.3 8,15 M4.36M 1,57 - 7,16
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DOT ASSESSMENT RESULTS

EVENT: VICO07 A wireless, microwave/electrical link ... same as VICO06.

SYSTEM CRITICALITY

. PERCENTAGE FINAL CONSENSUS %
N-_11 LOSS JGAIN] ¢, 2 so 75 100 CONCLUSION
ESSENTIAL A ) I 0%

DESIRABLE 27,5 R - N 82 %| DESIRABLE
UNNECESSARY 27.5 AT 18 %
DEGREE OF RISK

PERCENTAGE FINAL CONSENSUS %

N1 | LOSSTGAIN] ¢, . . . B T . CONCLUSION

.| PROTOTYPE / ) 0%

.4 EXPER IMENTAL A L 0%

.7 SIMULATION 25,9 | A , | |45.5%

.9 UNPROVEN 25.5 A ] ]54.5% .9
DESIRED COURSE OF ACTION

PERCENTAGE FINAL CONSENSUS %

N 11| LOSSJGAIN] © 28 - L CONCLUSION
SHORT RANGE GOAL 8 A ‘ 184

MED UM 10 A e 0%

LONG 15 A ) ) S5% LONG

UNDES |RABLE kN I I AN D D e,y 27 %
PROBABLE TIMING CALENDAR YEARS
— (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 72 S5 768 78 81w & %0 gl’ 9‘6” o MODE(S}| MEAN (FROM 1972)

10| EARLIEST 0----0 3.9] 76 | 78.0 34 - 84 vas.
11[MOST LIKELY Q=====0 6.5(76/78] 81.6 6 -13 vns
[TO[NOT LATER THAN T 5toiit% | 9.6]2000 | 88.5] 11 - 22 wms
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS
(W MLLONS)

N - e |MODE(S)| MEAN }(90% COMFIDENCE INVERVAL)
1 LOWER LIMIT 3.7 1 m[3.64m 1.62 - 5.66

1T UPPER LIMIT 8.4(5, 0 MI0. 23y ©5.62 - 14.83

F-28
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DOT ASSESSMENT RESULTS

EVENT: VICOS8

SYSTEM CRITICALITY

A wireless, optical/electrical link ...

same as VICO06,

_ PERCENTAGE FINAL CONSENSUS %
N- 12 L0SS [GAIN - 50 715100 CONCLUSION
ESSENTIAL A ) A g%
DES IRABLE 8 A 75 %] DESIRABLE
UNNECESSARY 8 A 17 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N 1y ] LOSSJGAIN L. B % 0B W CONCLUSIZX
.1 PROTOTYPE 8 A 8 %
.4 EXPER IMENTAL ) 0%
.7 SIMULATION A 47 «,
.9 UNPROVEN a i Y 50 % .9
DESIRED COURSE OF ACTION
‘ (PERCENTAGE | FINAL CONSENSUS %
N 12 | LOSSJGAIN B 50 75 100 CONCLUSION
SHORT RANGF GOAL| 1 A 8%
MED UM 2 A ) 25%
LONG 4 ) A - 50% LONG
UNDES |RABLE 1 A 174
PROBABLE TIMING CALENDAR YEARS
{80% CONFIDENCE INTERVAL) DEVELOPMENT TIME
W ) 7S 7S %65 70 a1 s w7 %0 | u‘e” e |MODE(S)| MEAN (FROM 1972)
11/EARLIEST 0==-0 | [2.5T 76 ] 76.6 34-6 s
12/ MOST LIKELY 0----0 4,4 ] 78 [79.8 53 - 10 vas
L1INOT LATER THAN s __o-=----0 | [8,0{80/90| 86.1 94 - 184 vas.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
(IN MILLONS)
'N] \ o MODE(S)]| MEAN |(80% CONFIDENCE INTERVAL)
%msa LIMIT 3.3 (1,5 m[3.60m] 1.89 - 5.31
UPPER LIMIT 1.4|3,JOMIT. 42  5.52 - 17.31




DOT ASSESSMENT RESULTS

A wireless, acoustical, remotely-controlled electrical
link ... same as VICO06.

EVENT: VICO9

SYSTEM CRITICALITY

— PERCENIAGE FINAL CONSENSUS %
N- 13 L0SS FGAIN B 50 1500 CONCLUSION
ESSENTIAL [ 14 A ) 15 %
DESIRABLE 14 - A 85%  DESIRABLE
UNNECESSARY | | A DO 0%
DEGREE OF RISK
eEricie
R B 1553 (7171 [ SO D N S CoR
.| PROTOTYPE ‘ 0%
.4 EXPERIMENTAL 2 A N 31%
.7 SIMULATION 3 N A 61% 7
.9 UNPROVEN 1 SRS 8%
DESIRED COURSE OF ACTION
[PERCENTAGE) FINAL CONSENSUS %
N 13 ] [OSS[ CAIN LB S L. CONCLUSION
SHORT RANGE GOAL| ¢ A ) 15%
MED UM 5 A 70%] MEDIUM
LONG 1 A 15%
UNDESIRABLE [ | | Os
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) . DEVELOPMENT TIME
m N NI N NS s w0 | v o |MODE(S)] MEAN {FROM 1872)
12[EARLIEST 0-=-0 2.3] 75 | 75.5]  2F - 4% vns.
13 MOST LIKELY ~ 0====0_ 4.4] 78 | 78.3 T —=8% vas.
NOT LATER THAN e 6.6] 80 | 82.0 64 ~ 13fvns.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
(N MLLONS)
[N] ! o [MODE(S)] MEAN |(90% CONFIDENCE INTERVAL)
13| LOWER LIMIT 2,8 .5 m[2.02m] .64 -3.40
13] UPPER LIMIT 7.7] 2 Mm|5.52m 1T.72 -9.31
F-30
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APPENDIX G
TECHNOLOGY AREA VII. INSTRUMENTATION AND DISPLAY

SUB-TECHNOLOGY AREAS:

A. Life Support Monitoring

B. Submersible Positioning and Guidance Instrumentation

C. Site Selection Instruments



VIIA Sub-Technology: Life Support Monitoring

Objective: To develop the technologies to continuously monitor major
parameters of a life-support system including automatic waming devices.

Events VIIAOl - VIIAO3 address this objective.
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DOT ASSESSMENT RESULTS

EVENT: VIIAQ1

SYSTEM CRITICALITY

A carbon dioxide indicator for use in normal atmosphere
manned submersibles. The unit indicates the partial
pressure of CO ffom 0 to 30.0 mm hg, and has a
settable high level warning signal. The minimum
reading is 1.0 mm hg, and the accuracy is within

+ 10 mm hg (0 to 4% CO,, in increments of .13%).

The instrument is appro:%imately 8x10x12 inches,
weighs less than 4 pounds, and requires less than

10 w, at 28 VDC. The instrument will remain within
calibration for 1,000 hrs without maintenance, and the
MTBF is 5,000 hrs of operation.

— PERCENTAGE FIN .. CONSENSUS %
N- 6 l O (Y] . S S T CONCLUSION
ESSENTIAL 4.5 A i 33 o
DESIRABLE 4.5 ‘ A 67 %| DESIRABLE
UNNECESSARY \ L 0 %
DEGREE OF RiSK
PERCENTAGE FINAL CONSENSUS %
N- 6 | LOSSTGAIN] § . . . . % o T = CONCLUSION
.| PROTOTYPE 8 A {17 %
.4 EXPERIMENTAL 8 A 83 % .4
.7 SIMULATION A 0 %
.9 UNPROVEN A _{]o0 =
DESIRED COURSE OF ACTION
[PERCENTAGE FINAL CONSENSUS %

N- 5 LOSSJCAIN] © so 75 0 CONCLUSION
SHORT RANGE GOAL| 2.5 A 60 %| SHORT
MEDIUM 5 A [0 =
LONG 7.5 A [ ]20 &
UNDES |RABLE A 1] 0 & ]
PROBABLE TIMING CALENDAR YEARS
o (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 72 ARG I T g o MODE(S)| MEAN (FROM 1972)
6 [EARLIEST 0o 31 .73 [73.2] 1-11/2 ves
6 |MOST LIKELY 0--0 o 9] 74 {74.3[11/2-3 wes
6 | NOT LATER THAN o-9 ) 9] 75 [75.7] 3-41/2 ves
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS
- 1N MILLONS)
N N o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
6 | LOWER LIMIT 2 |.05 M| .17m .03 - .31
6 | UPPER LIMIT 1,0 [Nonem| .91m .05 -1.77




DOT ASSESSMENT RESULTS

An instrument as described VIIAO1l, but which does

EVENT: VIIAQ2

SYSTEM CRITICALITY

not require any electrical power, except for the

warning signal which is fail-safe.

PERCENTAGE FINAL CONSENSUS %
N5 | LOSSJGAIN| © 3 50 75 100 CONCLUSION
ESSENTIAL A 0 %
DESIRABLE 25 A ~ A [100 %] DESIRABLE
UNNECESSARY 25 A ) BN 0 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 5 | LOSSTGAIN] ¢ B r S . i CONCLUSION
.| PROTOTYPE 6 A 20 %
4 EXPERIMENTAL | 9 A 20 %
.7 SIMULATION 14 A _ 0 %
.9 UNPROVEN 17 ) A ) 60 % .9
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N- 2 I LOSSTGAIN] © K s 75 100 CONCLUSION
SHORT RANGE GOAL [ 25 0%
MED | UM 50 100 % MEDIUM
LONG 25 A4 0 = _
UNDESIRABLE A 0 <
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) CEVELOPMENT TIME
T /] BSOS NE M ML W W "°’l gy o MGOES)| MEAN (FROM 1872|
S |EARLIEST Q=0 1,01 74 74.4 111/2-31/2'"s.
5 [MOST LIKELY L 0-2==0_ 1.7{75,78 | 76,0 )21/2-51/2ves.
S | NOT LATER THAN ,0===-0 _ ) 9] 76 |77.2131/2-7 vms.
LSTIMATED COSTS TO ACHIEVE
DEVELC™ENT COSTS
™ WLLONS}
[N] , o [mooecsi] mean | ise% conroence mrervar)
I5 | LOWER LIMIT %4 +6 |NoneM| .55 M 0-1.12
15 | UPPER LIMIT 2,21 S MR2.36 M .29 - 4.43
G-4




DOT ASSESSMENT RESULTS

3 VIIAO3 A multipurpose atmospheric contaminant indicator for use in normal atmosphere
manned submersibles, which senses and indicates the concentrations of carbon monoxide,
hydrogen, Freons, and general hydrocarbons. (The instrument has an {ndication, specific

l to methane.) The ranges and sensitivities are listed below:
Contaminant _Range Min, Sensitivity
! Carbon Monoxide 0 - 200 ppm 5 ppm
Hydrogen 0-3% W25%
Freons 0 - 500 ppm 25 ppm
| Methane 0 - 10% 5%
Hydrocarbons 0 - 200 ppm S ppm
[ The instrument {s approximately 8 x 10 x 12 inches, weighs less than 10 pounds and
requires 20 w at 28 VDC. The instrument will remain in calibration for 1,000 Lours without
maintenance and the MTBF is 5,000 hours.
! SYSTEM CRITICALITY
PERCENTAGE FINAL CONSENSUS %
| N5 ] [TosSJGAIN] © SN A . osintt o
’ ESSENTIAL / 0 «
‘ DESIRABLE 7 A 60 | DESIRABLE
: UNNECESSARY 7 A T T T v
DEGREE OF RISK
PERCENTAGE FINAL CONS NSUS %
N- S l LOSSTGAIN] ¢ K+ 50 75 1o COMCLUSION
.1 PROTOTYPE A A 0 %
= .4 EXPERIMENTAL A 0 %
.7 SIMULATION 7 A 40%
) .9 UNPROVEN 7 A = 5 LR 603 9 ]
! DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N3 ] LOSSJ GAIN] © z % G o i
[ SHORT RANGE GOAL A 0 %
MED UM Z 0 2
LONG Al 100 o LONG
! UNDES IRABLE 1 S0 R 0 % ]
PROBABLE TIMING CALENDAR YEARS
i (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
W 72 UG L LA "1’ i o MODE(S)] MEAN (FROM 1872
4 | EARLIEST o= .7 75 75.0 2-4 YRS
l 4] MOST LIKELY 0---0 1.1]None | 77.5] 4-7  vms
4 | NOT LATER THAN . 0==0 l1.6/|None | 80.0| 6- 10 YRS.
. ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
—— (N MRLLONS)
‘ N X @ |MODE(S)] MEAN | (90% CONFIDENCE INTERVAL)
4 | LOWER LIMIT 1 M .80M .58 - 1,08
) 4| UPPER LIMIT R.8 |NoneM{3.13M 0-6.46
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VIiB Sub-Technology: Submersible Positioning and Guidance
Instrumentation

Objective: To advance the technologies necessary to accurately traverse
nreplanned tracks across the bottom and at various altitudes in the water

column.

- Events VIIBOl - VIIBO6 address this objective.
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DOT ASSESSMENT RESULTS

EVENT:

VIIBO1

SYSTEM CRITICALITY

A gyroscopic compass of the marine type 'vhich i{s completely
self-contained in a 12 x 12 x 8 inch volume, weighs less
than 30 pounds, and requires less than 40 w at 28 VDC. The
instrument can be brought up to speed and aligned to true
north in 30 minutes, after which it will hold its heading
within + 10 for 30 days, and MTBF is at least 10,000 hours.

PERCENTAGE ] FINAL CONSENSUS %
N7 l LOSSYGAIN] o, . % so 75 00 CONCLUSION
ESSENTIAL 16 A 86 %| ESSENTIAL
DESIRABLE 16 A ' 14 % ]
UNNECESSARY A, DNNEEEE 0 =
DEGREE OF RISK

PERCENTAGE FINAL CONSENSUS %
W—_] LOSSIGAIN] © % s0 75 100 CONCLUSION
.1 PROTOTYPE ‘ 0 %
.4 EXPERIMENTAL 1 A 71 & .4
.7 SIMULATION 1 A 29 %
.9 UNPROVEN A L 0 %
DESIRED COURSE OF ACTION

PERCENTAGE FINAL CONSENSUS %
N 7 | LOSSJGAIN] © 2 o 75 100 CONCLUSION
SHORT RANGE GOAL 11 A 71 «| SHORT
MED1UM 1 A 29 ]
LONG 10 \ 0 %
UNDES IRABLE A T 0 « )
— (90% CONFIDENCE INTERVAL) - DEVELOPMENT TIME
N 72 S 75 765 T M1 M M w0 | e[ o [MODE(S)] MEAN (FROM 1972)
7 |EARLIEST 0==0 81 73 173.9]| 1-21/2 vrs
7 | MOST LIKELY Q====0 . 2,1/74,75]| 76.1121/2-51/2 vrs
7 |NOT LATER THAN . Ome==== o . 3.4] 75 78.7 4-9 YRS
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS
== (IN MILLONS)
N X o |MODE(S)| MEAN |[90% COMFIDENCE INTERVAL)
7 | LOWER LIMIT 72 | .2 M .64 M .11 -1.16
7 | UPPER LIMIT .5 m/2.86m 94-4.78
G-7



DOT ASSESSMENT RESULTS

EVENT: VIIBO2

An absolute velocity and path over the bottom indicator based
on the doppler sonar method. In addition to digital readouts,
the instrument provides an actual trace of the submersibles'’
path on a map of the bottom. The instrument operates
accurately at heights up to 400 ft. over the bottom and is
self-compensating for vehicle pitch and roll. The complete
system weighs less than 100 pounds, occupies 3 cubic

feet, and requires 200 w at 28 VDC. MTBF for the system is

at least 400 hours.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N- 10 | LoSS FGAIN] © 5 50 75 100 CONCLUSION
ESSENTIAL 7 A 10 %
DESIRABLE 7 ) A 90 % DESIRABLE
UNNECESSARY | e 0 =
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N 10 l LOSSJGAIN] ¢ 2 50 75 100 CONCLUSION
.| PROTOTYPE 2 A 20 %
.4 EXPERIMENTAL 2 A 20 %
.7 SIMULATION 4 ) A 60 % .7
.9 UNPROVEN A 0 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N 10 | LOSSJGAIN] © 2 50 5100 CONCLUSION
SHORT RANGE GOAL 2 A 10 %
MED UM 4 A 80 %/ MEDIUM
LONG 2 A 10 4
UNDESIRABLE A ) 0 % |
PROBABLE TIMING CALENDAR YEARS
" (30% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N n S 75 765 78 ML a4 A7 %0 [ o MODE(S)| MEAN (FROM 1972)
10{EARLIEST fom 6| 74 [74.2] 2-21/2 vas.
10{ MOST LIKELY 0-0 1.1] 76 | 76.0[31/2-41/2 vrs
10l NOT LATER THAN . 0==0. 1.8 78 | 78.2| 5-71/2 vas
ESTIMATED COSTS TO ACH'EVE
DEVELOPMENT COSTS
: I SLLONS)
- [n] o [mooers)] mean | (50% conrioence mTervaL)
', LOWER LIMIT S| .3 M .62M .32 - .92
UPPER LIMIT 2,61 1 Mm[2.38m .86 - 3.90
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DOT ASSESSMENT RESULTS

EVENT: VIIBO3

A relative velocity indicator that displays andrecords the
relative speed and direction of a submersible through the water, based

on direct sensing of water movement. The instrument will show

direction in 3 dimensions to + 1.00, and speed from 0 to 10 knots
with an accuracy of + 0.1 knot at the low end of the scale and an

overall maximum error of 0.25 knots.

The sensor {s of rugged

construction and resiliently mounted. Total system weight is less
than 20 pounds; the display and recorder units are less than

8 x 12 x 15 inches, weigh under 15 pounds, and power consumption
is less than 50 w. The system retains its calibration for 1,000
hours and MTBF is at least 5,000 hours.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N;—lo___l 10SS[GAIN] © 2 0 75 100 CONCLUSION
ESSENTIAL 9 A 0 %
DESIRABLE 18 A | 100 «| ESSENTIAL
UNNECESSARY 9 A o 0 %
DEGREE OF RISK

PERCENTAGE FINAL CONSENSUS %
N 9 l LOSSTGAIN] ¢ . 25 0.5 100 CONCLUSION
.1 PROTOTYPE 1 A 11 %
.4 EXPERIMENTAL 7 A 67 % 4
.7 SIMULATION 8 A 22 %
.9 UNPROVEN N 0 %
DESIRED COURSE OF ACTION

PERCENTAGE FINAL CONSENSUS %
N- g | LOSSJGAIN] © K so 75 100 CONCLUSION
SHORT RANGE GOAL A 22 %
MED | UM A 78 %] MEDIUM
LONG A . 0 %
UNDES I RABLE A 0 o ]
PROBABLE TIMING CALENDAR YEARS
- (90% CONFIDENCE INTERVAL . DEVELOPMENT TIME
N 7 THS 75 765 76 KL M 7 w0 | o MODE(S)| MEAN (FROM 1972)
9 |EARLIEST Q=0 5 | 74 |173.9111/2-2 YRS
9 |MOST LIKELY 0Q 9| 76 |75.9131/2-41/2Yrs
9 [NOT LATER THAN . 0==0_ 1.3 | 78 | 78.3| 51/2-7 vrs
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS

— (IN MILLONS)
N o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
9 [ LOWER LIMIT 3] .3 m .38m .22 - .54
9 | UPPER LIMIT 1.3 1 M 1.29m .46 - 2.13




DOT ASSESSMENT RESULTS

EVENT. VIIBO4

electromagnetic induction.

SYSTEM CRITICALITY

An instrument ad described in VIIB03 but based on

I PERCENTAGE FINAL CONSENSUS %
N9 ] LOSSJGAIN] © 5 s s o CONCLUSION
[ESSENTIAL B A 0 %
DES IRABL 9 \ | 100 %[ DESIRABLE
UNNECESSARY | 9 Y NS B 0 =
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %

N9 | LOSSTGAIN] ¢ B s0 75 100 CONCLUSION
.| PROTOTYPE 8 A 22 %
.4 EXPERIMENTAL 12 A 22 %
.7 SIMULATION 6 A 34 % .7
.9 UNPROVEN 2 A ) 22 % -
DESIRED COURSE OF ACTION
— PERCENTAGE FINAL CONSENSUS %
N9 LOSSJGAIN] © _ 25 s 75 100 CONCLUSION
SHORT RANGE GOAL | 4.5 A 33 %
MEDIUM 6 A 56 % MEDIUM
LONG 1.5 A 1111 &
UNDESIRABLE A 0 % ]
PROBABLE TIMING CALENCAR YEARS
— (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N o s s m s v ) L a [MODE(S)| MEAN [FROM 1972)
9 |EARLIEST 0-0 .9 75 74,1 | 4 YRS
9 [MOST LIKELY 9--0 1.4 77 [75.9] 2-5 YRS
9 |NOT LATER THAN 0--0 3.0 80 | 78.4141/2-81/2 vrs
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS
P (I MILLONS)
N o [MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
9 |LOWER LIMIT 3] ,1 M ,35M .18 - ,52
9 | UPPER LIMIT 1.3] 1 M3l M .47-2.15

G-10
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DOT ASSESSMENT RESULTS

EVENT:  VIIBOS

A depth variation indicator which determines depth by pressure

and shows variations as small as + 2 ft in depth after being
set at the desired depth. The instrument is accurate down
to 20,000 ft. and will maintain a fixed setting with a 20 - ft.

(10 psi) range for 24 hours.

It weighs 25 pounds, occupies

8 x 10 x 12 inches, requires 40 w. at 28 VDC, and MTBF is

4,000 hours .

SYSTEM CRITICALITY
PERCENTAGE |

FINAL CONSENSUS %

I.';- 10 I LosS JCAIN] © K- 75100 CONCLUSION
ESSENTIAL A 0 %
DESIRABLE Al 100 % DESIRABLE
UNNECESSARY A e 0 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N-_ 10 l LOSSJGAIN} § . . . . %, SRS 7 S0 CONCLUSION
.1 PROTOTYPE 13 A 40 % B
.4 EXPER IMENTAL 5 A 60 = .4
.7 SIMULATION 18 A 0 =
.9 UNPROVEN A . 0 «
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N- 10 I LOSSJGAIN] © B so 75 100 CONCLUSION
SHORT RANGE GOAL 20 A 80 % SHORT
MED UM 10 3 20 %
LONG 10 A 0 %
UNDESIRABLE ) 0 %
B e P — v S S = pu—
PROBABLE TIMING CALENDAR YEARS
S (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N ) 73875 78S TH M w87 w0 | e o |MODE(S)| MEAN (FROM 1972}
10/ EARLIEST g-=0 1,11 73 | 72,8] 0-11/2 ¥es
MOST LIKELY O-==-0 1.9] 74 74.2] 1-31/2 vrs
10{NOT LATER THAN Q=====0_ | [3.0] 75 [ 75.8] 2-51/2 vas
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT (OSTS
Ik MILLONS)
N] o [MODE(S)] MEAN |(90% COKFIDENCE INTERVAL)
10{ LOWER LIMIT 1) .1 mf .10 M .06 - .14
10| UPPER LIMIT 21 .5 m .41 m .29 - .53

G-11




DOT ASSESSMENT RESULTS

EVENT. VIIBO6

A rate of descent or ascent indicator which senses the change
in pressure and provides a readout in feet per minute. The
instrument has two scales: (1) a sensitive scale reading 0
to 30 feet per minute with a sensitivity of 0.5 ipm and (2) a
coarse scale reading 0 to 200 fpm with a sensitivity of 5 fpm.
The unit occupies a space of 8 x 10 x 14 inches, weighs 25
pounds, and requires 40 w. at 28 VDC. MTBF is not less than

400 hours.,

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N~ 10 l ) LossS [GAIN] v 25 50 75 100 CONCLUSION
ESSENTIAL 7 1 A 10 %
DES IRABLE 15 A 90 «%| DESIRABLE
UNNECESSARY 8 A . e 0 %
DEGREE OF RISK
o PERCENTAGE ] FINAL CONSENSUS %
N- 10 ] LOSSTGAIN] ¢ 2 50 A 100 CONCLUSION
.| PROTOTYPE 8 4 0 =
A EXPERIMENTAL | 23 A 90 % .4
.7 SIMULATION A 10 &
.9 UNPROVEN 5 14 %
DESIRED COURSE OF ACTIOM

PERCENTAGE FINAL CONSENSUS %
Ne 10 LOSSTGAIN| © 25 50 7 100 CONCLUSION
SHORT RANGE GOAL| 16 A 20 %
MEDIUM 14 A 60 % MEDIUM
LONG 11 A 20 %
UNDES IRABLE 9 A 0 = .
PROBABLE TIMING CALENDAR YEARS

'90% CONFIDENCE INTERVAL) - DEVELOPMENT TIME
T 72 s 7% 76,8 In ML N A7 80 [ o MODE(S)| MEAN IFRON "72]
10[€ARLIEST | | o--0 8] 73 [73.3] 1-2 YRS
10| MOST LIKELY 0-0 1,2 75 75.0121/2-31/2vrs
10{NOT LATER THAN 0-===0 | [2.3]76,/7]76.9]31/2 -6 vas
ESTIMATED COSTS TO ACHIEVE
DEVELOPLIENT COSTS

_— (IN MOLLONS)
N o |MODE(S)| MEAN |(90% COMFIDENCE INTERVAL)
10| LOWER LIMIT A 2 m L6 M Jdl - .21
10{ UPPER LIMIT 31 .5 M .53 m .36-.70

G-12
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VIIC Sub-Technology: Site Sclection Instruments

Objective: To develop and advance the technologies and methods in-
volved to produce instrument systems that can survey in detail potential

construction sites.

Events VIICO]l - VIICl2 address this objective.

G-13



DOT ASSESSMENT RESULTS

EVENT.

VIICC1

SYSTEM CRITICALITY

A sediment density and water content probe system that can
measure the seidment density and water content of seafloor
sediments to 10-ft sediment depths, and is capable of

operating in 20,000 - ft ocean depths.

_N_g—l ‘ZBECSEN(I,:?,E, 0 25 F'NfL cgN‘SE‘NSUS;‘ oo CONCLUSION
ESSENTIAL 9 A 0 %

DESIRABLE 9 ] " A | 100 %| DESIRABLE
UNNECESSARY A ) e 0 %
DEGREE OF RISK .

PERCENTAGE FINAL CONSENSUS %

N9 ] [(0SSJGAIN] e A b CONCLUSION

.| PROTOTYPE A 0 %

[ 4 EXPERIMENTAL | 1 A 89 % .4

.7 SIMULATION 1 A ) 11 o

.9 UNPROVEN A ) 0 %
DESIRED COURSE OF ACTION

PERCENTAGE FINAL CONSENSUS %

W9 LOSSJGAIN] © 2 50 s 100 CONCLUSION
SHORT RANGE GOAL| 10 A 0 %

MED | UM 10 A | 100 s MEDIUM

LONG A 0 %

UNDES IRABLE 4 0 ¢ ]
PROBABLE TIMING CALENDAR YEARS
. (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 1 AT A M A 1 e T o MODE(S)] MEAN lFIOI ‘.72)

9 |[EARLIEST oo 41 73 173.3]1-11/2 vms
9[ MOST LIKELY 0-0 .8 75 75.3| 3-4 YRS
9 [NOT LATER THAN 0-0 1.1 78 |77.7] 5-61/2 vas
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS

— (I MMLLONS)

N . o | MODEIS)| MEAN |(90% CONFIDENCE INTERVAL)
9 | LOWER LIMIT A1 .1 M.,.18 M J0 - .27

9| UPPER LIMIT S .8 M .63 M .29 - ,99

G-14
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EVENT. VIICO2

A core sampler that can take an undisturbed core sample

(suftable for laboratory strength measurement) of seafloor
sediment 100 ft. down into the sediment and is capable of
operation in ocean depths of 20,000 ft.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N10 ] LOSSJGAIN] ¢ 25 50 75 100 CONCLUSION
ESSENTIAL A 0 %
DES IRABLE B A | 100 %] DESIRABLE
UNNECESSARY A o 0 %
DEGREE OF RISK
] fame, | waenssy CoaTn
.1 PROTOTYPE \ - 0 %
.4 EXPER IMENTAL 6 A 70 % .4
.7 SIMULATION | 6 A 30 % N
.9 UNPROVEN 0 %
DESIRED COURSE OF ACTION
D——— PERCENTAGE FINAL CONSENSUS %
N 10 ] TOSSTGAIN] © 25 0 5 o CONCLUSION
SHORT RANGE GOAL 2 A 20 %
MED | UM 4 A 60 %] MEDIUM
LONG 2 A 2C %
UNDESIRABLE A 0 = 1
PROBABLE TIMING CALENDAR YEARS
— (90% CONFIDENCE INTERVAL OEVELOPMENT TIME
N R R L I o [MODE(S)| MEAN [FROM 1872
10/ EARLIEST Q0 S5 | 74 173,9] 11/2-2 s
10{ MOST LIXELY 0-0 1.3/ 76 [ 76.3| 31/2 -5 vrs
10{NOT LATER THAN . 0-0 . 1.8/ 78 | 78.3| 51/2 -8 vrs
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
_ [N MILLONS)
o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
10] LOWER LIMIT 2 1.1,.3mf .28 M A7 - .39
10[ uPPER LIMIT 3] 1 wm.85m .65 - 1.05

G-15




DOT ASSESSMENT RESULTS

An acoustic/seismic seafloor sub-bottom strata profiler that

EVENT: VIICO03

SYSTEM CRITICALITY

penetrates the sub-bottom to 1,000 ft while giving a resolution
of | meter, towable to 20,000 - ft ocean depths.

PERCENTAGE | FINAL CONSENSUS % ‘

(N 9 l LOSSJGAIN] © z 50 s o CONCLUSION

ESSENTIAL 9 A 0 %

DESIRABLE 9 \ [ 100 «| DESIRABLE

UNNECESSARY \ DR EENND 0 %

DEGREE OF F.SK

PERCENTAGE ! FINAL CONSENSUS %
|N 9 | LOSSJGAIN] © 2 IR i CONCLUSION
| PROTOTYPE 3 0_*%
.8 EXPERIMENTAL 1 A 11 %
.7 SIMULATION 19 A 89 3 .7
.9 UNPROVEN 20 - 0 =
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %

N- 3 | LOSSJGAIN] © 2 50 B 100 CONCLUSION jl

SHORT RANGE GOAL 1 A 11 %

MED I UM 28 A 78 % MEDIUM

LONG 29 A 11 %

UNDES |RABLE A 0 N

PROBABLE TIMING CALENDAR YEARS

s (90% CONFIDENCE INTERVAL) OCEVELOPMENT TIME

N n A L “E o 0 MODE(S)] MEAN (FROM 1972)

9 |EARLIEST o0 .5 74 74.1 = YRS

9 | MOST LIKELY 0-0 8| 76 |76.3| 4-5 YRS

9 |NOT LATER THAN 0==0 1.5/ 78 [78.8, 6-71/2 ves

ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS
(N MLLONS)

[N] o [MODE(SI| MEAN ](90% COMPODENCE INTERVAL)
LOWER LIMIT 2] 5 M| 42 M .28 - .57
UPFER LIMIT 1.3] 1 M 1.53m .73 - 2.33

G-16
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DOT ASSESSMENT RESULTS

gvent. VIIC04

SYSTEM CRITICALITY

A proton magnetometer with a range of 20,000 to 100,000
gamma and a resolution of + 0.0]1 gamma, towable ard
can make measurements in ocean depths down to 20,000 ft.

PERCENTAGE FINAL CONSENSUS %
N- 6 I Loss [GAIN] © 2 50 7 w0 CONCLUSION
ESSENTIAL A 0 ]
OESIRABLE 11 A 1100 % DESIRABLE
UNNECESSARY 11 ' . 0 |
DEGREE OF RISK
PERCENTAGE FINAi. CONSENSUS %
N6 ] [10SSJGAIN] © % o 1% CONCLUSION
.| PROTOTYPE A 0 %
| AEXPERIMENTAL | 8 A 17 % ~—
.7 SIMULATION 8 A 83 % .7 N
.9 UNPROVEN A 0 %
DESIRED COURSE OF ACTION
m_.___} Ft’gl;(;ENé:(';rs : B FINAL CSgNSENSUSﬁZ'A T TP
SHORT RANGE GOAL A 0 %
MEDIUM 7 A 50 % MEDIUM
LONG 7 A S0 %
UNDESIRABLE A ) X 0 % N
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL DEVELOPMENT TIME
N n TS TS TeS A M T w “j! i o MODE(S)| MEAN (FROM 1972)
S EARLIEST O-0 ) 75 74.6 2-3 e
S | MOST LIKELY Q=0 1.0 78 77.2 | 41/2 - YRS
S [NOT LATER THAN | Qe==ce==e=Q 6.0 | None|83.2 | 51/2 ~ 17 vrs
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
— (N MNLLONS)
N e [MODE(S)| MEAN | (90% COMFIDENCE INTERVAL)
6| LOWER LIMIT 1] .3 M| ,29 M .19 - .39
6| UPPER LIMIT .6 |NoneM| .98 M .49 - 1.48

G-17



DOT ASSESSMENT RESULTS

EVENs. VIICOS

SYSTEM CRITICALITY

A cesium magnetometer/gradiometer...same as VIIC04

PERCENTAGE FINAL CONSENSUS %
N 4 l Loss [GAIN] ¢ ) 50 75 100 CONCLUSION J
ESSENTIAL A 0 s
DESIRABLE 8 A 75 % DESIRABLE
UNNECESSARY 8 A 25 %
DEGREE OF RISK
PERCEN:AGE] FINAL CONSENSUS %
N 4 LOSSTGAIN] °© B /AR A b CONCLUSION
.| PROTOTYPE A A 0 %
.4 EXPERIMENTAL 5 A 25 %
.7 SIMULATION 10 50 % 7
.9 UNPROVEN 5 ) A 25 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N4 ] [0SSTGAIN] © 25 o 100 CONCLUSION
SHORT RANGE GOAL A 0 %
MED UM 10 S0 % MEDIUM
LONG 15 A {25 &
UNDES IRABLE 5 A 25 o ]
PROBABLE TIMING CALENOAR YEARS
. (90% CONFIDENCE INTERVAL) - DEVELOPMENT TIME
N 72 TS 7S 765 T M a8 w0 | W o MODE(S)] MEAN (FROM 1972)
2 |EARLIEST o 0 74 74,0 2-2 YRS.
2 | MOST LIKELY . __0 0 76 |76.0] 4-4 YRS
2 |NOT LATER THAN O======—~oe= o 1.0 [ None | 79.0[21/2-111/2vrs
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
— [ INLLONS)
N o |MODE(S)| MEAN |(20% CONFIDENCE INTERVAL|
3 | LOWER LIMIT .1l |Nonem|.22 M .04 - .39
3] uPPER L'MIT .5 [Nonem| .80 0-1.70
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DOT ASSESSMENT RESULTS

EVENT. VIICO6

SYSTEM CRITICALITY

A transmitting and/or recording seismometer, bottom
implanted and recoverable at a 20,000-ft. ocean depth
that continuously measures the accelerations, resonant
frequencies magnitudes, and direction of a seismic
disturbance occurring {n the deep ocean.

PERCENTAGE FINAL CONSENSUS %
N6 ] 0SSJGAIN] © 2 50 » i DROLOsN
ESSENTIAL \ [0 =
DES IRABLE 4.5 A 83 5| DESIRABLE |
UNNECF SSARY 4.5 A B 17 % '
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
'rN' 3 l LOSSTGAIN] ¢ 2 50 A 100 CONCLUSION
| PROTOTYPE A 0 %
A EXPERIMENTAL | 23 A 60 % 4
7 SIMULATION 23 A 40 =
.9 UNPROVEN A 0 %
DESIRED COURSE OF ACTION
- PERCENTAGE FINAL CONSENSUS %
N- 5 LOSSJGAIN] © 25 50 75 100 CONCLUSION
SHORT RANGE GOAL | 20 A 0 %
MED UM 20 A| 100 % MEDIUM
LONG \ 0 %
UNDES IRABLE \ ) 0 « N
PROBABLE TIMING CALENDAR YEARS
_ (90% CONFIDENCE INTERVAL DEVELOPMENT TIME
N n TS TS TS TR M M N w0 | Tl e [MODE(SI| MEAN (FROM 1972)
5 | EARLIEST -0 4] 74 [74.2]| 2-21/2 vrs
5 | MOST LIKELY 0--0 8| 76 |76.6| 4-51/2 vrs
5 | NOT LATER THAN o 0--0 1.8 [78,80] 79.8]| 6 -91/2 ves
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
- (1N MILLONS)
N o |MODE(S){ MEAN |(90% CONFIDENCE INTERVAL)
5 |LOWER LIMIT 04 .2 m[.23 M .19 - .27
5| UPPER LIMIT 3] 1 M.67 M -40 - .94
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DOT ASSESSMENT RESULTS

EVeNT. VIICO7?

A vane shear and cone penetrometer that can measure the

bottorn and sub-bottoni seidment shear strength to a
sediment depth of 10 ft, range 0.1 to 10 psi{, resolution
+ 0.1 psi, and can function in ocean depths dcwn to

20,000 ft.
SYSTEM CRITICALITY
PERCENTAGE FINAL CONSENSUS %
W_-I L0SSJGAIN] © B s 75 100 CONCLUSION
ESSENTIAL 14 A 0 %
DESIRABLE 14 A [ 100 »| DESTRABLE
UNNECESSARY A N R 0 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 5 [ LOSSTGAIN] © . . . B 0 ] CONCLUSION
.1 PROTOTYPE 3 A 60 % .1
.4 EXPERIMENTAL | 3 A 40 «
-7 SIMULATION A 0 =
.9 UNPROVEN N 0 ¢
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N 5 | LOSSJGAIN] © 50 75 100 CONCLUSION
SHORT RANGE GOAL| 20 A 40 %
MED UM 40 A 60 % MEDIUM
LONG 20 0 %
UNDES IRABLE == A 0 « ]
PROBABLE TIMING CALENDAR YEARS
P (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
72 TS 75 765 78 AL M4 7 w0 | 96| o MODE(S)| MEAN (FROM 1972)
5 |EARLIEST Q-0 41 73 [73.2] 1-11/2 vrs
5| MOST LIKELY 0-0 . 4] 75 [75.2| 3-31/2 vss
5 | NOT LATER THAN . 0==0_ .8 P7,78 [ 77.8| S-61/2 vas
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
e N MOLLONS)
N g o |MODE(S)| MEAN [[90% CONFIDENCE INTERVAL)
5| LOWER LIMIT 06].1 M .13 m .07 - .19
5| UPPER LIMIT .3 |Nonem| .64 m L LN
G-20
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DOT ASSESSMENT RESULTS

EVENT. VIICO8

SYSTEM CRITICALITY

A vane shear and cone penetrometer that can measure the
bottom and sub-bottom sediment shear strength to a
sediment depth of 100 ft,...same as VIIC07.

PERCENTAGE FINAL CONSENSUS %
N g | LOSSJGAIN] ¢, % 50 75 w00 CONCLUSION
ESSENTIAL A N - Q_*
DESIRABLE 23 A e 20 %
UNNECESSARY 23 e A | [80 % UNNECESSARY
DESREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 4 | LOSSTGAIN] ¢ & o 75 100 CONCLUSION
.| PROTOTYPE 4 ‘ 0 %
.4 EXPERIMENTAL A 25 %
.7 SIMULATION 25 A 75 % .7
.9 UNPROVEN 25 \ ) 0 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N 4 I LOSSTCAIN] ¢ & so 75 100 CONCLUSION
SHORT RANGE GOAL A 0 %
MEDIUM A R 75 % MEDIUM
LONG 25 A 1 [25 «
UNDES | RABLE 25 Ao 0 % L
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) . DEVELOPMENT TIME
m- ” LS 7S 765 76 81 m b7 w0 | e T [ o [MODE(S)] MEAN (FROM 1972)
4 |EARLIEST A==0 . S 124 7251724 51 2-3 YRS
4 | MOST LIKELY o==0 8| 726 176.725| 4-51/2 Yrs|
4 [NOT LATER THAN 0---0__ 1.5 INone [79,75] 6 - 91/2 *s.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
A (IN MILLONS)
N o |MODE(S)| MEAN |[90% CONFIDENCE INTERVAL,
4 | LOWER LIMIT .07 None M| ,29 M 20 - ,37
4 |UPPER LIMIT .6 [None M[1.23 M .53 - 1,92
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DOT ASSESSMENT RESULTS

EVENT: VIICO09

A direct shear device that can measure.,.same as

VIICO8.
SYSTEM CRITICALITY
PERCENTAGE FINAL CONSENSUS %
N 4 1 LosSJGAINf ©, %, %, . B, . % CONCLUSION
ESSENTIAL 0 %
DES IRABLE 17] [/ ol 0%
UNNECESSARY 17 NN NES A | 100 «| UNNECESSARY
DEGREE OF RISK _
PERCENTAGE FINAL CONSENSUS %
N 1 l [OSSTGAIN] © & s 7 o CONCLUSION
.| PROTOTYPE A 0 %
.4 EXPERIMENTAL A 0 %
.7 SIMULATION A ] []0 =
.9 UNPROVEN ) ) A | 100 % .9
DESIRED COURSE OF ACTION
[PERCENTAGE FINAL CONSENSUS %
N 1 I LOSSJGAIN] © 25 50 75 100 CONCLUSION
SHORT RANGE GOAL \ 0 %
MED |UM A ) ; 0 %
LONG A - 0 <
UNDES IRABLE o A | 100 «| UNDESIR ABLE|
PROBABLE TIMING CALENDAR YEARS
o (90% CONFIDENCE INTERVAL) - OEVELOPMENT TIME
N n TRS 75 78S T8 ML we M w0 | o |MODE(S)| MEAN (FROM 1972)
1 | EARLIEST A 0 |None | 74 2 YRS.
1{MOST LIKELY A K . 0 |None | 76 4 YRS
1|NOT LATER THAN| A 0 [None | 78 6 YRS
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
— (N MNLLONS)
N e |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
2 | LOWER LIMIT .3 | Nonem| ,65 M 0-2,21
2| UPPER LIMIT 4,7 | NoneM|5.3 M 0- 26.28

G-22

ey el e




DOT ASSESSMENT RESULTS

EVENT: VIIC10

A self-contained recording current meter using an
electromagnetic flux sensing techniuge without

moving parts capable of threshold readings at 0.01 kts
from 0 to 20,000-ft. ocean depths.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N- 8 l LOSSTGAIN] © . 2 075 100 CONCLUSION
ESSENTIAL 12 A 50 % ESSENTIAL
DES IRABLE 12 A 50 %
UNNECESSARY N D 0 =
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 11 | LOSSJGAIN] ¢ % 075 100 CONCLUSION
.1 PROTOTYPE 12 A 27 %
.4 EXPER IMENTAL A 46 % .4
.7 SIMULATION 11 A 27 %
.9 UNPROVEN | N . 0 %
DESIRED COURSE OF ACTION
‘ PERCENTAGE FINAL CONSENSUS %
N- 11 | LOSSJGAIN] © 5 o 75 100 CONCLUSION
SHORT RANGE GOAL| 3 A . 64 % SHORT
MED I UM 2 A ) 27 %
LONG 1 A 9 %
UNDES IRABLE A 0 = _ﬂ
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) . DEVELOPMENT TIME
T n S 75 763 78 W b M w0 ‘.l wi | e |MODEISI] MEAN (FROM 1972)
1 JEARLIEST 0==-0 1.5 | 75 [74.3 ] 11/2-3 vrs
11 [MOST LIKELY 0--0 1.9 75 76.11 3 -5 YRS
LINOT LATER THAN \ 0===0 2.9]78 [78.6| 5-8 YRS
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
(N MILLONS)
N ] o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
11| LOWER LIMIT 2 [,5 M 26 M .16 - .36
11j UPPER LIMIT 811 M .85M .41 - 1,30
G-23




DOT ASSESSMENT RESULTS

gvenr. VIIC11

A self-contained recording current meter using an acoustic

doppler flow echo sensing technique...same as VIIC10.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N= 10 I LOSS [GAIN 0 . 215 ) ) 510 - 715 o 100 CONCLUSION
ESSENTIAL 1 ) 10 «
DESIRABLE 2 i A 80 % DESIRABLE
UNNECESSARY 1 e ' 10 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N" 10 l LOSSTGAIN] § . . . % P SR P CONCLUSION
.1 PROTOTYPE 5 A 20 %
.4 EXPERIMENTAL 7 A X 40 % .4
.7 SIMULATION 5 A 20 =
.9 UNPROVEN 3 A o 20 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N g ]  [ToSSJGAIN] © 3 o s o CONCLUSION
SHORT RANGE GOAL | 14, A 12,.5%
MED I UM 7.5 A 62.5 % MEDIUM
LONG 25 A 25 o
UNDES IRABLE 18 4 0 %
PROBABLE TIMING CALENDAR YEARS
(50% CONFIDENCE INTERVAL) DEVELOPMENT TIME
FN— ) ™S 75 763 7w w A7 w0 | w( | o [|MODES)] MEAN (FROM 1972)
9 |EARLIEST Q=--Q 1110l 725 |74.3] 11/2-3 vms
8 | MOST LIKELY 0-0 1.2 76 76.4| 31/2-5 vrs
9 mr ‘.ATER THAN I~ 9-0 n i e 108 80 79.2 6 = 8 1/2 YRS
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
s, (9 MRLLONS)
N e |MODE(S)| MEAN |(|90% CONFIDENCE INTERVAL)
8 | LOWER LIMIT 11.5 M .36 M .26 - .46
8 [ UPPER LIMIT 1.4] 1 wm1.28 M 32-2,24

G-24

_.



e
-

ol

DOT ASSESSMENT RESULTS

EVENT: VIIC12

A self-contained recording current meter using a nuclear
spin echo sensing technique capable of...same as

VIIC 10.
SYSTEM CRITICALITY
PERCENTAGE FINAL CONSENSUS %
N- 7 I LOSSJGAIN] © & 50 75 wo CONCLUSION
ESSENTIAL / ) 0 %
DESIRABLE 13 A 43 % B
UNNECESSARY 13 A 57 % UNNECESSARY
DEGREE OF RISK )
PERCENTAGE FINAL CONSENSUS %
N= ¢ I tosSTGAIN] © K 075 100 CONCLUSION
.1 PROTOTYPE A 0 %
_4 EXPER IMENTAL \ 0 % ]
.7 SIMULATION 8 A 33 %
.9 UNPROVEN 8 L A 67 % 9 ]
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N 6 l LOSSJGAIN] © 25 50 75 00 CONCLUSION
SHORT RANGE GOAL A 0 %
MEDIUM 12 A 17 %
LONG 21 A 50 «%| LONG
UNDES IRABLE 9 A X N 33 %
PROBABLE TIMING CALENDAR YEARS
- (30% CONFIDENCE INTERVAL, DEVELOPMENT TIME
N ” UAANE AT A g MODE(S){ MEAN (FROM 1972)
5 JEARLIEST 0=0 .8 175,76 | 75.2 21/2-4"®”s
5 | MOST LIKELY 0==-0 15177 [77.8] 41/2-7 es
S |NOT LATER THAN O===0 2.6 | None[81.4 | 7-12 YRS
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
-y (IN MILLONS)
N o [MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
6 | LOWER LIMIT 313,1 M| .56 M .29 - .83
6 | UPPER LIMIT 3.4/1,5 M[3.75m .98 - 6.52
G-25



APPENDIX H

| TECHNOLOGY AREA VIII. LOAD HANDLING AND TRANSPORTATION

i SUB-TECHNOLOGY AREAS:

A. Near Bottom Transport and Positioning
B. Guidance
C. Lifting and Lowering




VIIIA Sub-Technology: Near Bottom Transport and Positioning

Objective: To develop the technologies necessary to accurately
position heavy loads on the bottom in accordance with the foll>wing

minimum specifications:

O Depth 8,000 ft

o) Load capacity 30 tons (submerged
weight)

0] Transport capability 600 ft

o] Alignment tolerance (translatnal) 0.5 ft

0 Alignment tolerance (rotational) 3 degrees

0] Attitude tolerance (vertical) 3 degrees

0 Minimum ocean current tolerance 2 knots

Events VIIIAOl - VIIIAO6 address this objective.



DOT ASSESSMENT RESULTS

EVENT: VITIAQ1

SVSTEM CRITICALITY

An underwater bottom resting crane, using an underwater
winch and cables, capable of lifting a 30-ton load to a
height of 100 ft off the seafloor, transporting it 600 ft
across the bottom and positioning the load with the use
of a quidance system in an exact predetermined position.

PERCENTAGE FINAL CONSENSUS %
m LOSS CAIN 0 ) 215 X . 510 - ) 715 L LLOO CONCLUSION
ESSENTIAL ) 0%
DESIRABLE 21 A o 20 %
UNNECESSARY 21 L. A 80 %| UNNECESSARY
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 14 l LOSSJGAIN] ¢ . & 50 75 100 CONCLUSION
.1 PROTOTYPE A - 0%
.4 EXPER IMENTAL A 7 %
.7 SIMULATION 5 A 71 % 7
.9 UNPROVEN 5 A X 22 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N 15 ] LOSSJGAIN] © = % so 75 100 CONCLUSION
SHORT RANGE GOAL| ¢ A - 0%
MEDIUM 6 A 7 %
LONG 2 A 27 %
UNDESIRABLE 10 A 66 % UNDESIRABLE |
PROBABLE TIMING CALENDAR YEARS
I (90% CONFIDENCE INTERVAL - DEVELOPMENT TIME
N 72 s 75 765 78 st s w7 w0 || | o |MODE(S)| MEAN (FROM 1972)
1 2EARLIEST 0-0 1.4 go {78.75 6 - 7% vms
J_imosrumv 0-0o 2.1| g5 82,75 94 - 12 wrs
1 2NOT LATER THAN 0-0 3.3 90 (87.9 14 - 171ves
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
= IN MILLONS)
N o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
12 LOWER LIMIT .61 10 M17.7M 11.6 - 23.7
14 UPPER LIMIT 50 M{58.0Mm 44,07 - 71.93
H-3




DOT ASSESSMENT RESULTS

EVENT: VIIIAO2

An underwater, bottom resting, mechanical lifting system

(e.g., fork lift device) capable of lifting ... same as

VIIIAO1,
SYSTEM CRITICALITY
PERCENTAGE FINAL CONSENSUS %
No1s ] LOSSTGAIN] ¢ 2 50 L, CONCLUSION
ESSENTIAL A i 0%
DESIRABLE 22 A " j 7 %
UNNECESSARY 211 A 93 %| UNNECESSARY
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
No1q4 ] LOSSJGAIN] ¢, . . % so 75 00 CONCLUSION
.| PROTOTYPE A 0%
.4 EXPERIMENTAL 7 \ 0 %
.7 SIMULATION 3 ) A 36 %
.9 UNPROVEN 4 ) A 64 % .9
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N 15 LOSSJGAIN] ¢ & so 75 10 CONCLUSION
SHORT RANGE GOAL| 6 A 0%
MED I UM 1 A 7%
LONG A B ‘ 13 %
UNDESIRABLE s .. A 80 &/ UNDESIRABLE
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) OEVELOPMENT TIME
W 72 TS 75 705 78 81 s 87 9 ”1 -)‘em o |MODE(S)] MEAN (FROM 1972)
12/ EARLIEST 0-0 1.8] 80 (78,1 5 -7 YRs.
121 MOST LIKELY oo 2.2| g5 182.4 94 - 114 vRs
12| NGT LATER THAN Al 0--0 3. 90 |(87.7 14 - 174 vrs.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
- (1N MLLONS)
N o {MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
12| LOWER LIMIT 11.7) 15 M6.58M 10.49 - 22,67
12| UPPER LIMIT 27.8{ S50 M|53.08m 328.65 - 67,52
H-4
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DOT ASSESSMENT RESULTS

EVENT. VIIIAO03

An underwater near-bottom propulsion lifting system

(e.g., near-bottom sea helicopter) capable of lifting
. same as VIIIAOQL.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N 15 I LOSSJGAIN] © 25 50 8 o CONCLUSION
ESSENTIAL 5 A A 7 %
DES IRABLE 11 A o 40 %
UNNECESSARY ° ) A S3 % UNNECESSARY
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N 15 l LOSSTGAIN] ¢ & 50 S 100 CONCLUSION
.1 PROTOTYPE 0 %
.4 EXPER IMENTAL 1] A ) 7 %
.7 SIMULATION 4 ' A ) 40 «
.9 UNPROVEN 3 A 53 % .9
DESIRED COURSE OF ACTION
PERCENTAGE F:NAL CONSENSUS %
N 15 | LOSSJGAIN] © 2 50 75 100 CONCLUSION
SHORT RANGE GOAL | 12 A 0 %
MED 1UM 8 A 20 %
LONG 6 A 47 % LONG
UNDES IRABLE 24 |1 A o 33 ¢ ]
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
T 72 TS 75 765 78 81 a4 M7 %0 ‘l % T | o [MODE(S)] MEAN (FROM 1972)
13/ EARLIEST 0--0 | [1.9] 80 [77.5 43 - 63 vrs
13[MOST LIKELY 0=-0 2,81 80 [81.3 8 =-10% vas
13| NOT LATER THAN o-o | [3.2] 85 [85.8 12 - 15 vrs.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
= (IN MLLONS)
N \ o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
13| LOWER LIMIT g,2! 5 Mmp4,00M 9.92 - 18,08
13] UPPER LIMIT _B1.,3120/50A50.69M] 35.22 - 66.17




DOT ASSESSMENT RESULTS

EVENT: VITIAO4

An underwater near-bottom buoyancy control lifting system,

using propulsive power for movement (i.e., waterjets, pro-
pellers, etc), and chemical gas generation for buoyancy

capable of lifting

SYSTEM CRITICALITY

PERCENTAGE

... Same as VIIIAQLl,

FINAL CONSENSUS %
50 75

N 15 I L05S TGAIN] © 2 o s 100 CONCLUSION
ESSENTIAL 1 A 60 % ESSENTIAL
DESIRABLE 1 A ) 40 %

UNNECESSARY o D 0%

DEGREE OF RISK

PERCENTAGE FINAL CONSENSUS %

N-15 ] LOSSTGAIN] § . . & o 0 bl CONCLUSION

.1 PRGIOTYPE 4 0%

.4 EXPER IMENTAL 11 A 93 % .4

.7 SIMULATION 11 A 7 %

.9 UNPROVEN A ¥ 0%
DESIRED COURSE OF ACTION

PERCENTAGE FINAL CONSENSUS %

N 15| LOSSJGAIN] ¢ . & T . CONCLUSION
SHORT RANGE GOAL 14 A 73 %  SHORT

MED | UM 3 A 20 %

LONG 11 A y 7%

UNDESIRABLE g ot 0% ]
PROBABLE TIMING CALENDAR YEARS
— (90% CONFIDENCE INTERVAL) X DEVELOPMENT TIME
N 72 73S 75 765 76 Bl h N w0 1 o MODE(S)] MEAN {FROM 1972)
) S {EARLIEST oo 72 | 75 ]75.1 3 -3%4 ves
] 5|MOST LIKELY 0-0 1.5 | 80 [78.3 54 -7 vms
L S [NOT LATER THAN  0=0 _ 2.3 ] 80 81,6 8% - 104 vs.
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS

Ll (1 MILLONS)

N o {MODE(S)] MEAN | (90% CONFIDENCE INTERVAL)
) 5 | LOWER LIMIT 4.7] 10 M| 7,97 5.81 - 10,12
) 5| UPPER LIMIT 14.1] 25 Mp8.00m 21.57 - 34.43
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DOT ASSESSMENT RESULTS

EVENT: VIIIACS

SYSTEM CRITICALITY

An underwater near-bottom buoyancy control lifting system,
using propulsive power for movement (i.e., waterjets, pro-
pellers, etc), and a seawater ballast pumping system for

buoyancy capable of lifting

... Same as VIIIAQO],

PERCENTAGE FINAL CONSENSUS %
N= 15 I LOSSJCAIN] © B 50 5 teo CONCLUSION
ESSENTIAL 12 A 0%
DESIRABLE 11 A 87 %| DESIRABLE
UNNECESSARY 1 A ) 13 % ]
DEGREE OF RISK
- PERCENTAGE FINAL CONSENSUS %
N 14 ] LOSSTGAIN] & . . . % L .0 b CONCLOSION
.| PROTOTYPE 9.5 A . 14 %
.4 EXPER IMENTAL 2 A 43 % .4
.7 SIMULATION 12,5 A 36 %
.9 UNPROVEN 5 A e 7%
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N 15 ] LOSSJGAIN} © 2 50 75 100 CONCLUSION
SHORT RANGE GOAL 1 20 %
MEDIUM 10 A 60 % MEDIUM
LONG 12 A B 13 %
UNDES IRABLE 1 B 7 % L
PROBABLE TIMING CALENDAR YEARS
= s (90% CONFIDENCE INTERVAL) . DEVELOPMENT TIME
N 72 735 75 765 78 81 a4 N 90 '] ar o |MODE(S)| MEAN (FROM 1972)
15 [EARLIEST 0===C 2.8 175/76 | 76.7 32 =6 vrs.
15| MOST LIKELY 0-=0 3.4 80 | 80.1 64 - 93 vrs
5|NOT LATER THAN ‘ _0-o 4.31 g2 | 84.0 10 - 14 ¥rs
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
(IN MILLONS!
[N] , o [MODE(SI] MEAN ] (90% CONFIDENCE INTERVAL)
05/ LOWER LIMIT 5.2 5 m| 8.7 6.35 - 11,12
IL5[UPPER LIMIT 17.0] 10 MR7.67m[ 19,93 - 35.40
H-7



DOT ASSESSMENT RESULTS

EVENT: VIIIAO6

An underwater near-bottom Luoyancy control lifting system,

using propulsive power for movement (i.e,, waterjets, pro-
pellers, etc), and a non-seawater fluid and expandable

bladder system for buoyancy capable of lifting --- same as
VIITIAOL,
SYSTEM CRITICALITY
N- 15 | ‘[5';2‘“;:?,5 o 2 AF'NM cgwsmsus?; o CONCLUSION
ESSENTIAL \ ] 0 %
DESIRABLE , ) 53 %| DESIRABLE
UNNECESSARY o A 47 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N 15 | [T0SSJGAIN] o . . % A . ConcLIEIN
.| PROTOTYPE 18 A 13 %
.4 EXPERIMENTAL 7 A 13 %
.7 SIMULATION 23 A 67 % .7
.9 UNPROVEN 12 A ey 7%
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N- 14 l LOSSJCGAIN] ¢ 50 75 100 CONCLUSION
SHORT RANGE GOAL 1 A 7 %
MED | UM 17 A 21 %
LONG 15 A 21 %
UNDESIRABLE Yy A 4 51 «| UNDESIRABLE |
PROBABLE TIMING CALENDAR YEARS
{90% CONFIDENCE INTERVAL) OEVELOPMENT TIME
’T\F 7 RS 75 765 TA AL a7 w0 ,l o - o MODE(S)| MEAN (FROM 1972)
15[EARLIEST 0---0 3.5! 78 [78.1 43 - 73 vrs.
15| MOST LIKELY o---0 4.2 80 [81.8 8 - 111ves
15NOT LATER THAN o--0 4.9 85 | 86.2 12 - 163vrs.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSYS
A (N MLLONS)
N o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
15[ LOWER LIMIT 10.0} 10 Mi4.40M 9.86 - 18,94
15{ UPPER LIMIT 28.4 50 mu6.33m| 33.51 - 59.15




pracngy masg g [ Framrrmg [reseoes 'I‘_ g . =

T —
vo--

+ g

r

VIIIB Sub~- Technology: Guidance

Objective: To develop the technology necessary to provide guidance
to loads being lowered or raised at 8,000~ft ocean depths in order to
accurately control the ascent and descent to a predetermined position,
and a near bottom guidance system for positioning loads being moved
across the seafloor to a predetermined position.

Events VIIIBOl - VIIIB10 address this objective.



DOT ASSESSMENT RESULTS

EVENT: VIIIBO1 A guidance system using taut anchored flexible yuidelines
for controlling the attitude of a 600-ton (submerged weight)
load during ascent or descent from the surface down to
8,000-ft ocean depths., The guidance system is capable of
exact positioning of the load to + 1 ft in the desired attitude
at a predetermined position on the seafloor.

SYSTEM CRITICALITY

PERCENTAGF FINAL CONSENSUS %
N 13| LosSTGAIN] © . % s 7 o ConcEysiom
ESSENTIAL 2 A 15 %
DESIRABLE 5 A ) 38 %
UNNECESSARY 7 A '] 47 %] UNNECESSARY
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
v 13 ] [TosSTeAIN] ©. . @ % B v CONCLUSHN
.| PROTOTYPE 1 A g %
.4 EXPERIMENTAL 2 A _ 23 %
T SIMULATION  [14 A ' _ 15 %
.9 UNPROVEN 11 A e 54 % .9
DESIRED COUPTE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N- 13 LOSSJGAIN] °© 25 so 75 100 CONCLUSION
SHORT RANGE GOAL 2 A 15 %
MED I UM 2 A ) ‘ ‘ 15 %
LONG 6 A ) ) 47 % LONG
UNDES IRABLE 10 e S N 23 %
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
w 72 73575 765 T8 SL x4 A7 w0 ? so # I’ MODE(S)] MEAN [Fm "72]
13| EARLIEST o-—- o 2.0 75 |75.5] 2 -4% ves.
¥ 13{MOST LIKELY 0-=0 2.2 78 78.9 6 -8 YRS |
: 13| NOT LATER THAN . o-o | ]2.7] gg |82.1 9 - 114 ves.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
= (N MOLLONS)
N : o IMODE(S)| MEAN |(90% COMFIDENCE INTERVAL)
13 LOWER LIMIT |27,; 10 MR4.00M] 10,59 - 37.41
13| UPPER LIMIT 329]| 10 MP3.85| 28.18 - 159.51
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DOT ASSESSMENT RESULTS

EVENT: VIIIBO2

SYSTEM CRITICALITY

same as VIIIBO1,

A guidance system using rigid members for controlling

PERCENTAGE FINAL CONSENSUS %
N-13 ]  [lossJcAIN] o, & so 55 wo CONCLUSION
ESSENTIAL 8 A 15 %
DESIRABLE A B 0%
UNNECESSARY 8 A 85 % UNNECESSARY
DEGREE OF RISK

PERCENTAGE FINAL CONSENSUS %
N- 12 | LOSSJGAIN] § ., . % AT/ oS CONCLUSION
.1 PROTOTYPE 9 A 17 %
.4 EXPER IMENTAL \ i 0%
.7 SIMULATION 15 A ‘ 8 %
.9 UNPROVEN 6 ' A 75 % .9
DESIRED COURSE OF ACTION

PERCENTAGE FINAL CONSENSUS %
N- 13 | LOSSJGAIN|] ¢ . s 75 100 CONCLUSION
SHORT RANGE GOAL 8 A 15 %
MEDIUM 7 A ) i 0%
LONG 8 A A 15 =
UNDESIRABLE 9 o A 70 «| UNDESIRABLE
PROBABLE TIMING CALENDAR YEARS
= (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N n RS 7S 765 78 81 s 7 %0 ,l »Ao'" P MODE(S)| MEAN [FROM 1972)
11 EARLIEST 0=-==-0 ] 2.1}| 75 [75,8 24 - 5 vrs.
11 MOST LIKELY 0--0 2.6 | 80 {79.5 6 -9 s
11[NOT LATER THAN 0-=0 3.5] 85 [83.4 9% - 134vrs.
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS
. (N MILLONS)
N ? o |MODE!S)| MEAN |{80% CONFIDENCE INTERVAL)
11 LOWER LIMIT 27.7 M 30,08 14.92 - 45,17
11 UPPER LIMIT 374 gg7 113. 38.67 - 188,78
H-11




DOT ASSESSMENT RESULTS

EVENT: VITIBO3 A guidance system tethered (slack hard wire) for positioning
and attitude control of a propulsion system (e.g., thrusters,
propellers) attached to the load, for controlling ... same
as VIIIBO1,

SYSTEM CRITICALITY

‘ = = e ——— e— o I ————

——

PERCENTAGE FINAL CONSENSUS %
N 13 ] [tosseAn] © . m . % B LN
ESSENTIAL A ) 0 %
DESIRABLE 7 A 54 4| DESIRABLE
UNNECESSARY 7 A 46 «
DEGREE OF RISK

PERCENTAGE FINAL CONSENSUS %
N-13 ] [TosSJcAN] ©. . % e s | CONCLUSION
.| PROTOTYPE / ) O 0 %
4 EXPERIMENTAL | - A ‘ 0 %
.7 SIMULATION 13 [ A 85 % .7
.9 UNPROVEN 8 A 15 %
DESIRED COURSE OF ACTION

PERCENTAGE FINAL CONSENSUS %
N33 | LOSSJGAIN] 9 | K so 75 100 CONCLUSION
SHORT RANGE GOAL A 0 %
MED UM 12 A ) ‘ 38 %
LONG 24 A A ) 38 1| LONG
UNDES | RABLE 12 A 24 % 7
PROBABLE TIMING CALENDAR YEARS
- - (30% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 7 7575 765 78 s s 81w T 9‘099 o |MODE(S)| MEAN (FROM 1972)
13| EARLIEST 0-0 1 Ji.al7s [ 75.5] 3 -4 s
13| MOST LIKELY 00 1.9 [ 80 79.4 64 - 8% vms.
13| NOT LATER THAN - o-o | J2.2] 85 [83.6] 104 - 12% vas

ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS
(W MILLONS)
[N : o [MODE(S)| MEAN |(90% COMFIDENCE INTERVAL)
13{ LOWER LIMIT 12.5| 10 ml4.7Mm] 8.61 - 20,93
13| UPPER LIMIT 26.416,25 MB9.2] 26.27 - 52,19

H-12
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DOT ASSESSMENT RESULTS

EVENT: VIIIBO4 A guidance system using acoustic transmission for positioning
and remote control of an attitude control propulsion system
(e.g., thrusters, propellers) attached to the load for controll-
ing ... same as VIIIBO1.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N 13 ] LOSSTGAIN] © B o 13 w0 CONCLUSION
ESSENTIAL 12 A 8 %

DESIRABLE 12 A 92 % DESIRABLE
UNNECESSARY N 0%
DEGREE OF RISK

PERCENTAGE FINAL CONSENSUS %

V- 13 ] [roSSTGAN| &,  .® e W EMELVG
.| PROTOTYPE 7 / ) A ) 0%

.4 EXPERIMENTAL 19 A 69 % .4
T SIMULATION | 12 A ‘ 31 %
.9 UNPROVEN ¥ o 0%

DESIRED COURSE OF ACTION

PERCENTAGE FINAL CONSENSUS %

N 13 ] LOSSJGAIN] ° 2 so 75 100 CONCLUSION
SHORT RANGE GOAL| 7 A 8 %

MED UM ) A X 77 % MEDIUM
LONG 7 A ) 15 %

UNDESIRABLE A 0%
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME

W 7] 73S 75 765 78 81w M % 9,’ ol o MODE(S)}| MEAN (FROM 1872)
13| EARLIEST 0-0 1.1 75 | 75.5 3 -4 s
13| MOST LIKELY - 0-0 1.7| 80 | 78.5 5% - 7% vrs
13)NOT LATER THAN P . B 2.2| 82 [82.1] 9 -11 ves

ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS
(I DOLLONS)

v] J o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
13/ LOWER LIMIT 11.47 5 miY.oom| 5.24-16.76
13| UPPER LIMIT 22.7120/2m[29.2] 18.02 - 40.44

H-13




DOT ASSESSMENT RESULTS

EVENT: VIIIBOS

A guidance system using an automated acoustic system

(i.e., positioning by pinging a reference reflector or
transponder) for direct control of a propulsion system,
attached to the load, for controlling ... same as VIIIBOl.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N- 13 l LOSSJGAIN] © K R 100 CONCLUSION
ESSENTIAL 7 A A 0%
DES IRABLE 7 R 100 %| DESIRABLE
UNNECESSARY A o 0%
DEGREE OF RISK

PERCENTAGE FINAL CONSENSUS %
N 13 | LOSSTGAIN] ¢ . . . . % e CONCLUSION
.| PROTOTYPE 13 \ A 0 %
.4 EXPERIMENTAL 29 A 68 % .4
.7 SIMULATION 9 A o 31 %
.9 UNPROVEN 7 \ o TT 0 %
DESIRED COURSE OF ACTION

PERCENTAGE FiNA_ CONSENSUS %
N- 13 | LOSSJGAIN] © 25 so 75 100 CONCLUSION
SHORT RANGE GOAL| 15 A . 0%
MED | UM 15 A 85 | MEDIUM
LONG A ) 15 ¢
UNDES IRABLE \ 0%
PROBABLE TIMING CALENDAR YEARS
— (30% CONFIDENCE INTERVAL) OEVELOPMENT TIME
N 72 7575 765 78 81 84 87 w0 )f 93'" o MODE(S)| MEAN [m “72]
13| EARLIEST 0--0 1.5 75 75.8 3 -44 vrs.
13| MOST LIKELY 0-0 2.3 78 78.8 54 -8 vas.
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS
Py (1N MNLLONS)
N ! o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
13| LOWER LIMIT 4.11 10 M| 8,9M 6,90 - 10,94
3| UPPER LIMIT 13.9 M 19.05 - 32.79
H-14
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DOT ASSESSMENT RESULTS

EVENT:  VIIIBO6 A guldance system using a laser beam as a reference to
! exercise direct control of a propulsion system, attached
to the load, for controlling ... same as VIIIBOl.

L

(- G,

' SYSTEM CRITICALITY
PERCENTAGE FINAL CONSENSUS %
l N 13 ] LOSSJGAIN] ¢ & s 35 w0 CONCLUSION
ESSENTIAL ' ] ) 0%
DESIRABLE 12 A o 15 %
‘ UNNECESSARY 12 A 85 %] UNNECESSARY
DEGREE OF RISK
PERCEN:AGE FINAL CONSENSUS %
’, N~ 12 |  [tossJean| o . . . % P e CONCAION
.1 PROTOTYPE / . 0%
l 4 EXPERIMENTAL | 7 A 0%
.7 SIMULATION |13 ‘A , , 8 %
.9 UNPROVEN 20 : o A 92 % .9
1 DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N- 13 | LOSSJGAIN] © 5 o 75 100 CONCLUSION
! SHORT RANGE GOAL| 7 A 0 %
MED UM I A . g8 %
! LONG 14 A . X 15 %
UNDES |RABLE 20 o A 77 «| UNDESIRABLE
PROBABLE TIMING CALENDAR YEARS
l (30% CONFIDENCE INTERVAL) DEVELOPMENT TIME
W 7 7S 75 765 78 8L a4 M % T % | ) MODE(S)| MEAN (FROM 1972}
10[EARLIEST o-o 1 11.6]80 ]78.6 54 - 74 vrs
i 10{MOST LIKELY o--0 2.1 85 [82.5 94 - 11} vrs.
1 ONOT LATER THAN 7 o-o | [2.8]85/90][86.8 13 = 164 vas.
' ESTIMATED COSTS TO ACHIEVE
. DEVELOPMENT COSTS
, I MNLLONS)
- ! [N] \ o [MODE(SI| MEAN |(90% CONFIDENCE INTERVAL]
O] LOWER LIMIT 6.4/ 10 mj13.20m 9,48 - 16,92
" l O] UPPER LIMIT 5.5 50 md47.6am] 32.79 - 62.41




DOT ASSESSMENT RESULTS

EVENT: VIIIBO7?

SYSTEM CRITICALITY

An underwater near-bottom guidance system, using rigid
guide rails, in conjunction with a near-bottom lifting device
capable of positioning a large object with an alignment
tolerance of + 0.5 ft translational, +1 degree rotational
(vertical axis), and + 1 ft rotational (horizontal 2xis).

PERCENTAGE FINAL CONSENSUS %
N33 ] loSSJCAIN} © . s s 75 100 CONCLUSION
ESSENTIAL 5 A 15 %
DES IRABLE 13 A i 0 %
UNNECESSARY Bl A || 85 a| UNNECESSARY
DEGREE OF RISK

PERCENTAGE FINAL CONSENSUS %
N 12 ] LOSSJGAIN] § . 2 S0 75 o CONCLUSION
.1 PROTOTYPE 7 A ) 0%
AEXPERIMENTAL | 6 A 8 %
.7 SIMULATION ] A ) 8 %
.9 UNPROVEN 12 : A 84 % .9
DESIRED COURSE OF ACTION

PERCENTAGE FINAL CONSENSUS %
N 13 ] LOSSTGAIN] © K 50 %5 100 CONCLUSION
SHORT RANGE GOAL [ 20 A 0 %
MED | UM 3 A 23 %
LONG 2 A 15 %
UNDESIRABLE 15[ A 62 9] UNDESIRABLE
PROBABLE TIMING CALENDAR YEARS
— (30% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 72 U RAR I L N N o MODE(S)! MEAN (FROM 1972)
10| EARLIEST O===0 2 78 77.2 4 - 6% vms.
10{ MOST LIKELY 0--0 2.5] 80 80.4 7 =10 vrs.
10/ NOT LATER THAN . 0=0_ | [3.2] 85 84.3| 10% - 14 vrs.
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS
(IN MILLONS)
v] o [MODEIS)] MEAN | (90% COMADENCE INTERVAL)
10/ LOWER LIMIT 13.4 2 wmj13.80m] 6.02 - 21.58
10[ uPPER LIMIT 23.9 25 MBe,00M 22,30 - 49,70
H-16
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DOT ASSESSMENT RESULTS

EVENT: VIIIBOS

SYSTEM CRITICALITY

An underwater near-bottom guidance system, using flexible
guide wires in conjunction with a near-bottom lifting device

capable of positioning ...

same as VIIIBO7.

PERCENTAGE FINAL CONSENSUS %
N 13 LOSSJGAIN] © % 50 L CONCLUSION
ESSENTIAL 2 A 15%
DESIRABLE 19 A 8%
UNNECESSARY 17 i A 77% UNNECESSARY
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N-12 | LOSSYGAIN] § . . . . % o S CONCLUSION
.| PROTOTYPE A ) Q%
.4 EXPER IMENTAL 6 A i 8%
.7 SIMULATION 12 A ‘ 17%
.9 UNPROVEN LR A 754, .9
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N 13| LOSSJGAIN|] © . 25 so 75 100 CONCLUSION
SHORT RANGE GOAL 1 A 15%
MED UM 13 A- e
LONG 8 A 15%
UNDES | RABLE 4 J A 62%| UNDESIRABLE |
PROBABLE TIMING CALENDAR YEARS
L= (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N mo s s 765 7w a1t s w o pw) | o |MODE(S)] MEAN (FROM 1972)
10]EARLIEST o-- 0 76,78 | 77.0 34 - 64 vas.
10| MOST LIKELY 0---0 .5 | 80 81.4 74 = 114ves
1 0| NOT LATER THAN o0 4.4 85 85,0] 104 - 15dvws
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
(IN MILLONS)
[N] , o [MODE(S)] MEAN | (90% CONFIDENCE INTERVAL)
Eo LOWER LIMIT 3.3} 10 M 8,80M 6,90 - 10,70
o] UPPER LIMIT 12.¥ 30 Mp6,9om| 19,91 - 33,89

H
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DOT ASSESSMENT RESULTS

An underwater near-bottom guidance system, using a laser

EVENT: VIIIBOS

SYSTEM CRITICALITY
PERCENTAGE

beam directional system, in conjunction with a near-bottom

lifting device capable of positioning ...

FINAL CONSENSUS %
50 75

same as VIIIBO7.

N- 13 I L0SS JGAIN K 75 100 CONCLUSION
ESSENTIAL 7 0%
DESIRABLE 12 * e 8%
UNNECESSARY 9| A 92 %] UNNECESSARY
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N12 ] LOSSTGAIN B so TS 100 CONCLUSION
.1 PROTOTYPE 7 A 0%
.4 EXPERIMENTAL 0%
.7 SIMULATION 6 ) 8%
.9 UNPROVEN 13 ) A 92 % .9
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %

N 13 | LOSSGAIN k> 50 75 100 CONCLUSION
SHORT RANGE GOAL 0%
MED UM 29 Q%
LONG 1 ) . 8%
UNDES IRABLE <8 o A 92% UNDESIRABLE |
PROBABLE TIMING CALENDAR YEARS
- (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 7 73575 765 M 81w 87 %0 91 9:,--) o |MODE(S)| MEAN (FROM 1972)
10| EARLIEST o- o 2.8 | 80 [80.0 sz ~ 9% vms.
10 MOST LIKELY 0= 0 3.5 85 [84.4] 104 - 14%vas
10 NOT LATER THAN » "0--0 | |4.3] 90 [88.6] T4 -T1I9 vps
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS
e {IN MILLONS)
N y o |MODE(S)| MEAN |{90% CONFIDENCE INTERVAL)
10| LOWER LIMIT 13,2 15 m[20.60M[ 12,65 - 28,55
10] UPPER LIMIT 32.3 80 M[53.504] 34.80 - 72,

H-18




DOT ASSESSMENT RESULTS

EVENT: VIIIB1O An anti-rotation system for preventing a suspenced load
from spinning or turning while it is being lowered from a
" surface ship to the ocean floor in water depths to 8,000
ft. The device would also monitor and control the or!enta-
tion of the suspended load.

|
SYSTEM CRITICALITY
PERCENTAGE FINAL CONSENSUS %
N 13 ] LOSSJGAIN] © 28 s 15 W0 CONCLUSION
ESSENTIAL 18 A 85 %|  ESSENTIAL
DESIRABLE 5 A ) 15 %
' UNNECESSARY |13 N T 0 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N 13 ] LOSSJGAIN] &, B 5o 75 100 CONCLUSION
.| PROTOTYPE 9 A ‘ 38 %
.4 EXPER IMENTAL 1 A ) 8 %
.7 SIMULATION 3 ' A ‘ 54 % .7
.9 UNPROVEN 7 A RN 0%
' DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N 12 ] LOSSJGAIN] ¢ . & so 75 100 CONCLUSION
SHORT RANGE GOAL | 17 A 84 %| SHORT
MED UM 14 A L 8 %
LONG 3 A ) ) €%
UNDESIRABLE A j 04
PROBABLE TIMING CALENDAR YEARS
S (90% CONFIDENCE INTERVAL) DEVELCPMENT TIME
N o s s s m m s ow ey | v [MODES)] MEAN (FROM 1972)
13 EARLIEST 0--0 1.6 74 74 .2 14 - 3 vrs.
13 MOST LIKELY 0-0 1.9] 75 [76.6 34 - 5} ves
13NOT LATER THAN . 0-=-0 3.2 76 |79.5 6 -9 vas

ESTIMATED COSTS TO ACHIEVE

| DEVELOPMENT COSTS
(IN MILLONS)
N] : o [moDES)] MEAN | (90% COMFIDENCE INTERVAL)
,{ 13 LOWER LIMIT 2.511,2 mj2.6aM 1.43 -3.93
13 UPPER LIMIT ‘ 12.2 10 Mp0.14m 4.12 - 16.15

H-19




VIIIC Sub-Technology: Lifting and Lowering

Objective: To develop the technology necessary to design systems
(multiple or single) that can lower and lift loads of 300 to 600 tons
(submerged weight) to 12,000-ft ocean depths with a lifting/lowering
rate of 4 ft/second and a maximum vertical oscillation of 1.0 in a

Sea State 4 condition.

Events VIIICO! - VIIIC07 address this objective.

H-20
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EVENT: VIIICOl A surface platform winch system, using single or multiple
lifting lines as required, and having vertical motion com-
pensation, capable of lifting and lowering loads of 600
tors down to 8,000-ft ocean depths. The system is cap-
able of a lifting rate of 4 ft per second while allowing only
a maximum vertical oscillation of 1.0 ft in a Sea State 4

condition.
SYSTEM CRITICALITY
PERCENTAGE FINAL CONSENSUS %
N 15 ] 0SS JGAIN] © . 3 50 35 w00 CONCLUSION
ESSENTIAL 6 A . 1[4z = ESSENTIAL
DES!RABLE 16 A ‘ f 40 %
UNNECESSARY 22 A 13 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N 15 | LoSSTGAIN] 8. . . & S B T N 100 CONCLUSION
.| PROTOTYPE 5.5 A ) ‘ 7 %
.4 EXPER IMENTAL 22 A 53 % .4
JSIMULATION | e & A ' X A 7 %
.9 UNPROVEN 11 A e 33 ¢
DESIRED COURSE OF ACTION
[PERCENTAGE FINAL CONSENSUS %
N 15 l LOSSJGAIN] © 25 50 75 00 CONCLUSION
SHORT RANGE GOAL| 5 A } 33 %
MED | UM 23 A 54 % MEDIUM
LONG A ) . 0 %
UNDES IRABLE 18 e T . 13 o L
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N ] m  ms s mse mo wowwlwl [ o |MODEIS)] MEAN [FROM 1972)
13| EARLIEST 0--0 1.5 75 |75.9 3 - 44 ves.
13[ MOST LIKELY , 0-0 2.0| 80 |79.6 6% - 8% vrs.
13| NOT LATER THAN SR ik, 8 3.0] 85 [83,5 10 - 13 vas.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
I MILLONS)
[N] . o [ MODES)] MEAN | (90% CONFIDENCE INTERVAL)
g:; LOWER LIMIT 13.8] 20 m|2.31m| 16.25 - 29,90
UPPER LIMIT 36.3] 50 mp3.85m] 55.92 - 91.76




DOT ASSESSMENT RESULTS

EVENT:  VIIICO02

SYSTEM CRITICALITY

A water sheel type winch (hydrodynamic winch) system,
using single or multiple lifting lines as required and

having vertical motion compensation, capable of 1lifting
... Same as VIIICOl.

PERCENTAGE FINAL CONSENSUS %
N 13 ] LOSSJCAIN] ©, = s 75 o CONCLUSION
ESSENTIAL 6 A 0%
DESIRABLE 15 A e 8%
UNNECESSARY 21 o A 92 %| UNNECESSARY
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
(N 12 ] LOSSTGAIN] ¢ . . % % 7 e CONCLUSION
.| PROTOTYPE 6 A , 0%
4 EXPERIMENTAL | 13 A 0%
.7 SIMULATION 2 A 33%
.9 UNPROVEN 17 A 67 % .9
DESIRED COURSE OF ACTION
PERCENTAGE | FINAL CONSENSUS %
N 13 | LOSS[GAIN] ° 25 o 78 100 CONCLUSION
SHORT RANGE GOAL A ) _ 0%
MED I UM 7 A ) 0%
LONG 9 A ) . 31%
UNDES |RABLE 6l A 69 4/ UNDESIRABLE
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
W n TS NS M M MW 90)1 -{6” o |MODE(S)| MEAN (FROM 1972)
9 EARL'EST Q===0 3.9 78 8007 6 - 11 YRS.
9| MOST LIKELY L o-==-0 4.8 | 82 |84.4] 9% -15%ves
9| NOT LATER THAN ‘ o--0 | |5.,2]85/90] 89.1 14 - 204 vns.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
s (10 MLLONS)
N : o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
9 | LOWER LIMIT 26.5] SO0 mp8.78M] 22.36 - 55.19
9| UPPER LIMIT B5.1i150 Mw.2m| 73.04 - 141.40

: . e




' DOT ASSESSMENT RESULTS

EVENT: VIIICO3 A surface winch system, using single or multiple lifting
lines as required, and mounted on a minimum response

H-23

§ surface platform (e.g., mass traps), capable of lifting
... Same as VIIICOl,
i
SYSTEM CRITICALITY
PERCENTAGE FINAL CONSENSUS %
N1s LOSSJGAIN] © 2 so 7 w0 CONCLUSION
ESSENTIAL 5 A L 13 %
DESIRABLE 4] e 67 % DESIRABLE
UNNECESSARY 9 A 20 %
DEGREE OF RISK
3 PERCENTAGE FINAL CONSENSUS %
t N 15 | LOSSJGAIN] O &~ so 7 w0 CONCLUSION
.1 PROTOTYPE , S s 0%
T .4 EXPERIMENTAL 2.5 A ‘ ) 40 % .4
| 7 SIMULATION 2.5 A . . 40 % .7
.9 UNPROVEN 5 A 20 «
E DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N 35 | [OSSJGAIN] © 25 o 75 100 CONCLUSION
[ SHORT RANGE GOAL| ¢ 4 0%
MED | UM 17 , A 73 %|  MEDIUM
LONG 6 A ) . X 7%
! UNDES I RABLE 5 & T 20 % ]
PROBABLE TIMING CALENDAR YEARS
! (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
W n 73575 765 T8 81 w4 A7 90 ”l’ ».ow La MODE(S)| MEAN [FROM 1972)
. 13/ EARLIEST 0-0 ] 1.7 75 76.8 4 -5} vrs
i [ 13| MOST LIKELY > o-0 2.3 | 80 |80.2 7 =94 vrs
¥ 13[NOT LATER THAN EDE IR R 3.0 [82/85]84.0 | 104 - 13%wes.
: . ESTIMATED COSTS TO ACHIEVE
i DEVELOPMENT COSTS
s = (IN MLLONS)
‘ N : o |MODE(SI| MEAN |(90% CONFIDENCE INTERVAL)
’ 13| LOWER LIMIT 112.70 20 m[22.08M] 15,79 - 28.36
' 13| UPPER LIMIT 27.550/10865.7™] 52.17 - 79,37




DOT ASSESSMENT RESULTS

EVENT: VIIICO04

A buoyancy controlled lifting system using controlled (re-

mote or tethered) seawater pumping from a rigid pontoon,
capable of lifting or lowering 300--ton loads down to 800-ft

ocean depths. 1lie system is capable of lifting at a con-
trolled rate.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N5 ] LOSS JGAIN B s0 s W CONCLUSION
ESSENTIAL 15 A j | 20+
DESIRABLE 14 A 67 %| DESIRABLE
UNNECESSARY 1 A 13 %
DEGREE OF RiISK
PERCENTAGE FINAL CONSENSUS %
N 1g ] LOSSTGAIN] &, . . & I S CONCLUSION
.1 PROTOTYPE 5.5 A A 7%
.4 EXPERIMENTAL [16. A o 219
.7 SIMULATION 22 e A 72 % .7
.9 UNPROVEN e 04
DESIRED COURSE OF ACTION
[PERCENTAGE | FINAL CONSENSUS %
N 15 ] LOSSTGAIN B 50 78 100 CONCLUSION
SHORT RANGE GOAL | 4., 5 A 33%
MEDIUM 16,8 A 54% MEDIUM
LONG 12, 0%
UNDESIRABLE 1 N 134
PROBABLE TIMING CALENDAR YEARS
(50% CONFIDENCE INTERVAL) DEVELOPMENT TIME
W n TS5 WS M M MW ”1 :1«” o |MODE(S)| MEAN (FROM 1972)
1 5{EARLIEST 0-0 1.1] 75 ]75.2 2% - 3% vas.
15{MOST LIKELY oo 1.5] 80 [79.0 63 - 7% ves.
1 5{NOT LATER THAN i 0-0 2.4(83/85[82.6 9% - 11} vs.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
(™ MLLONS)
v] o [moDE(S)] mEAN | (90% conmoence meRvAL)
]Q}LW'ER LIMIT 8.9 5 M|9.43M 5.37 - 13.49
15] UPPER 5 IMIT 17.120/20MR20.87M| 13,07 - 28,66

H-24
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EVENT: VIIICOS

A buoyancy controlled lifting system using controlled gas

generation from liquid nitrogen dewars for dewatering rigid
pontoons, capable of lifting and lowering 300 ton loads

down to 2,500-ft ocean depths.

... 8Same as VIIICO04.

SYSTEM CRITICALITY

The system is capable of

PERCENTAGE FINAL CONSENSUS %
N 15 ] LOSSJGAIN] ¢, 3 50 8 W0 CONCLUSION
ESSENTIAL 12 A - 0%
DESIRABLE 10 A 80 %| DESIRABLE
UNNECESSARY 2 A RN 20 %
DEGREE OF RISK

PERCENTAGE FINAL CONSENSUS %
N 14 ] LOSSTGAIN] 9. . . . % T e CONCLUSION
.1 PROTOTYPE 12 4 ) 0%
.4 EXPERIMENTAL 1 A 36 %
.7 SIMULATION 14 [ A 43 g, .7
-9 UNPROVEN 3 A 21 %
DESIRED COURSE OF ACTION

PERCENTAGE FINAL CONSENSUS %
N 15 ] LOSSTGAIN] @ % so 75 100 CONCLUSION
SHORT RANGE GOAL| 8 A 27 %
MEDIUM 9 A N 33 % MEDIUM
LONG 2 A 27 &
UNDESIRABLE 1] A e 13 % ]
PROBABLE TIMING CALENDAR YEARS

(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
T 7”2 7S 75 765 78 K1 w4 87 90 9! e?m o MODE(S)| MEAN {FROM 1972)
14| EARLIEST 0--0 2.6 75 [76.4 3 -54 s
14] MOST LIKELY 0--0 2.9 80 [80.4 7 =10 vrs
14]NOT LATER THAN “0--0__ 3.5] 85 [84.4 | 10§ - 14 vas|
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
=1 (N MILLONS)
N : o [MODE(S){ MEAN |(90% CONFIDENCE INTERVAL)
14] LONER LIMIT 5.9/ 10 M[11.2M 8.49 - 14.08
14} UPPER LIMIT 9.7] 30 M{26.5M| 22.00 - 31.18
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DOT ASSESSMENT RESULTS

EVENT: VIIICO06

A buoyancy controlled lifting system using controlled gas

generation by Hydrazine decomposition (catalitic reactor)
for dewatering rigid pontoons, capable of lifting or lower-

ing 300-ton loads down to 12,000-ft ocean depths., The
system is capable of ... same as VIIICO04.
SYSTEM CRITICALITY
PERCENTAGE FINAL CONSENSUS %
N 15 | LOSSTGAIN] © . k3 50 w0 CONCLUSION
ESSENTIAL 6 A - 0%
DESIRABLE 11 A 87 %| DESIRABLE
UNNECESSARY 5 A 13%
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N 15 | LOSSJGAIN] © . . . & 50 75 100 CONCLUSION
.1 PROTOTYPE 6 / ) 0%
.4 EXPER IMENTAL 7.5 A A 20%
.7 SIMULATION 2 A 67 % 7
.9 UNPROVEN Sl A X . 13%
DESIRED COURSE OF ACTION
PERCENTAGE | FINAL CONSENSUS %
N1s ] LOSSJGAIN] ¢ 2 s 75 100 CONCLUSION
SHORT RANGE GOAL | 12 A 7%
MED |UM 9 A 53%  MEDIUM
LONG 2 A . 27 %
UNDES I|RABLE 1 A N 134
PROBABLE TIMING CALENDAR YEARS
—_ (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
[N m s s s wwwwl [o [MODESI] MEAN | [FROM 1872)
R4 [EARLIEST 0=-==0 2.8 | 75 [77.2 4 - 6% ves.
E:; MOST LIKELY 0=0 . 3.2 | 80 [81.4 8 -11 vas.
4| NOT LATER THAN . 0==0_ 4.5 | 85 |85.8 | 114 -16 vas.
ESTIMATED GOSTS TO ACHIEVE
DEVELOPMENT COSTS
(19 MLLONS)
[N] ‘ o |MODE(S)] MEAN |(80% CONFIDENCE INTERVAL)
B4 [ LOWER LIMIT 5.0 10 mh236M| 10.00 - 14.73
14 UPPER LIMIT 11.4 30 ME'ZI'.;T&T\ 26,10 - 36.75 |
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DOT ASSESSMENT RESULTS

EVENT. VIIICO7

A buoyancy controlled lifting system using controlled gas

generation for inflation of inflatable pontoons (gas bags)
capable of lifting or lowering 10-ton loads down to 8,000-

ft ocean depths.

The system is capable of ... same as

VITICO04.
SYSTEM CRITICALITY
PERCENTAGE FINAL CONSENSUS %
N 15 | ToSSTGAIN] © 3 50 s o CONCLUSION
ESSENTIAL 26 A 73%  ESSENTIAL
DESIRABLE 8 A - 27%
UNNECESSARY ws ] (A4 0%
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N 15| LoSSJGAIN] S, . . & s 75 100 CONCLUSION
.| PROTOTYPE .5 A . 13%
.4 EXPERIMENTAL 18 A 74% .4
.7 SIMULATION 6 A 134
.9 UNPROVEN 12. 5 ) . O,
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N 15 ] LOSSJGAIN] © 2 so 75 1o CONCLUSION
SHORT RANGE GOAL 26 A 67% SHORT
MED UM 8 A 33%
LONG ) i 0
UNDES IRABLE 18 A o 04, ]
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
W 7 73.8 7S 76,5 78 81 M A7 99 l o T -4 MODE(S)| MEAN lm '972l
1 5 EARLIEST 0--0 2 75 75.6 24 - 44 vrs.
15 MOST LIKELY 0-0 2,7] 76 78.3 5 = 7% vRrs
1 5 NOT LATER THAN ~ 0-0 4.0(78/80(81.9 8 - 11% vrs.
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
1 . (1N MILLONS)
N ! o |MODE(S)| MEAN |(90% CONFIDENCS INTERVAL)
15 LOWER LIMIT 3.4/ 5 Mm|5.87m] 4.32-7.41
15 UPPER LIMIT 6.8 |15 MIHAWW
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APPENDIX I
TECHNOLOGY AREA IX. LIFE SUPPORT AND RELATED SYSTEMS

SUB-TECHNOLOGY AREA:

A. Life Support and Related Systems



IXA Sub-Technology: Life Support and Related Systems

Objective: To advance the technologies necessary to maintain a
safe and habitable one-atmosphere environment in a submersible pressure
hull for 8 to 10 men for periods up to 30 days.

Events IXAQ]l - IXAl8 address this objective.
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DOT ASSESSMENT RESULTS

EVENT: IXAO1

An oxygen supply system for manned deep submergence

vehicles using compressed gaseous oxygen providing the
‘aquirements of 3 to 10 men for periods of 1 to 30 days.
When fully charged the system weighs less than 30 pounds
for each 10 lbs of stored oxygen and occupies less than 1,5

cubic feet for each 10 pounds of stored oxygen.

Routine

maintenance interval is no less than every 30 days and
overhaul interval is no less than one year,

SYSTEM CRITICALITY

| PERCENTAGE FINAL CONSENSUS %
N- 18 I L0SS TGAIN 5 % 75 100 CONCLUSION
ESSENTIAL 8.5 A 44.54
DESIRABLE 8.5 A 55.5%) DESIRABLE
UNNECESSARY S 0 =
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N-_18 LOSSTGAIN - D 100 CONCLUSION
.| PROTOTYPE 4 ) A 45 % .1
AEXPERIMENTAL | 2 | A 22 %
.7 SIMULATION 2 A 33 %
QUNPROVEN | I (A ; 0 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %

N-_ 18 LOSSJGAIN 5 so 75 100 CONCLUSION
SHORT RANGE GOAL 14 A 83 %|  SHORT
MEDIUM 14 A ) 17 %
LONG T 0 =
UNDES |RABLE o 0 %
PROBABLE TIMING CALENDAR YEARS
— (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N n TS5 %65 T M M 87w 913 3«” o |MODE(S)| MEAN {FROM 1972
14 EARLIEST aois 5 | 73 | 73.2] 1-13 s
17 MOST LIKELY oo . | B8 175 [74.9] 24-3 s
17 NOT LATER THAN . 00 . .8 76 76.5| 4-5 YRS.
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS

(W MLLONS)

N] ‘ o [moDE(sI] mean |(90% comrioence mrervaL)
17| LOWER LIMIT 2] .2 M.27M .18 - ,37
17] UPPER LIMIT .4 1 M .80 M .60 -1,00
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DOT ASSESSMENT RESULTS

EVENT: IXA02 A system as in IXAOl using cryogenic liquid oxygen. When
fully charged the system occupies less than 0.7 cubic feet
for each 10 pounds of stored oxygen, The normal boil-off
rate is less than 10% in 30 days., The system can be com-
pletely shut off for periods up to 10 hours without hazard.
Routine maintenance is required on a 30-day basis and over-
haul interval is required annually.

SYSTEM CRITICALITY

e e e T oy

PERCENTAGE FINAL CONSENSUS %
N 18 I 0SS JCAIN] © 3 s 78100 CONCLUSION
ESSENTIAL 6 A A 0 =
DESIRABLE 6 A 78 %| DESIRABLE
UNNECESSARY oA ]2 .
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N-_18 ] LOSSTGAIN] & . . .3, D I CONCLUSION
.| PROTOTYPE 12 A |17 %
.8 EXPERIMENTAL 4 A ) 33 %
.7 SIMULATION 8.5 A ) 44.5% 7
.9 UNPROVEN .5 A 5.5
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N-_ 18 LOSSTGAIN] © , . % o B, W CONCLUSION
SHORT RANGE GOAL 1,5 A 39 % SHORT
MEDIUM 1,5 A | l39 % MEDIUM
LONG 3 A ) T122 «
{ UNDES | RABLE 6 | & o 0 %
PROBABLE TIMING CALENDAR YEARS
- (30% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N n TS 75 765 T B s 82 s0 | 96 o |MODE(S)]| MEAN {FROM 1972) ~
18| EARLIEST Salue 1.7 74 |74.3 14» -3 vRrs.
1 7{MOST LIKELY e _112.0175/76]76.4 | 3k -5 s
1 §NOT LATER THAN . 0=-0 2.4 176/78 [ 77.9 5-7 vrs.
ESTIMATED COSTS TO ACHIEVE
E DEVELOPMENT COSTS
o (' MILLONS)
1 o | MODE(S)| MEAN |(80% COMPIGENCE INTERVAL)
17| LOWER LIMIT : 4] .1 m.52 M » 31 - 72
16 UPPER LIMIT 91 1 m.44m 1,02 - 1.85

I-4




i DOT ASSESSMENT RESULTS

EVENT: IXAO3 A gystem as in IXAOl, using a chemical reaction oxygen gen-
¥ eration method. The fully charged system weighs less than
20 pounds per 10 lbs of stored oxygen and occupies less
than 0.5 cubic feet for each 10 pounds of stored oxygen and
‘ can be stopped and restarted as often as required. Routine
maintenance is required on a 30-day basis and overhaul inter-
val is no less than one year,

1
‘_ SYSTEM CRITICALITY
: PERCENTAGE FINAL CONSENSUS %
N- 17 l LOSSJGAIN] © . K- R . CONCLUSION
ESSENTIAL 6 A 6 %
DESIRABLE A 94 % DESIRABLE
[ UNNECESSARY 6 A DR 0 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N 16 | LOSSTGAIN] © . . . & T N CONCLUSION
.1 PROTOTYPE .5 A | J12,5%
. .4 EXPERIMENTAL 9 A o 56 % .4
7SIMULATION | 1 A L 19 %
.9 UNPROVEN 7.5 A T 2.5
| DESIRED COURSE OF ACTION
) PERCENTAGE FINAL CONSENSUS %
N 17 ] LOSSJGAIN] © . & so 75 100 CONCLUSION
f SHORT RANGE GOAL | 1 A B 12 o
MED UM 3 ‘ A 70 % MEDIUM
LONG 2 A ) ) 18 %
[ UNDES IRABLE N ) 0 %
PROBABLE TIMING CALENGAR YEARS
l (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
W /] TS 75 765 T8 a1 s W7 e:o"f-{f.” P MODE(S)] MEAN (FROM 1972)
1 7| EARLIEST 0-0 1,1]73/75 | 74.1 14 - 23 s
I 16{MOST LIKELY 00 ) 1.1 76 75.9 34 - 43 vrs.
1 5{NOT LATER THAN . o==0o. | ]|1.4l77/80]78.1 54 -7 wrs.
l ESTIMATED COSTS TO ACHIEVE
;- DEVELOPMENT COSTS
s (W MILLONS|
g ' N : o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
15 LOWER LIMIT 71 1 M .84 M .53 -1,15
‘ 15 UPPER LIMIT 1.3] 4 m2.15m 1,53 -2,78
I-5




DOT ASSESSMENT RESULTS

EVENT: IXA04 A system as above IXAO1l, including a carbon dioxide re-
moval system which utilizes a combined reaction method for
both functions. The fully charged system weighs less than
30 pounds per 10 lbs of stored oxygen and occupies less
than 1.5 cubic feet for each 10 lbs of stored oxygen. The
system can be stopped and started as often as required.
Routine maintenance is required on a 30-day basis and over-
hual interval is no less than one year

SYSTEM CRITICALITY
PERCENTAGE FINAL CONSENSUS %

——

L S

N- 17 l LOSSJTGAIN] © s 50 75 100 CONCLUSION
ESSENTIAL A 12 %
DESIRABLE 6 L A 82 % DESIRABLE
UNNECESSARY 6 A 6 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N 17 ] LOSSJGAIN] © . . & R L o CONCLUSION
.| PROTOTYPE 6 A ‘ ) 0 %
.8 EXPER IMENTAL 7 A 82 % .4
.7 SIMULATION A ' . . 6 %
.9 UNPROVEN 1 P ATE 12 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N 15 I LOSSJGAIN] © 25 50 D CONCLUSION
SHORT RANGE GOAL| 11 A ‘ 20 %
MED |UM 8 A e 27 %
LONG 3 N A , :T 53 %  LONG
UNDES IRABLE N I 0 «
PROBABLE TIMING CALENDAR YEARS
= (50% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 72 735 7S 765 78 Bl a4 b7 90 | 9 o MODE(S)] MEAN (FROM 1972)
17| EARLIEST 0-0 . 1.4 74 |74.6 2-3 YRS.
15{MOST LIKELY 0-0 1.5175/77|76.4 | 34 -5 YRS.
15/NOT LATER THAN S - 1,8! 78 [79.2 | 64 -8  vrs
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
o (N MILLONS)
N 1 o |MODE(S)| MEAN |](80% COMFIDENCE INTERVAL)
1 5{ LOWER LIMIT 1.4 | 2 mj1.53m .86 - 2,20
15] UPPER LIMIT 3,6 | 3 MB.60Mm 2.01 - 5.27




=

il

-

[ G ambeE o

DOT ASSESSMENT RESULTS

EVENT:

SYSTEM CRITICALITY

IXAOS A carbon dioxide removal system for mannec deep sub-

mergence vehicles using a chemical absorbent similar ro
lithium hydroxide (Li OH) for crews of 3 to 10 men for

periods of 1 to 30 days.

The system will remove 1.0

pounds of CO2 for each pound of absorbent, for an atmosphere

containing 0.7% CO2.

The system capacity requirement is

2.0 pounds per hour; noise level requirement is less than 50
db (above 0.0002 microbars); power consumption is less than
100 w; the mechanical hardware weighs less than 251bs and
occupies less than 3 cubic ft. The density of the absorbent
material is greater than 20 pounds per cubic foot.

PERCENTAGE FINAL CONSENSUS %
ESSENTIAL 10 A 55 %] ESSENTIAL
DESIRABLE 5 A 28 %
UNNECESSARY 5 A o 17 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 18 LOSSTCAIN] © . % - e CONCLUSION
.1 PROTOTYPE 1 A 28 %
.4 EXPERIMENTAL 2 A 61 % .4
.7 SIMULATION 1 A . 11 %
.9 UNPROVEN A DR 0 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL cowsstus %
18 I LOSSJGAIN] © 2 50 R 100 CONCLUSION
suoar RANGE GOAL 8 A 61 %] SHORT
MED UM 13 A 1] 22 %
LONG 4 0 %
UNDESIRABLE 5 IR N SR L T e 17 % |
PROBABLE TIMING CALENDAR YEARS
oy (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 7 TS 75 65 78 81 M M w0 T «T | o IMODES)] MEAN (FROM 1972)
17| EARLIEST 00 21 73 73.1 1-14 vas.
16| MOST LIKELY 00 A 2175 | 74.9] 24-3 s
14] NOT LATER THAN 00 1.3]| 76 76.7 4 - 54 vrs
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
o [\ MILLOKS)
N ? e |MODE(SI{ MEAN |(80% CONFIDENCE INTERVAL)
16| LOWER LIMIT 03 .5 M 36 M 25 - .47
1 6] UPPER LIMIT 1 M]1.J0 M .78 - 1.42
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DOT ASSESSMENT RESULTS

EVENT:

SYSTEM CRITICALITY

nuclear submarines.

IXAO6 A system as in IXA0S, using the "LIMEA" system, as in

The complete system weighs less
than 400 pounds, occupies less than 20 cubic feet, and
requires less than 2 kw for operation. When operating the
noise level of the system is below 50 db., The system has
a capacity of 2 pounds of CO2 per hour from an atmosphere
containing 0,7% CO2. A pump requirement is included for
outboard disposal of COj down to depths of 20,000 feet.

PERCENTAGE FINAL CONSENSUS %
N-_ 16 l LOSSJGAIN] © 35 so 75 100 CONCLUSION
ESSENTIAL ] A ) 6 %
DESIRABLE 2. A 81 % DESIRABLE
UNNECESSARY |1 A . 13 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N 15 | LOSSPGAIN] © . 2, . %, . . .7, 100 CONCLUSION
.| PROTOTYPE 2 A 19 %
.4 EXPERIMENTAL 7 A 50 % .4
.7 SIMULATION 4 A 25 %
.9 UNPROVEN 1 A DR 6 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N- 15 LOSSJGAIN} ¢ %5 50 75 o CONCLUSION
SHORT RANGE GOAL | 7 A ) 7 %
MED IUM 9 A 59 % MEDIUM
LONG S A 27 %
UNDES IRABLE 7 A - 7 %
~ROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 72 NS 75 765 76 81 w4 87 90 91 6 v o MODE(S)| MEAN (FROM 1972)
16| EARLIEST 00 - .8 1 75 74.2 2-24 s
15] MOST LIKELY 0-0 \ 1.2(76/77 | 76.1| 33 - 41 v=s.
13[NOT LATER THAN T o=0 1.6] 80 | 78.3] Sk-7  ves.
ESTIMATED COSTS TO ACHIEVE e
DEVELOPMENT COSTS
- (N MLLONS)
N ) o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
15 LOWER LIMIT 7 1.5/1M .73 M 42 -1
15 UPPER LIMIT 1.4] 1 Ml.91m 1,27 - 2,54




DOT ASSESSMENT RESULTS

EVENT:

IXAQ7

A system as in IXAO5, using synthetic zeolites or "mole-

cular sieves.” The system has a maximum capacity of
2 pounds of CO, per hour from an atmosphere containing
0.7% CO3, and when operating or recycling the noise
level does not exceed 50 db. The system is completely
self-contained, including equipment for recycling the
zeolite; it weighs less then 400 pounds, occupies less
than 40 cubic feet, and requires not more than 1 kw of
power. The system includes a pump for outboard dis-
posal of CO; down to depth of 20,000 feet.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N 16 | 0SS JCAIN] © kS so 78 100 CONCLUSION
ESSENTIAL 7 A 6 %
DESIRABLE 21 A 81 «| DESIRABLE
UNNECESSARY 14 A DS 13 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
e 15 LOSSJGAIN] $ LR s T e CONCLSIN
.| PROTOTYPE 7 A . [
.4 EXPERIMENTAL 6 A 27 %
.7 SIMULATION 3 A . 40 % 7
.9 UNPROVEN 4 s ey 33 %
DESIRED COURSE OF ACTION
= PERCENTAGE ] FINAL CONSENSUS %
N-_ 16 LOSSJGAIN] © & 50 75 100 CONCLUSION
SHORT RANGE GOAL 6 A b %
MED I UM 2 A - 31 %
LONG _ 3 A i - 57 o LONG
UNDESIFABLE " A o 6 %
PROBABLE TIMING CALENDAR YEARS
(90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
m- 72 TS 75 765 78 Bl s A7 w0 ‘)l! e o MODE(S)] MEAN (FROM 1972)
1G EARLIEST 00 1,51 75 | 75.3] 24 -4 ves.
13 MOST LIKELY 0-0 _ 1.7; 78 77.7 5 - 64 vrs.
[TINOT LATER THAN oo 2.1 80 | 80.2| 7 -9 vrs,
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
(1N MILLONS)
. o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
LOWER LIMIT 71.5/1n1 95m .62 - 1,28
-J UPPER LIMIT 1.9] 2 M 2.58m 1.69 - 3.47




DOT ASSESSMENT RESULTS

EVENT: IXAO8 A system as in IXA07 using the "freeze-out" principle. The system
is for use in conjunction with cryogenic oxygen supply systems

SYSTEM CRITICAL

and will use the vaporization of the oxygen to provide most of the
refrigeration for the freeze-out process. The system weighs less
than 300 pounds, occuples less than 30 cubic feet of space, and
requires less than 1 kw of power for operation. The system has

a minimum capacity of 2 pounds of CO, per hour from an atmosphere

containing 0.7% CO,.

It includes a pump for outboard disposal

of condensed CO
for the required a%

at depths to 20,000 feet.
ditional cooling capacity and the noise level

A refrig

of the system, when operating, is below 50 db.

ITY

eration system

PERCENTAGE FINAL CONSENSUS %
m LOSSJGAIN] © & S0 75 100 CONCLUSION
ESSENTIAL 7 A 0 %
DESIRABLE 0 A DR 27 %
UNNECESSARY 7 . .A []73 % UNNECESSARY
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N- 15 LOSSJGAIN] O, . .2 $ . ® e CONCLUSION
.1 PROTOTYPE | A 0 %
A EXPERIMENTAL | 13 A ) 7 %
.7 SIMULATION 6 ' A 27 %
.9 UNPROVEN 19 ) A . |]66 = .9
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
Ne 15 [OSSJGAIN] © 25 s0 o750 CONCLUSION
SHORT RANGE GOAL| 7 A 0 % '
MED 1UM 7 . 0 %
LONG A 40 %
UNDES IRABLE 14 RN S 60 =« UNDESIRABLE
PROBABLE TIMING CALENDAR YEARS g
— (30% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 72 TS 7S 765 70 81 s M 0 | % o MODE(S)| MEAN (FROM 1872)
14| EARLIEST 0-0 1.0] 75 75.3 3-4 YRS.
14| MOST LIKELY 0==0 . _ 1.7(76/78 | 77.8] S5-6% ymrs
12| NOT LATER THAN 2 . 0~ 2.7| 80 | 80.5{ 7-10 \vms
ESTIMATED COSTS TG ACHIEVE
DEVELOPMENT COSTS
(N MLLONS)
[n] { e [mooE(s)| meAn |(s0% commoemce mTERVAL)
};lwm LIMIT S| 1 M o7m 1 - 1.23
UPPER LIMIT 2,41 2 M3,42M 2,23 - 4.60
I-10
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DOT ASSESSMENT RESULTS

EVENT:

IXA09

SYSTEM CRITICALITY

A system as in IXA0S5, including an oxygen regeneration system
using an electrolytic/catalytic process. The system removes
up to 3 pounds of COZ per hour from an atmosphere contain-
ing 0.7% CO, and by means of electric power converts

the CO into gree oxygen and carbon powder. The unit is
completely self-contained, weighs less than 400 pounds,
occupies less than 40 cubic feet, and requires less than

2 kw. Its noise level, when operating, is less than 50 db.
The solid carbon is stored onboard until the end of the

mission,

PERCENTAGE FINAL CONSENSUS %
N 15 ]  [iosscaN| ©. % WA, OoCLYSIN
ESSENTIAL 7 \ 0 %
DESIRABLE 7 A T 27 =
UNNECESSARY A [ [73 % UNNECESSARY
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N 15 ] LOSSTGAIN] &, . & % 7B ‘o CONCLUSION
.| PROTOTYPE A 0 %
.4 EXPERIMENTAL A 7 %
.7 SIMULATION A 60 % .7
SUNPROVEN | | 1| A T 33 =
DESIRED COURSE OF ACTION
=t PERCENTAGE FINAL CONSENSUS %
N 15 ] TOSSJGAIN] © 2 s 75 1o CONCLUSION
SHORT RANGE GOAL A 0 =
MED UM A ‘ 7 %
LONG 16 A : 1127 =
UNDES IRABLE 6| A || 66 % UNDESIRABLE
PROBABLE TIMING CALENDAR YEARS
= (0% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N n TS 75 %65 78 M M A % 91 wl | o |MODE(S)] MEAN (FROM 1972)
14[eARLIEST 0---0 2.0 75 |76.4] 33 -54 s
).4| MOST LIKELY : 0-0 2.6| 78 [79.5] 64-9  vms
NOT LATER THAN g==9 3.7] 80 [82.8] 9 -12} ves
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT CNSTS
5 s (W MLLONS)
g E(S)| MEAN |(90% CONFIDENCE INTERVAL)
14] LOWER LIMIT 1.1 2 m[1.74m 1,22 - 2.26
14] UPPER LIMIT 3.3[975 Ml4.45| 2.87 - 6.03

1-11



DOT ASSESSMENT RESULTS

EVENT:

SYSTEM CRITICALITY

IXAl0

An emergency breathing system for use by personnel (in

manned deep submergence vehicles). The system is a
100% oxygen closed circuit rebreather, It is made up of
one-man carry-around units with full-face masks having

internal oral-nasal fittings.

Each unit is self-sufficient

for 5 hours and can be connected directly to the ship's
main oxygen supply if more time is required. The units
weigh less than 8 pounds each and can be used as SCUBA
gear for emergency escape in shallow water. The face
masks are designed so that the face seal leakage is less
than 0.3 cubic feet per hour and the masks can be worn for

periods up to 8 hours with reasonable comfort.

pi— PERCENTAGE FINAL CONSENSUS %
N- 17 ] LoSS JGAIN] © 2 %0 75 100 CONCLUSION
ESSENTIAL 10 A " 18 =%
DESIRABLE 10 A 82 %| DESIRABLE
UNNECESSARY YNEEENED T 0 =
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N 17 ] LoSSJGAIN] S % s 75 o CONCLUSION
.| PROTOTYPE A ( [18 «
AEXPERIMENTAL | 6 A 64 % 4
.7 SIMULATION A 12 %
.9 UNPROVEN 6 A nenD 5 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %

N- 17 I L0SSJGAIN] °© 2 so 75 w0 CONCLUSION
SHORT RANGE GOAL 6 A 59 «| SHORT
MED UM 5 A 1135 &
LONG 1 A 6 9
UNDES |RABLE A 0 «
PROBABLE TIMING CABNGAR YEARS

(80% CONFIDENCE INTERVAL) DEVELOPMENT TIME
'_N-l ) TS5 765 7 4L w7 w T o Y1 ¢ Imopes)] MEAN (FROM 1972)
17| EARLIEST 0-0 8 | 74 73,9 14-24 s
16/ MOST LIKELY o0 9] 76 [75.7] 331-4 s
1 4] NOT LATER THAN "0--0 1.7 727 [77.9 5-6% ves
ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS
) (N MLLONS)
N - e [MODE(S)| McAN | (90% CONFIDENCE INTERVAL)
16| LOWER LIMIT 3] .5 M| .38 M .26 - .49
16 UPPER LIMIT 1.0] 1 M 135Mm .90 - 1,81
I-12
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DOT ASSESSMENT RESULTS

EVENT: IXAll

SYSTEM CRITICALITY

An electrically heated catalytic burner for the removal of
carbon monoxide, hydrogen, and hydrocarbons from the
atmosphere of a manned deep submergence vehicle, adequate
for a crew of 3 to 10 men for periods of 1 to 30 days. The
unit has an airflow of 50 CFM, a noise level below 50 db,
and requires 0.5 kw for operation. The unit is less than

2 cubic feet in volume, weighs 30 pounds, and requires
routine maintenance on a weekly basis,

PERCENTAGE FINAL CONSENSUS %
N T5 ] L0SS JGAIN] © & s 75 100 CONCLUSION
ESSENTIAL 7 A 60 % ESSENTIAL
DES IRABLE A 40 o
UNNECESSARY 7 A RN 0 %

DEGREE OF RISK
- PERCE FINA
N- | ngg Ng:fﬁ 2 B lNAL CgNASE‘NS:U.S 7?‘ 100 CONCLUSION
.| PROTOTYPE 14 N A 67 % .1
-4 EXPERINENTAL A 1T 20 »

T SIMULATION | 7 A - 13 %
.9 UNPROVEN 7 A 0 %
DESIRED COURSE OF ACTION

PERCENTAGE FINAL CONSENSUS %

N 15 ] LOSSTCGAIN] ¢ _ 2 so 75 100 CONCLUSION
SHORT RANGE 0AL 13 A 60 4| SHORT
MEDIUM 14 A 33 %

LONG 1 A N 7 %
UNDESIRABLE £ D 0 % B

PROBABLE TIMING CALENDAR YEARS

{90% CONFIDENCE INTERVAL) DEVELOPMENT TIME

FN—I 72 TS 75 765 78 W1 w87 w0 .l e g '] MODE(S)| MEAN (FROM 1872)

1 EARLIEST a0 7 74 [73.9] 13 -2 vps
14 MOST LIKELY 00 A 8] 75 |75.4 3-34 ks
12{NOT LATER THAN o .| f1l.2] 78 [77.3| 44 -6 vms

ESTIMATED COSTS TO ACHIEVE

DEVELOPMENT COSTS
(1N MLLONS)
[N] \ o [MODE(S)] MEAN |(90% CONFIDENCE INTERVAL)
HLONER LIMIT 5] .5 M .52 M .29 - .75
UPPER LIMIT > 1.5 Mi.35m .90 - 1,80
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A unit as previously described except that it includes a

particle filter and a carbon odor control canister. The
unit volume is 3 cubic feet and it weighs 40 pounds.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSENSUS %
N- 15 tosscAIN] © s s 13100 CONCLUSION -
ESSENTIAL 6 A 33 %
DES IRABLE A 60 %| DESIRABLE
UNNECESSARY 6 A - RN 7 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N 15 ] LOSSTGAIN] ¢ . 2. i e CONCLUSION
.1 PROTOTYPE 13 - A 46 % .1
.4 EXPER IMENTAL 7 A 27 %
.7 SIMULATION 13 A 27 %
.9 UNPROVEN 7y L 0 %
DESIRED COUPSE OF AOHON
PERCENTAGE FINAL CONSENSUS %
N 14 ] LOSSJGAIN] ¢ B . 100 CONCLUSION
SHORT RANGE GOAL 9 A i 36 %
MED |UM 10 A S0 % MEDIUM
LONG 1 A . 14 %
UNDESIRABLE AN N NS 0 %
PROBABLE TIMING CALENDAR YEARS
- (90% CONFIDENCE INTERVAL) 2 DEVELOPMENT TIME
N n s 75 7es 78w m ww ) | o |MODE(S)| MEAN (FROM 1872}
1S EARLIEST 0-0 .6 | 74 74.01 11 -24 s
] 4| MOST LIKELY 00 9 | 76 75.6 3-4 vrs.
12| NOT LATER THAN . . 0=0 3 1.4] 78 77.7 5 .64 vms
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
=) (0 MILLONS)
N " o [MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
4| LONER LIMIT .5 |.1/1m] 62 M .37 - .87
14| UPPER LIMIT 1.0 2 mj1.49m 1,02 - 1.96
I-14
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DOT ASSESSMENT RESULTS

EVENT:

IXAl13

SYSTEM CRITICALITY

A temperature and humidity control system for use on
manned deep submergence vehicles having crews of 3 to
10 men for missions of 1 to 30 days duration. The system
will maintain the temperature in the personnel spaces at
75 + 5OF, and the relative himidity at 65 + 10% RH. The
system operates on the thermoelectric principle and re-
jects heat directly through the pressure hull wall, The
system occupies 8 cubic feet, weighs 150 pounds, and
requires 1,000 w of power for 3 men and 10,000 BTU

heat rejection capability.

PERCENTAGE FINAL CONSENSUS %
N 15 I LOSSJCAIN] ¢ 2 0 75 100 CONCLUSION
ESSENTIAL A 60 % ESSENTIAL
DES IRABLE A e 40 %
UNNECE SSARY A ) o 0 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N 15 | LOSSTGAIN] . . .2 T L. CONCLUSION
.1 PROTOTYPE 7 A 7 %
(A EXPERIMENTAL | 2 A 27 %
.7 SIMULATION 9 A 66 % .7
.9 UNPROVEN 4. o 0 =
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N 15 ] LOSSJGAIN] © 25 50 75 100 CONCLUSION
SHORT RANGE GOAL| 5 A 60 % SHORT
MED UM 6 A . ) e 20 %
LONG 1 A ) . 20 %
UNDESIRABLE A 0 %
PROBABLE TIMING CALENDAR YEARS
- (30% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 72 T3S 75 765 78 81w A7 »3"1 9‘(.” - MODE(S)| MEAN {FROM 1972)
14[EARLIEST 0--0 Ao 74174.6] 2-3% wes
13| MOST LIKELY 00 1.6 | 76 |76,5]| 34-54 wms
12{NOT LATER THAN 0--0 1.9 78 | 78.3] St -7%4 ves
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
e (N MLLONS)
N o [MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
14| LOWER LIMIT 1.6 | .2 ml1.43m .69 -2,18
4| UPPER LIMIT 3.9[1/5 m| 3.96m 2,09 - 5.84
1-15
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EVENT. IXAl4

system, using a non-toxic {luid.

SYSTEM CRITICALITY

A system as in IXA1l3 but operating on t'ic vapor compression

PERCENTAGE FINAL CONSENSUS %
N 14 ] L0SS [GAIN K- 75100 CONCLUSION
ESSENTIAL 12 A 43 % ESSENTIAL
DESIRABLE A o 43 %
UNNECESSARY A RN 14 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N-_ 15 ] LOSSTGAIN] § . . . . % u Jr e e CONCLUSION
.1 PROTOTYPE 1 A A ) 7 %
.4 EXPERIMENTAL 3 A 80 % .4
.7 SIMULATION 2 A ' 13 %
.9 UNPROVEN A e 0 %
DESIRED COURSE OF ACTION
; PERCENTAGE FINAL CONSENSUS %
N 15 ] LOSS]GAIN 2 JOIE S ConCLUSION
SHORT RANGE GOAL 3 A 53 % SHORT
MED | UM A . 33 %
LONG 10 A o 7 %
UNDES [RABLE 7 A 7 %
PROBABLE TIMING CALENDAR YEARS .
r (0% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 7 S 75 765 70 81 g4 A7 WO 91 !):iw ¢ |MODE(S)] MEAN |FROM 1972)
1 S|EARLIEST 0-0 1.3 74 | 74.1 ] 1% - 2% vrs.
14| MOST LIKELY .00 .9 76 | 75.6 3-4 YRS.
1 3| NOT LATER THAN .. O=® 1.3 78 | 77.8 5«64 vrs
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
e ok [N MILLONS)
N 4 o |MODE(S)| MEAN |(90% COMFIDENCE INTERVAL)
14/ UPPER LIMIT 1.0] 3 mi1.70m 1,31 - 2,28
I-16
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=
EVENT: IXAl5 A cloth material suitable for making coveralls and other
!‘ garments, bedding, cushion covers, etc., which has the
feel of cotton, is comfortable, order free, mildew resistant
and fireproof in atmospheres with oxygen concentrations up
l to 40%
L SYSTEM CRITICALITY
PERCENTAGE FINAL CONSENSUS %
N 15 | LOSS JGAIN k3 50 75 100 CONCLUSION
ESSENTIAL 19 A 27 %
DES IRABLE 19 A 73 %| DESIRABLE
UNNECESSARY ) o 0 %
DEGREE OF RISK
] PERCENTAGE FINAL CONSENSUS %
{ N~ 15 ]  [(0SSTGAIN I SIS - 100 CORRLYSION
.1 PROTOTYPE 15 A 27 %
.4 EXPERIMENTAL 18 A o 60 % .4
! .7 SIMULATION 5 A 13 %
-9 UNPROVEN L I - T S 0 %
i‘ DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N 15 ] LOSSJGAIN] o = s 75 oo CONCLUSION
\ [ SHORT RANGE GOAL | 8 A g7 % SHORT
: MED UM 8 A 33 %
LONG 0 %
E UNDESIRABLE T n %
PROBABLE TIMING CALENDAR YEARS
l (90% CONFIDENCE INTERVAL) = DEVELOPMENT TIME
N n 7S 75 765 78 s s s w | wmy | o |MODE(S)! MEAN (FROM 1872)
; 15[EARLIEST oy 1.5 ] 74 [73.9] 14 -24 ves.
l 14| MOST LIKELY - 1.8 75 | 75.6 | 24 -434 vrs
[}_ 13| NOT LATER THAN T 0.-20 2.5| 76 [77.4, 4-61 ves
' ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
, sl (N MILLONS)
l N ) o [MODE(S)] MEAN | (90% CONFIDENCE INTERVAL)
! ] 3| LOWER LIMIT 31 S M .38M .25 - .50
i l 1 3] UPPER LIMIT 41 1 m1.06m .86 - 1,26
1-17 ‘
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EVENT:

IXAl6

A resilient padding material suitable for stuffing cushions
and mattresses which i{s comfortable to recline on,
permeable to moisture, non-hygroscopic, mildew resistant,
odorless, and fireproof in atmospheres with oxygen

concentrations up to 40%.

SYSTEM CRITICALITY

PERCENTAGE FINAL CONSFNSUS %
N TS5 ] LOSSJGAIN] °© k3 ) 7 100 CONCLUSION
ESSENTIAL 7 A 20 %
DES IRABLE 7 i A ag % DESIRABLE
[UNNECESSARY A SRS 0 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSL'S %
N ] LOSSTGAIN] © . . . 38 50 B Mo CONCLUSION
.1 PROTOTYPE 18 A 0 %
.4 EXPERIMENTAL 27 A 54 % .4
.7 SIMULATION 1 A | [38 %
.9 UNPROVEN 10 A 8 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N 4] LOSSJGAIN| 2, _ = 50 5 o CONCLUSION
SHORT RANGE GOAL| 5 A 57 % SHORT
MEDIUM 13 A 43 %
LONG 8 A 0 %
UNDESIRABLE Y DN DR 0 %
PROBABLE TIMING CALENDAR YEARS
{90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
FN— n NS 75 S T 8w 8w 91 -,.f.w o |MODE(S)| MEAN (FROM 1972)
14 EARLIEST Q-0 81 724 |72,9] 14 -2 YRS.
L 2| MOST LIKELY 00 2 6| 76 [75.5 3-4 YRS.
L 1{NOT LATER THAN . 0-0 {5 1.7} 78 |78.1 & .7 YRS
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
- (1N MLLONS)
I o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
11| LOWER LIMIT 3 | <5 M ,38M .24 - ,53
TT{UPPER LIMIT 6 [1 mi.28m .93 -1.64

I-18
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DOT ASSESSMENT RESULTS

A fire extinguishing system suitable for type A and type C

EVENT: [XAl?7

SYSTEM CRITICALITY

fires which is either automatic or manually controlled with
discharge nozzles that can be strategically located to reach
critical locations. The extinguishing medium is electrically
non-conductive, ncn-toxic, and does not evolve any toxic
material or large quantities of irritating vapors or dust when
in contact with surface temperatures up to 1,0000F. The
system is effective in oxygen concentrations up to 40%

and after use the residue is readily removable.

PERCENTAGE FINAL CONSENSUS %
N- 15 I L0SSTGAIN] © B 0 75 100 CONCLUSION
ESSENTIAL 10 A 53 % ESSENTIAL
DESIRABLE 10 A 47 % '
UNNECESSARY A SR 0 %
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N 14 ] LOSSJGAIN] § . . . % . T 100 CONCLUSION
.1 PROTOTYPE 5 A 14 %
.4 EXPERIMENTAL 12 ) A 58 % .4
.7 SIMULATION 11 A . 7 %
.9 JNPROVEN 6 i/, DA v | E g 21 %
DESIRED COURSE OF ACTION
PERCENTAGE] FINAL CONSENSUS %
N 15 | L0SSJGAIN) © 25 so 75 100 CONCLUSION
SHORT RANGE GOAL 10 A 60 %] SHORT
MEDIUM 17 A 33 %
LONG 7 A ) X 7 %
UNDES | RABLE | P - 0 %
PROBABLE TIMING CALENDAR YEARS
2l (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N n 7S 75 765 78 81 a4 A7 w0 1 w0 T e MODE(S)| MEAN (FROM 1972)
1S EARLIEST a0 .9 74 74.5 2-3 YRS
13 MOST LIKELY 0-0, 1.8 1 75 ]76,5] 34 -54 s
1 2] NOT LATER THAN BTN 2T 2.4 78 78.4 5 -74 VYRS
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
_N_I (N MILLONS)
] o |MODE(S)| MEAN | (90% CONFIDENCE INTERVAL)
113 LOWER LIMIT 8] .5 M .86M .48 - 1,24
1 J UPPER LIMIT 2.41 2 M[2.18M .99 - 3,38

I-19
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A waste containment and control system for manned deep sub-

mergence vehicles which will hold and sterilize garbage,
waste water, and urine and fecal material in a device which
traps all odors. The basic system weighs 10 pounds, and
it requires 1.5 cubic feet for each 6-man day of storage
capacity. The system seals each day's waste into a sep-
arate plastic container and sterilizes it to prevent the de-

EVENT:

IXA18

velopment of qas, ordors, and bacteria,

The

bags can be

either retained until the vehicle surfaces or disposed at

depth.
SYSTEM CRITICALITY
PERCENTAGE FINAL CONSENSUS %
N_’Tl LoSSTGAIN] © K- 75 100 CONCLUSION
ESSENTIAL 6 A 47 %
DESIRABLE 6 A 53 % DESIRABLE
UNNECESSARY A . . 0_*
DEGREE OF RISK
PERCENTAGE FINAL CONSENSUS %
N 14 LOSSTGAIN] ¢ 25 so 75 100 CONCLUSION
.| PROTOTYPE A 7 %
.4 EXPERIMENTAL A 64 % .4
.7 SIMULATION A 0 %
.9 UNPROVEN ) A ) 29 %
DESIRED COURSE OF ACTION
PERCENTAGE FINAL CONSENSUS %
N 15 ] LOSSJCAIN] ¢ 25 50 75 10 CONCLUSION
SHORT RANGE GOAL| 3 A j 33 &
MED UM 4 A 54 % MEDIUM
LONG 1 A 13 %
UNDES IRABLE P b 0 % o
PROBABLE TIMING CALENDAR YEARS
e (90% CONFIDENCE INTERVAL) DEVELOPMENT TIME
N 72 S 7S 765 78 81 w4 A7 w0 f ot o MODE(S)I MEAN (FROM 1872)
- S|EARLIEST 0--0 1.3 74 74.5 2-3 Yms.
13| MOST LIKELY  0==0 1.5| 76 76.2| 31 -5 YRS.
[12[NOT LATER THAN g0 1.9] 78 | 78.1] <_ 5 ves
ESTIMATED COSTS TO ACHIEVE
DEVELOPMENT COSTS
— (N MLLONS)
N ; o |MODE(S)| MEAN |(90% CONFIDENCE INTERVAL)
11 4| LONER LIMIT .8 1.8 M| .89M «53 ~-1.26
14| UPPER LIMIT 1.6 1 1/2 m[1,96M 1.21 - 2,72
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