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NASA’s decision to acquire the Tracking and 
Data Relay Satellite System by lease was 
predicated, in part, on its analyses which 
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NASA is evaluating cost proposal data re- 
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COMPTROLLER GENERAL OF THE UNITED STATES 
WASHINGTON. DC. 20548 

The Honorable Frank E. MOSS, Chairman 
Committee on Aeronautical 

,* I b and Space Sciences e-- 
;:-a! r;?!-, - __--_- .~. --A 

United States Senate \- 
Dear Mr. Chairman: 

As you requested, here is our interim report on the 
acquisition of the Tracking and Data Relay Satellite System 
by the Aational Aeronautics and Space Administration (NASA). 

This report relates solely to our evaluation of NASA's 
overall methodology in making its lease or purchase compari- 
son. he will resume our review and submit a final report 
atter NASA completes its evaluation of bidders' proposals 
and selects the winning bidder. As you know, NASA has not 
given us access to bidders' cost data, pending the completion 
of its analysis and bidder selection process. 

We have requested and received informal NASA review 
of Our report but have not, as you directed, requested formal 
comments. 

f- 
This report is also being sent today to Congressman 

L i John Li. Kydler. 

If you have any questions or if we can be of further 
service pending our final report, please advise. 

Comptroller General 
of the United States 



COMPTROLLER GENERAL OF THE UNITED SATE!3 

WASHINGTON. D.C. 20548 

I:: > 
The Ronorable John W. Wydler 
House of Representatives 

-pl.. Dear Mr. Wydler: 

As you requested, here is our interim report on the 
acquisition of the Tracking and Data Relay Satellite System 
by the National Aeronautics and Space Administration (NASA). 

This report relates solely to our evaluation of NASA's 
overall methodology in making its lease or purchase compari- 
son. We will resume our review and submit a final report 
after NASA completes its evaluation of bidders' proposals and 
selects the winning bidder. As you know, NASA has not given 
us access to bidders' cost data, pending the completion of 
its analysis and bidder selection process. 

We have requested and received informal NASA review of 
our report but have not, as you directed, requested formal 
comments. 

/ / I This report is also being sent today to the Chairman 
of the Senate Committee on Aeronautical and Space Sciences. 

If you have any questions or if we can be of further 
service pending our final report, please advise. 

Comptroller General 
of the United States 
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COMPTROLLER GENERAL'S REPORT METHODOLOGY USED IN LEASE- 
VERSUS-PURCHASE DECISION FOR 
TRACKING AND DATA RELAY 
SATELLITE SYSTEM 
National Aeronautics and Space 
Administration 

DIGEST ----_- 

The National Aeronautics and Space 
Administration (NASA) plans to lease the 
Tracking and Data Relay Satellite System by 
contracting with one of two communications 
firms. NASA's decision to lease was predi- 
cated, in part, on its analyses showing that 
the cost of leasing was not significantly 
different than the cost of purchasing. 
(See p. 1.) 

On the basis of the information made avail- 
able to GAO, the general methodology NASA 
used to compare the costs of leasing the 
system to those of purchasing is acceptable. 
(See p. 18.) 

This review was to evaluate the acceptability 
of the general methodology NASA used to com- 
pare lease and purchase alternatives for ac- 
quiring the system, as requested by the Chair- 
man, Senate Committee on Aeronautical and 
Space Sciences, and by Congressman John W. 
Wydler, and to provide an interim report. 
GAO will resume this review and submit a 
final report after NASA selects a bidder. 
(See p. 1.) 

GAO was not given access to NASA's January 
1976 analysis because cost data contained 
therein was based on contractor proposals. 
However, NASA officials explained that the 
methodology used in their 1976 analysis was 
similar to that used in their 1975 analysis. 
(See p. 1.) 

This interim report, therefore, is GAO's 
evaluation ot general methodology as ex- 
plained by NASA officials and of the use of 
cost data from NASA's 1975 analysis to 
illustrate the methodology. (See pp. 10 to 
17.) 

-Sheet- UPOn femOVal, the report 
cover date should be noted hereon. 

i LCD-76-127 



GAO recognizes that the cost data used for 
illustration in this report may vary con- 
siderably from the cost data used in NASA's 
1976 analysis and the contract amounts 
ultimately negotiated. (See p. 18.) 
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CHAPTER 1 

INTRODUCTION - 

I The National Aeronautics and Space Administration (NASA) 36 
plans to acquire services of a Tracking and Data Relay Satel- 
lite System (TDRSS) to carry out many of the functions now 
carried out by NASA's network of ground stations. TDRSS will 
consist of communications satellites and a ground station to 
relay voice and data transmiseion- E between mission spacecraft 
and users during the period 1980-90. NASA plans to acquire 
the TDRSS communications service through a lease contract 

1 with one of two communications firms--Western Union Tele- c 6: 
c. graph Company and RCA Global Communications, Inc.--which p, 363 

submitted proposals to furnish such service. 

NASA's decision to acquire the TDRSS through a lease 
contract was predicated, in part, on NASA analyses which 
show that TDRSS' lease cost is not significantly different 
than its purchase cost. 

Congressman John W. Wydler of the House Committee on I{,63::+~ 
Science and Technology (see app. I) and the Chairman of the 
Senate Committee on Aeronautical and Space Sciences (see 
aw II) have requested us to review NASA's methodology for 
making its decision on whether to lease or purchase TDRSS, 
and other related matters. The sole purpose of this part 
of our review was to evaluate the acceptability of NASA's 
methodology and to submit an interim report thereon to the 
Committees. We will resume our review and submit a final 
report after NASA selects the bidder. 

We obtained our information from documents and inter- 
-L views with officials at NASA headquarters and at its God- 4-3 3, 
/ dard Space Flight Center. We examined guidance on making 

a lease-or-buy decision contained in executive branch 
circulars. As the Committees directed, we did not evaluate 
the accuracy of cost estimates NASA used. 

The methodology NASA used in comparing the cost of 
the lease and purchase alternatives evolved in a series of 
analyses made between 1974 and 1976. The most recent 
analysis, made in January 1976, was based on data contained 
in the contractors' proposals. The methodology NASA used 
in this analysis was the subject of our review. At the 
completion of our review, in May 1976, NASA was evaluating 
two competing proposals and considered all proposal data 
to be restricted before contractor selection. Consequently 
we did not review the analysis data or the underlying con- 
tractor proposals. 



For purposes of illustration, NASA cost estimates and 
other data contained in a 1975 NASA analysis are used in this 
report. We recognize this data may vary considerably from 
HASA'S 1976 analysis data and the contract amounts ulti- 
mately negotiated. 

PROCUREMENT ALTERNATIVES 

NASA could acquire the TDRSS by lease or purchase. 
With either alternative private sector firms will manufacture 
and operate TDRSS and provide similar technical and communica- 
tions services. 

With a lease, NASA will contract for specified communi- 
cations services. The contractor will design, manufacture, 
operate, and own the equipment and the facility which will 
constitute TDRSS. NASA will pay for the services provided 

, in equal monthly installments over TDRSS' lo-year opera- 
tional period which is expected to begin in January 1980. 

To purchase TDRSS, NASA would contract with an aerospace 
industry firm for TDRSS' design, manufacture, and integration. 
NASA would then contract separately with another firm to 
operate TDRSS. Under this procurement alternative, NASA 
would own TDRSS. 

From NASA's view, the main differences between the two 
procurement alternatives, aside from TDRSS ownership, are 
the timing of expenditures and the total cost. With a pur- 
chased TDRSS, NASA would make substantial outlays during 
TDRSS' development phase (1977-79). With a leased TDRSS, 
NASA will make monthly lease payments to the prime con- 
tractor beginning in 1980 when TDRSS becomes operational. 
The effect of this difference on NASA's lease-purchase 
analysis is discussed beginning on page 6. 

The other major difference between the lease and 
purchase methods from NASA's view is that, in absolute 
dollars, a leased TDRSS will require substantially higher 
Outlays than would an owned TDRSS. According to NASA 
officials, the higher lease cost results from the higher 
return on investment to be paid to the contractor for 
financing TDRSS' development and for assuming increased 
ris.K in providing the communications service. 

2 



TDiXs is intended to provide nearly continuous 
communications with mission spacecraft at altitudes up to 
12,OOL) kilometers (km.). NASA estimates that TDRSS will 
enaole users to be in direct contact with the spacecraft a 
minimum of 85 percent of their total orbital times com- 
parea with only 15 percent for the present ground station 
network. The improved coverage will be due to the geosyn- 
chronous orbits of the TDRSS spacecraft, which will always 
be in view of the grouna station, and to the high altitudes 
of the TDRSS spacecraft (36,000 km.), which will be within 
view of mission spacecraft most of or all the time. 

4 



TECdNICAL CRARACTERISTICS ---_---I-------- 

Initially, three TDRSS communications spacecraft will 
be placeci in geosynchronous earth orbit. 1/ Two of the 
spacecraft will provide operational eommuKications service, 
and the third will be a backup in case of malfunction in 
one of the others, or in case of the need for increased 
capacity. A fourth spacecraft will remain on the ground as 
a stancioy in case one of those in orbit fails. Additional 
spacecraft are planned for manufacture as needed during the 
operational phase to replace the initial four craft. The 
number of TDRSS spacecraft built will depend on their life- 
span in service. The following diagram depicts the planned 
TDRSS. 

TDRS SPARE 

L/A spacecraft in geosynchronous orbit is in a fixed 
position relative to a position on the earth's surface. 



on the other hand, represent the total costs of the alter- 
natives as of the present time, after considering the time 
value of money. 

Thus a lease-versus-purchase cost comparison is done 
by identifying the types or costs that would be incurred 
under eacn alternative, estimating the magnitude and timing 
ot such costs, converting each cost stream into its present 
value, ana comparing the two present values. 

TIME VALUE OF MONEY --- 

The major aspect that complicates the comparison of 
the two ways of acquiring the use of an asset, that is, 
lease or purchase, is that the timing of the costs to be in- 
curred under the two acquisition methods differs signifi- 
cantly. In a typical case, purchasing requires the immediate 
incurrence of a large one-time cost, whereas leasing involves 
a series of smaller annual costs that, in total, however, 
are greater tha 

r 

those of purchasing. The implication of 
this time difference, for the comparison of costs under the 
two methods, is that the costs to be incurred under each 
cannot be merely summed and compared, since to do so would 
imply that a unit of money, such as a dollar, has equal 
value regardless of when it is received or spent. 

The fact that money, if invested, has earning power 
results in a dollar received now being of greater value 
than a dollar to be received at some time in the future. 
The reason for this inequality is that the dollar received 
now presumably can earn interest, with the result that, by 
the time the "future" dollar is received, the first aollar 
will have grown in worth to more than $1. 

If it were appropriate to merely sum the costs of 
leasing and compare them with those of purchasing, the 
choice would generally be to purchase, since, in terms of 
total dollars, leasing normally requires a larger expendi- 
ture. Frequently, however, when the difference in value 
between a dollar receivea today and one received a year 
from now (that is, the time value of money) is recognized, 
the analysis may show leasing to be the less costly method. 

GYhen the party acquiring an asset chooses, on economic 
grounds, to lease rather than purchase, he has decided that 
he is willing to incur the greater total cost to lease be- 
cause, by so doing, he will avoid the need for the immediate 
large outlay that would be required to purchase. Presumably, 
he has concluded that, as a result of not being required to 
borrow the funds for a purchase or of the return he can earn 
through alternative uses of the available funds that would 

6 



CHAPTER 2 _--__---_-- 

ECONOMIC ANALYSIS FOR ---- --__-__ ----- 

LEASb-VERSUS-PURCHASE DECISIONS ---_-___- --A---_- -- 

Before deciding whether to lease or purchase specific 
goous or services, Federal agencies frequently make compara- 
tive economic analyses of the two acquisition methods. This 
chapter discusses a major aspect of economic theory underlying 
such analyses and outlines a general approach to such compari- 
sons. 

GENERAL LEASE-VERSUS-PURCHASE METHODOLOGY --------- ------ -- I_-.- 

A cost comparison of lease and purchase alternatives 
involves several steps. The first step is identifiying all 
cost categories associated with each alternative during its 
economic life, which can become a difficult task. If the 
building or system to be acquired is highly complex, the 
number of cost categories in the comparison can be extensive. 

The second step is to estimate the magnitude of each 
cost category and the time in which the costs, or a part of 
the costs, for each category will be incurred for each alter- 
native. Any offsetting cash flows, such as Federal taxes, 
to be generated as a result of incurring these costs should 
be estimated as to their magnitude and timing, to provide 
accurate estimates of the net cost implications of each of 
the two alternatives. Costs whose timing and amount are the 
same under both alternatives may be omitted from the analy- 
sis since they would have no bearing on the relative economic 
attractiveness of the alternatives. 

After the costs for the lease and purchase alternatives 
are identified and time phased, by year, over their useful 
lives, the annual cost figures should be converted into 
their present values-- the third step in the process. Future- 
year costs are converted into their present value to show 
the time value of money, as discussed in the next section. 
After the costs for both alternatives have been converted 
into their present-value costs, they can be compared and the 
alternative with the lower present-value costs can be selected 
as the economically preferable choice. 

In any economic analysis-- either in the private sector 
or in the Government-- it should be remembered that present- 
value costs are not the same as budget costs. Budgetary 
figures represent the funds that will be needed to cover the 
costs that actually will be incurred. Present-value costs, 
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order to provide enough funds to pay for that cost. For 
example, if the costs in the third year of a lease period 
were estimated to be $10,000, the present value cost as- 
sociated with that third year would be an amount that, if 
invested at the present time, would total $10,000 in 
principal and interest by the third year. Thus the present 
value of a future cost is always an amount smaller than the 
estimated future cost. The further into the future the time 
period, the smaller the present value of any cost to be in- 
curred in that period. 

The relationship between length of time in the future 
at which a cost is to be incurred and its present value can 
be seen in table 1 which shows the present value at an in- 
terest, or discount, rate of 10 percent for $1,000 of cost 
to be incurred at the end of each of the next 5 years. 

Table 1 

Present Value of $1,000 of Cost at End of Each -- 
of 5 Years at a lo-Percent Discount Rate 

End of year Present value 

1 $ 909 
2 826 
3 751 
4 683 
5 621 

Total $3,790 

The reason why the present value of the cost to be 
incurred in year four is smaller than that of year two is 
that for year four there is a longer time in which the 
present amount can earn interest. Thus the amount of 
principal required to be invested to permit payment of the 
$1,000 cost obviously would be smaller. 

The total present value of $3,790 shown in table 1 is 
the amount of money that, if invested at the present time 
at an interest rate of 10 percent, would generate a series 
of repayments of $1,000 a year for the 5-year period. 
Clearly, to convert any cost estimate into its present value 
it is necessary to use an interest rate to determine what 
amount would be required to be invested to meet that future 
cost. In such calculations, the rate used should be that 
rate, referred to in present-value or discounting calcula- 
tions as the discount rate, that best reflects the time 
value of money to the party in whose interests the compara- 
tive analysis is being made. 

8 



have been used for the purchase, the interest costs he will 
avoid, will be greater than the amount by which total leas- 
ing costs exceed the total purchase costs. The party fur- 
nishing the goods or services, however, presumably believes 
that the lease payments he is to receive will adequately 
compensate him for the interest cost he will incur in 
financing his production or purchasing the goods or serv- 
ices involved. 

To arrive at a decision as to the comparative economic 
desirability of leasing or purchasing, it is necessary to 
determine the opportunity (or time value of money) costs 
associated with the alternative methods of acquisition. Thus 
the inclusion in the analysis of the economic implications of 
the time value of money is one of the major aspects in any 
lease-versus-purchase comparison. 

There are several ways in which the time value of money 
can be included in a comparative analysis of the costs of 
leasing and purchasing an asset. In all of these, however, 
it is necessary first, to identify the categories of costs 
to be incurrea under each method and second, to determine the 
magnitude of each cost element and the period during which 
eacn cost element will be incurred. 

These steps result in the development of two cost 
streams; the first would be incurred if the decision were 
t0 purchase and the second would be incurred if the decision 
were to lease. To compare the two cost streams, it is neces- 
sary to convert each cost stream into a single value that 
represents the total of that cost stream at a single point 
in time, that point being the same for both cost streams. 
The point in time chosen for the comparison could be any 
time. Conventionally, however, the time chosen is usually 
the present time, when "present" may be defined as the be- 
ginning of the period during which the costs would be in- 
curred or the time when the decision to lease or purchase is 
to be made. Coverting the cost streams in this manner is 
referred to as calculating the present value of the costs, 
or discounting the costs. 

To calculate the present value of a cost stream 
requires first, converting each estimate of cost to be in- 
curred during a specific period, for example the third 
year of the lease period, into its present value, and 
secona, summing all the individual present values to ar- 
rive at a total present value of costs. 

The conversion of an individual cost estimate into 
its present value consists of calculating the amount that 
would be required to be invested at the present time in 



CHAFTER 3 

NASA's METHODOLOGY --------.__-._-- 

The Office of Management and Budget (OMB) has provided 
general guidance to executive branch agencies for doing finan- 
cial analyses of programs and projects which will require large 
Government investments. OMB Circular A-94 contains guidelines 
for doing cost-benefit analyses on proposed investment, to de- 
termine whether they should be made, Circular A-76 contains 
guidance for doing lease-versus-purchase analyses to determine 
whether commercial and industrial products and services and 
real property used by the Government are to De provided by 
private suppliers or by the Government. Circular A-76 speci- 
fies when agencies may provide commercial and industrial pro- 
ducts and services in-house rather than rely on the private 
sector to supply their needs. NASA officials advised us that 
they used the guidance in these two circulars in making their 
analyses. 

DEVELOPKENT OF COST ESTIMATES --- - ~I 

NASA derived the cost estimates in the most recent TDRSS 
lease-versus-purchase analysis from bids made in January 1976 
3y the two prospective contractors, RCA Global Communications, 
Inc., and Western Union Telegraph Company, and from estimates 
of in-house costs associated with TDRSS that NASA will incur 
auring development and operation of TDRSS. NASA deducted 
estimates of Federal corporate income taxes that would be re- 
covered under both alternatives, to determine the net cost to 
the Government. To recognize the time value of money, the 
estimated undiscounted cost of the lease and purchase alterna- 
tives were discounted at two rates--8-l/4 and 10 percent. 
NASA officials told US that the 8-l/4-percent rate represented 
the average yield on Treasury bonds at the time of its analy- 
sis and that, for comparison, it had discounted the estimates 
at the lo-percent rate specified in OMB Circular A-94. 

\ 
A composite lease-purchase ratio was computed on the 

basis of lease and purchase estimates derived from the 
two firms' proposals. NASAss analysis shows that, using a 
lo-percent discount rate, leasing TDRSS would be 2 percent 
less costly than purchasing. Using an 8-l/4-percent discount 
rate, leasing would be 6 percent more costly than purchasing. 

The proposals contained cost estimates which included 
forward-pricing rates based upon the firms' projections of in- 
flation. To provide a common basis for the lease-purchase 
comparisons, NASA required the firms to submit proposals in 
constant 1977 uninflated dollars, in addition to actual cost 



As was the case of the present value of a future cost's 
being smaller the further into the future the time period 
involved, so is it the case of a future cost's being smaller 
the higher the discount rate used. The relationship between 
the discount rate applied to a cost estimate and the present 
value of that cost estimate is illustrated in table 2 which 
shows the present value of a cost of $1,000 to be incurred 
10 years from now under each of a variety of discount rates. 

Table 2 

Present Value of a Cost of $1,000 
to be Incurred 10 Years from Now 
at Each of Several Discount Rates 

Discount rate Present value 

5% $614 
7 508 

10 385 
12 322 
15 247 
20 162 

The present value is lower in calculations using higher 
discount rates since, at higher interest rates, the principal 
amount required to be invested to meet the future cost ob- 
viously would not be as great as would be required if a lower 
interest rate were in effect. 

9 



Conversion of shared TDRSS 
%ase~m~i<~purchase estimate --- ~---- 

P4ASA estimated tne cost of equivalent owned-TDKSS 
equipment by deducting the cost of non-TDRSS equipment 
from hestern Union's spacecraft and ground station cost 
proposals. For equipment common to provision of TDRSS and 
cominercial services, NASA estimated the cost of items to 
oe used by TDRSS on the basis of a NASA analysis of the 
TDRSS technical design containeii in the kJestern Union 
proposal and NASA experience with comparable spacecraft 
systems. After estimating equivalent equipment costs, NASA 
deducted direct and indirect costs identified as unique to 
a lease. Similarly, NASA added profit and other indirect 
costs which would be incurred in a typical NASA purchase and 
the cost estimates for Government-furnished elements that 
would be associated with TDRSS development and operation. 

E'actors excluded from the analyses ~-- me--- 

NASA's lease-purchase analyses covers only TDRSS' 
developmental and operational phases through 1990 with 
costs expressed in constant 1977 dollars. Different as- 
sumptions regarding the TDRSS' lifespan and treatment of 
future years' inflation would change the amounts of the 
various cost estimates. 

Residual value 

In its lease-purchase analyses, NASA has assumed that 
TDRSS will have no residual value at the end of its lo-year 
operational period. According to a NASA official, this 
period was based primarily on estimates of the operational 
and technological life of TDRSS, which NASA obtained from 
a study of domestic satellite communications firms. For 
depreciation purposes the operational life estimated by 
these firms averaged 12 years. NASA estimated, on the basis 
of increaseo communications requirements of future missions, 
such as the orbiting space station planned for the late 1980s 
that TDRSS' technological life would become obsolete about 
1990, assuming there would be no significant technical up- 
grading. 

Economic price adjustment clause -- 

TDRSS is planned to be acquired under a fixed-rate 
lease contract whicn will provide for 120 equal monthly 
payments beginning when TDRSS becomes operational, 

12 



proposals. The constant-dollar estimates are as of January 
1977, the month TDRSS development is currently expected to 
begin. NASA required proposal cost data at a level of de- 
tail that woulu permit a comparison of lease costs with 
purchase costs. 

Leased TDRSS -- 

NASA's leased TDRSS cost estimates were derived from 
cost proposals the two prospective contractors submitted. 
The leased-cost estimates consist of cost estimates stated 
in constant dollars contained in the two proposals and 
an estimate of additional costs to be incurred by NASA under 
a lease arrangement, such as additional staffing for contract 
management. 

Owned TDRSS ---- 

NASA derived two cost estimates for an owned TDRSS. 
One estimate was basea on the RCA proposal for a TDRSS dedi- 
cated to NASA use only, and the second was based on the 
shared-service hestern Union proposal for both NASA and 
commercial use. 

Conversion of dedicated TDRSS 
lease-estirnateinto purchase estimate -m-p 

The basic hardware costs for an owned TDRSS were 
assumed to be the same as RCA proposed to pay its subcon- 
tractors. NASA deducted direct and indirect costs which it 
identified as unique to the lease acquisition, such as 
financing and insurance expenses, overhead, and lease con- 
tractor's return on investment (expressed in constant dol- 
lars). NASA added costs which would be expected in a 
typical NASA purchase using a systems contractor approach, 
such as overhead, administrative and other indirect costs, 
and profit. These estimated costs were based on current 
NASA aerospace contract costs. NASA also added cost esti- 
mates for Government-furnished elements that would be as- 
sociated with development and operation of an owned TDRSS, 
such as additional civil service staffing and continuing 
system development costs. According to NASA officials, TDRSS 
ownership would require hardware acceptance, additional 
contract monitoring, and other related responsibilities, 
which woula not be necessary under the lease approach. 

11 



Comparison of Estimated TORSS 
Lease-Purc~ase-AcyuTsitionCosts --- _----___---_-_---__- 

Estimated costs (note a) ~_---.---_-___-_- _____ 
Purchase Lease ----- -- Cost categories --- 

(millions) 

Phase I design contracts (note D) 
Sgacecratt 
Launch vehicles 
Ground station facilities 
Grouna station equipment 
Ground station operation and maintenance 
Lease payments 
Supplemental network hardware (note b) 
Supplemental network operation and 

maintenance (note b) 
NASA communications network equipment 

(note b) 
HASA communications network operation 

and maintenance (note b) 
Project support (note D) 
Continuing development 
Civil service (NASA) personnel 

Total 

Less estimated recovery of Federal 
corporate income tax payments 

Net undiscounted cost to the 
Government 

Net cost to the Government, discounted 
at 10 percent (note c) 

Net cost to the Government, discounted 
at ij percent (note c) 

$ 3.6 
128.3 
131.5 

4.7 
33.5 
46.2 

$ 3.6 

30.3 

9.5 

1.1 

3.0 

70.8 
5.3 

10.2 
32.4 --- 

480.2 

607.8 
9.5 

1.1 

3.0 

70.8 
5.3 

21.5 -- 

752.9 

24.0 113.1 -- -- 

$456.2 $639.8 --- -- 

$245.2 $249.6 

274.2 296.8 

a/In constant 1974 dollars. - 

b/Items with identical costs for both alternatives. 

c/As stated on p. 10, NASA'S 1976 analyses showed that the 
lease option was cheaper at a discount rate of 10 percent 
and more costly at a discount rate of 8-l/4 percent, 
whereas its 1975 analyses (above) computed on the same 
basis shows the purchase option to be cheaper at discount 
rates of 10 and 8 percent. We cannot explain this variance 
because we did not have access to the 1976 analyses cost 
data. 
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expected in January 1980. The contract price will reflect 
a forward-pricing or inflation-rate projection. This 
rate will have been determined through negotiation between 
NASA and the contractor selected to provide TDRSS. 

The contract is expected to contain an economic price 
adjustment clause to provide for changes in contractor costs 
resulting from unanticipated inflation. The clause will ap- 
ply to direct and indirect labor costs of the lease contract 
ano its subcontractors and to launch service costs which 
include the cost of launch vehicles and associated material 
as well as labor. The contract may also contain an economic 
price adjustment clause for contractor interest costs. 

The adjustment under this clause will probably be 
calculatea on a semiannual basis. The effect will be to 
increase or recuce tne lease payment if the actual rate of 
inrlation exceeds or is less than the rate projected in the 
contcact. 

Cost categories --- 

The total cost of a NASA owned or leased TDRSS is com- 
posed of costs that would be incurred by contractors and 
luli5A auring TDkSS' developmental and operational phases. The 
categories used to group costs in the lease and purchase 
estimates of the 1976 analysis are described in appendix III. 
The following table gives the cost categories and related 
cost estimates, expressed in constant 1974 dollars, from 
NASA's 1975 analysis. 
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TDRSS expenditures are shown in the following chart which 
shows NASA's 1975 estimates of the time phasing of TDRSS 
lease and purchase expenditures. 
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“Data is from NASA’s January 1975 lease-versus-purchase analysis 

which includes costs in constant 1974 dollars but does not reflect 

reduced costs due to Federal tax recoveries. 

As shown in the chart, with a purchase procurement, 
nearly half of NASA's total expenditures for TDRSS (approxi- 
mately 48 percent) would be made during 1977-79, the preop- 
erational years. According to NASA officials, most of these 
expenditures would be in the form of progress payments to 
contractors, as is typical with other Government procure- 
ments. For a leased TDRSS, NASA would spend only about 4 per- 
Cent of the total cost before 1980. 
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Taxes paid reduce TDRSS cost -- 

To estimate the net cost of TDRSS to the Government, 
NASA deducted from both the lease and the purchase estimates 
estimated Federal corporate income taxes that would be paid. 

Since prospective TDRSS contractors could use various 
proportions of equity and debt as a source of funds to finance 
the required TDRSS investment, estimates of Federal income 
taxes that NASA deducted from the leased TDRSS cost estimates 
were composed of two elements: income taxes paid by contrac- 
tors and income taxes resulting from interest paid by contrac- 
tors to lending institutions. Income taxes on the lease con- 
tractors' return on investment and the profits of the first- 
tier and major second-tier subcontractors were deducted at a 
48-percent rate. NASA used a 48-percent standard corporate 
income tax rate because of its relative uniformity and the im- 
practicability of determining the effective tax rate for each 
participating contractor. Income taxes on interest earned 
from contractor borrowing from taxed financial institutions 
were deducted from the lease alternative at a 55-percent rate 
(on interest paid by the contractor) based on a NASA study. 

NASA also deducted estimates of income taxes that would 
be paid by the prime contractor and subcontractors from the 
cost estimates for an owned TDRSS at a 48-percent rate. NASA 
made no estimates of income taxes resulting from contractor 
borrowing because it assumed that periodic progress payments 
would eliminate the need for debt funding by contractors. 

Observation 

The assumed rate and timing of Federal corporate income 
tax payments may significantly affect the relative financial 
attractiveness of the lease and purchase alternatives. An 
additional analysis based on the proposal finally negotiated 
may be desirable to determine the sensitivity of the lease 
and purchase alternatives to the assumed rates of income tax 
recovery and to evaluate the validity of the assumed rates. 

TIMING OF EXPENDITURES 

A major difference between the lease and purchase 
methods of acquiring TDRSS is in the timing of NASA expendi- 
tures. For an owned TDRSS, large outlays would be required 
in the early years to finance the development, manufacture, 
and integration of its various components. After TDRSS 
becomes operational, NASA's expenditures would decline and 
would continue at a relatively stable level. Conversely, 
for a leased TDRSS, NASA will have relatively small outlays 
in the early years and larger fixed outlays during the 
operational period. These differences in the timing of 
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CHAPTER 4 --- 

CONCLUSIONS 

On the basis of information made available to us by NASA 
officials, NASA's general methodology in comparing the costs 
of leasing the TDRSS to those of purchasing it is an accept- 
able method of making such comparisons. 

3” the Committees directedr we did not evaluate the 
accurazy of cost estimates used by NASA in any of its analy- 
ses. The range of cost categories included in its analyses, 
however, seem to be complete, especially with regard to the 
categories that would differ between the two acquisition 
methods. Also NASA’s offsetting of Federal taxes to be re- 
turned to arrive at the net cost to the Federal Government 
is an appropriate procedure. 

The technique NASA used to consider the difference in 
timing of costs between the lease and purchase methods, that 
of converting each cost stream into its present value, is a 
widely used and accepted technique. 

Although we agree with NASA's general methodology as 
explained by NASA officials, the detailed procedures and 
application to specific costs can be evaluated only when 
NASA's analysis is made available for our review. We 
recognize this cost data may vary considerably from the 
cost data used for earlier analyses and the contract amounts 
ultimately negotiated. 
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The deferred-expenditure characteristic of the lease 
procurement will permit NASA to pay for TDRSS over the same 
period that savings will occur from closing the ground 
stations to be replaced by TDRSS. According to NASA, this 
deferred expenditure will permit relatively level expendi- 
tures for supporting ongoing programs in space science and 
aeronautical research and technology within the relatively 
stringent budgets expected for 1977-80. 

The total undiscounted cost to NASA of a leased TDRSS 
will be significantly more than for an owned TDRSS. Accord- 
ing to NASA's 1975 estimates, a leased TDRSS would cost about 
$752.9 million in constant 1974 dollars compared with about 
$480.2 million for an owned one. Although the net undis- 
counted cost of a leased TDRSS ($639.8 million) is substan- 
tially more than the cost of an owned TDRSS ($456.2 million), 
the difference between the two in the lease-purchase analysis 
is decreased when the time value of money is considered. 
Under a lease procurement the bulk of NASA's expenditures 
will be incurred during the TDRSS' operational phase, but 
under purchase procurement, almost half of the cost will be 
incurred before 1980. Consequently, when the lease and pur- 
chase expenditure flows are discounted, the lease alternative 
cost is reduced relatively more than that of the purchase al- 
ternative. The table below illustrates the effect of discount- 
ing based on costs used in NASA's 1975 lease-purchase analysis. 

Lease- 
Difference purchase 

Purchase Lease (note a) ratio -- -- 

(millions) 

Net undiscounted cost $456.2 $639.8 $183.6 1.40 
to Government 

Net cost to Federal 
Government after 
applying an S-per- 
cent discount rate 
to adjust for time 
value of money 

274.2 296.8 22.6 1.08 

Net cost to Federal Gov- 245.2 249.6 
ernment after applying 
a lo-percent discount 
rate to adjust for 
time value of money 

4.4 1.02 

a/Amount that the cost of a leased TDRSS exceeds that of an - 
owned TDHSS. 
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APPEtiDIX II APPENDIX II 

B-185858 

COMMll-TEEON 
AERONAUTICAL AND SPACE SClENcEs 

WASHINGTON. D.C. 20510 

February 19, 1976 

The lionorable Elmer B. Staats 
Comptroller General 
General Accounting Office 
Washington, 1). C. 20548 

Dear Mr. Staats: 

For the past few years the National Aeronautics and Space 
Administration, in its annual budget request, has proposed 
that it acquire a Tracking and Data Relay Satellite System 
(TDRSS) capability to upgrade its tracking and data acquisition 
capability for most earth orbital space missions. NASA has 
testified that the TDRSS capability is necessary to make 
maximum use of the Space Shuttle. NASA has further testified 
that it plans to acquire the TDRSS capability through a leased 
service arrangement. Under this method, the contractor would 
design, construct and operate the system and provide the 
service to NASA for a ten-year period. NASA funding would not 
be required until the service actually commences which is 
currently scheduled for January 1980. 

Currently, two proposals are being reviewed by a NASA 
Source Evaluation Board with the selection of the contractor 
scheduled for early summer 1976, and contract award to follow 
in October, contingent upon receiving congressional approval 
to proceed with a leased service arrangement since the Congress 
has not agreed that the agency should acquire a TDRSS capability 
through leasing. 

The Committee has made its position on this matter very 
clear in its reports on the annual NASA authorization bills. It 
has agreed that NASA could proceed with its studies on the TDRSS, 
and there is a provision in the annual NASA authorization bill 
to that effect. 

When NASA first proposed the TDRSS to the Committee in 
1974,,,NASA officials testified that the cost to NASA in 1973 
doll&rs for a dedicated leased system would be $584 million for 
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WASHINGTON, D.C. 20515 

February 6, 1976 

B-185698 

Mr. Elmer B. Staats 
Comptroller General of the United States 
General Accounting Office 
441 G Street 
Washington, D.C. 21548 

Dear Mr. Comptroller General: 

The National Aeronautics and Space Administration has issued a 
request for proposal and has received bids on a Tracking and Data Relay 
Satellite System (TDRSS). They are currently in the process of eval- 
uating the two proposals received. It is the intent of NASA to lease 
the TDRSS services from one of the these two contractors. In examining 
this matter over the last several years as a Member of the Subcommittee 
on Space Science and Applications, I have been concerned with the rela- 
tive merits of lease versus purchase of such a system by the government, 
NASA has given us assurance that prior to an award of a contract that 
they will be able to fully advise the Committee as to the relative 
costs of purchase for s.uch a system as opposed to lease. 

I wish to request that the General Accounting Office make a thorough 
review of the methodology employed by NASA in evaluating the bids for 
the TDRSS. I am particularly interestedinthe verification of the method- 
ology in determining the relative merits of purchase versus lease and 
the effectiveness of evaluation in assuring that the public's best inter- 
est is served. 

Since NASA is now completing a review of its proposals and will 
present their findings to the Subcommittee in the next several mvnths, 
it is important that the analysis be completed by May, 1976. 

Your assistance in this amtter will help the Committee to discharge 
its responsibility effectively. 

Sincerely, 

Member?)of Congress 
/I 
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APPENDIX III APPENDIX III 

TDRSS Lease/Purchase Cost Categories --- -- 

Spacecraft --Development and manufacturing costs of the 
initialand backup satellites that will provide TDRSS communi- 
cations service during its operational life. 

Launch vehicles --Cost of vehicles and associated launch 
services such as labor, and materials. Launch of the initial 
spacecraft will be via either Delta or Atlas-Centaur vehicles. 
Launches of replacement spacecraft will be via the Space 
Shuttle. 

Ground station facilities --Structures and utilities to --- 
support the system's track.ingand data handling equipment. 

Ground station equipment--Antennas, transmitters, re- 
ceivers, computers and rela=d software to provide required 
communications services between spacecraft and NASA users. 

Ground station operations and maintenance--Contractor 
personnel costs to operatethefiquipment, maintain grounds, 
provide building services, and make minor repairs to struc- 
tures and equipment. 

Lease payments-- This category includes the folowing cost 
categories shown separately in the estimate for an owned 
TDRSS: spacecraft, ground station facilities, ground station 
equipment, and ground station operations and maintenance. 
The category also includes "the lease contractor's pre-tax- 
return on investment, subcontractors' before-tax profits, 
and overnead costs of the lease contractor and its subcon- 
tractors. Return on investment is a cost to NASA, and is 
composed of two elements --lease contractor's profit, and 
interest costs for financing that part of the system not 
financed with equity funds. In the 1976 analysis the bid- 
ders separately identified the profit and interest cost 
elements of return on investment according to a NASA offi- 
cial. 

Supplemental network hardware-- Cost of equipment to be 
located at four remote locations which will aid in determining 
exact positions of the TDRSS spacecraft. According to NASA, 4 
this cost category amount was the same in both estimates. 

Supplemental network operations and maintenance--Cost -- 
for maintenance of the equipment at the remote locations. 
This category amount was the same in each cost estimate. 

NASA communications network (NASCOM) equipment--NASA 
equipment at the TDRSS ground station which will provide 
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APPENDIX II APPENDIX II 

The Honorable Elmer B. Staats 
February 19, 1976 
Page Two 

ten years of service. They testified that the cost of a NASA- 
owned (purchased) TDRSS (research and development plus ten 
years of operation) would be $229 million. In a recent 
appearance before the Committee, they testified that the lease- 
to-purchase cost ratio is now 0.98. 

To assist the Committee in its understanding of this 
complicated matter, it is requested that the General Accounting 
Office: (1) review the NASA study on the lease vs. purchase 
cost comparison, particularly the procedures used in the 
analysis; (2) examine the regulatory matters associated with a 
communications service such 3s will be provided by TDRSS, 
leased or purchased (a recent report on this was prepared by 
Mr. Bernard Strassburg for NASA) ; (3) provide a report on (1) 
and (2) to the Committee. 

Sincerely, 

Frank E. Moss 
Chairman 
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APPLNLIX III APPENDIX III 

compatability between TDRSS signal characteristics and the 
transmission signal requirements of the communication com- 
mon carrier's equipment. NASA will lease communication 
transmission services from carriers such as the American 
Telephone and Telegraph Company to link the ground station 
with NASA users at various locations. The same amount was 
used in the lease and purchase estimates for this cost 
category. 

NASCOM operations and maintenance--NASA ie&e payments i--7-- to communication?carri~?sfor i%eoftheir ground-based and/or 
domestic satellite-based communication facilities. As with - 
r3ASCOM equipment, botn estimates used the same amount for this 
category. 

Project support --Costs of NASA study efforts to aid 
NASA users-zTDRSc.services to be compatible with its opera- 
tional and technical characteristics, and to optimize the sys- 
tems equipment and operational procedures to support users. 
This cost category was the same in both cost estimates. 

Continuing development--Cost of future improvements to --- , 
TDRSS equipment and software to incorporate state-of-the- 
art advances in order to meet required user needs. This 
category applies to the purchase cost estimate only. With 
a leased system, the contractor would be responsible for 
this function, 

Civil service --NASA personnel costs during the develop- 
mentai-and-6fiEonal phases of TDRSS. According to NASA, 
during the developmental phase of an owned TDRSS, agency 
employees would be involved in preparation of equipment 
technical ana operational specifications, review of prospec- 
tive suppliers' system proposals, and monitoring and review- 
ing system development. We were told that with the lease 
arrangement, civil service costs would be less because NASA 
specifies only the service needed, and monitors system 
development only to the extent necessary to assure itself 
that the system will provide the desired service when 
needed. An official said that during the developmental 
period the contractor would perform the other tasks that 
NASA personnel would perform under a purchase arrangement. 

During the operational phase, some NASA employees would 
be required at the ground station and for TDRSS-related 
duties at Goddard Space Flight Center. 
cial, 

According to an offi- 
the number of NASA employees required during the opera- 

tional phase would be approximately the same with either pro- 
curement alternative. 
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