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PREFACE

This "Benefits Briefing Notebook" has been prepared for the NASA Tech-
nology Utilization Office by the Denver Research Institute, "Program
for Transfer Research and Impact Studies," to provide the Agency with
accurate, convenient, and integrated resource information on the trans-—
fer of aerospace technology to other sectors of the U.S. economy. Por—
tions of this notebook will be updated or expanded on a timely basis as
new materials become available.

The conbents of this notebook are divided into two sections: (1)
Benefit Cases and (2) Indexes. The transfer examples section is sub-
divided into eleven subject areas; the Table of Contents identifies
those areas. Bach subsection presents one or more key issues of cur-
rent interest in the discrete transfer cases related to each key issue.
Finally, additional transfer examples relevant to each subject area are
resented. Pertinent transfer data are given at the end of each example
Vviz., the communication link; the Transfer Example File and individual
case numbers; and the date of the latest information used).

Transfer examples may be selected for speeches, articles, or other pur-
poses on the basis of factors such as location, audience composition,
or subject matter by using one or more of the four indexes.

Since we are evolving this document and plan to add and update its con-
tents, a constructive critique would be beneficial.

Louis Mogavero, Acting Director
Technology Utilization Office

DRI-5/75




TABLE OF CONTENTS

SECTION I, BENEFIT CASES

A,
B.
C.
D.
E.
F.
G.
H.
I
d,
K.
L.
M.
N.
0.
P,
Q.

SECTION

SECTTON

DRI-5/T5

Manufacturing Consumer Products
Manufacturing Capital Goods

New Consumer Products and Retailing
Electric Utilitiles

Environmentel Quelity

Food Production and Processing
Government

Petroleum and Ges

Construction

Law Enforcement

Highway Transportation

Rail Transportation

Air Transportation

Insurance, Benking, and Real Estate
Education

Health Services/Rehabilitation

Heelth Services/Diagnosis and Treatment

II. TRANSFER QVERVIEW

ITI. INDEXES

General Index
Organization Index
Geograrhic Index
Pield Center Index

T T T T S R T T

SO | L e




Key Issues

DRI-11/Th
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b.

A, MANUFACTURING CONSUMER PRODUCTS

Ccnsumer product R&D: 1973 MeGraw-Hill Economics Depertment survey of
injustrial R&D expenditures indiceted continuing decline as % of sales
(2.5% of sales in 1972, 2.h4% in 1973, projected 2.3% by 1976) and sig-
nificant shift from new product or process development to improving prod-
uets or processes. U4% of manufacturers surveyed reported product
improvement as main R&D goal end T73% did not anticipate a terhnological
or besic research breskthrough by 1976. Previous 1972 survey indicated
that new produects would account for 18% of total sales in 1975, 1973
survey now indicaetes they will account for 13% inm 1976. (4-1)

Produetivity: Average annual increase in cutput per man-hour was 3.1%
(1955-1966), 1.7% (1967-1970), 3% (1971-1972). Bureau of Lebor Statistics
estimates that decrease of 0.1% in everage productivity between 1970 end
1980 would cause GNP to be $60 billion less than potential. Productivity
expert Professor John Kendrick {George Weshington University) stated that
19671970 slump was due to slow-down in government funding as % of GNP,
vhich peeked in 196L, and since then "growth in the stock of knowledge has
been decelarating.” Upturn in 1971 attributed by Business Week (1/1/72,

p. 36) to new worker hiring lag at beginning of business boom, only a shorte
term effect. {(A-4)
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#a-b

A. MANUFACTURING CONSUMER PRODUCTS

Infrared scanner and television display: operational unit developed for

Mershall. . ., . commercial infrared TV scanner developed. . . . product
purchased by B.F. Goodrich Co. (Ohio) and regularly used for gconsumer
product R&D. . . . applications include enalyzing tire designs and causes

of tire fatigue, identifying tire design and construction flaws, and inves-
tigating how heat shortens service life for V-belts, shock mounts, brakes
and rubber bearings. . . . scanner enables researchers to observe and record
hest build-up during product testing so designs or production processes cen
be improved. . . . 1973 R&D funding by rubber products industry was ebout
$200 million (1.1% of sales), large part directed toward product improvement.
(Customer/contractor, TEF 398, Case No. 70001, 8/7h)

Management method for R&D progrems: developed for Marshall. . . . used by

The Upjoln Co. (Michigan) to develop manegement method for its pharmaceutical
research progreams. . . . seved Upjohn substantial men-hours. (TB/TSP, TEF 452,
Case No. 60860, 8/T4)

Composite meteriels data: compiled for Marshall. . . . used by Babecock and
Wileox Co, {(Ohio) in designing composite products. . . . orders of nearly
$1 million in 1973. . . . products used in golf club shafts and business

machines. (Trade journal/TSP, TEF 49O, Case No. 87986, 2/Th)

Multiplexer c¢ireuit for Saturn rocket instrumentation: dJeveloped for Mershall

by SCI Systems, Inc. (Alabema). ., . . integral part of industrial monitoring
system developed by SCI. . . . entire industrial system similar to Saturn
instrument monitoring system. . . . SCI system installed ir most U.S. textile

weaving mills built between 1968 and 1971, 1T installations by SCI in price
range $65,000 to $100,000, at least b more installed by ex~SCI employees
working for West Point-Pepperell, Inc. (Georgia). . . . product line sold to
Swiss compeny in 197.. with same technology used in many new textile weaving
mills worldwide {particularly, Polend, France, Belgium and U.S.). . . .

system monitors loom operator performance and is wholly responsible for
productivity increases over 1%, generally in 2-6% range. . . . annual national
productivity inerease was 1.7% between 1967 and 1970, 3% before and after that
time period. {Contractor, TEF 119, Case No. Ok793, 9/Th)

Contemination control handbook: compiled for Marshall. . . . used by Ortho
Pharmaceutical Co. (New Jersey) to design better contamination control faeili-
ties for birth control pill production. . . . increassed worker productivity

. « .+ . used by Kentucky Flectronics, Inc. (Kentucky) to improve two key
production steps for consumer electronics {mainly color television components
for RCA, Westinghouse and Zenith products), degreasing and drying operations
now done with fluids and processes described in handbook. . . . improved prod-
uet guality end productivity, with annual sales over $7 million. (TB/TSP,

TEF 262, Cese Nos. 31286, 39662, 9/74)

# Denoctes transfer case related to Key Issue.
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A-6

A-7

A-9

A. MANUFACTURING CONSUMER PRODUCTS (CONT.)

Method to improve electricel resistors with hydrogen: developed for Head-
quarters, . . . used by Zeller Corp. (Ohio) to develop automated process
for resistor spark plug production. . . . sutomation saves ! cents per wnit
and over 500,000 sold annuelly sinee 1972. (SBA/TSP, TEF LGB, Case

No. 88432, 8/74)

Optical mlignmenty training manuel: compiled by Marshell. . . . incorporated
into standard operating procedures &t Esstman Kodek Co. (New York) for align-
ing opticel testing instruments., . . . accuracy improved. (TB/TSP, TEF 208,
Case No, 32414, 8/7h)

Intumescent fire retardant costings: developed by Ames. . . . used, under
NAGA licemse, by Aveo Corp. (Massachusetts) to develop commercial product
line. . . . more than 50,000 sq. ft. of the intumescent sheeting product
sold monthly to mejor manufacturer of hoses. . . . used as protective cover
an fuel hoges for inboard pleasure boats. . . . Aveo working with Boating
Industry Association and U.S. Coasst Guard to develop additional intumescent
coatings for pleasure boat applications such as fuel tanks and engine com-
pertment walls. . . . improved fire safety for boating. (License, TEF 55k,
Case No. 108481, 2/75)

Dry ilubricent coating processes for metals: research need identified in
quality control study condueted for Heedquarters by Genersl Magnaplate Corp.
(New Jersey). . . . company developed eund petented b processes to bond dry
lubriecents, such as Du Pont's Teflon, on metal surfaces for space applications
+ « . » meny components for Apolle, Viking, Skylab, end Shuttle coated by
Ceneral Mggnsplate., . . . commercial coating services introduced; annusl sales
are $1.8 million. . . . over 600 menufecturing clients include GE, IBM, RCA,
Westinghouse, Polaroid, and ITT. . . . spplications inelude production equip-
ment for hundreds of household items such as molded plastic products, dog
biscuits, birth control pills, and food, as well as products such as computer
components, office eguipment, packaging machinery, turbines, valves and
racing car compeonents. . . . coated production equipment ensbles longer wear

. life, higher operating speeds, and clesner operation., . . . increases pro-

Other
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ductivity and lowers unit cost. . . . two Jepanese companies, including
Miteubishi Corp., and one Israeli company licensed to use processes. (Con-
tractor, TEF 575, Case No. 109338, 5/75).

Relevent Examples:

B-9 (lubricant deposition process); B~10 (flammsbility tests of home Furn-
ishings); B-23 (spun metal fibers for web filters); C-5 (fabric metallizing

process ); F-2 (product safety)}; H-11 (automobile fuel R&D); I-5 (home safety

product )y K-3, K-4, K-5 end K-6 {automobile desipgn and production); K-T
studless winter tires)}; Q-4 (lubrication handbook)
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Key Issue

B. MANUFACTURING CAPITAL, GOODS

Balance of frade for espitel goods: Tn 1973, U.S. exported capitel goods
worth $21.5 billion and imported $7.5 billion. Exports of electricel
mechinery and electronic components accounted for $3.5 billion, more than
any other classzified cepital goods. U.S, supplied over two-thirds of grow-
ing world market for miecroelectronic components., Market share maintained
by continually advancing the state-of-the-art of microelectreonic component
productlon technology so that productivity is increased. Produetivity de-

pends on yield whieh is improved by reducing the percentage of components
spoiled during production. {B-1)
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B, MANUFACTURING CAPITAL GOODS

¥B~1 Mieroelectropics production quality assurance: NASA estapblished relisbhility

B-2

program and procurement standards for miercelectronic products in 1964 to
essure best manufacturing practices would be used by suppliers. . . . intro-
duced concept of Certified Production Line (CPL) so that entire production
lines, rather then products themselves, were certified for NASA procurement
after vendor had established quality control practices and in-house evalua-
tion methods to satisfy NASA inspection teams. . . . CPL approach later
edopted by DOD which developed, with NASA, certificetion standerds, . . .

meny mejor microelectronizs manufacturers configured standard production

lines to be certified for space or defense procurement and now produce com-
mercial units from these lines. . . ., widespread impact by increasing produc-
tivity for commerciasl products on world market. . . . one vendor increased
yield by 20% after modifying production practices for certification {1-2%
inereases very valuable in the industry). . . . Marshall obteined one of first
scanning electron microscopes {SEM) ever built and developed SEM inspection
techniques to snalyze failure modes for microelectronics. . . . provided fail-
ure anelysis reports to mieroelsctronic vendors and encourasged manufacturers
to use SEM for same purpose, ., . . SEM's now widely used in U.8. microelectron-
iecs industry. . . . largest producer of microelectronics, Texas Instruments
(Pexas), with annuael sales over $1 billion, is certified by NASA end used 3
SEM's for quality assurance and failure enalysis. . . . NASA standards used in
key produetion steps for all TI products. (Contractor, Industrial Products
and Practices, DRI, 2/73)

Infrared scanner and television display: operational umit developed for Mar-

shall., . . . contractor employees founded Dynarad, Inc. (Massachusetts) to
market unique product line of IR scenners. . . . units displey heat picture
on TV screen. . . . over $2 million in total sales, unit price range $6,500
to $25,000. . . . customer applications include mesintenence inspections,

guality control, and research in several industries (steel, aluminum, petro-
chemical, rubber, nuelear fuels, aircraft and electric power) as well as redi-
cal diagnoses such as breast cencer. (Personnel/contractor, TEF 398, Case

No. T0O001, B/7L)

Ultragonic nondestructive testing techniques: developed for Marshall and

Johnson by Automstion Industries, Inc. (Connecticut). . . . company hed over
$2 million in contrects to produce innovetive NASA equipment in past few years
and has "had commercisl spin-offs of several times that smount™. . ., . for

example, Marshall funded the development of company's laboratory prototype
into operationel ultrasonic Delta Manipulator which Automation then marketed
+ « » . uses multiple treasducers for significent improvement in speed and
sccuracy. . . . more than 25 manufsacturers purchased between I and 100
Manipulstors @ $800. . . . larger number of firms febricated in-~house ver-
sions. . . . widely used for quelity control inspection of alreraft compon-~
ents end steel pipe manufectured for petrochemical applications. . .
Avtometion hes $50 million snnusl sales of ultrasonic test eguipment for
quality control in steel, railroad, sircraft, nuclear reactor, automotive,
and tubular products industries. (Contractor, TEF 387, Case Wo. 59201, 8/74)

¥ Denctes trensfer cese related +o Key Issue.




B. MANUFACTURING CAPITAT GOODS {CONT.)

B-4 Nondestructive testing handbook: developed by Marshall. . . , ultrasoni-=
techniques in handbook provided 10-30% of input to development of in-hous-
quality control procedures at Aluminum Company of Americe (Pennsylvenie)

« « + » Ultrasonic testing routinely done for wrought aluminum products at
Aleoa plents. . . ., ultrasonics faster, better resolution than other NDT
metheds in finding flews, very importent link to fracture mechanies since
brittle fracture can start at flaws left by fabrication process. (TUO con-
ference, TEF 381, Case No. 57802, 8/74)

B~5 Conteminstion control handbook: compiled for Marshall. . , . used at Xerox
Dzta Systems (California) to improve contamination control in production of
computer periphersls such es disc files. . . . reduced cost of contemination
control and significantly reduced quality contrel failure rate caused by
contamination. (TB/TSP, TEF 262, Case No. 33050, 10/72)

B-6 Surface Tinishing method for nickel alloys: developed for Marskall. . . .
standard process at Westinghouse Corp. (Pennsylvenia) since 1970 to finish
components for gas turbine electrie generators, . . . turbines up to 100
megawatts, . . , significant time and cost savings over previcus method.
(TB/TSP, TEF 198, Case No. 29518, 8/7h)

B-T ZIpnert-gas welding enclosure: developed by Lewis. . . . used by Communica-
tions Satellite Corp. (District of Columbia) to fabricate microwave compo-
nents for satellites and ground stetions., . . . made it possible to use very
lightweight metals for components and reduce produwetion time ten-fold, (TB/
TSP, TEF 189, Case No. 19795, 8/7k4)

B-8 TFluidic controls: developed by Lewis for rocket engines. . standard control-
ler on automatic metalworking lathes produced by Bardons and Oliver, Inc.
(Ohio) since 1967, . . . only fluidic-controlled lathes on market, . . . 125
sold in price range $40,000 to $80,000, . . . fluidic controis are helf the
cost of electric controls, also more reliable and mainteinable. (TUQ confer-
ence, TEF 193, Case No. 101902, 8/7k)

B~9 ILubricant deposition process: developed for Goddard by Ball Brothers Research
Corp. (Colorado). . . . process commercislized by BBRC into VacKote line of
several hundred lubricant products. . . . 1973 sales $1 million and snnual
growth 25%. . . . over $100,000 from license royslties. . . . 300 industrial
customers. . . . customer examples: coating for glass industry molds increases
production efficiency 5% and eliminates prior fire hazerd; protective film
coating for movie camera film certridges improves performence and reduces film
breakage; lubricant for electric motor brushes in vecuum cleaners, electric
shavers, and car air conditioners increases service life; and lubricant for
computer peripheral eguipment increases effieciency. (Contractor, TEF 201,
Case Wo. 42849, 8/Th)
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B, MANUFACTURING CAPITAL GOODS (CONT.)

B-10 Fracture toughnegs tests: developed by Lewis, . . . used by Aluminum Company
of Americe (Pennsylvania) to provide fracture Loughness guerantee for high-
strength allcy products. . . . criticel design pareameter for Alcose customers
vho uge these alloyg to fabricete aircraft components, chemicel processing
equipment, or ligquefied natural gas conteiners on ocean tankers. . . . reduces
structural failures. (Professional society, TEF L5, Case No. 101901, 8/7h)

B-11 Thermal exvension properties handbock: compiled for Marshall. . . . used
extensively at Eestmen Kodek Co. chemicel plant {Temnessee) in design and
materials selection for new hydrogen production fmeility worth over $500,000
« + . . Baved 25% of design cost and significant amount of construction cost
+ « « » 8lso used to select hetter materials for catelyiic cracker asnd heat
exchanger. (TR/TSP, TWF 321, Case No. 32k16, 3/71)

B-12 Weld strength prediction method: developed for Marshall. . . . used at
Bostman Kodak Co. chemical plant (Tennessee) to improve safety at little
cost. .« » . eliminated hazerd of rupturing pipes that contain chemicals.
(TB/TSP, TEF 359, Case No., b419k6, 3/71)

B-13 Fan noise reduction method: developed for Ames Quiet Ingine Program. . . .
used by Kennecott Copper Corp. {Utsh) to design inexpensive acoustic panels
for femns in copper refineries. . .., enabled compeny to comply with noise

level reguletions set by Occupational Safety snd Health Administration (OSHA)
+ . significant savings compared to alternative of replacing older fans.
(TB/TSP, TEF W76, Case No. 81646, 8/73)

B-1h Mags flowmeters for low gas flow: developed to meet specifications of
Johnson Apollo subeontractor by Tylan Corp. {(Celifornia)}, . . . Tylen intro-
duced ges flowmeter s commerciel product in 1968, . , . product now used
extensively in U.S., Furope, and Japan for precess control and manufacture
of semiconductors, as well as in petrochemical production, medical instru-
mentation, heat transfer devieces and thermodynemic analysis. . . . gince
initial NASA merket in 1965, growth in annual sales from $300,000 to
$3,000,000, employment up from 20 to B0, . . . entire business based on
fallout from Apollo Program. (Subcontractor specificaetions, TEF 563,

Case No. 109332, S5/75)

B-15 Technique for reducing noise in radio amplifiers: developed for Headquarters
+ « « . used by GTE Sylvania, Inc. (California) to improve rf amplifier pro-
duet by lowering "electrical noise™. . . . saved research time and reduced
operating costs. . . . amplifiers used in high sensitivity, low noise military
receivers. (TB/TSP, TEF 553, Case No. 58826, 3/75)

B-16 Specification guidelines for hybrid microecircuits: compiled by Marshall., . . .
used by Bell & Howell Co. (Connecticut)} to develop new menufacturing process
for epoxy mounting of semiconductors on substrates. . . . technique now used
in production of part of company product line. . . . reduced operating and
material costs. {Personal contact/TSP, TEF 556, Cese No. 91196, 4/75)
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B-21
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B. MANUFACTURING CAPITAT GOODS (CONT.)

Temperature and sclvent resigtant sealant: developed for Marshell, . . .
used by Weed Instrument Co. {Texas) to develop new sensing componeni for
temperature control product line. . . . product accuracy improved, con-
tributing to substantial Increase in company's esnnual sales. . . purchased
by various industries to control temperature of plant process eguipment
(TB/TSP, TEF 541, Case No. 9008F, 3/75)

Guidelines for fabrication of hybrid microecircuits: compiled for Marshall

+ « « . used by Vatkins-Johnson Co. {(California), manufacturers of micro-
wave communications systems, to improve processing techniques in assembly
of microeireuits. . . . improved product quality and production ylelds; in-
creased marketability and sales. . . . used by Harris Semiconductor Div., of
Herris Ccrp. {Floridc) in development of integrated cirecuit packages. . . .
reduced operating costs. . . . packages sold to electronic equipment manu-
facturers for use in computer control and communication equipment. (TB/TSP,
Trade show/TSP, TEF 501, Case Nos. 83756, 101725, L4/75)

Flammability tests of home furnishings: conducted for TUQ by Battelle Columbus
Leboratories to compare perfs "msnce of aerosvace maeterials with conventional
furnishing materials in full-zcale bedroom fires. . . , report used by Monsanto
Co. (Missouri} to design flammebility tests of fire retardant chemicals and
other company products used in the construction industry. . . . also used

by Owens-Corning Fiberglas Corp. (Ohic) to help in evaluating flammebility
data from in-house test program to develop new merkets for company producis

. « + . used by Beychem Corp., Mobay Chemical Co. (Pennsylvanis), to design
fire tests and evaluate date for in-house program to improve fire resistance

of polyurethene foams; major manufacturer of chemicals used to produce foams.
(Contact/contractor, NTIS, TEF 539, Cese Nos. 107043, 10TobL, 10T0kE, 1/75)

Electronic power dividers snd switching components: developed for Johnson
Apollo communlications systems by Transco Products, Tne. (Californial. . . .
developed into commercisl products by Transco. . . . engbled design of com-
pact, hermeticelly sealed, highly relisble electronic components. . . .
applications in serospace and nonaercospace microwave communications equip-
ment. (Subcontractor, TEF 562, Case No. 109336, 5/75)

Standerds for material handling eauipment testing: developed for Johnson

. . . . regularly used by Goodyear Atomic Corp. (Chio), ERDA contract opera-
tor of mejor uranium gaseous diffusion facility, during internal safety code
inspections and safety report preparation. . . . provides more detailed in-
formation than safety code for some equipment. . . . only UFg diffusion in
U.8.; occupies 3,000 meres, with 38 large buildings containing meny units

of meterial hendling equipment. (TB/TSP, TEF 572, Case No. 58958, 4/75)




B-22

B~23

Other.

B.. MANUFACTURING CAPITAL GOODS (CONT.)

Apolio Program menagement technioues: developed for Johnson for Hockwell
International Cormp., Space Div, . . . used by RI's Rockwell-Standard Div.
(Michigan), major producer of truck and bus components such a5 axles and
trensmissions, to manage produet design and development processes. . .+
enzbled significent improvements in persopnel evaluation procedures, stand-
ardizetion of produet and component test methods, task scheduling, design
control procedures, and other management tasks. . . . initisted use of
computerized menagement informetion system for produet warranty payment
date. . . . annual RI sales for entomotive products sbout $1 billion.
(Personnel/contractor, THF 573, Case No, 109337, 4/75)

Spun metsl fibers for web filters: identified by Marszshell contractor as
needing further development for space applications. . . . developed by
Hydraulie Research and Manufacturing Co. {California) and supplied to
Arolle Program contractors. . . . commercially avnilable from HR sinee
1971. . . . annual sales over $500,000: market expected to dovble in 5
years. . . . Tilter applications inelude chemieal processes for photo-
graphic film and synthetic fibers, nuclear reactors, merine hydraulic
systems, and subsurface blowout valve systems on offshore oil rigs. (Con-
treetor report, TEF SAk, Case No. 109330, 5/75)

Relevant Exampiles:

A-3 (office equipment); A~0 (preduction mechinery lubrication);

0-1 (energy conservation equipment)}; D-2 {dispatch computers, electrie
power);.D-G {nuclear power plant eguipment design); D=7 (steam turbine,
steam generstor and high tempersture gas-cooled reactor design); D=9
{nuclear power plant design): E-12 (manufacturing contamination preven-
tion); P=2 (farm tractors and implements); W2, H-3 and I-6 (ING storage
and ‘trensfer facilities): H-k and H-5 (process control systems); H6
(heet pipes); 1-10 (gasoline vapor condemser}; -5 (flat conductor
cable); M-3 {production insvector training); N=5 (decontamination pro-
cedures); O=h (soldering school); 0-6 (REQA training); O-T {instrument
training); 0-3 {electron tubes)




C. NEW CONSUMER PRODUCTS AND RETAILING

Key Issues
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a.

New product introduction: New products have been a major source for
corporate growth., Industrial trend is now toward introducing fewer
new products and reducing production costs to maintain profitability
(see Key Issue A-a), Booz, Allen snd Hamilton estimestes that only
2% of new product ideas are successfully commercialized. A recent
study of 500 sueccessful innovetions showed T5% were based on market
demand or produetion need, rather than teechnical feasibility. Even
with market demand, e new consumer product may not be profitable if
return on investment is insdequate. Dr. T. R. Hopkins, president of
Gulf Research and Development Co., said in 1973 speech that product
research is out-pricing itself since research costs are 10% of the
investment te manufseture & new produet, (C-1)

Autemation in department store gales: Retall sales by department
stores were $37.3 billion in 1970 and will be ebout $55.5 billion in
19Th; this represents 10% of total retail sales. Between 1970 and 19Tk
there was a 30% increase in department store sales per employee. One
factor in this productivity inecrease is the rapid preliferation of com~
puterized point of sale (P0S) equipment such as cash register and cred-
it authorizacion terminals, Over 250,000 POS terminals are being used
by retailers. Many of the terminals are linked te approximately T5
mejor, on-line computer systems that have been installed by department
store chains such as J.C. Penney and Montgomery Wards. POS egquipment
sold in 1973 hed an estimated value of $70 million; expeeted payback
time for the equipment cost is 3 to 4 years. Advantages include re-
duced cpergting costs, improved inventory control, more detailed mer-
chendising information, and faster, more accurate =ales transactions.

(c-9)
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C. NEW CONSUMER PRODUCTS AND RETAILING

Heat plpe technology: developed for NASA by Los Alamos Scientific Labs and
others. . . . based on availability of NASA R&D results from & Regional
Dissemination Center, Isothermies, Tnc. (New Jersey) was formed in 1971 to
market heat pipe products. . . . five produet lines introduced and successful

.+ » . $700,000 sales in 1972, over $1.5 million sales in 1974, . . . over
half of sales are for Air-O-Space and Thermo~Coil, heet pipes that recover
waste heat from furnace fiue gas, . . . Air-O-Space for heme furnaces, 106,000

sold in 397k @ $100. . . . Thermo~Coil for industrial furnaces, dryers, etc.,
Jjust introduced, projected annual market doubling and $2 millieon sales in
1976. . . . products inerease heat efficiency by B-10%, relevaent to new con-
sumer demand. . . . Isothermices capburing large market share early in trend
toward energy conservation eguipment. (RDC<TAC, TEF 197, Case No. 83601, 6/7h4)

Anti-fog compound: develepe’ for Johnson. . . . prevents condensation fogging
on transparent surfaces. . . . more than 60 NASA licenses issued, . . . sold
by Western Fire Egquipment Co. {California) for fire fighters' face shields,
air masks and for protective goggles. . . . marketed by others for eyeglasses,
diver's masks, ski goggles. . . . known sales exceed $500,000. (TB/TSP,

TEF 423, Case Ne. 81857, 8/7h)

Rogallo airfoil design: developed by Langley Research Center for rocket
reeovery, . . . used by Free Flight Systems {Celifornie) and others to design
hang gliders for recreastional use. . . . Rogalio design used on 90% of all
hang gliders. . . . Free Flight Systems is largest manufacturer of hang glid-
ers. ., . . 3,000 sold @ $500. . . . rapiily growing sport. (Personal contact/
JPL, TEF 499, Case No. 101900, 8/Th)

Battery-powered hand teools: developed for Johnson by AJlack and Decker (Mary-
lend). . . . commercialized by B & D into line of 6 cordless power tools for
home consumer (ineluding 1L/4" drill, 3 medels of grass sheers, 2 shrub and
hedge trimmers), , . , direct improvement over previous line. . . . s&les
figures not availeble. {Contracter, TEF 300, Case No. 33607, B/T4)

Aluminized mylar: basic patent by National Research Corp. in 1962. . . .
first applications developed for Lewis (Echo I, spacecraft, spece suits)

. . . commereial preduct, SPACE blanket, intreduced by NRC in 1964, . . .
NRC became ¥erton Co, division and metallized process extended to provide
fabrie coating service for companies, such as Mc@regor-Deniger, Ine, {New
York;, making ski parkas, eoats, sleeping bags, life raft canopy. . . ., annual
gales for Norton coating serviece and products over $2 millien. . . . division
sold to King-Seeley Thermos Co, (Massachusetts) in 1971. . . . products and
rrocess still being marketed, sales figures not available. (Contracter,

TEF 160, Case No. 37:34, 8/74)

* Denoctes transfer case related to Key Issue.
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C. NEW CONSUMER PRODUCTS AND RETAILING (CONT.)

Active filter eircuit design methed: developed for Marshall., . , . eireuitry
and design procedures utilized by Computer Imege Corp. (Colorado) in develop-
ment of its Beenimate computer. . . . contributed to unit eest reduction from
$350,000 to $300,000 each. . . . 1973 sales $900,000, . . ., 1973 service in-
come $2 millien. . . . product used to generate computer amimgtion for tele-
vision advertising for Pontisc, Wards, Amoco, Kellog, Black Lebel and Time
magezine., (SBA/TSP, TEF L36, Case No. 56028, 8/7hk)

Inflatsble/nontippeble life reft: 4developed by Langley for ocean recovery

of astronasuts, . . . commercialized by Winslew Co. (Flordia) in conjunction
with the individusl who received exelusive NASA license to practice the in-~
vention, . . . survivel equipment on pleasure bosts/aireraft, U.S. Coast
Guard vessels and some oversess airliners, . . . three models in price range
$210 to $1,L30, 1974 sales $70,000. . . . company's life raft improves chance
of safe rescue by previding rader reflective, thermally insuleted metallized
cloth cover. . . . cloth produced by King-Seeley Thermeos Co. using other NASA
technology. (License, TEF 131, Case No. 02h4h0, 9/Th)

Chlorale candle oxygen supply: improved for Johnson. . . ., Regional Dissemi-
nation Center provided informetion on chlorate candle technology to Pyro-
netles, Ine, (California). . . . information used tov develop portable welding
toreh preduct thet incorporstes chlorate eendle oxygen supply. . . . approxi-
mately 100,000 units sold since 1972, retail price $30. . . . product weighs
7 Ibs. end gives a 5,000°F flame. . . . home and hobby epplications., {RDC-
WESRAC, TEF L66, Case FWo. 87123, 8/74)

Apolle Guidance UCompuver soffware and Data communication methods: developed

for Johnson by TRV Systems {(California). . . . used by TRW Data Systems
(Celifornia) to develop computerized retail sales systems for department store
chains. . . . largest supplier of such systeme; has installed about 60 on-line

computer systems (80% of tobtal installations), with over 50,000 point of sale
(POS) terminels connected to these systems. . . . typiecal system with 1,000
eredit authorization terminals in 175 stores costs sbout $1.5 million; average
improvements over nonautomated methods include 95% reduction in purchases on
bad debt accounts, T5% reduction in fraud purchases, 20% cost savings in pay-
roll for autherization employees, and 33% reduction in telephone ealls. . . .
systems with POS cash register terminels alse provide improved inventory con-
trol, more accurste and faster sales transactions, more detailed merchandising
information, and better sales data for management analysis. . . . TRW cus-
tomers include Mentgomery Wards, May Co., Neiman-Mareus, J.C. Penney, Rich's,
Burdine's, Hudson's Bay Co., and many more. (Centractor, TEF L65, Case

Ne. 104260, 10/74)

* Denotes transfer case related to Key Issue,
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C. NEW CONSUMER PRODUCTS AND RETAILING (CONT.)

Polyurethane-silicone plastic foam: developed for Ames Integral Passenger
Aireraft Seast Program, ., . ., produced commereially ss TEMPER FOAM by former
contracter employee. . . . used by Becton Dickinson and Co., Protective
Products Div, (Texas) es padding in football helmet produects. . . . compared
to conventional helmet padding, reduces shock from impaet by 3%0%, . . .
sinee market introduction in October 19Tk, approximately 2,000 helmets sold
@ ebout $20 emch. . . . sales mostly to schoel teams: also purchased by
Dallas Cowboys. (Customer/personnel/contractor, TEF 570, Case No, 1N933k,
L/75)

Quartz eryssal oseillator for Apollo Cemtral Timing Tguipment: develaped
for Johnson contractor by General Time Corp. {(Illinois). . . . provided
steble primary time base and relsted integrated cireuits for all Apollo
mission timing funetions. . . . GT used the revolutionary new timekeeping
base, now ecalled Quartzmatic, and integrated circults to develop line of
congumer clocks and watches. . . . maintain aecuracy to within 1 minute
per year, . . , produced by GT Westclox and Seth Thomas Divisions ia re-
tail price range of under #30 to over $250. . . . popular new consumer
preduct. (Subcontractor, TEF %40, Case No. 10032R, 5/75)

Highly relisble flashlight switch: developed for Langley by ACR Eleetronies;
now Chromalloy American Corp., Chromalloy Flectronies Div. (Flerida). . . .
usew in 211 manned spacecraft, . . . repackaged and introduced by Chromalloy
as consumer Tlashlight, "5 Year Light". . . . long shelf-life guarantee possi-
ble because switch will not corrode and cause hattery drain. . . . typically
stored for emergency use. . . . over 2 million units sold @ %6 to %7 each.
(Contractor, TEF 566, Case No. 109333, 5/75)

Relevant Exsmples:

4-2 {golf club shafts); A~F {resistor spark plugs); F-b (high protein
flour); F-5 and F-7 (packaged food quelity); F-8 (beef merchendising
innovation); F-0 (freeze-dried food); F-10 {frozen food guality);

I-2 {geodesic domes); I-5 (home safety device); E~h {autemotive
electrenic ignition); ¥K~5 (automotive gas turbine engine); P-12
{Paper Money Identifier)




D. ELECTRIC UTILITIES

Key Issues

.

DRI-11/Th

Pollution control: "The environmental crusade was the costliest phenom-
enon ever to batter the nation's electrie utility industry” (Electricsl
World, 197hk). Capital and operating costs for air peliution contrcl were
$1.7 billion in 1971 and $2.5 billion in 1973. (D-1)

Disggmch computers: Electrie utility market for computers growing et

20% snpually; major trend is installation of real-time digital computers

for dispateh and control of bulk power supply systems {interconnected
generating stations). Digitel dispateh provides economie, reliable cpera-
tion of these power pools and prevents recurrance of. 1965 Northeast Black-
out. ) Approximetely 20 dispatch computer systems installed or under contract.
{D-3

Nuclear power plants: Nuelear generating capacity growing rapidly {from
%,000 Megawatts, or 2% of total, in 1970, to 475,000 Mw, or 40% of total,
in 1990}, Improved design methods being used to sustain trend toward
larger nuclear plants {(typiecally 200 Mwv in 1965, 500 Mw in 1969, and
1,000 Mw in 197h). Annual capital investment in nuclear power vas $3.5
billion in 1972 and 1973. (D-6) _
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D. ELECIRIC UTILITIES

Combustion analysis computer progrems: developed by Lewis and for Johnsen
. . . . used since 1970 by former space program combustion experts, XVB
Engineering, Ine. {Celifornia), to design firing modifications for power
plant fosgil-fueled boilers. . . . reduced nitrogen oxide emigsions by ho-
T0% in compliance with legel stendards. . . . KVBE has analyzed emissions
from 160 large boilers, 100 small boilers and 30 ground power gas turbines

. + « over 100 large boilers modified for utilities nationwide, e.g.,
Soutnern California Edison Co.,, Los Angeles City Department of Water and
Power, Consolidated Edison (New York), and Houston Lighting and Power Co.
.« « » » pollution reductions by KVB method econsiderably less expensive
than by any known alternative; little or no added operating costs. (Con-
tractor, TEF 463, Case No. 86009, 9/T4)

Combustion snelysis computer program: developed by Lewis. . . . used by
Babeoek and Wileox Co. (Ohie) to modify utility beiler product designs
for reduced nitrogen oxide emissions and to develop new sulfur dioxide
removel system for power plant stack gases. . . . unigue capability to
analyze overating trends for experimental hardware, 8 gulde in design im-
provements. (Personal conteet/Lewis, TEF 463, CQase No. B6016, 1/73)

Apollo Guldance Computer software: developed for Johnson. . ., . used by
TRW Controls (Texas) te develop TRW Executive Program and other software
for electric power dispatch computers. . . . provides resl-time eontrel
capability in large, muli’i-ticred computer systems installed at General
Public Utilities Corp. (Pemnsyivania and New Jersey)} and Arkansas Power

end Light ($500,000 1nstallation) . + « 8lso being installed at Publie
Service Co. of (klahome and Swedish State Fower Board. . . . Apollo seft-
ware also used by TRW Industrial Operations (California) to provide real-
time control capgbility in new Bonneville Power Administration (Washington)
dispateh computer system ($5.2 million installation). . . . benefits cited
by BPA include decreased blackouts and $500,000 snnual transmission savings
« + + « TRW is second largest producer of dispatch computer systems im U.S.
(Contrector, TEF k65, Case No. 86005, 8/7h)

__gltal golor television displsy: developed for Johnson Mission Control
Center by Phileo-Ford {Texas). . . P=F develcped commercial produet for
electrie wtility dispateh computer control center. . , . DOCTV displsy in-
stalied at Cleveland Eleetric Illuminating Co. (Ohio), Houston Lighting

end Power Co. (Texas) and Pennsylvania-New Jersey-Maryland power pool con-
trol centers. . . . product line seld to North American Rockwell Intormation

Systems Co., NARISCO, {(California). . . . installed at Philadelphia Electrie
Co. (Pennsylvania)} as part of dispateh computer system developed by NARISCO
« + .« . DOTV provides cperator/dispatch computer interface with greater

accuracy, shorter response time, and more versatility, which decrease the
chance of another major blackout. {Contractor, TEF Lé5, Case No. B6006,
2/73)

* Denotes transfer case related to Key Issue.
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D. ELECTRIC UTILITIES (CONT.)

Atlas—Centaur rocket control system (mathematical model): developed for Lewis
. « » . same group of experts used method to design control system for high
temperature gas-cooled reesctor (HTGR) mt Genersl Atomic Co. (Californial. . . .
first commereial HTGR is 330-Mw Fort St. Vraein Plant for Public Service Company
of Colorado, in operation late 197h. . . . significent advance in nuclear plant
efficiency (4O% versus 33% for water reamctors) due to higher performance; HTGR
required more sophisticated control system. (Personnel/contractor, TEF Lh6,
Case No. 8498k, 11/72) :

Fracture tuughness tests (and analytic methods): developed by Lewis. . . .
ineluded in ASME Beiler and Pressure Vessel Code for nulcear power plant com-
ponents. ., . . used by major manufacturers to design nuclear plant eguipment
and steam turbines. . . . users include Westinghouse iPennsylvaniaj, General
Electrie (New York), Bsbcock and Wilcox (Chic)}, Atomics International {(Celi-
fornia), General Atomic {California) and Combustion Engineering (Tennessee)

« + « . annual capital investment in nuclear power was $3.5 billion in 1972
and 1973. . . . trend toward larger nuclear plant designs (200 Mw in 1965,

500 Mw in 1969, and 1,000 Mw in 197Th). (Professional society, TEF 451, Case
Nos. 85203, B5204, 85206, 85208, 85212, 86001, 1/73)

Fatigue analysis methods: ' developed by Lewis. . . . included in ASME Elevated
Température Design Code. . . . used by @eneral Electric Co. (New York) for
steam turbine design, Westinghouse (Pennsylvania) for steam turbine maintenance,
General Atemic Co. (Califormia) for high temperature gas-coeled reactor design,
Combustion Engineering, Inec. (Tennessee) and Babecock and Wilecox Co. (Ohio)

for electric power steam generator design., . . . provides better prediction of
fatigue 1ife from high temperature test. data. (Professional society, TEF 450,
Ccase Nos. 85202, 85207, 85213, 86000, 86002, 1/72)

Apollo Progrem guality assurance specificaetions: (NPC 200-2) developed by

Headguarters. . . . modified by DOD for military spees (MILQ 9858A) which
in turn were largely incorporated by AEC (Distriet of Columbia) in compre-
hensive guality assurance specs for nuelear plant licensing. . . . General
FEleetric Co. (Floride) implemented Apollc speecs under NASA contract, now
offers Nuclear Quality Assurance Consulting Serviece to do same service for
electrie utilities with similar AEC spees. . . . four utilities and five
nuclear plant contractors have used GFE service on 12 nuclear plants, including
Commonwealth Edison Co. (Illinois}, Florida Power Co., and TVA (Tennessee)

. « « « Ontario Hydro (Cenada), third lergest electric utility in North
America, 15,000-Mw capacity, is using NASA spees to develop own QA specs for
eocntractors, (Interagency for AEC, Contractor for GE, Professional society
for OH, TEF 4hb, Case Nos. 84976, 87032, 2/73)

* Denotes transfer case related to Key Issue.
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D. ELECTRIC UTILITIES {CONT.)

D-9 NASTRAN (NASA Structursl Analysis Program):  developed by Goddard for computer
analysis of aircraft and space vehicles. . . . continuing program maintenance
services provided by Langley. . . . used by Gemeral Atomic Co. (Californis)
for dynemic modeling of high temverature ges-cooled reactors, Westinghouse
{(Pennsylvania) for designing nuclesr power plants that will float offshore,
and Handford Engineering Development Laberatory (Washington) for fast breeder
reactor design analysis. . . . provides unique capability for using computer
in design analysis of large, complex structures. (Personal contact, Profes-
sional journal/COSMIC, TEF 10, Case Nos. 84977, 8hoB1, 86003, 1/73)

; D-10 Fugl cell technology: developed for Lewis and lister supplied te Johnson by
i United Aireraft Corp., Pratt & Whitney Aircraft Div. (Connecticut). . . .
! used by P&W in joint R&D ventures with two utility groups te develop commer-
¥ elal fuel cells. . . . Team to Advance Research for Gas Energy Transformation
(TARGET), ineluding 28 major gas and gas/electric utilities, has spent over
$70 million sinece 1947. . . . 12,5-kW cells successfully pilot tested at
20 U.S, sites. . . . second venture started in 1972; includes 2 electric
utilities and the Edison Electric Tnstitute, . . . goal is 26-Mw generating
uriits, . . . field tests for basic 4,5-My cells expected to start by 1979
+ » « » both ventures developing cells which convert natural gas or liquid
fossil fuels to eleetricity with greater efficiency and less pollutants than
i conv§ntional generating metheds. (Contractor, TEF 48, Case No. 84992,
' 5/75

Other Relevant Examples:

i B-6 (gas turbine electric generators); B-23 (nuelear reactor tilters);
E E~T (coel mine reclamation); E~10 (coel desulfurization); G-2 (power

i plant siting maps); -3, G-7 (hydroelectric plant scheduling and plan-
: ning); I-10 {porteble power poles); O=5 (NDT training service)

DRI-5/T5




E. ENVIRONMENTAL QUALITY

Key Issues

d. Carbon monoxide poliution in urban areas: a study recently published
by the Mediecal College of Wiseorsin showed that three-fourths of those
persons exsmined In Denver, Los Angeles, and Chicago had blood concen=
trations of carbon monoxilde above 1.5%, the level set as harmful by
féfléral standards. A Natiohal Academy of Sciences report estimated
that in urbasn areas 4,000 deaths and I million illness-related days
from work were due to auto air pollution. (E=1)

b. Vehiele emission gtandards and eertificetion: New car emission standards
have inereased average cost of pollution control devices from $17 in 1968
to $115 in 19Th to estimated $246 for 1975 models. New vehicle certifi-
cation requires vehicle emissions of hydrocarbons, carbon monoxide, and
nitrogen oxides to meet EPA standards using EPA-approved testing proce-
‘durés. States are developing progrems for annual emission inspeetion
of all vehicles. (E-2)

DRI-11/7h
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E. ENVIRONMENTAT, QUALITY

WE-1 Skylab cerbon menoxide monitor: developed for Ames. . . . commercialized
by Androes, Inc, (California) as air pollution monitor. . . . now sold by
Beckman Instruments (California). . . . unigue design features allow

aceuracy and portability. . . . instrument certified by EPA., . . . over
30 sold @ $6,800 to ailr pollution agencies and companies. . . . used to

measure carbon monoxide pollution in urban ereas, such as the CO profile
over lLos Angeles. . (Contractor, TEF L&l, Case No. 93827, 10/73)

¥E-2 Hazardous gss snalyzer for Saturn rocket: developed for Marshall. . . .
adapted by Chrysler Corp. {Alebema) to develop product line of vehlele
exhaust analyzers. . . . over 70 large unlts sold @ $15,000-%50,000. . . .
provides similtaneous measure of CO, CO0p and hydrocarbons. , . . &llows
sutomated testing. . . . analyzer accepted as legal alternative standard
by EPA and Californis for vehicle emission certification testing. . . .
used by Chrysler (Michigan) for new vehicle certifiecation (heavy duty
engines) and quality control during produection. . . . used by Chrysler
{Californin)} for 2% Quality Audit of new cars, a California requirement
(3,000 cars/year, $600,000 test facilities). . . . also used to trouble-
shoot defective vehicles, reducing lsbor costs at leasst 50%. . . , Chrysler's
portable exhaust analyzer product used for state inspection by garages and
car dealers, ., . . over 1,000 small units sold @ $1,600. (Contracter,

TEF L86, Caese No. 93832, 9/7h)

E<3 Filter cassette for sampling particulate pollutants: designed and produced
for Lewis air pellutien program in Cleveland by CGeneral Metal Works, Ine.
(ohie}. . . . commercialized by centractor. . . . $25 cassette widely sold
for pellution menitoring stations. . . . considered by pellution experts
to be best cassette on market. . . . prevents sample contaminetion during
trenspert to and from menitoring statioms. (Contractor, TEF 493, Case
No. 99658, 6/7h)

E-4 Saotellite telemetry systems: developed for Goddard by General Electric
Co. (Pennsylvenia) for Nimbus and ERTS-1. . . . used by GE to develop state-
wide computerized air pollution monitoring network (COPAMS) for Pennsylvenis
+ + + 32 stations to implement air quality laws. (Centracter, TEF L83,
Case Yo, 96532, 2/74)

i-5 Wenther setellite data: program managed by Geddard. . . . used by National
Weather Service {Maryland) to forecest wind conditions. . . . forecasting
used by state sir pollution agencies (Colorado and others) for air stag-
netion meps and air pollution dispersal conditiens. . . . dispersal predice
tion erucial for implementing pollution control sequence (advisory, alert,
wa7ni?g, emergency ). (Intersgency, TEF 26, 194, Case Nos. 78001, 96526,
10/73

E-6 FRTS-1 imagery: program under Goddard supervision. . . . imagery used by
selentists at University of Vermont to ldentify and map mejor pollution
plume in Leke Champlain caused by paper mill. . . . partial basis for legal
action by State of Vermont against paper mill and State of New York. . . .
ERTS imegery and interpretation of imagery accepted as legel evidence in
ceae after review by Supreme Court-appointed master. . . . one of first
pollution caeses invelving state vs. state accepted by Supreme Court, {Con~
tractor, TEF 500, Case No. 101911, 9/7L)

¥ Denotes transfer case related to Key Issue.
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¥. ENVIRONMENTAL QUALITY (CONT.)

Aireraft remote sensing program and imegery: program by Johnson. . . .
infrared photographie imagery of Midwest used in 1971 by Purdue University

(Indiana) emd U.S. Department of Agricultrue to analyzeé spread of corn
blight, . . . Indiane vortion of imasgery used by Earth Satellite Corp.
(District of Columbia) to map and measure cosl mine refuse piles. . . .

maps now used by Indiena legislature in prevaring legislation on reclama=-
tion of mine refuse gites. . . . 200 sites larger than 2 acres each were’
identified and reclamation cost estimate exceeded #14 million. (Contractor,
TEF 199, Case No. 101912, 9/7h)

Remote sengor for air pollutants: overational prototype developed for
Johnson, . . . correlstion spectrometer sold by Bsrringer Research, Ltd.
{Canada). . . . over 40 sold @ #23,000. . . . unique air pollutant measur-
ing capability. . . . measured NOp profiles over Los Angeles and San Fran-
cisco, S0p profile over Chicego. . . . also used by air pollution agencies
in U.S., Canads, Australia, Japan, France, Spain. {Centractor, TEF 482,
Case No. 95A0R, 8/73)

Computer models for Apollo Program: developed for Johnson. . . . used by
TRW Systems (California) te develop more than 30 sir and water quality models
« « + « provided technical basls for implementing pollution laws in Alaske,
Califernia, D.C., Okio, South Carolina, Vermont., (Contractor, TEF 48T, Case
No. 96531, 1/T4)

Lunar Module rocket engine test facility: developed for Johnson. . . . used
by TRW Systems (Californis) to develop inexpensive coal desulfurization pro-
cess. . . . FPA funding at $1.5 million for research and pilot plant design

¢« + + « process could eliminate need for expvensive stack gas removal equipe
ment for electrie utilities. . . . 50 pollution control 2 criticel finanecial
prdb%em for coul-fired power plants. (Contractor, TFEF U8B, Case No. 96530,
a/Th

Computerized image enhancement: developed by Jet Propuluion Laboratory
(California) to process digitized image transmissions frcm unmanned space~
eraft (e.g., Ranger end Mariner). . . . used by JPL in current program

to develen computer processing of water guality data from FRTS-1 multispec-
tral digitizel imagerv. . . . joint funding by TUO and EPA (Oregon) to ob-
tain cheaper, more efficient method for classifying quality of inland lakes
in Netional Futropiiieastion Survey (NES). . . . good correlation between JFPL
regults and #PA's water sevling data. , . . FPA initiated NES in 1972 to
determine lake 3Jeterioration caused by phosphorus materisls in sewage plant
efflﬁent. (Contractor/TUO-Applications Project, TEF 520, Case No, 1041k2,
10/74)

Manufacturing contamination prevention handhogk: compiled for Marshell
. . . . used by Carrie:, Corlyle Compressor Co. (New York), to develop
in-house pollution control system for process machinery coolants. . ., .
system reduced pollution emitted into city sewer system, improving
employee/citizen heelth conditions. . . . system approved by OSHA, ({(TB/
TSP, TEF Shh, Case No. 86150, 3/75)
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E. . BNVIRONMENTAL QUALITY (CONT.)

Quartz crystal micrdbalance contamingtion monitor: developed for Marshall
Skylab contrector by Celesco Industries, Ine. iCalifernia). + + . led to
development of real-time pollution moniter preduct. . . . highly relisble,
operates under wide range of conditions, revesls variety of contaminant
sources. . . . numerous umits sold @ $5,000-$20,000 each. . , . State of
New Mexico environmental control agencies use product for particulate
measurement. - {Subcontractor, TEF 567, Case No. 109335, 5/75)

Masg flowmeters for low gas flow: developed to meet specificdations of
Johnson Apollo subcontractor by Tylan Corp. (Californmia). . . . used by
Tylan to develop vroduct for calibrating air vollution monitoring instru-
ments. . . . provides the extremely accurate measure of gas sample volume

‘necessary for analysis of pollutant concentration. . (Subcontractor speeie

fications, TEF 5A3, Cese No. 109332, 5/75)
Belevant Examnles.

B-13 (noise poliution, fan noise reduction method); D-1 and D=2 (air
pollution control for power plents); N=R (nuelear safety); G=1 (new
sevage treatment method): 0-2, G-3, G=5 and G-f (water anality and
supply data}; F-1 {reduced offshore oil pollution); #H-T, H-10 and H-1l
{reduced air pollution for refinery, gasoline bulk stations and engine
fuels); k-2, K=b and X~5 (reduced asutomobile emissicns)

R e i
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F. FOOD PRODUCTION AND PROCESSING

Key Issues

B

Productivity: over last century, mechanization made possible a ten-fold
decrease in farm workers needed to feed U.S., (47% of work foree in 1870,
4% in 1970). Farm crop output per man-hour incressing at annual 10%
{versus 3% netional asverage); a major factor is improved equipment. In
1960, L0% of tractors were 60 hp. or less; in 1972, two mejor producers
{Deere and Allis-Chelmers) introduced new models over 150 hp. vhieh in-
erease productivity 10-20% by pulling stenderd implements faster or
pulling lerger implements. ({F-2)

Food products merchandising: continuing developments in merchandising--

rigorous quality assurance, improved inspection programs, snd open-dating
of packaged, perishable food goods--~have permitted the $119 billion U.S.

food industry (meat pecking $26 billion) to provide qrality food for eon-
sumers, Average U.S. family spent 15.9% of its after-tax income on food

in 1973. (F-8)




F., FOOD PROTUCTION AND PROCESSING

F-1 Weather satellite imagery and ground receiver: developed for Goddard. . . .
used by National Weather Service (Marylend) as a major input to preparing
daily fishery advisory cherts for eastern Pecifie. . . . charts transmitted
by National Marine Fisheries Bervice (Celiforn®a) to radio facsimile receivers
on TO U.S., tuna boats in Pacific; represents 50% of U,S, tropicel tuna fleet
+ + + o informstion reduces time and fuel costs for loeating tuna, helps in
avoiding adverse westher. . . . annual Pacific tuna catch worth over 7% mil-
lion; provides 907 of tuns canned in U.S. (20% of U.S. fish consumption is
canned tuna). (Tnteragency, TEF 19k, Case Wo. TR0OO2, 3/75)

¥F-2 Fracture toughness tests: developed by Lewis. . . . used at Deere and Co.

(T11incis) te improve safety and serviece life of products (snowmobiles, farm
tractors and implements}. . . . reduced fracture failure of snowmobile drive
trains, tractor roll-over protection systems (ROPS). . . . ROPS required by
0SHA, Deere selected steel on basis of fracture tests. . . . 207 of research
department effort on these applications. . ., . Deere introduced new 150 hp.
tractor in 1972, increased productivity 102 by pulling large implements or
same implements faster. . . . implement service life not decreased, partly
due to improveil fracture toughness matching higher performance (e.g., plow
striking rock could have ceused brittle fracture). . . . Deere snnual sales
over 31 billion, sbout 25% of farm machinery market. (Professional society,
TEF 451, Case No. 101903, 8/74)

F-3 PErecipitation-hardened stee] alloy: developed for Johnson {Apollo Command

Module) by Armco Steel, . . . Armeo alloy used by Hopper, Ine. (California}
in febrieating Ram-Jet, wind machine for frost protection in noncitrus or-
chards (apples, almonds, ete.). . . . @ $7,000. . . . several hundred opera-

ting in Vashington, Oregon and California. (Contractor, THEF 223, Case
Te. 42553, 8/Th)

F-k Contamination control handbook: compiled for Marshall, . . ., used at USDA
Research Center (Louisiana) for training employees and research. . ., . recom-

mended by USDA to food processing firms with contamination problems. . . .
one research appliecstion was developing & process for converting cottonseed
pulp to high protein (679) flour for human consumption. . . . due to contami-
nation preoblem, rulp from cottonseed oil production meiniy used for chesp
animal feed. . . . new preocess solves problem and one cottonseed mill slready
producing the more profitsble flour. (TB/TSP, TEF 22, Case No. 31762, A/TL)

F-5 (lean room technology: developed for Johnson by Pillsbury Co. {Minnesota)
« + » « Pillshury originslly installed clean rooms, conducted employee train-
ing programs, and compiled = contamination control management practices manual
for astrenaut food production faeility. . . . technology applied in all new
foed processing facilities at Pillsbury, clean rooms are installed in some
older facilities, and sll employees receive contamination hazards training
. « « o improved product quality and reduced product recells due to contami-
nstion. . . . manegment manual {720 pages) is publiecly aveilable and used by
FDA (Distriect of Columbia) to trein federal food inspectors. (Contractor,
TEF 503, Case No. 101810, 8/7h)

* Denotes transfer case related to Key Issue.
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F. TOOD PRODUCTION AND PROCESSING (CONT.)

Mierobiologieal handbook: compiled for Marshell. . . . used by Krafteo Corp.
(Tllinoigjsas'training manual for sanitary techniques in food processing
plants and in researeh. . . . used by USDA scientists (Missouri) in develop-
ment of improved milk processsing procedures and egquipment now used in dairy
industry. . . . valuable reference in both cases, (TB/TSP, TEF 402, Cace
Nos. 51578, 51786, 9/Th)

Nondestruetive spot test procedure: corpiled by Langley. . . . uced by Krafteo
Corp. (Illinois) for alloy identification when analyzing chemical reactions for
food, atmosphere, and stainless steel processing equipment combinetions, . . .
time and money saved vhen reaction problem ceceurs and must be eliminated to
evoid food contamination. (TB/TSP, TEF 378, Case No. b7TTuk, 8/7k)

Electronic strain gage: invented by founder of BLH Eleectromies. . . . Improved
and standardized by BLH for space program which was the firgt major market
.+ « « used by field centers (chdard, lLewis and Marshall) and econtractors
in mest rocket engine R&D projects and space vehieles such as the surveyor
lunar lander. . , . commercial markets developed by BLH for standardized prod-
uets. . , . product used by Armour end Co. (Illinois) in Armour Tenderometer
since 1969, . . ., unigue capability to test hanging carcass and accurately pre-
dict mest tenderness after cooking, not possible previously. . . . Armour se-
leets and guarantees all TesTender beef with instrument., . . . amount of
premium-priced TesTender beef sold snnually is tens of millions of pounds

« « . Armour was awerded 1973 Food Technology Industrial Achievement Award
for Tendercmeter, s major innovaticn in beef merchendising. . . . cattle grow-
ers using the instrument data for selective breeding programs. (Customer/
subcontractor, TELF‘? 505, Case No. 101898, 103418, 10/7h)

Compressed/freeze-dried fopd: develcped for Johnson. . . . marketed by Imnova-
tive Foods (Celifornie) as compact emergeney food raticns. . . . used by hunters,
backpackers, ete, . . . sales expected t¢ reach approximetely $1 million withim
a year. (Personal contect/contractor, TEF 502, Case No, 1018946, B/T74)

BEutectic salts for low temperature batteries: developed for Geddard by Artech
Corp. (Virginia). . . . used by Artech to develop Irreversible Warmup Indica-

tor., . . . shows, by color change, whether frozen foods have defrosted during

trensportation or storage. . . . 3 million sold, total sales $100,000. {Con-

tractor, TEF 504, Case No. 101897, 8/7h}

Cooling system for Gemini space suits: develcoped for Johnson by Gerrett
Corp., (falifornia). . . . adapted by Garrett to develop galley refrigeration
system for commereial airersft, . . . used by Western Alrlines. . . . total

sales about $§oo,ooo, 50 units installed. (Contracter, TEF 228, Case
¥o. h30, 8/TL

#Denotes transfer case related to XKev Issue.
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F, FOOD PRODUCTION AND PROCESSING (CONT.)

Computer programs for ¥RTS-1 data analysis: developed for Johnson by Lock-
heed Corp. at request of Texas Water Rights Commission. . . . used by Texas
Water Development Board to develop monitoring program for plays lakes (shorte
lived, caused by rainstorms) in Texes High Flains region. . . . computer
analysis of LANDSAT dete will permit production, every 30 to 45 days, of meps
which show size and lecation of lekes., . . . data from repetitive monitoring
very important for planned effort to utilize plays lekes for farm irrigation
and recharge of rapidly devleting Ogallsla Aguifer whieh is vitel to High
Pleins esgricwlture. . . . preliminary resulits indicate computer snalyzed
satellite data much more cost effective than other monitoring methods.
{Personal contsct/Johnson, TEF 513, Case No. 101895, 5/75)

Relevant Examples:

A-9 (production equipment lubrication); G-6 (flood forecasting);
K-3 (farm tractor design)

R




Key Issues
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Sewage treatment facilities: WPA's Needs Survey for 1973 set the costs
for new water treatment equipment between 1973 and 1990 at $61.7 billion
to satisfy the water quality requirements in the Water Pollution Control
Aet of 1972, This represents a three-fold inerease over the 1871 cost
estimate ($18.1 Bbillion) which wes based on previcus, less stringent water
quality stendards. Two major cost factors in the new projection are
secondary treatment facilities ($17.1 billion) and new sewer systems
($24,5 billion). Costs to be shared by federal {(75%) and local govern-
ments (25%). (G-1)

Natural respurce management: Revenues from natural resources managed by
8ll levels of govermment were $3.67 billion in 1971 ($3.33 billion from
federal resource leases, water projects, ete.). All government expendi-
tures for natural resources and the enviromment were $11 billion in 1965
(imeludes $1.73 billion by state/loesl) end $13.7 billien in 1971 (ineludes
$3.67 billion by state/local), with sbout 6% for capital outlays. These
expenditures covered such areas as land, watershed, and wildlife menage-
ment, as well as pollution and flood contrel. Federal aid to state and
local governments for reseurce mansgement inereased rapidly from $300
miliion in 1965 to $1.33 billion in 1973. There is a critical need at all
government levels for better resource information at lower cost to support
the government management efforts required by recent envirommental legis-
lation. (G-2)
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*G-1

*¥g-2

G. GOVERKMENT

Pyrelytic synthesis of activated carbon: developed for Headgquerters by Jet
Propulsion Laboratory (Californie) to prepare rocket insulation. . . . used
by JPL, under NASA contract, to develop novel sewage secendary treatment

pilet plant. . . . 10,000-gal./day plant converts sewage to activated carbon
by pyrolysis. . . . carbon then used te remove organies from primary treat-
ment water, to inerease raw sewage settling rates by 100-fold, and to fuel
pyrolysis proecess., . . . minimizes solid waste disposal, eliminates odors,

and removes most heavy metal pollutents from waste. . . . effluent will satis-
fy 1983 water quality reguirement set by Water Prllution Control Aet of 1372
at a lower total cost than less satisfectory secondary treatments currently
used. . . . pilot plant now operated by Orange County Sanitation Distriet
{California), with NASA and county funds ($200,000), to develop scale-up design
data. . . . county is developing one million-gal./day protetype plant on cost-
sharing basis (county 12.5%, state 12.5%, EPA 75% of $3.% million). . . . will
determine feasibility end design eriteria for combining new process with pri-
mary treatment plants nationwide. . . . EPA estimates that $17.1 billion will
be spent on new secondary treatment plants by 1996. (Contractor, Client/con-
tractor, TEF 516, Case Nos. 103403, 103%0k, 10/7h)

ERTS-1 imagery: program under supervision of Goddard. . . . used by Ohio to
construct maps utilized for pewer plant siting, ferest inventory, snd pollu-
tion and resources management of Lake Erie shoreline. . . . Georgis has s con-

tinuing pregram to utilize ERTS-1 imagery; applications have ineluded a state
map (effort tock one man-week to prepare; comparsble map using ground survey
estimated @ over $1 million and several men-years) used for farm pond and
earthfill dam inventories; also being used te map coastal marshland for & come
Pprehensive marshland protection program. . . . being used in Utah for map
preparation, & hydrologic survey, and wild life assessment to develop state
management policies for the Great Ealt Lake erea; also used to prepare a map
of Toeele County for land use planning, with current eppliecation in =zoning
and identifying new recreation areas. {(Contect/federal agency, Contractor,
TEF 500, Case Nos. 101904, 101913, 101925, 101928, 9/T74)

ERTS-1 date collectien system: developed by Goddard. . . . used by U.B5. Geo-
legieal Survey {Florida) to telemeter hydrologic data from 20 key remote Data
Collection Pletforms in soubhern Florida. . . . only feesible way to cobtain
data consistantly on a near real-time (less than 1 hr.} basis., . . . data

used in water management for 1,500 miles of canals and hundreds of econtrol
facilities to supply the water needs of southern urban areas, Everglades,
wildlife preserves. . . . rapld monitoring eritiecal fer flood cenmtrel (hurri-
canes) and maintaining water quality during storm weter runeff. . . . USGS
ordered 35 more DCP's for southern Flerida network. . . . used by Depariment

of the Environment {Canada) to telemeter river disecharge data from remote areas
subJeet tc intense eeld. . . . high quallty data obtained at low annual main-
tenance and operating costs (less than $100/station, cheaper than radio by a
factor greater than 10). . . ., data used for flow and floed forecasting, design
of future hydroelectric power plants, pollutien contrel, . ., . Dept. of En-
vironment qusdrupling (9 to L0) number of DCP's. (Interagency, TEF 509, Case
No. 101930, 9/Th)

*¥ Denotes transfer case related to Key Issue.
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G. GOVERNMENT {CONT.,)

G-4 Computer programs for ERTS-1 data analysis: developed for Johnson by Lockheed
Corp. &t request of Texas Water Rights Commission, . , . being used by Texas
Water Development Board under contract to U.S. Army Corps of Engineers, Nash-
ville Distriet (Tennessee), to snalyze ERCS-1 imagery for verificaetion of dam
inventory in Tennessee. . . . sccurately identifies water bodies over 10 acres
+« +« « . reduces verifieation ecost by faetor of 10, . . . may be used to verify
inventories in other states after Tennessee trizl. . . . dam inventery is part
of federally funded Program of Inspection of Dams authorized by Congress in
response to dam fallures gt Buffalo Creek, West Virginis and Rapid City, South
Dakota. . . . hundreds died in these disasters. {Interagency, TEF 513, Case
No, 101905, 9/74)

G-5 Skylaeb photography: program under supervision of Johnson., . . . used in NABA-
funded EREP experiment by U.S. Geological Survey (Florida) with computer process-
ing to construet detailed hydrologic map of Florida's Green Swamp area. . . .
swamp is headwaters for 4 pivers which are eritical for water needs of central
Floride, . . . map shows well-, moderately and poorly drained land in entire
swamp (8,000 sa. miles). . . . key factor in facilitating amicable out-of-court
settlement of multimillion dellar suit between State of Florida end land devel-
opers by showing which arees cculd be developed without damaging water supplies
+ « s+ o Florida Dept. of Natural Resources providing fumnds to publish the map
for land use management. {Intersgency, TEF 508, Case No., 101929, 9/T4%)

G-6 §lidell computer complex: established by Marshall for preduction management
and checkout of Saturn roeket. . . . a major computer facility in south central
U.8. . . . since 1971, also used by Wational Weather Service te foreeast flow
and stages of all major rivers in five state area (Mo., Ark,, Tenn,, Lg., Miss,)
.+ + . large, third generation computer essential for digital simulation model
forecasting (first use of this technigue by KWS) whieh provides T2-hour forecasts
sceurste within 0.3 ft. . . . forecasts important for floed control; also used
by farmers and shippers. . . . other agencies using computer faeility inelude
Corps of Engineers (Red River sedimentation analysis), U.S. Geologicael Survey
(environmental studies), Wational Park Service (user study of Great Smoky Moun-
tains National Park). (Interagency, TEF 506, Case No. 101926, 9/Th)

G-T Sgturn I/IB Systems Development Breadboard Faecility: installed and operated
for Marshell by Chrysler Corp. (Alabema). . . ., process control technology used
to dssign memory system for new post office automated parcel sorting eguipment
. + « . reduced cost of parcel sorting, high speed and relisbility. . . .
Chrysler units worth about $500,000 already installed at 3 post offices (Bing~
hamton, N.Y., Greensboro, N.C. and Chicsgo, I11.). . . . 2 more on order for
Celifornis and Postal Service planning additional installations. . . . data
acquisition technology used in automated system for resl-time collection
and processing of hydrometecrological deta from Columbia River Basin for
Bonneville Power Administration. . . . L3 data gathering stations linked by
microwave and VHF radic to master station in Portland. . . . system used for
flood control, menagement of waber and forest resources, and providing data
from computing hydroelectric plant genersting schedules. (Contraector, Cus-
tomer/contractor, TEF 507, Case Nos. 101923, 103405, 9/Th)

) e E



G-8

G~-10

G-11

G. GOVERNMENT (CONT.)

Systems analysis and computer modeling: developed for Headquarters by Jet

Propulsion Laboratory (California). . . . used by JPL, under contraet to
TUO and Los Angeles Comprehensive Health Planning Council, to develop local
health ecare planning computer model. . . . integrates demecgrephic, health,

health services and other data. . . . provides better projection of hospital
bed requirements than HEW planning model which is now used nationwide by
states and local councils to allcoeate hospital construction funds from HEW

« + + « sueeessful application by JPL of model within LA counecil area. . . .
California evaluating model for stetewide use in place of HEW model. {Con-
tractor, TEF 514, Case No. 103401, 9/7L)

California Four Cities Program: funded by NASA and NSF (since 1971) and man-
aged by Jet Propulsion Laberstory {(California) to transfer aerospace-generated
technology to local governments. . . . four aerospece companies (Northrop

Corp., Science Applieations, Ine., Aerojet-General Corp., ané Lockheed Missiles
and Space Co.) are paired with four cities (Anaheim, Fresno, Pasadena, and San
Jose). . . . each company provides its paired eity with a Science and Technology
Advisor and technieal support. . . . eleven formal projects undertaken, as well
as informal consultation and sdvising. . . . program has cuased ¢ity manage-
ment consideration or use of new devices and metheds, ineluding public safety
hardware, planning software, system manegement and integration approaches, and
variety of management technigue improvements. . . . ongoing or completed man-
agement applications include cable television franchise negotiations, munici-
pal weste, vehiele replacement scheduling, and computerized Municipal Information

System. . . . cities achieving considerable cost savings and operational improve-
ments, with quantified sevings from only two projects estimated at more than
$600,000, ., . . program currently being extended to additional cities, with

coordination through the League of Califormia Cities. (Contractor, TEF 512,
Case No. 101915, 9/7h)

Apollo Menagement Control Room: designed for Kemnedy by Midwest Research
Tastitute {Missouri). . . . used by MRT as & model to design a management con-
trol room for Kansas City officisls overseeing comstruction of the $200 miliion
city airport. . . . project so successful, design of 3 additional control cen-
ters funded by ecity and other local govermment agencies: Jackson County
(Missouri) Courthouse, Alcohol Bafety Action Project, and City Council Goals
and Progress Center., {Comtractor, TIF 510, Case No. 101924, 9/7h)

Space simulation chamber: developed and meintained for Johnson by MeDonnell
Douglas Corp. (Missouri} for Mercury and Gemini progrsms. . . . used by MDC
to restore water damaged records with hesting/freeze-drying process. . . .
restored more than 20% of 20 million records destroyed or damaged by 1973 fire
at Military Personnel Records Center (Missouri). . . . large cost savings by
reducing the number of records thaet must be reconstruetef from cther sources
« « « . restoration was not possible without chamber. . . . Center normally
uses records to process 9,000 requests daily concerning retirement benefits,
entitlements, ete. . . . MDC reeceived $400,000 for military records restora-
tion and $200,000 from 10 subsequent restoration contracts. (Contractor,
TEF 511, Case No., 101914, ¢/T7h)
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3. COVERNMENT (COWNT.)

G-12 Nendestructive svet test procedure: compiled by Langley. . . . freguently

G-13

G-1b

G=15

G-16

DRI-5/75

used by Occupational Health Dept., State of New York Labor Dept., to per-
form screening tests on samples from companies during investigations of
heslth or safety hagzards. . . . provides rapid, inexpensive pretest before
more Getalled test procedures. . . ., investigetion results are hasis for
recommending changes to companies and possible legal action to force elimlna-
tion of hazards, (TB/TSP, TFF 378, Case No. 44538, &/Th4)

Fireman's breathing apparatus: developed by Johnsecn, in cooperation with
firefighting ecommunity, using extravehicular life support system technology

« « . . Punded by TUO. . , , Martin Marietta Corp. (Colorado} and Structural
Composites Industries (California) contracted to bulld lightweight pressure
vessels, . , . A-T-0, Ine., Scott Aviation Div. (New York), contracted to
build other system components. . . . resulting unit includes: reduced weight/
increased duration, simplified harness, improved helmet, mask, and air deple-
tion warning device, . . . fleld evaluation of new system taking vlece in

Los Angeles, Housteon, and New York City. . . . Scott to meke units commer-
cially available in late 1975. (TUO-Applieations Engineering, TEF 519,

Case Nos. 107781, 107783, 11/7h4)

Systems management technigues: compiled by Marshall., . . . used by F-Systems,
Ine. in menagement of lerge systems projeect for Defense Department

« « » . spplication of documentetion control and computerized task scheduling
techniques allowed ceompletion of proiect on time. . , company estimated bene-
fits to be worth #R0n,000. {TB/TSP, TEF Lok, Case No. 9083k, 3/75)

Risk-management svstem: developed by Kennedy for rocket fuel storage and
handling. . . . used by Kennedy in TUO=-funded project to provide New York
City Fire Department with management system for liquefied naturel gas (ING)
storage fecilitles., . . . public safety increased through better identifi-
cation, analysis, and control of hazerds assccisted with LNG facilities in
the elty. . . . project undertsken efter 1973 fire at large ING tank on
Staten Islend killed 40 people. (TUO-Applications Engineering, TEF 549,
Case No. 107737, 1/75)

Flammebility tests of home furnishings: conducted for TUQ by Battelle
Columbus Laboratories to compare performance of aerospace materials with
conventional furnishing materials in full-scale bedroom fires., . . . test
results from report used in government programs to improve fire safety

» « « o+ used by U.8. Department of Agriculture's Forest Products Lebora—
tory (Wisconsin) to design better fire tests for wood structure test pro-
gram, . . . used by National Bureau of Standerds (Maryland) to develop
simplified model for estimating quantities of combustion geses produced
during a fire and to educate fire technology researchers on fire behavior

. « . . used by Columbus Fire Department (Ohio) to obtain date on combus-
tion gases and improve safety for firefighters, . . . alsc used by New York
City Fire Department to help implement city ordinance on fire safety of
commercial high-rise buildings; provides input to depariment recommenda-
tions for interior furnishings. (TJO conference, Contact/TUO and contractor,
TEF 539, Case Nos. 107034, 1070k0, 107041, 1070kT, 10TOMR, 1/75)
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. GOVERNMENT (CONT.)

Properties of sir in mierowsve components: developed for Marshall. . . .
used by U.S. Navy's Puget Sound Neval Shipyard (Washington) to improve dry
eir systems for shipboerd electronics and to educate new electronic engineers
« + o o« to dete, dry alr systems installed on about 10 ships; reduce loniza-
tion in radar wasveguldes, coaxial cebles and other electronie components.
(TB/TSP, TEF 542, Case No. 98756, 2/75)

Linesr shaped explosive charge: developed for Johnson by Fxplosive Tech-
nology (Celifornia) to separate stages of launch vehicles, . . ., commer-
cirlized by ET as Jet-Axe. . . . used by firefighters to blast holes in
burning buildings for foreible entry or ventilation. . . ., annual sales
500 units @ $85-$150. (Contrector, THF 559, Case No., 109329, 5/75)

Relevant Examples:

B-15 (military receivers}; C=2 {fire fighting equipment}; C-7 (U.S. Coast
Guard life raft); D-3 {Bonneville Power Administration control system);

D-8 (AEC licensing regulstions): Bwl, E-5, F-B and E-9 (air guality agencies);
E-6 (state vs. state case}; B-T {state legisleture); F-11 (EPA National
Butrophication Survey); F-1 (National Marine Fisheries Service); F-i and
F-6 (USDA foed processing); F-5 (FDA treining manuel); H-1 (USGS regula-
tions); I-3 (HUD Operation Breakthrough Program); I-6 (New York City sewage
system}; I-7 (U.S, Army Corps of Fngineers dam projects); I-10 (FAA readar
bescon siting); J-1, J-3 and J-b {pelice departments); J-2 (LEAA information
system); K-1 (state highway departments); K~2 (DOT Urban Systems Program/
loeal traffic departments); I~F (police apd fire departments) I-7 {(High-
Speed Ground Test Center); M-2 (militery aircraft); M-6 (FAA fire safety
standards ); M-7 (airport runway grooving)




H. PETROLEUM AND GAS

Key Issues
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Offshore oil production: 176 billion bbl. of oil and 2UB trillien cu. ft.
of gas have been discovered on worldwide continental shelves, with vast
areas still unexplored. Offshore oil preduction ~a 1970 was 1.6 millien
bbl./day for U.S. and 7 million ¥bl./dsy worldwide; U.S. production remained
the same in 1973, and world production incressed to 10 million bbl./day.
Pollution frem offshore production became mejor environmental issue in 1969
with Exxen Co. well blow-out in Santa Barbera Channel off Californie, U.S.
offshore industry and regulstory agency, U.S. Geclogieal Survey, improving
safety and antipollution regulations in response to publiec pressure. U.B.
leasing was accelerated in 1973. (H-1)

New gas supplies: 1In 1970, U.5. consumed 23.4 trillion eu. ft. of gas;
approximately 95% of this was natural ges produced in U.S. Gas is the
premiumn fogsil fuel since it is easy to transport, clean burning and

almost pollution free. If supplies were available, 1980 comsumption would
be 35.8 trillion eu. ft. Estimated that only 24 trillion eu. ft. of natural
gas will be produced in 1980, shortfali of 11.8 trilliom cu. ft. Synthetic
gas production facilities and ILNG import terminels are being developed
rapidly to improve gas supplies in U.S. Additional 1980 gas supplies proj-
ected at 2,1 trillion cu. ft. syngas and 1 trillion cu. ft. LNG imperts.
U.8. hes 2 ugperating ING import terminals, 5 under comstruction and 6 more
planned, (H-2)
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*H-1

*H-2

H. PETROLEUM AND GAS

Reliability and guality assurance methods: develcped by Marshall. . . . used
by Marshall, under eontract to U.S. Geological Survey {District of Columbisa
and Louisaana), for 1971 study of functional reliabillity for safety and anti-
poliution equipment on offshore oil/ges production and drilling platforms

+ « « o basis for improved assurance by federal government ani industry that
offshore oil and gas will be produced safely and with minimal pollution. . . .
over 4,000 copies of report diztributed to offshore in&ustry vorldwide hy USGS
+ + » o USGS regulates &ll offshore operators on U.S. Duter Continental Shelf,
including 1,800 driliing and production platforms in Gulf of Mexico. . . .
new Recommended Practices issued by American Petroleum Institute {Texas) for
subsurface safety valves =nd surface safety systems based on Marshall recom-

mendations. . . . will be =adopted by industry and included in USGS reguletions
+ + + » Will require licensing of equipment manufecturers in 1575. . . .
additional API RP's based on Marshall study being prepared, . . . Offshore

Operators Committee (Louisimna) designed computerized, industry-wide failure
reporting system based on Marshall recommendation, snd USGS is reviewing sys-
tem before actual development and implementation. . . . Exxom Co. (Texas) and
other offshore companies made equipment and opersting chenges to improve safety
and reduce pollution hazards based on the study. (Interagency for USGS, Contact/
USGS for APT, Offshore Operators Committee and Exxon, TEF 484, Case Nos. 93829,
93830, 93831, 8/7h)

Cryogenic transfer system cooldown: data and apalytic methods developed for
Space Nuclear Propulsion Office and Lewis (NERVA Engine Program). . . . used

by Chicago Bridge and Tron Co. (Illinois) to desien piping systems gt most

large LNG import terminslis in U.5. . . . cooldown rate of warm pipes at start

of flow is & critical design parameter. . . . provided major input to CBI design
of $7 million ship-to-shore ING transfer system at Distriges Corp. (Massachusetts)
import terminel. . . . first {(1971) major ING import facility in U.S. {(over 3
billion cu. ft. storage capacity). . . . also used by CBI to design ship-io-shore
piping for Algonguin I¥G, Ine. {Rhede Island, & billion eu. ft. storage in 1973),
Columbia ING Corp. end Consolideted System ING Co. {Maryland, S5 billion cu. ft.
storage in 1976). . . . U.S. annual LNG imports were 2 billion eu. £t. in 1971
and projected to be 2 trillion cu. ft. in 1980. (NBS Cryogenie Data Center,

TEF 364, Case No. 50868, 8/Tk)

Insulation technology for Saturn rocket: developed for Marshgll by Roekwell
International Corp. {(Celifernia). . . . RT licensed polyurethane insulation
technology to Wanner-Isofi Co. (France) for worldwide LNG storage installations
and NHK Spring Co. (Japan) for ING tankers, . . . NHK is major corporation di-
versifying into shipbuilding. . . . RI conduets tests and provides consulting
for liecensees. . . . U.S., Coast Guard completing tests for RI prototype WET WALL
Insulation System design for ING tankers. . . . major development program for
advanced marine insulation system. . . . expected advantages are signficently
lower cepital and operating costs, increased volumetric efficiency and improved
maintainability. . . . prehsvle license or Joint venture with U,.8. shipbuilder
after Coast Guerd approval which is required for designs used in hazardous cargo
tankers. (Coentracter, TEF 361, Case No. 50221, 9/74)

* Denctes transfer case relsted to Key Issue,
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H, PETROLEUM AND GAS (CONT.)

Apollo Guidance Computer software and Data rommunication methods: developed

for Johnson by TRW Systems (Texas). . . . used by TRV Controls (Texas) to
develop software and interface equipment for computerized contrel systems for
oll field producticn, oil and gas nipelines. . . . major internationsl supplier
of such systems, over 3 dozen mejor oil and gas company customers. . . , pro=-
vides "real-time" monitoring and control from central station. . . . high-speed
data transmission over voice grade circuits between central stetion and remote
terminals is innovetion in supervisory comtrol systems. . . . computer systems
replacing intermediste~level automation. . . . field production benefits through
reduced operating cost and inereased production. . . . Exxon Co. (Texas) has com-
puter produetion contrel (mostly TRW) in 20 major U.S. fields {200,000 barrels
0il and 850 million cu. ft. gas, daily) and estimates 1-2% production benetit

. + . . other customers include Continental 0il Ce. (Louisiana and California),
Getty 0il Co. (Texas)}, Tmperial 0il, Ltd. {Canada), Mobil 0il Corp. {Oklahoma,
California, Loulsiana, Pennsylvania)}, National Iranian 0il Co. (Iran), Shell 0il
Co. (Louisisna, Venezuela), and MAPCO, Inc. {Oklehoma). (Contractor, TEF L65,
Case No. 86005, 8/T4)

Multiplexer eircult for Saturn rocket instrumentation: developed for Marshall
by 8CI Systems, Inc. (Texas). . . . used by SCI in remote data acquisition and
control systems produet line, . . . systems installed on oll and gas pipelines
and oil field production equipment. . . . provides better centralized monitor-
ing and control, with less manpower. . . . 50 instellations worldwide, 30 in
U.8. (Contractor, TEF 119, Case No, 4793, 9/Th)

Hest pipe appliecstions: developed for Mershall, Lengley, and fmes by MeDonnell
Douglas Corp. (Washington) for Skyleb, shuttle and unmanned satellites. . . .
commercial heat pipe produets developed by MDC inelule Cryo-Anchor soil stabi-
lizers to prevent thawing of permafrost under structures in far norta. . ..., elim-
inetes serlous foundation stability problem. . . . MDC received $13 million
contract from Alyeske Pipeline Service Co. {Alaska) to supply over 100,000 Cryo-
Anchors for $5 billion Alaskan pipeline. . . . will be instailed around pipe
supports for 390-mile elevated pertion of 80C-mile pipeline. . . . Cryo-Anchors
are 2" or 3" in diameter and range in length from 30 to 60 f%t. (Contractor,

TEF 197, Case No. 86008, 8/Th4)

Infrared scanner and television displey: operational unit develeped for Mar-
shall. . . . commereial infrered TV scanner developed. . . . preduct used for

‘maintenance inspecticns at petrochemiesl plants and refineries by Allied Chemi~-

cal Corp. and Ameriean 0il Co. (Texas)., . . . Amoco remotely detects weak links,
leaks, &nd off-specification equipment tempeirstures to determine meintenance
problems, . . . improved plant efficiency and reduced pollution. . . . wide~
spread interest in scanner by oil refineries caused by Amoco success. (Cus-
tomer/contractor, TEF 398, Case No. T0001, 8/7h4)

Hot ispping method for pipes: developed for Jehnson. . . . ineluded in main-
tenance ‘manuals used at all American 0il Co. (Indians) refineries. . . . Amoco
fabricated related equipment. . ., ., previcusly, pipe or valve leaks required

up to 8 people and either partial shutdown or elaborate safety procedures

« - +» » new method done by one or two people in half the time, with no shutdown
end 1littie fire hezerd. . . . refinery may heve about six serious leaks annually.
(Trade journal/TSP, TEF L460, Case No. 75018, 9/74)
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H, PETROLEUM AND GAS (CONT,)

Nondestructive testing training manuals: developed for Marshall., . . . manuals
published by contrector and distributed by American Scciety for Nondestructive
Testing. . . . used by Mobil 0il Corp. (New Jersey) to train new employees in
maintenance inspection procedures for refineries. ., , . improved traeining and
saved time in preparing instruetional materisls. . . . Mebil has 10 refineries
in U.S8. (Professionsl society/contractor, TEF 14, Cese No. 53789, 9/T74#)

Lubrication handbock: availeble data on commercial lubricants compiled for
Marghall. . . . used by Fdwards Fnglneering Corp. {New Jersey) to select
speclial refrigeration oll and vendor. . . . solved major lubrication problem
in using off=-shelf compressor for very low tempersture condenser component
in new Fdwards product and reduced product eest. . . . unique product auto-
matically recovers gasoline vapor at bulk distribution stetions, in compli-
ance with air pollution standards, and conserves gasoline. . . . € $125,000,
three installed and 40 on order. . . . very rapid market growth expected to
continue. . . . 8ll major oil cempenies have ordered at least one, . . . pay-
back time to custeomer is £-3 years, (Trade Journal/TSP, TEF 497, Case

Ne. 97902, 9/Th)

Combustion snalysis computer program: develcoped by Lewis. . . . used by
Phillips Petroleum Co., (Oklshoma) to generate chemieal equilibrium composi-
tion tebles for all cormbustion research projeets. . . . saved 3 professicnal
man-years for progrem developrment and sdditional time for each appliestion

¢« « + « 8pplied to reduce air pollution from fuel products during car engine
cambustion, from in-house incinerstors, and from in<heuse burning of weste
gases, (Lewis conference, TEF 463, Cese No. 93825, 12/72)

Systems safety technolomy {and other technology related to pipeline safety):
developed by several NASA fi.ld centers. . . . Regional Dissemination Center
provided information to Mechanics Research, Inec. (Califormia). . . . used to
prepare propogal for the U.S. Dept. of the Interior (District of Columbia)
for Alaskan pipeline safety project. . . . $18 million contract awarded in
1974, . . , information extremely impor.ant to Mechanics Research, estimated
value over $100,000. (RDC-WESRAC, TUQ case, 9/Th)

Computer program trenslating guide for FORTRAN (on different computers):
developed for Langley. . . . used by Shell O0il Co. (Texas) in converting

epproximately 500 programs for new computer. ., . . reduced conversion time
and saved $200 in operating costs. . . . used by Mobil 0il Corp. (Texas)

in converting U4 programs for new computer. . . . saved $2,000 in operating
costs. (Personsl contact/TSP, Trade Journal/TSP, TEF 527, Case Nos. 102812,
103812, 2/75)

Relevant Examples:

B-10 (LNG tankers); B-1ih (petrochemical production); B-23 (blowout valve
system); D-10 (fuel cells); G-15 and I-f (ING storage facilities)
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I. CONSTRUCTION

Congtruction project manasement: total new construction in 1973 was

$330 billionm, incluaing'$%3 billion for residential buildings, $26 bil~
lion for nonresidential buildings, and $14.9 billion for public utilities.
Material and equipment supply bottlenecks are inereasing, which adds to

the normal scheduling problems and costly delays. 1965 survey of con-
struetion industry indieated a widespread opinior that the Program Evalua-
tion end Review Technique {(PERT) and Critiecal Path Method {CFM) would scon
become necessery for success in construction contracting. 1972 construe-
tion industry survey revealed that only 1k7% of respondents were successful
in applying these advanced management technigues in spite of the widespread
interest. Two majer obstacles were psychological factors and the cost, in
time and money, for generating the necessary network graphies. Computer-
ized methods to use PERT conveniently and cheaply eliminate these obstacles,
and applicetions have been increasing since 1972. {I-1)
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I. CORSTRUCTION

NASA Pert computer program (Program Evaluation and Review Technique): devel-

oped by HMarshall., . . . used by Systonetics, Inc. (California) as principal
part of computer serviee for project scheduling in construetion and cther
indugtries. . . . program widely used by customers; alsc available from other
service companies and used in-house by some construction firms, . . . since
there is no cherge for NASA PERT, each user saves about $500/month compared
to alternetive software availasble commercially. . . . Systonetiecs combined

NASA program with in-house program, EZPERT, that automatically generates grephic
output. . . . significant additional savings from combined programs dus to autc-
mated output of network asctivity graphics ($.32 @ and 200 activities printed/
hour compared to $3.60 @ and 10/hour for manual production). . . . combined
programs from Systonetics used routinely since 1972 by Associates Corp. (Indiana),
a Gulf and Western subsidiary in consumer finance field, for many management
funetions., . . . epplieations include scheduling modifications or new construe-
tion in nationwide branch office system (over 900 offices), corporate planning,
modeling accounts receivatle end minority affairs programs. . . . very impor-
tant part of multimillion dollar mansgement system that enables company to

come within 10% of time and cost estimates for projects, . . . Associates

also using programs to assist Soutk Bend (Indiana) in airport expansion project.
(Personnel /contractor, Customer, TEF 517, Case Hos. 103L06, 103L07, 9/7k}

Ge¢ lesic structure design program: developed for Headquarters by R. Buck-
minster Fuller at Southern Illinois University. . . . computer program used
by Dome East Corp. (New York) to design commercial geodesic structures. . .
gpplications include recrestional enclesures, greenhouses, homes and medical

cliniecs. . . . 1973 sales $320,000. . . . $500,000-81 million sales anticipated
for 1974, . , , first domes made with plastic and vinyl coverings, but Done
East now experimenting with solid, laminsted panels. (Personnel/grantee,

TEF L79, Case No. 91L5h, &/7k)

Reinforced plastic siructures: initial work under DOD contracts. . . . devel-
opment continuwed for Headquarters, Langley, and Lewis for high performatice
roeket motor cases, stabilizers, and liquid hydrogen pressure containers. . . .
new plastic materials commercislly used by Materials Systems Corp. (California)
to febricate wall panels for prefabricated housing. . . . plastic mede from
vetroleum refinery wastes. . . . company, which was formed by mserospace engi-
neers in 1970, holds contrect with HUD-Operation Breakthrough Program. . .
currently building 1,100 units in California, 200 in St. Louis, @ $5,000. . . .
over 10% cost savings compared to conventional factory~built housing. . .
additional installations in Mexico, France snd Iran. (Personnel/contractor,
TEF 518, Case No. 103411, 9/7k)

Fiberglass fabric: i1nvented by Owens-Corning Fiberglas Corp. {(Rhode Islend)
. . . . company developed first application fur fiberglass fabric with 1967
contract from Johnson for nonflammable clothing and structures; included
development of Teflon coating for fabric, . . . costed fabric used commer-
¢ially in air structures developed by Birdair Structures, Geliger-Berger &
Assoc, (Wew York) and others. . . . installations include a vinyl-coated
fiberglass fabric covering for the U.S. Pavilion at Expo 70 in Osaka, Japan
and the more commonly used Teflon-coated fabric coverings for stadiums and
srenas. . . ., $10 million/year industry. (Contractor, Customer/contractor,
TEF 324, Case Nos. 103412, 103413, 103k1lL, 9/T7h)

* Denotes transfer case related to Key Issue
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I. CONSTRUCTION {CONT.,)

Instrumentation electronies for Saturn rocket: developed for Marshall by

8CT Systems, Inc. {Alabama}. . . . design techniques and production methods
used by PCI to design & ground fault interrupter that will fit inside a
standard home circuit breaker. . . . interrupter prevents electrical accldents
in home by trivping circuit bresker when ground fault current ocecurs. . . .
reguired for all new homes in U.5. by 1971 Electriec Code amendment. . . . nor-
mal annual rate of two million housing sterts. . . . 5CI sold 40,000 interrup-
ter units/month before reecent housing slump, market expected to improve.
{Contractor, TEF 119, Case No. 4793, 9/7h4):

Cryogenic date hendbook: developed fer Kennedv. . . . used by Mason & Hanger-
Silas Mason Co. (Kentucky), & major eivil engineering firm, to design low temper-
ature censtruction projects. . . . applications include at least h LNG storage
facilities and a refrigeration system for freezing wet, loese ground Guring excae-
vation in major Mew Yerk Citv sewage system project. . . . vrovided 507 of input
to solving serious problem in refrigeration system. , . . alsc used to identify
substitutes for scaree materials used for corrosion contrel in acid plants and
pollutien sbatement equinment. (TB/TSP, TEF 2L8, (ase No. 9562, 8/TL)

Fusion welding workmanship standards: compiled for AEC and NASA Space Nuelear
Propulsion Office. . . . used by Gannett, Fleming, Corddry, Carpemter {Pennsyl-
vania), a major eivil engineering firm, to develop accevtsble weld methods and
to gualify welders for dam contractors. . . . saved gbout $250,000 on $50 mil-
lion Foster Joseph Sgyers Dam project (Pennsylvanias) for Army Cerps of Engi-
neers. . . . current evplications For Tioga/Feammond Lekes Dems, also mart of
Corps progrem in Susauehanna River basin. . . . fleed contrel and dilutien of
acid drainage from coal mines. (Comtact/DOD, TFF A6, Cese No. 28LTh, 9/7h)

Heat shield coating for reentry vehicles: coating composition patented by
Fmerson Fleectrie Co, {Missouri). . . . first market was space progrsm appli-~
cations: coating properties determined by gualification tests condueted for
NASA field centers, including Johnson and Langley. . . . coasting sublimates
when heated and protects substrate from high temperature. . . . Emerson employ-
ges who developed coating Tormed Thermo Svstems, Ine. in 1967. . . . company,
now called TSI, Inc, (Missouri), aecguired petent rights on coating line THFRMO-
LAG. . . . commercial market for THEEMO-LAG in construction industry is grow-
ing very ravidly., . . . relieble, effectlive, inexpensive fire retardant coat-
ing that proteets high-rise building components, such as structural steel and
electriepl cables, during fires., , . , significant advanee in commercially
available coatings. . . . structurel steel coating .2-inches thick will give
two-hour fire protection comparable to four imnches of concrete coating. . .
applieations include high-rise motels {(Flerida), a pharmaceutical building
(Missouri), and chemicel plants (Californis, Texas, Colorade, Connectieut).
{Personnel/contractor, TEF 521, Cese No, 10k1L1, 10/74)




I. CONSTRUCTION (CONT.)

I-9 Computer progrem translating guide for FORTRAN {on different computers):
developed for Langley. . . . used by Scoil Testing Services, Ime. {(Illinois),
g econsulting engineering firm that designs foundetions for buildings such
8s Bears Building in Chicego, to convert over 50 programs for new computer
« « » « anoual operating cost savings. . . . progrem applications include
slope stability, seepage problems, end enalysis of pile driver deta. (TB/
TSP, TFF 527, Case No. 10303k, 1/75)

I-10 Deploysble lettice column: designed for Headauarters study of radio tele~
scope antenna by Astro Research Corv. (California), . . . Astro received
waiver and developed commereial product, Astromast. . . . annual government
and commercial sales over $600,000. . . . applicetions include stage iight
supports for traveling music show, radar heacon siting studies for FAA air
traffic control system, portahle power peles and communication towers.
{Contractor, TFF 167, Case No. L3251, L/7%)

I-i1 Linear sheped explosive charge: developed for Johnson by Fxplosive Tech-
nology (California) to separate steges of launch vehicles. . . . commer-
ciglized by BT as JetCord. . . . several million feet sold @ %3.L8 to #k5
per ft. , . . used in demolition industry for controlled removel of obselete
struetures. . . . more than 50 bridges and varicus buildings neticnwide
removed with JetCord. (Contractor, TEF 55¢, Case No. 10932%, S/75)

Other Relevant Fxamples:
B-11 {chemical plant design); B-12 (fire safety); D-9 (nuclear power plant

design): G-10 {airport constructiorn management); G-15 (LNG storage facili-
ties); G-16 (fire safety); F-2 (ING import faeilities); N-T7 (fire safety)

DRI-5/75




TR

S e e b

L ER N A L/ N T

T Lk,

Key Tssue

DRI-11/TH

J. LAW ENFORCEMENT

Computerized police information systems: The first real-time police
computer system was installed in 1964 for the St. Louls department.

In a 1971 survey of almost 500 police departments, 38.8% of the respond-
ing departments were using computers and 62,5% would be using computers
by 1974, Applicatiens ineclude police patrol inguiries on wanted status
of individuals or property ownership, automated traffic vioclation records,
patrolman dispatching, automated files for eriminel investigations, allo-
catien and distribution of regular patrol units, and crime statisties.
The Law Enforcement Assistance Administration (LBAA) hes provided federal
funds te poliece departments for computer seguisition. Police efficiency
has been improved in some, but net all, instaneces. In addition, a con-
troversy exists over cost effectiveness of computer use. (J=1)
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J. LAW ENFORCEMERNT

Videotape storage and retrieval system: computerized system developed for
Mershell by Ampex Corp. (California). . . . NASS waived petent rights on
key tape transport mechanism to Ampex in 1963, . . . improved and commercial-
ized by Ampex as Videofile System, . . . a single tape reel stores records
from 10 four-drawer file cabinets, video cutput is of professional quality

. « . total sales $23 million, . . . most sales to law enforcement agencies,
including Royal Canadian Mounted Police ($1,.1 million system in 1971), Illinois
Bureau of Criminal Investigations ($1.2 miilion, 1972}, end Louisville Police
Department (Kentucky, 1973). . . . provides compact, automated fingerprint
file system used successfully in all installations and eriminal history files
(including vhotographs) in some installatioms, . . . Canadian system will pay
for itself in 3 years by reducing cost of fingerprint searches. (Contractor,
TEF 226, Case No. 66201, 9/Th)

Scirntific and Technical Information Management System (STIMS): developed for
the Beientifie and Technical Information Office, NASA Headquerters, as & com-
puter sof'tware package for storing and retrieving bibliographic materials

« « - . obtained from STIF by the Law Enforcement Assistance Administratien,
Tapt. of Justice (District of Columbia). . . . became the primary operating
software for the National Criminel Justice Reference Service, a central com-
puterized information system serving the nation's law enforcement and eriminal
Justice sgencies. . . . NCJIRS (became operational in September 1972) has 30,000
registered users and performed over 300,000 searches in 1973. (Personel con-
taet, TEF 515, Case No. 103k02, 9/T4)

Systems anelysis and computer medeling: developed for Headquarters by Jet
Propulsion Lahorstory (Califormia)}. . . . used by JPL Public Safety Program,
under econtract to Los Angeles Police Department, for reguirement definition
and design of proposed city-wide emergency command and control communications
system, , . . inecludes master radioc network plan, systems design for computer-
assisted dispatching, sutomated vehiecle monitoring, automated mobile commard
center, autometed precinet command ecenter, out-of-car communicatiens network,
and detailed specificatiens for mobile digital communication system. . . .
will be first totally integrated system in ccuntry (ecost to install over $50
millien). . . . being established under LEAA funding as model program. . . .
consortium of major citles established to facilitate subsequent technology
traﬁsfer. {Contractor, Contackt/contractor, TEF 51k, Case Wos., 103399, 103%00,
9/7h)

California Four Cities Program: funded by NASA and NSF (sinee 1971} and managed
by Jet Propulsion Laboratory (Califermnis} to transfer aerospace-generated tech-
nology to leeal govermments., . . . AeroJet-General Corp. providing Pesadena with
a Seience and Technology Adviser and technieal support. . . . Advisor used sys-
tems analysis to help Pasadena Police Department in selecting site for city
heliport used by police heliecoepter, in compiling operations menual for effece-~
tive helicopter patrel, and in developing program that reduced false alarms
from burglary/robbery detection systems by h0%. (Contractor, TEF 512, Case

Ne. 101915, 9/7h4)

* Denotes transfer case related to Key Issue.
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J. LAY ENFORCEMENT (CONT,)

Flat conductor cable connector survey: compiled for Marshall. . . . used
by AMP, Inc. ZPennsyivaniaﬁ, manufacturer of flat ceble intercomnection/
termination commponents, to increase produect design knowledge, . . . compo-
nents used to manufacture volece communications systems such as mobile sys-
tems used by police departments. . . . used by Spectra Associates, Ine.
(Towa) to locate flat ceble hardware suppliers and to develop public safety
vehicle communicetion system for manufacturing company elieat. . . . saved
$200 in research time; alse,.reduced number of parts, saved wiring space
and provided easy maintenance design, . . . elient now in full-scsale produe-
tion of system for police departments and state highwey patrols. (TB/TSP,
TEF 535, Case Nos. 92537, 9327R, 2/73)

High intensity are radistion source: developed for Johnson Apollo environ-

mental test chamber, . . ., contractor personnel formed Streamlight, Ine.
{Pennsylvania) to develop are source into commercial, high intensity spot-
light, called Stresmlite-1 Million. . . . produet hes "true color,” is

portable, 50 times brighter than automobile headlights, and can operate

from automobile cigarette lighter, , . . several hundred sold @ $400-$LTS

« + +» o used by fire and police departments in security and emergency situa-
tions, (Contractor mersennel, TEF 561, Case No. 109327, 5/75)

Relevant Examples:

B-13 {0SHA noise regulations)i D=1 {air poliution standards); E-2 (vehiele
emission certification}; P!, B9 and H-10 (implementing alr quality laws);
-6 {legel evidence): ¥-7 (preparing envirnomental legislation}; F-2 (OSHA
gsafety reguletions); 0-5 (envirommentsl lawsuit):; I-5 (electrical code
requirements)




L0 LI

et e b e A B S A J R T e S U

DRI-11/Th

Key Issue

Rt i e

¥, HIGHWAY TRANSPORTATION

Highway safety: Total economie loss due to highwey accidents in 1972
ves almost $19 billion., 1972 accidents caused 56,000 desths and

4,850,000 injuries. Californis has largest number of fatalities,
almost 10% of total, Accident rate per 100 million vehicle miles de-
creased from 5.5 in 1965 to L,5 in 1972, an 187 reduction. (X-1)
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K. HIGHWAY TRANSPORTATION

Highway grooving: extensive research and testing at Langley (concept origi-
nated in England) to reduce airplane skidding or wet runways. . . . pavement
grooves facilitate water runoff, improve contact between tire and surface,
end reduce hydroplening. . . . Langley results were basis for new highway/
airport grooving industry with about $2 million ennuel business. . . . firms
inelude Pavement Specislists, Ine. (Texas), Cardinel Engineering (Pennsylvania),
Transportation Safety Systems, Ine. (Ohio), Super Cut, Ine. (Illinois),
Charles R. Watts Co. (Washington), and C. W. Hatcher, Ine. {California). . . .
over 25 states have contracted to have dangerous highway sections grooved

« « « . wet highway aceidents on grooved sections reduced by about 60%. . . .
about 20% of accidents occur on wet pavement, . ., . Californie Department of
Transportation is leading user, with $8 million total outlay; applications
include 400 miles of freeway grooved in Los Angeles area. . . . General Elee-
trie Co. (Ohlo) produces artificial diamonds used in manufecture of groover
cutting blades, . ., . GE actively promoting grooving. (Contact/Langley,

TEF 168, Case Nos. 101917, 101919, 101920, 101921, 101922, 9/Th)

Apollo Guidance Computer software: developed for Johnson by TRW Systems
(Texas). . . . used by TRY Systems (California) to develop first, real-time
computerized traffic eontrol system in U.S., SAFER (Systematic Aid to Flow
on Existing Roadways). . . . Drototype TRW SAFER installed end operating in
9-mile square South Bay area of Los Angeles County {Celiforriam). . . . proj-
ect cost about $809,000; funded by U.S. Department of Transportation Urban
Systems Program (T71%), County of Los Angeles (22%) and State of Californis

{(7%2). . . . more than 15% reduction in millions or vehicle hours spent waiting
at 112 South Bay traffic lights. . . . estimated total annual savings to metor-
ists using South Bay streets is $1 million. . . . projected total annual sav-

ings if SAFFR were installed county-wide would be $50 million. . . . TRW
also installing SAFER in Baltimore, Maryland {1,000 traffic lights) and Over-
land Perk, Kansas., (Contractor, TEF L65, Case No. 103415, 8/TL)

NASTRAY (NASA Structural Analysis Program): developed by Goddard for computer
anglyeis of airecraft and space vehicles, ., , . continuing program meintenance
services provided by Langley. . . . used by Ford Motor Co., (Michigan) for

design analysis ef car, truck, end ferm tractor components sinece 1971, . ., .,
more then 40 design engineers trained to use program. . . . influenced design
of every major component in these produects. ., . . saved two-thirds of calcu-

lating time in achieving 60% improvement for component behavior predictions

. . . reduced R&D time and cost, as well as development testing costs (no
valid ecst savings figure available at this time). . . . General Motors Corp.
(Michigen) recently completed development of design application metheds to
facilitate NASTRAN use by design engineers. . . . program calibrated with
data from older vehieles. . . . corporate effort aimed at widespread use

of NASTRAN in produet design. . . . NASTRAN versatility and continued program
maintenance service from Langley are very importent to Ford and GM. {Contact/
COENTT, TEF 410, Case Wos. 103416, 103417, 9/74)

# Denotes transfer cese relested toc Kev Tssuz.
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K., EIGHWAY TRANSPORTATION (CONT.)

Seturn I/IR Systems Development Breadboard Facility: iInstalled and operated
for Marshall by Chrysler Corp. (Alebama). . . . electronies design, computer
systems, and quelity production experlence at Huntsville Div. used to develop
new products and production line testing for most Chrysler cars and trucks

« « anual production 2 million units. . . . product sppilications inelude
hvbrid.clrcuitrv in new solid-state radios for Plymouth and Dodge lines, &accu-
rate digital clock for Chrysler line, snd ignition retarder to reduce emissions
when idling. . . . more durable radio uses 207 of electricity previously re-
quired., . . . production applications inelude methods to produce relisble elece
tronic ignition systems used in all cars and light trucks, automated electrical
wiring test system for some car assembly plants, computerized system for auto-~
meted tegting of ear distributors and windshield wiper motors, and semiautomated
test system for brake cylinders. . . . electromie ignition system is a major
improvement in car equioment, better car performance reduces emissions and
lowers maintenance cost. . . . AN-second test of car wiring identifies whether
rework is needed. . . . 8,000 distributors tested daily at A0 ceo2s. each, with
10 times previocus accuracy. . . . brake cylinders tested in 7 secs. (Contrec-
tor, TEF 507, Case Wo. 101927, 9/7h)

Combustion analysis computer prograrm: developed by Lewis. . . . routinely

used by General Motors Corp. (Michigen) since 1970 in combustion research for
automotive engines. . . . by modeling the engine combustion process, program
improved analysls of how nollutants are formed. . . . research results used

in various GM design and development projects. . . ., used extensively by
Chrysler Corp. (Michigan) in combustion analysis for gas turbine engine develop-
ment. . . . gas turbines will be introduced in 197% sutomebiles. . . . lower
emissions and fewer moving parts than standerd piston engines. (Contact/Lewis,
TEF W63, Case Mes, 103k09, 103k10, 9/7L)

Statisticel procedures to analvze time-dependent data: developed for Mershall
« . . . used by General Motors Corp,, Saginaw Steering Gear Div, (Michigan)

to analyze noise test data from automobile steering systems and other compo-
nents. ., . . ensbled analysis of output from sophisticated new test instru-
ment; saved testing time and reduced costs on & continuing besis. . . . test

resulis used to reduce noise caused by Saglnaw components in GMC passenger
cars., (TB/TSP, TEF 545, Cese No, 873Lk8, 3/75)

Rubber tire with low temperature piisbility: develoved for Johnson Apollo 1k
Mobile Fquipment Transperter by Goodyear Tire and Rubber Co. (Chio), . . .
used by Foodyerr to develop new, studless winter avtomobile tire. . . . mar-
ket testing started in 197l with b cities; received good respense. . . . price
renge Trom $71.25 to $79.45, with b sizes available, . . . provides traction
equal to or better than studded tires on slick surfaces; also good traction

on dry surfaces, . . . . Several states are banning studded tires due to

poor trection on dry surfaces and destruction of road surfece., (Contractor,
TEF 565, Case Ne. 199331, 5/75)

Relevant Examples:

A-1 and A-f (automobile vroducts); P-9 (lubricent for cer sir conditioners);
B-22 (automobile components); -2 {vehicle emission certification); H-11
{vehicle emission control)




L. BRAIL TRANSPORTATION

Key Issues

&, BRailroad safety: Train accidents caused by improper maintenance increased
300% between 1961 and 1972, end &ll train accidents increased 25% between
1972 and 1973. Inereased use and deferred maintenance of track are major
factors in these rises, Over 90% of railroad revenue is from freight ser-
vice which, growing at 3% annually, totaled 877 billion ton-miles in 197k,
The average freight car capacity was 53 tons in 1950 and 68 tons in 1971,
but the average capacity of new cars built in 1973 was 85 tons. The aver-
age use factor for freight cars is also increasing: in 1973 this was

. 1,621 ton-miles per car-day, an inerease of 9.5% over 1972. Greater use

of unit trains, particularly for hauling coal which mekes up 26% of reil
freight tonnage, is a major cause for the use factor increase sinee unit
train cars annually travel 3-16 times further then ordinery cars. In 1960
the railroads spent $1.2 biliion to maintain structures and 219,400 miles
of road; in 1972 these figures were $1.9 billion and 208,000 miles. Expen-
ditures for maintenance and the importance of inspection equipment will
continue to grow. (L-1)

b. Railroad computer systems: For some time, meny railroads have used compu-
ters for date analysis and planning at central offices, Some railroads
started using computerized informetion systems in the late 1960's to handle
enormous smounts of paper such as waybills (railrosd freight documentation).
Since 1970 there has been & rising interest in computerized process control
applications such as terminal operations and train dispatching. These regl-
time applications require much more sophisticated computer and communica-
tion systems and man-mechine interfaces. To date, only one or twe prototype
gystems ef this sort have been installed for pilot testing. Computers are
currently used in & few rail yards for monitoring and assisting in termi-
nel operations. Between 1975 and 1980, the railroads will instell a
natienal freight car information system, TRAIN Ii, that was pilot tested
in 197h. This computerized informetion system is expected to improve
car utilizetion and to help forecast future needs by updating information

; such as car location end status on an howrly basis, as compared to the
present daily basis. (I-2 and L-L)

DRI-1/75
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L. RAIL TRANSFORTATION

Ultrasonic nondestruetive testing techniques: developed for Marshall and
Johnson by Automation Industries, Inc. (Conmecticut). . . . company hed
over $2 million in contracts to produce innovative equipment for Apolle
Program in past few years and has "had commercisl spin-offs of several
times that amount". . . . for example, Marshall funded the development of
company's leboretory prototype inte cperatienal ultrasonie Delta Manipu-~
lator which Automation then marketed., . . . uses multiple transducers for
gignificant improvement in testing rate and aeccuracy. . . . delta tech-
nigue and ultrasenic test equipment now used by Automation in unique reil
ingpection service. . . . company has operated self-propelled railroad cars
since 1928 to detect reil flaws with electric induction technique. . . .
cwrrently, 28 cars in operstion on U.S. reils, 1 in Mexice, 2 in Australia,
end others in Eurepe. . . . 2ll cars now ineclude ultrasonic test egquipment,
many use delta technique, and new cears use ultrasonics entirely. . . . one
of the all ultrasonic cars used exelusively on New York City Transit Author-
jty subway rails. . . . ultrasonies used to detect rail-end flaws (e.z.,
bolt hole cracks) and to complement induction methed along rail. . . . over
500 million rail jeints tested uwltrasonically. . . . compeny does majority
of NDT for U,.8. rails; only one other NDT car exists, developed by a rail-
road. . . . since 1928 over 6 million miles of track tested; over 3 milliom
flaws detected and track replaced., . . . over 160,000 miles of track now
tested snnually for 100 different reilrocads. . . . average testing speed
for test cars is sbout 7 mph. (Contractor, TEF 387, Case No. 59201, 8/7k4)

Apollo Guidance Computer software and Data communication methods: developed
for Johnson by TRW Systems (Texas). . . . used by TRW Controls (Texas) to
develop software and telemetry interface equipment in prototype computerized
dispatehing system for railroads. . . . prototype installed and being tested
in part of Southern Pacifiec Co. (Celifernim} railroad system. . . . ome of
most sophisticated train control systems in world. . . . TV displays provide
ecentral dispetcher with coentinually updated status of rail switches and trains;
system provides for ceontrol of rail switches and train movement vias light pen
input on TV display. . . . test results favorable to date. . . . if prototype
successful, Southern Pecific and TRW will develop ecomputerized dlspatching
system for company's entire railroasd system. . . . SBouthern Pacific is one of
3 largest railroads in nation; 4,000 miles of track, $1 billion annual freight
billings. (Contractor, THF 465, Case No. 86005, 8/7Thk)

Dynemic and static modeling techniques: developed by Mershall, . . . used by
Mertin Mariette Corp. {Colorado) in eurrent development of dynamic model for
railroad hopper cars. . . . TUO applications engineering project funded by

Federsl BRailrcad Administration and under teechnical direction of Marshall. . . .
part of & major test program being conducted by Association of American Reill-
roads to reduce number of derailments which are frequently caused by erratic
behavior of hopper cars. . . . hopper car testing and model development under-
vay at Martin te identify design modifications that will reduce erratic behavior.
{TUO-Applications Engineering, 1/75)

¥ Denotes transfer case related to Key Issue.
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L. RAIL TRANSPORTATION (CONT.)

*¥[-L Videotape storage end retrieval system: computerized system developed for

I-6

Marshall by Ampex Corp. {Celifornia). . . . NASA waived patent rights on key
tape transport mechanism to Ampex in 1963. . . . improved and commercielized
by Ampex as Videofile System. . . . & single tape reel stores records from

10 four~drawer file cabinets. . . . important adventages over microfilm and
closed circuit systems include reduced processing for storage and improved
reselution. . . . $750,000 Videofile System used by Southern Pacifiec Co.
{California) sinee 1968 for all documentation related to railroad freight
{waybills). . . . Southern Pacific among the 3 largest rallroads in nation,
$1,billion annual freight billings. . . , revenue settlement between railroads
can take 3 years due to massive paper problem. . ., . ICC reguires W-year stor-
age of waybills, , ., . Bouthern Pacific's Videofile inm use 24 hours per day,

5 days per week; 500,000 waybills entered per month end 100,000 retrieved

. + .« . system cost recovered in shout 4 years through reduced operating costs.
(Contractor, TEF 226, Case No. 66201, 9/74)

Arc suppression technigues evaluation: conducted for Marshall. . . . used by
Vapor Corp. (Illinois) in design of rapid transit switch control produets

« « « o« gllowed designers to eliminate expensive capacitors and select diocdes
that are now used in 80% of product circuitry. . . . prevents high voltage di-
rect eurrent arcing in switch equipment; increases reliability and reduces cost
to eustomer. (Professionel Jourmal/TSP, TEF 128, Case No. 1520, 10/7hk)

Model for hazerdous meterisls plume dispersal (to determine evacustion area):
developed by Lewis for the Jeint Army-Navy-NASA-Air Force (JANNAF) Safety and
Environmental Proteection Working Group. . . . used by Chemical Propulsion Infor-
mation Agency at Johns Hopkins University {Maryland), under contract to Depart-
ment of Transportation, to develop "Bmergency Services Guide for Selected
Hezardous Materials", . . . procedures for tank car spills of 30 hazardous chem-
lcals are presented, . . . almost 100,000 copies of guide have been distributed,
primarily to police and fire departments throughout the country. {Interageney,

TEF 550, 1/75)

NASTRAN (NASA Structural Anelysis Program): developed by Goddard for computer
anglysis of aircraft and space vehicles. . . . continuing progrem maintenance
servieces provided by Langley. . . . used by Langley to select reil installation
procedures for DOT's High-Speed Ground Test Center (Colorasde). . . . procedures
used to prevent buekling of linear induction motor reaction rails, . . . suceess-—
ful operations st test center sinee 1972 rail installatien. . . . used by Pull-
man, Ine,, Pullman-Standard Div. (Illinois) in 3~year project to develop new
family of open~top railroad car. . . . significaent design improvements provide
more efficient, rugged car for bulk commodity transport. . . . compsny built

new production facilities to manufacture the 7 new gondeoia and hopper car designs
« « « « major industrial and railroad firms have ordered fleets of the new cars

. « « » Pullman is world's larges%t producer of railrosd ecars. (Contact/Langley,
TEF k10, 1/75)

* Denotes transfer case related to Key Issue.

TRI-5/T5




I JR

Key Issue

B T N

M. AIR TRANSPORTATION

Aircraft reseurch snd development: Company-funded R&D in the merospace
industry cost $1.01 billion in 1971 and is projected to eost $1.15 bil-
lien in 1975; total company-funded R&D for all industries was $10.64 bil-
iion in 1971 and is projected to reach $13,95 billion in 1975. In 1971,

the total R&D aectivity by scientists and engineers was 359,700 man-years,
21% (or 75,100 man-years) was aerospece and 5% (or 18,400 man-years) wes
company-funded serospace. The civilian aircraft industry has relied
heavily on government-funded projects to develop and "prove out" new con-
cepts in aircraft design. New designs from NASA and DOD research faecili-
ties ere typically used first in military alrereft and then in civilian
aireraft in order Ho0 sustain the continued growth in performance for both
types of aireraft. Manufacturer shipments of complete eivilian aireraft
were: 14,660 wnits worth $3.5 billion in 1967 7,644 units worth $3 billion
in 1971; and (projected) 15,500 units worth $5.7 billion in 1975. About 80%
of the shipment velue is due to a relatively small number of large commer-
eial transports (480 in 1967, 223 in 1971, and 304 in 1975). Performance
advences have maintained U,3. aircraft dominetion of world markets, The
total aerospace export value hit an all-time high of $T billien im 1974
($2.8 billion for 230 large transports) end is projected to be $7.9 billion
in 1975 ($3 billien for 240 large transperts). (M-1 and M-2)




M. AIR TRANSPORTATION

-1 Airceraft design concepts: developed by langley since early 1950's to improve
military and civilian aeireraft. . . . conducted design development from con-
ceptual stage, through wind tunnel testing, to flight demonstrations for air-
eraft industry. . . . contributions significantly advanced body/wing designsg
for supersonie military aireraft, large subsonic air transports, and light

plenes. . . . srea rule of selecting body/wing cross seetion design for mini-
mum dreg is exemplefied by "coke bottle" shaped body. . . . used worldwide to

design supersonic militery aireraft, . . . air transport applications include

5 the humped cab on Boeing Co. (Washington) T4T. . . . supereritiecal wing design
§ that can increase subsonic eruise speed by 15%, or decrease fuel consumption

i by 15%, or a combination of the two. . . . also, general aviation version of

i supercriticel wing. . . . used by nearly all msjor aircraft menufacturers in
eurrent development of most new air transperts and light plenes. . . . company-
funded R&D for alreraft industry was $1 billion im 1971 (ous of $10.6 billion
total for privete R&D) and projected at $1.1 billion for 1975 {out of $13.9
billion totsl for privaete R&D)}, , . . only the electrical equipment industry
spends more to develop new products. ({Contact/Langley, 1/75)

*M-2 Aircraft design deta: obtained by Langley wind tunnel and flight testing pro-
grams, . , . tests in late 19407s and 1950's reduced swept back wing concept
(a German invention) to engineering practice. . . . design now used for all
i gir transperts. . . . tests of engine/wing zerodynamies for Air Force C-5 tranms-
; port reselved aireraft contraetor's {Lockheed) design problems in mounting new
generation of large fan turbines on wings. . . this major contribution to
{ design capabllity used to mount same generation turbines on eommercial air
transports; McDonnell Deuglas Corp. (California) DC-10 and Lockheed Aireraft
i Corp. (California) L-1011. . . . DC-10 development cost McDonnell Douglas $1
billien. . . . test facility provides basiec data whiech reduces development costs
for eivilian ané military asircraft designers. (Contact/Langley, 1/75)

M-3 Ligquid penetrent nondestructive testing training menusls: compiled for Marshall
. +» « » used to train end certify production line inspectors &t Beech Aircraft
Corp. {Kansas). . . . 80 inspectors at U4 plants. . . . very impertant in quality
eontrel, . . . second largest producer of business and utility airevaft. . . .
1973 sales about $160 million., (TB/TSP, TEF 37L, Case No. L0622, 8/7Th)}

M-k Computer displey system for Saturn prelsuanch checkout: developad for Marshall

i and Kennedy by Senders Associates, Inc. (New Hampshire). ., . . signifieent ad-
: vances in figital television hardware and softwere for computer interface sys-
: tems, . . . used by Sanders to develop commercisl product line in 1968. . . .

{ price range §70,000 to $125,000; 30 units sold by 1972, with additional sales
(unknown} since then. . . . applications include pilot training simulators,

3 flight test monitoring, and air traffiec ecentrel. . . . used in $700,000 display
portion of $3.5 million computer system for 1970 flight testing of McDonnell
Douglar Corp, (Celifornia) DC-10. . . , automated date analysis reduced total

test flight heurs from prejected 2,000 to aetual 1,250. . . . used in new Canada-
wide air traffic contrel system; multimillion dellar display portion is 75%
installed. [Contractor, TEF 99, Case No. 76502, 1/T5) .

At AT R e R
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M. ATR TRANSPORTATION {CONT.)

Inertial navigetion eguipment for Apollo and Lunar Module: developed for
Johnson by General Metors Corp., Delco Electronices DiV.-TWisconsin). .o

hardware designs end expertise used by Delco to develop aireraft inertial
navigetion equipment, Carousel IV produet line. . . . 39 airlines use Carou-
sel IV units in air transports. . . . majority of inertial units in commer-
cial sircraft are Carousel IV; standard equipment on Boeing Co. (Washington)
747, other installstions on DC-8B's, DC-10's end TOT's. . . . provides self-
contained navigation system; independent of magnetie, radio, or radar aids

and of weather or man-made interference. . . . pilot provides start and desti-
nation points; unlt ealeulates shertest course ond can sutomaticelly steer via
antopilot equivment. . . . saves time and fuel. . . . tests by a mejor szirline
proved Carousel IV to be 5 times more eceurete than standard navigation method.
{Contractor, TEF 170, Case No. L4LT8T, 1/75)

Alreraft Materisls Development and BEveluation Progrem: conducted by Johnson,
in ccoperation with FAA end aireraft industry, to develop better fire protec-

tion for passengers and aireraft. . . . testing new, improved nonflammable
materials for furnishings under realistic conditions in Boeing 737 fuselage
donated by United Airlines. . . . test results vroviding baseline data for in-

dustry te eveluate new materiamls end for FAA (Distriet of Columbia) to set
practical fire safety stenderds on csbin furnishings. (Intersgency, TEF 5h§,
Case No. 107736, 12/74)

Alrpert runwey grooving: extensive research and testing at Lengley {conecept
originated in England) to reduce mirplane skidding on wet runways. . . . pave-
ment grooves facilitate water runcoff, improve contact beitween tire and surface,
and reduce hydroplaning, . . . h0-50 runways have been grooved in ecities such
as Mlami, Atlanta, Denver, Chicago, Detroit, Kansas City, Mo., Wew York, Dellas-
Ft. Vorth, Boston and St. Louis, . ., . Washington's National was first in U.S.
{1967). . . . some have heen grooved during construction, cthers after being
cited as dangerous by the Alir Line Pilots Association. . . . grooving endorsed
by FAA, AIPA snd eirlines. . . ., pavement grooving is e $2-2.5 million industry
« + + « less than ten firms invelved in grooving In the country, e.g., Pavement
Specialists, Tne. (Texas); Cardinsl Engineering (Pennsylvania); Transportation
Safety Systems, Tne. (Ohie}; Super {ut, Tne., (Tllinois); Charles R, Wetts Co.
(Washington); €. W. Hateher, Tne. (California). {Contact/Langley, TEF 168,
Case Neos. 101916, 101917, 101918, 101919, 101922, 9/74)

Apello Cuidance Cemputer software snd Data communicatien methods: developed
for Johnseon by TRW Systems (Celiformial}. . . . used by TRW Data Systems (Cali-
fornie) to develop Validata mervice, , . . largest private computer system

used by nationwide travel industry in checking credit cards, personal checks,
airline tickets and other nen-cash payments. . . . system has 10 million credit
records in central computer. . . . over 1,200 subscriber terminels in 1bl lo-
ealities throughout U.S. {(hotels, sirline ticket offices, and 35 airports)

+ « » .« e8ch subseriber inguiry tekes less than 3 seconds to process and sub-
cription fee per inquiry renges from 2 cents (ticket) to 8 cents (perseon=l
check). . . . over 11 million inguiries processed sinee 1972; responsible for
stopping bad credit transactions worth $8 million. . . . caused@ major reduction
in use of stolen tickets. . . ., subscribers include: {airlines) Continentel,
Fastern, Hughes Alr West, Japan, Lufthansa, Mexieana, Northwest, PSA, Qantas,
TWA, Western; {car rentel agencies) Hertz, National, Budget; and (hotels) Holiday
Inn, Marriott. . . . credit date from service also used in American Airlines
a?d L)Inited Airiines reservation systems. (Contractor, TEF hé5, Case No. 104260,
1/75
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¥, AIR TRANSPORTATION (ONT.)

Combustion analysis computer presram: developed by Lewis, . , . used by
General Motors Corp., Detroit NMiesel Allison Div. (Indiana) to anslyze
turbo-prop aireraft engine product designs. . . . dally spplication in
research program to reduce air pollution from engines. . . . benefits in-
elude convenience, speed of calculation, aeccuracy and lew cost. . . .
major producer of turbo-prop engines. (Professional journal, TEF 463,
Case No. 103h0R, 9/7L)

Friction characteristics of grephite and graphite-metsl: developed for
Space Nuclear Propulsion Office. . . , used by B.F, Goodrich Co, (Ohio)
in suecessful R&D project related to brake produects for commercial alr-
craft. . . . used by Dover Corp., Cook Airtemic Div. {Connectieut)} to
develop prototype produet for aireraft gas turbines. . . . prototyve
graphite-nickel valve rings succossful in flight and ground tests on
Eratt & Whitney JT¢ turbines. {TR/T8P, TEF 555, Case Nos. 51732, 73582,
/75)

Relevant Examples:

B-2 and P-2 {aircraft vroduction quality control); B-i0 (fraeture
toughness tests): 0=3 (RPogalle wing); =T (life raft); P11l (air-
ereft galley refrigerator); G-10 and I-1 {(airport construction
management ); K-1 {pavement groover): 0-5 (NDT training service);
0-7 (technicien training)
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N. INSURANCE, BANKING, AND REAL ESTATE

Eleetronie funds transfer: The number of commerecisl banks has'rémaine&'

~at about 14,000 since 19463 the number of bank branches, however, in-

creased from 14,000 in 1960 to slmost 27,000 in 1973. The total demand
deposits have increased from $248 billion in 1970.to $322 billion in

1974 and are projected to be $383 billion in 1980,  An estimated k0 bil-
1lion checks will be written in 1980 on one kind of demand deposit--=the
checking account. A 1968 survey of almost 1,000 banks indicated that com-
puter autemated funds transfer was being used by T1% for demend deposit
sccounts and by 527 for time deposit accounts. A 1969 survey of 40 banks
found thet the use of a computer for demand deposit operstions reduced
personnel requirements by 10-67%. The use of sutomsted, tellerless bank
facilities is inereasing rapidly due %o the competition between banks in
providing greater customer convenience and te the availsbility of satis-
factory commercial systems. A national automated cleeringheuse for inter-
bank exchange of paperless entries is under active consideration by the
American Bankers Association. (N-1)




*N-1

N-2

N-3

N-b
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N. ZINSURANCE, BANKING, AND REAL ESTATE

Apollo Guidance Computer software and Data communication methods: developed
for Johnson by TRW Systems {California). . . . used by TRW Data Systems
(California) to develop computerized Ffinsncial communications systems for
banks, savings and loan associatlons, snd the Federal Reserve System. . . .
mejor producer for new generation of on-line equipment for secount information,
automatic funds transfer, and tellerless banking. . . . advantages include 30%
faster transactions, repid installation and servicing, guick teller training,
and elimination of elmost sll nmormel teller entry errors. . . . market for such
systems growing exponentially, and TRW has 20% shave. (Contractor, TEF LéS,
Case No, 104260, 10/Th)}

Videotape storage and retrieval system: computerized system developed for

Marshall by Ampex Corp. (California)., . . . NASA waived patent rights on key

tape transport mechanism to Ampex in 1963, . . . improved and commereialized
by Ampex as Videofile System. . . . & single tape reel stores reecords from 10
four-draver file cabinets. . . . total sales $23 million. . . . American
Republic Insurance Co. {Towa) installed Videofile in 1972 for all insurance
records. . . , provides claims and rate analysts with immediate access to rec-
ords. . . ., system is faster and minimizes chance of error, (Contractor,

TEF 226, Case Ne. 66201, 8/Th)

Computer program translating guide for FORTRAN (on differsnt computers): devel-
oped for Langley. . . . used by Computer Directions Advisors, Inc. (Maryland)
to convert In-house programs for use by clients using different types of come
puters. . . . programs pert of investment research services for institutional
investors. . . . guide increased service capability and reduced operating costs
« « + . used by Price Waterhouse & Co. {New York) to comvert an in-house sta-
tistical analysis program for use by its 300 worldwide field offices when
condueting on-slte audits for elients. . . . use of program inereases reliabil-
ity of auditing serviees, providing company c¢lients with more thorough audit

. - - . used by Feonomics Research Associates (Califernia) as reference for
running in~house economic model programs on three different, time-shered com-
puter systems. . . . company's economic medeling serviees used for large-scale
land development and recreational projects. . . . sntieipated $2,000 savings

in future when programs aré fully converted. {(Trade journsl/TSP, TEF 527,

Case Neos. 102198, 102294, 102924, 1/75)

Bafety yoke for genstruction workers: developed for Kennedy. . . . used by
insurance companies to provide eustomer services and reduce industrial acei-
dent claims, ., . . Industrial Indemity Co. (Califormia) distributed copies

te eclients in construction Industry. . . . at least two elients are using
yoke. . . . compeny writes $300 million worth of insurance anmuaslly. . . .
Employers Insurance of Wausau (Wisconsin) distributed coples te its construc-
ticn safety speelalists., . . . specialists now advising industrial elients

to use the yoke, , . . company writes $400 million worth of insurance annually.
(Trade journal/TSP, THF 103, Cese Nos. 10323, 18072, 12/7L)

* Denotes trensfer case related to Key Issue.
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N. INSURANCE, BANKING, AND REAL ESTATR (CONT.)

Microbiological Hendbook: compiled for Marshall. . . , used by insurance
companies for industrial customer services and aceident claims reduction

+ + + . Commereial Union Assurance Co. (Massachusetis) used handbook to
prepare manuels and training programs for regional office field engineers
whe lnspect policyholders for safety regulation compliance. . . . Employers
Insurance of Wausau branch office (New Jersey) used handbock to so ve prob-
lems for two pelicyholders. . . . eliminated dermatitis claims with new
decontamination procedure for industrial plent and implemented new sterili-
zation procedure for hespital, . . . importent industrial hygiene reference
« « » o Liberty Mutual Insurance Co. branch office (Georgia) alse used hand-
book as industrial hygiene referesnee. . . . provided industrial polieyholder
with new decontamination procedure. (Profesasional jJournal/TSP, TEF L02,
Case Nes., 58500, 61395, 87001, 12/7h)

Hazardous meterials safety handhock: compiled at Lewis. . . . used regularly
by Shelby Mutual Insurance Co, (Ohie) in loss prevention serviee for indus-
trisl pelicyholders. . . . handboock and numerous TSP's reeeived by company
over last T years have been very useful in program for cross-training service
representatives and adjusters. . . . program goal 1is to reduce number of eme
ployees needed to write $1 million worth of insurance from 19 down to 10

+ + . . management TSP's used by company president. . . . approvriste proecess
TSP's forwarded to industrial c¢lients. . . . company writes $71 million worth
of property and casuelty insurasnce annually. {Contact/Lewis, TB/TSP,

TEF 250, Case No. 13315, 8/7L)

Flammability tests of home furnishings: eenducted for TUO by Battelle
Columbus Leboratories to compare performance of serospace materials with
conventional furnishing materials in full-scale bedroom fires. . . .
report used by Factory Mutusl Research Corp. {Massachusetts) to design a
full~scale, flame-spread test for residential units; part of applied
research program for the Factory Mutual Insurence System. . . . used by
Liberty Mutual Life Insurance Ce. {Illinois) to provide field inspectors
in midwest division with information on new, nonflammebls aerospace mate-
rials; information intended for use in condueting better analyses of
building and reom cembustibility. . . . 2lso used by Msxrsh & McClennan
Insurance Brokers (New York) to provide selected elients snd field inspec-
tors with data on the mew materiels. (Contact/TU0O, Professional society,
TEF 539, Case Nos. 107052, 107053, 10705k, 1/75)

Relevant Exemples:

G-2 (lend use planning); G-5 (land use law suit)




0. EDUCATION

Overview of benefits to education teken from The Impaect of the Space Age ¢n Educa-
tion in the United States, Staff Report prepared for the use of the Commitiee on

Astronautics and Space Sclenees, United States Senate, November 2, 1972.

DRI~-1/75

[Introduction]". . . perhaps the most important and lasting impact of the
entire space effort im the United Stetes is and will continue to be in the
field of education, the field from which the space age was born. . . . Many

educators agree that the space endeavor has steadily upgraded the education-
al system in America., Initially, this upgrading wes centered in the sciences,
but gradually it spread over much broader aress in order to balance the empha-
gis in all fields of learning. In all, it is hard to imagine a school system
that hes not been affected by the space effort. In these days of orbiting
satellites and manned missieons into space, teaschers must be ready to explain
what causes a satellite not to fall end how a men can walk in space so easily.
Teachers of many different subjects must be gble to work with students who
inguire about the practical applications of such subjeets te space activities.
s « o Sputnik assuredly solidified the receguition of the weaknesses in Ameri-
can education and served as a catalyst in generating the resources for improve-
ment. During the ecourse of the dramstic events that followed, a thorough
analysis of the educetional system took place as a necessary step toward pro-
dueing the highly competent scientists needed for the United States to regain
its position of world leadership in the new era.

[Elementary =nd Secondary Bducetion]". . . Before Sputnik, the need for curricu-
lum revision in the elementary and secondary schools wes recognized by only a
few people, and, ag a result, the resources available to make signifiecant
changes were sparse. . . . the traditional methods of methemeties education were
not meeting the new demands of a technolegical society:; and this faet became

a grave matter for thought and subseouent action. After mathematics, educa-
tors were concerned with upgrading foreign languege instruction and seience
education, particularly the physicel end biologieal seciences. The secisal
seiences lagged miserably behind and had to be improved, but by 1966, they

were only at the level the natural sciences had been nearly a decade eariier.
During 1965, attention began to be concentrated on the humanities in order

to have a completely well-rounded educational curriculum in the United States.

. + « "The currliculum reform effort was generally marked by a substential re-
vision of content, a reorganization of subject matter, and the adoption of
many fresh approaches to methodolegy in traditionslly tsught schoel courses.
In general, the overall trend was toward the introduction of speciel eocurses,
the use of new subject matter materials, increased use of students' interest
in space-age ideag and infermation, and provision for improved coordination
of clsgs instruction from the kindergarten up to the twelfth grade. Since the
various currieular meterials were planned by top-flight physieists, mathemati-
cians end historiasns, students were therefore encouraged to think as did the
scholars, . . . As early as 1960, a new topiec was introduced inte several
school systems--serospace and all of its ramificatiens. . . . The sublect

of aerospace was of'ten taught as part of an astronomy mmit or course, or
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0. TFDUCATION {CONT.)

integrated in other fields; but sometimes the subject stoed alone as a field
to be studied. ., . . [NASA] played a key role in developing source materials
for teachers of all grades in space-~oriented mathematies. . . . to assist tea-
chers in bringing to their students a comprehension of space and the problems
of its explorstion by using the mathematical skills the students already pess-
essed or were in the process of learning. Such topies taught inecluded data
treatment, a new numeration system, scele drawing, and space time. . . . The Edu-
cational Programs Division of [NASAl. . . undertoock to prepare and meke avail-
able space-related currieculum supplements for secondary school teachers of
fifferent science subjects. The supvlement on biology is the only science re-
source unit published through 1969. But the pattern is expected to be similar
in all scilences. The other curriculum supplements sre in mathematics, physics,
chemistry, space science, and physicel science, ., . . tryout and evaluation ef
the NASA supplement on space biology for high school students, wes conducted
during the summer. of 1967. This experiment was deemed & success and the course
went inte various school systems.
", . . Many basic general science textbooks
devoted whole units or chapters on space study. Examples inelude a T3-page
it entitled "Instruments and Technigues for Space Study” from the sixth grade
text Science and Life used in parochial schoels. . « A 95-page resource unit
entitled Explering Space was provided for in a physical science course in the
secondery scheel curriculum for the New York State Edueabicn Department. Such
toplcs as the earth's atmosphere, exploring space from the earth, apnd exploring
outer spece were included. . . . [in 1957] there were 177 inexpensive paperback
books on science in print; 5 years later, there were in excess of 900. The
educational Journals published in the United Stetes contained an average of 340
articles on science education in esch year between 1948 and 1954; but then, for
the 4 years after 1957, thils yearly average rose to 535. In the nonprofessienal
magazines prier to 1958, there appeared epproximately 20 articles every year
on science educstion. For the next I years, however, the same magazines aver-
aged 151 articles annually on science education. . . . [a 1961 survey of the
State Supervisors of Seience in 50 states and the Distriect of Columbia] revealed
optimistic trends in space education throughout the United States. Sixty per-
cent of the replies indicated that States had introduced courses of study in
the area of earth snd space seience inte their school ecurriculum. . . . T5 per-
cent reported that courses in earth and space science would encourage more
eapable students to enter these study areas in college.

", . By 1968, such
polished courss materimls as the "Lincoln Plan, Intreducing Children to Space”
was produced by the Lincoln, Nebr., Public Schools for grades kindergaiten
through six. Another example of space instruction was developed in the Penn-
sylvenia Barth and Space Seience Improvement Program by the State's Department
of Publie Instruction for elementary and secondary levels. . . . basic trends
have taken place in secial studies curricnla te introduce space age topies. . . .
inereased use of newspepers, news meagazines, and current events weeklies in the
elassroom. Through these materials teachers taught the most important teples
of the space age which included scientific change, political and economic devel-
opments, and soecial problems, . . . addition of new study topics on the space
age in soeinl studies programs, especially at the junior high school level.
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For example, a seventh grade geogrephy coursgse would offer such topics as:

The World-.Its Flace in the Universe, Our Earth in Space, Space-Age Geography,
Loeal Industries Related to the Space Age, the Space Age of Tomorrow, or Space
Progress in Foreign Affairs, . . . Much of the widespread attention given to
seientific activities and toples wes evidenced by the growth of memberships

in young people's scientifie assoeiations and programs. The Young Engineers
and Selentists of America was chartered im 1959. As of 1965, it had 250 chap-
ters in 36 States and 7,500 students as members. The Junior Engineering and
Technical Society, chartered in 1958, had as of 1965 a total of 100 chapters
in 46 States and a membership of 35,000. The Junior Science and Humanities
Symposia program, initiated in 1958, as of 1965 hed a total of 6,000 students
participating in 20 States, The Sclence Clubs of America program included more
than 25,000 clubs enrolling close to 650,000 students in every State. . . .

an important and continuing resource in space age education are the lectures
in variour :reas of aeronautics and space, These include lecturers supplied
by the Nat:.onal Aeronauties and Spece Administration. In addition, there are
other private and public speecialized resources and free direet agsistance such
es NASA publicaticns, films, video tapes, exhibits, field trip opportunities,
and aid in planning, organizing,., and eonducting institutes and courses, These
services and aids have been invaluable to educaters and their students.

[Higher Bdueation]. . . Changes in college currieule have been widespread in
colleges and wniversities at both the undergraduete and graduate levels. Much
has been done in curricule revision to relate the liberal or general education
of students to the space age. For example, many traditionsl first and second
year courses were found to be below the level that newly admitted high school
students needed because of their previous upgraded education. Because of this
situation, colleges found it necessary toc step ur their courses and make them
more relevent to the world of the space age. Most major colleges end universi-
ties heve programs or courses In space sgciences and related fields. As of 1968,
8 total of 80 institutions offered courses leading to degrees in some kind of
space~relgted field, Some professional schools such as those granting degrees
in lsw end medicine, offer courses or materials relating to space in commection
with treditional ecourses. Perhaps mere important, however, is the impact of
the expansion of research activities related to space problems in the universi-
ties with substantial governmentsl support. This expansion is also reflected
in new bulldings end equipment, school and depertmental reorganizations, and
changes in administration and services.

". . . In 1959, NASA provided a total
of only $3 million to support research in colleges and universities. By 1966,
the emount hed jumped to $128 million. The major spurt took place in 1962,
when NASA Initisted its Sustaining University Program., The funds from this
progrem were allocated for supporting graduate traineeships, campus research,
and new facilities., In the first decade of the space age, NASA mede direct
contributions of nearly $700 millieon to over 200 universities and colleges
seross the United States. Nearly $500 million of this total was for work
in direct support of specific space projects.  The other $200 million went
into student grants and into new or improved laborstoriés and other research
and teaching facilities, Another striking swing is evidenced by NASA's
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allocation of $2 million to support predoctoral training. By 196k, this agency
was spending $20 million annuelly to produce highly skilled specislists demanded
by the spece age.

[Educational Television Satellites]", . . The idee of using satellites as a tool
in education was first put forward st the 1960 General Conference of UNESCO by
the French philospher, the late Gaston Berger. . . . The seilentific advances

and developments being mede possible by the use of satellites and other features
of the United States space effort have induced changes in this country's patterns
for doing and for living. The rapid rate in which these changes are coming gbout
is the dominant faet of the era of the space age. . . . What has been and is
being asccomplished. . . gives education new frontiers and new dimensions. . . .
space commimmications properly employed can enhance the possibility for educetion
to win the race with time, especislly in the developing countries, Traditionel
srhool systems recently have been expanding at = remerkable rate, but the addi-
tien of space communications in the countries not yet served would permit a wide
geographicael extension of impreved education. Continuing educetion all ever the
world end mass education in the developing countries emerge as systems in which
the teacher and the pupil are necessarily separated from one another because of
distance, the deficiency of schools, or the dispersion of classes. . . . Eventu-
ally, satellite television could give every classroom a window to the world,

[Conclusicn]". . . in the words of Vice President H. Humphrey in 1966: 'The
space age has placed s premium on knowledge and education. It has also forced
us to adopt higher standards throughout our soeiety.'. . . The spece age has
mecovered s wealth of knowledge by creating an atmosphere where education is
sought after and highly respected. And with this came a recognition of the
need for better teacher-training to meet the requirements stemming from the
expanding role in our soeclety of such subjects as methematics, science, and
technology with a growing emphasis on subjeet matter as well as on educational
techniques. . . . Every level of organized education has directly or indirectly
requested NABA fto help satisfy an amazing thirst for informetion about space
seience and technology.

. « . [Children of the space age] "feel all the educa~
tional pressures placed on them in this era, These range from pressures exper-
iénced as the result of a tougher elementary curriculum to these of getting into
college and going on for graduate degrees., However, they may experience an
inner eonflict. On the one hand, they expeet and want much more from the ad-
venced and sovhisticated techrioclogical space age society to improve our global
social strueture and well-being. On the other hand, they desplise the mechanical,
dehumanizing rapid pace of soeciety which appeers to them to overlook werld prob-
lems such as poverty and to provide the wherewithall to over-meddle in the world
political problems. . . . Newsweek's July 7, 1969, issue. . . featured an article
entitled 'The Moon Age'. . . lwhich) said in part:. . . Children find space ex-
plorstion about as miraculous as the television sets they watch it on. Why does
man g to the moen? Beeause it is there. Where? Right there, on Channel 2,
and can I please stay up & half hour lste topight to see if the astronauts find
snything good on the moon when they get there?. . . No American child worth his
galt, pepper or Pablum has any doubts that they'll get there (the moon), How
far, after all, is the moon from the earth? Precisely the same distance as
Vietnamr—across the living room."
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Flight path simuletor: developed st JPL to show interplanetary satellite
flight paths. . . . patent rights waived to Californis Institute of Tech-
nology. . . . licensed by Cel Pech to Hubbard Sclentifiec Co, {(Illineis)} in
1968, . . . company commercialized the invention as a Plenetary Celestial
Globe product, , . . 1,000 globes sold et $60 each. . ., . globes used in
Junior high schoodls to illustrate interplanetary motion. {lLicense/contrac-
tor, TEF 154, Case No. 106372, 12/7h4)

Hybrid eomputer: purchased by Aerojet<General Corp. (California), while
under contract to Lewis and Space Nuclear Propulsion Office, to simulate
space nuclesr power sources. . . . used by Aerclet in 1967 te design com-
puterized anestheslology simulator, BIM I, for the University of Southern
Califernia. . . . USC held. contract from HEW to develop the simulator. . . .
SIM I provides medicgl students with "hands on" experience in performing
endotracheal intubation, a vital respiration procedure involved in T5% of
gll operations. . . . computer used to simulate interrelsitionships between
life signs, enabling SIM I to exhibit variety of life~like resections to the
respiration procedure. . . . original unit used daily for 8 years by USC
medical students. . . . Sierrs Engineering Co. (Californis) licensed by USC
to menufacture commercial version of the simulator. . . . Aerojet and Sierra
working with USC to develop SIM II, a porteble model designed for use in
e7er§ency mediecal training programs., (Contractor, TEF 528, Case No., 106373,
/75

Phonocardiogram simulstor module: developed at Kennedy to calibrate astro-
naut menitoring instruments. . . . module supplied by Kennedy to University
of Kentucky. . . . used in prototype mother/child birth simulator developed
and patented by the University; NASA module imitates bsby heartbeat which

can be varied to simulate different childbirth conditicens. . . . simulator

an imporitant component of the University's College of Nursing self-instruetion
laboratory. . . . 200 nursing students received childbirth training with this
prototype. . . . &lso, students at lLexington Community College (Kenmtucky)
gained similar experience with portdble version of simulator. . . . use .f
birth simulator eliminates tension caused by live birth training. . . . NABCO
(Wisconsin) licensed by Xentucky to menufacture simuister. . . . 1975 produe-
tion planned tor $500 unit for trainming high school students, fire and police
department personnel. . . . 1976 production planned for more complex models

in $1,000 to $1,500 renge for peramedic and nurse training. . . . need for
medicel training simulators is increasing because national medical programs,
such as Medicare, sre reducing number ol patients who are willing to be treated
by supervised students in order *tn vergzive free medical services. (TB/contact
with Kennedy, TEF 2Tk, Case Wne. 82701, 107062, 12/7h4)

Soldering school: held st Ames. . . . center provides facilities, books,
materials, sand some instructors %o train people in high quality soldering

of electronic components. . . . 4-week course for experienced personnel,
6-week course for beginners., ., . . 635 people trained since 1963, . . . totel

ineludes NASA, DOD and contractor personnel, as well as high school shop in-
structors and students (32), Mountain View High School Adult Education (Cali-
fornia) participants (16), and Neighborhood Youth Corps (California) enrollees
(22). . . . NABA certificate, given on completion of course, virtuslly assures
employment as electronies solderer. (Contact/Ames, 1/75)




N

ey B

SE——)

A e e s o et Tt

DRI-1/T%

0-5

0-6

G-7

0-8

0-9

1 R ORIV R ol

0. EDUCATION {CONT.)

Nondestruective testing training msnugls: developed for Marshall by General
Dynsmies Corp., Convair Div, (Californiz). . . . used by Conveir sinee 1967
as basis for commercial NDT tralning service. . . . 3-week course for l2
enrollees offered once = month; covers five major NDT areas. . . . tuition
is $725 cach, ennual revenue to Convair sbout $100,000, ., . . most students
are manwgement personnel from industries such as eleectrie power, aireraft and
NDT equipment. . . . students have come from 25 countries. {Contractor,

TEF 1k, Case No, 53871, 8/7h)

Component degradation analysis technigues: developed by Marshall, . . . used
in graduate ecourse at University of Illinois. . . . NASA documents on failure
modes and effects, as well as related R&QA topies, form major part of eourse
bibliography. . . . MNASA personnel from several field eenters assisted profes-
sor in developing e«tensive bibliography. . . . 35 students have completed
eourse and many now work in industry. . . . one of first academic courses
offered in nation on prevention and analysis of system failure., (TB/TSP,

TEF 4Tk, Case Ho. 6576L, 12/7L)

Methods for using optieal instruments: compiled by Mershall. . . . used at
Milwaukee Area Technical College {Wisconsin) as text meterial in two photo-
optical courses, , . . fulfills need for text on instrument techniques, pro-
viding students with better training. . . . two-year assoclaie degree program
.« « . . graduates take technician Jobs using high sveed photography or holog-
raphy with such companies as General Motors Corp. and United Aircraft Corp.
(TB/TSP, TEF 529, Case No. 91985, 1/75)

Computer program translating guide for FORTRAN (on different computers}:
developed for Langley. . . . used by Central Washington State College Comput-
ing Center (Washington) to convert programs for new computer. . . . reduced
conversion time and saved #1,000. . . . Center provides academic computing
services, (Trade journal/TSP, TEF 527, Case No., 102158, 1/75)

NASA scientific end technieal informstion: made available by Educstion O0ffice
st Kennedy., . . . used by Florida State University in several innovative educa-
tion programs, as well as special libraries for student projects, . . . eppli-
cations include an undergraduate course, an Industrial Arts Program in
university's primesry/secondary school laberatory, development of working models
for use as teaching aids, and development of occupation descriptions for distri-
bution to Florida county school systems, . . . since 1967, 200 students have
taken the undergraduate course which presents R&D methodology by means of re-
search projects. . . . 150 secondary school students currently involved in
Industrial Arts Program where they learn R&D techniques by designing end build-
ing things such as fluidie ecircuits and motorbike heating systems. . . .
teaching aid models for fuel cell, solar panel, and rocket car are being devel-
oped by program staff and Scott Engineering Sciences (Florida). . . . Scott
will market the models as edueationsl produwets. . . . descriptions of 150 dif=-
ferent occupations, including astronaut, develeped by university, with state
funds, for distribution to 67 county school systems. . . . 25 industrial arts
+eachers from across the nation attended 1967, 1968, and 1969 summer institutes
at Florids State University, with U.3. Office of Educetion funding, to explore
use of space technology Tor industrial arts education. (Contact/Kennedy,

TEF 311, Case Wo. 35912, 1/75)
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0-10 Experimentel multiple~use communications satellite (ATS~6): developed for

Other

DRI-5/75

Goddard. ., . . launched May 30, 1974 intc geosynchronous orbit. ., . . pro-
vides high power density communication link from central ground transmitting
stations te low-cost receivers in selected rural aress, . . . voice communi-
cation from receivers back to control ecenter is established with inexpensive
transmitter and ATS-1 or ATS-3 satellite. . . . used by HEW in Health/Educa-
tion Telecommunications (HET) experiment for the delivery of such services

to remote regions., . . . eeting for HEW, the Federation of Rocky Mountain
States {(Colorado) coordinetes experiments in Rocky Mountain region, Alaska,
and Appalachian region. . . . 285 part of experiment, demenstration projects
conducted by Federation, Indian Health Service (Alaska), Appalechien Regiomsl
Commission (Distriet of Columbia), University of Washington's WAMI Frogram
(Washington, Aleska, Montanz and Idaho), and more than 15 other heelth snd
education ageneies. . . . project epplications include medicel training, tele-
conferencing, and diagnosis; career education, continuing eduecation, and in-

‘service teacher training. . . . projects developed TV programs for the

different applications. . . . for example, in the WAMI Program, satellite
provides communication for medical education and conferencing between Univer-
sity of Washington medieal faculty in Beattle and thelr medicel students at
universities in the four states, as well as doctors at rural Community Clini-
eal Units secattered over T00,000-square mile area. . . . another example,
1,500 Junior high sechool students at 56 remotely located schools in 8 Rocky
Mountain states receive career educetion TV progrems from Denver; students
communicate hetween schools and with Denver instructor, . . . important edu-~
cational benefits cited by students, teachers, and citizens in these remote
commmities. . . . sateliite will be moved in 1975 to broadcest educational
programs to 5,000 rural villages in India as part of that country's effori to
reduce illiteracy. . . . V.8, groups now promoting development of educationsl
satellite network. . . . more thaen 80 representatives from colleges, govern-
ment agencies, publishing houses, and HET prolects formed the Public Service
Satellite Consortium to coordinate distribution of efucational programs and
to ecmpile list of potential users for satellite network. {Interagency,

TEF 530, Case No, 107035, 1/75)

Relevant Exemples:
A-T (opticel training manual}; F-6 (sanitary techniques training manual)};

H-9 and M=-3 (NDT training manuals)}; N-5 and N-6 (insurance representative
training); P~12 (reading tool for the blind)
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P, HEALTH SERVICES/REHABILITATION

Heart pacempkers: More than 50% of all deaths in the U.S; are due to
cardiovasculer diseases, which claimed over 1 million lives in 197h.

By the early 1970's, heart problems had forced 3.6 million Americans

to limit thelr activities. Heart pacemakers were introduced in the
1950's to rehabllitate patiénts with cne type of heart problem: com-
plete heart block. This is a melfunction of the neurcvelectrical control
system for heart muscles and is cne of the major causes of fatal heart
attacks, A pacemaker generates an electrical pulse that rhythmically
stimulates the heert muscles to contract regularly. The three pacemaker
components are: a battery-powered pulse generstor, a stimulating elee-
trode, and electrical wiring leeds. In 1952, the first pecemeker was
attached to the outside of the patient's chest. In 1958, a pacemaker
electrode was placed, for the first time, direetly inside the right
ventrical of the patient's heart, and the electrical leads passed through
the skin te an external pulse generator. Since 1960, the pulse genera-
tors have been implanted under the skin, outside the rib cage. RBetween
1960-1972, 120,000 pacemakers were implanted in Americans; 90,000 of
these patients were still living in 1972, Some patients have such severe
heart deterioration that 10.15% die within a year after the pecemaker is
implanted. Those who survive the first year usually live at least 5 years.
Pacemakers cost between $1,200 and $1,800 each., For most pacemakers, the
battery pack or the entire pulse generator must be surgically replaced
every 2-3 years, The replacement pack costs $200 and the operation costs
$1,500. Recent advances in the batteries and cireuitry for newer models
have increased the replacement peried to 3~6 years. Two new models in-
creased this peried even more: a radioisotope-powered unit (5-8 years)
and 8 rechergesble unit (10 years or more). Two additionel problems

with most pacemeker designs are size, which has been too large for use

in children, and malfunction due to microwaeve radiation. (P-5 and P-6)
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High purity, high strength carbon (processes to make vitreous carbon):
developed for Marshsll by Rocketdyne for reentry heat shields and rocket
nozzle liners. . . . former Rocketdyne employee developed product line

of rehabllitetion devices now marketed as Biocarbon by Bentley Labora-
tories, Inec. (Celifornia). . . . material provides best available combi-
nation of strength, lightweight, and physiological compatebility for
implanted devices; combines with skin and bone to form permanent body
plug-in. . ., . TUO partially funded successful experiments at Rancho

Los Amigos Hospital (California) to develop implant appliecations. . . .
artificiel limb ettachment sockets implanted in bone; this direct skeletal
attachment improves wearability of prosthetic devices (also uses releasse
device originally designed for Saturn rocket release unit). . . . carbon
socket satisfies long«term goal in artifieciel limb development. . , . also
implented in skin to pass wires through tc implanted electrodes that re-
lieve muscular pain by direct eleetrical stimulation., . . . chronic lower
back pein relieved for nine petients in experimental program; major ad-
vance in ability to treet chronic back pein. . . . other clinical aspplica-
tion experiments with Blocerbon inelude blood eccess devices, dialysis
machine attachments, and ecatheters. . . . also used by Vitredent, Ine.
(California) to develop false teeth for direct implant in Jaw. . . . new
produet used in successful experimental appliecation at University of
Southern Californie School of Dentistry. (TUO-Applieations Projects,

TEF 59, Case No. 37428, 1/75)

Composite meterials: developed by Langley for spaceeraft, airereft, and
rocket motor applieations. . . . used in two BATeams projects to design
lightweight leg breces. . . . heavy, metal brace components replaced by
molded composites. . . . prototypes tested at Coastal Center for Mental
Retardation (South Caroline) e=nd Mississippi Methodist Rehabilitation
Center (Mlssissippi). . . . brace weight redueced by over 50%. . . . new
braces improve mobility and are more sttractive, . . . easier composite
processing methods and cost reductions being developed to facilitate
widespread availability of improved braces. (BATeams, TUO-Applications
Engineering, 1/75)

Polyurethane-gilicone plastic foam: developed for Ames Integral Passenger
Afreraft Seat Progrem. . . ., contrector employee formed Dynamic Systems,
Ine. (Worth Carolins) to market the material under trade name, TEMPER FOAM
« « « » BATeem identified initisl medical application, bed pads for long~
term patients. . . . ecaused sharp reduction in bed sores. . . ., each bed
sore inereases hospitalization costs by over $5,000; medical insurance
typieelly allows 25% of expected expense for spinal injury cases to be for
bed sores. . . . BATeams assisted In developing other applicetions which
now include wheelchelr cushions, srtifieial limb socket lining, and finger
splint padding for patients with hand burms. . . . treatment of burns thus
improved, (Personnel/contractor, BATeam, TEF 570, 1/75)
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P. HEALTH SERVICES/REHABILITATION {CONT,)

Mobile Autometed Metabolic Analyzer (MAMA): developed at Marshall as TUO
project using Skyleb astronaut monitoring instruments. . . , now used in
experimental program to measure energy expended by orthotie-equipped patients
at Spein Rehabilitation Center, University of Alsbams School of Medicine, an
HEW Social and Rehabillitation Services resesrch and training fecility. . .
patient walks beside instrument cart rather then on the standard tresdmill
vhich disabled petients cannot easily use. . . . provides resl-time dats,
under realistic econditions, for respiratory gases, EKG and veloelty. . . .
previous monitors measured only cumulative dsta for geses. ., . . new data
valuable in evalustion of treatment proecedures and patient-assist device
designs. . . . also includes Lunar Rover technology in design of battery-
powered cart, (TUO-Applications Fpgineering, 1/75)

Nieckel-cadmium bettery technolo developed for Goddard by Johns Hopkins
University {Meryland) for rechargeeble spacecraft batteries {e.g., Small
Astronomy Satellite). . . . used by Johns Hopkins to develop its patented
rechargesble cardiac pacemaker. . . . six-year research effort funded by
the University's School of Medicine, Baltimore City Hospitsl (Maryland},
and Heart Asseeistion of Maryland. . . . Pacesetter Systems, Tne. (Cali-
fornia) licensed by university to produce wnits. . . . first human implant
for the product was in 19733 1,200 implanted to date. , . . unit, with
briefcase-sized recharger, costs $1,800. . . . provides rhytimic eleetrical
stimuli to contract heart muscles and rehabilitate patients with intermit-
tant complete hesrt block, one of mejor causes of fatal heart sttaeks. . . .
rechargeable feature allows 10-20 years of relisble use, comparad to 2-5 years
for other units, before replacement surgery is regquired at a cost of over
$1,500 per replacement, . . . weekly recharging takes 90 minutes . . . .
patient anxiety about pacemakers reduced becsuse recharger indicates whether
unit is working properly. . . . current TUO-funded project at Goddard and
Johns Hopkins to incorporate hybrid cirecuits in wnlt will further raduce
unit's size and improve other features. . . . small size is required for
children; improved cosmetie feature for adults. . . . new model will be
implanted in 1975. . . . first total implant was in 1960; as of 1972,
120,000 pacemakers had been implanted in American petients. {Contraetor,
TUO-Applicetions Fngineering, TEF 531, 1/75)

Thick-film hybrid cireuits and Mereury/zinc battery technology: dJeveloped
for Goddard and Johnson by General Electric Co, (New York and Pennsylvenia)
« + + . used by GE to develop heart pacemaker product line, . . . over 4,000
units implanted since 1972. . . , current models pruvide k-6 years of
reliable electriecal stimulation to rehabilitate people with certain types

of coronary heart disease. ., . . unit size reduced by 25% because hybrid

eircuits improve electrical efficiemncy by L5% and reduce interconnections
by 50%. . . . recently improved batteries have 50% greater capacity than
conventional mercury/zinc batteries, {Contractor, TEF 531, Case No. 106952,
1/75)

¥ Denotes transfer case related to Key Issue.
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P. HEALTH SERVICES/REHABILITATION {COLT.)

Artificiel hend: developed for Marshaell by Rancho Los Amigos Hospital
{Celifernia). . . . includes unique finger control capability which enables
amputee to pick up and operate standard pewer tools. . . . available com-
mereielly from General Teleeperators, Ine. (California). . . . impertant
c7nt§ibution to vocational rehabilitation for hand amputees. (Contractor,
/7%

Control switech: develeped Ffor Marshall so immeobllized astreonauts could
operate controls by eye motion. . . . BATeam developed digital controller
{1inked to eye switch) for rehcbilitation enviromment. . . . Rancho Los
Amigo: Hospital (Californis) and Veterans Administration Prostheties Center
{Wow York) developed breath-actuator so that switch ecould be used with
rehsbilitation controller design. . . . allows paralyzed patient te control
television set, book page turner, b»2d positien, lights, and other objects

. « » . prototype breath-actuated system developed with TUO funding at
Funtsville Hospital {Alsbama). . + + hospital project leader joined Scien-
tifle Systems International (Alshama) where he developed new product based
on prototype unit. . . . product, called Nu-Life, sells for %200 to $h,000

per unit, depending on accessories. . . . higher price includes a miniature
computer with eapaelty for 99 eontrol funetions. . . . 17 so0ld since March
187k, . . . preduct also generating interest by foreign rehsbilitation

centers and hospitals. (BATeam, Personnel/TU0-Applications Engineering,
TEF 159, Cese No. 108483, 3/75)

Horizental shower: developed by Ames for use in long-term bedrest studles
related to lengthy space missions. . . . unit consists of horizontal water-
tight compartment with multiple shower heads. . . . eurrent TUO preject

ta evaluate 2 design variations for bathing bedridden patients underway

at Paleo Alte Veterens Administration Pospital and Stanford University Fos-
pital {both California). . ... commercial versions being developed at
Diamondhead Industries Ine., (Wew Jersey) snd General Telecperabors, Inc.
{California), . . . sponge baths now administered by nurses are time con-
suming, diffieult, and not thorough. , . . new shower design eliminates
these preblems and increases theraputic value of bathing. {(TUQ-Applications
Engineering, 1/75)

Flectromechanical stimulstor modules: developed for Ames by Stanford Re-
search Institute to obtain sensory feedback from remote menipulaters. . . .
used by former SRI employee to develop new reader for the blind. . . . Tele-
sensory Systems, Ime. (California) founded in 1971 to market the uew reader,
called Optacon. . . . unit price started at $4,950 and is now $3,450; 1,100
units seld to date. . . . unit size is about the same as o small tape re-
ecorder. . . . in operation, handheld photodetector probe is passed over _
printed page and each letter shape can be felt through & matrix of mechanical
vibrators on the 1/2" x 1" stimvlator module surface. . . . Office of Educa-

tion funded a large-scale program te eveluate Optacon. . . . 100 units tested
by rehabilitation centers for the blind, imeluding the National Center for
the Deaf-Blind (New York), with favorsble results. . . ., the blind learn to

use the reader in less time than Braille and can read most standard printed
materiel with 1%. (Personnel/centractor, 1/75)
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P, HEALTH SERVICES/REHABILITATION (CONT,)

Hand physiotherapy device: developed by langley in respuase to BATeam prob-
lemn statement. . . . Lengley prototype was field tested at Nerth Carelina
Memorial Hospital and Jackson Memorial Hospital (Florida). . . . redesigned
prototype used successfully since January 1974 at North Carelina Memorial
Hospital. . . . allows patient-administered physiotherspy for flexion and
extension of finger Joints: enasbles more efficient utilization of therapist
gkill and training. . . . alleviates contractures which may result from
frostbite, burns, erthritis, orthopedic procedures. . . . manufacturing
firms are interested in producing the device, (BATeam/Applications pro-
Jeet, TEF ST1, Case No. 109326, L/75)

Semiautomatic inspection of microfilm records: developed for Marshall

+ « + + adepted by BATeam to develop prototype Paper Money Identifiler

(PMI) to help nonsighted people determine bill deneminations, . . . de~
sign concepts used by BMR, ILtd. (Celifornia) to develep combination PMI
and light detector product. . . . approximately 30 units sold € $139;
10=-20 units given to schools and foundations for the blind., . . . increases
autonomy feor the blind; also, expands career opportunities and rediuces de-
fraudulstion. (BATeam/TSP, TEF 558, Case No. 109341, 5/75)
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§. HEALTH SERVICES/DIAGNOSIS AND TREATMENT

Fmergency Medicel Services (FMS) gystems: The Emergency Medical Services
Systems Act of 1973 vrovides assistance and encouragement for the develop-
ment of comprehensive emergenecy medical services throughout the U.8. The
goal of this act is to improve patient care significantly and to reduce
morbidity and mortality. Current FME systems inelude epproximately 20,000
arbulances and 200,000 ambulance attendsnts. Abeut 10 million emergency
vatients receive BMS treatment sach year ith 25%, or 2.5 million, being
eritically 111 or injured. In contrast to a few years ago, critiesl
patients can frequently be saved today if initiel definitive and rehabili-
tative ecare is given te time and the patient is moved through the system
to obtain essentisl services. TFor example, epproximately S0% of all heart
attack deaths occur within the first hour following the initiasl attack.
When the heart attack is a cardiec rhythm disturbance, defibrillation
within three minutes cen lead to recovery for T27 of the patients. As a
result of the 1973 aect, lecal M3 gystems are being impreoved through such
actions as paramedical training for ambulance sttendants and the use of
more sophisticated ambulance equipment. (@-1)
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Q. FEALTH SERVICES/DIAGNOSIS AND TREATMENT

Emergency care system for smbulance use: developed for Johnsen as part

of STARPAHC, a cooperative program with HEW to provide health care in
remote areas. ., . . SCI Systems, Inc. (Texas) partially funded by Johnson
to develop portable emergency treatment module, Telecare, to meet STARPAHC
remote use reguirement, . . . Telecare incorporstes Skylab telemetry

and medieal equipment designs. . . . SCI vroduced commercial units for
ambulanee use: allow trained smbulence personnel to communicete with
vhyvsician, transmit FXC data and provide emergency resuseitation. . . .
unit used in several Texas cities, including Houston, San Antonio and
Cerpus Christi; also Méntgomery County, Maryland and Altoona, Pennsyl-
vania. ., . . federal funding allocated to local governmeni for emergency
medieal training., . . . SCI product line recently sold to Telecere, Ine.
(Texas), . . . two models now available, Telecare I and Telecare II; unit
vrice renge 3,700 to $9,000, depending upon eonfiguration., . . . Telecare,
Inc. currently establishing internetional sales foree. {Contractor,

THEF 557, Case No, 108k8L, L/T5)

Fluerometer instrumentation technology: developed for Headquarters, Mar-
shall, and Electronies Research Center for disgnostic and Apolle instru-
mentation by Vhitteker Corp. (Massachusetts). . . . used by Whittaker to
develop new bloed and urine lead deteetion device, Micro-Porph, . . . 10
to 15 instruments scl , current unit price aporoximetely $3,000. . . .
used by publie health ageneies, such as New York University Medieel Center,
Baltimore City Fospital, and St, lLouis City Health Department, for mass
gereening of incimient lead poisoning. . . . permits low cost screening
by unskilled personnel: P-minute test costs apnroximately $1.00 eompared
to longer cenventiomal leb test ? $5.00 te $8.00. . . . applications in-
elude peonle who live in areas with high lead pollution levels in the air
and children who ingest lead-base paint. . . . estimated 100,000 children
in U.8. affected by lead poisoning, with 2C7D deaths reported annually

¢« « « « early detection can avoid permanent damage and death, . . . extent
of lead poisoning a major factor in restrietions on lead-based paint and
shift to unleaded gasoline. (Contractor, TEF 568, Case No. 109324, L/75)

Manufecturing contamination wrevention handbogk: compiled for Marhall

. + . . used by Machlett Leboratories, Inc. (Connecticut), producers of
diagnostic Y-ray tubes for hospitels, as state-of-the-art reference source
on contamimation control. . . . resulted in improved product quality and
higher productivity. (TR/TEP, TEF Shl, Case No. BAGEh, 3/75)

Tubrication handbook: available data on commercial lubricants compiled
for Marshell. . . . used by Follister, Inc. (Tllinois) to solve major
lubrication during design of new, sutomated eguivment for colostomy bag
production. . . . engbled company to identify a lubricant that would not
contaminate product. . . . reduced labor costs. . . . 25 machines af-
fected, with 1-2 million colostomy hags vroduced per yesr for hospitals
end patients. . . . used by Richardson-Merrell, Inc., Merrell-National
Leboratories (Pemnsylvania) %o solve major lubricetion problem on Harvesg-
tor process eguivment that extraets chicken eogg fluid for vaccine produc—
tion. . . . identified lubricant that reduced grease spills and satisfied
stringent, sanitary quality control need. . . . reduced 1shor costs and
machine downtime: increesed production of vaccines. (TB/TSP, Trade jour-
nal, TEF L97, Case Nos. 91A00, 0209, L/75)

otes transfer case related to Key Issue.
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@=5 Portable laminar airflow surgical clesn room: developed for Headgquarters by
Martin Marietta Cerp. (Colorade) for experiment im control of surgiecally in-
duced infections. . . . installed for evaluation of St, Iukes Hospital (Colo-
rado). . . . included state-of-the-art serospece clean room technology,
helmet and gown isolator system, and communication system . . . . used dur-
ing 550 orthopedie surgical cases over 2-yesr periecd. . . . JPL evaluation
of system effactiveness indicated personnel isolator system reduced contami-

“ nation levels below those achieved with only laminar flow room and much lower
than conventional surgical roem, . , . major need exists to reduce postoprera~
tive infection sssociated with prosthetic implantation. (Contrector, TEF 57T,
Cage No. 109323, L/7%)

Q-6 FHeat pive applications: developed for Lewis and Langley by llughes Aircraft
Co. (Californla)}, . . . used, together with aluminized mylar superinsulation,
by Hughes to develop portable cryosurgical instrument product, Lewis Kryvostik
. . . . approximately 800 units sold since 1972 @ $1,000, ., . . 2-1b. self-
contained instrument supplies ligquid nitrogen to cryoorobe tip for controlled
destruction of tissue. . . . surgical applications ineclude proctological pro-
cedures suech as hemorrhoidectomies, destruetion of malignant tumors and treat-
ment of cervicitis. . . . allows €57 reduction of application time compared to
other eryosurgieal instruments. . . . cormpared to conventional surgical methods,
advantages in Kryostik hemorrhoid removal are: no hospitalization, no anes-
thetic, less pain, faster recovery end lcwer cost. . . . experiments on lab
animals indieate Krvostik stimulates auto-immunity to cancerous cells; posi-
tive)results in 757 of cases studies. (Contrsctor, TEF 197, Cese No. 1003k3,
5/75

|
L

: Other Relevant Exemples:

B-2 (medical disgnoses): B-1l (medicel instrumentation); N-5 (hospital
sterilization procedure); 0-? (snesthesiology simulator); 0-3 (birth
simulator): 0-10 (medical training snd diagrosis by satellite)y P-3
{bed sore treatment)
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TRANSFER OVERVIEW

New technology genereted by NASA programs represents a majJor sddition te the
nation's total reservior of technology. This section of the notebook presents an
oeverview of the ways in which new technology is spplieu and, therefore, character-
izes how the benefits presented in this notebook are derived from the use of NASA-
generated technology,

Scope of Techniesl Tnnovetions Reported

In-house and contractor R&D activities span more then 30 major technicel disci-
plines in standsrd engineering fields, ' These activitiss have created a wide range of
gpecific innevations including new equipment designs, techniques and technical
capebilities. Some of these innovations were developed for direet epplications in
gireraft designs, weather forecasting, ete, Most of the R&D activity, however, has
produced innovations for space applications whieh do not have direet enslogs out-
side the space program and, therefore, require adaptation for each secondary applica-
tion. NASA has also underteken the development of selected secondary applicatiens, the
results of which often are innovaetions in their own right. All benefit exemples
from NASA innovetions, regardless of why the innovation was developed, will be
included in the notebock as these examples are identified and verified.

NASBA has purchased off-the-shelf products for use in its programs. If this type of
procurement activity did not cause product improvements or otherwise contribute to
innovations in the produet line, the preduet will not be included in the notebock.

Technology Utilizetion Modes

Benefits from NABA innovations ccecur when the technology is directly or
indirectly used, rather than being potentially used. The technology may be applied,
for example, in developing & new product which provides the manufacturer with
increased sales and the customer with increased performance, The variety of applice-
tions and benefits is indicated by eight common modes that are used by orgenizations
and individuals to acquire NASA technology:

Mode I: Diversification by firms producing for NASA programs through (e) shifts
in production faeilities and personnel to commerciasl product lines, or (b) im-
plementation of formal organizationsl pelicies to apply mission-related ex-
vertise in commerclial preoduct development projeects.

Mede II: General improvement of industrial proeductien praectice and produet
quality through NASA-ipitiated specifications and standards for missicn herd-
ware procurement.

Mode III: Development by industrisl firms of new process or product teche
nology, with NASA as the first market, and subsequent commercial production
because additiensl merkets end applieations are recogniged,

DRI-5/T5



Mede IV: Relocation of skilled individuals from NASA-funded employment to
employment in other economic sectors, resulting in the spplication of acquired
gkills to solve engineering or management problems encountered in the new
sectors,

Mode V: Professional activities, including professional design code develope
ment, by researchers involved with NASA's basic and applied R&D programs.

Mede VI: Tormal NASA programs that disseminsete or adaept mission-generated
technology for organizations in other econcmie sectors.

Mode VII: Direct scecess to NASA personnel or the Agency’s scientifie
and techniecel infermetion systems by other orgenizetions as part of their
normal information acquisition efforts.

Mede VIII: Interagency projects in which NASA sdapts or develcps tech=
nology for the needs of a second agency or the orgsnizations that are
aligned with the second agency.

This cheracterigetion provides & convenient context for understanding how
NASA programs cmuse technological change in other economic sectors, as well as =
basis for expending the Agency's formel efforts to facilitate technology utilizsa-
tien. Ceontinuing efforts by NASA to stimulate techunology utilization have involved
the deliberate use of Modes V through VIII.

Benefits Information

Economic benefits data are not presented in all of the notebocok examples,
These date sre often proprietsry. In general, however, individuals cannot estimate
the proportion of organigational cutput that iIs attributable to the use of NASA
technology. Economice data for individual exsmples rarely provide an accurste
measure of the impect from NASA technical innovations. Therefore, esch noteboek
example describes the techniesl impaets or benefits of NASA-developed techuneclogy,
end speecific economic data are Ineluded only when they are available.

The information contained in each example is verified and documented to assure
relisbility and aceuracy on the date specified. Due to the time dependency of the
deta, the infermetion will be periocdicelly updated as appropriate to assure its
current accuracy.
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Bioinstrumentation,
Arbulance emergency cere sySbem . « « v 4 s s s s e s s s s s e« @=1
Cryosurgica.linst‘ﬂment--...........-..---.. Q—6
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Heart pacemsker, . . . . « + «
Lead detection device. . . . . .
Metabolic analyzer . + . <« + o« .
Bicmaterials, prosthetic devices. . .
Rioseciences, sensory feedbaek . . . .
Biotechnology, disgnostic imaging . .
Blind pecple, reader for. . . + « « .
Breath-asctuated envirenmental centrol

Burglary detection system false slarms.

Burn trestment. . . « o ¢ ¢ 4 s & o s
Business machines . , . . v e e
Califernia Four Cities Program. I

Cancer treatment exoeriments. . . . .
Carbon, vitreous. . . . . e s e e .
Carbon monoxide menitor, qul&b . e
Career eduecation programs . . . . . .
Certified Production Iine . . . . . .

Chemical plant design . +» « « « . +
Chemical plant safeby . . + 4 + + « .
Chemiecal process filters. . . . + «
Chemical proecessing eauimment . . . .

Chemical reactiens, nondestruective swot

Childbirth simulator. . . . . . « . .
Chlorate cendle oxygen surply . . . .
City emergeney commmications svstem,

City menagement . . . . + « « + & o
City management svstems and methods .
City planning « + v v ¢ & & o s 2 =
Clean room fOr SUTYEEYY. + + + « + «
Clean room technolegy . + « + o « «
Clocks /watches with improved sccuracy
Clothing. . . . . s e s e e e s
Coal &esulfurization. « e e e e e

Coal mine reclamation . . . . . « . .
Combustion analysis computer programs

unit.

Conbustion analysis feor aircraft engines.
Cembustion analysis for auntomotive engines.

Communiecations equipment., . . . . . .

.

-

.

Communications equipment, vortable antenna tower,

Communications satellites . . . . . .
Communications systems. . . + + + . .
Communications systems, mobile. . . .

Component degradation analysis techniques

Composite materials . . . . . . . . .
Composite materials data, . . . .+ . .
Compressed/freeze-dried food, . . . .
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0-10
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0-3
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He=0

K-35
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1-10

Bu7, 0-10
B-18

J-5

0-6

P-2

A-3
F-9
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Computer banking systems. . . & o o ¢ & o s ¢ o o +
Computer complex, S1idell ., . & & ¢ « ¢ « + o &+ o 2 &
Computer component Iubrication. ¢ « ¢« & ¢« + v &« & o o
Computer eontrel, railroad dispatech . . . . . « « « &
Computer credit verificetion system . . e .

Computer display system for Raturn nrelaunch checkout
Computer egquiement production, contamination control.

Computer
Computer

graphics . . « o & ¢ & v 0 4 4 s 4 4 e e
modeling, smergency communicaticons system, .

Computer modeling, health care plamning .
Computer models for Avolle FProgram. . . .
Computer peripheral equivment . . . . . .
Computer pipeline control, oil and gas. .
Computer production centrol, oll fields .

.

Computer nrogram.translating guide for PORTRAN . .

Computer programs,
Apollo Guidance software . + « « . &

Combustion analysis. + + + + & + =

FRTS-1 date analyvsis . . + « + + .+
NASA PERT, , , . . . . e
NASTRAN, see separate listlng
Beientific and Technical Information
Management System (STIMB) . . . .
Computer reteil sales systems ., . . . . .
Cemputer simulation for medical edueation
Computerized image enhancement. . . . . .
Computerized informetion system,
Criminal records . « « v « « 4 & 4 &
Insurance records. +« + ¢« 4+ = < o
Reilroad waybills. . + « « ¢« o & + o
Produet werrenty data, . . . . . . .
Computerized task scheduling technigues .
Computing services, academic institutions

fenstruetion project scheduling . . . . .
Construction sefety . . . . . . . « + .« .
Consumer vproduct research , . « & « & o+ =
Contamination contrel,
Drug production. . + + « + « + « . .
Food packeging + « « « + s o 2 4 & o
Food DTrocesSsing: + + + + o s 2 a0 oa s
Industriel safety. . . . . « « .« . .
Industriel wastes. « « « « + + 4 &

Manufacturing processes. ., . . . + .
Madieal products o v v e e v e v e
Surgicel Clean Room. +» + + « « + - .
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Contamination contrel handbook. + « « + « o &+ s & = &
Contamination control management practices manual . .
Contamination monitor for Skylsab experiments. . . . .
Contamination prevention heandbook, manufecturing. . .
Contrel switch, « v & v v v v 0 6 4 v o 0 s s 4 e o
Control system, Atlas-Centaur rocket. . . . + v ¢ + &
Control system, temperature . . « o « « + +« = & o« 2 »
Control system design method, nuclear power plant . .
Controller, rapid transit . . + . + « + ¢ ¢ ¢ v &+ + &
Controls, fPIuidie . « 4 ¢ o 4 o o o = = « « o & & & o
Cooling system for Gemini space suits . . . . . . .
Cern bBlight . + & ¢ ¢ 4 o v ¢ o 4 v o v 0 4 o o o o
Corporate planning. . . « & v v o o o ¢ 2 o o s+ o o »
Correlation spectrometer. . . « « v v 0 o o v ¢ & & &
Corrosion control, material substitutes . . . . . . .
Credit authorizations, computer terminals . . . . . .
Criminal records system . + « + 4 « + « 4 o « v + o

Crops, orchard frost protection . + + + « « « « + 4 W

Cryogenice date handbook . . + « & & + o ¢ v & = o « &
Cryogenie transfer svystem cooldown. . + + « o « o« » -«
CI'yOSuTgiC&l instrument « « &« v v o f e v 0 0 s . e o

Dadry equipment . & & ¢« v v ¢ 4 4 4 e v s e v e e s
Dam construction. + o « ¢ o« v 5 ¢ 4 4 e 4 o4 4 a4 e s
Dam inventories . . + + & o 4 4 ¢ v e 4 e a4 s e 2 e s
Data celleetion, real-time. . + &+ « & + &+ & o« o & =
Data communication methods. + « « « & & v o« ¢ & &+ +

Decontamination proecedure, industrial . . . . . . .

Demelition work . o « & @ v 4 v o v 4 o s e a e e s e
Dentistry, false teeth., . . « « &« &« & ¢« v v v « 4+ o W
Department store sales equipment. . . . . + + . . + .
Neployable lattice columm . + ¢« v « & & ¢ v s s o o »
Digital color televisien display. . « « « ¢ ¢ « + & &
Dispatch computer display system, electric power. . .
Dispateh computers, electric power. . . . . . « . .

Displey system, Mission Contrel Center. . . . . . . .
Dry lubricant coasting processes for metals. . . . . .
Dynemic and static mwodeling techniques. . . « . . .
Economic modeling for land development and reerestion
Educational device,

Medical, - 4 o &+ 5 4+ o« ¢ v 2 s ¢ + o = 2 s 2 = »

Models . & v v o 4 4 v s o s o ¢ € & 4 v 0 8 s .

SCIENCE. + v 4 o ¢ 4 s o s s & o 2 s 2 o v o = &
Electric generators, gas turbine. . . + + ¢« « ¢« &+ .« &
Eleetrir motors . o & % v v ¢ o 0 ¢ v ¢ 4 v b 0 4 . oa
Electrie power line inspeetion. . . . .

Electrical resistors, method to improve with hydrogen

DRI-5/75

.

A-5, B-5, F-L
F-5

E-13

E-12, Q-3

P-R

D=5
B-17
D=5
-5
B-8&
F-1l
E=T
I-1
E-R
I~6
¢-9, M-8
J=1
F-3
I-6
H-7
Q-6
Fe6
I-T
G-l
G=T
c-9, H-4, L-2,
M-8, H-1
N-5
I-11
P=1
c-0
I-10
Db
Dl
D=3
Db
A=
1I-3
N-3

0-2, 0-3
0-9
0-1, 0-9
B-H
B-9
B2
A=B



GENERAL INDEX (CONT.)

Electromechanical stimulstor module. . . « « + + &
Electronic power dividers and switching compenents

s s s s v e . . P=10
» v+« o B=2O

Flectronic stradn ZBZE + + « « & & o « v s 2 4 « o s & 2 s s s ¢« o & o« F=8
Emergency care system for ambulance UBE. + « + « + o » 5 ¢ ¢ o o o « & @=1
Emergency communications system. . « . ¢« v 4 v 4 4 4 s v e s e s 0.« d=3

Emergency equipment,
Flashlighﬁ...-......-.................C-12
FGOﬁ r&tiOnB. ¢« = & a4 3 & * . LI I I L D I B R R I N e D D I | F-9
&‘Dtlight L N 2 I L T R R L T T ST R ) . . L T T ) LI ) J-6

Emergency medical service, training equipment., . + + ¢ « ¢« « v 4+« + . O=2, 0=3

Emergency procedures gulde, hazardous materials. .« o« « « v » 4+ o o+ « o« L=6

Energy conservation. . + + « v 4 4 o« 0 0 e 4 “ s s e & 4 s+ e & & . B=10, M1, M-5

Energy congervation equipment. . . . . . ., . s e s s e s e s w e . C-1

Invironmental contreoller for peralyzed patients + 4 s « s s s . P8

Environmental planning . « + « v + ¢« & o 2 . e oor . G=5

Environmental studies, cemputer modeling . . . e o e . 06

. . s .

ERTS~1 data analysis, computer programs for, e ¢+ o BEell, Ful2, G=b

ERTS-1 data collection gystem. . . . . . + & v o oo G=3

- * s 4
-
-
-
-

ERTS-L IMAZEYY + + o o o o o o « s o o s s v o s o s s o s 0 4 a2 4+ E6,0=2
Butectic salts for low tempersture batteries . s e e 0 s s w s s P10
Experimentel multiple-use communicatieons satelllte (ATS-6) v e e e e . 0=10
Explosive charge, lineer shaped. « + « s o « o+ o « & « o o s & o + « o« G=18, I-11
E]Cp@ T0, U.S. Pavilion o+ v 4 4 4 v v 4 4 e 4 s 4 e s e b s e 4 4 s 4 . I=b
Extravehicular life support systems. . . . . . P b s s s e 4 s e e, B=13
Eye"actu&ted Centrol Swi‘bch- [ I L T T R T T T T T S R R R PDB
Fa:bric coverings L L R R I R R N T T D T I I I L D D D B I-u
Fab!‘ic meta.llizing pTOCESS D L T R I I O T I e R I O N C“‘S
Failure analysis techniques, university course « + + + + ¢ ¢ « ¢ « o » 0-4
Fan noise reduction method + . o & & 4 ¢ + 4 4 ¢ & o o o o 2 & o s o+ « B=13
F&I’m&quipment..........-..‘. -----.......F-—2
Farm irrigation water resource . « « + « « 4 + + & D
Parm productivi'b‘y. L T T T T T S Y e
T

Farm tractor design analysia . . . +

Fatigue analysis metheds . . . . . .+ . T

Fibergless fabric., . . +« + « . . s 1

Filter cassette for sampling particulate pallutants. e

Filters,wa'b.........-........--.........B—23

Finencial communications system. « +« « ¢« o ¢ v ¢ ¢ o+ &+ + o 3 ¢ ¢ 2 a4 L=l

Fingerprint records system ., « ¢« « o o o s o s o « s+ o 4 2 ¢ 0 0 2 0 8 d=1

Fire retardant coabings. « « « ¢ « o v s+ 0 . 4 e 4 0 w40 s e e . AR, I8

Fire Sa.fety. L T S S N T T T T T Y R T S S S S R R S T S B S S | A"‘B, B—lQ, G"‘"la,
G-15, G-16, I-8,
M-6, N-T

Fire 8958 . & o &+ ¢ 4 v v & o o &+ 2 2 5 8 o s e 4 s w s s 4 4 a2 . B19, G-16, N-T

Firefighting equipment . . + o + = « 4+ ¢ & & o « = &+ o s ¢ ¢ s o s s« » C=2,6-13, G-18

Fireman's breathing apparati®8. « -« ¢ « &« o« & 2 v o & & ¢ 2 o« s o ¢ » « (=13

Fishing, tuna., .+ + + v v o ¢ ¢ o o & &+ = s 4 & 5 o & s s 2 s+ o 2 s o & F=1

.
.
.
.
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5 Year Light. . . . . + . .

* s w4 & s & & 2 2 s

Flammability tests of home furnishings. . . « « + +
Flashlight, emergency « « « « « « o + « o s o s & »
Flashlight switch, highly reliable., . . . + + « 4+ o &
Flat conductor cable connector SUrveY + + « o o« +« 3+
Flight path simulator . . « « & v o 4+ v ¢ o ¢« v &+ «
Flight test checkout system . . . . « + « &« ¢« + -« & .
Flood contral o o v v 4 o o ¢ 4 4« o s 2 2 e = os v s
Flood contrel forecasting « o« ¢+ ¢ ¢ o ¢« 4 0 4 4 0 .
FlowmeberS. o v « v v ¢ s o 5 4 & o v s s o4 4 4 x4
Fluldic controlsSe. v o o v & o o o v & 4 s s s o o o
Fluorcmeter instrumentation technology. . . . . . . .
Food processing equipment, lubriecation for. . « + . .
Food rationS, eMeYEeNeY . + « + « o 5 s 3 5 o » & &
Football helmet padding . . + + v v s+ + o s & &« s 4 o
Forest dnventory. . « . ¢« ¢ ¢ v 4 v « v v s 0 x s e
FPORTRAN translating guide . . . v & « ¢« o v « & o + &
Foundations, building . . . « ¢ ¢+ ¢ & « v & & ¢ ¢ 4
Four Cities Program, California . .« « + « + &« &« &« » &
Fracture mechenies. « . + « 4 v & &+ & « o s 0 0 o =
Fracture toughness tests. « « + « + ¢ = ¢ o « 4 & & &
Freeze-dried food . ¢« + v v &+ v ¢ ¢« 4 4 s s 4w e s
Friction characteristics of graphite and graphite-metal
Frost protection, erchards. . « + + +» « ¢ ¢« « « & ¢ &
Frozen foed thaew indicater. . . « « &+ + v« v« + 4
Fuel cell model, teaching aid . . + + + « + &+ & & « &
Fuel cell technologZ¥. « « o s + & + s o o o 1 ¢ 4 »
Tusion welding workmanship standards, . . . . « . . .
Gas turbine valve ring. « + + v &« 4 4 v a4 e s .
Gas turbines,
Mreraft engines . « + v « ¢ « 4 4 s 4 0 0 s s o
Avtomotive engines . + + ¢ + « v s 4 0 ke 0 s
Eleectriec generators. . « . « + + o v - 4 v s 4
Wing mounting design for . . + « v « v« « .« o
Gemini Progrem, cooling system for space suits, . .
Geodegic structure design Program .+ .+ v v 4 4 . s .
Glass production. « + ¢ « &+« 4 4 e 4 e v e a a4
Graphite and graphite-metel, frietion characteristics
Ground fault interrupter. . + .« « ¢ v ¢« ¢ ¢ 4 2 s s
Guidelines for fabricatien of hybrid microecircuits. .
Hand, artificial., . + ¢ « &+ ¢ &+ ¢ & ¢ ¢ o 4 & « 2 o«
Hend physiotherapy device « v « + o v v ¢« v 4 & « ¢ &
Hand tools, battery-powered . . « v « « « + 4+ + «

Hazardous gas analyzer for Saturn Rocket. . . . . .
Razardous materials saceldents, emergency procedures .
Bazardous materials safety handbook . . . + ¢+ + + .+ .
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GENERAL INDEX (CONT.

Health care planning. . « + « < + v ¢ « 5 & & o
Health care tralning equipment. . . . . . . . .
Health/Fducation Telecommunications Fxperiment.
Heart disease, COYONATY « + + & o s+ &« o o » + «
Heart pacemBRKET . . & « &« o v v o o = 2 & & s 4«
Heart pacemsker, rechargesble . + + ¢« &+ ¢ o« o o
Heat plpe applications, . . « « + + ¢« + v « & &
Feat pipe applications, soil stabilizers., . . .
Heat pupe technology. . « &+ v + + o & . e e
Peat shield coeting for reentry vehlcles. PR
Hemorrhoid surgery. « + « « o o s o+ o o o = s
High intensity arc radistion source . . . . . .
High purity, high strength carbon . . . . . . .
High temperature gas-cooled reactor . . . + + .
High temperature gas-copled reactor design. . .
Highly relisble flashlight switeh . . . . . .

Highway grooving. « « + o+ o « s & & « & o o s »
Highway safety. . . . . s 4 b e e e w e e e
Home consumer products. “ e e r s s e e s e

Home consumer preoducts preoeessing eguipment, ldbrlcation fer

Home furnishings, flammabilicy tests. . . + . .
Home safeby . v v v v v o« ¢ & o 5 & ¢ 4 & & &

Horizental shower . . . « + S e e e e e
Hortieulture, erchard frost protectlen. . e s

)

.

Hospital censtruection, alleocation of federal funds.

Hogspital services,
Patient bathing. . « + + v ¢ ¢« &+ + + v ¢ &
Planning model , , . v « ¢« & &+ o = &« « s

Hespital sterilization procedure. . . . ¢« + . .

Hospitalization cost reduction. . + + « + &+ +

Hot tapping method for pives. . « + « + + « &

HouSing . + « o 5 o s o o 4 6 o » o s o 2 v o

Housing, prefebricated. . . + + + v & « « & &

Hybrid cireuit technology . « . + « ¢« v v o

Hybrid eireudts, thiek-film . . . . . . « . ., .

Hybrid computer . . o o & v o v 4 = & v 2 o 4

Hybrid mierocireuits, guidelines for febriecetion

Hybrid microeecircuits, specificeation guidelines,

Hydrcelectric power plant scheduling. . . . . .

Hydrolagic SUTVEY o v « & « 4 s & & = 2 « &+ 4 o

Industrial Arts education program . . . . . . .

Industriel hyglene. . . « v+ ¢+ 4 v &+ ¢ ¢ ¢ + +

Industrial monitoring system. . . « - « & +

Industriel safety « . « « « + o« + « o & .

Industrisl safety, loss preventien service. .

Inert-gas welding enclesure . « v + + + + & &

O S
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GENFRAT INDEX (CONT,)

Inertial navigation equipment for Apelle and Lunar Medule

Inflateble/nontippable life raft. . + + + + + . .
Information storage and retrieval aystenm,

Criminal records . . . . .
Insurence records. . . . »
Produet warranty data, . .
Railroad waybills. . . . .

v

*
.
L]
.

Infrared scenner and television dlsnlay
Instrumentation electronies for Saturn rocket .
Insulation technelegy for Saturn rocket
Tnsurence employee training program

Insurance records system., ., . .

Insurance mnderwriter proiuctivity.
Intumescent fire retardant coatings

Tnvestment resserch serviee , .
Irreversible Varmup Indicator .
Irrigetion, farm. . . « « + .+ .
Jet=Axe . . . . .4 4 4 s s s oa
JetCord « ¢« « v v ¢ « & o & o o
Kryostik. « v v o o v v o 4 o &
Leke eutrophlicatien program . .
Leminer airflow c¢lesn room. .
Land development and recreatlon
Land use management . . . . . .
Land use plenning . . . .

L]

projeects

LANDSAT, see listings under FRTS.
Law enforeement information system.

Lead poisocning detecti~n device
Leg brﬂceac [ S S S Y T S T |
Legal evidence, Supreme Court .

.

L3

Legal settlement, land use management

Lewis Kryostik. . . . . .

Life raft, inflatable/nontippdble .
Life raft conNoBY. v + + o2 o o+ o o o
Life support systems, extravehicular.

Light detector for the blind. .
Iinear shaped explesive charge.
Liquefied natural gas,
Import terminals . . . . .
Storage facility design. .
Storage facility safety. .
Btorege tanks, + + + .+ . .
Tanker8s « « o« & s o« &
Liquid penetrant nondestructive
Loss prevention service . . . .

test

.

13

*

v Eee s e v e

Low temperature constructlion designs.
Lubricant costing processes for metsls,
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GENERAL INDEX (CONT.)

“ e e e B9

Lubricant deposition process. . . . . . .
. * v ® . s » A—9

Lubrication for preduction eguipment. .

Tnbrication handbook. « « » o & o o « o o s &+ o s o s o s o o+ « s o« » H-10, Q-h
Lunar Medule Inertiel navigation eguipment. . « + « + &« + ¢ s v o o ¢ o« M5

Lunar Medule rocket ongine test faellity. . + v » ¢+ v o+ ¢+ v &+ ¢+ o + « « E=10
Iunar Rover technoloZY. + + « « o + o o + s o o o 2 s s s o+ s s s o o « Pk
Machine @Ol eonmt@ls o« v « » « o v o o o o s s o s s 2 s s 0 s ¢ s 0+ BB
Management control room, airport conmstruetion . . « ¢« ¢« ¢ v 4 4+ 4 . o G=10
I'Ianagement control room, Apollo L I T I T e T R R S I N 2 e T G=-10
Management method for R&D Programs, o o « o o v o o o+ 2 2 s o o s ¢ s » A2
Mansagement practices manual, contaemination ecomtrol, . . + « . ¢« ¢« &« » +» F=5
Management system for ING storage faecilities. « « v « v ¢ o ¢ ¢+ + o« o « G=15
Management systems and methods for cities . . « v ¢« o v ¢ ¢ & ¢ ¢« v o » G=9
Manegement teChNIQUEE 4 o « + o o + » o o o o o o ¢ o s o« s a2 s o o ¢ Gullh
Manegement techniques for Apollo PrograM. . « + « & o = o« » s ¢ o 2 » » DB=22
Manufeacturing contamination prevention handboeok « . + « o o + v o « o « E-12, Q-3
Mapping for state resource mapagement . . « o o ¢ 2 o 3 o o o s & 2 0 8 @2
Marine hydraulic system f1Iters . . « + « o ¢ &+ o + o ¢ ¢ & o s s o » » B=23
Marinesa.fety--....-.--.................-.A—&
Mess flowmeters for 1ow 288 TLOW. + o o « o o o 2 ¢ o o s o o o« o o o+ » Bell, B-1k
Material handling equipment testing standa?ds . .« « 4 v o o « & . + B=21
Meterials (nonmetallic), see specific type (e.g., Composite materials)

Meat tenderness te8LETr. o« + v v » ¢ ¢ 4 ¢ 2 v 4 4 s s s 1 s e s s s s o Fe8
Medical diagnosis via satelldte . & v v v ¢ ¢ ¢ o o o v v 2 ¢ o » o o » 0=10
Medical emergency equipment + « ¢ « o v o o o 4 & 3 s e s s e s e e e s Q-1
Medic&l facili‘bies‘ » & = ® " s v 8 s » & = s e & & ® 3 % & & & @ 1“2
Mediecal product manufacturing . .+ + . T < M 1
Medical teleconferencing via satelllte. v v 4 e s e s e s e s a s v s« 0=10
Medicel tredning equipment. « + ¢ ¢ 4« ¢ ¢ & o o ¢ + 2 s 0 o s ¢ s e 2 s O=2, 03
Medical training Programs « + &+ &+ & o s s o st o2 s s e P %
Mercury/zinc battery technology + « « « » « ¢ o s 2 o 4 o s o 5 2 s ¢+« P=B

Metobolic analysig. + o v & v o ¢« 4 o o & o T 2

Metallie web filters. o « « ¢« 4 ¢ o v o & 5 o o o v » r e e s v o« B=23

* & s = w w

Method to improve eleectrical resistors with hydrogen. e e e e e s s A-B
Methods for using opticsl instruments . . + + » + « o« O «
Microbiolegical handbook. . . . R T Y . s . e v & 2 4 2 e F"'6, N-5
Microcirenits, guidelines for fabrication of hybrid s s s s e s s s« » B=18
Microcircuits, specification guidelines for hybrid. . « « « ¢+ 4+ + +« « « Balf
Miercelectronics production quelity assurance . + & « « ¢« 4 2 ¢ s ¢ + » Bl
MicrO—PGrph-........-o--.....--...----... Q“E
Microwave communications equipment. . « ¢ « 4+ ¢ s v ¢ o s e v s s . . s B=20
Microwave componentB. « o « & o « o o = + 3 & 2 2 ¢ o 4 a4 2 & o+ s s+ & B=T
Microwave components, air properties in . . . . . 4 v i s e 0 e 0w oo . G=1T
Militery commumications equipment + . « ¢ ¢ ¢ 4 ¢ o e s« v 4 s e » s« B15
Military personnel records restoration. + + + « « « v v ¢ ¢+ s o &+ s+ G=11
Minority B.ffﬁirs pI‘OgI‘BmS & & F 3 3 & & &+ 3T 2 ¥ & B 8 4 2 o .4 & I""l
Mobile Automated Metobolic ANBIYZEr + o« + « o« # « o « s ¢ o o s o o o o P=b
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Model for hazardous materials plume disoversal. . . . .
Multiplexer eircuit for Saturn rocket instrumentation.
Mylar ., , . . . et 4 e s 4 e a4 e e s e e e s
NASA PERT Program, “ s s 4 s « s 4 s e w e e s
MASA seientific and technical 1nformat10n. . e v e e e
NASTRAN,
Automotive design . o . ¢« 4 v e v 4 b s e e e e
Tarm tractor design . . « v « v o s o o ¢« s 6 0 s
Nuelear power plant design. . . « . « . « + + . .
Railroad design « o o« v 4 ¢ o 4 v v 5 4 o 0 o &
National Eutrephicetion Survey . « « « v « v o & + 4+ &
National Park Service user study . . + + « « + + » + &
Vaturael resources inventory. . « v« « v 4 ¢ v & o o 1 o

Ravigetion equipment, alreraft . . . « . « v « v o o
Nelghborhoed Youth Corpsg training. . P
Nickel alloys, surface finishing m@thod. v e s e e e
Nickel-cadmium battery technologv. + « v v « « & « 4 .
Noise pollution, fan noise reduction method. . . ., . .
Noise reduction for automobiles. . . . + « 4 v « + & &
Noise reduction in redio amplifiers. . . . . « . « . .
Nondestructive spot test procedure . . . + . + . v .+ .
Nondegtructive testing handbook. . & « « v « + « & »
Nendestruetive testing techniques, uwltrasonies ., . . .
Wondestructive testing treining mamuals., . . « + « « .
Nondestruective testing training manusls, liquid vpenetrant.
Nondestruetive testing training service. . . + + + +
Nonflammeble materials . . + « v ¢ &« v o s o ¢ s 4 s
Wonmetallic materials. « o & ¢« & o v 4 4 & & s s e o
Huclear fuel produetion aualitv contrel. . . . . . . .
Muelear resctor filters. + « v v a4 ¢ 4 v 4 v e s . .
Nuclear power plant design . . + + & &+ ¢ ¢ v + & & o
Muclear power plent equipment design . . . . . . . . .
Muclear safety . v v v « o & s o & 4 s 4 1 e 4 4w e
Obstetric simulator. . &+ « &+ + ¢ o o o & 4 o s v & 4
Occupational safety. « « « ¢« o« 4 o ¢ 4 o ¢ v 4o ¢ 0 4
Office equipment . . . « v ¢ 4 o b 0 e v v 4 e s e e

Offshore oil and gas preduction. . - . + + + . .

Offshore oil rigs, subsurface blowout value qutem filters

0il and gas pipeline eontrol . + « « + + o« & s & o »
0il and gas production, offshore . . . . . « » ¢ « o+
0i1 field Produchion . « « &+ ¢ 4+ 2 v 0 4 4w v v e o= s
0il1 field production eontrol svstem. . « v ¢ 4 « « « &
0il refinery safety. . + + v v v &« v v s e s e 0 0w
Operation Breskthrough Program . . . . « « 4 « « & & &
Optacon, reader for the Blind. - + &+ + v « & & = 4+ o &
Opticel alignment traixing menusl. . . ¢« + « + « « &
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1~6
A=l H=5
C-5 3 Q-"S
1-1
0-9

K-3
K=3
D-9
LT
E-11
=6
o=z
M5
Ouh
B-6
P-5
B-13
K-6
B-15
F-T 1 0—12
B-k
B-3, I~l
-9, 0-5
M-2
0-5
A-8, G-16,
N-T
I-L
B-2
B-23
D=3
D=6
D-5
0-3
0-16
A-3
Hal
B-23
H=b
H-1
Hel
H=5
H-8
I-3
P-10
A-T

M-6



B E U DRSO S

GENERAL INDFY

Ontieal instruments, methods for use.

Orthopedic devieces. . + . + + « + « &
Orthotic deviees. . . . . . + . « +
Orthotic devices, evaluation of . . .
0SHA noise regulations. . .+ « .« .« .
Packeging machinery . . . . +. . . . .
Paper money identifier. . . . . . . .
Paramedic training equipment. . . . .
Parcel sorter, automated, . . . . . .
Partieulate pollution momitoring. . .

Pergsonnel evaluation procedures . . .
Petrochemical plant meintenance , . .
Pharmaceutical production . . . . . .

Pharmaceutical reseerch . . . . . . .
Phonocardiogram simulator medule. . .
Photography, movie camera film. . . .
Physiotherapy device. . . + + + + .+ .
Pipeline monitoring and control system
Pipeline safety . . . v e e e s

Planetary Celestial Globe , . . . . .
Plant maintenance,

Aluminum « & & v v 4 0 e v e e e
0il refinery . + v + « « v 4 .« .
Petrochemical. « + « « + « « «
Steel. « . 4 v 4 v h s e e e e
Plastic materisl., . + + + v v « « .
Police communications systems . . . ,
Police helicopter operations., . . . .

Pollution, see specific tvpe (e.g., air

Pollution econtrol, heavy metels , . .
Pollution control equipment . . . . .

LI

LI )

LI )

Pellution reduction, electriecity generaticn .

Polymide sealant. « + v v & o 4 4 4 .
Polyurethane insulstion . + . . . . .
Polyuretl.ene-silicone plastic foam. ,

Portable laminar sirflow surgical clesn

Porizble Plenetarium. . . . ., « .+ .+ .
Post offiee, automated percel sorter.
Power plant siting. . . . . + . . . .

Power tools, amputee use of . . . . .
Precipitation-~herdened steel alloy. .
Process contrel technolegy. . . .« . .

Proceszing equipment, chemiecal. . . .
Product development management. . . .
Produet safety. « + « ¢« ¢ ¢« « v .+ o

Product test dete analysis. . . . . .,
Product test standards. . . . . . . .

pollution

0-T7
P=1
P-2
P-iy
B-13
A-9Q
P-12
0-3
G-T
B3
B-22
B-2
A-5
A2
0=-3
B-g
P-11
H=5
H-17
0-1

B-2

M7, B8, H-9
B2, H-T

B-2

I-3

J=5

J=-l

G=1

I-6

D=10

B17

H-3

C-10, P-3
Q-5

0-1

G-T

G=2

P.7

Po3

Bell, G-T
B-10

B-22

A-R, F-2
Kb

B-22



GFNFRAL INDFX (CONT. )}

Productivity,
Consumer ProductS. « v v v 4 4« & ¢ ¢ 2 + o 1 ¢ ¢« 2 ¢+ 4 e 4 a4 s e A-O
Electron tube production . . « v 4 v v ¢ v 4 4 4 4 4 e 4w e e .. Q=R
Weeving MillS. « . & 4 « v v + & o & o s s » o o 5 o o s e o o s o A=h
Properties of air in microwave components . . « v 4 4+ ¢ 4+ ¢ 4 s o 4 . . G=1
Prosthetic devices, attachment soeket . . . , v v v « 4+ + ¢ ¢« ¢ ¢« + & » Pul
Protein flour production. + v o o v « s o s o v o o 4 ® s 4 4 4 o 4 o . Pk
Public SBFELY v v v 4 4 4 & 4 4 4 e e 4 e e e e s e e e e s h e e e s . B=k, G-§, G-15
Pvrolytic synthesis of activated carbon + + + v « v ¢ v ¢ ¢ o 5 & & o« o Owl
Guality assurance, mierecelectroniecs production. . + « « + v ¢« v ¢ « 4« « B=1
Quality assurance consulting service. « + 4+ « v 4 &« « ¢ « s « « « s + o D8
Quality assurance specifications,
ARC for nuclear DOWET D1aNtS « 4 4 + » « + o o &+ o o s o v e » o » DR
Apollo Program o o« 4 o 4 v « o 4 s & 4 s 4« s s 6 v e et s 4 o+ s DR
Fleetric utilities . & v v v ¢« 4 ¢ ¢« ¢ ¢« ¢ + 4+ + « ¢ s o o+ « o o » DB
Quality control,
Aireraft producti@nt L T S T T T T T S S S B-E, B-3, P"T-a
Aluminum production. « « & v 4 v« vt 4 4 e 4+ e e s e e e s« . Bl
Automobile production. « v v v 4 4 4 e 4 4 b 4 e e e e e e e . . . Kb
Drug production. « « . 4 4 h 4 4 e w e e e s n r e e e s e s e e . Qb
Hybrid micreeireuit nroduction +« « o v+ v ¢ 4 4 4 4 4 e e 4 s+ « . B=18
Medical supplies o « v 4 o 4 ¢ + 4 b b 4 @ s e e e s e e s s e s Qb
Nuelear fuel nroduction. . v « 4 o 4 v 4 o ¢ « o o s s s ¢ o a « o B2
Steel pive produetion. + v 4+ v 4 4 v e 4 b 4 4 e 4 4 s e e s x e s BR=3
Quality management training, industrial . . . . + ¢« + + v + ¢+ ¢ ¢« s o s 0=5
Quartz crystal microbalance contamination monitor s e 4 s 4 e e a2 s . E=13
Quartz erystal oscillator for Apollc Central szlng Pouipment . . . . . C=11
Quartzmatic timekeeping BESE, & + v v v v + o 4 5 o o + 4 s 0 2 s+ . C=21
Radar beacon for air traffic contTol. . « & « « « « 4 v 4 ¢ = + « o« = o I=10
Radieo amplifiers, noise reduction techniaues. . . + « + « + ¢« + + s« &+ » B=15
Railroad car end reil design analysis . o 4 4 v ¢ 4 4 & o o o 0+ o 2 0 L=T
Railrosd car derailment stUGY + + « v ¢« ¢« t & ¢ « v = « « v o o o « & +» L=3
Railroad dispateh @onbrol . & ¢ v & v ¢ v 4 ¢« v 4 v s s s s s s s 4« o LB
Railroad inspection serviee . & & v v ¢ 4 v i 4 4 v e e s e e e e e . D=l
Reilroad records System . . + « o 2 » 4 « v o o o o s s o v s s o v s s L=b
Railroad sefeby . o ¢ & v v v 5 4 ¢ 4 v o v 0 0 0 5t s r b e e e s . Iml, I=3
Railroad test center, ., . . D R
Rapid transit econtrol switches. P P
Reader for the Blind, o + ¢ & ¢+ ¢ v v 4 & 4 ¢+ ¢ &+ 4 & s « v ¢ » = = - - BE=10
Recreation and land development projects, economic modeling . . . . . . N=3
Recreatienal equipment. . + . . 4 v L 4 h L b h h e e e e e e e e s A3, AR, C-2,
C-3, 0-5, C-7,
Cel}, F=2, F=G
Recreﬂtionﬂ-l struetures . . + + « . . L T S T S T T T S S S S S S Y I~2, I"h
Reecyeling, petroleum refinery wasteB. . « + &+ ¢ v ¢ ¢ « o o o s « + + « I=3
Refrigeration system, sirecraft galley . « « + + v + ¢« v v + ¢ ¢ s o » » F=l1
Reinfeorced plastiec structures . . « v + v ¢ v &+ 4 v ¢ o o ¢ « « 1 s o« » I=3
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Reliesbility and quelity assurence methods. .
Remote emergency health care technology. . .

Remote sensing,
Aireraft. . . + v v 4 4 .
Satellite « « v « ¢« « &« & &
Remote sensor for air pellutants

Research and development methodology/technlques,

Resource management. « « + + +

+ = e & @

L T )

L A )

Restoration of water damaged records . . . .

Retail sales, computerized cash registers.

Rigk-menagement system , . . . .
River sedimentation analysis . .

River stage modeling and forecasting . . .

Rocket car model, teaching =id .
Rogallo airfoil design « . . . .
Rubber products Industry RE&D . .

Rubber tire with low temperature
Safety,
Alreraft. + « o v o. 0 + o
Airpor"i..-........
Athletiec. + v v ¢ v + v o &
Chemical plant. + + « « « &

Construction. .
PFire. . ¢« « « « o &

-
-
.
-

Hazardous materials . . .
Bighway + + o ¢ o » ¢« o 2 o«
HOME. o« o « & o o o o » v

Tndustrial. « « « ¢ o « &«
Marine. « + + ¢« « ¢ 4 + &
TueleaT v « v v o 2 o o « =
Oecupational, . « + + « .+ .

L A I

. & & ®= s »

pliability.

L L I )
L N
LI S B B N )

R N

Offshore oil and gas production . . . .

Oil refinew- 2 & % & & 4 =
Pipeline. « . « « « « o « &
Produet « ¢« ¢ v 0 b 4 e . s
Publie. « v v & v v 4 4 e s
Radlread. + + « + « o o » &
Urenium production. . . . «

[ I N

L I )

LR )

LR T T S Y

e+ ¥ s s 2

L I L

Safety yoke for censtruction workers . . . .

Satellite remote sensing . . . .
Satellite telemetry systems., . .
Sgtellite weather data . . .

L I

I L

Satellites, see specific type (e g., weather

Saturn I/IR Systems Development Breadbeard Facility. .
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'G_T,

H-1
Q-1

E-7

B-6, G-3
E-8

0-9

G-T

6-11

-9

G-15

-6

G-H

0-9

0=-3

A=1, B-2
K-T

M=A

M=T

c-10

B-12

Nal

A-8, B-19, G-13,
B-15, G-16, I-8,
M-6, N=T

1-6

K-1, KT

B-12, G-16, I-5,
N-T

¢-12, =5, N-&
A-8

D-f

G-16

H-1

H-8

H-12

A-8, F-2

G-k, G=9, G-15
I~1, 1~3

B-21
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-6
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Saturn rocket,
Hazardous ga5 8nal¥ZeT. « & + « « o o s o 2 o & s s s 2 s o o « » FE=2
Instrumentation electronies . + v &+ & « v 4 ¢ & & + « = o o s+ & I=5
Tnsulation technoloEY + s « « s + » o s s s & o s s s ¢ s 2 ¢ o » H=3
Monitoring S¥stem . + « v ¢ 4 + « s+ o » ¢ ¢ o o o 4 s o o o s s o A=, HS
Prelaunch checkout SYSteM . « « « v o 2 « o o o o o o o 4+ s o o Mh
Release unit, « o o + « 4o o 4 4« o « o o s o o s « = s s o ¢« o 2 o P=l
. Scanning Electron MicroscoPe « o v+ + +« v o o 4 « = s ¢ s s o o s o s+ « Bl
Seience education deviee . . . . . T
Secientific and Technical Information Menagement System {(ST?TIMS)} . . . . J=2
Sealant, temperature and solvent resistant . . . . « ¢+ 4+ 4 ¢ 2 . & . . BT
Secondary school, R&D projects « &+ v v 4 4 s o o 4 o s 4 s s s e s o . 0=9
Security system, airline ticket theft. . . + « + « v + = 4+ + &« o ¢+ « o MB
Semiautomatie inspection of microfilm records. . P12
Sewage sludge Aisposal . . 4 4 s+ s 4 s s s 4 s s s s s e v s e 0 s s o G=1
Sewage system excavabtion . + + + v 4 e s s 0 4t 4 e e s e s e 0 s .. I=6
Sewage treatment « . v 4 4 4 4 s e s e e e s s s e s e e 2 e e s ow e G=1
Shower,horizonta.l...-..-...................P—9
Sightsw.f.'teh-....................-...-... P“‘H
Simulator, medical training. « « « + 4 v v 4 4 4 4 e s e e e e e s . 0=2, 0=2
Skylab,
Ambulance emergencey Care SYSLEM . o o « + o v o o ¢ ¢ = = o » s 2 Q1
BiQinstmentﬂtion..--'.---nnolo--o.-.-o-n P—ll
Carbon menoxide monitor .+ « o + + o & o o o o & s 5 4 s s s e & o Eel
Contaminetion monitor . « + v v 4 & + & « 4 4 s s » 2 s 2 o o » o B=13
PhotogralPhy + « « 4 v v = « o 4 « + 4 5 s s s o o s s s 2 s o o+ G=5
S1lidell computer COMDIEX « v « « o o o v o & + o s o v o s s o o o o o 0GB
Solar panel model, teaching 2id. + & &« & « v 4 ¢ &+ 4 4 s+« s b o0 e s . 0O=9
Seldering SEhOOL o v 4 4 o v o v s s v s e 4 4 v m e s s e s e s s s . O=h
Solid waste @isposSALl & & 4+ 4 4 4 4 4 6 4 e @ b s e s e s e e e e e s (=1
SPACE blanket. . . . . . e e o]
Space Shuttle Program, drv 1ubr1cant coating wrocesses . .+ . o« « » « o A=O
Space simulation ctumber . » & ¢ v 4 4 0 4 v e e ek e s s e e x s e e G-ll
Specification guidelines for hybrid microeircuits. « « « « v v ¢ o 2 . I~16
Spotlight, high intensity. « « o o ¢+ v s + o4 = s o s s s s « o v o s+ J=6
Soun metal fibers for web £IltersS. ., « « &« & & « = o » + » 2 s « « « « B=23
Standards for material handling eouipment testing. . . . . . . . . . . B=21
! SPARPAHC (Space Technology Applied to Rural Papago Advanced
Fealth Care) . e e e e e S S |
: Statiseal nrocedures to enalyze tlme—depenient - A
; Steam generator design, electric power . + + & + 4 = ¢+ 4 4 4 s s o s . D=T
‘ Steam turbine deSign + . - 4 + 4 4 4 e s 4 s s e s . 4 = e e s 4 s . D-6,DT7
! Steam turbine maintenance. . . . + « v v 4 4 s . s s e v e s e o2 e e s D=T
%- Steel pipe produetion quality econtrol. . + + + &+ o s+ ¢« & = o s s o s » B3
i
i
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-
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-
-
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Steel plant mAintenBRE®. ¢« . & v ¢ « « 1 4 ¢ o 2 s = s s e 0 e s s e« B=E
fterilization vrocedure, hospitul. . & o 4 ¢ ¢ 4 ¢« s s s 4 s 0 a2 = s N5
Strain gage, electroniC. « + + v 4 4 v 4+ v e 4 e s 4 4« s 4 s s s . P=B
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Strain gage transducer. « « .+ . 2 s .
Streamlite~l Million, . + + o o « o o« &
Structural coverings. + « + v o s .
Struetural stability on permafrost. . .
Structures, reinforced plastie. . .« . .
Supercritical wing. . « + + 4+ .+ ¢«

Surface finishing method for nickel elloys. . .

Surgery, crvogenic. + « v ¢ 4 s 4 4 e
Surgical clean TOOM .+ + « o 4 o ¢ + s &
Survival equipment. +» + « 4 ¢+ o s o« . s
Svstems analysis and computer modeling.
Sfystems analysis for police operastions.
Systems mansgement for elties . . . .

Systems management techniques . . . . .
Systems safety technology « + + « » « &
Teacher training programs . . « . . +
Technical training program. . . . .+ »

Technique for redueing noise in radio amplifier

Telemetry systems, satellite, . . . . .
Television advertising. . « + « + « « &
Television component production . . . .
Television digital display. . .
TEMPER FOAM . . & v o v & s 4 o s » & &

.
.
-
-

LI )

L I

Temperature and solvent resistant sealant . .

Temperature control system. . « + + «
Tenderometer. « + « v v & ¢« « o v o o
Thermal expension properties handbock .
Thick=film hybrid cireuits. . . + . + .

L T T}

LI R )

. & &

. . .

Timekeeping hase, quartz ecrvstal oscillatcr ..

Tires, studless winter. . . .

Tower, porteble . « + « « o » ¢ o ¢ o
Traffiec control system, . . + « « & « &
Traffic delay reductien . » + - + « « &

Tuana fishing. . . . + + ¢ 4+ 4+ o 4 o + &

.
L]
a2
.

. & o .
* = & e
-

+ 8 0 s

Ultrasonic nondestructive testing techniques. .

Urenium diffusion facility. . + + o « &
Uranium production safety « « « + » « .
Urban menagement systems and methods. .
Urban planning. - + » ¢ ¢« 4« o s & & &
Urban Systems Program . . « « + o« = +
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Compenies

Aerojet-General Corporation (California). . . .
Algonquin ING, Imc. (Rhede IYsland). . . . . . .
Aluminum Campany of America (Pennsylvania). . .
Alyeskn Pipeline Service Company (Alaska) . . .
American 041l Ccmpany,

{Indiana), O,

(Texas }. e e e e . .
American Republic Insurance Company (Iowa) ..
AMP, Tne, (Pemmsylvania) « « v 4 ¢ o o o o ¢ &
Ampex Corporation (Celifornia). . . .+ . . .
Andros, Ine., (California) + « « « « o « « &
Arkansas Power and Light Campeny (Arkansas) . .
Armour and Company (T1linois) . . + + « o « «
Artech Corporation (Virginia) . + « « v + ¢ o &
Associstes Corperation (Indiana), . . . . .
Astro Research Corporation (California) . . . .
A-T-0, Inec., Scott Aviation Division (New York)
Atomies Internmationsl (Californial. . « « « « .
Automation Industries, Ine. (Connectieut)} . .
Aveo Corperation (Massachusetts). . « « + + +
Bebeock and Wilcox Company (Ohie) . . . . . . .

Ball Brothers Research Corporation (Colorade) .
Bardons and Oliver, Inc., (Ohio) . e e e
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Baychem Corperatlen, Mobay Chemical Company (Pennsvlvania) e e s

Beckman Instruments (California). e e e

*

Becton Dickinson and Company, Protective Products

Beech Airereft Corporetion {Kamses) . . . . . .
Bell & Howell Company (Cemmecticut) . . . . . .
Bentley Leboratories, Ine. {(California} . . . .
Birdair Structures (New York) . . . .
Black end Decker (Meryland) . .+ + &+ v « « o« 4+ &
Boeing Company (Washingtonm) . . . . .+ . « « .
Cardinal Engineering (Pemnsylvania) « + + + « .
Carrier Corporatien, Carlyle Compressor Cempany

Chicago Bridge and Iron Company (Illinois).

.

Division (Wexas)

.
-

. = » = ®
.
.
.

L Y A

(Mew York). . « . .
Celesco Industries, Ine. (California) . v o + « « v v v o v o v o &

Chremalloy American Corporation, Chromalley Eleectronics

Chrysler Corporstiocn,
(Alebama)e v o v 4 v o 0 0 0w v e e
(California) . » v v ¢ « o o o o 2 & v «
{Michigan) . . + + + . e e e e s
Cleveland Eleectric Illunlnatirg Ganany (Ohio).
Golumbia ILNG Cerporstion (Marylend) . “ ..
Combustion Engineering, Ine. (Tennessee). . e

Commercial Union Assurance Company (Massachusetts).
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ORGANIZATION D&Y (COoNnT,)

Commonweslth Tdison {Illinois)}. . .. et s 4 s 4 e e s 4 s e . D8
Computer Directlions Adviscors, Inc. (ﬂarvlend) v h e e s s s w e s s s . H=3
Computer Imsge Corporation (Colorado) . v v v v « 4 4 4 o o s « s o o o (=6

OOMSAT (Distriet of Columbia) . - =
Consolidated Fdison Company (New York) P 125
Consolidated System LNG Cempany (Marvland} N )
Continental 0il Company {(California and Lou151an&) I -

Deere and Company (T20900028 ). v v 4 v v e e v v e s e e e e e e . P2
Diamondhead Industries, Ine, (Mew Jersey) . . + v « « + = 4 v = v » - . P=9

Distrigas Corporation (Massachusetts) . « v « ¢« v v v ¢« v & o v s o +» + He?
Dome Fast Corporation (Wew York), . . « « « + . . e e e e e e Iz
Dover Corvoration, Cook Airtomic Division (Connecticut) e 4 s 4 s s« s M=l0
Twnamic Systems, Ine. (North Carclina). T
Dmered., Ine. (Massachusetts) . . . . . . O - )
Earth Fatellite Corporation (District of ColuMbla\ R
Eastman Kodak Company,
(ew York) o » & v ¢ v o o o o o o o o o o o s o o o v v 0 « o+ BT
{Temnessee). . . . v « 4 4 ¢ v « 4 4 4 4 s v 4 4 4 e s s s s« s B=ll, B-12
Feonomies Research Associates (Callfornla} . L

Tdwards Engineering Corporation (New Jersev). . + v v + « « + « + - + . H=10
Fmerson Flectric Compamy {Missouri) . . . v v v v « v 4 v ¢ « s « v« . IR
Employers Insurance of Wausau,

{New Jersey) . e ]
(WESeonSInd. © v v st v s e e e e e e e e e e e e e e e e . I
TMR Limited (Calmfornla) e e s . . e v o« s . Pz

Fnergy Research and Development Admlnlstratlon (Distrlct Df Columbia) . B=21
F-Systems, Tne. {Texas) + . & v v 4 & 4 o o o « o 2 & o o o s s o 2 s » G=1h
Fxplosive Technology (Californiz) . . v v v 4 v v & o ¢ a0 o s s » « & o G=18, T-21
Exvon Company (Texas) . » 4 v v & & + « 4 & 4 4 o + 2+ & o« o« s o+ + » H1, B-k
Factory Mutual Research Corporetion (Massachusetts) . . « v v « & » o« o N=T
Florida Power Company (Florida) + . « o + « s + o s + s + s+ « s o « + « D=R
Ford Motor Company (Michigam?} . . v & v+ + v ¢ v+ o + s o o ¢ « o s o+ K3
Free Flight Ffystems (California). . . + v v v v v v v ¢ v s 2 o o = + o C=3
Gannett, Fleming, Corddry, Carventer (Pemnsylvania) , . . . . . . . . . I-T
Qarrett Corporation (Californie). .+ & & & v v v &« 4« ¢ o s o ¢ o ¢ & » « F=11
Geiger~Terger & Associates (Mew York} . . 4 4 & 4 4 & & & o & 2 2 + « « 1I=b
General Atomic Compeny (California) . . & « « « 4 + + ¢ s « « « o 2 « « D=5, DA, D=T,
D=0

General Dynamics Corpeoration, Convair Division (Califernia) . . . . . . 0O-5
General Flectric Company,

(Floridad. © & 4 ¢ 4 4 e v v s e e e e e e e e et e e e e s s DR

(New York) © . v v v v v v s 4 v o o 4 v v s s s e s s s e s e s DR, D=7, P=6

0] 2 T o |

(Pennsylvania} . . v « & 4 4 4 & 4 ¢ e 4 4 4 e 4 a4 e e s .. E=b, P-£
General Msgnaplete Corporstion (New Jersey) .+ . v v v v v v = v v o « . A=9
General Metal Works, Ime. (Ohio). . . . . v ¢ v v v v ¢ 4 ¢ s « s &« E3
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General Motors Corporstion,

(Michigands . v v v 4o 4 o & 4 o s o 0 s & a8 4 o e s e e e
GMC/Delco Flectronies Div1sion (‘hscon91n) e v e e s e s e s
fiMC/Detroit Diesel Allison Division (Indiana) . . . . . . . . .
(MC/Seginav Steering flear Division (Michigen) . . . . . . . . .

Ceneral Public Utilities Corporation (New Jersey and Pennsylvenia)
General Teleoperators, Inc. (California) « . . v « & & v v v o & »
General Time Corporation (I21inois). & v v v v v v v o o v o o s o
Getty 0il Company {Texas), & + & ¢ v ¢t 4 4 & 4 o 4 o a w0+ o &
Goodrich Campany (Ohio), . v & v v v v 4 s & & 4 s o & o o 2 s s
Goodyear Atomic Corporation (ORio) . - v v ¢ v v v v v v 4 v & o s
Goodyear Tire and ¥ubber Company (ORIio). . v 4 & o 4 o & 4 o o 4 o
OTE Svlvania, Ine. (Californiald. . . . . . e e e
Fandford Engineering Development Lahoratory (Washlngton) v e e
Harris Corporation, Harris Semiconductor THvision (Florlda) C e
Hatcher, C.W., Inc. {California) . . v v v v v & v 4 vt 4 o o = &
Hollister, Inc. {T11inois) . v v v v ¢ v o o s o o + & o « o & &

Hopper, Tne. (California). e e e e e e e e e e e e e e e
Houston Lighting and Power Combanv fmexas) C e e e e s e e e e s
Fybbard Scientific Company (I111n01s) ot e e e e e e e e

¥ughes Aircraft Company (Celiformial o . . & & . « « « v v v o o
Hydraulic Research and Memufacturing Cempany (Californisl, . . . .
Industrial Indemnity Company (Californial., . ¢« « + 4+ « ¢ & « & «
Innovetive Foods (Californial, .« & v ¢ v v v v 4 & 4 &+ o v s w o u
Tsothermics, Ine. (Hew Jersey) - « v o v v ¢ o o ¢ o o o« o s o o &
Kennecott Coprer (Utah)e o & v v v v o v 4« s = & = + & o o 0 v o s
Kentucky Electronics, Tne. (Kentuel¥). o v v 4 v 4 v« v v 0 o o &
King-Seeley Thermos Company (Michisan)} . . v « v & o o 4 v & + &
Krafteo Corporation (T1linois) ¢ . & v v v v 4 v & @ v v ¢ v 0 4 s
VB Engineering, Tne. (California) . .« v v v v ¢ ¢« o ¢ o o 4 4 v s
Liberty Mutual Insursnce Company (Georpia) . . . . . . . .+ . + . .
Lockheed Aircraft Corporsetion,
(California). . ¢ v v v v 4 v v b e r e e e e e e e e e s
Lockheed Missiles and Space Comnany (Califormia). + . « . . . .
Machlett Laboratories, Inc. {Commecticut), . . . . + + + o + 4 « &
MAPCO, Inc, (Oklehoma) . e e e Ve e e e e e e
Marsh & McClennan Insurance Brokers (New York) b e e e e e e
Martin Marietta Corporation (Colorado} . . . « + « o « 4o o o « & &
Mason & Hanger-Silas Mason Company {Kentucky). . . . « . . . . . .
Materisls Systems Corporstion (California) . . . . . . . . .+ .« . .
MeDonnell Douglas Corporation,
{CaTifornial. « v v @ 4w 0 0 s b s 4 v e a e e e e e e e e
(MASSOUTLI)s 4 ¢ v o v v v 4 v et e e e e e e e e e
(Washington . v v v v 4 ¢ o 5 o+ s & o o & o 2 s 1 2+ s o o »
McGregor-Doniger, Inc. (New York). . + v ¢ v « & & o o« o + & o « 4
Mechanics Research, Tne. (Celifornial. . .« .« 4 v v & o ¢ ¢ o o o« &
Midwest Research Institute (Missouri), . v v 4 + + o + o o o o ¢ 4
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Mebil 0il Corporation,

(California, Oklehcma, Pennsylvenia and Louisiana).

(New Jerse¥)e v v o v v ¢ o v 0 o s o o o v o o a
(TEXBS) v v v 4 & = o o o s & o & s+ o o+ o o o s s
Monsanto Company (Missourid. . . . « ¢ ¢ « v « v « + v &
NASCO (WiseomSinde v v v v 0 ¢ o v o v o s o o o o o o
Northrop Corporation (Californial. . . . = « o & o o &
Ortho Pharmeceuticals Company (New Jersey) . . . + . .
Owens~Corning Fiberglas Corporatiovn,
(Ohio). v v v v v v s et e e e e e e e e e e s
(Rhode Tsland)s v v o o o o s o o+ o 0 0 o 4 4 s
Pacesetter Systems, Inc. (Califernias). . . . . . + « « &
Pavement Specialists, Tne. (Texas) . . . .
Philadelvhia Electric Company {Pennsylvanis ;
Philco-Ford Corporation {Mexas). . . + « + « v v + « 4 &
Phillips Petroleum Company {Oklahomal). . .« . + + o« &+ + &
Pillsbury Company (Minnesotal. + v ¢« v v » 4 o & + o = &
Price Waterhouse & Company (Mew Yorkd, . . . . . . « . .
Public Service Company (Colorado). . . « + & « v v & o
Public Service Company {Oklshomal. . . . . . + . « + 4 .
Pullman, Inc, {T11iBOIS) & v 4 « v o v v o o = + = & o
Pyronetics, Tue. (California). . . o + 4 o o o & o « o
Richardson-Merrell, Ine.,, Merreil-Netional Labhoratories
(Pennsylvani®), « o+ o o ¢ & & 4 v o 4 & o b s v b s
Rockwell International Corporation,
{Califormial. « &« v « 4 v 4 v e 4 e e e e e e
Korth American Rockwsll Tnformation
Systems Company (Celifornial). . . + + « « « « .+ .
Rockwell-Rtanderd Division Michigan) . . . . . . . .
Sanders Associabes, Tme, (Wew Iamnshire) . . . . . . . .
8CT Bystems, Inc.,
(Ala})am&) T R R R R T T T S S S S
(Texas) P S R T T T T T T T e S T
Seience Applications, Tnc. {(Californial. + « .+ .+ « « + &
Scientifiec Systems Internationsl (Alsbama) . . . . . . .
Scott Fngineering Sciences (Florida) . . . o « . « « « .
Shelby Mutual Insurance Company (Ohio) . .+ . . « .+ . . .
Shell 0il Company,
(Louisiane) + v v & v v v vt o v v et e e e e
(Texas) . . . . . . e e e e e e
Sierra Englneering Company (uallfornla) e e e e e
Spil Testing Services, Ime. (Tllineois) . . . . e
Southern California Edison Company (Callfornxa) . e .
Southern Pacific Company (California)s « « « o« « o o o &
Sfpectra Associates, Ine, (Towal). + v « v + o o + 2ee « =
Streamlight, Ine. (Pennsvlvanial) . . . v v « « o « v « o
Structural Composites Industries, Inc. (Californial}. . .
Super Cut, Tnc. {IZ1nois) v v & o & 4 o o ¢ = o o o o o
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Systonetics, Inc. (California). . . + « v v « v « &
Telecare, Inc. (Texas). « v v v ¢ ¢ & « ¢ 4 v o & 4
Telesensory Systems, Ine. (Califermia). . . . . . .
Texas Instruments (TeXBE) « o + o o o « + s o s « o
Trmseo pr@duct, Inco (Californ‘iﬁ.) R T S T T T S
Transportation Safety Systems, Ine. (Ohio). . . . .
TRW, Inc.,

TRW Controls (Texas) v v « o ¢ v s o ¢« o o s « 2 o

TRW Date Systems (Celifornia). . e h e e

TRW Industrial Operations (California.) e e e e

TRW Systems,

(California) + & v v v v & o ¢ ¢ 2 o 6 o v o

(Kemsas and Marylend). . « ¢ ¢ v ¢+ 4 4 o 4 .
(Tex&ﬂ). T T T T S T S T S S TN T T S S S T Y
TSI, Ine. (Misgouri), e e e e e e e e e e
Tvlan Corporation (Callfornla) . e .
United Aireraft Corpcra$ion, Pratt & Whitney Alrcraf‘
(Connecticut) s 5 s e L R T S S N T R T T ¥
The Upjohn Gempany (Mlchigan) e e e
Vapor Corperation (Illineis). « + +» « «
Vitredent, Inc. (California). . e
Wa.tkins-Jehrson Company (Ca.lifornia.) . .
Watts, Charles R., Company (Washington) « v e e
Weed Instrument Company {(Texas) . e e e
West-Point-Pepperell, Inc. (Georgia). e e e e

+ .

¢« v =
-
-

Western Fire Equipment Company (California) .
Westinghouse Corporstion (Pennsylvanis) . . .

Whitteker Corporation (Massachusetts} . . . . .
Winslow Company (Floride) . + v &+ o « o« « v +
Xerox Dete Systems (California) . . v « « + & &
Zeller Corporation (Ohie) . + v « o o v o v v &

. e & =
-
.

Industry Asaﬂciatipgg

Alr Line Pilots Assoeciation (District of Columbisa).
Americen Petroleum Institute (Texas). .

Assoeclation of American Fallroads (District ef Celuﬂbia)

Division

e v & = s s

Offshore Operstors Committee (Louwisiane). . . . . + .« . .

Pennsylvania-New Jersey-Marylaend vower pool . .+ + «
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Federalmﬁgvernmenﬁ

Avpalechian Regional Commission (District of Columbia), . .+ « . . . . 0=10

Atomic Fnergy Commission (Distriet of Columbia) + » v ¢« v+ & o o o » o D=8

Bonneville Power Administration,
7 1 P M ¢ :
(Washingbon) v ¢« & o v 4 v 4 ¢« s v s o v 5+ v s o v s e s s . D=3 :

Environmental Protection Agency,
(Distriet of Columbia) v . v v v = v o ¢ ¢« 0 v s s s o o 0 o & BG1
(Oregom) v« & v v 4 4 &« 4 v s s s s s e s e s s e e e s s . E11

Federal Aviatien Administration (District of Columbia) e e e e s« M6, M-T
Federsal Reilroad Administration (Distriet of Coluwbial. . . . . . . . I=3 ;
Food and Drug Administratien {District of Columbia) . » &+ ¢ + + « + . F=5
Indian Health Service (Alaska). . . « v 4 v v o v ¢ « v o 4 2 « » o o 0=10 H
Lew Enforcement Assistance Administration

(District of Columbia) &+ & v v v 4 & + « v o o 2 « o o s « s s =3

LEAA/Wational Criminal Justice Reference Service + o o ¢ o o « o o J=2
Military Personnel Records Center (Missouri). . v v v « o o o ¢ o o » 0G=11
National Buresu of Standards (Maryland) . - . « +v v v « ¢ o s ¢ + o » 0G=16 1
National Merine Fisheries Service {Califernial. . « . . + + « ¢ + + . PF=1 !
National Weather Service, ' :

(Louisiena). + v v v v o 4 v o o s o b o i b e e e e e .. G j
(Maryland) © © ¢ v v ¢« « o 4 v 4 o o s v e e e r e s e e e s B5,F-1 ?
Office of Bducation (District of Columbia). . . . . . . . 0-9, P-10 :
Tennessee Valley Authority (Temmessee). . « « + « 4 4 o e ¢+ «s o+ D-B i
U.S. Army Corps of Fngineers (Tennessee). « + « « o s « s » 2 s 2 o o G=b :
U.S. Department of Agriculture,

. =+ »
-
-
-
-
-

.+ BT !

(Distriet of (‘Olmnbia) I R T T T T T R
USDA/Forest Products Leboratory {Wisconsin}. . . . . + . . + . . . G=16 |
USDA/Research Center (Louisiana) . . o v o« v « » + « v « + » o « o F=h i
USPA/University of Missouri (Misseuri) + . v v v v v v v 2o v « v . F-6 i
U.5. Department of Defense (Distriet of Columbia) . . . -« « + B-1, I-3 :

U.S. Department of Health, Fducation and Welfare ]
(Distriet of Columbia) . . 4 v v &« « 4 o o v & 4 o 4+ s « o » » 0=10 j
EFW/Soeial end Rehasbilitatien fervices center (Alabama) . o 2 . s Pul i
U.5. Department of Housing and Urban Develepment (District
of Columbla) o v v v v 4 v 4 v e b e e e e e e e e e e s e e e e E=3
U.8, Department of the Navy, Puget Seund Naval Shipyard

(Washing‘tﬂn)..-.-.-.-.-.-.'.....---....G—l'i" ;
U.S. Department of Transpertation, i
(District of Columbia) . . . . . . e e e e e e e s . K2, L6 :
DOT/High=Speed Ground Test Center ("olc;udo) e e v e e e s s LT !
U.8. Department of the Interioer (Distriet of Celumbla). e 4 s 4 4 s« Hel? ;
[}

7,8, Geologieal Survey,
{District of Columbia and Louisiana) « « o « + o + s o & » « « Hel
(Florida.)...-....-. T I T ---ooG-S,G-S
U.S, Postal Service (Illinois, New York and Nerth Carolina) S ¢ =
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ORGANIZATION INDFX (CONT.)

Stete and Local Government

Columbus Fire Department (Ohio). Ve e e e e e e .

Department of Economie and Community Development (Ohio). .
Department of Labor/Oeccuvpational Realth Department (MNew York).
Depertment of Naturel Resources (Georgia and Uteh) . . . , . .
Department of Tramspertation (California). e e e Cr e
Federation of Recky Mountein States (Colorado) e e e
Highway Department (Colorado, Flerida, Georgia, Idaho Illlnols
Indisna, Louisiana, Maryland, Minnesota, Missouri, Nebraska,
Hevada, New Jersey, New York, Nerth Daketa, Ohio, Oregon,
Pennsylvania, Rhode Island, Texas, Virginia, Washington,

v=s® B 9 NI TR TEa e T i g e s FETTTERT S T Tene v

West Virginia, Wiseonsin) + + v v v v v v o v 0 v s b a o .

Houston Fire Department (Texas), . v v 4 v v ¢ o v o o o o & »

111ineis Bureau of Criminsl Investigstions (I3linois}. . . . .

Indiana Legislature (Indianal). v v v & v v o o o v o v » s s »

Los Angelies City Devartment of Water and Power (California), .

Los Angeles County (California). . . e e e e e e e

Los Angeles Fire Department (Californla) e e e e e e e s

f Los Angeles Police Department (California) . o o + « v v v .+
E Louisville Police Department (Kemtueky). . . + « + v v o o »
: Nelghborhoeod Youth Corps (California). v v v v v o o o s & s
New York City Fire Department (New York) . . . + v + 4 o 4 + &

: New York City Tramsit Authority (New York) o v o v e e
§ Orange County Sunitatlen District (Callfornla) e e e e e e
| Pasadena Police Department {Californial. . . « « v v v & » + &

E St. Joseph Airport (Indianma) . . v v v ¢ v ¢ ¢ v o s 0 0 4 . .
: Texas Water Development Beard (Texas). . v v « o o o « 4 o « »

Educational Institutions

California Institute of Technoloegy,

(California), . .« . .« « . . o 4 s s s
Caltech/Jet Provulsicn Ldboratory (Callfornla) e e e e

Florida State University (Florida) . . & « v ¢ ¢ + 4 ¢ o « & &

:
l
E
|
i
| Central Washington State College {Washingtem). . « + « « 4 « &
; Johnz Hopkins University

]

(Mmla-nd) L N s 4. L R L

JH/Chemieal Pronulsion Information Ageney (Maryland). e e

| Lexington Community Cellege {(Kentucky} « . &+ v ¢ + v 2 = « & -«

. Milwankee Area Technical College (Wisconsin) e e e e e

% Montsns State University (Montemaz) . . . « « « + v & &+ « + .+ .

i Mounte’a View High Scheol (California) v v v v v v & 4 o « o &

. Purdue University (Indianc)e o v 4 « erv v o o o o ¢ o o » s »
| University of Aldbama, Schoeol of Medieine, Spain Rehsabilitation

i Center (Alsbamal). . « v v v v ¢ 4 o 4 4 0 v v b e e

University of Alaska (Alaska}. « + o« « o o v o o & o« o + + 4 o
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Comprehensive Health Planning Council of Los Angeles (Californ1a)
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ORCANTZATION INDEX (CONT.)

0=-10
[ N R L I D I ) 0"10

University of Weshington (Washington). . . . . . .
Washingteon State University (Washington) . . . . .

* s s s
-
-
-
.
-
-
.
-
.
-

University of Idsho (Idahe). . . . e s 4 b s 4 4 e e s e ows e s e . 0=10

University of Illineis (Illirois). e o .S
University of Kentucky (Kentucky). T :
University of Southern Californisa :
(Caiiforninm). v e T ‘
USC/8chool of Dentlstry (California) e e e e . e e v .. Pl :
University of Utah (Utah). e ¢ ) ;
University of Vermont (Vermont). D 1 P
%

Heslth Institutions end Organizations

Baltimore City Hespital (Maryland) . . . + ¢ v v 4 v o = v « o 2 s+ o + » P=5, Q=2
Coastal Center for Mental Retardstion {South Carelima) . + v « » + « +» « B2
Hear' Association of Maryland (Maryland) « . v v v &« o +» = « + s « » + « P=5 !
Hunheville Hospital (Alebama). . « 4« v 4 ¢ o o+ o = « o o s « o« « = « « P-8 i
Jack- a3 Memoriel Hospital {Floridal. + « & v & o ¢ o o s o o = o s o « « P11 :
Johns Hopkins University, Scheel of Medieine {(Maryland). . . . « s e . P=B
Mississippl Methodist Rehsbilitation Center (Mississippi). . . . . . . ., P2 ;
Fational Center for the Deaf-Blind (New York}. . . . « = + « « v » » » . P=1D
New York University Medieasl Center (New York ), T o L
Yorth Carelina Memerisl Hespitael (North Carollna) . O - I
Palo Alte Veterans Administration Hospital (Callfornia) T 2
Rancheo Los Amigos Fospital {Californie). . . + « v v « + « = = v o« &+ + » P=1, P=7, B8
5t. Loudis City Health Department (Missouri). . . . « « « « 4 « + « s « . Q=2
St, Iukes Hospital (COLoradods + 4 o o o o v s o o o o o o 0 s o s o o o Q5
Spein Rehabilitation Center, School of Medicine, Unlver51tv ef
Alabama (Alsbama) . . . . . . .. T 58 1
Stanford University Hespital (Callfornia} e e e e e e e e e e . P9

University of Southern Califernia, Schoeol of Dentistrv (California}, . . P-l
D

Veterans Administration Prosthetics Center (New York).
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STATE INDEX

Alabame 1
Control switch (Huntsville Hospital: Scientific Systems {
International/Funtsville). + . + v « v & v &+ o & e s s .. P-B
Hazardous gas snslyzer for Saturn rocket {Chryler Corp /
Huntsville). e e e e e e e e s e s e s e e s s s E=2
Instrumentation electronics for Saturn rocket {sCT Systems Ine./
Buntsville). & « o v v o o & v o & e

Mgbile Automated Metsbolic Anelyzer (Univ. of Algbama/

School of Medieine/Spain Rehmbilitation Center/Birmingham) . . . . P=h
Multiplexer circuits for Ssturn rocket instrumentation

(8CI Systems, Inc./Hunstville) « v v 4 & v o « o ¢ o o o o s ¢« o » A=l
Saturn I/IB Systems Development Breadboard Faeility

{Chrysler Corp,/Huntsville). . . & &« v + ¢ o v o o o o ¢ o v s o« O=T, Kelt

Alasgke, :
Cﬂﬂ?\l‘ber models for A‘pollo Pregra-m-o ¢ & a2 & & » T & 8 " w¥ » e » ¥ s E—-Q r;
Faperimental maltiple-use commumications satellite (ATS-6) f

{Indien Health Service/Anchorege: Univ. of Alaska/

Fairbanks) . + + v v o v o T o 5 R
Hest pipe spplications (Alyeska Pineline Service Co./ i

ACHOYEEZE) o v 4 o s o o o s o o & 5 o o 8 o v s s v 4 o o v o s+ BB i

Arkanses
Apollo Guidence Cemputer software (Arkesnsas Power and Light Co./ i
Little ROck) L] . . L] L] . L3 . . . . ] LI ] . e+ 0 . . 3 . - . . . s . D_3 ::
S1idell computer COMPLEX. « » + « « s =« « v s » o o s o o o 2 o o o 4 O=B

Celifornia :
Alirveraft design date (Lockheed Aircraft Corp./Burbank; :
McDonnell Douglas Corp./Long Beach)e + 4 « 5 v o o v + o o v o & o M2
AMrport runway grooving (C.W, Hetcher, Inc./El Monte) . o + + + + +» o MeT
Anti-fog compound (Westernm Fire Fouivment Co./Brisbane) . . . . . . . C=2 p
Apollo Guidence Computer seftware (Continental 0il Co./Ventura; ;
Los Angeles County; Mobil 0il Corp./Torrance; Southern Paeifie
Co./ San Francisco: TRW Data Systems/Hawthorne: TRW Industrial
Operetions/Los Angeles: TRW Systems/Redendo Beach) . . . . . . . . ©€=9, D=3, H-L,
K-2, I-2, M-8,

N-1

Artificial hend (General Teleon:rators, Inc., Ranche Los Amigos

Fespit&l/DOWneY) " » & % W ® 4+ & 8 ® & «T B s s v » * » + 4 a4 @ P-T
Atlas-Centaur rocket contrel system (General Atomic Ce /

SﬂnDiegG)o- [ » * s & s . L S L D_5
Chlorate candle oxygen supply (PYronetics, Ine. /Santa Fe

qpringS)......-.-- ...-...-...-..‘-.C—a
Combustion analysis computer pregrams (KVE Pngineering, Inc./

Tustin; Los Angeles City Dept. of Water asnd Power; Southern

California Fdison Co./Rosemesd}. o & v 4« & 4 v o o o s « 4 4 o+ » D=1
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STATE, INDEY (CONT.)

Gelifornia {Cont.)
Compressed/freeze-dried food {Innovative Foods/San Franmcisco). . « . » F=0
Computer display system for Saeturn prelaunch checkout
(McDonnell Douglas (orp./Long Peach)s + v v v v o v v o o v o o« o Moh ;
Computer models for Apollo Program (TRW Svstems/Redondo Beach) s+ s+ E=Q :
Computer program transleting guide for FORTRAN (Economices

Research Associates/los fngeles). . . « . . . e
Computerized imege enhancement (Jet Propulsion Ldboratorv/ ’
Caltach/Pasadena) . C e e e e e s . . . . e e . Ba1l
Contamination contrel handbook (Yerox Data sttems/Pl qegundo) s e 0« B=h
Control switeh (Rancho Los Amigos Hospitsel/Downev) . . , e v+ .+ . P-B .
Cooling system for femini space suits (Garrett Coro./Los Angeles) . . P8 1
Data eommunication methods (mRW Date Svstems/Fawthorne:
TRW Systems/Redondo Beach}. + v v v v v 6 v v v o v v o o b 4 e 0 . MBH-1

Deployable lattice column (Astro Research Corp./ Sente Berbera}, . , . I-10
Digital color television display (RI/Morth American Rockwell

arirean G

Information Systems Co./Ansheim). . . . . v 4 + v v 4 4 v v v s + . D=b !
FTlectromechanical stimulator module (Telesensory Svstems, Inc./ H
Palo ATE0): + v v 4 v b e h s e et et e e e e e e e e e e .. P10 :
Blectronic power dividers and switching components (Transco f
Products, Ine./Venice). . . . . . . . . . . v« s+« » .+ . B-20 g
Fatique amalvsis methods (CGeneral Atomic Co /qan Dlego) P :
Pireman's breathing appearatus (Los Angeles Fire Dept.: i
Struetural Composites Tndustries, Ine./Azusa) . . « . + « « + 4 » . G=13 :
®iight path simulator (Californie Institute of Technology/ :
Pasadena) o v . v v v v oh b s b e ke e e e e e e e e e e e e e, 0=l :

Tour Cities Program (Aerojet-Generel Corp., Caltech/Jet
Propulsion Lsboratory/Pasadens: Lockheed Missiles and
fpace Co./Ran Jose: Northron forp./Ansheim; Pasadena {

Police Dept.: Science Avplications, Tnc,/Fresno)e ¢« o « ¢ v v « » » G=9, J=b
Frecture Toughness tests (Atomies Internastional/Canoga Park:
General Atomic Co./San Diego) + & v v 4 « v « v+ ¢ 4 2 4 s 4 s v . D=6
Guidelines for febrication of hvbrid micreeircuits
(Watkins~Johnson Co./Palo Alto) . - S K
Fazardous gas anaxyzer for Raturn roeket {Chrysler Forn / :
Los Angeles). . . . . e e e e e e s e s e s e e e e . BE=P2 4
Heat pive applications {Hughes Adreraft Cc./Torrance). = 4 ;
Heat shield coating for reentry vehieles . « & + v v + v s « s « + +» o, I=B

Figh purity, high strength carbon (Bentlev Lsboratories, Ine./
Irvine: Rancho Los Amigos Fospital/Desmey: Univ. ¢f Southern

Celifernie/School of Denistry Vitredent, Tnc./Los Angeles). . . . . P-1
Highway grooving (Dept. of Transwvortation; C.W., Hatcher, Inc./
ElMDn‘te)........-.................... K=1

Horizontal shower (Gemeral Teleoperators, Inc./Downey:

Pale Alto VA Hospital: Stanford Univ, Hospitel/Stanferd). . . . . . P-O
Hybrid computer (Lerojet-General Corp./Azusa; Sierra

Fngineering Co,/Sierra Madre; Univ. of Southern

California/Los ANEEles) o v v « 4 v 4 & o o + & o s &+ ¢ a4 s 4 & Q=2
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STATE INDFY. (CONT.)

califernie (Cont.)
Insulation technology for fatura rocket (Rockwell
International Corb./Downey s o v v ¢ v o v 5 » s 4 &« o 2 o v s o 2 H=3
Linear shaped exnlosive charge {E¥plosive Technology/

Fairfield) . e e e e . O ¢ N 5 S £ &
luner module rocket engine test facilltv (TRW Svstems/
Redondo Beach) . . ., . . . s e e ¢« v v e . E10
. Mass flowmeter for low gas flow (Tyl&n corp./Torrance). O - % B T - X5

NASA PERT computer program [Systoneties, Tnc./Anaheim), . . . . . . , I=1
NASTRAN (NASA Structural Analysis Program) (General Atomic

* CO.,’LBI}, Diego) 4 &« 2 B ¥ & & &« ¥ & & & 2 2 ¥ » « * e x5 e 4 s D-9
Mickel-cadmium battery technology (Pacesetter Svstems, Inc /
Son Fernando). « « « o « ¢ « o « ¢ « 5+ v 6 2 e o & 4 6 s e s s o « P25
Nondestructive tPstlng training menuals (General Thmamics
Corp., Covair Div./Sen Diego). . . . D o 8

Preecipitation-hardened steel slloy {FODner Inc /Bakersfleld) v e e » F=3
Pyrolytic synthesis of activated carbon (Caltecb/Jet Propulsion
Lsboratory/Pasadena: Orange County Sanitation Distriet/

Tountein Valley) « « v « o « o o o s 4 v 6 v s s w s w s e s e e Oel
Quartz crystal microbalasnce contaminstion monitor {Celesco

Industries, Inc./Costa MESE) « +« v « 4 « v = o o+ s o » ¢ = o« + + 2 E=13
Reinforced plastie strnetures (Materials fvstems Corp,/

Peon@Ito) « 4 v v v v b ke e e e et e e e e e s e e e s e e e s I=3
Remote sensor for alr nollutantS. - « + » « » o » « & & o o 4 o + . E=B
Rogallo airfoil design (Free Flight Systems/Fillmore) . . . . . . . . C-3
Safety yvoke for censiruction workers {Industrisl Indemnity Co./

San PranciSeo) o v v v b v 4 s s w s e s e s e e e s s e e w . I
femisutomatic inspeetion of microtilm records (EMP lelted/

Tos AnEeles) o v v v v e e s e e e e v e e e e e e e s e e s . BA12
fkvileb carbon monoxide monitor fAndros, Ine./Berkeley:

Beckman Instruments/Ansheim) .+ « « « « 4 < 4 4 v s e s e s o4 s s s E=1
foldering school (Mountain View Figh fchool , Yeighborhood

Youth Corps/Mountain View) . o o s 1
Spun metal Fibers for web filters (Hydrauwlic Research and

Manufacturing Co./Pacoima) + « v v v 4 ¢ & 4 & o o« s 4 v s« v . . B=23

Systems snalysis and computer medeling (Caltech/Jet Propulsion
Iaboratory/Pasadena: Comprehensive Health Planning Couneil

of Los Angeles: Los Angeles Police Dept.). + . v o« 4 & . . 08, T3
8ystems safety technology (Mechanics Research, Inc./Los Angeles) .« B=12
Technigque fer reducing noise in radio ampllflers {nTT Sylvania,
i Tne, /Mountain View), . . ... . . . . s . . O - 5,
§ Videotape storsge and retrieval SVStem,(Ampex Corp /
5 Sunnyvale: Southern Pacifie Co./San Franciseo) + . o o 2 v s . s o J=1, I=h, N.2
5 ¢ Weather satellite imagery and ground receiver (National Marine
Fisheries Serviee/Ta Jolla), « &+ v ¢« v v 4 v v o s v s 4 2 s s s » F=1

et i oA R A TR o £
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STATE INDEX (CONT.)

Colorado
Active filter circuit design method {Computer Image
CQI'P./DEHVET)-..-.«-----.---------.c.-.C"'6
Airport runway grooving (Stapleton Internmational Alrport/

Denver) « « « + o+ o & v e e e e e e e e e e e MeT <
Atlas-Centaur rocket eontrol svstem (Publlc Service Co./ i
DENVET) « v ¢ v o o & s s o = o s v s 4 s s s o s v v 4 0 0 s+ ¢ D=5 .
Dynamic and static modeling technlaues {Martin Marietta !
Oorp./Denver) « « o « = ¢« « 4« o 4 e . c e v e s . I=3
Fxperimental multipe-use ccmmunications satellite (ATq-ﬁ) .
(Federation of Rocky Mountain States/Denver), s s e e s e e . 0=10

Fireman's breathing apparatus (Martin Marietta Corp./Denver. e 0w =13
Heat shield costing for reentry vehicles . « « + + = + « + + s« & + & I=B

Fighway grooving (Highway Depte) « o + ¢ o 4 o o o s o o o o o o » » K=l :
Lubricent deposition process {Ball Brothers Research i

Corp./Boulder) . . . . . . Ce e e s O - i
NASTRAN {DO%/High-Speed Ground Test Center/Pueblo) T P :
Portable laminer airflow surgical clean room (Martln ]

Marietta Corp., St Lukes Fospital/Denver) . . . « + v v « o 2 +» + Q=5 !
Veather satellite data « « « v o o v o o« o o o ¢ o s s o 4 s o+ o+ E=5 :

Cennecticut

Friction cheracteristics of graphite and graphite-metal i
(Dover Corp., Cook Airtomic Div./Fast Fartford) . . . « « + « » . M-10 ‘
TFuel cell technology {United Aireraft Corp., Pratt & Whitney !

Aireraft Div./South Windsor}. + . « v 2 4 v o « « o + 4 + + 1+« » D-10
Heat shield coating for reentry vehicles . . . 4 + « o+ o« « s o « s o I=8 !
Manufacturing conteminatiou preventlon handbock (Machlett :
Laboratories, Inc./Springdale). e e e . I < ;
Speeification guidelines for hvbrld microcircuits (Bell,& Fowell ;
CoO/Bridgeport) « = v « 4 « s 4+ & s 4 4 4 s e 4 4 s 4 a4 s s . . B=16 !

Ultrasenic nondestructive testing technigques {Autommtion !
Industries, Tc./Denbury) « - « ¢ = « o s s & » s+ » &+ « s « + » B3, L1 :

Distriet of Columbisa
Alrcraft Materials Development and Fvaluation Program
(Federal Aviation AdMin.) « -« « v « o s s » = 2 2 o + o 4 o« v 2+ MBS
A reraft remote sensing program and imagery (Earth ¢
Satellite Corbe)de v v v ¢ 4« 4 0 v a4 s e e e e e e e e e e . BT i
Airport runwey grooving (Air Line Pilots Assoc.: Federal

Aviation Admin.:; Washington Nationel Aivport) . . .+ « v v v o « o M=T
Apollo Guidance Computer software (U.S. Dept. of i
Transportation) « + « ¢ « « 4 v v o4 a4 a e oa s B .
Apollo Program qualltV'assurance specifications (Aiumlc
Fnergy Comm.)} . . . . P » B4
Clean room technology (Food and Drug Admin.) . I

¥

¢
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3
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STATE INDEX (CONT.)

District of Columbia (Cont.)

Camputer madels for Apolle Program . . . . . . . « ..
Dynemic and static modeling techriques (Assoc. of American
Reilroads; Federal Railroad AGmMin.) « « « o « o o o o o o
Electromechanical stimulator module (Office of Education) .
Experimental multiple-use communicetions eatellite (ATS-6)
{Appalachian Regional Comm.; U.S. Dept. of Health,

Fducation, and Welfare) . . v v o o v v o o s o o o o & &
Inert-gas welding enclosure (COMSAT) . . v v ¢ ¢« + s o o « =
Microelectronics production quality essurance (U.S. Dept.

of Defense) « « o o o o « » . e e e
Model for hazardous naterials plume dispersal (U S Dept

of Transportation). O, e e s
NASA scientifie and technical information (0ffice of

Bueation)s o o v v o 4 4 o v s v b b e e e e e e e e

Pyrolytic synthesis of activated carhon (Pavironmental

Protectlon AZEney)e + v « s o o 5 s o o o 2 s o 5 o o b »
Reinforced plastic structures (U.S. Dept. of Defense;

U.S. Dept. of Housing and Urban Development). « « « « + o
Relisbility and quelity sssurance metheds (U.S.

Geological BUrvEY)e « &t s o v 4 o bt s v e 0 6 s 4 a4 e s
Seientifié and Technieal Information Management System

{sTIMS)} (LEAA/National Criminal Justice Reference Service).

Stendards for material handling equipment testing (Energy
Research and Development Admin.). « . « & & v + « o = « &

Svstems analysis and computer modeling (Law Enforcement
Assistance AAMIN. )y « v 4 4 v e 4 4 a s w e w e . e

Systems safety techmology (U.S. Pept. of the Interior) ..

Florida

Alrport runwiy grooving (Miami International Airport). .
Apolle Program quality essurance specifieations (Florlda
Power Co./St. Petersburg:; Flectric Co./Daytona Beach) . .
ERTS-1 datse collection system (U.S. Geological Survey/Miami)
Guldelines for fabrication of hybrid microcircuits {Harris
Corp., Harris Semiconductor Div./Melbourne) . .
Hand physiotherapy device (Jackson Memorial Hespital/Miami)

Heat shield costing for reentry vehieles . . . . . . . e e

Highly relisble flashlight switch (Chremalloy American
Corp., Chromalley Flectrenies Div./Hollywoed) . .+ « + +
Highwey grooving (Highway Depb.) « + « « + . “ .
Inflseteble/nontippable life raft (Winslow Co. /Osnrev) . e
NASA scientific and technicel informetion (Florida
State Univ./Tallshassee; Scott Engineering Sciences/
Pompano Beach). e e e e e e e . e e
Skyleb photography (U S. Geological Survey/Miam:i.) R
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STATE INDEX (CONT.)

Georgin
Alrport runway grooving (Atlants Internstional Airport). . .

ERTS-1 imagery (State Dept. of Watursl Resources/Atlanta). . . (=2
Highway grooving (Highway Dept.)} . « ¢« v ¢ o + o o o o s o o o 2+ ¢ 2 » Kol
Microbiologlieal handbook (Iiberty Mutual Insurance Co./Atlenta). . . . N-5
Multiplexer eircuit for Saturn rocket instrumentation

v e o MeT §

. s e
...
-

«

(West Point-Pepperell, Inme./West Point) o v « + v ¢ 4 v v + o « « o A=k
Ideho
" Experimental multiple-use communications satellite (ATS-6) ;
(Univ. of Idsho/Moscow) . e o 5 1o} .
Fighway grooving (Highway Dept.) t h e e r e s e e e s e e s e e e s s Kal
Illineis
Alrpeort runway grooving (Midw&v, 0O'Hare Internationel Airport/
Chie880)e v v v v o v v = o o 4 o 4 s s e s e e e e e e e e MaT
Apollo Program quelity assurance specifications {Commonwealth
Hdisen/Chicage) . . . « + v « v o+ . P 1 N

Are suppression techpniques evaluation (Vanor Parv /Chlcago) e s s . 1I=5
Component degradation analysis techniques (Univ. of Illinois/

Urbana) . . , . Ve e e e e e e e e s D o 2 S
Camputer vrogram translating guide for FORWRAN (Sall Testinp

Services, Ine./Morthbrook). e e e o o
Tryogenic transfer system cocldown (Chicago Brldge and Iron

Ce. [0k Brook). . “ v e s s . v a4 s s s s s s s BHe2
Flectronie strein gage (Armour and Co. /Oak Breek) I
Flammability tests of home furnishings (leertv Mutual Life

Insurance Co./Chicagoe)., . . . . .+ . e e e R | A 4
Flight path simulator (Bubbard Seientific Co. /Worthbrook) B o 5 X
Fracture toughness tests (Deere end Co,/Moline). O
Highwey grooving (Highway Devt.: Super Cut, Inc. /Fhlcago) e s a e s . K1
Lubrieation handbook (Hollister, Inc, /Llncolrwood) e e s e e . Qb :
Mierobiological handbook (Kraftco Corp./Glenview). .+ .+ « « « + + « +» . F=6 :
NASTRAY (Pullman, Tne./fhicage). v v v v v v v« o o o s o o 2 0 o o o LT !
Nondestructive spot test procedure (Kraftco Corn /Glenview) v e e . PeT :

Cuartz cerystal oseilllator for Apollo Central Timing
Equipment (General Time Corp./Rolling Meadows?}. . « . + + 4 & . . . C=11

Remote sensor for air pollutants . . . . . . e e 4 4., E-B :
Saturn I/IB Systems Development Breadhoard FECIlitV (U S. H
Postal Service/Chicago) . . . . « . . P
Videctape storege and retrieval system (Illin01s Bureau of %
Criminal Investigations/Springfield). e o 1 ;
Indiana :

Airereft remote sensing program and imagery {(Indiana
legislature/Indianapelis: Purdue Univ./lLafayette) . . . . « . . . . E-T

Combustien analysis computer program (GMC, Detroit Diesel o
Allison Div./Indiana®olisS)e o & & + & o & o o 4 + o 2 o s o 0 0 a4 MG
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SPATE INDEX (conmT,)

Indiana (Cont.)

Highway grooving (Highway Dept.). , . . . . et e e e e e e s E=1 3
Hot tepping method for pipes (Americen 0il Co./ 3
W‘hiting) LI T} [ LI TN T T TS TR TN SN SR SR S S I B A H-S :§
HASA PERT comnuter program (Assoc1ates Corp., ;
8t. Joseph Airport/South Bend) . e 1 ) {
Zowa I
Flat conductor csble connector survey (fpectra Associates, Ine./ i
CedarRapidB)‘--..-...........--........J-'5 f
Videotape storsge and retrieval system (American Republic i
Insurance Co./Des MOINES . o v 4o 4 v v v & o« ¢ o + 2 o o o s 2 o+ o H=2 :
Kanseas
Apello (uidance Computer softwsre (TPW Systems/Overland Park} . . . . K-2
Liquid penetrant nondestructive testing training manusls :
(Beech Aireraft Corp./Wichita) « v v ¢ v 4 ¢ ¢« ¢ v o o v v s 0 o o M3 '
Kentucky ;
Contemination contrel handbook {Kentucky Flectronies, Inc./ §
OWEHBbOI‘O) L] L] - a L] L] . - . + - - L - - . - A.‘S i
Cryogenic data handbook (Mason & Hanger—Silas Mason Co / i
Lexingten) L N e . L] * L D T B I-6
Phonocardiogram simulsater module (Lexlngton Cemmnnltv :
College; Univ. of Kentuckv/Iexington). . + » « « ¢ o o s ¢ o » « » 0=3 :
Videotape storage snd retrieval system (Louisville Tolrie? i
De_'p't.) . - . . - L] . - . » - . . . " . . . - . L] L] . - . . . L] L) . J“l 1,
£
Lonisiana !
Ayollo Guidance Computer software (Continental 0il Co., i
Mobil 0il Corp., Shell 0il Co./New Orleans . + « « o o » = + o » o Hab :
Contemination control handbook (USDA Southern Regional i
Research Center/New Orleans) . . + « + « o« » « o v o o o o + + o o F=b i
Highway grooving (¥ighway Dent.). O .5 N i
Reliegbility and quality assurance methods (Offshere b
Operators Committee/Few Orleans: U.S. Geological i
furvey/Metairie) o & . 4 4 v b 4t 4t b e st e e e v e s e e s s . H-l i
81idell computer COmPLEX. = « « + o » = « 4 o 4 s s 2 4 e v e 4 s s . G=B ¢
A
Maryland :
ipol” Guidance Camputer software (TRW Systems/Beltimore) . . . . . . K2 i
Pr_cery-povwered hand tools (Black & Decker/Towson). . . + + o « o « o« C=h 3
_omputer program trenslating puide for FORTRAN (Computéer %
Directions Advisors, Inec./Silver Spring) . « - « v + « « ¢« v+ + - N3 B
Cryogenic tranafer system cooldewn (Columbia LNG Corp.,
Consolidated System ING Co./Cove Point). o v v 4 &+ ¢+ 4o ¢ ¢ & « & « H=2
Digital eclor television display (Pemnsylvenia-New Jersey-
Maryland power POOL} « « « 4 v 4 4 s+ 4 o 4 e = o o s o+ s s 4 o« Db
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STATE INDEX

1and (Cont.)

Flammability tests of home furnishings

of Standards/Gaithersburg). . . .

Fluorometer instrumentation technology

City Hospital). e b e e e e
Highway grooving (Highway Dept.) .

Hybrid cireuit technology (Johns Fspklns quv /Baltimore)
Model for hazardous meterisls plume dispersal (Johng Hopklns
Univ./Chemical Propulsion Information Azency/Baltimore) .
Nickel-cadmium battery technology (Baltimore City Hospital,

Heart Association of Marylrnd, Johns Hopkins Univ./Baltimere)

(cowt.)

(Baltimore

*

.

(National Bureau

-

.

L

Weather setellite deta (Netional Wenther Service/Suitland) .

Weather satellite imagury and ground receiver (National

Weather Service/Suitland) . . . .

Massachusetts

Airport runway grooving {Logan Internationsl Airport/Boston)
Aluminized mylar (King-Seeley Thermos Co./Winchester).
Cryogenic transfer system cooliow: (Distrigas Corp. /Evereft)
Flammebility tests of heme furnishings {Pactory Mutual

'Y

(3

.

Regearch Corp./Norwood) o + o v ¢ v o « o« o o o s o o o

Fluorometer instrumentaiion technology (Whittaker Corp./

Walthem)s . v o o o « + » .

Infrared acanner and television disnlav (Dvnarad Inc./

Natick) . e e s e e e e e

Intumescent fire retardant costings (Aveo Cerp /

Wimingten) . . « . . . . .
Microbiologica.l handbock { Commercia.l
Boston) o v 4 v v v v s s ow s oe e

Michigan

Union Assurance t"o /

L)

-

*

Airport runway groeving (Detroit Metropelitan Airpert) .

Apollo Program management technigues (Reckwell International
Corp., Reckwell-Standard Div./Troy) . .
(Fhrysler ﬂo*p v
Detroit; Genersl Moters Corp./Warren)
Hazardous gas anelyzer for Saturn rocket {Chrysier Corp. /

Combustion anelysis computer program

Detroit). . . + « & . .

Management methed for RED programs (mhe Up1ohn Co /Kalamazoo)
NASTRAN (Ford Meter Co./Dearborn: Genéral Metors Corp. /Detreit).
Statisiesl procedures to analyze tlme-dependent data

(eMC, Saginaw Steering Gear Div./Saginaw) .

Minnesota

*

Clean room technolegy (Pillsbury Co./Minneapolis).

Wighway grooving (Highwey Dept.) .
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M-T
B-22
K-35

E-2
A-2

CK=3
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STATE INDFX (CONT.)

Mississippi
Composite materials (Mississiopi Methodist Rehabilitation

Center/Jackson). « v o o o o o o o o & o v o 8 o o = o 2 4 24 s P-2
Slidell computer compleX. « + + ¢ & ¢ s 4 v s 4 s s s 4 s e 4 4 s s s G=F

Missouri
Airport runway grooving {(Kensas City Munieipal Airpert:
Lambert FPield/St. Louis) + + + v v v 4 v o 4 o 4 & o o v 0 4 o 0 2 MT
Apolle Management Control Room (Midwest Research

Institute/Kansas City) .« . « v « v + « . Ve e e e e e e e G=10
Flommebility tests of home furnishings (Monsanto Co./

Bt. Louis) + . v « v ¢ v 4 s - T - B
Fluorometer instrumentation technology (St Lcuis City

He&lth Dep&rtment) . L ] L] . . L] . . * . . . . . . L] Q-2
Heet shield coating for reentry Vehicles (Emerson Flectrie Co.,

TSI, Ine./St. Louis) . D S
Highway grooving (Highway Dept ) e 4 s e e e e e« K=l
Miercbiclogical handbook (USDA/Univ of Missouri/Columbla). e e s s . F-B
S1idell computer complex, . . . . . e ¢ 2
Spece simulatior chamber (McDonnel Doug;as Coru.,

Military Personnel Records Center/St, Louis) ., ., . « v « « « &+ » . G=11

Montana
Experimental multiple-use communications satellite (ATS-A)
(Mentane State Univ./Bozeman). .+ ¢ v 2 v v 4 o 4 4 0 o o s & « & » 0=-10
Nebraska

Highway grooving (Highway DePbale + ¢ + o o & o o ¢ o & o s ¢« o o « o K1

Nevada
Fighway grooving (Highway Pepb.)s - « ¢ 4 v v ¢ ¢ ¢ s ¢ o v = v o « o K=1

New Humpshire
Computer display system for Saturn prelaunch checkout

(Sanders Associetes, Inc./Nashue). « + o o « o o « s o o ¢ o« s o « M=k
New Jersey

Apello Guidance Computer software {General Public

Utilities Corp.) . e e e e e . e ¢« « D=3
Contaminetion control hsndbook (Ortho Pharmaceuticals Corp /

Rﬂritan) [ S N D T T B ) L] LI B -cp--.A-S
Digital color television displaJ (Pennsylvania—Néw Jersey-

Moryland power POOL) & « o o o 4« s « & o « o s ¢ v = b s o o o o+ Db
Dry lubricant costing processes for metals \Genera*

Ma.gnapla‘becez'p/Linden) L T T T T ) I T T T R T T A"g
Heat pive technology (Isethermics, Ine. /Angusta) T - R

Highway grooving (Highway Depb.)s « v v & ¢ o o o 4 o o o s o o o« « K1
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STATE INDEX (CONT.)

New Jersey (Cont.)

Borizontal shower {Diamendhead Fndustries, In-<./

Mountadngide) o v 4 o v o 4 ¢ v e s w s e e h e e e e e
Lubrication handbook (Fdwards Engineering Corp./

Pompton PLains) & v v v 4 v v v h e b e e e e e e e e e
Mierobiologlcal handbook (Employers Insurence of Weusau/

WesSt Orange)e v o o v o o ¢ o o s ¢ 6 o s v v b o w o e e ..

Nendestructive testing training manusls (Mobil 0il Corp./
PaulsDOrol. o o 4 o o 4 4 4 b 4 e e et e e e e e e e e

New Mexico

Quartz erystal miercbulunce contamination meonitor
(State of New Mex1c0) & . « 4 4 4 v 4 4 & 4 o s o s+ o o 4 s

Mew York
Airport runway grooving [(John F. Kennedy Internationsl Alrport/

New York Cit¥)e & o v i o i e e e e e e e e e e e e e
Aluminized mylar (McGregor-Doniger, Ine./New York Citv). . . .
Combustion enalysis computer programs [(Consolidated

Edisen Co./New York Cltv) . e . . - . - e e
Computer program trenslating guide for FORTRAN (Prlce

Waterhouse & Co./New York City) . e e e e e e e e e .
Centrol switeh (VA Prostheties Center/New York Citv) . . . . .

fryogeniec data handbock {(New York CIt¥). + v v v o« + o v « o =
Flectromechenical stimulator module (National Center for

the Deef-Blind/leng Islend) . . . . . . . ..
Fatigue anslysis methods (General T4"I.ectr:m Co /Schnectadv) . .
Fiberglass febric (Birdair Struetures/Buffalo:

Geiger-Berger & Assoc./Mew York City) . - v v v v v o v &
Fireman's breathing spparatus (A-T-0, Tne., Scott Aviation
Div./Lencaster: New York City Fire Dept.) . . + « + + + « &

Flammebility tests of home furnishings (Mersh & McClennan

Ingurance Brokers, New York City Fire Dept./Mew York City).
Fluorometer instrumentation technology (New York Univ.

Medieal Center/New York City) . e . e e
Fracture toughness tests (Generel Electrlc Co. /Schnectady) . .
Geedesic strueture design prorrom {(Dome Bast Corp./

H‘i cksville ) L] . L] L] L] . L] . . " . . +* L] Ld » L] L . L3 . Ld . .
Highway grooving (Highway Dept.) . « « « v v v v o o 4 v o o .
Manufacturing contamination prevention handbook

(Carrier Corp., Carlyle Compressor Co,/Syracuse). . . . . .
Mercury/zine batterv technology {(General Flesctric Co./

New York City). e e e . e e e e e
Nondestructive spot test nrocedure (Devt. of Ldbor/

Oeccupational Heaslth Dept,/Tonawanda), . . e e
Ontical allgnment tralnlng manual (Eastman Kodak Po /

Rochester). b e e s e e e e s e e e e e e e s
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STATE INDEX (CONT.)

New York (Cont.)

Risk-management system (New York City Fire Dept.). . « v - « + ¢ « « » 0Gwl5
Saturn I/IB Systems Development Breadboard Facility

(U.S. Postal Service/Ringhamton). O O ¢ M §
Ultrascenie nondestructive testing technlques {New York

City Transit Authority) - . 4 o v 4 & 4 o s o = + & s ¢ 0 0 o s 0 s LI=1

Horth Carolina
Hand physliotherapy deviee (Nerth Carolina Memoriml Hospital/

Chapel Hill)., . . . . . e e e e e e v s e e s . P11
Polyurethane-silicone plastic foam (Dvnamlc %ystems, Inc /

Ashville) & . v v v i e et e e e e e e e e e s e e e e e s s s Pe3
Seturn I/IB Systems Develonment Breadhoard Facility

(U.S. Postal Service/Greensboro). « « o v « v « o « s v o o 0 o o o G=T

Nerth Dekota

Bighway grooving (Fighway Debt.) v v & v v v ¢ o ¢ o 4 ¢ o o o o v o+ K1
Ohio
Airport runway grooving (Transportstion Safety Svstems, Tne./
COlUMBUS Y & « 4 v o o 2 & o + = o o & o = s+ s s o « & s & o o« s & » MT ;
Combustion aenalysis compuver program (Babeoeck and Wileox Co./ j
Barberton)s « v o « 4 ¢ 4 s s & . b v s s s s s s s e e a4 s s . D=2 5
Composite materials data (Rabeock and Wileox Co./Allianmce) . . . . . . A3 ;
Computer models for Apollo Program ., . . . B O :
Digital eolor television display (Cleveland Electric ‘
T1luminating Coul v & v 4 4 4 s 4 = 4 o & & 4 4 = e 4 s = w4 4 s Db ;
FRTS~1 imagery {State Dept. "of Economic and Communltv i
Development/Colwrbus) . . « + . . . . O ¢ -} %
Fatigue analysis methods (Babcock and W1lcox Po /Alllance) e e s D=T :
Filter cassette for sampling particulate pollutants (General
Metal Works, Tnc./C1eVeB) o + o « « « o s = o+ o ¢ o s o o + o« 2 v + E=3 :
Flemmability tests of home furnishings (Columbus Fire Dept.: ;
Oweng~Corning Fikerglas Corp./Toledo) . . . . . s ¢ e s e e s s+ B-10, G-1l6 2
Fluidie coentrols (Bardens and Oliver, Inc. /Cleveland) .« + s e+ . . BB kS

Frecture toughness tests (Babeock and Wileox Co. /Alllance) e v« .+« DB 4
Prietion tcharacteristies of graphite and graphite-metal i

(Goodrich Co./Breeksville). . v 4 « & « o 4 4 v s s s s o v s .. MI0
Fazardous materiels sefety hendbook (Shelby Mutual :
Tnsurance Co,/Shelby} . - . . « . . | 13 g

Fighwey grooving (General Flectric Co. /Worthlngtenq
Highwsy Dept.; Transportation Safety Systems, Inec./Columbus). . . . K-1
Infrared scenner and television display (Geoodrich

Co.fBRYOR v v v v e v e v e = e e e s e e e e e e e e e e e s KT
Method to improve electrical resistors with hydrogen (Zeller

COrp./Defiance) v v v v v 2 o b v e e e e e e e e e e . BB
Rubber tire with low temperamure pllahllity'(Gaodyear Tire

and Rubber Co./AKron) . . & v v v v v v 4 0 4 0 4 e w0 s KT
Standards for material hendling eauipment testing (Goodyear

Atomie Corp./Piketon) + & v v v v ¢ v & ¢ o« 4 « ¢ s 4 e 4 0 e« . s B21
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STATF. INDFX (CONT.)

Oklehoma
Apello Guidance Ceomputer software (MAPCO, Inc./Tulsa:
Mobil Oil Corp./Oklsheoma City; Publie Service Co./Tulsa). « . . . . D3, Heb i
Combustion enalysis computer progrem (Phillips i

Petroleum Co./Bartlesville) « o 4 « « 4 4 o o &+ & 4+ o s+ s o & & » o H=11
Oregon
Computerized imege enhancement {Environmental Pretection *
Ageney/Corvellit) & v v v 4 b 4t e e e e e s e e s e s e s e . Eell
Fighway grooving {Highway Dept.) . . « & . & v v v ¢ v v v v v v o v« K1
Precipitation-hardened steel 28110y . « + v v + 4 o« &+ v o & +» » ¢ » » » F=3 vl
Saturn I/IB Systems Development Breadboard Faeility j
(Bonneville Power Admin./Portlamd). . o + & v v ¢ 4 o v ¢ o 0 w0+ G=T
Penngylvanis
Alrpert runway grooving (Cardinal IFngineering/Conshohocken). . . « + . M=7
Apollo Guidance Computer software (General Publie
Utilities Corp.: Mobil Oil Corp./Harrisburg). + +« + « s + o o + + +» D=3, Hel
Digital coler television display {(Pennsylvania-New Jersey-
Marylend wower pool: Philadelvhia Electric Co.) ¢« « v + v v « o +» o Dab
Fatigue analysis methods (Westinghouse Corp./Lester) . . . . « + + « » D=7
Flammebility tests of heme furnishings (Baychem Corp.,
Mobay Chemical Co,/Pittsburgh). « + « o + + = + ¢ o + o ¢ « « « « . B=19

Flat conductor cai:le connector survey (AMP, Inc /Parrlsburg) T ]
Fracture toughness tests (Aluminum Co. of Amerlca/

New Kensington; Westinghouse Corp./Pittsburgh). . . . . B-1n, D=6
Fusion welding worlmanship standards (Gsnnett, Flemmlng, Cerddrv,

Carpenter /Camp "il). . . . . . . . e e e . . T A
High intensity arc radiztien source (qtreamlight Inc., /King of

Prussde)s v v v v v v h e e e e e e . . J6
Fighway grooving (fardlnal Pnglneer1ng/\onshocheken Highway Dept Yoo K=
Ivbricaetion handbeck (Richardson-Merrell, Tne., Merrell-National

Laboratories/Swiftwater), . e O
NABTRAN (Westinghouse Corp. /Pittsbargh) e
Nondestructive testing handbock {Aluminum Ce, of Amerlca/

New Kensington) v « + & ¢ o 4 4 o ¢ o o « o 4 ¢ o o o s o s+ o 2 . Bb

Satellite telemetry systems (General Electrie Co./King of Prussia) . . E-lL
Sfurface finishing method for nickel allovs (Westlnghouse Corp./

Pittsburgh) + ¢ o v 4 4 v 4 4 b s s s e 4 e s s s s e s e s e s .. BA
Thi ck<film hybrid cirveuits {(General Fleetrie Co./King of Prussia). . . P«f

Rhede Islsnd
Cryogenic transfer system cooldewn (Algonguin LNG, Inc./Providence)., . H-2
Fibergless febrie (Owens-Corning Fiberglas Corv./Asten). . . + + + + . I-h
Fighway grooving (Highway Dept.} + . v v v 4 v v 4 v v o v 0 o v o o 2 K2
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STATE INDEX (CONT.)

South Carolins
Composite materianls {Coastal Center for Mental Retardation/

La.dsen)..--..... -.-.--------..-----u-P‘?
Computer models for Apollo program. e o
Tennesgee
Apolle Program quality assurance specifications (Tennessee Valley
s Authority/Knoxville} . e r e e . S : .
Camputer programs for ERTS—l data anselysis (U. S Army Corns of
EhgineerE/NthVille) ® 5 % ¥ 4 & R s s 2 % % B B oW s e w Y G-h
. Fatigue snalysis methods (Cambustien Engineering, Inc. /Chattanooga) + « D=T
Fracture toughness tests (Combustion Engineering, Inc./Chattanocoge) . . D-6
Slidell computer combleX. + + « « « » « » 4 o T ¢
Thermal expansion properties handbock (Bastman Kbdak Co./Kingsport) . . B-11
Weld strength prediction method (Esstman Kedek Co./Kingspert) . . . Bu12
Texas
Alrport runway grooving (Dallas-Fort Worth International Airports
Pavement Specialists, Ine./Dallas} . . . =i
Apello Guidence Computer software (Fxxon Co /Houston Setty 0il1
Co./Conror+ TRW Controls, TRW Systems/Houston) . . « « « « + + « « .+ D=3, H=h, K=2,
=2
Combustion analysis computer programs (Houston Lighting and
Power Co.) &+ v v v & 2 s o 0 . . . S T
Cemputer program translating gulae for FORTRAN (Mebil,ail Corn /
Beaument; Shell Oil Co./Houston) + + & v « v 4 & + « & « s o o » - « H-13
Camputer programs for FRTS-1 date analysis (Texas Water Develonment
BQ&rd/Austin) [ » . - L] [] . . b [ . a LI ) . 3 + a . F‘la, G’-h
Digital Color televisien &isplay (Houstan Lighting and Power Co.,
Philco-Ford Corp./Houston) . « v +v & v o v v o o + o o o o s s ¢ » « D=k
Emergency care system for ambulence use {SCI Systems, Ine., Telecare,
Inc./HO'LlB‘tDn) L T R T T T S -a-oc---.o-n---Q""l
Firemen's breathing annaratus {Houston Fire Debtede o v v v v 0 o s 4 s G=13
Heat shield ecoating for reentry vehicles, , . . e e e .« I-B
Highway grooving (Highway Dept.); Pavement Snecialists, Ine. /Dallas) S o §
Infrared secanner and television display {American 0il Co./
TE‘}E&SCity)I-----.--o-cuoc-on-o-n-ool--.H“'T
Microelectronies produetion quality assurance {Texas Instruments/
Dalles). e e i e e e e e -
Multiplexer circult for Saturn rocket 1nstrumentatlon {SCI Systems,
Inc/HouS'ben)...-........- . 0 loll!l.lH—S
Polyurethane-siliecne plastie foam {Becton Dicklnsen an& Co.,
Protective Products Div./Grand Prarie) « « o « « » o o 2 o « o o + o =10
! Reliability and quality assurance methods (Americen Petreleum
Institute/Dalles; Fxxon Co./Houston) + v o o + « « . B : 55 1
Systems msnagement techniques (E-Systems, Inc. /Greenville) e ow s O=1b
. Tempersture and solvent resistant sealent (Weed Imstrument Cc /
| .Y - I I
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STATE TNDEX (CONT.)

Utah
TRTS-1 imsgery (Stete Dept. of Natural Resources, Univ., of Utah/
Selt Lake City)e o v 4 o v v o o 4 0 4w ou O« 12
Fan noise reduction method (Kennecott CO‘D'par/Sa.lt Lake Pi‘bv) e v v . . Bal3 i
Vermont ]
Computer models for Apello Program. . . + 4 « « s s s s o o 4 s o s » » E=0
ERTS-1 imagery (Univ. of Vermont/Burlington). . « + v s s o o« o 2 o + « E=B ¢ :
Virginia
Butectic salts for low temperature batteries (Artech Corv./ +
FB.:LlE Church) Poos a » [ T T | [ T Y " e a " . LI T R T T ) F"lo
Fighway grooving (H'lghway Dept. ) B 5 i
Washington
Aireraft design concepts (Boeing Co./Seattle) « « v v ¢« ¢ ¢ o ¢« ¢ &+ o » M=1
Alrport runway grooving (Charles R, Watts Co./Sesttle). . « . o « « + o M=T
Apollo Guidance Computer software (Bemneville Power Admin./
VaDCOUVET ) o« v 1 v « o s o o & & + s & . s s s s s« D=3
Computer program tra.nsls.tmg gulde for WOBTRAN ( Centra.l Uashington
State College/Ellensburg). e s . . e+t e e« 0=8
Experimental multiple-use comnmn:l_catlons satelllte (ATS—6) (Univ.

of Washington/Seattle; Vashington State Univ./Pullman) . . . . +» . . 010
Heat pipe applications (McDomnell Douglas Corp./Richlemd) . . . . . . . H-A |

Highway grooving (Highway Dept.; Charles R, Watts Co./Seattle). . v« K1 i
Inertial navigation eouipment for Apollo and Lunar Module (Bc:eing
Co./Seattle} . . . . . « v v v v 4 s e v e s e e e .. M-S

NASTRAN (Hendford Mgineering Development La‘bora‘bory/?ichl_nd) + + . D9

Precipitatiepn-hardened steel alloy. . . . .« . . e
Properties of air in microwave components (U S. Naw/Puget Sound
Kaval Shipverd/Premerton). . . ¢ ¢« © v v v 4 4 0 v e b e e os e s e G217
West Jirginia
Highwey grooving (Fighway Debbe)e v v ¢ v o + v o s o o ¢ o o s + 4 » « K1 {
Wiscongin :
Flemmability tests of heme furnishings (USDA/Ferest Products
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