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EXECUTIVE SUMMARY

Introduction
The following pages present an evaluation of the likely economic performance of
the Helicopter Lidar Bathymeter System (HLBS) under development for the U.S. Army
; Corps of Engineers (USACE) by Optech, Incorporated of Ontario, Canada. The HLBS

employs a laser measuring device (Lidar), ground positioning systems, and data acquisi-

l} tion and processing systems to conduct hydrographic surveys with a degree of accuracy
; suitable for Class II and Class II USACE surveys. The system will operate on a Bell B-

} 212 helicopter chartered from a commercial operator. The Coastal Engineering Research
Center (CERC), which has the responsibility for directing and overseeing this project for
i the USACE, has received a -onceptual design report from Optech and now faces a dedi-
L sion of whether to contract for the development of the operational prototype. The

analysis reported herein relies on the Optech document for information on the perform-

ance of this system. A separate assessment of the technical merits of HLBS under CERC
direction parallels this effort.

! According to the Office of the Chief of Engineers, USACE contracts for or per-
forms in-house over $30 million worth of Class II and Class III surveys during a typical
year. However, a survey of Corps field offices shows that only a small proportion of
these may have potential for HLBS use. The ultimate benefit of HLBS to the Corps
depends on the annual volume of current survey projects which can be conducted using
4 HLBS and the level of cost savings achieved.

This economic analysis assumes that the Corps will invest $5.55 million in the

y Optech system over the next three fiscal years and that two years will pass before the % %
: . . . 0
HLBS will be ready to conduct operational missions. (The HLBS will survey a number -
of projects during the formal test program but savings from these have not been includ-
C "/
{ ed in this economic analysis.) L T
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The analysis seeks to answer the question: "Would USACE receive a positive
return from contracting surveys to the private firms owning an HLBS?" This is referred
to as the Contractor-owned /Contractor-operated scenario (Co/Co). The analysis ad-
dresses six variations of this basic scenario including one that asks: “"Would USACE
receive a positive economic return contracting with private firms to operate the gov-
ernment-owned operational prototype HLBS?" This is referred to as the government-
owned/ contractor-operated scenario (Go/Co).

If the economic analysis shows that TTSACE lost money under all of these scena-
rios, then one would question the economic worth of HLBS to the Corps. If, however,
the program lost money under some scenarios and not others, then other factors would
have to be weighed in order to reach a decision. If all scenarios show a positive return,

then the system is more likely to provide the Corps with a long-term economic benefit.

Principal Findings

The economic analysis of HLBS includes the following findings:

0 A Contractor-owned/Contractor-operated HLBS should allow the Corps to
provide Class II and Class IIT hydrographic surveys at a lower cost than
today.

0 The Government-owned/Contractor-operated operational prototype HLBS

will provide a positive return on the Corps’ investment.

o The economic analysis is most sensitive to annual mission hours and
acquisition cost. In particular, acquisition costs are most important when
annual mission hours are low.

o The potential savings from HLBS are greatest when a number of projects

and mussions are conducted together. This minimizes the influence of
mobilization/demobilization on total costs.

Economic Evaluation of the HLBS
Net Present Value T i

The accepted technique for evaluating the worth of investments which last longer

than a single year is a net present value (NPV) or discounted cash flow analysis. In




cases such as HLBS, the government will expend funds over a period of years to devel-
op the system while achieving operational savings during later years. Similarly, a
commercial operator would buy the system with an initial payment and then use it for a
number of years, receiving some positive cash flow on account of its use. In cases such
as these, one should recognize that the investment and operating savings occur in dif-
ferent time periods. Money has a time value: a dollar ioday is worth more than a dollar
in the future, since it could earn interest. The NPV technique considers the time value of
money.

The NPV technique brings all cash flows back to the present using a discount rate
which reflects the potential alternative uses for the money. By bringing all cash outlays
and cash savings back to the same point in time, one can determine whether an invest-
ment is worthwhile or whether it is the better of several investments. In the context of
HLBS, cash outlays refer to the expenses incurred to buy and operate HLBS, while cash
savings refer to money not spent to conduct conventional surveys. An NPV greater
than zero means that USACE would save money by investing in HLBS technology.

A key parameter in the NPV analysis is the discount rate chosen to reflect the
opportunity cost of the money invested. The Office of Management and Budget (OMB)
prescribes a discount rate of ten percent in the evaluation of government projects.

Annualized Costs

When private sector firms invest in assets, they too must earn a return on their
investment. However, such firms cannot borrow at rates as low as the government,
must pay taxes on their profits, and have to consider the riskiness of their investmeni—
or the chance that the investment will not work out as planned. The HLBS would con-
stitute a very large investment for those firms and they take the chance that project
work may not be forthcoming in sufficient volumes to support this investment. Recall
that energy exploration in the U.S. has substantially fallen in the last few years.

Companies that had invested in equipment to perform support work have had to sell off



the equipment at « ioss or perhaps gone out of business. To keep an investment in the
HLBS analogous to an investment of similar risk, this analysis uses a 25-percent dis-
count rate to amortize the comumercial operators’ purchase of the HLBS and associated
equipment. The amortization rate converts a large initial investment into a stream of
annual payments.

Estimating Prices for a Contractor HLB

The following describes how the analysis estimates the price commercial firms
would charge for HLBS services. These prices incorporate both the cost of performing
the HLBS surveys and the normal profits earned from this work assuming that competi-
tive conditions prevail in the market for contract hydrographic surveys. As shown
below, these costs consist of helicopter charges, salaries and overhead for the contract
laser and ground crew, the per diem allowances, the ground transportation for setting
up ground stations, post processing, and HLBS maintenance. On top of this, the amor-
tized cost of the investment is allocated across the different missions, assuming an
annual contract of 150 mission hours. The amortization rate of 25 percent includes a
normal profit. The cost savings to the Corps result from differences in the expected
conventional survey costs and the estirated contractor price for the same mission.
They represent the net annual benefits to Corps from HLBS operation. Using the OMB-
prescribed discount rate of ten percent, this stream of benefits has been discounted to
the present year, revealing the "Net Present Value in 1989 to USACE" shown in the

tables.

Missions Evaluated
The economic analysis estimates the savings which would accrue from using
HLBS to perform six specific survey missions selected in consultation with CERC. They

include the following;:

o Cape Cod Canal along with two small projects in the immediate area;
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Delmarva Peninsula in Virginia—approximately 70 miles of the inland
waterway;

Florida Intracoastal Waterway—approximately 140 miles of waterway
along the west coast of Florida along with Tampa Harbor and several
other projects;

A total of 37 harbors and inlets along the Maine Coast;

New Jersey Intracoastal Waterway—110 miles of waterway aleng coastal
New Jersey;

Miami/Hollywood Area—a condition survey of ten miles of beachfront in
Miami, four Florida harbors, and the harbor in San Juan, Puerto Rico.

Scenarios Evaluated

The base-case scenario of the economic analysis treats all six of ti.ese missions as

having been conducted independently of one another. This means that each mission

bears separate mobilizaiion/demobilization costs for the FILBS and helicopter. The

analysis also considers, however, pairing the six missions into three groups (division-

wide scenario) and then treating all six missions as a single unit (Corps-wide scenario).

The analysis also considers different ownership scenarios and the use of various types of

positioning systems. These scenarios include:

1.

t~

b

Contractor-owned/Contractor-operated (Co/Co): Separate projects with
UHF Trisponder.

Co/Co: Division-wide with UHF Trisponder.

Co/Co: Corps-wide with UHF Trisponder.

Co/Co: Separate projects with two-dimensional GPS.
Co/Co: Separate projects with three-dimensional GPS.

Government-owned /Contractor-operated (Go/Co): separate projects
with UHF Trisponder.

Critical Assumptions

Because of the unproven nature of HLBS technology, a number of assumptions

had to be made about relevant technical and economic parameters. The most important

of these are as follows:




Co/Co:

The HLBS would require a Corps investinent of $5.55 million which in-

cludes all software, data processing equipment and initial provisions of
spare parts. The system would operate for seven years and would have
no value at the end of this period.

Annual system maintenance costs per year would be five percent of the
HLBS commercial acquisition costs of g2.75 million or $137,500 per year.

In the Co/Co scenarios, the HLBS would oggrate for 150 hours per year to
complete Corps surveys. This equates to about $2.8 million worth of exist-
ing Corps surveys using conventional techniques.

The Go/Co scenario assumes an increasing level of contracted missions
rising from $900,000 in 1991 to $8.6 million in 1995 and thereafter.

A B-212 helicopter would be chartered for $3,000 per day and $660 per
flight hour. This price includes two pilots and a mechanic.

The helicopter lessor will take two days to install and remove the HLBS
and it will take two days and sixteen flight hours to travel to and from the
mission area.

The helicopter operates at a speed of 20 knots and an altitude of 200
meters when gaglering data. This geometry produces a swath width of
arproximately 350 feet having a spot spacing of less than five meters
along the line of flight. A swath width of 300 feet was used in the analysis
of the missions to allow for a margin of error. The helicopter flies at 100
knots when not gathering data (deadhead).

The helicopter must land at an airport supplying Jet-A fuel within a two-
and-one-half hour flight time, while conducting surveys.

The HLBS surwﬁ{ crew consists of four persons. This provides two people
to operate the HLBS in the helicopter and two persons responsible for the
placement of ground positioning systems and tide gauges.

Each hour of data gathered will require two people working five hours
each to prepare the survey products. (In the case of 3-D GPS ground stations,
a six-to-one ratio would apply.)

An additional 15 percent of mission and post processing costs were used
to accommodate for potential inefficiencies.

arate Missions with Trisponder

This section examines one mission, the Florida Intracoastal Waterway, in detail

and then presents the findings of the other missions.




The Florida Intracoastal Waterway Mission

Table 1 shows the projects included in the analysis of the Florida Intracoastal
Waterway mission. This mission consists of a number of small projects along the west
coast of Florida, a 140 mile segment of the Intracoastal Waterway, and a major project at
Tampa Harbor. The expected conventional costs for this scenario are approximately
$175,500 per year. Table 1 also shows the survey days, additional ground days and
flight times for the mission. The helicopter flies deadhead when it is not collecting data.

Table 2 shows the basic assumptions used for the HLBS analysis. These include a
commerdal HLBS price of $2.75 million along with a UHF ground positioning system
and tide gauges which cost $200,000. This table also includes other relevant
parameters. Table 3 shows the derivation of the annual HLBS operating costs of $58,731
for this mission. Most of these costs result from the daily and hourly use charges for the
helicopter. Figure 1 shows the areas surveyed in Tampa Bay on Day 3 of the mission.

All Missions

Table 4 shows the six missions considered in the study along with their expected
convenucual survsy costs, the HT BS nperating costs per missicn, number of survey
hours and HLBS days required, and the contractor price for performing each mission.
This scenario assumes separate mobilization and demobilization for each mission. The
price per mission is based on estimated I{LBS operating costs and a 25 percent return on
investment to the contractor based on 150 productive mission hours per year. Table 5
shows how the net present value is calculated based on a commercial HLBS costing
$2.75 million and annual maintenance costs of five percent of this acquisition costs. The
net annual benefit used in calculating the net present value arise from the $208,944 dif-
ference between the total expected conventional cost and the total price per mission.
This figure has been raised to reflect a benefit level equivalent to 150 hours of HLBS
survey work. In this scenario, the net present value to the Corps is approximately

$3,185,207.
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Table 3. Operating Costs per Mission

Co/Co Scenzno;Separate Projects
Positioning System (UHF)
Mission: FL-IWW

OPERATING COSTS PER MISSION

HELICOPTER COSTS Assumptions Mission Totals

Helicopter Lease Cost (Fixed) $3,000

Helicopter Lease Cost ($/Fit.Hr) $660

Helicopter Ferry & Set Up (Days) 4 $12,000

Helicopter Ferry Flight Hours (RT) 16.00 $10,560

Number of Mission Days—-Hicptr Crew 3 $9,000

Helicopter Mission Flight Hours 18.4 $12,137

Travel & Per Diem (Per Prsn/Day) $70 $1,470

Total Helicopter Costs $45,167

ILASER CREW COSTS

Number of Mission Days--Laser Crew 3

Tech Laser Crew (Nmbr & Avg Price) 2 $3125 $1,875

Travel & Per Diem (Per Prsn/Day) $70 $420

Total Laser Crew Cost $2,295

OTHER COSTS

Number of Mission Days~--Ground Crew 3.5

Ground Crew (Nmbr & Avg Price) 2 $275 $1,925

Travel & Per Diem (Per Prsn/Day) $70 $490

Ground Transportation $50 $350

Number of Survey Hours 14.85

Post Processing (Technician $/Hr) $38 $5,567

Efficiency Factor 15.0% $2,937

(% Helicopter Flight, Laser Crew

Total Other Costs $11,269

TOTAL OPERATING COSTS PER MISSION $58,731
10
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Other Scenarios

The analysis also examined the benefits to the Corp from various levels of
mission aggregation, alternative ground positioning systems and from the government

prototype HLBS.
Mission Aggregation

Figure 2 compares the net present values in 1989 of various HLBS mission scena-
rios based on varying levels of aggregation. For example, it shows that a Contractor-
owned/Contractor-operated system conducting the six separate missions would pro-
duce a net present value of savings of approximately $3,185,207 for the Corps. These
results are based on 150 hours of HLBS use per year and a system cost of $2.75 million.
The net present value increases substantially as the six individual missions are grouped
at the division-level and then again at the Corps level. These gains occur because fewer
mobilizations /demobilizations occur when missions are aggregated.

Alternative Ground Positioning Systems

Figure 3 shows changes in the NPV for a Contractor-owned /Contractor-operated
HLBS conducting the six separate missions using various ground positioning systems:
UHF Trisponder, two-dimensional GPS or three-dimensional GPS. It can be seen that
the economic analysis results are relatively insensitive to the choice of positioning
system. This occurs because the UHF Trisponder has a low per unit cost. Even with a
dozen automatic tide gauges, the equipment acquisition for this method would cost only
$200,000 at 1989 price levels. The real savings might occur with the three-dimensional
GPS system, which does not need separate tide gauges. This would greatly reduce the
effort required to survey the Maine mission. Nevertheless, because the three-dimen-
sional GPS system requires more post-processing time, the gains from the tide gauge

advantage are all but negated.

14
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vernment-Owned /Contractor rated HLB

Table 6 shows the economic analysis results for the government-owned/contrac-
tor-operated (Go/Co) scenario. It shows the missions included, the expected conven-
tional survey costs and the HLBS operating costs. The net operating benefit is the dif-
ference between the cost of conducting the survey with conventional means and the cost
of the survey using HLBS. Table 7 shows the net present value to the Corps of the
Go/Co scenario. This is based on a recovery of all Corps costs for the development
program and assumes seven years of operation thereafter conducting Corps survey
missions under operation by a private contractor. The net annual benefit has been
increased to account for increasing numbers of HLBS missions USACE will put under
contract. (The Co/Co scenario, conversely, assumes a fixed contract equivalent to 150

mission hours.) The net present value to the Corps from this scenario is $6,650,869.

Sensitivity Analysis

This section shows how the economic analysis results change under different
assumptions regarding methods of operation and costs. The sensitivity analysis uses
the Co/Co: Separate Projects with UHF Trisponder scenario. Figure 4 shows how the
net present value changes using a helicopter lease cost of $3,000 per day and various
levels of HLBS acquisition costs and annual mission hours. At 150 hours of use per
year, the Co/Co HLBS breaks even at an acquisition cost of $5 million. One reason for
the importance of increased utilization can be seen in Figure 5 which shows the alloca-
tion of amortized acquisition and maintenance costs per hour at various levels of annual
mission hours. For example, these costs fall in half from $10,707 per hour at 100 hours
of use to $5,192 at 200 hours of use. As the number of mission hours increase, the

annual cost per mission hour decrease.
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The World Market for HLBS Technology

The commercial viability of HLBS will depend ultimately on the following two

factors:
o The cost savings produced by HLBS in comparison to conventional
surveys; and
o The size of the market for which HLBS can produce acceptable survey

results.

This study shows the likely cost savings that can be achieved by the Corps if it used
HLBS for specific survey missions. HLBS has a broad potential application. For exam-
ple, many near-shore areas and inland waterways from coastal Maine to Florida appear
to be suitable for HLBS surveys during certain times of the year. Similar results are
projected for the Gulf of Mexico from Key West to Galveston. Areas of the Great Lakes,
Alaska and the Pacific Coast also appear to be surveyable with HLBS. In all these areas,
the relevant market includes not only Corps surveys, but also work by federal, state and
local government agencies as well as by the private sector.

There are many other areas of the world which ultimately may provide a market
for HLBS. Prior studies have identified areas of the Caribbean, the Arctic and the coast-
al waters of Southeast Asia and Australia as having a high potential for HLBS. Surveys

in these areas are currently conducted by the U.S. and foreign governments and the

private sector.
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PREFACE
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monitoring was provided by Mr. Douglas Evans of Evans-Hamilton
Inc. Contract supervision and monitoring were conducted by
Messrs. Sam Corson, Thomas Denes, and Jeff Lillycrop, CERC, WES.
The study was conducted under the general supervision of Ms. Joan
Pope, Chief, Coastal Structures and Evaluation Branch; Mr.
Thomas Richardson, Chief, Engineering Development Division; and
Dr. James R. Houston and Mr. Charles C. Calhoun, Chief and
Assistant Chiecf of CERC, respectively.

COL Larry B. Fulton, EN, was Commander and Director of WES.
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Chapter 1
INTRODUCTION

This report has been prepared for the U.S. Army Corps of Engineers Coastal
Engineering Research Center (CERC) by Gellman Research Associates, Incorporated
(GRA) under subcontract to Evans-Hamilton, Incorporated. It presents preliminary
results of an economic evaluation of a proposed Helicopter Lidar Bathymeter System
(HLBS) which is under development for CERC by Optech, Incorporated of Toronto,
Canada. The technical details of the HLBS are reported in a document prepared by
Optech, Inc., which describes the system.1 This system is designed to produce hydro-
graphic survey data with a level of precision suitable for Class 2 and Class 3 hydro-
graphic surveys currently performed using a variety of conventional survey techniques
for the Corps of Engineers. Such surveys are performed on either an in-house or a

contract basis for Corps district and division offices nationwide.

1.1 Purpose of the Study

This study should determine whether the HLBS will offer decreased costs or
increased productivity for current survey missions. This economic feasibility study of
the HLBS will provide CERC with information necessary to determine whether continu-
ation of the research project with Optech provides sufficient economic benefits. CERC
has received findings from other studies assessing the technical merits of HLBS. This
economic analysis assumes that the HLBS can produce data at a level of accuracy suit-
able for Class 2 and Class 3 survey missions. In addition, it is assumes that the laser

system will be designed and operated to cause no environmental problems even when

1Optech, Incorgorated, Heli Lidar Bath m Con al i
Rg}{&tt, repared for U.S. Army Waterways Experiment Station under Contract No.
DACW 39- -0038, December 1988.
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operated over populated areas. All assumptions regarding the technical performance of
HLBS are as stated in the December, 1988, Optech report. In cases where the Optech
document does not provide necessary information, this report notes the explicit assump-

tions used regarding such issues.

1.2 Scope of the Review
The general approach to the economic analysis seeks to provide information on
the following question:

o What potential savings could the Corps achieve on current missions were
the HLBS available from commercial firms for contract survey work?

The study considers whether application of HLBS technology in commercial
production would provide sufficient savings to warrant private sector investment in
these systems. Information on this question provides the Corps of Engineers with
insights as to whether commerdial firms would acquire such equipment for contract
survey missions. By estimating the prices contract firms would charge to conduct HLBS
surveys, the analysis estimates the cost savings to USACE.

The analysis also considers the dollar benefit over a seven year period which will
accrue to USACE from contractor operation of the prototype HLBS for Corps survey
missions.

The HLBS currently under development by Optech for CERC can be considered a
technology demonstration program. At present, there is only one Airborne Lidar
Bathymetry System in operation in North America: the "Larsen 500" system operated
by the Canadian Government in a DC-3 fixed-wing aircraft. Preliminary analyses by the
Corps of Engineers indicate significant potential savings from the operation of HLBS.
However, the unproven nature of this technology requires a demonstration of the tech-
nical and economic feasibility of an HLBS in actual survey missions prior to its commer-
cialization. (The Canadian Government is also contributing funds to this development

program.)




The Corps of Engineers has provided information on the potential for HLBS
application, frequency of surveys, location and cost for conventional survey missions
currently conducted by the Corps. This study estimates costs for performing the same
missions using the HLBS. For the Contractor-owned/Contractor-Operated (Co/Co)
scenario, the study estimates the price of conducting surveys using HLBS. This is based
on recovering all capital and operating costs and a return on the commercial firm’s
investment in the HLBS. The benefit to the Corps in this scenario is the present value of
the difference between the cost of these surveys currently and the likely price that
would be charged by the commercial survey firm. In the case of the prototype HLBS,
the study assumes that it is a government-owned system operated under contract by a
commercial survey firm (Go/Co) using a chartered helicopter as an equipment plat-
{orm. The benefit to the Corps in this scenario is the present value of the difference in
cost between conventional survey methods and HLBS costs including the CERC funding
provided for the HLBS prototype. This question is answered by considering the aggre-
gate annual value of Corps of Engineers survey missions and the potential cost savings
from use of HLBS.

This report includes several sensitivity analyses conducted to investigate how
mission aggregation as well as alternative ground positioning systems affect HLBS
economics and the applicability of fixed-wing aircraft to perform airborne laser bathym-
etry missions. In addition, the sensitivity analysis considers the changes in cost based
on the effect of different helicopter leasing periods on mission costs, the effect of differ-

ent HLBS annual utilization levels on mission costs, and other parameters.

1.3 Organization of the Report

Chapter 2 contains a discussion of the approach and methodology used in the
economic analysis of HLBS and the development of conventional survey cost data. It

also describes the cost model developed for use in the study. Chapter 3 contains an
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analysis of the economics of using HLBS to perform actual Corps survey missions in

relation to the cost of conventional technology for each of the six scenarios. Chapter 4

examines the sensitivity of the baseline economic results to changes in key assumptions.

Chapter 5 discusses other issues relevant to the Corps decisions regarding HLBS tech-
nology such as the potential size of the worldwide market.

Appendices A through F contain discussions on the individual survey missions.
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Chapter 2
ECONOMIC ANALYSIS APPROACH

This chapter describes the assumptions and methodology used to conduct the
economic evaluation of the Helicopter Lidar Bathymeter System (HLBS). It discusses
the sources of data on conventional survey cost (conventional survey as used in this
report means those conducied or contracted by Corps field offices today) by briefly
explaining the key elements involved in conducting these surveys. The second section
discusses the development of the theoretical costs of using HLBS for survey missions.

The final section discusses the structure of the cost model used in the economic analysis.

2.1 Conventional Survey Cost

In August, the Corps of Engineers administered a survey of its field offices which
conduct hydrographic surveys. The cover letter described the HLBS and suggested
parameters which would guide whether a project could potentially be surveyed using
the Lidar system. This poll of the field offices requested a list of current projects with a
recommendation as to whether the project would be HLBS compatible. In addition, the
survey requested both the current and preferred survey and dredge frequencies, water
clarity (secchi) depths, the cost of conventional surveys, the time to conduct such sur-
veys and the existence of seasonal limitations.

2.1.1 Review of Corps’ Cost Data

From those field offices that responded to the Corps survey, GRA created a data
base of nearly 400 Army Corps projects (see Chapter 1). By comparing cost as a func-
tion of time-to-conduct the survey (see Figure 2.1), GRA determined which survey
responses were beyond the norm. For example, all of the New York District cost data

were lower than what would otherwise have been expected and, consequently,

2-1



00¢

1

S|DAJBUL B2UBPLIUOD %66 B4DIIPUL SBULT

(sApQ) awi) Asaung

08l 09t orl 0cCl1
] | 1 1 ! L | !

ool

08 09 oy 0l 0

1 ) ' | ) L ) L 0Z-

oot
oc!
ovi
o9l
08t
00¢
0z¢
ove
- 09¢
08¢

sanbiuyoa | Aaning Bunsix3 jo 1509

|

C

aanH1 4

(000%) is0) Aeaung

2-2

S

PSR



results from this district have not been included in this analysis. Upon investigation, the
study team found that some other districts also had not provided usable answers and
thus their data were deleted from the database.

When reviewing the costs, GRA annualized the conventional cost data as shown
in Table 2.1 by taking the survey frequency in years, finding the reciprocal (frequencies
of every ten years become .1; every two years become .5; one year or less become 1.0),
and then multiplying this number by the cost per survey to find the expected annual
cost of surveying each project using the conventional means. These values were later
compared with the HLBS costs to provide measures of the annual survey dollars that

were affected by one HLBS survey mission per year.1

Table 2.1

THE DERIVATION OF
ANNUALIZED SURVEY COSTS

Survey Cost per Annualized
Site Frequency Survey Factor Cost

A Every five years $20,000 0.2 $4,000

B Once a year $100,000 1.0 $100,000

C Three times per year $15,000 1.0 $15,000

D Every ten years $150,000 0.1 $15,000

2.1.2 Conventional Survey Missions

A hydrographic survey crew generally consists of four people. One individual
handles the positioning system and tide gauge. The other three operate the boat and
survey equipment. Operating according to a pre-established plan, they take soundings

along survey lines perpendicular or parallel to the navigation channel. The interval

1This is why those conventional missions surveyed more than once a year
were treated as a once-per-year survey.

2-3




between soundings and spacing of adjacent survey lines depends on the type of survey.
Reference to established survey control points provides the means for establishing
horizontal and vertical positions. The crew uses the sounding coordinates to prepare
survey worksheets which contain the location and depth of soundings. Today much of
the process employs automated equipment.

The survey team requires several specialized pieces of equipment such as a fully
automas:d acquisition and plotting systems, dual frequency echosounder, a three-range
X or Z band positioning system, and a vessel. The vessel’s size will vary depending on
the type of water. In addition, the study team would require personal computers and
related software and hardware, some form of ground transportation and, perhaps,
automatic tide gauges.

The survey team sets up electronic positioning system stations on the shore
which, through triangulation, identify the exact position of the survey vessel. For inland
waterways such as rivers and canals, a positioning method by range and azimuth has
become the method of choice because, although the range is usually limited, the accura-
cies are higher. The ranging portion is usually more preuse in tnese apptications than
that of an X or Z band frequency and regularly gives accuracy within one meter.

Prior to beginning a hydrographic survey, the survey team must set up its
ground positioning systems on a Geodesic benchmark or USACE survey control point.
By law, these benchmarks must be made available to surveyors. The only problem,
which exists for new crews especially, is to gain permission from the landowner to cross
the land and to be able to locate the benchmarks. This process may require considerable
research prior to the surveying.

All hydrographic surveys require the collection of tidal or water level data to
reduce the soundings to mean low tide depths. If an automatic gauge is used, the tide
readings may be obtained after the data collection; otherwise, an observer will take

manual tide readings during the survey and radio those readings to the survey vessel.
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2.2 HLBS Technical Performance and Cost Assumptions

The Army Corps defines three survey classes: Class 1, Class 2 and Class 3, ac-
cording to purpose and desired accuracy. Class 1 surveys, such as payment surveys
which are performed both before and after dredging to measure quantities of fill moved
for the determination of the proper payment, require the highest level of accuracy in
both positioning and depth measurement so that payments will be consistent with the
actual dredging performed. In general, a Class 1 survey requires X and Y (longitude
and iatitude) positioning accuracy within 1.5 meters, Class 2 require 2.7 meters and
Class 3 requires 4.7 meters. The Z (depth) accuracy requirement for Class 1 survey is .5
feet*; Class 2 survey is .8 feet; and Class 3 is 1.4 feet.2

The analysis assumes that the data reported in the tield ottice survey retlect ail
costs of conventional surveys.

2.2.1 HLBS Costs

The operational prototype HLBS will cost $5.5 million for the Army Corps to
acquire. This amount includes software development, the purchase of a computer for
post processing, a stock of spare parts, and the on board master unit for the ground
positioning system. This price also includes training of the first laser crew on system
operation. Although several years from production, the estimated cost of a commercial
HLBS unit is $2.75 million. The estimated annual maintenance costs are tive percent of
the commerdal acquisition costs, or $137,500 per year. The operational prototype IHLBS
will enter operational use two years after the dedision to enter development and will
have a life of seven years with no salvage value.

2.2.2 Helicopter Costs

Optech identified a number of candidate helicopter platforms for the HLBS in its

December 1988 report. These include the two Bell Helicopter models, the B-205A, the

* A table of factors for converting Non-SI units of measurement to SI(metric)
units is found on page 28.

zﬁngzmnur_\dp_eﬂins Surveying and Mapping, Department of the Army
Corps of Engineers, Office of the Chief Engineer, EM1110-1.
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B-212, and the Sikorsky S-76. Of the three candidate helicopters, the B-212 was selected
as the most cost-efficient helicopter capable of providing the electric power necessary to
operate the HLBS. Besides mounting antennae and installing a power source for the
HLBS and pilot guidance system, the helicopter would require no other modifications to
transport and operate the system. Based on discussions with Optech and a review of its
December report GRA assumes that the HLBS will be mounted to the seat attachment
points in the cabin area of the B-212.

GRA conducted inquiries with approximately fifteen B-212 operators identified in

the World Aviation Directory (1987) to elicit hourly charter costs and other charter

terms for Bell 212 helicopters. GRA analyzed the data for the U.S. operators to derive
the average cost, used in this studyv, of $3,000 per day (short-term, 51,600 per day long-
term) and $660 per tlight hour. Thus includes the use of the aircraft, a flight crew of two
pilots and a crew chief/mechanic to perform normal maintenance. In addition to these
charges, all crews involved in field work incur meal and lodging costs of $70.00 per-
person-day.

The survey of helicopter operators also provided other useful information regard-
ing the use of the HLBS. In addition to lower daily rental costs, the longer the time
period contracted for (greater than 21 days), the more likely the operator would forego
the cost of mounting the antennae, the pilot guidance system and the power supply for
the HLBS. These potential cost savings, however, have not been factored into the
analysis.

In the operational scenarios evaluated in this report, GRA assumes that four
helicopter days, along with sixteen flight hours, will be used to mount the equipment,

position the aircraft in the general survey area and return it back to base upon comple-

tion of the missions.
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The greater number of missions the helicopter flies during a specific charter
period, the smaller the effect these fixed costs will have on unit operating costs. If the
mission lasted one day, then the four days of installation/access time and sixteen hours
of flight time would be allocated to that single day’s mission. If instead, the mission
lasted five days, then each mission day would bear only one-fifth of these costs. To put
this into perspective, Figure 2.2 shows the effect of the staging costs for the helicopter on
the average price per day. The left vertical axis represents the average cost for renting
the helicopter per day, while the right verti~2l axis represents the total cost of renting
the helicopter. The total cost function is linear, with a fixed cost of $22,560 and a varia-
ble cost of $3,000 per day. The average cost function shows the average cost of renting
the helicopter per day de-reases as the number of days increases, eventually approach-
ing a limit of $3,000. The average cost function continues to decrease, but at a decreas-
ing rate, as the number of helicopter days increases.

For safety reasons, GRA has assumed a two-pilot operation for the Bell 212
because of the nature of the mission being flown. One of the two pilots would fly pre-
cise tracks focusing on the pilot guidance system while in the data acquisition mode.
The second pilot would scan the area to watch out for other aircraft and to monitor the
critical flight instruments. The cost reduction from two to one pilot operation is not
significant enough to warrant foregoing this precaution.

GRA'’s preliminary research uncovered helicopters available in Pennsylvania,
Texas, Louisiana, Oregon, California and Alaska. This search tracked only those charter

companies listing Bell 212s in their fleets as shown in the World Aviation Directory.

However, even from this limited sample of operators, it is apparent that on most occa-
sions the Bell 212 can be obtained, albeit perhaps at some distance away from the mis-
sion site. In addition, many of the operators indicated that they had contracts which ran

through the summer to fly fire-fighting missions for the U.S. Forest Service or others.
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Thus, it appears that the period October through April or May would be the months of
the year when the Bell 212 was most likely available for lease to conduct HLBS survey
missions.

The B-212 helicopter operates on jet aviation fuel. Because of the relatively low
speed and altitude of the helicopter during data acquisition, GRA assumes an upper
limit of two-and-one-half hours between refueling stops. Moreover, the helicopter must
land at an airport which supplies jet aviation fuel3 After refueling, the helicopter then
returns to where it left off to continue the mission.

2.2.3 Laser Penetration

The maximum depth likely for HLBS operation will be 50 meters in clear water.
Minimum depth will range from 1 to 1.5 meters in clear water. However, typical
mission depth will be approximately twice the secchi depth5 and is limited by water
clarity, turbidity and bottom conditions. In addition, the HLBS will not operate well
under conditions characterized by high winds and waves, fog and precipitation, or high
levels of ambient light® (e. g.» mid-day without clouds).

The analysis assumes that HLBS will be able to estimate data within the error
tolerances stated for Class 2 and Class 3 surveys.

2.2.4 Swath Width

This analysis assumes that the helicopter, flving at 200 meters above the water at
20 knots, can survey a swath 352 feet wide with five-meter dot spacing. This will enable

the helicopter to survey most of the intracoastal waterway in one pass. Harbors and

3Information on fuel availability obtained from Aircraft Owners and Pilots Asso-

ciation, AOPA Airports USA 1987.
4Optech Report, pps. 173 and 175.

S5Secchi is a device to measure water clarity. Secchi depth is the average point at
which a disk becomes invisible in the water.

61bid., pps- 173 and 174.
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beach fronts may require multiple passes. The analysis assumes that the laser crew will
structure its projects using 300-foot swaths which will allow an overlap to account for
slight deviations in course. Note, that while aerial photography normally prescribes a

L twenty percent overlap, the relatively slow speed of the helicopter, its ability to circle

i back and resurvey missed data, and the flight guidance provided by the flight track

1' monitor should greatly reduce the need for this large of an overlap allowance.

2.2.5_Mission Speed

For the purpose of this analysis, the helicopter speed has been assumed to be 20
: knots (nautical miles per hour) while in the survey mode and 100 knots while flying
j other tlight segments (deadhead). No allowance for turnaround or readjustment has
‘ been made in the mileage measurements even though, in actual operation, a helicopter
wiil not be able to stop instantaneously or make angled turns and accurately stay on
L course. In reality, the helicopter will need to fly a loop to turn and then hover at the
beginning of a given survey track to regain its equilibrium. Hence, the cost estimates

have included a mission efficiency factor of 15 percent to accommodate just such exi-

L o
-

Jencies.

2.2.6 Survey Crew Costs

The private contractor will employ a crew of four people. The following prices

1 :nclude the overhead and fee charged by the contractor:

Position Per Day

Party Chief $325

Equipment Technician $300

Assistant Surveyor $275

Assistant Surveyor $275

These positions require knowledge of both hydrography and computers, and as
such, are expensive. The crew will work twelve hour days, of which no more than eight

will be spent surveying. In addition, two trained electronic technicians will review the
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data as part of the post processing. Each hour of data gathered will require two
technicaans working tive hours each to prepare the survey products (six hours in the
case of 3-D GPS5).

It has further been estimated that the crew travel and per diem cost per person
day is $70. The crew would include two people assigned to setting up the ground
stations and the tide gauges. Ground transportation for this activity has been estimated
at $50 per vehicle or a total of $100 per day.

2.2.7 Ground Positigning Systems

The hydrographic surveys analyzed in this report are designed to meet Army
Corps of Engineers Class II and Class III survey accuracy requirements. Extremely
accurate methods must therefore be employed to position the readings to known loca-
tions. Traditionally, this exact positioning has required, by means of triangulation, the
use of at least two ground stations which broadcast a microwave frequency to the
survey vehicle from known USACE benchmarks.

Microwave transmitters have historically been used for ground station transmit-
ters. While appropriate for water-based surveying, the microwave-based system comes
less practical when dealing with helicopters which move at a much faster rate of speed.
Unobstructed line of sight must be maintained at all times between the microwave
ground station and the helicopter. This is difficult to accomplish efficiently with a heli-
copter moving at 20 knots. Fortunately, better solutions are available.

Recent technological developments have provided at least two alternative tech-
nologies to enable efficient and accurate ground positioning. The first of these is the
UHF Trisponder. This device enables accurate positioning within at least a 50 mile
radius, and is less affected by line of sight obstructions such as trees and buildings. The
available power is at least two to three times that provided by equivalent microwave
transmitters. The principal benefit of this device over microwave is its ability to be

located far enough from the actual site of the surveying so that the trisponder device can
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be used efficiently by more than one harbor or by a lengthy stretch of intracoastal
waterway. All transmitters used for triangulation must be positioned so that at any
time the helicopter can receive signals from two adjacent trisponders within an angle of
between 30 and 150 degrees. This constraint would enforce use of a separate micro-
wave device for each mile of survey in some congested areas, but is less of a problem for
the more powerful UHF technology.

The UHF Trisponder is currently available from Del Norte Technology of Euless,
Texas. The Del Norte UHF Trisponder has already been employed by the Corps in
Savannah, Galveston and other projects. UHF Trisponders have been efficiently mounted
on existing television or radio towers, or on the roofs of high rise buildings, since the
onlv major obstacle which might interrupt the trisponder are intervening
buildings.Significant advantages could be employed by using UHF Trisponders with
helicopters since they would not have to be mounted on a tower to obtain approximate
direct line of sight. The Del Norte Trisponder weighs 25 pounds and requires a 24 volt
DC power source such as two automobile batteries connected in series. The entire
device can be made portable with a 30 inch antenna.

The study assumes that UHF Trisponders will cost in the neighborhood of $16,000
vach. A total of five are needed for the survey.

A second ground positioning technology is the Two-Dimensional Global Posi-
tioning System (2-D GPS). A single GPS unit can accurately control the location of the
helicopter within one hundred miles and does not require triangulation. The GPS
ground station is the same unit as that which fits into the helicopter; the only difference
is that it must also send signals as well as receive them. Most GPS receivers cost be-
tween $50,000 and $60,000 although some have sold for as low as $32,000. The study
assumes that the HLBS would require two 2-D GPS units costing $50,000 each.

At the forefront of technology are Three-Dimensional Ground Positioning Sta-

tions (3-D GPS). When available, these devices, at approximately the same cost as the
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two-dimensional design, will have the additional advantage of obviating the need for
separate tide gauges. They will require, however, additional post-processing time. This
2nalysis assumes tie use of two 2-1) GPS ground stations at a cost of $50,000 each, no
accompanying tide gauges, but a corresponding six-to-one post-processing hours to
survey hours ratio.

The ground crew consists of two people responsible for setting up the ground
stations. The set up for GPS is practically instantaneous, with the machine needing
approximately two minutes to lock onto the satellite. Geometry details are not impor-
tant with GPS, only that the station has been sited on a known mark. The ground sta-
tion then receives the signal from the satellite and sends the helicopter an adjustment
factor determined by the difference between the known location and the location sug-
gested by the satellite’s signal. The unit in the helicopter, which also receives the
satellite signal, then makes the required adjustment.

This analysis assumes that benchmarks are in close proximity to the ground
station locations suggested in the Appendices.

The same people responsible for setting up the ground stations would also be
responsible for setting up the automatic tide gauges. Twelve automatic tide gauges are
required for the scenarios put forth in this report, representing an approximate cost of
$120,000. The study further assumes that the tide gauges will work and that the laser
crew can leave both the tide gauges and the various ground stations unattended with-
out their malfunctioning or being stolen.

Each mission accounts for the need to set up these ground stations. In some
cases, such as the Maine harbors, these ground stations and tide gauges become the
limiting factor, as the rocky terrain and vast tide fluctuations require the ground crew to
gauge the tide fluctuations at every project site. In Maine, even with two ground per-
sonnel, the helicopter will have to wait for the crew to move from one area to the next.

Moreover, some projects in Maine are not easily reached by car and thus have either
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been dropped {rom the project list or have imposed time constraints on the HLBS mis-
sion. Other missions, to varying degrees, would suffer from similar constraints.

2.2.8 Processing or HLBS Data

The HLBS records the data {rom the laser and the positioning units on a magnetic
computer tape. At the end of the day, this tape would be express mailed to a central
processing facility where the data would be synthesized to produce the soundings at
mean low water levels. This study assumes that for every one hour of surveying, there
will be five hours of post-processing involving a minicomputer and two technicians.
(For the case of 3-D GPS units, six hours would be required. The study assumes that the
purchase of the minicomputers is included in the HLBS costs while the fully-allocated

cost of the post-processing personnel is $38 per survey hour.

2.3 The HLBS Cost Model

GRA has developed a computer model for calculating the cost of the six HLBS
missions, the net benefits from using HLBS to survey the projects included in these
missions, and the net present value of these benefits over an appropriate period, given
the parameters defined under each of the six scenarios. This section discusses the
tormulae used to determine the net present value of the investment. It then discusses
the parameters, both fixed and variable, used in creating these cost formulae, illustrating
with flow charts the various outputs from the computer model.

2.3.1 The Net Present Value Technique

The accepted technique for evaluating the worth of investments which last longer
than a single year is a net present value (NPV) or discounted cash flow analysis. In
cases such as HLBS, the government will expend funds over a period of years to devel-
op the system while achieving operational savings during later years. Similarly, a
commercial operator would buy the system with an initial payment and then use it for a

number of years, receiving some positive cash flow on account of its use. In cases such
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as these, one should recognize that the investment and operating savings occur in dif-
ferent time periods. Money has a time value: a dollar today is worth more than a dollar
in the future, since it could earn interest. The NPV technique considers this time value
of money.

The NPV technique brings all cash flows back to the present using a discount rate
which reflects the potential alternative uses for the money. By bringing all cash outlays
and cash savings back to the same time, one can determine whether an investment is
worthwhile or whether it is the better of several investments. In the context of HLBS,
cash outlays refer to the expenses incurred to buy and operate HLBS, while cash savings
refer to money the USACE does not spend to conduct surveys using conventional
means. An NPV greater than zero means that USACE would save money by investing
in HLBS technology.

A key parameter in the NPV analysis is the discount rate chosen to reflect the
opportunity cost of the money invested. The Office of Management and Budget (OMB)
prescribes a discount rate of ten percent in the evaluation of government projects.

2.3.2 Annualized Costs

When private sector firms invest in assets, they too must earn a return on their
investment. However, such firms cannot borrow at rates as low as the government,
must pay taxes on their profits, and have to consider the riskiness of their investment--
or the chance that the investment will not work out as planned. The HLBS would con-
stitute a very large investment for these firms which take the chance that project work
may not be forthcoming. Recall that energy exploration in the U.S. has substantially
fallen in the last few years. Companies that had invested in equipment to perform
support work have had to sell the equipment at a loss or perhaps gone out of business.
To keep an investment in the HLBS analogous to an investment of similar risk, this
analysis uses a 25-percent discount rate to amortize the commerdal operators’ purchase
of the HLBS and associated equipment. The amortization rate converts a large initial

investment into a stream of annual payments.
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2.3.3 Estimating Prices for a4 Contractor-Owned HLBS

The following section describes how the cost model cstimates the price commer-
cial firms would charge for HLBS services. These prices incorporate both the cost of
performing the HLBS surveys and the normal profits earned from this work assuming
that competitive conditions prevail in the market for contract hydrographic surveys. As
shown below, these costs consist of helicopter charges, salaries and overhead for the
contract laser and ground crew, the per diem allowances, the ground transportation for
setting up ground stations, post processing, and HLBS maintenance. On top of this, the
cost model adds the amortized cost of the investment allocated across the different
missions, assuming an annual contract of 150 mission hours. The amortization rate of 25
percent incorporates a normal profit for the contractor.

2.3.4 Cost Formulae

The contractors will charge a price for conducting a survey mission. These prices
include the mission operating costs, then the annualized investment for the HLBS
svstem, ground stations and the annual maintenance cost (Figure 2.3), which is estimat-
ed at five percent of the initial laser price.

The cost model finds the net present value of the investment in HLBS by dis-
counting the annual difference between benefits and costs. The figure, the net annual
benefits, consist of the difference between the expected conventional cost and the cost to
USACE of HLBS surveys—most often the price the contractor changes. The net annual
benefit consists of the difference between the expected conventional costs of each scenar-
io and the associated HLBS cost per mission (Figure 2.4). The operating cost per mission
is the sum of the helicopter cost (Figure 2.5), laser crew cost (Figure 2.6), ground crew
cost, post-processing cost and a factor for mission efficiency (Figure 2.7). The helicopter
cost is the sum of the daily helicopter lease, the charge per flight hour and the air crew
travel and per diem charge. The laser crew cost is the sum of the laser crew wages, per

diem and travel. Post-processing costs are included in "Other Costs.”
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Figure 2.5
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Figure 2.6

Laser Crew Costs
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Figure 2.8 shows the unit operating costs. This is the operating cost per mission

t divided by the product of the number of survey hours times the coverage rate. The

coverage rate consists of the potential number of square nautical miles surveyed per

survey hour. It is found by multiplying the survey speed by the swath width and then

. dividing by the number of feet per square nautical mile. Since the cost to measure a 70-
foot wide channel is the same as the cost to measure a 300-foot wide channel by HLBS,
the measure of costs per square nautical mile may be misleading (same cost for 4.3 times
as much area). A more appropriate measure may be cost per linear channel nautical
mile, which takes account of the multiple passes made by either conventional or HLBS
surveys which are required in wide areas of harbors. Unit costs based on area generally

will yield results favorable to HLBS due to its wider swath.
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Chapter 3
HLBS BENEFIT-COST ANALYSIS RESULTS

3.1 Introduction

This chapter reports the results of the benefit-cost analysis of the Helicopter Lidar
Bathymeter System (HLBS). The Coastal Engineering Research Center (CERC) technical
monitor selected candidate projects for inclusion in the economic analysis. The study
team then created the specific survey missions which represented a cross-section of
these projects. The analysis investigates six scenarios each consisting of six specific
survey missions reported as HLBS-surveyable from field office responses.

The current survey costs for the projects within each mission were compared
with the estimated HLBS price to determine the operating-cost savings potentially avail-
able from use of the system. The costs of purchasing the HLBS and the necessary
ground positioning units and tide gauges, along with the annual cost of maintenance,
were treated as fixed costs and recovered as part of this price. The remaining net bene-
fits were then used to perform a discounted cash flow analysis.

3.1.1 Selection of Missions

The Corps of Engineers conducted a survey of field offices to identify existing
survey projects which might have the potential for application of HLBS technology. For
each project, the field office reported the survey frequency, the cost of the survey, and
the time required to perform the survey. Also included with the survey responses were

maps of each project. CERC specified that the analysis include the following types of

projects:
o Inland waterway sections;
o A series of small harbors;

o A large harbor;

3 A number of coastal inlets.



From these, six HLBS survey missions were developed for detailed analysis.

In the analysis of each mission, the study team selected specific projects that
could be logically grouped into missions. The team then created hypothetical flight
plans as required by the helicopter tracking system. They reviewed survey maps to
determine the number of HLBS swaths to be flown, the time necessary to acquire the
survey data as well as additional flight time needed for initial positioning, returning to

the airport to refuel and moving from one site to another within survey areas. The team

created the following survey missions:

0 Cape Cod Canal-Approximately 35 miles of the Canal channel along with

two small projects in the immediate area;

o Delmarva Peninsula—Approximately 70 miles of the inland waterway
which contains a number of projects consisting of bays, inlets and channels

along the waterway;

o Florida Inland Waterway—Approximately 140 miles of inland waterwa
on the west coast of Florida along with Tampa Harbor and a number o

other related projects;

o Small Harbors in Maine—A series of 37 harbors located along the Maine

coastline;

o Hollywood Florida Area—A condition survey of ten miles of beach front in
Miami along with four Florida harbors, and the harbor in San Juan, Puerto

Rico;

o New Jersey Inland Waterway—~Almost 113 miles of waterway along

coastal New Jersey.

3.1.2 Scenarios Evaluated

Each mission was evaluated under the following six scenarios:

1. Contractor-owned/Contractor-operated (Co/Co): Separate projects with
UHF Tri:gonder. The economic analysis treats all six missions as being
independently of one another for the purpose of this scenario.

conduct
This means that each mission bore separate mobilization and

demobilization costs for the HLBS and helicopter. This scenario assumed
the purchase and use of five UHF Trisponders for horizontal positioning

and twelve automatic tide gauges for vertical positioning.

2. Co/Co: Division-wide with UHF Trisponder. This scenario is identical to
#1 above except that the missions have been combined at the division-

level for mobilization /demobilization.
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Co/Co: Corps-wide with UHF Trisponder. This scenario is identical to #1
above except that the missions have been combined at the Corps-wide
level for mobilization /demobilization.

Co/Co: Separate projects with two-dimensional GPS. This scenario is

identical to #1 above except the laser crew would use a two-dimensional

ﬁlobal positioning system (2-D GPS) instead of UHF Trisponders for
orizontal positioning.

Co/Co: Separate projects with three-dimensional GPS. This scenario is
identical to #1 above except that the contractor would use a three-dimen-
sional global positioning system (3-D GPS) instead of UHF Trisponders.
In addition, separate tide 1gauges would not be needed with the 3-D GPS
for horizontal and vertical positioning.

Government-owned/Contractor-operated (Go/Co): separate projects with
UHF Trisponder. This scenario is identical to #1 above except the HLBS
would be owned by the government and operated by private contractors.
In this scenario, the government pays the development cost for the opera-
tional prototype.

3.1.3 Critical Assumptions

Because of the unproven nature of HLBS technology, a number of assumptions

had to be made about relevant technical and economic parameters. The most important

of these are as follows:

0o

The HLBS would require a Corps investment of $5.55 million which
includes all software, data processing equipment and initial provisions of
spare parts.

The system would operate for seven years and would have no value at the
end of this period.

Annual system maintenance costs would be five percent of the HLBS
commeraal acquisition costs of $2.75 million

In the Co/Co scenarios, the HLBS would operate for 150 hours per year to
complete Corps surveys. This equates to about $2.8 million worth of exist-
ing surveys using conventional techniques.

The Go/Co scenario assumes an increasing level of contracted missions
rising from $900,000 in 1991 to $8.6 million in 1995 and thereafter.

Each hour of data gathered will require ten hours of processing (two
people working five hours each) to prepare the survey products.

A B-212 helicopter would be chartered for $3,000 per day and $660 per
flight hour. This price includes two pilots and a mechanic.




o The helicopter lessor will take two days to install and remove the HLBS
and it will take two days and sixteen flight hours to travel to and from the
mission area.

o The helicopter operates at a speed of 20 knots and an altitude of 200
meters when gathering data. This geometry Froduces a swath width of
alfproximately 350 feet with a spot spacing of less than five meters alon
the line of flight. A swath width of 300 feet was used in the analysis of the
missions to allow a margin of error. The helicopter flies at 100 knots when
not gathering data (deadhead).

0 The HLBS survey crew consists of four persons (not including the helicop-
ter crew). This provides two le to operate the HLBS in the helicopter
and two persons responsible for &e placement of ground positioning
systems and tide gauges.

o An additional 15 Fercent of mission and post processing costs were used
to accommodate for potential inefficiencies.

3.1.4 Description of Sections to Follow

The remainder of Chapter 3 outlines the six separate scenarios as they relate to
the six missions, with particular emphasis on the Florida Intracoastal Waterway mis-
sion. Section 3.2 describes one mission (FL-IWW) in detail to show how the analysis of
HLBS was approached. Section 3.3 shows the base case scenario benefit-cost results
along with HLBS costs for operating one mission (FL-IWW). Section 3.4 shows the
benefit-cost results for the other five scenarios. Section 3.5 compares the benefit-cost

results among the five Co/Co scenarios.

3.2 Operational Mission: FL-TWW

This section highlights the background data for the FL-TWW mission. The follow-
ing sections then show the results for all missions under each scenario evaluated in the
study.

3.2.1 FL-IWW Projects

As shown in Table 3.1, the FL-TWW mission is composed, not only of the intra-
coastal waterway, but also of thirteen other projects along its path. Included in this
mission is the particularly large survey of Tampa Harbor, which has a linear survey

distance only twenty miles shorter than that of the IWW section in this mission.

34




st 8yl S0 0t L 412 6'96C 00S°'SLIS €818 simoL

1% 4] 98'S L 09v'ey 0seLit 000'06$ 001 006 JoqieH edwey
200 620 T 9199 82.L°S 000't$ 00'L o't Joqiey Bingsseled 1S
c0'0 €10 066°1 195°¢ 00S°1$ 0S'0 0t ssed 8liuD-v-ssed
100 900 9etL’t 9gtL’t 005'1$ 0s'0 o'e BUOZQO H
€00 L0 2662 g6y'e 00S'v'$ 00t Sy ssed MIN ~
100 800 LIEL 9v9'l 000'ss  00'L 0s ssed jeogbuor 7
200 600 6€S°1 6SL°1 00S'2$ 00't S'L ssed suyor i ,
19°¢ 869 S0 sg't 059092 089°6ElL 000°'0e$ 00'L 0'0e HY 0l HO ~-MMI m
ve'0 cLo SLLve viv'e 00S'v$ 0s'0 06 Joaly yBnosoasitH .
c0'0 St'o toe'e 000t 005'2$ 00’1 Se SSed Jojemieo|)
€00 Se0 099°¢ 000°Z 00S'v$ 00't 1218 4 loqiey enopeyd
000 200 80¥°0 vEPO 000°'€$ ag't o€ ssed Aese)
200 980 GL6'L ive'L 000'G1$ 004 0'st JaAly eiopuy
£0°0 8L'0 2962 99S°'e 000't$ 00t ot JaAaly eyely
Gimopp (sinopp) SRR pwWD SAEQ  peeypesq  ASAIng 1560 barg 06087 $IO3roud
pesypeag  Aoamng anxyg Aoamng SO [BONUBN--- paoadxy Aanung 180D .,
— -SHTH--- —— e | JEUONUIATOD) - =~ e e ]

UOISSIN MMI-"Td Jo uonduasaq 19fo1d 1€ SIqel



Table 3.1 outlines the conventional survey costs for each project as well as their annual-
ized expected conventional costs. The table shows the nautical miles flown in both
survey and deadhead modes, and the corresponding helicopter flight time in both
survey and deadhead modes. The helicopter takes three days to fly a total of 18.3 hours
due to the daily maximum flight time limit of eight hours per crew.

The ground crew will need three-and-one-half days to perform their duties. They
require a half-day in advance of the helicopter’s arrival to set up the ground stations for
the first day’s surveying. After that they are able to move the stations in advance of the
helicopter, completing the job at the end of the third day (with 3-D GPS, the analysis
assumes that the ground crew does not require the one-half day prior to the arrival of

the helicopter.)

3.2.2 Trip Length

For each flving day, the helicopter is allotted eight total hours of flight time. For
refueling purposes, the analysis assumes that the helicopter must land for fuel after a
maximum of two-and-one-half hours in the air. Consequently, each survey day is
divided into survey trips. In the case of the Florida Intracoastal Waterway project, the
helicopter will fly a total of ten trips; four trips on each of the first two days and two
trips on the last day of the mission. For more specific information on flight routes and

times, refer to Appendix C.

This section first describes the Contractor-owned/Contractor-operated (Co/Co)

scenario with separate missions and UHF positioning systems. It shows the costs of
conventional surveys and compares these to HLBS operating costs. Next it shows the
calculation of the net benefit to the Corps of employing HLBS on these missions which

includes recovery of fixed costs as well as an assumed profit margin for the contractor.
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The following section shows how the base-case results change under different scenarios
of mission grouping, positioning system used, and HLBS ownership.

The derivation of the net present value to the Corps due to a Contractor-
owned/Contractor-operated HLBS treats each mission separately and uses the UHF
Trisponders and automatic tide gauges for ground positioning. Table 3.2 shows the
basic assumptions employed in this scenario. Note that the price for the commercial
HLBS is $2.75 million: this remains constant for all scenarios. This scenario uses five
Del Norte UHF Trisponders and twelve automatic tide gauges for a combined price of
$200,000. Other pertinent assumptions within this scenario include: the Contractor-
owned/Contractor-operated amortization factor of .3163, two days for the helicopter set
up; two days of ferry time and sixteen flight hours to ferry the helicopter to its location.

3:3.1 Mission Description

This section discusses each of the missions and identifies the cost savings at-
tributable to use of HLBS in comparison to conventional survey methods. Each of these
discussions assumes the HLBS to be Contractor-owned/Contractor-operated with UHF
Trisponders as the ground positioning system and separate helicopter leases for each
mission. It then presents an evaluation of the overall savings available to the Corps
irom employing HLBS to conduct these surveys. Table 3.3 shows the key parameters
for each of the missions including expected conventional survey costs, HLBS operating,
costs and HLBS mission prices.

Cape Cod Canal~-This mission includes 34.6 miles of the Cape Cod Canal
along with surveys of Onset Bay and Wareham Harbor in Massachusetts. These sur-
veys currently cost $135,000 in the aggregate. However, because the Onset Bay and
Wareham Harbor surveys are done infrequently, the annualized survey cost is $109,500.
These surveys would require approximately 2.0 hours of HLBS data gathering. It is
expected that this mission would incur operating costs of approximately $31,000 using

HLBS. This includes the standard allowance of two days for installation and removal of
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the HLBS as well as two days of ferry time and 16 flight hours to access the Cape Cod
survey site. Including all access time, the helicopter would be chartered for a total of
five days to complete the mission. Appendix A contains a complete description of this
mission.

Delmarva Peninsula—~This mission consists of the Virginia portion of the inland

waterway from the Chesapeake Bay to the Maryland State line within the Delmarva
Peninsula. Using current survey techniques, these projects cost almost $155,000 to
survey; on an annual basis, they represent approximately $70,000 worth of work per
year. The present surveying does not include the entire waterway, but rather small
sections along the waterway. The HLBS would survey the entire waterway in Virginia.

Using the HLBS, these surveys would require 3.5 hours of data gathering time
along with another 0.4 hours of flight in and around the area. The total HLBS operating
costs for these missions would be approximately $35,000. Appendix B provides further
details of this mission.

Florida West Coast Intracoastal Waterway—This mission consists of just over 138

miles of inland waterway along the west coast of Florida. It includes another major
project, a survey of Tampa Harbor. In addition to these major activities, 12 other smail-
er projects are included. This mission is used as the example in the detailed scenario
analyses in Section 3.3.3. A complete description of this mission appears in Appendix C.

Hollywood Florida Harbors—This mission consists of a condition survey of ten

miles of beachfront in Miami along with four harbors in the same area. In additicn, the
helicopter would be ferried to Puerto Rico to conduct a survey of San Juan Harbor.
Currently, these projects cost the Corps just over $150,000 per year and are conducted
annually. These same missions could be conducted using HLBS for just over $73,000 in
operating costs. This assumes that the helicopter is brought into the Miami area and

then conducts the Miami area and San Juan surveys before returning it to the helicopter
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charter company. The helicopter would be used for a total of nine days to conduct these
missions. Appendix D contains a more complete description of this mission.

A Series of Harbors in Maine—This mission includes 37 harbors along the coast of
Maine. Each project is quite small, but the annualized cost to the Corps is almost
$111,000. In this mission, there is significant movement and setup for ground position-
ing systems resulting in the addition of an extra day of ground crew time in the analy-
sis.

To appreciate the speed at which the HLBS gathers data, it only requires 4 1
hours to collect the data for the 37 harbors. An additional 5.6 hours of flight time is
involved in repositioning the helicopter within the survey area. The operating costs of
this mission is $49,025 using HLBS. The helicopter would spend three days in the
survey area in addition to the four days of equipment insiallation and access to the
survey site. Appendix E contains a more complete description of this mission.

New Jersey Intracoastal Waterway—This mission is conducted yearly by the

Corps at a cost of $150,000. It consists of a survey of approximately 113 miles of the
intracoastal waterway in New Jersey. This mission could be conducted using HLBS for
$71,807 in operating costs. This includes one day of helicopter operation for the survey
and four days to place the helicopter into position and condition for use. A more
complete description of this survey mission appears in Appendix E.

3.3.2 Net Benefits to the Corps

Table 3.3 presents the summary of the costs and prices related to this scenario.
Total conventional survey costs for all missions are $767,475 while total HLBS operating
costs are $283,276. The six separate missions would take appioximately 38 days to
complete. Of these, 24 days would be spent in helicopter mobilization/demobilization.
This analysis estimates that private contractors would charge a price of $558,531 for

performing the six missions.
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Table 3.4 shows the net present value for this scenario and how it was calculated.
The difference between the expected conventional cost and the contractor mission price,
both found in Table 3.3, yield the net annual benefit of $208,944. The annual Corps
benefits of $812,768 are the result of multiplying the net annual benefit by the ratio of
annual mission hours (150) to survey hours (38.6). In this scenario, the net present value
to the Corps is $3,185,207, which represent the sum of each year’s discounted net bene-

fizs.]
Table 3.5 shows w.1e amortized first costs and annual costs for calculating the

HLBS price in this scenario. First costs consist of the price of the HLBS and the position-
ing system. Using an amortization factor of .3163 based on private ownership, amor-
tized first costs amount to $933,208. This amount, added to the system maintenance
costs of $137,500 per year (five percent of the total HLBS price), yields the total annual
cost for the HLBS of $1,0070,708. These are allocated over the annual mission hours and
have been incorporated into the HLBS price shown in Table 3.3.

3.3.3 The Florida Intracoastal Waterway Mission

Table 3.6 shows the derivation of the annual HLBS operating costs of $58,731 for
the FL-IWW mission. This amount consists of $45,167 in helicopter costs, $2,295 in laser
crew costs and $11,269 in other costs. The total helicopter costs result from the daily
and hourly use charges for the helicopter. Note that half of these costs come from the
mobilization and demobilization of the helicopter. Laser crew costs represent the total
crew costs for operating the HLBS as well as for travel and per diem costs. Other costs
result largely from ground crew costs ($1,925), post processing costs ($5,567) and the

efficiency factor ($2,937).

IThe discounted net benefit is that year’s net benefit multiplied by a continuons
discount factor derived using the OMB-prescribed 10% discount rate.
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Table 3.5 Amortized First Costs and Annual Costs
Co/Co Scenario;Separate Projects
Positioning System (UHF)

AMORTIZED FIRST CQOSTS Totals
Commercial System Price 2,750,000
Positioning System (UHF) 200,000
Sum of First Costs 2,950,000
Amortization Factor 0.3163
Amortized First Costs $933,208
ANNUAL COSTS Totals
Amortized First Costs $933,208
System Maintenance (% of Price) $137.500
Total Annual Costs $1,070,708




Table 3.6 Operating Costs per Mission

Co/Co Scenario;Separate Projects
Positioning System (UHF)
Mission: FL-TWW

OPERATING COSTS PER MISSION

HELICOPTER COSTS

Assumptions

Mission Totals

Helicopter Lease Cost (Fixed) $3,000

Helicopter Lease Cost ($/Fit.Hr) $660

Helicopter Ferry & Set Up (Days) 4 $12,000
Helicopter Ferry Flight Hours (RT) 16.00 $10,560
Number of Mission Days--HIcptr Crew 3 $9,000
Helicopter Mission Flight Hours 18.4 $12,137
Travel & Per Diem (Per Prsn/Day) $70 $1,470
Total Helicopter Costs $45,167
LASER CREW COSTS

Number of Mission Days--Laser Crew 3

Tech Laser Crew (Nmbr & Avg Price) 2 $3125 $1,875
Travel & Per Diem (Per Prsn/Day) $70 $420
Total Laser Crew Cost $2,295
OTHER COSTS

Number of Mission Days--Ground Crew 3.5

Ground Crew (Nmbr & Avg Price) 2 8275 $1,925
Travel & Per Diem (Per Prsn/Day) $70 $490
Ground Transportation $50 $350
Number of Survey Hours 14.85

Post Processing (Technician $/Hr) $38 $5,567
Efficiency Factor 15.0% $2,937
(% Helicopter Flight, Laser Crew

Total Other Costs $11,269
TOTAL OPERATING COSTS PER MISSION $58,731
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) Table 3.7 shows the unit operating costs for the scenario. Unit operating costs
amount to $3,194 per hour. This is based on the operating cost of $58,731 per mission
divided by 18.4, the number of hours the helicopter uses to fly the mission. Table 3.7
also shows unit operating cost per square nautical mile ($4,006) and unit operating cost

per square kilometer ($2,163).

3.4 Results of Different Scenarios

This section shows how the HLBS benefit-cost results change across different
scenarios depending on the level of mission aggregation or the type of positioning
system used. It also contains the benefit-cost results for the operational prototype HLBS
under evaluation by CERC.

3.4.1 Co/Co: Division-Wide Missions with UHF Trisponder

This scenario ties the two Florida missions together, the two New England mis-
sions together, and the New Jersey and Delmarva missions together. Table 3.8 shows
the basic assumptions used for this scenario, presented in terms of each mission. This
scenario assumes the helicopter will be rented to survey the HLBS projects within a
Corps division, so the helicopter set up time would take a total of two days, the ferry
time would take two-and one-half days, and the ferry flight time would take twenty
hours. This scenario adds four flight hours and one-half day to the ferrying costs to
account for movement within the division. These lower per mission figures represented
in the table arise because the helicopter would be used for two missions within each
division and thus, the more efficient use of the helicopter lowers the cost of mobiliza-
tion/demobilization.

Table 3.9 shows the costs and prices for each mission in this scenario. Total HLBS
operating costs for all missions falls to $225,811. These missions would now take 28

days. The total contractor price for performing these missions would fall to $501,066.
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Table 3.7 Unit Operating Costs
Co/Co Scenario;Separate Projects
Positioning System (UHF) Mission: FL-IWW

UNIT OPERATING COST (per hour)

Operating Costs per Mission $58,731
Helicopter Mission Flight Hours 18.4
Unit Operating Cost ($/Hrs) $3,194

UNIT OPERATING COST (per Square Nautical Mile)

Operating Costs per Mission $58,731
Number of Survey Hours 14.85
Coverage Rate (Sq N Miles/Hr) 0.99
Square Nautical Miles 14.7
Unit Operating Cost ($/S.N.M.) $4,006

UNIT OPERATING COST (per Square Kilometer)

Operating Costs per Mission $58,731
Square Kilometers 27.15
Unit Operating Cost ($/Sq Km) $2,163
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Helicopter costs are less expensive in this scenario due to the lower set up time and
ferry time caused by the Division-wide scenario of grouping the missions.

Table 3.10 shows a net annual benefit for the scenario of $266,409. At 150 hours
of use, the annual savings would be $1,036,300. In this scenario, the net present value to
the Corps rises to $4,061,222.

3.4.2 Co/Co: Corps-Wide Missions with UHF Trisponder

Table 3.11 shows the basic assumptions used for the scenario of a Contractor-
owned/Contractor-operated Corps-wide missions using a UHF Trisponder. This sce-
nario assumes the helicopter will be chartered to survey all six missions as a group. The
table shows the average set up and ferry time for each mission. The total for all six
missions would be two days for set up, four and one-half days for ferrying and thirty-
six flight hours. An additional half-day and four hours flight time have been factored
for positioning the helicopter between each of the missions. .Also note that this scenario
assumes the long-term daily lease rate of $1,600 per day.

Table 3.12 shows the costs and prices considered in this scenario. Total expected
conventional survey cost for the scenario remains $767,475. Total HLBS operating costs
for all missions falls to $158,765. The survey now takes only 20 days. The total contrac-
tor price required for performing all missions would fall to $434,020. Helicopter costs
are less expensive in this scenario due to the even lower set up time and ferry time due

to the Corps-wide grouping of the missions. Laser crew and other costs remain the

same.
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Table 3.13 shows the net present value based on this scenario. The
benefits used in calculating the net present value arise from the $333,455 difference
between the total expected conventional cost and the total price per mission. At 150

hours of use, the net present value to the Corps rises to $5,083,245.

3.4.3 Co/Co: Separate Missions with 2-D GPS

Table 3.14 shows the basic assumptions used for the HLBS analysis. This section
examines the scenario composed of a Contractor-owned /Contractor-operated HLBS
consisting of separate missions using 2-D GPS. The major change in this scenario is the
use of a 2-D ground positioning system costing $220,000, which includes the cost of
twelve tide gauges.

Table 3.15 shows the costs and prices used in this scenario. Total HLBS operating
costs for all missions remain the same at $283,276. The total contractor price for per-
forming all missions would increase, however, to $560,157, as a result of the slightly
higher price of acquiring a 2-D GPS positioning system over a UHF system.

Table 3.16 shows the NPV to the Corps of this scenario. The benefits used in
calculating the net present value arise from the $207,317 savings in total mission costs.
At a level of 150 hours of annual use, the net present value to the Corps is $3,160,413.

3.4.4 Co/Co: Separate Missions with 3-D GPS

Table 3.17 shows the basic assumptions used for the analysis of the scenario
composed of a Contractor-owned /Contractor-operated HLBS with separate missions
using a 3-D GPS. The major change in this scenario is the use of a 3-D ground position-
ing system at a cost of $100,000, which eliminates the need for tide gauges. In addition,
the ratio of post-processing to survey hours has increased to six-to-one (two people at
six hours each). This allows for the additional time needed to process the additional
data on tide levels from the 3-D system.

Table 3.18 shows the costs and prices considered in this scenario. Total HLBS

operating costs rise to $284,232. Conversely, the total contractor price for performing all
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missions would fall to $551,354 due to helicopter capital costs. The total helicopter costs
and the laser crew costs have remained the same but other costs have risen as a result of
higher post-processing costs and efficiency costs. Ground crew costs have fallen, but
not enough to offset the other operating cost increases.
Table 3.19 shows the net present value for this scenario rises to $3,294,608. This
has resulted from a net annual benefit of $840,683 for 150 hours of HLBS use
3.3.6_Go/Co: Separate Missions with UHF Trisponder

Table 3.20 shows the basic assumptions used for the HL.BS analysis of the scenar-
io composed of a Government-owned/Contractor-operated HLBS with separate mis-
sions using a UHF Trisponder. The HLBS used would be the operational prototype de-
veloped with funding provided by USACE and the Canadian Government. These
include the annual maintenance costs of $137,500 along with a UHF ground positioning
system at a cost of $200,000. Table 3.21 shows the costs and prices for this scenario. The
difference between this and the base case scenario lies with the net annual benefit,
which the Government would derive for leasing the HLBS to a private contractors. This
figure, shown in the last column of Table 3.21 consists of the difference between expect-
ed conventional costs and HLBS operating costs.

Table 3.22 shows how the net present value is calculated based on the USACE
share of development costs over a three year period, 1989 to 1991. The benefits used in
calculating the net present value arise from the $484,199 net annual benefit. This figure
has been extrapolated by an annual dollar value of USACE contracts that rise from
$900,000 in 1991 to $8.6 million in 1995 and beyond. In this scenario, the net present
value to the Corps is $6,650,869.

Table 3.23 shows the amortized first costs and annual costs for the HLBS in this
scenario. Using an amortization factor of .2054, based on Government ownership,
amortized first costs amount to $605,946. This amount, added to system maintenance

costs of $137,500 per year, yields a total annual cost for the HLBS in this scenario of
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Table 3.23 Amortized First Costs and Annual Costs

Go/Co Scenario;Separate Projects

Positioning System (UHF)

AMORTIZED FIRST COSTS Totals
Commercial System Price 2,750,000
Positioning System (UHF) 200,000
Sum of First Costs 2,950,000
Amortization Factor 0.2054
Amortized First Costs $605,946
ANNUAL COSTS Totals
Amortized First Costs $605,946
System Maintenance (% of Price) $137.500
Total Annual Costs $743,446
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$743,446. Although not used to determine NPV, this table is indicative of the difference

in capital costs facing private companies versus those facing the Government.

3.5 Comparison of Co/Co Scenarios
Figure 3.1 compares the net present values in 1989 to the USACE of HLBS mis-

sion scenarios based on varying levels of mission aggregatior,, but all using UHF posi-
tioning. For example, it shows that a Contractor-owned/Contractor-operated system
conducting the six separate missions would produce a net present value of savings
worth approximately $3,185,207 for the Corps. These results are based on 150 hours of
HLBS use per year and a system cost of $2.75 million. The net present value increases
substantially as the six individual missions are grouped at the division-level and then
again at the Corps level. These gains are achieved because fewer days of
mobilization/demobilization occur when missions are aggrecated.

Figure 3.2 shows changes in the NPV for a Contractor-owned/Contractor-oper-
ated HLBS corducting the six separate missions using the different ground positioning
systems: UHF Trisponder, two-dimensional GPS or three-dimensional GPS. The
©CONOMIC anaiysis results are relatively insensitive to the choice of positioning system.
The UHF and 2-D positioning systems differ in cost by only $20,000. The 3-D position-
ing system, although costing $100,000 less than the UHF system and $120,000 less than
the 2-D system, has a higher post-processing cost, which largely offsets savings in

ground positioning system acquisition.
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Chapter 4

SENSITIVITY ANALYSIS

This section shows how the results of the economic analysis change under differ-
ent assumptions regarding costs, methods of operation and HLBS utilization. It shows
that the three most important factors affecting the net present value of the HLBS in-
vestment are mission hours, acquisition cost and helicopter lease costs. Less important
factors in terms of impact on system economics are mission efficiency, discount rates,
and helicopter hourly costs. All the sensitivity analysis in this section are based on the

Co/Co: separate projects with UHF positioning scenario.

4.1 Cost Savings to Corps

Figure 4.1 shows the percentage of the expected conventional costs saved given
increasing levels of annual mission hours. This graph demonstrates the significant gains
to be made especially in levels under 300 hours. Increasing utilization from 100 hours to
156 results in a 17.9 percent net savings whereas increasing utilization from 600 hours to

650, although still beneficial, only saves 0.7 percent of expected costs.

4.2 _Mission Hours, Acquisition Cost and Helicopter Lease

Figure 4.2 shows how the net present value changes using a helicopter lease cost
of $3,000 per day and various levels of HLBS acquisition cost and annual mission hours.
At 150 hours of use per year, the Co/Co breaks even at an acquisition cost of approxi-
mately $5 million. At 100 mission hours the break-even cost is $3.2 million. At 100
mission hours, an acquisition cost of iess than $3.2 million would yield a positive net
present value. The break-even HLBS system cost at 200 mission hours is $6.7 million; at
250 mission hours it is $8.4 million; and at 300 mission hours it is $10.1 million. At the
acquisition cost of $2.75 million and 150 hours of use in the analysis, the net present

value of survey cost savings to the Corps is $3.2 million.
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Figure 4.3 shows the sensitivity to mission levels for helicopter lease costs of

$1,600 per day. This lower cost would be typical of lengthier helicopter lease

periods. At 100 annual mission hours, the break-even acquisition cost would be $3.6 million;

at 150 mission hours it would be $5.5 million; at 200 mission hours it would be
$7.4 million; at 250 mission hours it would be $9.3 million; and at 300 mission

hours it would be $11.2 million.

4.3 Costs and Utilization

The results in the earlier figures reveal that NPV is sensitive to both mission
hours and acquisition costs. The reason acquisition costs exert such a pull is that the
HLBS has a high ratio of fixed costs to total costs. Figure 4.4 shows the aliocation of
amortized acquisition costs and maintenance costs per hour at various levels of annual
mission hours. As the number of mission hours increase, the annual cost per mission
hour decreases. For example, these costs fall in half from $10,707 per hour at 100 hours

of use to $5,354 per hour at 200 hours of use.

4.4 Efficiency

One of the operational characteristics built into the analysis was an efficiency
factor. This adds an additional cost premium to accommodate {or lost time due to the
helicopter resetting itself after making a turn or a loop, having to backtrack to resurvey
a missed area, and other such contingendes. This factor adds a percentage of the heli-
copter charter, laser crew and post processing costs back into the operating cost per
mission. As such, the sensitivity analysis conducted on the efficiency factor raises
operating cosis and can be viewed as a means of testing sensitivity on a wide range of
other operating cost components such as costs of the labor, per diem, ground transpor-
tation, number of crew and so forth. Figure 4.5 shows the net present value of the

system at various levels of efficiency for boih the sepaiaic projects and Corps-wide
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