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Foreword

This OTA Technical Memorandum on postal automation responds to an October 5,
1983, letter of request from Congressman William D. Ford, Chairman of the House
Committee on Post Office and Civil Service, Congressman Robert Garcia, Chairman of
the Subcommittee on Postal Operations and Services, and Congressman Mickey Leland,
Chairman of the Subcommittee on Postal Personnel and Modernization.

The Committee asked OTA to review the United States Postal Service (USPS)
decision to utilize single-line optical character readers (OCRs) instead of multi-line
OCRs, and to conduct a comparative technical and economic analysis of the two
technologies in the context of the overall postal automation program. OTA did not
assess the impacts of postal automation in other areas such as labor force requirements,
mail processing organization, and privacy and security of the mail.

The Senate Committee on Governmental Affairs, Subcommittee on Civil Service,
Post Office, and General Services, has also expressed an interest in this subject.

[n preparing this memorandum, OTA has drawn on information and analyses from a
variety of sources, including the October 1982 OTA report on Implications of Electronic
Mail and Message Systems for the U.S. Posta Service. USPS has provided extensive
materials on prior USPS automation studies as well as current operational data. The
General Accounting Office has provided useful perspectives and analyses based on prior
work and on a directly related study conducted in parallel with OTA’s. On March 5, 1984,
OTA held a postal "automation ‘workshop attended by mailers, manufacturers, and
researchers who, along with USPS and GAO, participated in a vigorous discussion of key
issues. Finally, OTA has benefited greatly from the excellent work of two OTA
contractors -- Friendship Engineering Company for technical analysis and Decision
Science Consortium, Inc. for decision and economic anaysis.

OTA appreciates the participation of those who helped bring this study to fruition.
The memorandum is, however, solely the responsibility of OTA, not of those who so ably
advised and assisted in its preparation. Also, the purpose of this memorandum is to
provide analysis and evaluation of options available to Congress and USPS, not to make
recommendations as to which option(s) should be implemented.



Overview

The United States Postal Service (USPS) is in the midst of implementing a major
postal automation program. This program includes acquisition of a large number of
optical character readers (OCRs) and bar code sorters (BCSs) aong with adoption Of the
extended 9-digit ZIP code (known as ZIP + 4).

This postal automation program is intended primarily to reduce the amount of labor
required to process mail, and secondarily to improve the quality of mail service. Since
labor accounts for about 85 percent of total postal costs, reductions in the labor
component of mail processing offer the greatest potential to cut current postal costs and
restrain future cost increases.

USPS has already developed a national ZIP+4 directory, and since October 1, 1983,
has been encouraging business mailers to use ZIP+4. Mailers receive a discount of 0.5
cent per piece of ZIP+4 presort first class mail when OCR-readable (can be read by
optical character readers) and mailed in batches of 500 or more letters. For ZIP+4
non-presort first class mail, mailers receive a discount of 0.9 cent per piece, when
OCR-readable and mailed in batches of at least 250 letters. Use of ZIP+4 is voluntary.
At present, very few mailers (59 as of late May 1984) have converted to ZIP+4.

Use of ZIP+4 alows USPS to sort letters down to the city block, building, or post
office box, whereas the 5-digit zip code permits sorting only to the level of a smaller
post office zone or a geographical area within a larger post office zone. The optical
character readers are intended to read the ZIP+4 code, trandate it into a bar code, and
apply the bar code (with an ink jet printer) to the lower right-hand corner of the
envelope. From then on, the letter can be sorted automatically by barcode sorters down
to the level of carrier routes. All intermediate manual sorting is eliminated.

To carry out the automated sorting, USPS has already bought 252 OCRs and
248 BCSs (Phase | of the automation procurement) at a combined cost (including ancillary
equipment and installation expense) of $234 million. USPS expects this equipment to be
fully installed and operational by the end of 1984. And USPS has received bids on
procurement of an additional 403 OCRs and soon will be soliciting bids on an additional
452 BCSs (Phase Il of the automation procurement). USPS has allocated $450.2 million
for this procurement, of which $363 million is for capital expenditure.

The central issue addressed by this OTA technical memorandum is whether the
current USPS automation strategy is technically and economically sound, and whether
USPS should proceed to actual procurement of this equipment as planned or revise its
strategy in whole or in part.

OTA concluded that the current postal automation strategy, while technically
feasible, is not likely to achieve the greatest projected economic return to USPS when
the uncertainty in ZIP+4 usage is taken into account.

USPS has based their “strategy on achieving 90 percent ZIP+4 usage (among large
business mailers) within 5 years, and 27 percent after 1 year. Current estimates indicate
that first year (1984) ZIP+4 usage will fall far short of original USPS projections. Based



on the preponderance of available evidence, OTA concluded that it is quite unlikely that
ZIP+4 usage will grow as fast as assumed by USPS.

Therefore, while the current USPS strategy of using single-line OCRs would provide
an economic return considerably greater than not automating at all, other strategies
offer a better return on investment, net present value, and net cash savings than the
current strategy, especialy if one assumes ZIP+4 usage at the lower range of alternate
projections.

These other strategies involve extensive use of a competitive technology -- the
multi-line optical character reader. Whereas the single-line OCR can read only the “last
line” of an address (defined as city, State, and 5-or 9-digit ZIP code), the multi-line OCR
can read up to four lines of the address and can process a large amount of 5-digit ZIP
mail to the 9-digit level. In other words, the multi-line OCR is not as dependent on use
of ZIP+4 to realize savings from automation.

OTA concluded that, whereas the multi-line OCR may not have been a technicaly
viable alternative 3 or 4 years ago when USPS made its initial decision to go with single-
line OCRs, the multi-line OCR is now fully competitive. OTA found that the multi-line
OCR performs as well as the single-line OCR in processing 9-digit ZIP mail, and
significantly better than the single-line OCR in processing 5-digit ZIP mail to the 9-digit
level. The purchase and/or conversion and maintenance costs of the multi-line OCR are
expected to be only marginally higher than the single-line! and the difference is
negligible when compared to the additional savings expected over the life of the
investment.

Based on the results of OTA’s cash flow modeling, the strategy offering the
greatest economic return to USPS would be for USPS to proceed with the Phase Il single-
line OCR procurement, but simultaneously initiate release-loan testing (and any
necessary related research and development) on single- to multi-line conversion, and then
convert all single-line OCRs to multi-line as soon as possible, regardiess of the level of
ZIP+4 use. OTA has designated this the automatic conversion strategy.

Under conditions of high and median ZIP+4 usage, automatic conversion indicates a
marginaly greater ($40 to $180 million) net present value compared to the single-line
OCR strategy. (Note: Net present value was calculated by discounting future cash flows
at 15 percent per year.) But under low ZIP+4 usage, automatic conversion shows a
substantially greater net present value of $250 to $820 million compared to single-line.
As for total net cash flows (undiscounted) over the life of the investment (1985-98), at
high ZIP+4 use, savings rate, and multi-line performance, automatic conversion shows a
$560 million greater cash flow. All other things being equal, this increases to $790
million a median ZIP+4 usage and a dramatic $3.62 billion at low ZIP+4 usage, compared
to single-line. [n the out years (1994-98), under these conditions, automatic conversion
shows a greater annual net cash flow in the range of $440 to $580 million.

In essence, the substantially greater performance and savings of the multi-line
OCRs with non-ZIP+4 mail far more than offset the slightly higher conversion and
maintenance costs, such that multi-line OCRs offer a clear economic (as well as
technical) advantage over single-line OCRs. Put more simply, if USPS were starting
from scratch today, multi-line OCRs would appear to be the logical choice.



The automatic conversion strategy assumes that conversion of single-line OCRs to
multi-line capability is technically feasible and legaly viable and could be accomplished
with no degradation in performance. Questions have been raised as to whether the
single-line OCR vendors would have the ability to do the conversions and/or whether
other vendors -- perhaps more experienced with multi-line OCRs -- would be able to do
the conversions without having access to proprietary information. A possible solution
would be to reissue the Phase Il request for proposals (RFP) with additional criteria on
single- to multi-line convertibility and/or with a procurement split between single- and
multi-line OCRs.

A split procurement would be intended to provide a stronger push to further
improve multi-line OCR performance and perhaps provide a greater incentive for
competition in the development of both multi-line OCRs and single- to multi-line
conversion kits. OTA found that, overall, a 90-10 split procurement shows the second
highest projected economic return, only marginally less than automatic conversion but
higher than hedge conversion.

Under the 90-10 split procurement option, USPS would cancel the current Phase 11
procurement, immediately reissue an RFP for 90 percent of the single-line OCRs (363
instead of 403), and simultaneously initiate release-loan testing of the multi-line OCR.
A new RFP for procurement of the other 10 percent of Phase 11 OCRs, but using multi-
line technology (40 multi-line OCRs), would be issued as soon as possible, probably in
about 2 years. The single-line OCRs (252 from Phase | and 363 from Phase Il) would be
converted to multi-line as soon as a conversion kit has been successfully developed and
tested.

The 90-10 option would result in a delay of about 2 to 3 months in procurement of
the 90 percent Phase 11 single-line OCRs (the time required to reissue the RFP and
receive and evaluate new bids). Procurement of the other 10 percent would be delayed
about 2 to 3 years (the time required to complete release-loan testing of, issue an RFP
on, and receive and evaluate bids for multi-line OCRs). OTA found that the cost of this
delay for 10 percent of the Phase Il procurement is very small, and would be negligible if
the split procurement resulted in significantly higher multi-line OCR performance than
would otherwise be the case.

In sum, the 90-10 split procurement option is intended to reduce the uncertainty
associated with automatic conversion by providing a greater incentive to companies to
further improve multi-line OCR performance and to develop the best possible conversion
kits.

OTA is not recommending one option over another, but simply pointing out the
trade-offs involved. The automatic conversion shows the highest projected economic
return, followed in order by the 90-10 split procurement, hedge conversion, and 50-50
split procurement. All of these options depend on conversion kits that provide high
multi-line performance.

The principal question is how to stimulate development of the best possible
conversion kit. OTA believes that some outside competition would help achieve this
objective, and that it will be necessary to provide incentives to attract the best
companies. One incentive is to keep open the decision on which company will do the



conversions pending the results of several competitive development and testing efforts.
This means that the best performing company would have a good chance for the
conversion contract (estimated at about $130 million). A second incentive is the
opportunity for participating companies to use the R&D results on the world market,
even if USPS does not buy any multi-line OCRs. A third incentive would be the prospect
of competing for the 10 percent of the Phase Il procurement reserved for multi-line
OCRs (estimated at $34 million) under a split procurement option.

Thus, a 90-10 split procurement option could involve several elements. reissuing
the Phase Il RFP for 363 (rather than 403) single-line OCRs; initiating competitive
release-loan testing on multi-line OCRs; and awarding several development contracts for
conversion kits, either all on a competitive basis or at least one on an open competitive
basis even if the others are awarded sole source to Phase | and Phase Il single-line OCR
companies.

In addition to revising current automation strategy to give greater emphasis to
multi-line OCRs, USPS may also wish to strengthen its commitment to research and
development, which is still well below industry averages, and aggressively pursue further
opportunities for improved performance of postal automation.



Summary

Summary of Technical Analysis

Alternatives to optical character recognition technology. As a starting point, OTA
examined possible alternatives to optical character recognition for postal automation
technology.  Optical character recognition technology reads printed alphanumeric
characters (letters and numbers) and recodes these characters into machine-readable
forms such as a bar code.

OTA identified several electronic, magnetic, and mechanical alternatives to optical
character recognition. However, OTA concluded that, at least for the U.S. mail, it is as
yet difficult to improve on the information-carrying ability, readability, and cost
effectiveness of printed characters on paper. As long as this is the case, then optical
character recognition technology is the technology of choice.

Electronic mail is likely to be the strongest competitor of postal automation. But
there most likely will be a significant residual volume of paper mail at least through the
year 2000. Thus there is a window of opportunity for further USPS use of paper-based
automation technology.

Alternatives to a 9-digit ZIP code. OTA found that there are alternative codes.
However, OTA concluded that at this juncture there is no redistic aternative. The 5-
digit ZIP is amost universally accepted and used (98 percent usage); the 9-digit ZIP
direlctory is now completed; and ZIP+4 codes are being distributed t o large business
mailers.

If ZIP+4 becomes widely used, USPS could consider adding a tenth digit (for error
checking purposes) at some future time. (Note: The USPS bar code already includes a
correction character. ) Only if ZIP+4 does not become widely used could alternative
codes redlistically be considered.

Performance of single-line optical character readers (OCRs). OTA reviewed
available data on performance of the single-line OCRs now being installed by USPS.
Single-line OCRs read only the last line of an address -- usually containing the city,
State, and 5- or 9-digit ZIP code. OTA concluded that, despite initial start-up problems,
the already installed OCRs now essentially meet USPS performance specifications.

Performance of multi-line OCRs. Over the last few years, multi-line OCR
technology has emerged from the laboratory and prototype stage to operational units.
Multi-line machines read up to four lines of the address.

OTA concluded that, as of May 1984, the preponderance of evidence indicates that
multi-line OCR performance is essentially equivalent to single-line for reading 9-digit
ZIP mail, and that multi-line performance is substantially better for reading 5-digit ZIP



mail to the 9-digit level. * OTA identified one U.S. firm (Recognition Equipment, Inc.)
and two foreign firms (Telefunken of Germany, ELSAG of Italy) that have proven multi-
line OCRs.

OTA also concluded that USPS has probably underestimated the ultimate
operational performance level of multi-line OCRs by 5 to 15 percent. USPS estimated
that multi-line OCRs would process 60 percent of 5-digit mail to the 9-digit level. OTA
believes that 65 percent is more likely and 75 percent possible.

Feasibility of loca and national directories. In order to read, code, and sort S-digit
ZIP mail to the 9-digit level, multi-line OCRs require a computerized address directory
against which the address information can be compared to ascertain the correct 9-digit
ZIP code. They then apply the corresponding barcode, and finally sort the letter.

Until recently, the absence of a local or national directory was a limiting factor for
use of multi-line OCRs. However, in the 1981-83 period, USPS completed a national
ZIP+4 directory and local ZIP+4 directories for major metropolitan areas. USPS and OTA
agree that the conversion of existing local ZIP+4 directories to a multi-line OCR format
is technically feasible.

Whereas local directories clearly would be necessary for multi-line OCR operation,
OTA was not able to determine whether national directories would offer any significant
advantage, particularly when compared to the technical difficulties and likely additional
cost.

Feasibility of single-line to multi-line conversion. OTA reviewed the technical
feasibility and cost of converting single-line OCRs to multi-line. OTA concluded that
conversion would be technicaly feasible and the USPS estimate of conversion cost --
$200,000 per machine -- is as good as can be developed from available information.

The actual cost of single- to multi-line OCR upgrade can only be determined by
detailed engineering analysis and competitive procurement process. It impossible that
the conversion could be accomplished by an OCR manufacturer other than the original
source, although this might require a high degree of technical cooperation between the
two vendors.

Technical opportunities for improved performance. OTA identified several areas
where technical performance of postal automation might be improved in the future.
These include bar-coded reply envelopes, mailer printing of bar codes, improvements in
performance of optical character readers, standards for address format, and increased
research and development on postal automation.

* The full address with 5-digit ZIP is read and compared against a computerized
address directory that includes 9-digit ZIP codes. If a match is made between the
address on the envelope and an address in the directory, the appropriate 9-digit
code is applied.



The USPS record on postal automation R&D is mixed. USPS continues to
underspend on R&D compared to the U.S. industry average, and postal R&D organization
and management appear to have lacked stability, clear direction and, at times, top level
commitment. Despite 20 years of USPS investment in optical character recognition
R&D, when USPS solicited manufacturers in 1980 for single-line OCRs, all U.S.
manufacturers previously receiving USPS support for single-line OCR R&D had
withdrawn from the market, in part due to several years of USPS indecision on an
automation strategy.

On the other hand, USPS has established a good track record in narrowly focused
R&D on improvements to upgrade existing equipment, such as the multi-position letter
sorting machine. Also, despite some variability in funding and commitment, USPS has
provided enough support over the last 14 years to Recognition Equipment, Inc. (REI) such
that REI has developed one of the leading multi-line OCRs on the world market.

Summary of Decision Analysis

USPS faces a decision point as to whether to continue its commitment to ZIP+4 and
single-line OCR technology or to modify that commitment in some way.

OTA employed decision analysis techniques to: identify the range of options
available to USPS; develop a probabilistic cash flow model of each option; assign
probability distributions for key variables such as ZIP+4 usage and multi-line OCR
performance; and calculate the rate of return (ROI), net present value (NPV), total net
cash flow, and annual net cash flow for each option; and conduct sensitivity tests of the
results to changes in key variables.

Description of decision options.

0 Option A: Phase 1l single-line OCR is the current USPS strategy to proceed
to procurement of the 403 additional single-line OCRs advertised for Phase 11
of the postal automation program, and on which bids have already been
received. Under option A, there would be no further USPS expenditure on
multi-line OCR research, development, and testing.

0 Option B:  Multi-line OCR with ZIP+4 is a decision to cancel the current
Phase 11 single-line OCR procurement, initiate release-loan testing of
multi-line OCRs, and as soon as possible reissue the Phase [1 request for
proposals but for multi-line rather than single-line OCRs, meanwhile
retaining the ZIP+4 code. Single-line OCRs already purchased would be
converted to multi-line capability.

* OTA did not analyze the option of procuring 403 additional Phase | single-line
OCRs instead of Phase Il OCRs. This option was judged to be not significantly
different from option A.

**  The release-loan testing manufacturers actually test prototype equipment on USPS
premises with real mail.



0 Option C: Multi-line OCR without ZIP+4 is the same as option B except that
the ZIP+4 code would be terminated. The 5-digit ZIP code would be retained.

0 Option D: Automatic conversion is to proceed with the Phase 11 single-line
OCR procurement, but simultaneously initiate release-loan testing (and any
necessary related R&D) on single-line to multi-line conversion and then
convert al single-line OCRs as soon as possible, regardless of the level of
ZIP+4 use.

0 Option E: Hedge conversion is similar to option D except that the single- to
multi-line conversion would take place only if ZIP+4 use is low at a specified
future time (defined here as year-end 1987). Both options D and E include the
same initial decision to purchase Phase Il single-line OCRs, and to initiate
release-loan testing of and any necessary research on conversion. The
difference is that under option D, the conversion would be made regardless of
j[Pe Ie\(elI of ZIP+4 use, while under option E, conversion would take place only
if useislow.

0 Option F. Cancel Phase Il and ZIP+4 is to cancel the Phase Il single-line OCR
procurement, terminate ZIP+4, and use the single-line OCRs already
purchased to process 5-digit ZIP mail.

0 Option G: 50-50 Split procurement is a hybrid option that would cancel the
Phase Il procurement, immediately reissue an RFP for one-half the number of
single-line OCRs (202 instead of 403), and simultaneously initiate release-loan
testing of the multi-line OCR and single- to multi-line conversion. A new
RFP for procurement of the other half of the OCRs but using multi-line
technology (201 multi-line OCRs) would be issued as soon as possible,
probably in about 2 years, at which time the then existing single-line OCRs
(252 from Phase | and 202 from Phase 1) would be converted to multi-line.

0 Option H: 90-10 Split Procurement is similar to option G except that the
Phase 11 RFP would be reissued for 90 percent of the single-line OCRs (363),
rather than 50 percent, and release-loan testing would be initiated on multi-
line OCRs leading to a new RFP for procurement of the other 10 percent of
the OCRs (40) using multi-line technology.

Key assumptions. Where possible and justifiable, OTA used the same assumptions
as did USPS. For example, OTA and USPS used the same time horizon (14 years, 1985-
98), labor cost escalation rate (7.42 percent annually), baseline cost and savings
projections (for single-line OCRs, as presented in January 1984 to the Board of
Governors), discount rate (15 percent per year), and single-line OCR performance and
cost. OTA assumptions about multi-line OCR cost ($850,000 per machine), single- to
multi-line conversion cost ($200! 000 per machine), and thetimerequired to rel ease-1oan
test and procure multi-line OCRs and conversion kits (3 years) were generaly consistent
with USPS and GAO estimates.




The major differences between USPS and OTA were assumptions about the
incentive rates for ZIP+4 usage (OTA and GAO treated these as a cost, since incentives
appear to be required to get large mailers to use ZIP+4), multi-line OCR performance
rates (OTA and GAO concluded that performance would likely be somewhat better than
USPS estimated), ZIP+4 usage, and clerk/carrier savings rate.

For the latter three variables, OTA developed low, median, and high estimates.
For low, median, and high estimates of multi-line OCR performance. OTA concluded that
production model multi-line OCRs would read 60, 65. and 75 percent of 5-digit mail to
the 9-digit level, respectively.

For ZIP+4 usage, USPS projects that usage would reach 90 percent of the
machinable metered first class mail base within 5 years. This is considerably more
optimistic than actual experience with either the U.S. 5-digit ZIP code or the Canadian
6-digit posta code. The 5-digit ZIP took 12 years to reach 90 percent usage;, after 5
years, the 5-digit usage level was about 51 percent. Thus, the USPS projection shows
ZIP+4 reaching 90 percent about two and one-half times as fast as the 5-digit ZIP (in 5
years rather than 12). At present, the projected actual volume of ZIP+4 mail for 1984 is
about 20 percent of the original USPS projection.

After reviewing all available evidence, OTA concluded that the USPS ZIP+4
projection should be considered optimistic (high), that an appropriate median estimate
would be the 5-digit ZIP growth pattern, and that an appropriate pessimistic (low)
estimate would be a growth pattern peaking out at about 40 percent ZIP+4 usage. At the
present time, the first year ZIP+4 usage could turn out to be even more pessimistic. The
estimated 2.73 billion pieces of ZIP+4 first class mail at year end 1984 represents about
5.4 percent of the target mail base as compared to about 7 percent under the low
scenario, 13 percent under the median, and 28 percent under the optimistic scenario.
(GAO made no estimate of ZIP+4 usage but did find that businesses are still concerned
about the cost of converting and whether the USPS presort discount will be modified
because of ZIP+4.)

For clerk/carrier labor savings, OTA concluded that the USPS baseline estimate
was probably somewhat optimistic, since the quality and mix of the OCR processed mail
may be less than anticipated, and labor costs (e.g., for maintenance) may be more than
expected. OTA assumed high, median, and low labor savings rates of 100 percent, 90
percent, and 80 percent of the USPS estimate.

Results of decision analysis. With respect to internal rates of return (ROIs), every
option except option F (cancel), under al conditions modeled, shows an ROI above the 15
percent threshold established by USPS. OTA assumed, therefore, that under any
scenario, the Phase | single-line OCRs aready purchased would be kept in service. All
ROIs, net present values, and cash flows were calculated net of cash flows associated
with the Phase | single-line OCRs. Use of ROIs for decision making has a serious
l[imitation. When more than one option clears the hurdle rate (that is, has more than the
minimum required ROI, in this case 15 percent), the ROI itself gives no indication of the
cash flow differences of the various options as a basis for comparing the options. An
aternative to ROI frequently used in capital investment decision making is net present
value (NPV). NPV discounts the cash flows of each option at the hurdle or threshold rate,
in this study 15 percent.
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Under conditions of high savings and high multi-line performance, option D
(automatic conversion) has about a 5 percent and 11 percent higher NPV with high and
median ZIP+ 4 usage, respectively, than option A (single-line OCR). At low ZIP+4 usage,
all other things being equal, the option D advantage increases to a substantial 134
percent or about $820 million in NPV. At alow savings rate (along with low ZIP+4 usage
and high multi-line performance), the relative advantage of option D over A increases
further to about 310 percent although the absolute advantage decreases to about $650
million in NPV. Even at low multi-line performance, option D has 53 to 119 percent
relative advantage in NPV and a $320 to $250 million absolute advantage in NPV, at a
high and low savings rate, respectively. Option E (hedge conversion) has the same NPV
as option A at high or median ZIP+4 usage and the same NPV as option D at low ZIP+4

usage.

Option H (90-10 split procurement) also has a higher NPV than option A under
almost all conditions. Option G (50-50 split procurement) has a significant although
somewhat smaller advantage over option A at low ZIP+4 usage. Option G hasa 34 to 271
percent relative advantage in NPV and a $170 to $710 million absolute advantage in NPV
at low ZIP+4 usage, depending on the multi-line OCR performance rate and savings rate.

The ranking of the options by NPV is summarized below:

Overdl NPV Rank Low ZIP+4 Use NPV Rank
Option D 1 highest Option D 1 highest

H 2 E 2 (tie)

E 3 H 3

G 4 o 4

A 5 G 5

B 6 B 6

c 7 lowest A 7 lowest

OTA found that the NPV results are not very sensitive to the purchase price of the
multi-line OCR or the number of multi-line OCR units. An increase in the purchase
price from $850,000 to $970,000 or an increase in the number of units from 403 to 444 (as
estimated by GAO to be required if the entire Phase [1 procurement was switched from
single- to multi-line OCRs) would reduce NPV by about $20 to $30 million.

Net present value appears to be the best basis for comparative quantitative
evaluation of the decision options. However, the actual undiscounted net cash flows over
the 13 year payback period (1985-1998) can provide another dimension to the
evaluation. Option A (single-line) is estimated to show positive cash flows of $8.8, $8.24,
and $3.57 billion at high, medium, and low ZIP+4 usage. At high ZIP+4 usage, option B
(multi-line with ZIP+4) is somewhat lower at $8.14 billion, options D (automatic
conversion) and H (90-10 split procurement) somewhat higher at $9.36 billion and $9.24
billion respectively, and option G (50-50 split procurement) about the same at $8.75
billion. The comparisons between options change relatively little at median ZIP+4 usage.

However, a low ZIP+4 usage there is a substantial difference in net cash flows.

Option A(single-line) shows a net cash flow of $3.57 billion. But, depending on the
multi-line OCR performance rate, options D (automatic conversion) and H (90-10 split
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procurement) show a net cash flow of $5 to $7.2 billion, or about $1.4 to $3.6 billion
greater than option A. Option G (50-50 split procurement) shows about $1.1 to $3.3
billion greater cash flow than option A, and option B (multi-line with ZIP+4) shows about
$0.8 to $3.0 billion greater cash flow than option A.

A comparison of yearly cash flows gives similar results. By 1994, all equipment
will presumably have been installed (or converted) and up and running at optimal
performance. Options B, D, G. and H will by that time look exactly the same -- ail
multi-line OCRs. The single-line OCRs procured under options D, G, and H will have
been converted to multi-line capability. Option A will continue to be solely single-line
OCRs.

With high ZIP+4 usage, option A shows an annual net cash flow of about $870
million to $1.2 billion from 1994 to 1998. Options B, D, G, and H show amost identical
annual cash flows, only slightly higher by about $70 to $100 million per year. However,
at low ZIP+4 usage, the differences again become substantial. With high multi-line
performance, options B, D, G, and H show between $440 and $580 million per year
additional net cash flow compared to option A, from 1984 to 1998. With median multi-
line performance, the advantage of options B, D, G, and H over A ranges from $370 to
$490 million per year. And even at low multi-line performance, the advantage over
option A, while reduced, is till significant at $180 to $240 million per year.
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Technical Analysis

Alternatives to Optical Character Recognition

As a starting point, OTA examined possible alternatives to optical character

recognition technology for postal automation.

OTA concluded that the strongest competition to postal automation is likely to
come from electronic mail. If a significant portion of the paper-based mainstream were
to divert to either Generation Il (electronic input-hardcopy output) or Generation [11
(electronic input and output) electronic mail, then the need for optical character
recognition technology would be reduced. However, in a previous (1982) study of
electronic mail and message systems, OTA found that, even under very optimistic
assumptions about growth of electronic mail, there most likely will be a significant

residual volume of paper mail at least through the year 2000.

Therefore, while electronic mail is a strong competitor of postal automation, the
major effects of electronic competition are likely to be delayed for at least 10 to 15
years. From this vantage point, there is a window of opportunity for further use of

paper-based automation technology.

Some leaders in the optical character recognition industry already recognize that
“the current information revolution promises to replace the traditional media on which
information has been carried (paper) with electronic media.... Thus, OCR provides a
bridge between the Paper Age and. the [formation Age. It is a transitiona system which
aids users who have one foot in each era. But as the (electronic) Information Age
matures, the role of OCR promises to diminish.... The irony is that OCR will be faced
with increased opportunities before the electronic axe fals’ (Schantz, 1983, p.?).
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Optical character recognition technology reads printed aphanumeric characters
(letters and numbers) and recodes these characters into machine-readable forms such as
a barcode. There are other recognition technologies like magnetic or mechanical, but

these seem clearly impractical for conventional mail.

For example, rather than showing addresses in black and white alphanumeric
printing on envelopes, the address information could be stored in bits of information in
magnetic stripes on the envelope, similar to credit cards and farecards. However,
magnetic stripes are not readable by the human eye and would be difficult for senders to
encode and receivers to decode. Another form of magnetic code is MICR (magnetic ink
character recognition) used on bank checks. This code is readable but lacks alphabetic
characters and requires special equipment. Alternatively, a mechanical code could be
used. Thus, address information could be stored as punched holes in cards or tape
attached to the envelope. These would be difficult to read and would require special

punches.

In sum, while there are electronic, magnetic, and mechanical alternatives to
optical character recognition, none are both readable and readily and cheaply available
as a substitute at the present time. In the final analysis, OTA found that, at least for the
U.S. mail, it is as yet difficult to improve on the information carrying ability,
readability, and cost effectiveness of printed characters on paper. As long as this is the

case, then optical character recognition technology is the technology of choice.
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Alternatives to a 9-Digit ZIP Code

OTA also examined whether there are viable alternatives to the 9-digit ZIP or

ZIP+4 code.

OTA concluded that there are aternative codes. and, indeed, some are used today
by other countries. For example, both Canada and Britain use alphanumeric zip codes,
that is, a combination of letters and numbers. Other code schemes have been suggested,
for example, using individual telephone numbersas zi p codes. Tel ephone nunbers woul d

permit sorting down to the level of each individual street address.

In 1976, USPS considered a wide range of alternative ZIP schemes, including
scrapping the 5-digit ZIP, using an aphanumeric code, and adding a check digit (e.g., a
tenth digit to the 9-digit code). USPS ruled out any change in the basic 5-digit ZIP, since
amost all mail (about 94 percent as of 1976) used a ZIP code. A change in the 5-digit
code was judged by USPS to be unfair and excessively burdensome to mailers. This left
the aternative of adding 3, 4 or 5 digits to the existing 5-digit codes. USPS el ected to
add 4 digits. Three was ruled out since this would have required an alpha or
alphanumeric add-on. Five was likewise ruled out, since the additional digit, while
helping to detect code errors and preventing letters from sorting to the wrong
destination, would have increased mailing list information and maintenance cost. (The

USPS barcode does contain a correction character.)

At the March 5 OTA workshop, several participants expressed the view that the
current 9-digit ZIP was not the best code, but that it was too late to make any major
changes. The 5-digit ZIP is almost universally accepted and used (98 percent usage) and
the 9-digit ZIP directory is now completed. ZIP+4 codes are being distributed to and
beginning to be used by large business mailers.
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At this juncture, OTA concluded that there is no redlistic aternative. If the ZIP+4

becomes widely used, USPS could consider adding a tenth digit (for error checking

purposes) at some future time. If ZIP+4 does not become widely used, alternative codes

could be considered.

Performance of Single-line Optical Character Readers (OCRS)

OTA reviewed available data on performance of the single-line OCRs now being
installed by USPS. Single-line OCRs read only the last line of an address -- usualy

containing the city, State, and 5-or 9-digit ZIP code.

[n the 1976-80 period, when the basic USPS automation program was developed, the
single-line optical character reader was, in the opinion of USPS, the only proven
equipment. Even so, in 1980 when USPS issued specifications for single-line OCRs, no
U.S. manufacturer had OCRs meeting USPS specifications. As a result, and to meet
USPS domestic content requirements, four foreign companies teamed with U.S.

manufacturers who were licensed to produce single-line OCRs.

Two U.S. OCR manufacturers (under foreign license) were selected -- Burroughs
(under license to NEC) and Pitney Bowes (under license to ELSAG) -- along with one bar

code sorter (BCS) manufacturer, Bell and Howell.

Both OCR manufacturers experienced start-up problems in meeting USPS
performance specifications. However, based on review of current performance data and
on-site inspection, OTA concluded that the aready installed OCRs now essentially meet
USPS performance specifications. [illustrative OCR performance data are presented in

figure 1.
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Figure 1

Illustrative Optical Character Reader (OCR) Performance Data

Bur r oughs/ NEC

Accept Thr oughput Error
Actual Test Results Rat e Rate Rate
Meter Belt Mil 80.0% 28,500 pi eces/ hour 1.50%
Managed Mail 60.0% 31,300 pieces/hour 2.40%
Perfornmance Specs
Meter Belt Mail 62.1% 28,908 pi eces/ hour 2.37%
Managed Mai | 53.4% 30,083 pi eces/ hour 2.00%

Pitney Bowes/ELSAG

Accept Throughput Error
Actual Test Results Rate Rat e Rate
Meter Belt Mail 72.0% 28,500 pi eces/ hour 1.10%
Managed Mail 62. 0% 30, 500 pi eces/ hour 1.10%
Performance Specs
Meter Belt Mail 67. 1% 26, 224 pi eces/ hour 1.50%
Managed Malil 57.8% 26, 730 pi eces/ hour 1.50%
Definitions:
Accept Rate Percent of letters read by the OCR as a portion of
the total fed into the OCR
Thr oughput Total mail pieces fed through the CCR per hour.
Error Rate Percent of letters sent to the wong pocket.
Meter Belt Mail - High quality, generaly OCR readable mail- from
large mailers.
Managed Mail - Mai | from other Post Ofices containing wdely

variable |levels of OCR readable mail.

Sour ce: United States Postal Service: August 1983 2-week tests.
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The 252 OCRs aready purchased by USPS averaged $645,000 per unit in capita
cost, although the Burroughs price was apparently significantly lower (approximately

$300,000 per unit) than the Pitney Bowes price.

These prices include all OCR equipment (e.g., mail transport, optical character
recognition unit, computer directory, ink jet printer, sorting stackers) plus installation,
acceptance (equipment must perform to USPS specifications prior to acceptance by
USPS), and 2 years worth of spare parts. There is no obvious explanation for t he
significant price difference between Burroughs and Pitney Bowes, since both
manufacturers bid on the same number of units meeting the same technical performance
specifications. USPS apparently split the procurement between two vendors in order to
encourage future competition for subsequent procurements, but at an additional cost of
about $37.8 million (126 units times the estimated $300,000 price differential between

Pitney Bowes and Burroughs).

In the so-called Phase Il procurement, USPS intends to purchase an additional 403
OCRs. Competitive bids have been solicited from four qualified U.S. manufacturers (all

under license to foreign companies):

U.S. Manufacturers Foreign Licenser
Burroughs NEC (Japan)

Pitney Bow-es ELSAG (Italy)
Recognition Equipment Inc. Toshiba (Japan)
ElectroCom Telefunken (Germany)

USPS has budgeted for a capital cost of $660,000 per unit for the 403 OCRs. Bids have
been received by USPS, but a selection decision and contract award(s) will not be made

before late June 1984.
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Performance of Bar Code Sorters (BCSs)

Performance of the BCSs has not been in dispute. USPS has already procured 248
units from Bell and Howell at a capital cost of approximately $129,000 each. The BCSs
sort 24,000 to 28,000 letters per hour depending on the type of sort, with an accept rate
of 96 percent. USPS plans to procure an additional 452 BCSs as part of the Phase Il
procurement, and has budgeted approximately $154,000 per unit. USPS has signed
agreements with five BCS manufacturers to conduct release-loan tests during the
summer of 1984. The manufacturers are:

Bell and Howell (U. S))
Hotchkiss-Brandt Sogeme (France)
Leigh Instruments (Canada)
National Presort (U. S.)
Telefunken (Germany)
USPS will require that at [east 75 percent of the machine cost be of domestic
manufacture. Therefore, any foreign manufacturer whose equipment tests satisfactorily

will have to license a U.S. company to produce all or most of the machines in order to

qualify for the competitive procurement.

Performance of Multi-Line OCRs

Over the last few years, multi-line OCR technology has emerged from the
laboratory and prototype stage to operational units. OTA examined available research
and data on multi-line OCR performance. The major difference between single- and
multi-line OCRs is that the multi-line machines read up to four lines of the address while

the single-line machines read only the bottom line (with city, state, and ZIP).
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At present, USPS has no definite plans for use of multi-line OCRs. However, USPS
has largely funded the development of a multi-line OCR by Recognition Equipment Inc.
(REI), a U.S. company based in Dallas, Texas. RElI has a proven track record in optical
character recognition technology and is a leading U.S. corporation in high performance

OCRs.

There are a total of five prototype REI multi-line OCRs operating at postal
installations (two in Chicago; one each in New York, Philadelphia, and Dallas) The REI
OCRs are known as RCS/OCR for Read Code Sort/Optical Character Readers.

The conputer software of the RCSOCR is programed so that the address search is
“bottom up.” That is, the bottom line containing city, State, and ZIP code (5- or 9-digit)
i s read first, followed by the second line containing the street number and name,
followed by the third (and, if necessary, fourth) line containing company name, office
building, etc. The address information on the envelope is compared with information
maintained in a computerized ZIP+4 address directory. Once a match between the
address information on the envelope and in the directory is obtained, a bar code is
applied to the envelope, which from then on is sorted automatically down to the carrier
level. The multi-line provides additional redundancy since, for example, the street

number and name as well as city and State can be cross-checked against the ZIP code.

A direct comparison between single- and multi-line machine performance is
difficult, since the USPS has not subjected both machines to equivalent acceptance
testing on a comparable mail base. REIl had proposed conparative testing, but this
suggestion was declined by USPSon the grounds that it would be unfair to other potential
multi-line OCR manufacturers and would violate the ongoing competitive procurement

process for single-line OCRs. USPS aso asserts that the REI multi-line OCR did not
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meet USPS performance specifications in 1980, when USPS initially decided to use
single-line OCRs, and that test results on the prototype multi-line OCRs were not

available until April 1983, after USPS had decided to purchase single-line OCRs.

OTA did not itself investigate and has reached no conclusions on the OCR
procurement history. However, OTA did conclude that, as of May 1984, the
preponderance of evidence indicates that multi-line OCR performance is essentially
equivalent to that of single-line OCR performance for processing 9-digit ZIP mail, and
that multi-line performance is substantially better for processing 5-digit ZIP mail to the

9-digit level.

For 9-digit ZIP (ZIP+4) mail, USPS performance data indicate that the Burroughs
and Pitney Bowes single-line OCRs and the REI multi-line OCRs all correctly read, code,
and sort 98 to 99 percent of OCR-readable ZIP+4 mail. For purposes of mail flow

analysis, USPS assumes 100 percent correct reading of ZIP+4 mail.

For 5-digit ZIP mail, both single-line and multi-line OCRs correctly read, code, and
sort 98 to 99 percent correctly to 5 digits. However, only the multi-line OCR can read,

code, and sort 5-digit ZIP mail to 9 digits.

USPS has estimated that the multi-line OCR can read, code, and sort 60 percent of
5-digit ZIP mail to 9 digits. USPS believes that this 60 percent estimate may be high,
since USPS assumed that the total local metropolitan area would be included in the OCR
computer directory. If the local directory has less than total coverage, the
read-code-sort rate would be reduced. Also, USPS notes that adequate test data are not
available on how the multi-line OCR performs two-stage encoding (e.g., placing a 5-digit

bar code on a non-local letter at an originating post office and subsequently placing the
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4-digit add-on bar code -- or the entire 9-digit bar code -- on the letter at the

destination post office).

In contrast, OTA has concluded that the 60 percent USPS estimate may be low for
the following reasons. First, full coverage computerized local address directories appear
to be technically and economically feasible. USPS already has partial local directories in “
several metropolitan areas. Second, there is no evidence that two-stage encoding will
pose a significant problem for multi-line OCRs. Reasserts that two-stage encoding can
be accomplished with no significant degradation in performance. Third, it is reasonable
to expect that production model multi-line OCRs would have improved performance
compared to the prototype RSC/OCRs. USPS has found that single-line OCR

performance improved 5 to 10 percent between prototype and production.

With respect to overall productivity, USPS has concluded that the single-line and
multi-line OCRs are roughly equal. Average data from USPS performance reports are

shown in figure 2.

In addition to REI, OTA has identified two other companies that manufacture
multi-line OCRs. Telefunken (Germany) and ELSAG (ltaly). Japanese firms may have
the capability and interest, judging from their activity in the single-line OCR market.
Other than REI, no U.S. companies are known to currently have multi-line OCR
capability. At one time, Control Data Corporation, IBM Corporation, and
Ford-Aerospace (Philco-Ford) all had single-line OCR products, and might have been able
to develop multi-line OCRs, but left the business in the mid-1970's. Burroughs, Pitney
Bowes, and ElectroCom have acquired single-line OCR capability under licenses to

foreign manufacturers (NEC, ELSAG, and Telefunken, respectively).
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Figure 2

Productivity of Single- and Multi-Line
Optical Character Readers

Gross

Accept Throughput Productivity

Rate (%) (pieces/hour) (pieces/hour)
Burroughs Single-line OCR 52.8 22,324 8,527
Pitney Bowes Single-line OCR 51.8 19,305 9,127
REI Multi-line OCR 51.3 22.095 10,397

Definitions:

Gross Accept Rate -

Thr oughput

Productivity

Source: United States Postal

Pieces of mail accepted by the machine per hour

divided by pieces of mail fed to the machine per

hour.

Pieces of mail fed through the machine per hour.

Throughput divided by workhours to arrive at
pi eces of mail processed per work hour.

Service
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While it is difficult to extrapolate from foreign experience to U.S. postal needs,
due in part to magor differences in the mail make-up and use of postal codes, multi-line
OCRs appear to be performing well in other countries. ELSAG has 20 two-line OCRs
operating in French post offices with an apparently very low error rate (0.1 to 0.5
percent). Telefunken has two- or three-line OCRs operating in Norway, the Netherlands,
and Britain. The British Post Office reports that its one Telefunken three-line OCR is
undergoing a field trial to be completed by December 1984, and is handling United
Kingdom mail at rates between 28,000 and 30,000 letters per hour. Productivity and

error rates are not known.

Feasibility of Local and Nationa Directories

[n order to read, code, and sort 5-digit ZIP mail to the 9-digit level, multi-line
OCRs require a computerized address directory against which the address information
can be compared to ascertain the correct 9-digit ZIP code, then apply the corresponding

bar code, and finally sort the letter.

OTA has reviewed the current state-of-the-art in computerized directories to
determine if such directories for postal purposes are technically and economically

feasible.

Accordingly to USPS, about 40 percent of mail is local and 60 percent non-local. [f
a multi-line OCR is to process loca mail to the 9-digit level at the originating post
office, a local directory is needed. If a multi-line OCR is to process al mail (local and
non-local) to the 9-digit level at the originating post office, a national directory is
needed.
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Until recently, the absence of a local or national directory was a limiting factor for
use of multi-line OCRs. However, in the 1981-83 period, USPS completed a national
ZIP+4 directory and local ZIP+4 directories for maor metropolitan areas. The national
directory is stored on a computer in San Francisco and is essentially the sum of all local

directories.

I n the four cities where multi-line OCRs are already operating (Chicago, New Y ork,
Philadelphia, Dallas), the local directories have been partially converted to a format
usable by the multi-line OCRs. For example, the Philadelphia multi-line OCR uses a
converted local ZIP+4 directory containing about 185,000 local ZIP+4 codes covering

more than one-half of the addresses in the Philadelphia metropolitan area.

USPS and OTA agree that the conversion of existing local ZIP+4 directories to a
multi-line OCR format is technically feasible. This would be simply an extension of the

partial conversions already accomplished in the four cities noted above.

Wiereas local directories clearly would be necessary for multi-line OCR operation,
OTA was not able to determine whether national directories would offer any significant
advantage. With local directories only, non-local mail would have to be processed by
multi-line OCRs twice, once at the originating post office to the 5-digit level and a
second time at the destination post office to the 9-digit level. A national directory
woul d, in theory, eliminatethe need for two-stage OCR processing. After the initial
OCR processing, the ZIP+4 bar coded mail could bypass subsequent OCR processing and

be handled entirely by the less expensive bar code sorters.

USPS argues that this would not result in a reduction in the number of OCRs, since

these machines would still be needed for processing outgoing mail at the destination post
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off ice. In addition, USPS points out that when taken together, local directories in all
major metropolitan areas would amount to a de facto national directory. Local mail
(about 40 percent of the total) would be processed using a local directory in the
originating post office, and non-local mail (the other 60 percent) would be processed

using local directories in the various destination post offices.

Nonetheless, OTA estimated the technical and cost requirements of a national

directory, even though the need for such a directory has not been firmly established.

The memory size of a national directory has been grossly estimated at 20 gigabits
or 20 bhillion bits. A directory of this size would contain all 20 million ZIP+4 codes plus
address information including street number and address, city, State, and, where
necessary, building floor and suite numbers. The size could be reduced to include only
the most frequently used ZIP+4 codes and related address information. For example, if
15 percent of ZIP+4 codes account for 75 percent of ZIP+4 code use, then a memory size

of 3 billion bits might suffice.

Currently available magnetic disc memory technology can provide a 3 billion bit
capacity at a cost of about $30,000. But the average access time appears to be too
long. Optical disc and magnetic bubble memories have similar limitations. Large
random access memories (RAMs) have fast access times (microseconds as compared to
milliseconds) and may be the best approach. A 3 billion bit directory using 256K RAMs
might cost on the order of $300,000 in 3 years (1987 dollars). If five OCRs shared each
directory, then the cost per OCR would be about $60,000.

[n sum, a national directory would be technically feasible with memory technology

now coming on the market. A full nationa directory of 20 billion bits of information



would be very expensive (about $4 million each in 1987), even if shared among five OCRs
($800,000 per OCR). If the memory size is reduced to 3 billion bits, the cost would be
about $300,000 per memory, or $60,000 per OCR if used on a shared basis (as above).

In contrast, a local directory would require much smaller memory size (e.g., about
72 million bits for the Philadelphia metropolitan area). OTA estimated that the cost of a
typical local directory would be about $20,000 (roughly $300,000 times 72 million/3
billion times a multiplier of 3x). At this low cost, sharing a directory among severa
OCRs may not be necessary. But if shared among five OCRs, the cost per OCR would be
further reduced to about $4,000. In al likelihood, the capital cost of local directories
would be small compared to either the total cost of multi-line OCRs or to the cost of

directory data conversion and maintenance.

Feasibility of Single-line to Multi-line Conversion

OTA reviewed the technical feasibility and cost of converting single-line OCRs to
multi-line. OTA concluded that conversion would be technically feasible and that the
USPS estimate of conversion cost -- $200,000 per machine -- is as good as can be

developed from available information.

Conversion is relatively simple because a large part of the single-line OCR could be

retained amost as is, as discussed below.
Letter sorter -- no change.

Letter transport -- no change. The current mechanical transport is designed to
move faced and bottom justified letters at a constant speed past an OCR window. Thi s

function is common to single- and multi-line OCRs and would not change.
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“Prelook” window -- probably no change. The prelook is used to find the address

location, and probably could be used as is.

Lenses and scanners -- probably no change if the scan height and pixel resolution
are adequate. Otherwise, the OCR hardware from the lens system back (including

“prelook™) would need to be replaced.

OCR electronics -- probably some change needed to upgrade the image registers,
recognition logic, etc. Since the multi-line OCR must process much more address
information than the single-line OCR, the basic scanning and clocking rates may have to
be increased. If the single-line OCR already captures three or four lines of the address
at sufficient speed and resolution, then little or no change in OCR electronics would be

needed -- only a change in computer software and directory.

Computer software -- change needed to upgrade the software so that multiple
address lines could be processed in a “bottom-up” fashion, and the resulting data properly

formatted and queued into the directory.

Computerized directory -- change needed to expand the directory from city, State,
and ZIP+4 to include street number and name and, as appropriate, building floor and

suite.

Ink jet printer and verifier -- probably no change needed with a local directory. [f
a national directory is used, the access and processing time may lengthen to the point
where the ink jet printer and verifier (sprays the bar code on the bottom right-hand edge

of each envelope) would need to be moved farther downstream in the transport path.
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The actua cost of single- to multi-line OCR upgrade can only be determined by
detailed engineering analysis and a competitive procurement process. It is possible that
the conversion could be accomplished by an OCR manufacturer other than the original
source, athough this would require a high degree of technical cooperation between the

two OCR vendors.

Technical Opportunities for Improved Performance

OTA identified several areas where technical performance of postal automation
might be improved in the future. These include bar-coded reply envelopes, mailer
printing of bar codes, character recognition upgrades, address format standards, and

increased postal research and development.

Bar-coded reply envelopes. Mailers-- and especialy large business mailers --

already frequently provide reply envelopes to customers, presumably to facilitate .
payment of bills such as those mailed out monthly by utility, telephone, and gas
companies. Preprinting of the bar code along with the return address on the reply
envelope would appear to be cost-effective, and could permit processing of business reply

mail by the less expensive BCSsr at her than OCRs.

Somebusiness mailers are already preprinting bar codes. But in order for this to be
successful, the bar codes nmust be readable by the Bell and Howel | barcode sorters. That
is, the color spectrumof the ink and |ocation of the bar code on the envel ope nust match
the capability and location of the photo-detector in the BCS. Also, in order to achieve
savings by bypassing some or all OCR processing, the bar-coded reply envelopes would
needauni que facing indicia mark (FIM so that these envel opes could be detected

(perhaps by the facer/canceler) early in the mainstream and diverted to BCSs.
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Mailer printing of outgoing bar codes” Most maor business mailers aready use

computers to store, update, and print out addresses on outgoing mail. Addresses are
printed directly on the envelopes, on mailing labels, or on letters that show through
window envelopes. Almost all business mailers have already entered the 5-digit ZIP
codes into their address data bases. USPS would, of course, like them t o convert the

addresses from 5-digit to 9-digit ZIP codes.

At present, few mailers have actually converted their address files. partly because
of concern over the cost of conversion. Some participants at the March 5 OTA workshop
pointed out that, if and when mailers convert, consideration should be given to building in
a capability to print outgoing bar codes in addition to or as a substitute for the ZIP+4
numeric codes. In principal, outgoing bar-coded mail could, with proper FIMs on the

envelopes, bypass the OCRs completely and go directly to BCSs.

In practice, the technical and economic feasibility is unclear. For example, high
speed non-impact printers (such as laser printers) could be programed to print the bar
code immediately under the last address line on an envelope or label. However, if the
barcode location is too far up from the bottom of the envelope, then the Bell and Howell
bar code sorters used by USPS would not be able to read the bar code unless a second
scanning channel was added. Ink jet printers or special photo offset printing devices
could also be used, but this would involve significant equipment procurement and
processing changes on the part of mailers. And proper location of the bar code could be
difficult when labels or window envelopes are used. Specia bar code window envelopes
or barcode labels might be needed. Bell and Howell indicated to OTA that addressing
and/or inserting machines could be easily used to print bar codes on outside envelopes of
outgoing mail, and that 30 to 35 hillion pieces of mail annually could be processed in this
way. A clear understanding of the potential and pitfalls must await further study.
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Character recognition upgrades. The percentage of OCR-readable mail actually

read by the single-line OCRs used by USPS, although meeting USPS performance
specifications, is still far less than 100 percent. USPS has assumed an average read rate
of 70 percent. One way to improve performance is to upgrade the character recognition

technology.

Current character recognition technology uses mask matching, whereby character
patterns are stored in electronic memory and matched against the actual characters in
the address. But because there are so many different sizes, shapes, and forms of
alphanumeric characters in U.S. mail addresses, not all characters are stored in
electronic memory. If the computer cannot make a match within 100 milliseconds, the

address is not read.

The overall read rate could be inproved by, first, studying the rejected addresses
and determ ning what types of characters are not being read. Then, OCR manufacturers
coul d be solicited to develop improved character recognition technology that would read

some or al of the characters rejected most frequently.

Address format standards. Some OCR rejects are due to problems with the

location and format of addresses on envelopes. To receive a ZIP+4 discount, mailers
must meet several mandatory requirements. These include: a barcode clear zone (at
the bottom right-hand portion of the envelope) in which no printing or markings
whatsoever are permitted; an OCR read area in which the city, State, and ZIP+4 code
line must be visible and unobstructed (no extraneous printing or markings); machine-
printed address with uniform character single and line spacing; and a reasonable degree

of color contrast between the address and mail piece.
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However, there are several voluntary guidelines with respect to margins, State
abbreviations; character fonts; character pitch, height, and height to width ratio;
character and line skew; upper case characters; and line and character spacing. Also,
while black ink on white paper is preferred, other color combinations are permitted
(except for brilliant colors and reverse printing and any others that do not meet minimum

reflectance standards).

The overall read rate could be improved by studying the rejected address and

determining the cause(s). The most common causal factors could be mitigated by:

1 better enforcement of mandatory format requirements,

2. improved compliance with voluntary format requirements, possibly through
incentives, and if necessary, by making some voluntary requirements
mandatory; and/or

3 technical upgrades as discussed previously, so that the OCRs can read a wider
variety of address characters and formats.

Postal research and development. The USPS record on postal automation R&D is

mixed. On the negative side, USPS continues to underspend on R&D, despite repeated
recommendations from congressional oversight committees and the Commission on
Postal Service to raise postal R&D closer to private sector levels. Postal R&D was about
$24 million in 1983, or about one-tenth of one percent (0.1 percent) of revenue. This
compares to a U.S. industry average of perhaps 3 percent. Second, posta R&D
organization and management appear to have lacked stability, clear direction, and, at
times, top-level commitment. Third, despite 20 years of USPS investment in optical
character recognition R&D, when USPS solicited manufacturers in 1980 for single-line
OCRs, no U.S. manufacturer was judged to be qualified. All U.S. manufacturers
previously receiving USPS support for single-line OCR R&D had withdrawn from the
market by 1980, in part due to USPS indecision on an automation strategy.
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For example, USPS awarded development contracts for first generation OCRs to
Philco Corporation in 1960-65, and for second generation OCRs to IBM and Philco-Ford
in 1968 and 1969, respectively. Both companies developed successful OCR designs and
were subsequently awarded prototype contracts. The Philco-Ford second generation
OCRswereinstalled in Boston in Novenber 1971 and successfully tested in early 1972;
and IBM OCRs were installed in New York in June 1972 and tested in late 1972. By the
time USPS had settled on a postal automation strategy and solicited manufacturers to
provide OCRs on a rel ease-loan basis in 1979-80, the only companies left in the single-
line OCR business were foreign manufacturers. This was despite the fact that the
Phi | co-Ford second generation OCR units in Boston remained operational until 1982, and

the IBM OCR units in New York are still in service.

Thus, it is at least arguable t hat USPS could have reasonably opted for wide
deployment of single-line OCRs in the early 1970's, perhaps using a 5-digit bar code (5-
digit ZIP code use had reached 84 percent by 1972). Had USPS opted for this strategy,
some U.S. manufacturers of single-line OCRs might well have stayed in the business.
And it would be reasonable to expect that OCR technology would be further advanced

than it is today.

On the positive side, USPS has established a good track record in narrowly focused
R&D on improvements to upgrade existing equipment. For example, the multi-position
letter-sorting machine (MPLSM), in wide use since the late 1960's, has been upgraded
several times, most recently by a not yet fully implemented electronic ZIP retrofit
(known as EZR) that allows four-digit keying of ZIP+4 codes. Facer cancellers, si ngl e
position letter sorting machines, and flat sorting machines also have been, or will be,

upgraded. USPS equipment upgrades are highlighted in figure 3.
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Figure 3
Summary of USPS Equi pment  Upgr ades

Mul ti- position Letter Sorting Machine (wrLsM)

1969 - ZIP Mail Translator (ZMI) - Converted MPLSMs from sinul taneous
keying (cordal) to sequential keying. ZIP Codes keyed by operators
then coul d be translated by the ZMTintoBI N assi gnments.

1973 - Engi neering Data |solation Techni que (EDIT) - An electronic
modificationto t he ZMT which al | owed keyed data to be nonitored for
accuracy.

1974 - Automatic Density Analysis Profile Technique (ADPT) -- An Upgrade

that enabled automatic tabulation of MPLSM sweepsi de BI N densiti es.
1976 - Electronic Sort Processor (ESP) - A nodification to MPLSMs which

repl aced mechanical code setting with electronic code setting to

provide more accuracy, reduce maintenance costs, and reduce noise.

1978 - Mcro-Key - An upgrade to the ZMI which allowed the first digit of a
carrier route nunber to be locked in each tine an operator keyed an
i ncom ng secondary distribution.

1981 - ZI P Data Logger (ZDL)

1982 - Electronic ZIP Retrofit (EZR)-- A nodification to MPLSMs to allow
four digit keying of ZI P+4 Codes.

Facer Cancelers

1982 - Micro Mark - A modificationto Mark || Facer Cancelers to upgrade
the electronics to Solid State circuitry.

Single Position Letter Sorting Machine (SPLSM

1972 - Aut omat ed Business Mail Processing System (ABMPS) - A nodification
to the Universal Business Machine (UBM SPLSM to all ow automated
distribution of destinating Bar Coded Business Mil.

Fl at Sorting Machine (FSM 775)

1984 - Sof tware Modification - An upgrade to provide Mcro key capability
on the FSM 775.

Sour ce: United States Postal Service
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Also on the positive side, despite some variability in funding and commitment,
USPS has provided enough support over the last 14 years to Recognition Equipment,inc.
(of Dallas, Texas) such that REI has developed one of the leading multi-line OCRs on the
world market. Ironically, at various times from the late 1960's to the late 1970's, USPS
appeared to actually favor the multi-line over the single-line OCR. [n the late 1970’s,
USPS procured one multi-line OCR from REI, and as insurance solicited every known

OCR manufacturer in the world to provide a single-line OCR on a release-loan basis.

Asitturned out, the REl nulti-line OCR did not satisfy USPS performnce
requirements, but the single-line OCRs of five foreign manufacturers did (ELSAG NEC,
Telefunken, Toshiba, and ITT Belgium). USPS decided to deploy single-line OCRs and
awarded production contracts to Pitney Bowes (under license to ELSAG) and Burroughs
(under license to NEC) in early 1981. According to USPS, for insurance purposes an
additional contract was awarded to REl for five multi-line OCRs. These were installed
and tested between June 1982 and April 1983. As discussed earlier, USPS test data
indicate that the multi-line OCR performance is now fully competitive with single-line

OCR performance.

Finally, USPS may wish to consider: (1) new approaches to R&D and procurement
(including the release-loan testing process) with a view towards speeding up the time
delay from R&D to installation of new equipment; and (2) new ways to organize mail

processing in order to achieve faster and more reliable delivery.
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Decision Analysis

[ ntroduction

USPS is approaching a critical decision point on postal automation strategy. At
present, the USPS commitment is to the 9-digit ZIP and single-line OCR.USPShas
developed 9-digit ZIP codes (ZIP+4) for the entire United States and prepared a national
ZIP+4 directory, although as yet very few mailers are using ZIP+4. Also, USPS has
procured and is installing Phase | automation equipment (including 252 single-line OCRs
and 248 BSCs) and has received bids on an additional 403 single-line OCRs as part of a

Phase Il procurement. A selection decision is pending.

However, multi-line OCR technology has advanced to the point where it is fully
competitive with single-line OCRs wi t h respect to technical performance in processing
ZIP+4 mail. In addition, multi-line technology offers a significant technical performance

advantage over single-line OCRs in processing 5-digit ZIP mail to the 9-digit level.

Thus USPS faces a decision point as to whether to continue its commitment to

ZIP+4 and single-line OCR technology or to modify that commitment in some way.

[n order to analyze the USPS decision, OTA has employed decision analysis
techniques to: identify the range of options available to USPS; develop a probabilistic
cash flow model of each option; assign probability distributions for key variables such as
ZIP+4 usage and multi-line OCR performance; calculate the rate of return (ROI), net
present value (NPV), total net cash flow, and annua net cash flow for each option; and

conduct sensitivity tests of the results to changes in key variables.
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The options and assumptions used in the decision analysis along with the major
results are discussed below. Further details on the modeling methodology and the

complete cash flows for each option are included in the appendices.

Decryption of Decision Options

OTA identified eight major decision options. These are listed in figure 4 and
described below.

Option A:  Phase Il Single-Line OCR. Option A is the current USPS strategy to

proceed to procurement of the 403 additional single-line OCRs advertised for Phase 11 of
the postal automation program, on which bids have already been received. Under option
A, there would be no further USPS expenditure on multi-line OCR research,

development, and testing.

Option B: Multi-Line OCR with ZIP+4. Option B is a decision to cancel the current

Phase 11 single-line OCR procurement, initiate release-loan testing (where manufacturers
actually test prototype equipment on USPS premises using real mail) of multi-line OCRs,
and as soon as possible reissue the Phase 11 request for proposals but for multi-line rather
than single-line OCRs, meanwhile retaining the ZIP+4 code. Single-line OCRs already

purchased would be converted to multi-line capability.

Option C: Multi-Line OCR without ZIP+4. Option C is the same as option B except

that the ZIP+4 code would be terminated. The 5 digit ZIP code would be retained.

Option D: Automatic Conversion. Option D is to proceed with the Phase Il single-

line OCR procurement, but simultaneously initiate release-loan t esti ng (and any
necessary related R&D) on single-lineto nulti-line conversion, and then convert all

single-line OCRs as soon as possible, regardliess of the level of ZIP+4 use.
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Figure 4

Deci sion Qptions

A Single-Line OCR Phase ||

B Milti-Line OCR with ZIP+4
C. _Milti-Line OCR,_ No ZIP+4
' DO Automatic Conversion: Purchase Single-Line, Continue
Research and Testing on Milti-
Line, and Convert Regardless
of ZI P+4 Usage
E  Hedge Conversion: Purchase Single-Line, Continue
Research and Testing on
Milti-Line, Convert if ZIP+4
Usage is Low

F. Cancel Phase Il, No ZIP+4

G: 50-50 Split Procurement: Purchase % Single-Line
now, % Milti-Line Later.

H: 90-10 Split Procurement: Purchase 90% Single-Line
now, 10% Multi-Line Later.

L

Sour ce: O fice of Technol ogy Assessnent
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Option E: Hedge Conversion. OptionEissimlar to option D except that the

single- to multi-line conver si on would take place only if ZIP+4 use is low at a specified
future time (defined here as year-end 1987). Both options D and E include the same
initial decision to purchase Phase Il single-line OCRs, andtoi niti ate rel ease-loan testing
of and any necessary research on conversi on. The difference is that under option D, the
conver si on woul d be made regardless of the level of ZIP+4 use, while under opt i on E,

conversion would take place only if use is low

Option F: Cancel Phase Il and ZIP+4. Option F is to cancel the Phase 11 single-line

OCR procurement, t ermi nate ZI P+4, and use the single-line OCRs already purchased to

process 5 digit ZIP mail.

Option G: 50-50 Split Procurement. Option G is a hybrid option that would cancel

the Phase 11 procurement, immediately reissue a Request for Proposals (RFP) for one-
hal f the number of single-line OCRs (202 instead of 403), and simultaneoudly initiate
rel ease-1 oan testing of the multi-line OCR and single- to multi-line conversion. A new
RFP for procurement of the other half of the OCRs but using multi-line technology (201
multi-line OCRs)woul d be issued as soon as possible, probably in about 2 years, a which
time the then existing single-line OCRs (252 from Phase | and 202 from Phase 11) would

be converted to multi-line.

Option H: 90-10 Split Procurement. OptionHissimlar to option Gexcept that

the Phase Il RFP would be reissued for 90 percent of the single-line OCRs (363), rather
than 50 percent, and r el ease-1 oan testing would be initiated on multi-line OCRs leading
to anew RFP for procurement of the other 10 percent of the OCRs (40) using multi-line

technology.
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Discussion of Key Assumptions

In devel oping and nodeling the decision options, OTA made a variety of
assunptions. The starting point for the OTA analysis was the January 1984 cost, savings,
and cash flow projections for single-line OCR procurement (and related equi pnent
including bar code readers and extended ZIP retrofit kits) provided by USPS to the Postal
Board of CGovernors. - Using the USPS data as a base, key assunptions were adopted as is
or modified as necessary to fit the decision options analyzed by OTA.  These key

assunptions are discussed bel ow by option or groups of options.

AllOptions

0 Time horizon. OTA assumed a 14-year time horizon, the same as was used by
USPS. Thus, cash flows and RO/NPV precal culated for the 1985-1998 tine
period.

0 Labor cost escalation rate. OTA assumed a 7.42 percent annual escalation in
clerk/carrier labor costs, as was used by USPS. This escalation rate is based
on a 10-year historical average.

0 Baseline cost and savings projections. OTA used the USPS cost and savings
projections for single-line OCRs and related equipment. These projections
were adjusted for the various options depending on extent and timing of
single-line OCR deployment and uncertainties (where applicable) in ZIP+4 use
and savings rate.

0 Discount rate. OTA assunmed a 15 percent discount rate (or required RO), as
was used by USPS. Compared to the U.S. Government’s cost of capital
(estimated to be 12.0 to 12.4 percent based on yields on U.S. Treasury bonds
maturing in 1998-2001), the USPS discount rate appears to be reasonable.

o Phase 11A procurenent. USPS has identified a possible future procurenment of
automation equi pment as Phase IIA. OTA has excluded this from all options
and limited analysis to Phases | and 1.
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All Options Using ZIP+4 (Options A, B, D, E, G, H)

0 Incentive rates for ZIP+4 use. OTA assumed that the incentive rates offered
to volume mailers who use ZIP+4 (0.5 cent for presorted first class and 0.9
cent for nonpresorted first class) is a cost. USPS argues that this is a return
to mailers and thus a benefit of ZIP+4, not a cost. However, OTA concluded
that the incentive rates are required to get large mailers to convert to ZIP+4,
and are therefore appropriately considered a cost. OTA assumed a fixed
incentive rate, and that escalating rates would not be necessary to maintain a
given level of ZIP+4 usage. Based on these incentives and a detailed mail
flow analysis, the General Accounting Office (GAO) estimated an annual cost
for incentive rates of $140 million at 90 percent ZIP+4 usage (GAO, 19833,
p.152). OTA assumed the GAO estimate, with the cost reduced
proportionately at lower ZIP+4 usage levels.

0 Savings as afunction of ZIP+4 use. OTA assumed for these options that some
portions of clerk/carrier savings resulting from automation is a function of
the level of ZIP+4 use. For single-line OCRs, OTA used the curve of savings
versus ZIP+4 use developed by USPS. For multi-line OCRs, OTA assumed
that the USPS curve was pessimistic and developed additional curves (median
and optimistic). These curves are presented and discussed in a later section.

All options using multi-line OCRs (Options B, C, D, E,G,H).

0 OTA concluded that USPS assumptions about multi-line OCR performance
were pessimistic with respect to the multi-line OCRs ability to read, code,
and sort 5-digit ZIP mail to the 9-digit level. OTA developed additional
curves, as noted above and discussed later.

All options using single- or multi-line OCRs (options A, B, C, D,E,G, H).

0 OTA concluded that the USPS baseline estimates of clerk/carrier savings
were likely to be optimistic, for a variety of reasons discussed later.
Therefore, OTA analyzed savings at 100 percent, 90 percent, and 80 percent
of the USPS estimates.

Additional assumptions that apply to individual options are presented below.

Option A: Single-line OCR. OTA used the USPS cash flow estimate as the base

line, and treated ZIP+4 usage as an uncertainty. During 1985-1988, the deployment
period for single-line OCRs, OTA reduced USPS savings estimates by an amount
proportional to reduced ZIP+4 usage. For example, if projected clerk/carrier savings in

1986 were based on an USPS-assuned ZI P+4 usage of 57 percent, but estimated by OTA
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to be 28 percent, the savings at the lower ZIP+4 level would be calculated at 28/57 = 49
percent of the USPS estimate. Beyond 1989, when the single-line OCRs would be fully
installed and operational, OTA estimated savings by using the USPS curve of

clerk/carrier savings versus ZI P+4 use.

Option B: Multi-line OCR with ZIP+4. Here, OTA assumed that for the next three

years, 1985-1987, only Phase | single-line OCRs would be in operation, and the Phase |
cost and savings estimates apply. The Phase | single-line OCRs would be converted to
multi-line at an estimated conversion cost of $200,000 each, with the cost spread egually

over three years, 1988-90, based on best available engineering judgment.

OTA estimates that the cost of Phase Il multi-line OCRs would be $850,000 each
(capital and expense), again based on engineering judgment, and conpares to the
USPS-estimated unit cost (capital and expense) of $750,120 for Phase 11 singleline
OCRs. OTA assumed that the cost of multi-line OCRs would be spread overthrew years,
1988-90, which reflects a 3-year delay period (1985-87) for release-loan t est s,
competitive bidding, and contract award, and that the total number of OCRs would be
the same, whether single- or multi-line. OTA assumed an additional multi-line OCR cost
of $5 million per year for 3 years, 1985-87, to cover any further research and
development and the release-loan testing of multi-line OCRs prior to procurement. The
$5 million equates to about one-fifth of the 1983 USPS R&D budget. Otherwise, OTA
assumed that Phase Il equipment costs (bar code sorters, electronic ZIP retrofits, site
preparation, address directory information update, and contingency) would be the same

asfor single-line (Option A).

OTA assumed t hat savings fromthe multi-line OCRs woul d phase in over the

1988-90 period and that full savings would begin in 1991, the year follow ng full
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installation. Multi-line savings at a given level of ZIP+4 use are based on the curve of
savings versus ZIP+4 use presented later. The curve is treated as an uncertainty, with

pessimstic, nedian, and optimstic performance assunptions built in.

Option C:  Multi-line OCR without ZIP+4. Option C is based on the same

assumptions as Option B, except that t he cost of the ZIP+4 rate incentive is dropped
(since ZIP+4 would be terminated) and savings are estimated based on zero use of
ZIP+4. For 1985-87, OTA assumed that savings would be the same as for the Phase |
single-line OCRs with zero ZIP+4 use. For 1988-90, OTA assumed that one-third of t he
full savings benefit of Phase | single-line OCR conversion to multi-line would be realized
in 1989, and two-thirds of the savings benefit in 1990. OTA assumed that Phase 1l
multi-line OCR savings would phase i n over 1988-90, and that full savings of converted

Phase | OCRs and Phase Il multi-line OCRs would begin in 1991.

Option D: Automatic Conversion. Here, OTA assumed that single-line OCRs would .

be purchased and installed on the sam®schedule as in Option A. Over t he 1985-87
period, R&D and release-loan testing on single- to multi-line conversion would be
conducted at $5 million per year. All single-line OCRs (Phase | and Phase Il) would be
converted t 0 multi-line at a total cost of $31 million ($200,000 per conversion ti nes 655
units) spreadover 3years, 1988-90. Clerk/carrier savings are assumed to be the same as

option A savings through 1990, and the same as option B from 1991 on.

Option E: Hedge Conversion. In option E, OTA assumed conversion of single-line

OCRs to multi-line only if ZIP+4 use islow at the end of 1987. If ZIP+4 useisat t he hi gh
or median level, conversion would not take place and option E would be the same as
option A except for a $5 million per year R&D and release-loan cost for 3 years, 1985-
87. If ZIP+4 use is low, then conversion would take place and option E would be the same

as option D.
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Option F. Cancel. Here, OTA assumed that the Phase 11 OCR procurement would

be cancelled, as would the ZIP+4 program and related rate incentives. The 252 single-
line OCRs purchased in Phase | would be used to process 5-digit ZIP mail. OTA assumed
that maintenance and spare parts costs would be the same, but that there would be no
address directory information update cost. Clerk carrier savings for option F were
assumed to be the same as with zero percent ZIP+4 use; that is, about 21 percent of the

savings achievable at 90 percent ZIP+4 use, per USPS estimates.

OTA used option F as the baseline against which incremental cash flows of other

options can be measured.

Option G 50-50 Split Procurement. For option G OTA assumed that the 252

Phase | single-line OCRs would be converted to multi-line in 1988-90 (as in options B, C
D); the Phase 11 procurenent would be split, with 202 additional single-line OCRs
purchased now, installed in 1985-87, and converted to multi-line in 1988-90 (sane as
option D except at one-half the nunber of single-line OCR units); and 201 multi-line
OCRs would be purchased after release-loan testing and installed in 1988-90 (same as

option B except at one-half the nunber of multi-line OCR units).

Thus, option G is an internediate option between options B and D and woul d be

expected to roughly split the difference between the two.

Option H: 90-10 Split Procurement. Option H is based on the same assumptions as

option G except for the Phase 11 split: 363 (instead of 202) additional single-line OCRs
would be purchased now, installed in 1985-87, and converted to multi-line in 1988-90; and
40 (instead of 201) multi-line OCRs would be purchased after release-loan t esti ng and
installed in 1988-90.
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Discussion of Key Uncertainties

OTA gave explicit consideration to several uncertainties in the decision analysis.
These included uncertainty about ZIP+4 usage, multi-line OCR performance, single- and
multi-line savings rate, multi-line OCR cost, single- to multi-line conversion cost, multi-
line ZIP+4 use, national directory feasibility and cost, single/multi-line OCR

obsolescence, and multi-line OCR procurement delay.

The ZIP+4 usage, multi-line performance, and single/multi-line savings rate have
proven to be the most controversial uncertainties. These are discussed first, followed by

the less controversial uncertainties.

As shown in figure 5, the three most controversial uncertainties were included in
many of the decision options. ZIP+4 usage was treated as an uncertainty in analysis of
options A, B, D, E, and, by extension, G and H. Multi-line OCR performance was treated
as an uncertainty in analysis of options B, C, D, E, G, and H. The single/multi-line

savings rate was treated as an uncertainty in options A, B, C, D, E, G, and H.

ZIP+4 Usage. USPS has based its analysis on the assumption that 90 percent ZIP+4
usagewi I | be achieved by the end of 1988. The 90 percent is calculated as a percentage
of total machinable, netered first class letter mail of about 51 hillion pieces. In order to

achieve 90 percent by 1988, USPS assumed the following interim usage rates:
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Figure 5

Uncertainties Included in Analysis of Decision options

Mul ti-Line Single-/Mlti-
Deci si on ZI P+4 CCR Li ne
Qpt_ion Usage Per f or mance Savings Rate
A Si ngl e- Li ne Yes No Yes
B. Mul ti-Line
with Zl P+4 Yes Yes Yes
C. Mul ti-Line
Wthout ZI P+4 No Yes Yes
D. Aut omati c
Conver si on Yes Yes Yes
E Hedge Conversion Yes Yes Yes
F. Cancel No No No
G 50-50 split
Pr ocur enent Yes Yes Yes
H 90-10 split
Procur enent Yes Yes Yes
Sour ce: O fice of Technol ogy Assessnent
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ZIP+4 Pieces

Year Ending Usage Rate Of Mail
1984 27 percent 13.8 Billion
1985 48 245
1986 66 337
1987 85 43.4
1988 90 45.9

As of late May 1984, 59 mailers had actually converted their mailing address files
to ZIP+4. Of these, 42 had qualified for ZIP+4 discounts and are expected to generate
401 million pieces on an annual basis. Sixteen of the other 17 are expected to
collectively generate 25 million pieces of non-qualifying ZIP+4 first class mail, and the
seventeenth, 200 million pieces of third-class mail. Another 258 mailers had given USPS
definite commitments to convert to ZIP+4 by December 1984. When fully converted,
these 258 mailers are expected to generate a total of 2.1 billion pieces of first class mail

annually.

Thus, at present, the projected actua volume of ZIP+4 mail (as a 1984 year-end
volume and percentage of total machinable, metered first class mail) is about 2.73 billion
pieces or about 19.8 percent of the original USPS projection. It impossible, of course,
that additional mailers will decide to convert before the end of 1984. It is also possible

that some of these already committed to convert will not actually do so.

As shown in figure 6, the original USPS projection of 90 percent ZIP+4 usage within
5 years is considerably more optimistic than actual experience with either the U.S. 5-
digit ZIP code or the Canadian 6-digit postal code. The 5-digit ZIP took 12 years to
reach 90 percent usage; after 5 years, the 5-digit usage level was about 51 percent.
Thus, the USPS projection shows ZIP+4 reaching 90 percent about two and one-half times

as fast (in 5 years rather than 12).
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Percent Usage

Figure 6

Comparison of Code Usages
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USPS justifies its projection on the grounds that “the technology used by mailers
today is dramatically more sophisticated than that of the 1960’'s, when the 5-digit ZIP
code was introduced. The widespread use of the 5-digit ZIP code, the proliferation of
office automation and automated mai |l i ngs, and the ZIP+4 incentive al point to
successful and accelerated acceptance of ZIP+4." (USPS, Jellison, 1984c). In 1983, GAO
reviewed the one ZIP+4 market study cited by USPS (a 1982 survey conducted for USPS
by R.H. Bruskin Associates). GAO expressed reservations about the study methodology
(response rate too low, study universe not representative) and was unable to endorse the

study results (GAO, 1983b, pp. iv-v, 31-36).

After reviewing all available evidence, OTA concluded that the USPS ZIP+4
projection should be considered optimistic, that inappropriate median estimate would be
the 5-digit ZIP growth pattern, and that an appropriate pessimistic estimate would be a
growth pattern similar to that of the USPS Electronic Computer Originated Mail Service
(E-COM), where actual usage was about one-third of USPS projections. At the present
time, the first year ZIP+4 usage could turn out to be even more pessimistic. The
estimated 2.73 billion pieces of ZIP+4 first class mail at year end 1984 represents about
5.4 percent of the target mail base as compared to about 7 percent under the pessimistic

scenario, 13 percent under the median, and 28 percent under the optimistic scenario.

OTA’s ZIP+4 growth curves are shown in figure 7. OTA assumed that there is a 5
percent chance that actual ZIP+4 usage will equal or exceed the USPS projection (the
high growth curve), a 50-50 chance that actual usage will be above or below the median
growth curve (that is, it is equally likely that ZIP+4 usage will be above or below the 5-
digit ZIP growth curve), and a 5 percent chance that ZIP+4 usage will be equa to or less
than the low growth curve. At the present time, ZIP+4 growth is tracking a growth curve
lower than the low curve in figure 7.
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As a final note, GAO recently surveyed six business associations whose members
mail large volumes of first class mail. Although not a representative sample, GAO found
that while there is some interest in ZIP+4, businesses are still concerned about the cost
of converting their address files (even with the current rate incentives) and whether the
USPS presort program (and discounts) will end as a result of ZIP+4. In order to promote
conversion, USPS is allowing "comingling" or mixing of upto 15 percent non-ZIP+4 mail
in a ZIP+4 presort first class mailing until February 1, 1985, and up to 10 percent until
October 1, 1985. As yet, however, there is little evidence that business mailers are

giving ZIP+4 conversion a high priority.

Multi-line OCR performance. A major advantage of multi-line OCRs is the ability

to read, code, and sort 5-digit ZIP mail to the 9-digit level. That is, unlike the single-
line OCR, the multi-line OCR can process a significant percentage of 5-digit ZIP mail as
if the ZIP+4 were being used but without actually requiring the ZIP+4 code to be on each
letter. The multi-line OCR does this by matching the multi-line address information on
the envelope with address and ZIP+4 information stored in a computerized address
directory. Even though there is no ZIP+4 code on the envelope, when a match is made,

the multi-line OCR prints the 9-digit barcode on the envelope.

Atissuei s not whether buthow well the multi-line OCR can process 5-digit mail to
the 9-digit level. USPS has estimated that the multi-line OCR can process 60 percent of
5-digit mail accepted by the OCR to the 9-digit level extra based on acceptance tests of
the REI equipment. However, USPS notes that the 60 percent is "a projection that was
not fully tested.” Based on the 60 percent multi-line performance estimate (5-digit to 9-
digit level) and more complete data available on single- and multi-line OCR processing of

9-digit (ZIP+4) mail, USPS developed a set of curves shown in figure 8 as aternatives A,
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B [low], and C. These curves show the estimated annual clerk/carrier savings (in 1989
dollars) as a function of ZIP+4 usage for single-line OCRs and for multi-line OCRs with

and without ZIP+4.

As discussed previously in the technical analysis, OTA concluded that the USPS
estimate of 60 percent was pessimistic. OTA assumed that there was only a 5 percent
chance that actual multi-line performance would be equal to or less than this low
estimate. OTA concluded that a reasonable median estimate of performance was 65
percent, with a 50-50 chance that actual performance will be above or below, and that a
reasonable high estimate was 75 percent, with a 5 percent chance that actual

performance would equal or exceed this level.

The multi-line OCR savings curves associated with low (60 percent), median (65
percent), and high (75 percent) performance are shown in figure 8. OTA used the USPS
multi-line OCR savings curve as the low performance curve (marked as Alt. B (low) in
figure 8), and developed new savings curves for median and high multi-line OCR
performance (marked as Alt. B [median] and Alt B. [high], respectively, in figure 8). The
x-intercepts of the three multi-line curves (savings at O percent ZIP+4 usage) correspond
to about 67, 73, and 83 percent of the single-line OCR savings a 90 percent ZIP+4
usage. Thus, based on this set of curves, at zero percent ZIP+4 usage the annual savings
estimates are approximately $580 million, $635 million, and $720 million for the three
multi-line OCR alternatives, as compared to about $230 million for the single-line OCR
alternative. (Note: The savings percentage at O percent ZIP+4 for Alt. B [low] was
calculated by dividing $580 million, the multi-line savings at O percent ZIP+4 usage, by
$870 million, the single-line savings at 90 percent ZIP+4 usage equals approximately 67

percent. Then, to estimate t he multi-line savings percentage at 65 percent and 75
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percent performance |evels corresponding to Alt. B [median] and Alt. B [high],
respectively, sinple ratios were calculated: 65 percent/60 percent X 0.67 equals
approximately 73 percent for A't. B [median], and 75 percent/60 percent X 0.67 equals

approximtely 83 percent for At. B [high].)

As is evident fromfigure 8, the USPS nulti-line with ZIP+4 curve (Alt. B. [low) has
an elbowinit, with no increase in the savings |evel occurring until ZIP+4 usage exceeds
about 20 to 25 percent. USPS defends this “elbow on the grounds that up to about 20
percent ZIP+4 usage, the read redundancy in the address and the ZIP+4 code negates any
advantage fromthe nulti-line OCR  [n other words, USPS believes that the higher
quality mail will be the first to use ZIP+4, and thus there will be no inmediate benefit
fromnulti-line processing. OTA was unable to establish a satisfactory engineering
justification for this redundancy effect, and USPS wasunableto provide adetailed
explanation. Therefore, while OTA included the elbow in the USPS-estimated curve used
as multi-line alternative B [low], OTA excluded the elbow for alternatives B [median] and
B [high]. For these nulti-line alternatives, OTA assumed a linear relationship between

ZIP+4 usage and savings

For model i ng purposes, OTA converted the figure 8 curves into a set of normalized
linear equations using ZIP+4 usage as the independent variable and usage savings factor
as the dependent variable. A usage savings factor of 1.0 equates to 100 percent of the
savings projected for the single-line OCR alternative at 90 percent ZIP+4 usage. The set
of curves corresponding to the linear equations is shown in figure 9. The slope of the
single-line OCR curve was adjusted slightly to be consistent with the ZIP+4 sensitivity
anal yses included in the 1984 USPS proposal to the Postal Board of Governors (savings
factors of 1.0, 0.866, and 0.72 at ZIP+4 usage rates of 0.9, 0.76, and 0.57 [corresponds to
90 percent, 76 percent, and 57 percent ZIP+4 usage]).
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Figure 9
Usage Savings Factors
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Single/multi-line savings rate. In addition to uncertainty over ZIP+4 usage and

multi-line OCR performance, OTA included an uncertainty over the baseline level of
clerk/carrier savings estimted by USPS. USPS asserts that their estimtes are
conservative, since the estimates “do not include additional savings froma reduction in
operator schene training, increased enployee flexibility, error reduction, or the
potential for encoding nmail manually.” USPS also points out that the savings estimates
are based on machinable first-class mail only, and do not include savings from non-
machinable first class mail or from sem-automated processing of ZIP+4 coded flats and

parcels (for exanple, by using a wand reader or |aser scanner).

On the ot her hand, the USPS savings estimates are vulnerable to lower than
anticipated volume and/or higher than expected costs. Some large mailers may develop
techniques for totally bypassing the OCRs, for example, by applying bar codes to
outgoing letters at the same time addresses are printed. This would be an extension of
presorting letters to the carrier route level, which is apparently already competing with
postal automation. [f a significant amount of machinable, easy to read (trayed and clean)
first class mail is presorted and bypasses the OCRs, the OCRs would be left with a higher
relative volume of lower quality mail with a lower OCR performance level to be
expected. The net result could be a considerable decrease in OCR productivity and

savings.

This downside potential is dramatized by comparing single-line OCR accept rates
(percentage of mail fedtoan OCR that is accepted by the machine) for different types
of mail. USPS assumed, for exanple, an accept rate of 90 percent for presort first class
mail but only 50 percent for collection box mail and 75 percent for bulk business mail.

Totheextent the OCR mai|l m x changes such that presort decreases relative t o other
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mail types, then the overall OCR accept, productivity, and savings rates would decline,

al other things being equal.

As to the possibility of hi gher than expected costs, the greatest vulnerability
appears to be in the labor area, not in equipment. Although it is too early to have hard

figures, it is possible that OCR maintenance labor costs will be higher than anticipated.

All factors considered, OTA concluded that the USPS baseline estimate of
clerk/carrier savings was probably somewhat optimistic. OTA assumed that there is a 5
percent chance that the actual savings rate will equal or exceed 100 percent of the USPS
baseline savings estimate, a 50-50 chance that the savings rate will be above or below 90
percent of the USPS baseline estimate, and a 5 percent chance that the actual rate will

be equal to or less than 80 percent of the USPS estimate.

Multi-line OCR Cost. OTA noted some uncertainty about the purchase and

maintenance costs of the multi-line OCR. Firm estimates are not possible in the absence
of a competitive bidding on and operational experience with a large number of multi-line
OCRs. USPS has estimated that multi-line OCRs would cost $200,000 more per unit to
buy than single-line OCRs, or about $950,000 compared to the $750,000 (per single-line
OCR unit (capital and expense) used in t he USPS proposal to the Postal Board of

Governors.

However, based on best available engineering judgment, OTA concluded that a
$100,000 purchase cost difference is more realistic. Also, OTA conducted a sensitivity
analysis on multi-line OCR purchase prices of $750,000, $850,000, and $950,000 and

found that the impact on ROI/NPV was negligible, as will be discussed in a later section.
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As for multi-line OCR maintenance cost, OTA concluded that the cost of updating
the multi-line OCR address directory would probably be greater than updating the single-
line OCR directory. USPS has very roughly estimated this additional maintenance cost
at one work year per local directory per year (equivalent to three persons working for 4
months).  Since 209 local directory updates would be needed (the nunber of cities
projected to have OCRs), the additional yearly directory maintenance cost is estimted
to be about $9.32 million (209 local directory updates times $44.6K per average work
year). This amount is negligible (on the average one percent or less) compared to the

total yearly multi-line savings, and therefore was excluded from further analyses.

Single- to multi-line conversion cost. In the absence of firmestimtes, OTA

assumed a conversion cost of $200,000 per unit, based on best available engineering

judgment.

Milti-line ZIP+4 usage. USPS believes that use of nulti-line OCRs would Iikely

have a detrimental effect on mailer acceptance and use of ZIP+4. In other words, all
other things being equal, USPS believes that ZIP+4 usage would be less for a multi-line
OCR system than for a single-line OCR system.

Wile a few mailers have indicated that a USPS switch to nmulti-line OCRs woul d
reduce the likelihood of converting to ZIP+4, the cost of conversion, level and stability of
USPS ZI P+4 rate incentives, and relationship to USPS presort rate incentives appear to
be nuch nore inportant to mailers than the type of OCR equi pment used by USPS. [n
sum the available evidence suggests that mailers base their decisonsabout ZI P+4 use

primarily on economic and financial factors and not on technological factors.
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In addition, even the concerns stated by USPSwould appear to be moot for options
including an initial purchase of some or all of the Phase Il single-line OCRs and
subsequent conversion to multi-line capability. Since actual conversion would probably
not begin for about 3 years, by that time it should be clear to what extent USPS

projections of ZIP+4 usage with a single-line OCR system are being met.

National directory feasibility and cost. OTA originaly included the cost of

computerized national directories as a charge against multi-line OCR options, on the
theory that national directories would be necessary for effective use of multi-line
OCRs. However, upon further analysis, OTA concluded that national directories, while
technically feasible, were not necessary, since the use of local directories in the origin
and destination cities amounts to a de facto national directory. In addition, since a
national directory has not yet been developed, estimating costs would be very difficult.
As a result of these factors, the cost of national directories was removed from further
consideration. (The cost of local directories was, of course, reflected in the estimates of

multi-line OCR purchase ‘price and single- to multi-line conversion price.)

Single/multi-line OCR obsolescence. OTA originally included as an uncertainty the

obsolescence date for Phase Il single-line OCR equipment (i. e, a 5 percent chance of
becoming obsolete in 1994 or earlier). However, OTA concluded that the single-line
QCRs coul d be upgraded, if necessary, to use new technol ogi es and/or perform new or
expanded functions. Therefore, the equipment obsol escence date was excluded as an

uncertainty. Al equipment was assumed to remain operational through 1998.

Multi-line OCR procurement delay. OTA originally assumed a 2-year delay in OCR

procurement if USPS switched from single-to multi-line OCRs. Upon further analysis.

OTA concluded that a 3-year delay was more reasonable, based on best available
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engineering judgment and USPS experience with single-line OCR release-loan testing,
assuming no change in USPS procurement-practices. USPS has likewise estimated a 3-
year delay as more redlistic, given the need to issue a new solicitation for release-loan

testing of multi-line OCRs.

Resul ts of Decision Analysis

Probabilistic cash flow nodels were devel oped for each option using the
assunptions and uncertainties discussed previously. The nodels were then usedto
project estimated yearly cash flows, rate of return, and net present value for each
decision option. (See appendices A and B for a detailed presentation of the models and
cash flows for al options except options G and H, which were estimted by

interpolation. )

The purpose of the modeling is to provide both absolute and conparative financial
projections for each decision option. However, while the nmodels generate numbers that
appear to be very specific, the user of the results nust understand that all projections
are subject to sone inprecision, especially in viewof the |arge number of assunptions
and uncertainties. But as long as these assunptions and uncertainties are treated

consistently, the results should provide a valid basis for conparison anong options.

Results of the decision analysis are presented below in t he following order: rates

of return, net present values, supplemental sensitivity analysis, and overall cash flows.

Rates of return. The cash flow nodels were used to estimate internal rates of

return (RO s) for each option under each condition of uncertainty. The RO s were

estimated on an incremental basis over option F (cancel ), since OTA assumed that under
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any scenario, the Phase | single-line OCRs aready purchased would be kept in service.
Thus option F is in effect the baseline option. In essence, al ROIs are net of cash flows

associated with Phase | single-line OCRs.

The estimated ROIs for al options under various conditions are shown in figure

10.  Every option under all conditions modeled shows an ROl above the 15 percent
threshold established by USPS. The lowest ROI is 20.6 percent, for option A (single-line
OCR) under low ZIP+4 usage and a low savings rate. Only if ZIP+4 was even lower (e.g.,
peaked out at 20 percent usage instead of the 40 percent assumed in the low usage
scenario) and/or the savings rate was even lower (e.g., 70 percent of USPS estimates
instead of the 80 percent assumed in the low savings rate scenario) would the option A

ROI drop below 15 percent.

The highest ROI is 84.6 percent, for option D (automatic conversion) under high
ZIP+4 usage, multi-line performance rate, and savings rate. However, under these
conditions options A (single-line OCR), E (hedge conversion), and H (90-10 split
procurement) have only a dlightly lower estimated ROI. The greatest difference between
option D (automatic conversion) and option A (single-line OCR) occurs with low ZIP+4
usage and high multi-line OCR performance. Under these conditions, the option D ROI is

anywhere from 33 to 50 percent higher than the option A ROI.

The relative ROI ranking of the various options as a function of ZIP+4 usage is as

follows (excluding option F, cancel, which has a negative ROI):
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Figure 10

Estimated Percentage Rates of Return for
Decision Options Under Various Conditions

Mul ti-line OCR Performance Rate
Low Medi an Hi gh
| Savings Rate Sgyings Rate S R I Savings Rate
L M H L M H L M H L M H

High ZIP+4 Usage ]

Option AJ 56.4 || 69.2] 83.5 — AR

Jption B 5546 | 58e2] 74+7 | 4644 | 59.0] 7545 | %647 | 59.3] /5.7

Jption D | | J6.6 69.6] 84.2 57.1 70,0 84,5 57.3 o 84,06

dption E* 56.4 | 69.2] 83.5 T

dption G** 51.1 | 63.9] 79.6 | 51.8 | 64.5] 80.0 . =ﬁﬁfﬁ?mﬁﬁfff'

dption H¥¥ 55.5 | 08.01 83.3 | 96.0 | 68.9] 83.0 | 96.2 | 69.1] 83.7
Median ZIP+4 Usage

Option A 37.4 43,6 49.7

Option B 33.7 | 39.7] 45.7 | 35.0 | 41.0] 47.0 | 35.% | 4L.5] 47.5

Option D 37.8 | 44.1] 50.3 | 38.8 | 45.1] 5l.2 | 39.2 | 45.4] 51.5

Jdption E* 37.4 | 43.6] 49.7

Option G** 35.8 | 41.9] 48.0 | 36.9 | 43.1) 49.1 | 37.3 | 43.5] 49.5

Option H** 374 | 4347 49.8 | 38.%4 | 44./] 508 | 38.8 | 44.7] Ol.1
Low ZIP+4 Usage

Option A 20.6 | 25.3] 29.7

Option B 22.3 1 26.7] 30.8 27.8 | 32.1T1 36.1 29.5 33,81 37.8

Option D 25.3 | 29.8] 34.0 | 29.7 | 34.0] 38.1 | 3L.I | 35.4] 39.4

Option E¥* D3 | 29.8] 34.0 | 29.7 | 34.0] 38.1 | 31.1 | 35.4] 39.4

Option G** "] 23.8 | 28.5)] 32.% | 28.8 | 33.1] 37.1 | 30.3 | 34.6] 38.6

Option H¥* 20.0 | 29.5] 33.7 | 29.0 | 33.8] 37.9 | 30.9 | 35.2] 39.2
Zero Z1P+4 Usage

Option C 32.3 | 37.8] 43.2 | 3444 | 39.9] 45.3 | 37.6 | 43.1] 48.5

ROs for Option E are the same as Option A at high and nedian ZI P+4 usage and the sane as
Option D at |ow usage.

ROs for Options G and H were calculated by interpolation fromQptions B and D (i.e.
Option G was assumed to have an RO that splitthe difference between Options B and D)

NOTE: Al ROs are increnental over Option F (cancel)

Sour ce: O fice of Technol ogy Assessnent
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High and Median ZIP+4 Usage

Option D Highest ROI
Option H

Options A and E

Option G

Option B Lowest RO

Low ZIP+4 Usage

Option C Highest ROI
Options D and E

Option H

Option G

Option B

Option A Lowest ROI

Thus, at high or median ZIP+4 usage, options D and H have the highest ROs. And
at low ZIP+4 usage, options C, D, E and H have the highest ROs.

Net present values. Use of ROIs for decisonmaking has a serious limitation. When

more than one option clears the hurdle rate (that is, has more than the minimum required
ROI, in this case 15 percent), the ROI itself gives no indication of the cash flow
differences of the various options as a basis for comparing the options. An alternative t o
RO frequently used in capital investment decisionmaking is net present value (NPV).
NPV discounts the cash flows of each option at the hurdle or threshold rate, in this study

15 percent.

Estimated NPVs for all options under all conditions (except option F, cancel, which
has a negligible NPV of $232,199) are shown in figure 11. The relative ranking of the
options based on NPV is the same as the ranking based on ROI, except for option C.

However, there is a significant difference in the absolute rankings when using NPV.
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Figure 11

Estimated Net Present Values (in billions of dollars)

for Decision Options Under Various Conditions

Miulti-line OCR Perfornmance Rate
Low Medi an Hi gh
Savings Rate Savings Rate Savings Rate Savings Rate
L | M H L M H L | M| H L | M | H
[ 1

High ZIP+4 Usage

Option A 1.50 1911 2.33

Option B 1.07 1421 1.77 1.12 1.487 1.84 1.14 1050 1.86

Option D 1.51 1.93] 2.35 1.57 1.99] 2.42 1.59 2.01( 2. 44

Option E* 1.50 1.91] 2.33

Option G* 1.29 1.68[ 2.00 1.35 1.747 2.13 1. 36 1.76] 2.15

Option H* 1.4/ 1.83] 2.29 1. 93 1.941 2.350 1. 55 1.96| 2.306
Medi an ZI P+4 Usage

Option A 1.05 1381 1.71

Option B 0.82 1.12] 1.41 | 0.90 1.211 1.51 0.93 1.24] 1.55

Option D 1.09 1.43| 1.77 1.17 1.52| 1.87 1.19 1.55] 1.90

Option E* 1.05 1.38] 1.71

Option G* 0.96 1.281 1.59 1. 04 1.37] 1.69 1006 1.40 1.73

ption H* 1.06 1401 1.73 1.14 1.49] 1.83 1.16 I.52 1.87
Low ZIP+4 Usage

Option A 0.21 0.41] 0.61

Option B 0.30 | 0.50[ 0.70 | 0.59 | 0.83] 1.07 0.70 | 0.95] 1.20

Option D 0.46 | 0.70] 0.93 | 0.75 | 1.03] [.30 | 0.86 | 1.15] 1.43

Option E* 0.46 0.70| 0.93 0.75 1.03] 1.30 0.86 1.15| 1.43

Option G** 0.38 0.60| 0.82 0.67 0.93] 1.17 0.78 1.05( 1.32

Option H** 0.44 0.681 0.91 0.73 1.01] 1.28 0.84 1.13] 1.41
Zero ZIP+4 Usage

Option C 0.58 ] 0.78] 0.99 | 0.69 | 0.91] 1.1I3 | 0.87 I.II7 1.36

Option D at | ow usage.

NPVs for Option E are the sane as Option A at high and nedian ZIP+4 use and the sanme as

NPVs for options G and H were calculated by interpolation fromOptions B and D (i.e. |,

Option G was assumed to have a NPV that split the difference between Options B and D).

NOTE: Al NPVs are increnental over Option F (cancel).

Sour ce: O fice of Technol ogy Assessment
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Under conditions of high and medium ZIP+4 usage, high savings, and high multi-line
performance, option D (automatic conversion) has about a 5 percent and 11 percent
higher NPV, respectively, than option A (single-line OCR). At low ZIP+4 usage, another
things being equal, the option D advantage increases to a substantial 134 percent or
about $820 million in NPV. At a low savings rate (along with low ZIP+4 usage and high
multi-line performance), the relative advantage of option D over A increases further to
about 310 percent athough the absolute advantage decreases to about $650 million in
NPV. Even at low multi-line performance, with low ZIP+4 usage option D has a 53 to 119
percent relative advantage in NPV and a $320 to 250 million absolute advantage in NPV,
at a high and low savings rate, respectively. Option H (90-10 split procurement) also has
a higher NPV than option A under almost al conditions. Option G (50-50 split
procurement) has a significant athough somewhat smaller advantage over option A at

low ZIP+4 usage.

The net NPV advantage or disadvantage of options D, G and H conpared to option
A is shown in figure 12 for various conditions. Relative as well as absolute comparisons
are included for low ZIP+4 usage. The results clearly show that options D and H have a
marginally higher NPV at high and medium ZIP+4 usage under all conditions and a
substantially higher NPV at low ZIP+4 usage. Onthe other hand, option G has a
marginally lower NPV than option A at high ZIP+4 usage and median ZIP+4 usage with
low or median multi-line performance, a marginaly higher NPV at median ZIP+4 usage
and high ZIP+4 performance, and a substantially higher NPV under all low ZIP+4

conditions.

Another way to present these results is shown in figure 13. Here, the 80 percent

credible values are shown for each option along with the overall net present val ue for
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Figure 12

Conparison of Net Present Values (in percentages and billions of dollars)
of Options D, G and Hwth Option A

Ml ti-1ine OCR Performance Rate
Low Medi an Hi gh
Savings Rate Savings Rate Savings Rate
Low Med. Hi gh Low Med. H gh Low Med. H gh
H gh ZI P+4 Usage
Option D ($) 0.01] 0.02 0. 02 0.0/ 0. 08 0.09 | 0.09 0.10 0.11
Option G (9) -0.211 -0.23 -0.27 1-0.15 -0. 17 -0.20 [-0.13 -0.15 [-0.18
Option H (9) -0.03] -0.03 -0. 04 0.03 0.03 0.0s 0. 05 0.05 0. 05
Medi an_ZI P+4 Usage
Option D ($) 0.041 0.05 0.06 [ 0.12 0.14 0.16 [ 0.14 0.17 1 0.19
Otion G (3) -0.09] -0.10 | -0.12 |-0.01 | -0.01 | -0.01 | 0.01 0.02 | 0.03
Qption H ($) 0.01 0.02 0.02 [ 0.09 0.11 0.12 0.11 0.14 1 0.1b
Low ZI P+4 Usage
Option D (% 119 /1 53 257 151 113 310 181 134
($) 0.25] 0.29 0.32 [ 0.54 0.62 0.69 | 0.00 0.7/74 | 0.82
Option G (% 81 46 34 209 127 92 271 156 116
($) 0.1/ 0.19 0.21 [ 0.46 0.92 0. o0 0.9/ 0. 64 0. 71
Option H (% 110 66 49 248 146 105 300 176 131
(9) 0.23] 0.27 0.30 | 0.52 0.60 0.67 | 0.63 0.72 | 0.80
Not es: Opt i n Automatic conversion
ption G= 50-50 Split procurenent.
Option H = 9010 Split procurement.

Al doIIar figures in billions and are net of Option A NPV from Figure 11.
Al NPVs are increnental over Option F (cancel).

Sour ce: O fice of Technol ogy Assessment
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80% Credible Intervals on NPV (Qverall & Conditional)

Figure 13
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each option. The 80 percent credible interval means that there is a 10 percent chance of
NPV being above the largest value and a 10 percent chance of NPV being below the

smallest value. The NPVs and credible intervals are shown overal and conditiona on

ZI P+4 usage.

Figure 13 shows, in effect, the ranking of the options by expected net present value
and the range of uncertainty in NPV associated with each option, both overall and

conditional on ZIP+4 use. The ranking of the options by expected NPV is summarized

bel ow:
Qveral | NPV Rank
Option D 1 hi ghest
H 2
E 3
G 4
A 5
B 6
c 7 | owest

Low ZIP+4 Usage

Option D 1 hi ghest
E 2tie
H 3
c 4
G 5
B 6
A 7 | owest

Thus, option D (automatic conversion) ranks first in NPV both overall and with |ow
ZI P+4 usage. Option H (90-10 split procurement) ranks second in NPV overall and third
with |ow ZI P+4 usage. Option E (hedge conversion) ranks third in NPV overall and ties
for first with low ZIP+4 usage. Options G (50-50 split procurenent) and A (single-line
OCR) rank alnmost identically in overall NPV. Option B (multi-line with ZIP+4) ranks

relatively low (6th) in NPV, both overall and with |ow ZI P+4 usage. Option C (multi-line
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without ZIP+4) ranks the lowest in overall NPV, but somewhat higher (4th) in NPV with

low ZIP+4 usage. Option A (single-line) ranks the lowest in NPV with low ZIP+4 usage.

The domi nance of option D (automatic conversion) can also be illustrated by
plotting the cunulative probability distributions of NPV for each option. As shown in
figure 14, for any vaueof NPV (incremental over option F (cancel]), the probability is
greatest for option D. For example, for an NPV of $1 billion, the probability is about 0.9
or 90 percent that option D will exceed that NPV (cumulative probability of about 0.1),
about 0.75 that option A will exceed, about 0.7 that option B will exceed, and only 0.5 (or
50 percent) that option C will exceed $1 billion.

Because option D dominants all other options under all conditions of uncertainty,

option D is stochastically dominant.

Supplemental sensitivity analysis. The basic models built in three uncertainties

(ZIP+4 usage, savings rate, multi-line performance rate). A supplemental analysis was
conducted to check the sensitivity of NPV results to changes in the purchase price of the

multi-line OCR or the number of multi-line OCR units.

The results, summarized in figure 15, showed that an increase in multi-line OCR
purchase price from $850,000 to $970,000 woul d have very little effect on NPV.The
effect would be to reduce NPV by about $0.02 and 0.03 billion. Likewise, an increase in
the number of multi-line OCR units from 403 to 439 (as estimated by GAO to be required
if the entire Phase 11 procurement was switched from single- to multi-line OCRs) would
cost about an additional $34.9 million (41 units x 850,000/unit), which is less than the
$40.3 million cost of a $120,000 price increase for 403 machines. Therefore, the effect

on NPV again would be very little.
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Figure 14

Cunul ative Probability Distributions
of Net Present Val ue (Snoot hed)

ption G

50-50 Split Option H

Procur enent Option A 90- 10
Single- Split

\ Line OCR 'Procuremen
\ V..
Option B
Mulei-lin Multi-

Line OCR

V/Z,IP‘Y"-;

0 2 4 .6 .8 1.0 2.0 2.5

Net Present Value (in $ billions)

Source:  Office of Technol ogy Assessment
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Sensitivity of Net Pr esent
to Multi-line OCR Purchase Cost

Figure 15

Val ue

NPV* withDifferent Mlti-line
OCR Unit Costs
Mil ti-line Savi ngs ($ in billions)
ZI P+4 Use Per f ormance Rate Rat e @ $750K @ $850K @ $970K
|

H GH Hi gh Hi gh 1.88 1.86 1.84
Medi an 1.52 1.50 1.48
Low 1.16 1.14 1.12
Median Hi gh 1.86 1.84 1.81
Medi an 1.50 1.48 1.46
Low 1.14 1.12 1.10
Low H gh 1.79 1.77 1.75
Median 1.44 1.42 1.40
Low 1.09 1.07 1.04
VEDI AN Hi gh Hi gh 1.57 1.55 1.52
Medi an 1.26 1.24 1.21
Low .95 .93 .90
Median High 1.53 1.51 1.49
Median 1.23 1.21 1.18
Low .92 .90 . 88
Low H gh 1.43 1.41 1.39
Medi an 1.14 1.12 1.09
Low .84 .82 .80
LOwW Hi gh Hi gh 1.22 1.20 1.18
Medi an 0 97 .95 .93
Low 72 .70 * 68
Median H gh 1009 1.07 1.04
Medi an .85 .83 .80
Low .61 .59 .57
Low H gnh M2 .70 .68
Median 52 .50 47
Low .32 .30 27

* NPV for option B (multi-line OCR with ZIP+4) adjusted to reflect
different purchase costs.

Sour ce: O fice of Technology Assessment
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In sum, neither a modest increase in price per unit for the multi-line OCRs or in

the total number of units would significantly change the NPVs.

Overall and selected year cash flows. Net present value is the best basis for

conparative quantitative evaluation of the decision options. However, the actual
undi scounted net cash flows over the 13 year payback period (1985-98) can provide

anot her di mensi on to the evaluation.

Comparative net cash flows for selected options and conditions are shown in figure
16. Option A (single-line) is estimated to show positive cash flows of $8.8. $8.24, and
$3.57 billion at high, medium, and low ZIP+4 usage. At high ZIP+4 usage, option B
(multi-line with ZIP+4) is somewhat |ower at $8.14 billion, options D (automatic
conversion) and H (90-10 split procurenment) somewhat higher at $9.36 billion and 9.24
billion respectively, and option G (50-50 split procurenment) about the same at $8.75

billion. The conparisons between options change relatively little at median ZIP+4 usage.

However, at |ow ZI P+4 usage there is a substantial difference in net cash flows.
Qption A (single-line) shows a net cash flow of $3.57 billion. But, depending on the
multi-line OCR performance rate, options D (automatic conversion) and H (90-10 split
procurement) show a net cash flow of $5 to 7.2 billion, or about $1.4 to 3.6 billion greater
than option A Qption G (50-50 split procurement) shows about $1.1 to 3.3 billion greater
cash flow than option A and option B (multi-line with ZIP+4) shows about $0.8 to 3.0

billion greater cash flow than option A

A comparison of yearly cash flows gives simlar results. Yearly cash flows for
selected options and conditions are shown in figure 17, for the years 1994-98. By this

time, all equipment will presumably have been installed (or converted) and up and running
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Figure 16

Conparative Net Cash Fl ows,
Sel ected Options and Conditi ons,
1985-1998 (in $ billions)

Option A| Option B Option D Option G Option H
(Single-| (Multi-line | (Automatic (50-50 split (90-10 split
line) with ZIP+4) | Conversion) Procur enment) Procur enent)
High ZIP+4 Usage
High Savings Rate
High Multi-line Performance
Net Cash Flow +$8.80 +$8.14 $9.36 +$8.75 +$9.24
Compared to Option A -0.66 +0.56 -0.05 +0.44
Median ZIP+4 Usage
High Savings Rate
High Multi-line Performance
Net Cash Flow +$8.24 +5$7.59 +$9. 03 +$8. 31 +$8. 89
Conpared to Option A -0. 65 +0. 79 +0. 07 +0. 65
Low ZI P+4 Usage
H gh Savings Rate
Hgh Milti-line Performance
Net Cash Flow +$3. 57 +$6. 57 +$7.19 +$6.88 +$7.13
Conpared to Option A +3.01 +3.62 +3.31 +3.56
Low ZI P+4 Usage
H gh Savings Rate
Median Multi-line Perfornmance
Net Cash Fl ow +$3. 57 +$5. 98 +$6. 59 +$6. 29 +$6. 54
Conpared to Option A +2. 41 +3. 02 +2.72 +2. 97
Low ZI P+4 Usage
H gh Savings Rate
Low Milti-line Perfornmance
Net Cash Flow +$3. 57 +$4. 38 +$5. 00 +$4. 69 +$4. 94
Conpared to Option A \ +0. 82 +1. 43 +1.12 +1. 37

*

Options G and H calculated by interpolating between Options B and D.

NOTE: Al net cash flow figures in undiscounted dollars.

SOURCE: O fice of Technol ogy Assessnent
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Figure 17

Conparative Net Cash Flows,
Sel ected Options, Conditions, and Years

(in $ billions)
Option A Options B (Milti-Tine) Options B, G D, H |
(Single- D (Automatic Conversion) Conpared to
l'ine) G (50-50 Split Procurerrent; Option A
H (90-10 Split Procurenment
Hi gh ZI P+4 Usage
H gh Savings Rate
Hgh Milti-line Performance
Net Cash Flow 1994 $0. 87 $0.94 $0.07
1995 0.94 1.02 0.08
1996 1.02 1.11 0.09
1997 1.11 1.20 0.09
1998 1.20 1.30 0.10
Low ZI P+4 Usage
H gh Savings Rate
Hgh Milti-line Performance
Net Cash Flow 1994 0.43 0.87 0.44
1995 0.46 0.93 0.47
1996 0.50 1.01 0.51
1997 0.54 1.09 0.55
1998 0.59 1.17 0.58
Low ZI P+4 Usage
H gh Savings Rate
Median Multi-line Performance
Net Cash Flow 1994 0.43 0.80 0.37
1995 0.46 0. 86 0.40
1996 0.50 0.93 0.43
1997 0.54 1.00 0.47
1998 0.59 1.08 0.49
Low ZI P+4 Usage
H gh Savings Rate
Low Milti-line Performance
Net Cash Flow 1994 0.43 0.61 0.18
1995 0.46 0.66 0.20
1996 0.50 0.71 0.21
1997 0.54 0.77 0.23
1998 0.59 0.83 0.24
Sour ce: O fice of Technol ogy Assessment
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aopti mal performance. Options B, D, G, and H will by that time look exactly the same
-- dl multi-line OCRs. The single-line OCRs procured under options D, G, and H will
have been converted to multi-line capability. Option A will continue to be solely single-

line OCRs.

Wth high ZI P+4 usage, option A shows an annua net cash flow of about $870
million to $1.2 billion from 1994 to 1998. Options B, D, G, and H show almost identical
annual cash flows, only dightly higher by about $70 to $100 million per year. However,
at low ZIP+4 usage, the differences again become substantial. With high multi-line
performance, options -B, D, G, and H show between $440 and 580 million per year
additional net cash flow compared to option A, from 1994 to 1998. With median multi-
line performance, the advantage of options B, D, G, and H ranges from $370 to 490
million per year. And even at low multi-line performance, the advantage over option A,

while reduced, is dtill significant at $180 to 240 million per year.
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Appendix A: Modeling Methodology

The basic methodol ogy enpl oyed was to devel op probabilistic cash flow mdels for
each of the decision options (except for the split procurement options, which were

anal yzed by interpolating from results of other options).

A decision tree was developed for each option. The tree included the uncertainties
discussed previously, as applicable to each specific option, and a cash flow valuation
measured by rate of return (ROI) and net present value (NPV) discounted at 15 percent,
as illustrated conceptualy in figure A-1. The uncertainties (i.e., ZIP+4 usage, savings
rate, multi-line OCR performance rate) were treated as continuous random variables.
The continuous random distributions were approximated by the Pearson-Tukey
approximation which uses values of the variable at three discrete points: the 5, 50, and
95 percentiles. Pearson-Tukey assigns probabilities of 0.185, 0.63, and 0.185 to these

three percentiles, as shown in figure A-2.

Simplified schematic models for options A, B, C, D, and E are shown in figures A-3

through A-7. The full models are shown in appendix B.

The modelswererun on an | BM Personal Conputer usingLotus 1-2-3 and

proprietary software.
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Figure A-1

Probabi listic Cash Fl ow Mdel
(I'llustrated for Option A Single-Line OCR)

UNCERTAINTIES CASH FLOW VALUATI ON
Z| P+4
USAGE SAVINGS RATE
ROI
NPV @ 15%

The uncertainties are continuous random variables. p g; mpli fied
representation of these distributions is used in the analysis Fas
explained in figure A2,

Source:  Office of Technol ogy Assessnent
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Figure A-2

Sinplified Representation of Continuous
Probability Distribution

Continuous Distribution

S | A | E—

F F
Fos .50 95 VALUE

W

.63

Pear son- Tukey
Approxi mation of
Continuous Distribution

D D 18.5

F o5 F 50 F o VALUE

\4

.95

Mbdel Represen- 185 .
tation of .63 .50
Appr oxi mat i on

185

.05

This representation is a Pearson-Tukey approximation. It was chosen because
it provides an excellent approximation to a wide range of continuous probability
distributions, as explained in Keefer and Bodily (1983).

Source: Office of Technol ogy Assessnent o1



Figure A3

Simplified Schenatic Mbdel for
Option A Single-Line OCR

ZI P+4 USAGE SAVINGS RATE
H gh High (100%)
. 185// 185/ ¢
G<63 Medi an .63 Medi an (90%
.185 .185
\ Low \ Low (80%)

(See figures 7, 8, 9)

SOURCE: Office of Technol ogy Assessnent
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Figure A5

Sinplified Schematic Mdel
for Option C Milti-Line OCR Wthout ZIP+4

MULTI - LI NE PERFORVANCE RATE SAVINGS RATE

Hizh High (100%)

/.

.135 185
.63 Median <>é3 Median (907)
\ /

135 \\ .185\

\ Low \ Low (80%)
(See figures 8 and 9 at Same as for all other
O% ZI P+4 usage) opti ons

SOURCE:  Office of Technol ogy Assessment.
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ZI P+4 USAGE

lligh

Median

L.ow

Same as for Single-Line or
Multi-Line with ZIP+4

SORCE : O fice of Technol ogy Assessment

Sinplified Schematic Mdel for

Option D: Automatic Conversion

Figure A-6

MULTI - LI NE PERFORMANCE RATE

SAVI NGS RATE

High (100%)

High
Median
\\ lLow

Median (90%)

Same
with

as for Multi-lLine
Z1P+4

Low (80%)

Same as for
options

all the
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Appendix B: Detailed Cash Flow Mdels and Results

The detailed cash flow nodel and results for options A, B, C, D, and F are
presented in this appendix. For each option, a conplete probabilistic event tree is
shown, along with the incremental rate of return (RO) and net present value (NPV) over
option F (cancel) for each condition of all options nodeled. Also for each option,
detai |l ed year-by-year cash flows are shown for each condition.

The detailed cash flows show two RO's and NPVs. The first ROl and NPV are for
total cash flows of the option nodeled. The second ROI and NPV are for total cash flows
less cash flows for Qption F (cancel).

All dollar figures are in thousands, and are carried to the nearest thousand dollars.
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Figure B-1

Cash Fl ow Model

and Results for

Option A Single-Line OCR
ZI P+4 USAGE SAVI NGS RATE
LABEL
HIGH (100%) 111
HIGH MEDIAN (90%) 112
/
LowW (807%) 113
-185 H CH 121
.18V
MEDIAN /\/ .63 MEDIAN 122
NSO
+185 LOW 123
185
HIGH 131
185/
LOW /63 MEDIAN 132
-185 \ LOW 133
SOURCE : O f ice of Technol ogy Assessnent
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| NCREMENTAL
RO (% NPV_(SB)
83.5 2.33
69. 2 191
56. 4 1.50
49.7 1.7
43.6 1.38
37.4 1.05
29.7 61
25.3 .41
20.6 il



Figure B-3

Cash Flow Results for
ption G Milti-Line OCR Wthout ZIP+4

MULTI - LI NE  PERFORMANCE

RATE AT O% ZI P +4 SAVI NGS RATE INCREMENTAL
LABEL RO (% NPV ($B)
100% 111 48.5 1.36
185
HIGH (.83) ©<3 90% 112 431 1.11
BN s 113 37.6 87
100% 121 15.3 1.13
.185
.185
.63 MEDIAN (.73) - /N /.63 90% 122 39.9 91
18 80% 123 34.4 69
.185
100% 131 43.2 99
185
LOW (.67) 63 90% 132 37.8 78
185 80% 133 32.3 58

SOURCE: O fice of Technol ogy Assessnent
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Figure B-2

Cash Flow Mdel and Results for
Option B:  Milti-Line OCR with ZIP+4
MULTI - LI NE
7l P+4 USACE PERFORMANCE RATE LABEL
1111 1.0 Savings
111 High Curve '185.63 1112 .9 Savings
\
' 1;;\\ 1113 -8 Savings
185
1121 1.0 Savings
11 High Use O,Le3 112 Med Curve 18 1122 .9 Savings
~
.185 1123 .8 Savings
.185 1131 1.0 Savings
113 Low Curve -1§2ff 1132 .9 Savings
gsk 1133 .8 Savings
1211 1. i
185 185 1.0 Savings
121 High Curve ‘~"7¢3 1212 .9 Savings
i : \W AN
/' .185\\ 1213 .8 Savings
.185
’
Multi-Line 185 1221 1.0 Savings
1 Wth ZIP+4 ~ | 12 Med Use /g3 122 Med Curve 3 1222 .9 Savings
o ==
63 \ .185\\_1223 .8 Savings
A
\
.185
1231 1.0 Savings
3
\123 Low Curve té§§63 1232 .9 Savings
.185 .185% 1233 .8 Savings
: 1311 1.0 Savings
131 High Curve }i&;{; 1312 .9 Savings
; \
183\_ 1313 .8 Savings
.185
1321 1.0 Savings
a Al w“r 9 ”~ .185
‘13 Low Use 63 134 Mea Lurve -—".63 1322 .
b5 u’
\\ .185% 1323 .8 Sav
.185 \
\\ 1331 1.0 Savings
133 Low Curve '18§63 1332 .9 Savings
\
,13\5\ 1333 .8 Savings
SOURCE: Office of Technology Assessment 69

Increxental
ROI(%) NPV(S3)
75.7 1.86
59.3 1.50
46.7 1.14
75.5 1.84
59.0 1.48
46.4 1.12
74.7 1.77
58.2 1.42
45.6 1.07
47.5 1.55
41.5 1.24
35 4 %3
47.0 1.51
41.0 1.21
35.0 .90
45,7 1.41
3% 7 1.12
33.7 .82
37.8 1.20
33.8 .95
29.5 .70
36.1 1.07
32.1 .83
27.8 .59
30.8 .70
26.7 .50
22.3 .30



Figure B-4

Cash FlowResul ts for

option D Automatic

Conver si on

MULTI - LI NE Incremental
Z| P+4 USACE PERFORVANCE RATE LABEL SAVINGS RATE ROI(%) NPV(S$3)
B 1111 1.0 Savings 84.6 2.44
1
121 High Curveﬁss.&? 1112 .9 Savings 70.2 2.01
o/
185 1113 .8 Savings 57.3 1.59
.185
1121 1.0 Savings 84.5 2.42
13} High Use m./e3 112 Med Curve A% 1122 .9 Savings 70.0 1.99
\J-
\ .185\_1123 .8 Savings = 57.1  1.57
.185 1131 1.0 Savings 84.2 2.35
113 Low Curve ’]&85 3 1132 .9 Savings 69.6 1.93
~
.18\R 1133 .8 Savings 56.6 1.51
1211 1.0 Savings 51.5 1.90
.185 - .185
' 171 High Curve 3 1212 9 Savings 45. 4 1.55
[
: 1865\_1213 .8 Savings 39.2 1.19
i
| 185/
’ // 1221 1.0 savings 51.2 1.87
/ . .185 .-
1 Convert ,-\‘ 17 Med Use /g3 122 Med Curve A‘-ssa 1222 .9 Savings 45.1 1.52
(= ! AR ,
.63 * 185> ._1223 .8 Savings 38.8  1.17
| \
.185\
\ 1231 1.0 Savings 50.3 1.77
123 Low Curve '15?63 1232 .9 Savings 44.1 1.43
o/
185 183\_1233 .8 Savings 37.8  1.09
1 1311 1.0 Savings 39.4 1.43
; .18
131 High Curve A5€5 1515 9 savings 35.4  1.15
; ) —y
/ 183\__ 1313 .8 Savings 311 86
.185
1321 1.0 Savings 38.1 1.30
Y43 Lowuse /g3 132 Med Curve 180 1505 9 savings 340  1.03
A A .
\ TE8N\_ 1323 .8 Savings 29.7 75
.185 ‘\
y 1231 1.0 Savings 34.0 .93
~133 Low Curve '18%3 1332 .9 Savings 29.8 .70
o/
160\ 1333 .8 Savings 25.3 46
SOQURCE:  Ofice of Technol ogy Assessnent 71
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Table B-1

Detailed Cash Flows for Option A (Single-Line CCR)

at Hgh Savings Rate

111
ESCALATION FACTOR 1.0782
BEGINNING OF YEAR USAGE 278 L1 3 663 853 903 903 90% 903 903 903 903 903 903 903
AVERAGE USAGE 37.58% 57.03 75.5% 87.5% 90.03 90.03 90.0% 90.0% 90.03 90.0% 90.03 90.03 90.03 90.0%
YEAR 0 1 2 3 L] S 6 1 8 9 10 n 12 13
DATE 1985 1986 1987 1988 1989 1990 1991 2 1993 1998 1995 1996 1997 1908
ADDRESS INFORMATION (32,400) (30,900) (15,700) (16,700) (18,000) (19,336) (20,770) (22,311) (23,967) (25,7%45) (27,656) (29,708) (31,912) (34,2080)
EQUIPHENT INVESTMENT (140,325) (140,325) (113,200) o 0 o [ 0 0 0 0 ° ° °
PROGRAM CONTIMGENCY (14,033) (14,033) (11,320) 0 0 0 0 0 e 0 [ ] ¢ s
SITE PREPARATION (6,088)  (6,0M%)  (N,827) 0 0 () 0 0 o o 0 0 [ °
MAINTENANCE SUPPORT (29,665) (%0,321) (56,128) (51,33%) (5B,718) (63,139) (67,824) (72,857) (78,263) (68,070) (90,308) (97,009) (10%4,207) (111,939)
EQUIPMENT SPARE PARTS (991)  (5.475) (15,280) (14,882) (15.983) (17.126) (18.397) (19.762) (21,228) (22.803) (24.895) (26.313) (28,265) (30, 362)
TOTAL INVESTMENT & MAINTENANCE (223,458) (237,098) (216,815) (82,876) (92,721)° (99,601) (106,991) (114,930) (123,458) (132,618) (142,459) (153,029) (164,384) (176,581)
RATE REDUCTION (58,333) (88,667) (117,444) (136,111) (140,000) (1%0,000) (140,000) (1%40,000) (1%40,000) (140,000) (1%0,000) (140,000) (140,000) (140,000)
CLERK SAVINGS 161,128 259,843  WN9,278 686,366 797,987 857,198 920,802 989,125 1,062,518 1 m.:s'l 1,226,086 !.311 018 1,418,741 1,519,715
CARRIER SAVINGS 0 9,510 16,89 25,160 29,253  31,%24 33,755 36,260 38,950  N1,B%0 AN, 945  %8,280 51,862 55,710
TOTAL SAVINGS i61,128 268,953 465,747 711,526 27,25 888,627 955,557 1,025,385 1,101,569 1,183,198 1,270,997 1,365,298 1,466,603 1,575,825
NET CASH FPLOM (120,663) (56,812) 131,888 492,539 594,519 649,020 707,566 770,455 638,011 910,579 968,532 1,072,269 1,162,220 1,258,844
CASH FLOW - PHASE I (175,132) (91,696) 98,862 456,822 563,393 615,585 671,649 731,878 796,567 866,060 940,709 1,020,898 1,107,037 1,199,567
ROI 109.5% REDUCD ROI 83.58
WPV 2,557,473 RED NPV 2,325,275
SOURCE: O fice of Technology Assessnent
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Table B-1 (continued)

121
EE IR EEEIEEE IR I E IS E S SRS EE RS E RS SIS S ER NS E SIS SRS RS S SSErEIEESESS 2SS SS SIS ESESIS2S RS SIS SR SRS SEESE S S S SR SRR EEEE RS S SEEZSIEEASSEEIZSISESSSEIESES
BEGINNING OF YRAR USAGE 128 238 338 g 51% 643 768 768 823 .1} 878 903 90% 903
AVERAGE USAGE 17.5% 28.03 38.5% N7.58 57.5% 70.08 77.08 80.0% 83.08 85.5% 88.53 90.0% 90.0% 90.03
YEAR 0 1 2 3 [} 5 6 7 8 9 10 1" 12 13
DATE 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
TOTAL INVESTMENT & MAINTENANCE (223,%58) (237,098) (216,%15) (82,876) (92,721) (99,601) (106,991) (114,930) (123,458) (132,618) (142,459) (153,029) (164,38%) (176,581)
RATE REDUCTION (27,222) (%3,556) (59,889) (73,889) (89,84%) (108,889) (119,778) (124,444) (129,111) (133,000) (137,667) (140,000) (140,000) (140,000)
TOTAL SAVINGS 75,193 132,117 237,500 386,257 591,994 733,112 845,976 935,664 1,034,008 1,136,609 1,254,309 1,365,298 1,466,603 1,575,425
NET CASH FLOW (175,487) (148,536) (38,608) 229,492 809,828 524,623 619,207 696,289 781,435 870,991 974,184 1,072,269 1 162,220 1,258,844
CASH FLOW - PHASE I (229,956) (183,420) (72,230) 193,775 378,702 491,187 583,291 657,708 739,990 826,471 926,361 1,020,898 1 107,037 1,199,567

ROI 60.1% REDUCD ROI §9.7%

NPV 1,985,794 RED NPV 1,713,59%
131
RS EEZF X IR IS I EE I IR I E I N SIS SIS SR E SIS SR RS R RS ISR BN TSR CNREZITI TS SEC S ZE IS T IR FEE TR S IR S SRS T C TN TSR EC SR EE RSN E RSN ENNE SIS NS AN RS ICEEE S E SR IR R E NN AR EERRNESRSESIRCAERR
BEGINNING OF YEAR USAGE 63 12 183 243 308 368 508 %03 a0 (1113 %03 X038 L1 403
AVERAGE USAGE 9.08 15.0% 21.08 27.0% 33.08 38.08 40.0% %0.0% 40.0% 40.0% %0.0% %0.0% 40.08 40.08
YEAR 0 1 2 3 X 5 6 7 8 9 10 1 12 13
DATE 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
IOTAL IRVESTHERT & HAINTENARCE (223,458) (237,098) (216,415) (82,876) (92,721) (99,601) (106,991) (114,930) (123,458) (132,618) (142,459) (153,029) (164,388) (176,581)
RATE REDUCTION (1%,000) (23,333) (32,667) (42,000) (51,333) (59,111) (62,222) (62,222) (62,222) (62,222) (62,222) (62,222) (62,222) (62,222)
TOTAL SAVINGS 38,671 70,777 129,546 219,557  WIN,65% 48K, 299 536,938 576,779 619,576 665,549 714,932 767,980 824,968 886,177
NET CASH FLOV (198,787) (189,65) (119,536) 94,681 270,600 325,587 367,725 399,627 433,896 N70,708 510,251 552,729 598,358 647,373
CASH FLOW ~ PHASE I (253,256) (22%,538) (152,962) 58,964 239,A7T84 292,151 331,808 361,085 392,452 426,189 %62,829 501,358 543,175 588,09

ROI1 37.48 REDUCD ROI 29.7%

NPV BAN,867 RED NPV 612,668

SOURCE: O fice of Technol ogy Assessnent
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Table B-2

Detailed Cash Flows for Option A (Single-Line OCR)
aMedi an Savings Rate

BEDUCED SAVINGS T0 908
\VERAGE USEAGE 37.5% 57.0% 75.5% 87.5% 90.03 90.0% - 90.03 90.03 90.03 90.03 90.03 90.03 90.0% 90.0%
TEAR [} 1 2 3 L) S 6 7 8 9 10 " 12 13
DATE 1985 1986 1907 1968 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
FOTAL INVESTMENT & MAINTEMANCE {223,%58) (237,098) (2i6,4i5) {82,878) (92,72i) (99,601} {106,991} (11§,930) {123,553) (132,618) (i%2,859) (153,029) (164,384} (i76,581)
RATE REDUCTIONM (58,333) (88,667) (117,8%8) (136,111) (140,000) (140,000) (140,000) (1%0,000) (140,000) (1%0,000) (140,000) (140,000) (140,000) (1%0,000)
TOTAL SAVINOS 145,015 242,058 819,172 680,373 148,516 799,759 859,101 922,847 991,322 1,064,878 1,143,892 1,228,769 1,319,943 1,417,883
JET CASH FLOW (136.116) (83,7071) 85,313 l2| 306 51!.195 560,158 6!2.\!0" 667,916 127,860 792,259 861,833 935,739 1,015,559 1,101,302
CASH FLOW -~ PIASE I (191,285) (118,591) 51,887 305,669 880,669 526,723 576,193 629,335 686,820 7N7,TNO 813,610 864,368 960,376 1,082,028
ROI 09.0% REDUCD ROI 69.23 -
NPY 2,143,372 RED NPV 1,911,173

$3SPssB el el Il I I IININININIIINIIILOOIILIIIINIILIIINLILIILILILILINLLILLNILISINSINIIILIOISINODOILSILIOIPISSIISIILIIISLISIIIILR

AVERAQE USEMGE 17.58 28.08 38.5% 87.5% 57.5% 70.08 71.08 80.0% 83.0% 85.5% 88.53 90.0% 90.08 90.08
TOTAL INVESTMENT & MAINTENANCE (223,%58) (237,098) (216,815) (82,876) (92,721) (99,601) (106,991) (114,930) (123,858) (132,618) (142,459) (153,029) (164,384) (176,581)
RATE REDUCTION (27.,222) (83,556) (59,889) (73,889) (89,%N) (108,889) (119,778) (124,448) (129,111) (133,000) (137,667) (1%0,000) (1%40,000) (140,000)
TOTAL SAVINGS 67,67% 118,906 213,750 347,631 532,79% 659,801 761,378 882,097 930,603 1,022,948 1,128,878 1,228,769 1,319,983 1,417,883
NET CASIl FLOW {183,006) (163,7%8) (62,558) 190,866 350,629 &5i,3i1 538,609 602,725 678,038 757,330 858,755 935,739 1,095,559 1,101,302
CASH FLOW -~ PHASE 1 (237,475) (196,632) (95,980) 155,149 319,503  A17,876 498,693 56M,181 636,590 712,810 800,930 888,368 960,376 1,042,020
ROI 52.9% REDUCD ROI 83.6%
NPY 1,611,979 RED NPV 1,379,781
IR I N I N T R R R s R R R R R R R R R R R R R R R R R R R RRR R R R R 21 3823888888ttt sssesasysRaIsPPIIIIIIIIINIIIISININS
AVERAGE USEAGE 9.0% 15.08 21.03 27.0% 33.08 38.0% 80.08 40.0% 80.0% A0.03 %0.0% %0.03 N0.03 40.0%
TOTAL INVESTMENT & MAINTENMANCE (223,458) (237,098) (216,%15) (82,876) (92,721) (99,601) (106,991) (114,930) (123,458) (132,618) (142,459) (153,029) (168,38%) (176,581)
RATE REDUCTION (18,000) (23,333) (32,667) (42,000) (S1,333) (59,111) (62,222) (62,222) (62,222) (62,222) (62,222) (62, 222) (62,222) (62,222)
TOTAL SAYINGS 34,0804 63,699 116,591 197,601 373,189 835,869 483,284 519,101 551.610' 598,994 643,839 691,182 TN2,468 797,559
NET CASH FLOM (202,65%) (196,732) (132,491) 72,725 229,138 277,157 314,031 341,949 371,938 h0A,153 438,758 475,931 515,862 558,75
CASIt FLOW ~ PHASE 1 (257,123) (231,616) (165,917) 37,008 198,008 243,721 278,110 303,367 330,898 359,638 390,935  A24,560 860,679 499,878
ROI 32.7% REDVUCD ROI 25.38
UV 6NN, TTY . RED NPV 412,573

SOURCE: Office of Technol ogy Assessnent
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Table B-3

Detailed Cash Flows for Option A (Single-Line OCR)

at ‘Low Savings Rate

113
SEDUCED SAVINGS To 80%
AVERAGE USEAGE 37.5% 57.0$ 75.5% 87.5% 90.0$ 90.0; 90.0% 90.0% 90.0% 90.0% 90.0% 90.0% 90.0% 90.0%
YEAR 0 1 2 3 M 5 6 7 8 9 10 1 12 13
DATE 1985 1986 1987 1988 1989 1990 1991 1992 1993 1993 1995 1996 1997 1998
TOTAL INVESTHENT & MAINTENANCE (223,458) (237,098) (216,%15) (82,876) (92,721) (99,601) (106,991) (118,930) (123,458) (132,618) (142,459) (153,029) (164,38%) (176,581)
RATE REDUCTION (58,333) (88,667) (117,448) (136,111) (140,000) (140,000) (140,000) (140,000) (140,000) (140,000) (140,000) (140,000) (140,000) (140,000)
TOTAL SAVINGS 128,902 215,162 372,598 569,221 661,792 710,897 763,646 820,308 881,175 946,558 1,016,793 1,092,239 1,173,283 1,260,340
NET CASH FLOW (152,889) (110,602) 38,738 350,238 429,071 471,29 516,650 565,378 617,717 673,940 734,33% 799,210 868,899 943,759
CASH FLOW - PHASE I (207,358) (145,886) 5,312 318,517 397,945 437,861 480,738 526,797 576,273 629,420 686,511 747,838 813,716 B8N, 882

ROI 71.7% REDUCD ROL 56.4%

NPV 1,729,271 RED NPV 1,497,072
123

R R R R R R R R A R R R R R I I e R R R R R R R R R A R R R R R A R R R 1)

AVENAUE USEAGE 1)) 2o.U3 30.53 47.5% 57.5% 70.0% 77.0% 80.0% 83.0% 85.5% 88.53 90.0% 90.0% 90.03%
FOTAL INVESTMENT & MAINTENANCE (223,458) (237,098) (216,815) (82,876) (92,721) (99,601) (106,991) (114,930) (123,458) (132,618) (142,459) (153,029) (164,384) (176,581)
RATE REDUCTION (21,222) (%3,556) (59,889) (73,889) (B9,44k) (108,889) (119,778) (124,4%4) (129,111) (133,000) (137,667) (140,000) (1%0,000) (140,000)
FOTAL SAVINGS 60,15%  105,69% 190,000 309,006  A73,595 586,490 676,781 748,531 827,203 909,287 1,003,M47 1,092,239 1,173,283 1,260,340
NET CASH FLOW (190,526) (174,960) (86,304) 152,241 291,429 378,000 450,012 509,157 STN,63% 643,669 723,322 799,210 868,899 943,759
CASH FLOW - PHASE I (24%,995) (209,8%%) (119,730) 116,528 260,303 344,565 4#14,095 470,575 533,190 599,150 675,899 747,838 813,716 B8, 462

KOI 45.7% REDUCD ROIL 37.4%

NPV 1,278,164 RED NPV 1,045,966
133

::::::::::::::::::::::::x::::::::::::::::::::::::'::::::::.z:z::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

AVERAGE USEAGE 9.03 15.08 21.08 27.0% 33.03 38.08% %0.0% 40.0% 40.0% 40.0% %0.0% 40.08 40.0% 40.03
TOTAL INVESTMENT & MAINTENANCE (223,458) (237,098) (216,415) (62,876) (92,721) (99,601) (106,991) (114,930) (123,458) (132,618) (142,%59) (153,029) (16X,384) (176,581)
RATE REDUCTION (14,000) (23,333) (32,667) (42,000) (51,333) (59,111) (62,222) (62,222) (62,222) (62,222) (62,222) (62,222) (62,222) (62,222)
fOTAL SAVINGS 30,937 56,622 103,636 175,645 331,723 367,839 k29,551 861,823  N95,661 532,439 571,9% 614,380 659,972 708,941
ET CASH FLOW (206,521) (203,810) (1%5,445) 50,769 187,669 228,721 260,337 284,271 309,961 337,598 367,265 399,133 433,365 470,138
CASH FLOW - PHASE I (260,990) (238,69%) (178,871) 15,052 156,583 195,291 22,421 245,690 268,537 293,079 319,442 347,762 378,183 410,861

ROl 27.8% REDUCD ROI 20.6%

NPY  WAN,675 . RED NPY 212,476

SOURCE:  Office of Technol ogy Assessnent
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Table B-4

Detailed Cash Flows for Option B (Miulti-Line with ZI P+4)
at High Performance Rate and High Savings Rate

FNICE PENR OUKR $850 HIGH CURVE

NUMDER OF OCRs 655 szzzzzzzES

ESCALATION FACTOR 1.0782

BEGINMING OF YEAR USEAGE 273 8% 663 853 903 903 903 903 903 903 903 903 903 903
AVERAGE USEAGE 37.5% 57.03 75.5% 87.5% 90.0% 90.0% 90.0% 90.0% 90.0% 90.0% 90.0% 50.0% 90.0% 90.0%
YEAR 0 1 2 3 ] 5 6 1 8 9 10 1" 12 13
DATE 1985 1986 1987 1988 1969 1990 1991 1992 1993 1994 1995 1996 1997 1998
ADDRESS, SITE, & CONTINGENCY (52,877) (50,977) (31,887) (16,700) (18,000) (19,336) (20,770) (22,311) (23,967) (25,7%5) (27,656) (29,708) (31,912) (34,280)
RESEARCH (5,000) (5,000) (5,000) 0 0 [ 0. ] ] 0 0 0 0 []
BCS & EZR (32,325) (32,325) (26,950) 0 0 0 0 0 0 0 0 [ 0 0
OCR UPGRADE 0 [} 0 (16,800) (16,800) (16,800) 0 [} 0 0 0 0 0 0

uEU NODa
nae Vuns

MAINTENANCE & SPARES

o (11%,183) (114,183) (114,183) s o ° ° 0

] ] ] (] ] ] 0
(27,706) (3%,172) (36,6%0) (¥2,950) (57,685) (98,690) (86,221) (92,619) (99,491) (106,873) (118,803) (123,321) (132,472) (142,301)

TOTAL INVESTHENT & MAINTENANCE (117,508) (122,47%) (100,437) (190,633) (206,668) (249,009) (106,991) (114,930) (123,458) (132,618) (142,059) (153,029) (164,384) (176.581)

RATE REDUCTION
CLERK & CARRIER SAVINGS
NET CASH FLOW

CASH FLOW -~ PHASE I

SOURCE: O fice

(58,333) (88,667) (117,M44) (136,111) (1%0,000) (140,000) (140,000) (140,000) (1%0,000) (180,000) (140,000) (140,000) (140,000) (140,000)

161,128 214,754 276,599 343,181 435,811 630,435 1,015,649 1,091,010 1,171,963 1,258,922 1,352,334 1,452,677 1,560,466 1,676,253

(18,713) 3,613 58,718 16,437 89,143 241,826 768,657 836,080 908,505 986,304 1,069,876 1,159,648 1,256,082 1,359,671
(69,182) (31,271) 25,292 (19,280) 58,017 207,991 732,741 797,498 867,061 981,78 1,022,053 1,108,277 1,200,899 1,300,394

ROIL 181.63 REDUCD ROI 15.73
NPV 2,093,992 RED NPV 1,861,793

of Technol ogy Assessment
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Table B-4 (continued)

1211
l:i:SISS:Illl:EBII!S::S:xlll:llslll:l!‘::l:l=l====88lllﬂl====8=========3=========:===:===88=S===:=l=z==l===B:SII::==3£=8=!gllsl==l=x==::===: EEEZECSESEESZEEEXITIESZZIEITISTIIE=SZ
BEGINNING OF YEAR USEAGE 123 233 338 LL} 513 (1)) T6% 783 823 [1}) [74) yup yup yup
A\VERAGE USEAGE 17.5% 28.0% 38.5% 47.5% 57.5% 70.0% 77.0% 80.0% 83.08 85.5% 38.5% 90.0% 90.0% 90.03%
DATE 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 19% 1997 1998
TOTAL INVESTMENT & MAINTENANCE (117,508) (122,474) (100,437) (190,633) (206,668) (2%9,009) (106,991) (114,930) (123,458) (132,618) [142,459) (153,029) (164,38%) (176,581)
ngzs REDUCTI1ON (21:222) (43,556) (59:889) (73,689) (89,844) (108,889) (119,778) (128,444) (129,111) (133,000) (137,667) (1%0,000) (140,000) (140,000)
TOTAL SAVINGS 15,193 105,493 141,047 186,298 278,435 490,338 983,385 1,068,350 1,151,916 1,245,079 347,377 1,452,677 1,560,466 1,676,253
NET CASH FLOW (69,537) (60,536) (19,279) (78,228) (17,678) 132,841 756,615 824,975 899,347 979,460 1,067,252 1,159,648 1,256,082 1,359,671
CASH FLOM - PHASE I (124,006) (95,420) (52,705) (113,9%1) (48,808) 99,005 720,699 786,398 857,903 938,941 1,019,429 1,108,277 1,200,899 1,300,394
ROX 1.8% REDUCD RO1 87.5%
NPV 1,779,164 BED NPV 1,546,966 )

1311
It‘lllﬂllt=====ll:ll‘llllll.ll!llll!ll::ll==ll=ll.!ll!l=ll========t===xxlxI'B:lltt:::==============l====8=====‘===========BSSE==E&=SSIl£=l=‘lllIS=£===:88l[lll=3:==:=====x
BEGINNING OF YEAR USEAGE 63 123 183 248 308 36% 1113 403 403 %og Aos 408 103 ios
AVERAGE USEAGE 9.0% 15.0% 21.0% 27.08 33.08 38.0% 40.0% %0.0% 80.0% 40.0% %0.0% X0.08 40.08 40.03
DATE 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998

TOTAL INVESTMENT & MAINTENANCE (117,508) (122,M78) (100,437) (190,633) (206,668) (249,009) (106,991) (114,930) (123,458) (132,618) (142,459) (153,029) (164,384) (176,581)

RATE REDUCTION {1%,000) (23,333) (32,667) (42,000) (51,333} (59,113} (62,222) (62,222} (62,222) (62,222) (62,222) (62,222) (62,222) (62,222)
TOTAL SAVINGS 38,671 56,518 76,935 105,896 159,797 266,188 891,556 957,710 1,028,772 1,105,107 1,187,105 1,275,189 1,369,808 1,471,847
NET CASH FLOM (92,837) (89,293) (56,169) (126,737) (98,20%) (41,936) 722,383 760,557 843,092 910,266 982,428 1,059,937 1,143,201 1,232,644
CASH FLOW - PHASE I (187,306) (128,177) (89,595) (162,454) (129,330) (75,372) 686,426 T%1,976 B01,647 865,78 934,602 1,008,566 1,088,019 1,173,366
ROI 847.03 REDUCD KOI 37.83
NPV 1,836,073 HED NPV 1,203,875

SOURCE:  Office of Technol ogy Assessnent
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Table B-5

Detailed Cash Flows for Option B (Milti-Line OCR with Zl P+4)
at High Performance Rate and Median or Low Savings Rate

2 SFEISESASEEERESISESSEREEEEISSEEEEEACES SN SEASEEAIEZIENEEEREEEATESEIZR FEREXIEECESISEIAEEEEESEEEERE NS IE RN NS ACRSEESEEREEREEE LRSS EREEEERITET
PRICE PER OCR $850 NUMBER 655

DATE 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 19% 1997

CP-PH I,SAVINGS @ 903 ,HI USE (85,295) (52,7%) (2,368) (53,599) 14,436 144947 631,176 688,397 749,864 815,892 886,819 963,009 1,044,853 1,132,769

REDUCED ROI 59.3% RED MPY 1 1501261

CF-PH I,SAVINGS @ 903 ,MED USE (131,525) (105,970) (66,809) (132,571) (76,647) 49,971 622,361 679,959 742,711 810,433 884,692 963,009 1,044,853 1,132,769
N1.5% RED NPV

REDUCED ROIX ,237,034

CF-PH I,SAVINGS @ 903,LOMW USE (151,173) (129,829) (97,288) (173,044) (145,310) (101,990) 597,271 646,205 698,770 755,236 815,891 881,047 951,038 1,026,222

REDUCED ROI 33.8% RED NPV 951,878

o
o
o

.

$33333o823802088003s3dssssRasINNINIIIILLIILLILIOINNILNINIINLILILLY sgrryssasaeLsssasriIIl

965,143

CP-PH I,SAVINGS @ B0 ,HI USE  (101,408) (74,221) (30,028) (87,917) (29,14) 81,904 529,611 579,296 632,668 690,000 751,586 817,782 888,806 965,143
SEDUCED BO 86,74 BED NPV 1,140,728

CF-PH 1,SAVINGS @ 80%,MED USE (139,045) (116,519) (80,914) (151,201) (104,491) 937 524,022 573524 627,519 685,925 749,954 817,742 888,806
REDUCED ROI 35.43 RED NPV 927,103

CP-PH I,SAVINGS @ 80%,LOM USE (155,0%0) (135,480) (104,982) (183,634) (161,290) (128,609) 508,115 550,434 595,893 644,725 697,181 753,528 814,057
REDUCED ROI 29.5% RED NPV 699,882

SOURCE: O fice of Technol ogy Assessnent

879,077
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Detailed Cash Flows for

Table B-6

Option B (Multi-Line with ZIP+4)

at Medi an Performance Rate and H gh Savings Rate

1121

S ETCEEE SRS IR CSE IS SRS SEEIEES S SIS XS EIEE XL ESEEEEESEEEEEISRSSZIIIRS=IEE SIS EEFESESZIISSTIS oIS SEEIISICEZIZESEEEEEESESRZEEZEEEEEEISESESREESE =SS
PRICE PER OCR 3850

NUMBER OF OCRs 655 MED CURVE

ESCALATION FACTOR 1.0742 zzs=szszsss

BEGINNING OF YEAR USEAGE 27% L1:) 66% 853 903 90% 903 903 903 903 903 903 903 903
AVERAGE USEAGE 37.53% 57.0% 75.5% 87.5% 90.0% 90.0% 90.0% 90.0% 90.0% 90.0% 90.0% 90.0% 90.0% 90.0%
YEAR [+] 1 2 3 L] 5 6 7 8 9 10 1 12 13
DATE 1985 1986 1987 1988 1989 1990 199 1992 1993 1994 1995 1996 1997 1998
ADDRESS, SITE, & CONTINGENCY (52,477) (50,977) (31,847) (16,700) (18,000) (19,336) (20,770) (22,311) (23,967) (25,745) (27,656) (29,708) (31,912) (3%,280)
RESEARCH (5,000) (5,000) (5,000) 0 0 0 0 0 0 0 0 0 0 0
BCS & EZR (32,325) (32,325) (26,950) 0 1} 0 0 (1] [} 0 0 [} 0 0
OCR UPGRADE [] 0 (] (16,800) (16,800) (16,800) [\] [+] 0 0 0 [} 0 0
NEW OCRa [} (1} 0 (114,183) (114,183) (114,183) 0 [} 0 [} 0 0 [ 0
MAINTEMANCE & SPARES (27,706) (38,172) (36,6%) (42,950) (57,685) (98,690) (86,221) (92,619) (99,491) (106,873) (114,803) (123,321) (132,472) (142,301)

TOTAL INVESTMENT & MAINTENANCE (117,508) (122,474) (100,437) (190,633) (206,668) (249,009) (106,991) (114,930) (123,458) (132,618) (142,459) (153,029) (164,384) (176,581)

RATE REDUCTION
CLERK & CARRIER SAVINGS
NET CASH FLOW

CASH FLOW - PHASE 1

(58,333) (88,667) (117,44%) (136,111) (140,000) (140,000) (1%40,000) (1%0,000) (140,000) (140,000) (140,000) (140,000) (140,000) (140,000)
161,128 214,758 276,599 343,181 435,811 630,435 1,006,103 1,080,756 1,160,948 1,247,090 1,339,624 1,439,024 1,545,800 1,660,498
(18,713) 3,613 58,718 .-16.h31 89,143 241,426 759,112 825,826  B97,490 974,472 1,057,166 1,145,995 1,241,416 1,343,917
(69,182) (31,271) 25,292 (19,280) 58,017 207,991 723,195 787,24 856,08 929,952 1,009,343 1,094,624 1,186,233 1,284,640
ROI 181.43 REDUCD ROI 75.5%
NPY 2,071,102 RED NPV 1,838,903

SOURCE: Ofice of Technol ogy Assessnent
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1221

Table B-6 (continued)

SEEEESEEEESSSIAEEIZEEERSSIZIETIEEZEESEIEREE RSN SIS AR NS RN E SRS SRR S EEESRI SRS CREEEERESEERES IR

BEGINNING OF YEAR USEAGE 123 23 333 LD 51% 643 763 783 823 (1} 873 903 903 903
AVERAGE USEAGE 17.5% 28.03 38.58 47.5% 57.58% 70.08 77.08 80.0% 83.0% 85.5% 88.53 90.0% 90.08 °  90.0%
DATE 1985 1986 1987 1988 1989 1990 1991 1992 1993 19938 1995 199 1997 1998
TOTAL INVESTMENT & MAINTEMANCE (117,508) (122,47%) (100,437) (190,633) (206,668) (249,009) (106,991) (118,930) (123,858) (132,618) (142,459) (153,029) (164,38%) (176,581)
RATE REDUCTION (21,222) (%3,556) (59,889) (73,889) (89,48%) (108,889) (119,778) (128,44%) (129,111) (133,000) (137,667) (140,000) (140,000) (1%0,000)
TOTAL SAVINGS 75,193 105,493 141,087 186,298 278,835 490,338 961,430 ,043,8%2 1,133,191 1,227,922 1,332,761 1,439,02% 1,545,800 1,660,498
NET CASH FLOV (69,537) (60,536) (19,279) (78,228) (17,678) 132,841 734,661 BON,N67 880,622 962,304 1,052,636 1,145,995 1,241,416 1,343,917
CASH FLOW - PHASE I {125,606} {35,%28) {S2,7¢5) {113,9%1) (a8, 808} 9g.005 698,74% 765,886 839,178 917,785 1,004,813 1,094,628 1,186,233 1,284,640

ROIL 61.38 REDUCD ROI 87.0%

NPV 1,704,339 RED NPV 1,512,141
1321
EEEIEEZICECSSEEESS2SIEISICSESECSEIIESEZESSSE S SIEIE I EREEEES S ESSE RS2SR S S S SSSIIEECSIEEEEEESSESE SIS NI E S EZ IS EIENE RS E S S I EEEEA R E S RIS SRS SIS SRR RS EERESSISSEEEE-ZESSEREE
BEGINMING OF YEAR USEAGE 63 23 168 243 308 163 NOS (173 L1 L1 803 %03 (1] (17
AVERAGE USEAGE 9.03 15.0% 21.08 27.0% 33.0% 38.0% 40.0% %0.03 40.03 80.08 %0.03 40.0% %0.0§ 40.0%
DATE 1985 1986 1967 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
TOTAL INVESTMENT & MAINTEMANCE (117,508) (122,874) (100,837) (190,633) (206,668) (249,009) (106,991) (114,930) (123,458) (132,618) (142,459) (153,029) (164,3684) (176,581)
RATE REDUCTION (18,000) (23,333) (32,667) (42,000) (51,333) (59,111) (62,222) (62,222) (62,222) (62,222) (62,222) (62,222) (62,222) (62,222)
TOTAL SAVINGS 38,671 56,514 76,935 105,896 159,797 266,188 834,283 896,187 962,688 1,034,115 1,110,846 1,193,271 1,281,811 1,376,922
NET CASH FLOW (92,837) (89,293) (56,169) (126,737) (98,208) (%1,936) 665,069 719,038 777,003 839,278 906,165 978,019 1,055,205 1,138,118
CASH FLOM - PHASE I (147,306) (124,177) (89,595) (162,458) (129,330) (75,372) 629,153 680,453 735,559 794,755 858,342 926,648 1,000,022 1,078,841

ROI 45.2% REDUCD ROI 36.1%

NPY 1,298,732 RED NPV 1,066,533

SOURCE:

Office of Technology Assessment
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Table B-7

Detailed Cash Flows for Option B (Milti-Line with ZI P+4)
at Medi an Performance and Median or Low Savings Rate

ES=CSISESCSEIISSSCISCCSSICCCEESESEISSSISEEESSSECIEZRESIIIEIZRESISZEEISESSEE SIS SSISISCIERSEICSIZERESISTSISSSIESIRSEIESIIEIRSSIBCIESSSRSERERTRSEIES222222s sz 32282338=25z2%
PRICE PER OCR $850 NUMBER 655

DATE 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998

1122 CF-PH I,SAVINGS @ 903 ,HI USE (85,295) (52,7%) (2,368) (53,599) 14,436 144,947 622,585 679,169 739,951 B0S5,243 875,380 950,722 1,031,653 1,118,590
REDUCED ROI 59.0% RED NPV 1,480,659

1222  CF-PH I,SAVINGS € 90%,MED USE (131,525) (105,970) (66,809) (132,571) (76,647) 49,971 602,601 661,502 725,859 794,992 671,537 950,722 1,031,653 1,118,590
REDUCED ROI 41.08 RED NPV 1,205,692

1322 CF-PH I,SAVINGS @ 90%,LOW USE (151,173) (129,829) (97,288) (173,04%) (145,310) (101,990) 545,724 590,834 639,291 691,343 747,258 807,321 871,841 941,149
SEDUCED BOX 3218 RED NPV 828,271

1123  CF-PH 1,SAVINGS ¢ BO$,HI USE  (101,808) (74,221) (30,028) (87,917) (29,146) 81,908 521,975 571,093 623,856 680,534 741,818 806,819 877,073 952,540

KEDUCED RO1 86.43 RED NPV 1,122,416
1223 CF-1'I 1, SAVINGS ¢ B80$,MED USE (139,045) (116,519) (60,914) (151,201) (104,491) 937 506,458 557,118 612,5%0 672,200 738,261 806,819  U17,073  Yh2,540
REDUCED ROI 35.08 RED NPV 899,243

1323 CF-PH I,SAVINGS € B80%,LOW USE (155,040) (135,480) (10M4,982) (183,634) (161,290) (128,609) 462,296 501,215 543,023 587,932 636,173 687,994 743,660 HUj, 457
REDUCED ROI1 27.8% KED NPV 59,009

SORCE : O fice of Technol ogy Assessment
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Table B-8

Detailed Cash Flows for Option B (Miulti-Line with ZI P+4)
at Low Performance Rate and Hi gh Savings Rate

1131 .
".-'...-.‘;“.‘-..‘.':‘".:.‘.‘g“gs"‘g:gs‘glgg.5"‘.3.;======="=:=:5:8:!::=8lBBISISSI=:!S:::BI:=:==:====Slltll!lllllIllllllltlll:zEt::t:ll.‘ll!l=!Sl=t::==xl====::==z=
PRICE PER OCR $850 LOW CURVE
NUMBER OF OCRs 655 zzxzT=cSx2
ESCALATION FACTOR 1.0782
BEGINNING OF YEAR USEAGE 273 L1 663 853 908 903 903 903 908 903 903 903 903 903
AVERAGE USEAGE 37.5% 57.08 75.5% 87.5% 90.0% 90.08 90.0% 90.0% 20.0% 90.0% 90.0% 90.0% 90.0% 20.08
YEAR 0 1 2 3 L S 6 7 8 9 10 11 12 13
DATE 1985 1986 1987 1988 1989 1990 1991 1992 1993 1998 1995 1996 1997 1998
ADDRESS, SITE, & CONTINGENCY (52,877) (50,977) (31,847) (16,700) (18,000) (19,336) (20,770) (22,311) (23,967) (25,785) (27,656) (29,708) (31,912) (34,280)
RESEARCH (5,000) (5,000) (5,000) 0 0 0 [} 0 [] (1] /] 0 0 0
BCS & EZR (32,325) (32,325) (26,950) 0 0 0 0 0 0 o 0 0 0 0
OCR UPGRADE 0 [} 0 (16,800) (16,800) (16,800) 0 0 ] 0 0 0 0 0
HE¥ OCRs [+ [ 6 (115,1683) (114,183) (114,183) 0 [ [ o 0 [ ] o
MAINTENANCE & SPARES (27,706) (38,172) (36,6%0) (42,950) (57,685) (98,690) (86,221) (92,619) (99,%91) (106,873) (114,803) (123,321) (132,472) (182,301)
TOTAL INVESTMENT & MAINTENANCE (117,508) (122,474) (100,4%37) (190,633) (206,668) (249,009) (106,991) (114,930) (123,858) (132,618) (142,459) (153,029) (164,384) (176.581)
RATE REDUCTION (58,333) (88,667) (117,484) (136,111) (140,000) (140,000) (1%0,000) (1%40,000) (140,000) (140,000) (140,000) (140,000) (140,000) (1%0,000)
CLERK & CARRIER SAVINGS 161,128 214,758 276,599 383,181 435,811 630,435 978,230 1,050,815 1,128,785 1,212,541 1,302,511 1,399,158 1,502,975 1,614,496
NET CASH FLOW (18,713) 3,613 SB,718 16,437 89,143  2M1,826 731,239 795,885 B65.327 939,922 1,020,053 1,106,129 1,198,591 1,297,915
CASH FLOW - PHASE 1 {69,182) (31,27T1) 5,292 (19,280) 58,017 207,991 695,322 757,303 823,883 695,463 972,230 1,054,757 1,143,408 1,238,637

ROI 180.9% REDUCD ROI 7878
NPV 2,004,262 RED NPV 1,772,064

SQURCE: O fice of Technol ogy Assessnent
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Table B-8 (continued)

1231
BRSSP IR E RIS R R IR R AR IR SRS IS SRR RS EEEZ SRS SSESE358 S5 33823 E R S EEESCS2ISECERREECSEIRZIEE SRS REERNCEINRSEEEESRISET035 SSSSESEXESISEIIRSIEEERIS22SS2S
BEGINNING OF YEAR USEAGE 128 238 33 s 513 6ug 763 788 828 83 b3 903 908 908
AVERAGE USEAGE 17.56  28.08  38.58  A7.58  57.55  70.08  77.08  680.05  83.08  85.55  88.55  90.05  90.08  90.03
DATE 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 199 1997 1998
TOTAL INVESTMENT & MAINTENANCE (117,508) (122,474) (100,437) (190,633) (206,668) (249,009) (106,991) (114,930) (123,458) (132,618) (142,459) (153,029) (164,384) (176,501)
RATE REDUCTION (27,222) (43,556) (59,889) (73,889) (89,4A) (108,889) (119,778) (12N,444) (129,111) (133,000) (137,667) (140,000) (1%0,000) (140,000)
TOTAL SAVINGS 75,193 105,493 181,087 186,298 278,435 490,338  901,0MM 987,036 1,080,827 1,179,423 1,290,653 1,399,158 1,502,975 1,614,496
NET CASH FLOW + (69,537) (60,536) (19,279) (78,228) (17,678) 132,MM1  67%,275 77,661 828,258 913,805 1,010,528 1,106,129 1,198,591 1,297,915
CASH FLOW - PHASE I (124,006) (95,420) (52,705) (113,941) (48,808) 99,005 638,359 709,080 786,814 869,285 962,705 1,054,757 1,143,408 1,238,637
ROI 59.9% REDUCD ROI1 45.7% .
NPV 1,646,231 RED NPV 1,814,032
1331
RS LR E LRSI I IS B E SR SNSRI RN R AR EE R E IS S S EE232232,wu--2E5ES2 I CEER SR LIRSS P IS SRS XSS E S AR E RS FEEE I CEEEREEEESEREIEEES: g2 NESEREZEEERETICSIETIEEIEEIRR
BEGINNING OF YEAR USEAGE 63 123 183 243 308 363 L] hog 803 NO% Aos L[} 3 403 403
AVERAGE USEAGE 9.0% 15.0% 21.0% 27.0% 33.0% 38.0% %40.0% 40.03 40.0% 40.0% 40.03 40.0% 80.0% 80.03
DATE 1985 1986 1987 1988 1989 1990 1991 1992 1993 1999 1995 1996 1997 1998
TOTAL INVESTMENT & MAINTENANCE (117,508) (122,874) (100,437) ;;90.633) (206,668) (2%9,009) (106,991) (114,930) (123,458) (132,618) (142,459) (153,029) (164,384) (176,581)
RATE KEDUCTI1ON (14,000) (23,333) (32,667) (42,000) (51,333) (59,111) (62,222) (62,222) (62,222) (62,222) (62,222) (62,222) (62,222) (62,222)
TOTAL SAVINGS 38,671 56,518 76,935 105,896 159,797 266,188 681,363 731,920 786,228  BAN,566 907,233 974,550 1,046,862 1,124,539
NET CASH FLOW (92,837) (89,293) (56,169) (126,737) (98,204) (41,936) 512,149 554,768 600,548 649,726 702,552 759,299 820,255 885,735
CASH FLOW - PHASE I (1%7,306) (125,177) (89,595) (162,450) (129,330) (75,372) 476,233 516,186 559,100 605,206 658,730 707,927 765,073 826,458
ROI 39.7% REDUCD ROI 30.8%
NPV 932,031 RED NPV 699,832

SOURCE: O fice of Technol ogy Assessment
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Table B-9

Detailed Cash Flows for Alternative B (Milti-Line with ZIP+4)
at Low Performance Rate and Median or Low Savings Rate

ESERIREEEEESESIESSCRSSESSIEEITERE SRS ESRSEIEESSSESEISTINIXNESITES ZEEEEEITIEIS IR NI RS2SR EEELEIEEEC3IREIS NN EEEE SRS EEERESEICEs RIS ESEESEERERARERSSZTE2
PRICE PER OCR $850 NUMBER 655
DATE 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 - 1998

1132  CP-PH L,SAVINGS @ 90%,HI USE  (85,295) (52,7%) (2,368) (53,599) 14,436 1AN,9N7 597,99 652,222 711,000 774,189 641,979 918,842 993,111 1,077,188
HEDUCED ROX 58.23 KED NPV 1,420,504 .

232 CF-PH I,SAVINGS @ 90% ,MED USE (131,525) (105,970) (66,809) (132,571) (76,647) 49,971 58,254 610,376 678,731 751,383 833,640 914,842 993,111 1,077,188
- REDUCED W01 39.7% RED NPV 1,117,394

1332  CF-PH I,SAVINGS € 903,LOV USE (151,173) (129,829) (97,268) (173,0M4) (145,310) (101,990) M08,09 NA2,994  AB0,A81 520,750 564,006 610,472 660,386 714,004
REDUCED RO 26.73 RED NPV 498,240 _

................................................... [P Jeiie] i 303488328808 8
Tes . R R N R R R R R A AR RN A R N N A I Lt P B B T 3 B0 T T TR TP Y

1133 CF-PH I,SAVINGS € 80%,HI USE  (101,%08) (74,221) (30,028) (87,917) (29,1%) 81,90N 499,676 5A7,1%0 598,126 652,895 711,728 774,926 642,813 915,738

REDUCED ROI 45.6% RED NPV 1,068,940
1233 CF-PH I,SAVINGS @ 80%,MED USE (139,0%5) (116,519) (80,914) (151,201) (104,491) 937 458,150 511,673 570,648 633,801 704,574 774,926 BN2,813 915,738
REDUCED ROX 33.7% RED NPV 820,756

1633 CF-PH I,SAVINGS @ B80%,LON USE (155,0%0) (135,480) (104,982) (183,634) (161,290) (128,609) 339,960 369,802 401,858 436,293 473,283 513,017 555,700 601,550
REDUCED ROIX 22.38 RED NPV 29,648

SOURCE: O fice of Technol ogy Assessnent .




Tabl e B-10

Detailed Cash Flows for Option C (Milti-Line OCR Wthout ZIP+4)
at High Performance Rate

111

PRICE PER OCR $850 CURVE FACTOR .

NUMBER OF OCRs 655 0.83

ESCALATION FACTOR 1.0782

YEAR (] 1 2" 3 ) L] 5 6 T 8 9 10 11 12 13
DATE 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
ADDRESS, SITE, & CONTINGENCY (52,477) (50,977) (31,847) (16,700) (18,000) (19,336) (20,770) (22,311) (23,967) (25,745) (27,656) (29,708) (31,912) (34,280)
RESEARCH (5,000) (5,000) (5,000) 0 0 0 0 0 0 0 0 0 0 0
BCS & EZR (32,325) (32,325) (26,950) 0 0 0 0 0 0 0 0 0 0 0
OCR UPGRADE ] ] 0 (16,800) (16,800) (16,800) 0 0 0 0 0 0 0 0
NEW OCRs ] 0 0 (118,183) (114,183) (114,183) ] 0 0 ] (] 0 0 0
MAINTENANCE & SPARES (27,706) (34,172) (36,6%0) (42,950) (57,685) (98,690) (86,221) (92,619) (99,491) (106,873) (114,803) (123,321) (132,472) (142,301)

"TOTAL IMVESTMENT & MAINTENANCE (117,508) (122,474) (100,437) (190,633) (206,668) (249,009) (106,991) (114,930) (123,858) (132,618) (142,459) (153,029) (164,384) (176,581)

RATE REDUCTION o o (] ] o ] ° 0 ) 0 0 0 0 0
CLERK & CARRIER SAVINGS 82,175  72,05% 70,066 75,010 190,058 A98,441 792,282 851,070 914,219 982,054 1,058,922 1,133,198 1,217,281 1,307,603
. NET CASH FLOW (35,333) (50,%18) (30,371) (115,623) (16,610) 239,432 685,291 736,140 790,761 8A9,436 912,864 980,168 1,052,897 1,131,022
< CASH FLOW - PHASE I (89,802) (85,302) (63,797) (151,3%) (A47,736) 215,997 649,374 697,558 749,317 804,916 864,61 928,797 997,714 1,071,744
ROI 67.58 REDUCD ROI 48.5%
NIV 1,587,975 RED NPV 1,355,776
PRICE PER OCR $850 NUMBER 655
DATE 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
CF-PH I1,SAVINGS € 90% (98,020) (92,508) (70,804) (158,841) (66,742) 166,152 570,146 612,451 657,895 706,711 759,149 815,478 .515.986 940,984
112 REDUCED ROI §3.1% RED NPV 1,113,300
TEEfIIIIElEIIIIlTNIASIEIiIiiisotatsird STEIISRTAlIEIIINOIIIiNatciiriirriaiiiiiciiisiiiiisiiiiirstrssrszisiriiiiiiiiiiiiiisziisiiiiss
CF-PH I,SAVINGS @ 80% (106,237)  (99,713) (77,810) (166,342) (85,748) 116,308 490,918 527,384 566,AT3 608,505 653,656 702,158 754,258 810,224
111 REDUCED RO 37.6% RED NPV 870,823
2rE3EzZzETISIzCrErIZSICCESEZEESSSSESCISETSSSSSXEESESZCSSIzzIoscosZSCssE STSSISSRIEISISSSSSESSSSESSISSIi2Snzrz2SSESIECEZIZSESESSRISEESIESSzsagzszs FEIISSISIZIIIIIIZTIIzI=IzsEsssEs

SOURCE: Office of Technology Assessment




Table B-n

Detailed Cash Flows for Option C (Miulti-Line OCR Wthou t ZI P+4)
at Medi an Perfornmance Rate

121
PRICE PER OCR 3850 CURVE FACTUN
NUMBER OF OCRs 655 0.73
ESCALATION FACTOR 1.0782
YEAR [} ] Z , 3 [} 5 6 1 8 9 10 1 12 13
DATB 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
ADDRESS, S3ITE, & CONTINGENCY (52,477) (50,977) (31,847) (16,700) (18,000) (19,336) (20,770) (22,311) (23,967) (25,785) (27,656) (29,708) (31,912) (34,280)
RESEARCH (5,000) (5,000) (5,000) 0 0 0 0 0 0 0 0 0 0 0
BCS & EZR (32,325) (32,325) (26,950) [} 0 0 0 0 0 0 0 0 0 0
DCR UPGRADE 0 0 0o (16,800) (16,800) (16,800) 0 ] 0 0 0 0 : 0 0
NEW OCRs 0 [} 0 (114,183) (114,183) (114,183) 0 0 0 0 0 (] [ []
MAINTENANCE & SPARES (27,706) (3%,172) (36,6%0) (A2,950) (S7,685) (98,690) (86,221) (92,619) (99,491) (106,873) (114,803) (123,321) (132,472) (142,301)
TOTAL INVESTMENT & MAINTEMANCE (117,508) (122,478) (100,437) (190,633) (206,668) (249,009) (106,991) (114,930) (123,458) (132,618) (142,459) (153,029) (164,388) (176,581)
RATE REDUCTION 0 0 0 ] 0 0 0 0 [ 0 0 0 0 0
CLERK & CARRIER SAVINGS 82,175 72,056 70,066 75,000 190,058 498,MN1 696,827 7T#8,531 80W,072 863,734 927,823 996,668 1,070,621 1,150,061
g KET CASH FLUM (35,333) (50,418) (30,371) (115,623) (16,610) 249,832 589,835 633,601 680,614 731,116 785,365 843,639 906,237 973,479
CASH FLOW - PHASE [ (89,802) (85,302) (63,797) (151,3%0) (¥7,736) 215,997 553,919 595,020 639,170 686,59 737,542 792,267 851,058 914,202
ROX 64.03 REDUCD ROL 45.3%
NPV 1,359,073 RED NPV 1,126,874
PRICE FER OCR $U50 NUMBER 655
DATE 1985 1986 1987 1948 1989 1990 1991 1992 1993 1998 1995 1996 1997 1998
CF-PH I,SAVINGS € 903 (98,020) (92,508) (70,804) (158,881) (66,742) 166,152 484,236 520,166 558,763 600,223 644,760 692,601 743,992 799,196
REDUCED ROIX 39.93 RED NPV 907,288
122
LR R R AR A A B A I e e e R NN RO ECIEERE S et R cot e $I83I3IIT o reiee 000,00, L S
CF-PH I,SAVINGS @ B0% (106,237) (99,713) (77,810) (166,342) (85,748) 116,308 NIN,553  ANS5,313 478,356 513,850 551,977 592,934 636,930 684,190
REDUCED KOl g RED NPV 687,700
123
BB E RS SIS IR RIS IR I IS E I I I R E R R S I E I E SIS EE R LS IS S ECCIS SIS S SRS rxSSEEIEEIEErrCraSSCESCIEEINIEEESERIERESEEEEZSSSzssEsxzz SSSSSSZEEszgzsaszzEEsEEssssscc

SQURCE: O fice of Technol ogy Assessment
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Table B-12

Detailed Cash Flows for Qption C (Milti-Line OCR Wthout ZI P+4)
at Low Performance Rate

131
PRICE PER OCR 4850 CURVE FACTOR
NUMBER OF OCRs 655 0.67
ESCALATION FACTOR 1.0742
YEAR 0 1 2’ 3 ¥ 5 6 7 8 9 10 1 12 13
DATE 1985 1986 1987 1988 1989 1590 1991 1992 1993 1994 1995 1996 1997 1998
ADDRESS, SITE, & CONTINGENCY  (52,477) (50,977) (31,8a7) (16,700) (18,0000 (19,336) (20,770) (22,311) (23,967) (25,745) (27,656) (29,708) (31,912) (3M,280)
RESEARCH (5,000) (5,000) (5,000) [ [4 0 0 0 0 [ 0 [} 0 0
BCS & EZR (32,325) (32,325) (26,950) ] ] 0 0 0 0 0 0 0 0 'S
OCR UPGRADE ] ] 0o (16,800) {16,800) (i6,800) ] 0 0 (1 0 ] 0 0
NEW OCRs ] ] 0 (118,183) (114,183) (114,183) ] o (] 0 0 0 0 0
MAINTENANCE & SPARES (27,706) (34,172) (36,6%0) (42,950) (57,685) (98,690) (86,221) (92,619) (99,491) (106,873) (114,803) (123,321) (132,472) (142,301)

TOTAL INVESTMENT & MAINTENANCE (117,508)

RATE REDUCTION
CLERK & CARRIER SAVINGS
NET CASH FLOW

CASH FLOW - PHASE I

PRICE PER OCR

DATE

CF-PH I,SAVINGS € 90%

REDUCED ROIX

CF-PH 1,SAVINGS ¢ 80%

REDUCED ROIX

SOURCE:

(122,47%) (100,437) (190,633) (206,668) (249,009) (106,991) (114,930) (123,458) (132,618) (142,859) (153,029) (164,38%) (176,581)

0 0 0 0 0 0 0 0 0 a 0 0 0 0
82,1715  72,0% 70,066 75,000 190,058 N98,4M1 639,553 687,008 737,984 792,742 851,564  91A,T50 982,628 1,055,535
(35.,333) (50,%18) (30,371) (115,623) (16,610) 249,432 532,562 572,078 614,526 660,128 709,105 761,721 816,280 878,954
(89,802) (85,302) (63,797) (151,340) (A7,736) 215,997 496,645 533,496 573,082 615,605 661,262 710,350 763,058 819,676
RO 61.7% REDUCD ROI n3.2%
NPV 1,221,732 RED NPV 989,513
4850 NUMBER 655
1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
(98,020) (92,508) (70,808) (158,841) (66,742) 166,152 432,690 A6N,796 499,283 536,330 576,126 618,875 664,795 714,123
37.8% RED NPV 783,681
.:2::::.‘.'..‘.'...:':%:':'.21.'. ‘. ....-...'..:"”‘.:“ ey P KRR ""‘A""'»A'!'-.-:.-.:.-.w.l.:.-.rnv.“.s.-‘n:-‘-r.:E!:':':H;sisas';.z.;lz.i"...'.'.v.'.l.."...'.'.'.I.'.'.'.I:;'.“
(106,237) (99,713) (77.810) (166,342) (B5,748) 116,308 368,735 39,095 425,485 457,056 490,970 527,400 566,533 608,569
32.38 RED NPV 577,829 .

O fice of Technol ogy Assessnent
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Tabl e B-13

Detailed Cash Flows for Option D (Automatic Conversion)
at H gh Performance Rate and Hi gh Savings Rate

1111

CONVERT

SEESSSS

ESCALATION FACTOR 1.0742

BEGINNING OF YEAR USEAGE 21 Al 663 453 yup w3 o yup w3 yup o yus Iup ’;-
AVERAGE USEAGE 37.5% 57.08 75.5% 87.58 30.08 30.03 90.0% %0.03 30.08 90.03 90.03 y0.03 90.0% 90.03%
YEAR [¢] 1 2 3 ] 2 1] 7 o y "W (R} ‘c [
DATE 1985 1986 1987 1988 1989 1990 1991 1992 1993 1494 1995 199 1997 1998

ADDRESS, SITE, & CONTINGENCY  (52,877) (50,977) (31.587) (16,700) (io,uv0) (19,336) (20,770) iez,311) (23,967) (25,785) (27,656) (29,708) (31,912) ‘3*'252)
RESEARCH (5,000) (5,000) (5,000) 0 0 ° 0 0 0 o ° 0 0

SINGLE-LINE EQUIPMENT (140,325) (140,325) (113,200) 0 o o) 0 g g g g g g g
OCR UPGRALE 0 0 [+] (43,667) (u3,667) (43,667 1]
MAINTENANCE & SPARES (21,706) (3%,172) (36,6%0) (42,950) (57.685) (98,690) (86,221) (92,619) (99,491) (106,873) (114,803) (123,321) (132,472) (1A2,301)

TOTAL INVESTMENT & MAINTENANCE (225,508) (230,47K) (186,687) (103,317) (119,352) (161,693) (106,991) (114,930) (123,458) (132,618) (142,459) (153,029) (16W,38%) (176,581)

RATE REDUCTION (58,333) (88,667) (117,4M4) (136,111) (140,000) (140,000) (140,000) (140,000) (140,000} (140,000) (140,000) (140,000) (140,000) (140,000)
CLERK & CARRIER SAVINGS 161,128 268,953  A65,747 711,526 827,240 888,621 1,015,649 1,091,010 1,171,963 1,258,922 1,352,334 1,452,677 1,560,466 1,676,253
NET CASH FLOW (122,713) (50,188) 161,616 472,098 567,888 586,929 168,657 836,080 908,505 986,304 1,069,876 1,159,648 1,256,082 1,359,671
CASH FLOM - PHASE I (177,182) (85,072) 128,190 436,381 536,762 553,493 732,741 797,098 867,061 941,784 1,022,053 1,108,277 1,200,899 1,300,394
ROL 111.38 KEDUCD ROL 8u.6%
NPV 2,674,972 HED NPV 2,442,773

SOURCE: Office of Technol ogy Assessnent
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Table B-13 (continued)

1211

S EREEREEEESEEEEIIRZINRERIEEREEEEEESEERSSEEEEALISESEEERIERIEISIISEIEEICICESEEEFISERCEEEEESSSSCCECSSISSEIEECSEECEISISEEIEEESIESESSISSEELECECEEsEESTESREEEISESSIciiiisSEEsss
BEGINNING OF YEAR USEAGE 123 23 338 L uNg 513 643 76% 783 823 8ug 873 903 903 903
AVERAGE USEAGE 17.5% 28.0% 38.5% N7.5% 57.5% 70.0% 77.0% 80.0% 83.0% 85.5% 88.5% 90.0% 90.0% 90.0%
DATE 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
TOTAL INVESTMENT & MAINTENANCE (225,508) (230,474) (186,687) (103,317) (119,352) (161,693) (106,991) (114,930) (123,458) 532.610) (182,459) (153,029) (16%,384) (176,581)

HATE REDUCTION (27,222) (83,556) (59,889) (73,889) (89,44%) (108,889) (119,778) (128,44%) (129,111) (133,000) (137,667) (140,000) (140,000) (1%0,000)
TOTAL SAVINGS 75,193 132,117 237,500 386,257 591,99% 733,112 983,385 1,064,350 1,151,916 1,245,079 1,347,377 1,452,677 1,560,466 1,676,253
NET CASH FLOW (177,537) (1%1,912)  (9,076) 209,057 383,197 #62,531 756,615 B2%4,975 899,387 979,460 1,067,252 1,159,648 1,256,082 1,359,671
CASH FLOW - PHASE I (232,006) (176,796) (%2,502) 173,334 352,071 429,095 720,699 786,394 857,903 933,94 1,019,429 1,108,277 1,200,899 1,300,394
RoI 62.0% REDUCD ROI 51.5%
NPV 2,136,691 RED NPV 1,904,493
1311
RESFCEESSSSEISSIESSIESSSESIISSERSTINSSEEIESEESISSSE22ZTEEESEIESZISSSSCSSEESSESSSSESZSEZSSTSSSSZIZSSSEESZSSE3EESSITEEICESIESTEZEZS3CIEIESSIXTERE EECEEESSIERSSRRSISRERISISESSES
BEGINNING OF YEAR USEAGE 63 128 183 248 jos 363 403 403 403 403 403 hos L1 hos
AVERAGE USEAGE 9.0% 15.03 21.0% 27.0% 33.0% 38.03 40.0% 40.08 40.0% %0.0% 40.0% %0.0% 40.0% 40.03
DATE 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
TOTAL INVESTHENT & MAINTENANCE (225,508) (230,A74) (186,687) (103,317) (119,352) (161,693) (106,991) (114,930) (123,458) (132,618) (142,459) (153,029) (164,384) (176,581)
KATE KEDUCTION (14,000) (23,333) (32,667) (42,000) (51,333) (59,111) (62,222) (62,222) (62,222) (62,222) (62,222) (62,222) (62,222) (62,222)
TOTAL SAVINGS 36.611 70,717 129,54 219,557  A14,654 48K, 299 891,556 957,710 1,028,772 1,105,107 1,167,105 1,275,189 1,369,808 1,471,447
NET CASH FLOM (200,837) (183,030) (89,808) 174,240 243,969 —263,u95 722,343 780,557 843,092 910,266 982,424 1,059,937 1,143,201 1,232,644
CASH FLOW ~ PHASE I (255,306) (217,91%) (123,23%) 38,523 212,843 230,059 686,426 T41,976 801,647 865,786 938,602 1,008,566 1,088,019 1,173,366
ROI 46.6% REDUCD ROI 39.43
NPV 1,666,239 RED NPV 1,434,041

SQURCE:  Office of Technol ogy Assessment
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Det ai
at

| ed

Tabl e d-14

Cash Flows for-Option D (Automatic Conversion)

Hi gh Performance Rate and Median or

Low Savi ngs Rate

.g:g:g:g:‘;’-.g.."g;;‘.“."..."g:.g.:..'s‘:‘g‘g;g:===:.===gg=;‘z"‘= S ESIEEEEEIEIEECEISEE2ErCErEssIiIIT I sEs3IE SRR RS EEEEAREEERELESEREZE EESEERCSERSEESEREXREESSEEEIEES

DATE 1985 1986 1987 1988 1989 1990 99 1992 1993 199% 1995 1996 1997 1998

CP-PH I,SAVINGS @ 903,HL USE  (193,295) (111,967) 81,615 365,228 54,038  A6N,631 631,176 688,397 749,864 815,892 886,819 963,009 1,044,853 1,132,769
REDUCED ROIX 70.2% RED NPV 2,014,022

CF-PH I,SAVINGS @ 903 ,MED USE (239,525) (190,008) (66,252) 134,708 292,872 355,788 622,361 679,959 TN2,71) 810,433 884,692 963,009 1,044,853 1,132,769
REDUCED ROI 45.4% RED NPV 1,548,688

CF-PH I,SAVINGS & 503,00+ USB ({(259,173) {225,592) (i36,189) 16,567 979,377 161,629 597,271 6%,205 698,770 755,236 815,891 881,047 951,038 1,026,222
REDUCED ROIX 35.48 RED NPV 1,148,907

R R R R R A A R R R R R R E R R R R R R R R R R R R R R R R R R I R I R R R R T e

CF-PH I,SAVINGS @ 80% ,HMI USE (209,408) [138,862) 35,080 294,076 371,314 375,769 529,611 579,29 632,668 690,000 751,586 817,742 888,806 965,183
REDUCED ROI 57.3% RED NPV 1,585,271

CF-PH 1,SAVINGS € B0%,MED USE (247,085) [203,220) (90,002) 96,083 233,672 282,473 528,022 573,528 627,519 685,925 749,954 817,742 888,806 965,143
REDUCED ROIL 39.23 RED NPV 1,192,804 )

CF-PH I,SAVINGS €@ 803,LOW USE (263,040) (232,070) (149,143) (5,389) 129,912 133,200 508,115 550,438 595,893  6M8,725 697,181 753,528 814,057 879,077
REDUCED ROIX 31.18 RED NPV 863,774

SQURCE: O fice of Technol ogy Assessnent
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Tabl e B-15

Detailed Cash Flows for Option D (Automatic Conversion)

at Medi an Performance and H gh Savings Rate

1121
EEZZEITESCSZZIIISECIZCISSCESNEESSEESELZIE332SXSIERESEZSSSSCIECSEESSSESSSSSEREISEISZICESSZITIEIICSSESSCIZSRIICCICSIZZISSIEICEIEIFSRSESCICEEELEIEESCICSTESETESECCZZEISEEIEEEESSSSSSss
CONVERT
S=ZXETERE
ESCALATION FACTOR §.0752
BEGINNING OF YEAR USEAGE 27% LY 663 858 903 903 903 90% 903 90% 90% 908 90% 903
AVERAGE USEAGS 37.5% 57.0% 75.5% 87.58 90.08 20.08 20.08 90.0% 90.0% 90.08 90.08 90.03 36.5% 96.0%
YEAR 0 1 2 3 L] 5 6 7 8 9 10 n 12 13
DATE 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1008
ADDRESS, SITE, & CONTINGENCY (52,877) (50,977) (31,847) (16,700) (18,000) (19,336) (20,770) (22,311) (23,967) (25,745) (27,656) (29,708) (31,912) (38,280)
NESEANCH (5.000) (5.000) (5.000) ] 0 0 0 0 v 4 0 0 o a
SINGLE-LINE EQULIPMENT (1%40,325) (140,325) (113,200) 0 0 0 0 0 [] 0 0 0 0 0
OCR UPGRADE 0 0 0 (43,667) (43,667) (43,667) 0 [1] 0 0 ] 0 0 0
MAINTENANCE & SPARES (27,706) (38,172) (36,640) (%2,950) (57,685) (98,690) (86,221) (92,619) (99,491) (106,873) (114,803) (123,321) (132,472) (142,301)
TOTAL INVESTMENT & MAINTENANCE (225,508) (230,87%) (186,687) (103,317) (119,352) (161,693) (106,991) (114,930) (123,458) (132,618) (142,459) (153,029) (16%,38%) (176,581)
KATE REDUCTION (58,333) (88,667) (117,44%) (136,111) (140,000) (140,000) (140,000) (140,000) (140,000) (140,000) (140,000) (140,000) (140,000) (140,000)
CLERK & CARRIER SAVINGS 161,128 268,953  N65,7%7 711,526 827,280 888,621 1,006,103 1,080,756 1,160,948 1,247,090 1,339,624 1,439,024 1,545,800 1,660,498
NET CASH FLWW ' (122,713) (50,188) 161,616 472,098 567,888 586,929 799,112 825,826 897,490  9T4,N72 1,057,166 1,145,995 1,241,416 1,343,917
CASH FLOW - PHASE 1 (177,182) (85,072) 128,190 436,381 536,762 553,493 723,195 787,248 856,046 929,952 1,009,343 1,094,624 1,186,233 1,284,640

RO1 111.28 REDUCD ROI 8h.5%

NPV 2,652,082

RED NPV 2,419,883

SOURCE: O fice of Technol ogy Assessment
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Table B-15 (continued)
1221
lllttllltllll:l:llllll:l:lllltllsllltt:lllt=t=lllll8'llllll8:=!tt:SISS EEEEZIERSCESEEESESESSEEEEEEII AL CEER SRS S S S S SEISESIEENEEEESEZZIEEEENSEESES SEREIEEXERSEEEEXRESEZSEISEEZESE
BEGINNING OF YEAR USEAGE 128 238 I , g s1g 6% 763 788 821 an 878 903 908 903
AVERAGR USEAGE 17.58 28.03 38.5% 47.58 57.5% 70.08 71.08 80.0% 83.08 85.5% 88.5% 90.0% 90.08 90.03
DATE 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 199 1997 1998

TOTAL INVESTMEN] & MAINTENANCE (225,508

) (230,474)

(186,687) (103,317)

(119,352) (161,693) (106,991) (114,930) (123,458) (132,618) (142,459) (153,029) (16M4,384) (176,561)

RATE REDUCT1ON (271,222) (43,556) (59,889) (73,889) (89,444) (108,889) (119,778) (124,44K) (129,111) (133,000) (137,667) (140,000) (140,000) (140,000)
TOTAL SAVINGS 75,193 132,117 237,500 386,257 591,998 733,112 961,430 1,043,882 1,133,191 1,227,922 1,332,761 1,439,024 1,545,800 1,660,498
NET CASH FLOW (177,537) (11,912)  (9,076) 209,051 383,197 462,531 734,661 808,867 B8B0,622 962,308 1,052,636 1,145,995 1,241,816 1,343,917
CASH FLOM ~ PHASE I (232,006) (176,796) (42,502) 173,338 352,071 429,095 698,784  765,886. 839,178 917,785 1,004,813 1,094,624 1,186,233 1,28K,6X
ROI 61.7% REDUCD KOI 51.28
NPV 2,101,867 RED WPV 1,869,668
1321
2=ZEESIEETEESESSSESSSISEZZEE ----.- 2REEE 8 ... ... =8 == ==== ===== ===z==== R - TR _. _ZEBBE _ ... _BBF ___.___.._.... =6 = = = - R TS=== SEES XX TE SR RRETTES
BEGINMING OF YEAR USEAGE 63 12 183 2N jos 363 %og 803 L1 No3 803 %03 %08 409
AVERAGE USEAGE 9.0% 15.0% 21.0% 27.0% 33.08 38.0% %0.03 %0.0% 80.0% %0.03 40.03 40.0% 40.0% 40.01
DATE 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
TOTAL INVESTMENT & MAINTENANCE (225,508) (230,474) (186,687) (103,317) (119,352) (161,693) (106,991) (114,930) (123,458) (132,618) (142,8459) (153,029) (164,38%) (176,581)
RATE REDUCTION {14,000) (23,333) (32,667) (42,000) (51,333) (59,1i1) (62,222) (62,222) (é62,222) (b62,222) (62,222) (62,222) (62,222) (62,222)
TOTAL SAVINGS 38,671 70,7717 129,58 219,557  N1A,65M  NB4,299 834,283 896,187 962,684 1,038,115 1,110,846 1,193,271 1,281,811 1,376,922
NET CASH FLOW (200.837) (183.030) (89.808) 7H.280 243,969 263.495 665.069 719,038 777,003 B39.278 906,165 978.019 1,055,205 1,138,118
CASH FLOW - PHASE I (255,306) (217,918) (123,238) 38,523 212,843 230,059 629,153 680,453 735,559 794,755 858,3h2 926,648 1,000,022 1,078,6N
ROI N5.38 REDUCD ROI 38.18
NPV 1,528,898 RED NPV 1,295,699
SORCE: O fice of Technology Assessnent
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1222

1322

1123

1223

1323

Tabl e

B-16

Detailed Cash Flows for Option D (Automatic Conversion)
at Medi an Performance and Median or Low Savings Rate

E23z3CZISSEESISSTIRSES RS EES PSSR RN RS RS RS ErILaE IR SRS SR IR IR iR R E NI T RSt RS RSt ST I TR r I SIS SRR SIS T S SIS E ST SRR IR E I SIS RT3 ERESERESIIIEIESESIESTES
DATE 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
CF-PH I, SAVINGS @ 90%, HI USE  (193,295) (111,967) 81,615 365228 454,038 464,631 622,585 679,169 739,951 805243 875380 950,722 1,031,653 1,118,590
REDUCED Rol 70.0% REDNPV 1,993,421
CF-PH I, SAVINGS @ 90%, MED USE (239,525) (190,008) (66,252) 134,708 292,872 355,784 602,601 661,502 725,859 794,992 871,537 950,722 1,031,653 1,118,590
REDUCED ROI 45.1% REDNPV 1,517,346
CF-PH 1,SAVINGS € 903,LOM USE (259,173) (224,992) (136,189) 16,567 171,377 181,629 585,724 590,838 639,291 691,343 747,258 807,321 871,881 981,149
REDUCED ROX 38.08 RED NPV 1,025,300
Y Ry Ry R YRy R R RN PR R SR E PR PP PP T R R R R R R
CF-PH I,SAVINGS @ 803 ,HI USE  (209,408) (138,862) 35,040 294,076 373,314 375,769 521,975 571,093 623,856 680,538 741,418 806,819 877,073 952,540
REDUCED ROI 57.13 RED NPV 1,566,959
.
CF-PH I,SAVINGS € 80%,MED USE (247,045) (203,220) (90,002) 96,083 233,672 282,473 506,458 557,118 612,540 672,200 738,261 806,819 877,073 952,540
REDUCED ROX 38.83 RED NPV 1,165,024
CF-PH I,SAVINGS @ B0%,LOV USE (263,040) (232,070) (149,143) (5,389) 129,912 133,200 462,296 501,215 543,023 587,932 636,173 687,994 743,660 803,457
REDUCED ROI 29.78 RED NPV 753,901

SOURCE: Ofice of Technol ogy Assessment
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Table B-17

Detail ed Cash Flows for Option D (Automatic Conversion)
at Low Performance and Hi gh Savings Rate

1131
SSSUSESES S EEEES R SR NS EEEEE N EEENESEEEEEEEEESESEEEAEESEERREESESSES2SSRXEXE SEECEEESIEEEEEERESEEESEELSEESSEESEESSEESEEREITEEENUNCEEEEENENEBOSERBAEEBT ¢ - - - - - _-----------eB=pn====cBac
CONVERT
t 2 2 £ 21 2
ESCALATION FACTOR 1.0742
BEGINNING OF YEAR USEAGE 2713 L] ] 66% 858 903 90% 903 903 903 908 903 903 908 903
AVERAGE USEAGE 37.5% 57.0% 75.5% 87.5% 90.0% 90.03% 90.0% 90.0% 90.0% 90.0% 90.0% 90.0% 90.03 90.0%
YEAR 0 1 2 3 A 5 6 7 I 10 n 12 13
DATE 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998

ADDRESS, SITE, & CONTINGENCY (52,877) (50,977) (31,887) (16,700) (18,000) (19,336) (20,770) (22,311). (23,967) (25,7%5) (27,656) (29,708) (31,912) (34,280)
RESEARCH (5,000) (5,000) (5,000) o [} [ (1} 0 0 (] 0 0 [} 1]

SINGLE-LINE EQUIPMENT (140,325) (140,325) (113,200) 0 0 0 0 0 0 0 0 0 0 0
OCR UPGRADE 0 0 0 (43,667) (43,667) (43,667) 1] 0 0 0 0 0 0 0
MAINTENANCE & SPARES (27,706) (38,172) (36,6%0) (42,950) (57,685) (98,690) (86,221) (92,619) (99,891) (106,873) (114,803) (123,321) (132,472) (142,301)

TOTAL INVESTHENT & MAINTENANCE (225,508) (230,474) (186,687) (103,317) (119,352) (161,693) (106,991) (114,930) (123,458) (132,618) (142,459) (153,029) (164,384) (176,581)

RATE REDUCTION (58,333) (68,667) (117,A%4) (136,111) (140,000) (140,000) (140,000) (140,000) (140,000) (140,000) (140,000) (1%0,000) (140,000) (140,000)
CLERK & CARRIER SAVINGS 161,128 268,953 865,747 711,526 827,280 888,621 978,230 1,050,815 1,128,785 1,212,541 1,302,511 1,399,158 1,502,975 1,614,496
NET CASH FLOW (122,713) (50,188) 161,616 A72,098 567,888 586,929 731,239 795,085 865,377 939,922 1,020,053 1,106,129 1,198,591 1,297,915
CASH FLOW - PHASE I (177,182) (65,072) 128,190 436,381 536,762 553,493 695,322 757,303 823,863 695,403 972,230 1,054,757 1,143,408 1,238,637
RoI 110.98 REDUCD ROI 8x.28
NPV 2,585,282 RED NPV 2,353,043

SQURCE: O fice of Technol ogy Assessment
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Table B-17 (continued)

1231
::::::.:a::x::::s:x=:s:::lx:l::--lgl::s:::sx::::s:s:::::::::s:::::::::=:=====:=s:=====::::x:==::=::x===:=======::z:=:==:lx:=:=:x:::x::::ln::‘"=5==l‘===:=:=-==x=l::=l::=:
BEGINNING OF YEAR USEAGE 123 233 33 111 51% 643 76% 78% 82 (.1} 8713 908 908 903
AVERAGE USEAGE 17.5% 28.0% 38.53% 47.5% 57.5% 70.0% 77.08% 80.0% 83.03 85.58 B8.5% 90.03% 90.03 90.0%
DATE 1985 1986 1987 1988 1989 1990 1991 1992 1993 1998 1995 1996 1997 1998
TOTAL INVESTMENT & MAINTENANCE (225,508) (230,878) (186,687) (103,317) (119,352) (161,693) (106,991) (118,930) (123,458) (132,618) (142,459) (153,029) (164,38%) (176,581)
RATE REDUCTION (27,222) (43,556) (59,889) (73,889) (89,M44) (108,889) (119,7768) (128,484) (129,111) (133,000) (137,667) (140,000) (1%40,000) (140,000)
TOTAL SAVINGS 75,193 132,117 237,500 386,257 591,998 733,112 901,084 987,036 1,080,827 1,179,423 1,290,653 1,399,158 1,502,975 1,614,496
NET CASH FLOW (177,537) (141,912)  (9,076) 209,051 383,197 862,531 674,275 747,661 828,258 913,805 1,010,528 1,106,129 1,198,591 1,297,915
CASH FLOW - PHASE [ (232,006) (176,796) (%2,502) 173,338 352,071 429,095 638,359 709,080 766,814 869,285 962,705 1,054,757 1,143,408 1,238,637

ROL 60.83 REDUCD HKOI 50.3% '

NPV 2,003,758 RED NPV 1,771,559
1331
:=========s:=:::x:::x::sx::x::::::::::x:=:xx;;:-:-:-x;;;z-t-=-=;:-=-=-=;=-=-l-=-=;;=;l-x-;:-:;;:-:-n-:-:;;:‘:‘:‘:;;:‘:‘:-‘;:‘;x‘:‘:;;;::::=x==g::=======:z=::=::::z::n=:: """"
BEGINNING OF YEAR USEAGE o3 1F3 103 243 3o 36% L 403 403 ho3 A0s hog A0 L1
\VERAGE USEAGE 9.0% 15.0% 21.0% 27.0% 33.0% 38.0% 40.0% 40.0% 40.0% 40.03 40.0% 40.0% 40.0% %0.0%
DATE 1985 1986 1987 1988 1989 1990 1991 1992 1993 199% 1995 1996 1997 1998
TOTAL INVESTMENT & MAINTENANCE (225,508) (230,87W) (186,687) (103,317) (119,352) (161,693) (106,991) (114,930) (123,458) (132,618) (142,459) (153,029) (164,384) (176,581)
KATE KEDUCTION (14,000) (23,333) (32,667) (42,000) (51,333) (59,111) (62,222) (62,222) (62,222) (62,222) (62,222) (62,222) (62,222) (62,222)
FOTAL SAVINGS 38,671 70,777 129,54 219,557  MW1IN,658 484,299 681,363 731,920 786,228 844,566 907,233 974,550 1,046,862 1,124,539
NET CASH FLOW (200,837) (1683,030) (89,808) 74,240 243,969 263,495 512,149 554,768 600,548 649,726 702,552 759,299 820,255 885,735

CASH FLOW - PHASE I (255,306) (217,914) (123,234) 38,523 212,843 230,059 476,233 516,186 559,108 605,206 654,730 707,927 765,073 826,458

nuL q1.43 wUULY UL 3h.0%
NPV 1,162,197 ED NPV 929,998

SOURCE: Office of Technology Assessnent
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1132

1232

1332

1133

1233

1333

DATE

CP-PH I,SAVINGS ¢ 903 ,HI USE
REDUCED ROI
CF-PH I,SAVINGS € 90§ ,MED USE
REDUCED ROX

CF-PH 1,SAVINGS € 90%,LOW USE
REDUCED ROIX

CF-PH 1,SAVINGS ¢ 803 ,HI USE
REDUCED ROI

SP-PH I,SAVINGS @ BOS,MED USE
REDUCED ROI

CF-PH I,SAVINGS @ 803,L0N USE
KEDUCED RO1

Table B-18

Detailed Cash Flows for Alternative D (Automatic Conversion)
at Low Performance Rate and Median or Low Savings Rate

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
(193,295) (111,967) 81,615 365,228 454,038  M6A,631 597,499 652,222 T11,008 TIN, 149 841,979 914,842 993,11y 1,077,188
§5.63 RED ¥PV 1,933,266 . '

(239,525) (190,008) (66,252) 134,708 292,872 355,788 548,254 610,376 678,731 751,343 833,640 914,842
AN.1S RED NPY 1,829,088 ’ ' ' ' ’ ' ' ' 993,111 1,077,188

(259,173) (224,992) (136,189) 16,567 171,377 181,629 408,096  N%2,994  A4B0,A81 520,750 564,006 610,472 660,386 714,004
29.83% RED NPY 695,269

i i asIiIIIIIansIIIIn NIt INiiIInINNIiNNNNNNIINNINIINIIItsNstassseise

(209,%8) (138,862) 35,040 298,076 371,314 375,769 499,676 SAT,1M0 598,126 652,895 711,728 774,926 642,813 915,738
56.63 RED NPV 1,513,488

(287,085) (203,220) (90,002) 96,083 233,672 282,473 458,150 511,673 570,648 633,801 708,570 774,926 642,813 915,738
37.8% RED NPV 1,086,537

(263,0%0) (232,070) (149,143)  (5,389. 129,912 133,200 339,960 369,802 201,858 436,293 473,283 513,017 555,700 601,550

25.33% RED NPV 860,581

SCQURCE: O fice of Technol ogy Assessnent




Table B-19
Cash Flows for Option F.  Cancel

DATE 1985 1986 1987 1988

PHASE | ONLY CASH FLOW 54,469 34,884 33,426 35,717
NPV 232,199

1989 1990 1991 1992 1993 1994 1995

31,126 33,436 35,916 38,581 41,444 44,519 47,823

1996 1997 1998
_____ 20 —= o mm

51,371 55,183 59,277

SOURCE : O fice of Technol ogy Assessnent
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