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Pr ef ace

Pr ef ace

The Aerospace Quidance and Metrol ogy Center (AGWL), at Newark Air Force Base
in Chio, was once one of the largest single-site users of ozone-depleting
chemcals in the world, but the threat posed by these chemcals to the Earth's
ozone |ayer pronpted the facility to phase themout. The conplexity of the
work done at the Center woul d have nmade even a gradual phase-out trenendously
difficult, but AGMC conpleted the process of adopting alternative technol ogi es
in a short time (mainly between 1992 and 1994). The speed w th which AGVC
found alternatives that net its requirenments denonstrates the success of its
techni cal and nanagerial innovations.

Many or gani zati ons have al ready benefited fromthe technical innovations

devel oped by AGMC. The Center has hosted governnent and industry
representatives fromthe United States and foreign nations, and it has served
as an informati on source on new ozone-protective technol ogi es. However, as of
Qct ober 1996, Newark AFB will cease to be part of the United States Air Force.
It is one of the mlitary sites chosen by government to be ''privatized in

pl ace,” and industry will take over the site. The resulting changes in the
Center's mssion and structure will reduce its ability to dissemnate

i nformati on on technol ogy transfer. The purpose of this report is to docunent
the Center's acconplishnments in this field.

The Center and the author wish to thank the Ford Foundati on, the Kennedy
School of Governnent, and the Council for Excellence in Governnent for their
support of this project. In 1995 the Center was selected as a finalist in the
I nnovations in Amrerican Government Program of the Ford Foundation and the
Kennedy School. A grant for this report was provi ded by the Foundation, and
project admnistration for the grant and report was provided by the Council.
The aut hor al so wi shes to thank everyone at Newark for their assistance and
hospitality and especially his on-site points of contact, M. Tesfa Abraha and
Captai n Vernon M| hol en
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| nt roducti on

I nt roducti on

The Aerospace Quidance and Metrol ogy Center (AGWL), at Newark Air Force Base
in Chio, has been providi ng mai ntenance support for the United States mlitary
forces since the 1960s. During the Cold War period, its work in support of the
nucl ear deterrent required secrecy, so the functions of the facility -- and
even its very existence -- were not w dely known. Local residents attributed a
variety of possible functions to the base: sone thought it was a | aunch site
for nuclear mssiles or even a location for holding flying saucers and aliens
captured by the Air Force.

In fact, Newark Air Force Base maintained mssile and aircraft navigation
systens. The Center in its 1995 Financial Report explains that "the AGVC
Directorate of Maintenance is an AFMC I ndustrial Conpl ex engaged i n depot

| evel repair, overhaul and nodification of navigation systens used by
virtually every mssile and aircraft to assure that each arrives on target, on
tinme, and on command." It perforns these services for all conponents of the
Department of Defense. The prinary responsibilities of AGMC are to test and
repair inertial navigation and gui dance systens which direct mssiles and
aircraft to their targets: "Conposed of gyroscopes and accel eroneters nount ed
on stabilized platfornms, and controlled by conputer, inertial systens are
imune to janmng and other outside interference.” ‘!

AGMC is also a technol ogy repair center for nine nodels of displacenent gyro:
"This particular type of gyro is a conponent of an aircraft's integrated
flight director systemand functions as a nmaster flight reference control
providing directional reference in azimuth and an attitude reference in pitch
and roll. The displacement gyro workl oad supports aircraft depl oyed throughout
the United States and the world for all three services."

The Directorate of Miintenance at AGMC i s conposed of a staff office and three
divisions -- Aircraft Product, Engineering, and Mssile Product. Inertial

gui dance and navi gation systemrepair operations are housed in a 13-acre,

wi de-span steel building with 294,724 square feet of environmentally
controlled areas. The Directorate has a workforce of about 800 highly skilled
personnel , and ot her base functions have a workforce of about 700 individuals,
200 in netrology and 500 in various other support functions.

"M ssion responsibility of this Center currently enconpasses inertial guidance systemrepair and

calibration support for Mnuteman I11 W5 113B-NS- 20, the Peacekeeper, the Carousel 1V-E, the AN ARN
101 Inertial Measurenment Unit , the LN-39 Inertial Navigation Systemfor the A10 and F16, the B52 G H
and F117A Standard Precision Navigator/d nbal ed El ectrically Suspended Gyro Aircraft Navigation
Systen( SPN GEANS) and the B-1B Inertial Navigation Unit."

2"For the Navy repairs are made to the Dual Mniature Inertial Navigation System (DV NS)
installed in CVS and CUNS cl ass ships. The Control Display Units, Bus SystemliInterface Units (BSIU)
and Fuel Savings Advisory Systemare also repaired. Recently responsibility has been assuned for the
Ring Laser Gyro for the F15, F16, and C130 and Advanced Gruise Mssile (ACM navigation control set
and sensor."
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Thr oughout the 1960s and 1970s AGVC was one of the | argest single-site users
of ozone depleting chemcals (ODCs) in the world. Its proactive and rapid
elimnation of ODCs and devel opnment of alternatives in the 1990s provi des an
exanpl e for other governments and mlitary forces of technical and manageri al
i nnovati on of the highest calibre. Before the alternatives were adopted, it
was not unusual for AGMC to use 2,000,000 pounds of chl orofl uorocarbons per
year, in about 1,100 different uses. If no action had been taken to repl ace
the ODCs, AGMC woul d have had to stockpile huge quantities of themto neet its
needs, at a cost as high as $6,000,000 at 1995 prices. The cost of currently
used alternative processes is estimted at $200,000 a year. The innovations at
AGMC resulted in a savings of over one order of magnitude, with a payback of

| ess than one year.

In Cctober 1995 AGUC s achi evenents were recogni zed by an award for innovation
fromthe Ford Foundati on and the Kennedy School of Governnent.
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Met hod

Met hod

This report is based on documentati on provi ded by AGUC and on a series of
interviews and informal discussions there. It consists of a nunber of
sections, nost of which can be read independently of each other. The report
and the docurnents it refers to will be of interest to organizations requiring
t echni cal assi stance in devel opi ng ODG free cl eani ng processes.

More detail can be found in transcribed taped interviews, all of which are in
t he possession of the Council for Excellence in Governnent, Washington, D. C,
and the aut hor, Jonathan Linton (416-488-9562), Departnent of Managenent

Sci ence, Schulich School of Business, York University (Toronto). Interviews
have been linked to qualitative anal ysis software, which makes possible
further research into innovations at AGMC. A copy of the original interview
tapes will be held until at |east Decenber 31, 2001.

Data were collected during three visits: Novenmber 27-Decenber 1, 1995;
Decenber 11-15, 1995; and January 23-26, 1996.

Taped interviews were conducted wth:

Tesfa Abraha Poi nt of contact on a nunber of projects
conducted by Battelle

Proj ect Engi neer Laboratories, Colunbus, Chio; a key
pl ayer in conservation and control efforts.

Angel o Anbr ose Manager of Mssile Division, to whomall technicians
and process

M ssile D vision engi neers involved with repair and
refurbi shnent of M ssile Quidance systens report.

Jerry Anderson Manager of Methods, Engi neering and Physi cal

Sci ences

Engi neeri ng Laboratories and other areas that supported the

DG elimnation project; second-level supervisor of all project engineers;
former chief scientist.

Capt. Bob Canpbel | Wr ked on process devel oprment and

i npl eent ati on, the focal

Proj ect Engi neer poi nt for new process

i mpl emrent at i on.

Chuck Davi s Wrked with project engineers on fixture design
and in training on

Tr ai ner new CDC al ternative cl eani ng technol ogi es.

Don Durbin Supervi sor of the Engi neeri ng and Met hods Laboratory;
was

Engi neeri ng and responsible for all CODG elimnation

proj ect engineers and two

Met hods Labor at ory trai ner/technicians.

Pat Drum Poi nt of contact for provision of on-site supplies to
the CDC
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Logi stics

John Engel mann
wor k, i ncl uding
Chemi stry Laboratory

Ti m Gei nger
Process Engi neer

Mar k Gai nn
Process Engi neer

Wnnie Geulich
of new
Techni ci an

Dave H ckl e
Process Engi neer

Tom Huber
preparation and part
Pipe Fitting

Don Hunt
wth ODCG
Chi ef Scienti st

Lt. Col. Stan Hunt

el imnation project.
Provi ded testing services for testing in-house
distillation and processi ng of waste chem cals.

Process engineer in Mssile D vision.

Process engineer in Mssile D vision.

Technician in dean Room 7 during inplenmentation
pr ocesses.

Process engineer in Aircraft D vision.

Supervisor of pipe fitting a key task in facilities
of the Gvil Engineering function.
Qi gi nal program nanagenent support, deeply invol ved
elimnation for nore than ten years.

In charge of the directorate that provided

all facilities nodifications

Gvil Engineering

Julie I nes

for the new processes.

Poi nt of contact in Purchasing; obtained

suppl i es not avail abl e on-

Contracting

Madel ei ne Johnson
by Battelle
Proj ect Engi neer

site.
Poi nt of contact for several projects conducted

Laboratories, including eli mnating

OOCs from many test chanbers.

Capt. Ceorge Letourneau

pr ogr am
Proj ect Engi neer

Handl ed the adm ni strative tasks associated with the

i ncl udi ng coordi nati on and creation

of cl eani ng process dat abase.

Ri ck McDonal d
requi renents
Pipe fitter

Capt. Vernon M| hol en

poi nt of
Proj ect Engi neer

Mke MIIer

t echni ci ans on new QDG

Poi nt of contact responsible for nost pl unbing

for the program

Wr ked on conservation, use reduction and tracking;

contact for docunentation.

Wrked with project enginee rs in training
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Tr ai ner

Cerry Moore
Engi neeri ng Supervi sor

Gene Ot
i npl emrent at i on.
Proj ect Engi neer

Gl Pellet
for ODC-alternative
Budget O fice

Vi nce Powers

responsi bl e for
Envi r onnent al

Managenent

Col . Joseph Renaud
wor k was

Base Commander

M ke Schol |

processes net heal th and

Safety O ficer

Qeg Sites
changeover to non- CDC
Techni ci an

Tony Skuf ca
systemrepair and

Mai nt enance Director
processes; third | evel

Gary Stickle
i npl erent ati on of new
Techni ci an

Devey VeIl s
transfer to ODG
d eanr oom Super vi sor

Charlotte WIson
supplies to ODG
Logi stics

Sharon WI son
i npl erent ati on of
Techni ci an

new

Tel ephone interviews were al so conducted w th personnel

i ncl udi ng:

alternative cl eaning technol ogi es.

Supervi sor of process engi neers.

Wr ked on aqueous process devel opnent and

Poi nt of contact in Finance and Budgeti ng
cl eani ng processes.
i n Environnent al

Poi nt of contact Managenent ;

permts and reporting env ironnental neasurabl es.
Base commander during the tinme that nmost of the
acconpl i shed.
Responsi ble for ensuring that facilities and
safety regul ati ons.
Refrigeration technician involved with the
chanbers .

refrigerants in environmental

Director in charge of all navigational guidance

testing work during inplenentati on of new

supervi sor of engineers and technici ans.

Technician in dean Room 3 during
pr ocesses.
Supervi sor of several clean-roons during
alternative cl eaning technol ogi es.

Poi nt of contact for provision of on-site
el imnation project.

Technician in dean Room 12 during the

processes.

out si de the base,

| nnovati ons

in Anerican CGover nnent

1995, AGMC

Page 7



Met hod

Bob Rogahn, Del co, Kokono, IN

Bob Prause, Battelle Laboratories, Colunbus, CH
Floyd Ram, US Air Force, Qgden, UT

Larry Asen, US Air Force, Qgden, UT

PrONPE
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Overvi ew of Technol ogy and Technical I[nnovations

Overvi ew of Technol ogy and Technical [nnovations

The Aerospace Quidance and Metrol ogy Center (AGMC) has elimnated the use of
ozone-depl eting chemcals (ODCs) in cleaning over 1,100 precision navigationa
and gui dance system conponents. The conponents are nmade froma wi de variety of
nmetal s and epoxi es. The first conponents cleaned with CDG free processes have
been in use since the late 1980s. The rate of field failure of these
conponents, as conpared to those cleaned with the original ODC processes, has
declined since the start of the GG elimnation program (It is not possible
to credit this decline wholly to changes in the cleaning processes, because
many i nprovenments to the gyroscopes have been made concurrently.)

The goal of AGMC was to convert all cleaning processes to aqueous cl eaning.
Where this was not possible, an alternative solvent could be used, but not
even | ow ODCs were considered as potential alternatives. The aimwas to choose
chem cal s and processes that would be the least likely to create health,
safety or environnmental risks in the future. AGMC wanted to protect enpl oyees
and the environnment and to mnimze the need to go through a painful process
of finding new nethods in the future.

Compl exity of Cl eaning

Ceaning is a very conpl ex process. Few people attenpt to understand all its
fundanmental s and no one is really sure how cl ean a conponent needs to be to
nmeet its field requirements, because quantitative cleanliness requirenents
have never been established. But if people attenpted to understand cl eani ng
fromits first principles, they mght never reach the point of trying to clean
anyt hi ng. They m ght even decide that nore effective cleaning processes are
undesi rabl e, because as a col | eague suggested to Captain Canpbell "one m ght
remove hel pful contam nants of unknown conposition which are not presently
believed to exist."

A theoretical approach to the problemof finding a precision cleaning sol vent
for gui dance system conponents woul d pose a question this way: what is
required to renove a sphericall y-shaped contam nant froma flat surface? The
theoretical answer woul d be a nmore aggressive process than those which have
been acceptabl e historically. Consequently, AGVC took a practical approach and
focussed attention on observing what actually happens to contam nants during
cleaning. Battell e Research Laboratories were commi ssioned by AGMC to prepare
a met hodol ogy to neasure cl eaning effectiveness. The procedure they devel oped
i nvol ves:

1. Applying a known quantity of a known contam nant to the material surface

2. Treating the test piece with the cl eaning process

3. Examning the quantity of known contam nant renaining on the test piece
and the quantity

renmoved fromit. 2

3pddi tional details can be found in Methods for Inprovenent of the Stable Isotope O eaning
Per f ormance Eval uati on Program Septenber 1993, Battelle, and in A Method for C eani ng Performance
Eval uati on Using Stable |Isotopes August 1992, Battelle.
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Overvi ew of Technol ogy and Technical I[nnovations

The expression If at first you don't succeed, try, try againapplies to

cl eani ng processes. There are a huge nunber of variables that nay | ead one to
rej ect acceptable solvents or processes prenmaturely. A nunber of these

vari abl es are discussed in this section

Cont ani nati on

Contam nation is a primary concern in cleaning processes. Atiny particle of
contaminant is sufficient to cause field failure. The effect of the

contam nation is neither consistent nor controllable, so it can cause failure
at any time. Quidance system conponents are therefore refurbished in a cl ean-
room envi r onment .

One plan at AGMC was to have a central cleaning station during the devel opnent
phase of the ODC elimnation program A seven-stage process was proposed

D smantl e the gyroscope in the clean room

Transfer parts in a sealed bag to a cleaning station in a clean room
pen the seal ed bag at the cl eaning station

O ean the part.

After cleaning, pack the part into an other bag and seal the bag.
Transport the part back to the cl ean room

pen the bag in the clean roomand renove the clean part.

NoohwNhE

This procedure was found to be unacceptable. It was possible to provide
packagi ng that would protect parts fromdust and hunmdity while in transit,

but breaking the seal on the packaging could allow sone of the polyner in the
packaging to be transferred to the surface of the parts, thereby contam nating
them To reduce the chance of contam nation fromthe packaging material, the
procedure was nodified so that tear-down, cleaning and reassenbly were
conducted in the sane area.

Anot her maj or concern was static electricity. The potential for static
electricity to contribute to contam nati on was denonstrated by chief scientist
Don Hunt using a sinple experinent.

First he ensured that he was carrying a static charge. Then after placing a
surgeon's gl ove on his hand, he picked up a nmetal conponent and held it
directly over a full ashtray. The conponent was | owered, but not allowed to
contact the ashtray. As the conponent approached the ashtray, it was possible
to see novenent in the ashes. The static charge was transnmtted, through the
glove, fromhis hand to the conponent and it attracted the ashes to the
conponent. The noral of the experinment is : that static charges attract
harnf ul contam nants to sensitive conponents

In the clean room the technicians use a conpressed air gun to bl ow across
conponents to assist in drying or to change the conponents' surface
tenperature. Unless it is treated, this air streamw |l carry a static charge
that will lead to additional contam nation. Standard antistatic procedures
were adopted in the clean room It is inportant to ensure that all potentia
sources of static electricity are elimnated.
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Overvi ew of Technol ogy and Technical I[nnovations

Material Conpatibility

The conpatibility of the naterials to be cleaned and the cleaners to be used
on themand the conpatibility of the cleaners with the environnment in which
they are used are key issues in cleaning. First, one nust identify all the
materials to be cleaned and all the materials to be used in cleaning. Then, it
i s necessary to contact sources of expertise and obtain information on exactly
what is conpatible with these materials and what is not.

Berylliuma stable netal under normal conditions, but is a highly reactive
metal if it is placed in certain cleaning environments. An extrenely viol ent
reaction will occur if berylliumis placed in a mxture of methanol and

chl or of | uorocarbons, two standard cl eaners. Many techni cal personnel believed
that beryllium conponents could not be cleaned with water. But berylliumis
hi ghly reactive only in certain environments.

It was discovered that the reactivity of berylliumalso depends on how t he
berylliumwas manufactured. At AGMC, berylliumin various conponents was
supplied by three different firns. The same alloy fromdifferent firns had
different conpatibilities in different environments.

A simlar phenomenon is observable with respect to epoxies. The possibility
exists of differences in conpatibility with specific cleaning environnents for
different brands, types and formul ati ons of epoxies. And the tenperature at

whi ch an epoxy is cured has an effect on its conpatibility with specific

cl eaning environnents. In general, the | ower the original epoxy cure
tenperature, the greater the tendency of the epoxy to soften when placed in an
el evated tenperature for cleaning.

It is inportant to have access to what is currently known about the
conpatibility of all the materials involved in the cleaning process. The

foll owi ng conpatibility issues should be considered:

1. Conpatibility between a conponent and the specific cleaning environnent it
is placed in.

2. Possible differences in conPatibiIity due to variations in the fornul ation
or processing of a material.

AGMC had to study the conpatibilities of:
- Ferrous all oys

- Stainless Steel

*For additional information on AGUC s experience with materials conpatibility see

G T-1B SG and TG End Housi ng Agueous C eani ng Project,

Summary to Datge July 1990, by Thomas G upak

AGMC, Experinmental Evaluation of the Corrosive Potential of Flux Residue C eaning Agent,s January
1992, Battelle; Experinental Evaluation of the Adhesive Degradation Potential of Aqueous C eaning

Pr ocesses,

Al ternatives to Ozone Depleting Chem cals (ODC) Dependent Test Equi pnent Components:

Materials Conpatibility, Septenber 1993, Battelle; and Experinental Evaluation of the Adhesive

Degradati on and Corrosion Potential of Silicone Fluids January 1995, Battelle.

Topi cal
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Overvi ew of Technol ogy and Technical I[nnovations

- Al um num

- Beryllium

- Copper

- Gold

- Pivot Jewel s

- Epoxi es

- Beryl | i um Copper
- Cartridge Brass

- Chr om um Copper

Cleaning with Water

It is msleading to say sinply that water is used as a cl eani ng sol vent, for
there are different grades of water. Cbtaining pure water is a common probl em
for organi zati ons considering the use of water as a solvent in precision
cleaning. At AGVC, the criticality of water purity took several years to be
appreci ated. The conponents first cleaned at the center were not difficult to
clean, so water purity was not an issue. But as work proceeded, it was
realized that water purity had to be inproved. The water that is now used at
AGMC is ultra pure water, an extrenely pure grade of dei onized water. But

dei oni zed water is "hungry water": it absorbs ions of any nmetals exposed to
it, and the resulting ion solution is inpure. There are many factors to

consi der when working with deioni zed water:

1. Exposure of water to air will allow oxygen to dissolve into it.

2. The oxygen content of water increases if it is agitated in the presence of
oxygen.

3. The presence of ions and gases reduces the val ue of water as a solvent for
preci si on cl eani ng.

4. The solubility of oxygen in water varies inversely with tenperature.

5. The addition of cleaners or salt decreases oxygen's solubility in water.

A nunber of factors nust be considered when using water and detergent as a
preci si on cl eani ng system

1. Raw tap water or ground water is a mxture of water, mnerals in solution,
particul ate, ions, and gases. A purification plant, specific to |ocal water
conposition, nmust be established for the water supply. The purity of deionized
water is a critical factor in successful cleaning.

2. Methods of disposing of waste water vary with jurisdictions. Treatnent of
waste water nust nmeet the guidelines of the area in which a cleaning facility
i s | ocated.
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Overvi ew of Technol ogy and Technical I[nnovations

3. There is a wide range of detergents available. Different firns offer
alternative formul ations, and there are different categories of detergents.
AGMC found that detergent suppliers were able to offer significant assistance
in finding suitable detergents.

Once the requirenents of mnimzing contamnation, insuring nateri al
conpatibility, and purifying the water supply were satisfied, a substantial
nunber of experiments were conducted to test variables such as: tine in

cl eaning bath, water tenperature, detergent type, concentration of detergent,
and the use of ultrasonic vibration.

A eani ng conmponents with water and detergent posed several additional

chal l enges. To prevent flash rusting and water spotting on netal surfaces,
water had to be renoved imrediately fromthe conponents as they left the

cl eani ng process. Renoval of water becane a two-step process acconplished by
using purified conpressed air to bl ow water off the conponents and then

baki ng-of f residual noisture in a nearby vacuum oven.

It was al so necessary to provide support for the conmponents (fixturing) that
woul d all ow wat er and detergent to reach all their surfaces but not scratch or
dent them by contact with other parts. Designing suitable fixtures was a
significant task at AGVC, which had a workl oad of over 1,100 different
conponent s.

Degradation of inertial instrunent fill fluid was another area of concern at
AGMC. Pol ybronotri fl uoroet hyl ene and pol ychl orotrifl uoroethyl ene react with
water to formacids. The formation of acid in a gui dance systemassenbly is
unacceptable, due to its corrosive effects. It was critical that all
conponents be conpletely dry before they were reassenbl ed. °

I dentifyi ng Degradati on Caused by Alternative Processes

During the Cold War, when the guidance systens were built, state-of-the-art
cl eani ng processes were chosen. But all their specifications referred to the
use of specific CDCs, and suggested no procedures for changing the sol vents
to be used in cleaning processes.

*Addi tional details on infrastructure, equi pnent and processes are available in Degr adati on of
Pol ybromo Fill Fluid, Decenber 1992, Physical Science Laboratory AGW The Cyl -sonic
U trasonic O eaning Using Bi odegradabl e Detergents July 1988, Kenneth Patterson and Don Hunt, AGWC
Agqueous Cl eani ng of Instrunentation Bearing Assenblies January 1990, Gene Ot, AGW
End Housi ng Agueous Cl eaning Project: Sunmary to Date July 1990, Thomas G upak, AGMC
Bearings Cl eaned at AGMG July 1991, Ray Vargas, AGWC, Aqueous Cl eaning for Precision
Beryl lium Novenber 1991, Don Hunt, Gene Qt, Thonmas G upak, and Ray Vargas AGVC Aque
to CFC-113 and MCF for Precision Ceaning of Inertial Systems and Conponent,s Decenber
G upak, CGeorge Letourneau, and Don Hunt, AGVC Bi odegradability of Detergents and its

Muni ci pal

Dei oni zing and d eaning Facilities,
Conpari son of Ad and New d eaning Methods for Fill
AGVC,

Station,

Cl eaner: Agueous

G T-1B and TG
Preci si on

Beari ngs and
ous Alternatives
1991, Thomas

Ef fects on

Wast ewat er Activated Sludge Septenber 1993, Battelle; Drawi ngs and Specifications for Water
February 1993, AGWC, Description of O eaning Procedures, AGW
Bl ock, AGMC, and Description of a d eaning
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The possibility that new processes woul d degrade individual conponents or
entire assenblies was a great concern at AGMC. The internal and externa

| aboratory work done to verify the acceptability of proposed processes is
exam ned in other sections of this report.

(ne procedure for testing nuclear mssile guidance systens included three
steps: (1) making parts ready for field testing, (2) field testing the parts
for an agreed-upon length of time, and (3) tearing down the parts to verify
that new processes did not have adverse effects on any part conponents. The

t ear-down operations were aided by technical representatives and reports from
a nunber of organizations. ® The reliability of alternatively cleaned units
continues to be nonitored in order to verify the field reliability of the
alternative cleaning processes and the validity of the testing.

Control and Conservation of Chem cal Usage

Control and conservation of solvents were major efforts at AGMC. They began
with the installation of a still and ot her equipment to adsorb vapor from
exhaust air, using an active carbon filter bed. It was found that if a filter
systemwas used to renmove chem cals fromexhaust air, it was necessary to have
intensive nonitoring to determne at what interval recharging or replacing the
filter should occur. The exhaust streamhad to be nonitored for a nunber of
full mai ntenance cycles to insure that regul ar naintenance of the system had
becone routine.

Control and conservation enabl ed AGMC to determ ne how much chem cal was used

in an area and how chem cal usage changed over time. This hel ped to reduce the
consunption rate of ODCs and to prepare enpl oyees for the overall phasing-out

of CDCs.

The control and conservation strategies involved intensive nonitoring. A team
of individuals chosen fromthe various producti on areas studied the details of
every cleaning operation at the Center: the nature of the materials in the
conponents to be cl eaned, how thoroughly conmponents were cl eaned, what type of
ODCs were used, how rmuch was used each week, and how much was |l ost. The data
that the teamcoll ected were used to determ ne which areas could provide the

| argest potential savings in ODC use. The greatest savings coul d be obtained
by (1) replacing GDCs with water or another solvent and (2) encouraglng

enpl oyees to use as little ODC as possible to conplete a task.

®Further information available in:
Identification of Contam nation Found Deposited on Gyroscope Ring April 1992, Battelle;
Identification of Spots Found on the Surface of the Gyroscope End-Cap 3637,June 1992, Battelle;

M nute Man 111 Non-Continuous Engi neering Support Tear Down Report for G-T1-Bs Alternatively C eane
at AGVC, March 1994, Draper Laboratory; and
M nuteman I1l ODC-Elimnation Studies July 1994, Draper Laboratory.

"For additional details see A Study of Freon Vapor Loss Based on 1991 Purchases March 1992
Tesfa Abraha, AGWC.
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Encour agi ng enpl oyees to use snaller volunes of CDCs had a significant inpact
on the consunption rate. AGMC "used to use ozone-depleting chemcals |ike they
were water," according to Captain MIholen. The reduction in their use was
promoted in a variety of ways, including the placenment of rem nders over the
chem cal taps that dispensed chemcals in the various work areas. Mnitoring
strategies were key to the eventual elimnation of the CDCs. They hel ped

enpl oyees who worked with the chemcals to see that the facility was serious
about phasi ng out the chemicals, and they provided instant feedback to the
proj ect engi neers, which made use of CDCs in unauthorized ways difficult if
not i npossi bl e.

A series of flow meters was placed at strategic |ocations around the building
to neasure the rate of ODC use in areas that were under study. Once an area
had alternative systens in place, the ODC supply lines were shut off. If

enpl oyees wanted CDCs after lines were shut off, they had to formally request
them Small containers of ODCs were supplied on request, and their usage was
al so nonitored. The control strategy was accepted by nost people, but not
everyone. Mdst were eager to have chenical s renmoved fromthe workpl ace, but
sonme still had a mnd-set of reliance on ODCs. On one occasion, a flow neter
next to a clean roomwas found to have been unpl ugged, and a contai ner of ODCs
was confiscated by engi neering personnel after an anonynous call er advi sed
themto | ook under a renovable floor panel in the clean room

Caution nust be exercised in interpreting chemcal-tracking data. The tracking
data collected by Engineering did not always correspond to the data coll ected
by the Environmental Ofice. But as the volumes of ODCs used decreased, the
two tracking systens indicated small er usage differences, and these eventual ly
becane i nsignificant.

The sel ection of a baseline for conparing nmeasurables |ike volumes of ODC use
is inportant. If an organi zati on has several branches, it wll probably want
to conpare the neasurabl es of various branches. But AGVC began its ODC phase-
out earlier than other facilities (mlitary, governnent and industrial), and
it reported its savings relative to its start date, while the measurabl es that
were reported in the formof the neasurabl es package used by other facilities
had a | ater baseline. The result was that AGMC had two different savings
figures. Reporting different figures is acceptable; indeed, two measurenents
can provide a fuller picture of actual performance. But both nunbers nust be
reported at all tines, with an expl anati on of why there are two val ues instead
of one; otherw se confusion will result outside the reporting facility.

ODC- Free Refrigerants

AGMC has a | arge nunber of environnental chanbers that use CDCs as a
refrigerant. Many of the test chanbers have been converted to CDC free
refrigerants. The ozone-depleting refrigerants have been repl aced by

hydr of | uor ocar bons (HFCs), which do no harmto the ozone | ayer. AGMC found
that conversion to HFCs was affordabl e and coul d be done by manufacturers or
skilled trades people. The details of costs, procedure, testing and specific
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pi eces %f equi prent used have been summarized in a nunber of reports and
papers.

O her Technol ogi es

Several other solvents have been tested and applied in areas where aqueous
cl eaning was not successful. ? Qther areas of potential interest include:

- Renoval of epoxy *°

8Al ternatives to Ozone Depleting Refrigerants in Test Equi prent,Maritime Environment al
Synposi um Cctober 1993, Richard Hall, Battelle and Madel ei ne Johnson, AGVC
Al ternatives to Ozone Depleting Refrigerants in Test Equi pnent International Conpressor Conference,
Purdue, July 1994, R chard Hall, Battelle and Madel ei ne Johnson, AGWC, and
Al ternatives to Ozone Depl eting Chem cal (ODC) Dependent Test Equi pnent Conponent,s June 1995,
Battell e.

°Experimental Eval uation of the Corrosive Potential of Flux Residue C eaning Agents January
1992, Battelle;
The Use of Perfluorocarbons as Alternatives for Ozone-Depl eting Chemicals at the Aerospace and
CGui dance Metrol ogy Center - Sone Considerations, submtted to US EPA SNAP program August 1993;
Measur enment of Residues from I nproved Dow Corning OS-10 Fluids May 1994, Battelle; and Experi ment al
Eval uati on of the Adhesive Degradati on and Corrosion Potential of Silicon Fluids,January 1995,
Battel |l e.
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. Bl ectroni c-conponent cooling alternatives ™

. Advanced- t echnol ogy cl eani ng methods *2

AGMC al so worked with three private contractors, under the DCD Smal | Busi ness
I nnovati ve Research Program (SBIR), to produce and test alternative

t echnol ogi es: The projects are as foll ows:

1. Menbrane Technol ogy & Research Incorporated devel oped a system for vapor
em ssi on recovery. Recovery systens are in operation and are capabl e of
recoveri ng over 99.5% of cleaning process vapors. The system can be used to
recover chl orofl uorocarbon, perfluorocarbon, or mnethyl siloxane vapors.

2. Phasex Corporation devel oped a super critica | fluid system The system uses
ei ther carbon di oxi de or ethane to renove substances, |ike silicone based fil
fluids, fromconponents w th conpl ex geonetries.

3. Entropic Systens Incorporated devel oped a perfl uorocarbon surfactant based
cl eaning system The systemis conpletely encl osed. Features include in-line
| aser |ight blockage particle counters, with a resolution of one mcron, and
ultraviolet sensors for detecting fluid contam nation

) dentification of Biodegradabl e/ Environnmental |y Conpatible Methods for Epoxy Renoval -- Phase
I, August 1993, Battelle; and
Identification of Biodegradabl e/ Environmentally Conpati bl e Methods for Epoxy Renpval -- Phase ||

February 1995, Battelle.

YEl ectroni ¢ Conponent Cooling Alternatives: Conpressed Air and Liquid Nitrogen April 1993,
Battel |l e.

2pdvanced Technol ogy C eaning Methods for High Precision Ceaning of Guidance Conponent,s
Sept ember 1993, Battelle.

I nnovations in Anerican Government 1995, AGMC Page 17




Pol l uti on Prevention Pays in Precision Cleaning

Pol l uti on Prevention Pays in Precision Cleaning

The costs and savings associ ated with noving away from ozone-depl eti ng
chemcals are exanmined in this section. Qurrent cleaning costs are estinated
at $200, 000 per year for consumables. (In some cases, infornation was not
avai | abl e because of the high personnel turnover at AGVC that have resulted
fromreduction in forces and privatization in place, transferring operations
to a contractor.)

A significant nunber of changes have been made at the facility in the process
of gradually elimnating CGDC consunption. Mdst of the efforts associated with
these changes fall into one of the follow ng six categories:

1. Reclanmation of Sol vent

Sol vent reclamation efforts began in 1980. A substantial quantity of

contam nated CFCs were then stored outdoors in palletized druns. Sol vent
reclamation was initiated as a cost-reduction initiative and in response to
concerns about the Earth's ozone |layer and to changes in the waste di sposa
regul ati ons of the Environnmental Protection Agency.

Upon start-up of the distillation unit, 79,000 gallons of CDC waste were in
storage. Waste had been stored from 1978 onwards. Assuming a yield of 50% from
each drum the value of the chenical was $367,000. ** Additional savings result
from di sposi ng of 50%fewer druns. The savings through the recl amati on of

waste storage and the reducti on of drum di sposal gave an i mredi at e payback for
the $407K cost of the still and associ ated equi pnent.

Sol vent was al so recl ai med by passi ng CDG sat urated fumehood exhaust vapors
through a carbon bed. The ODCs were recl ai med by running water through the bed
and distilling the water/chem cal mxture. The cost of the systemand its
installation was $51,000 in 1981. (No data are available on the quantity of
chem cal recovered using this nethod.)

2. Tracki ng and Conservati on

Tracki ng and conservati on were essential elements in the ODG elimnation
program (Associated costs were flow nmeters and manpower. It is difficult to
quantify the reduction in chemcal use fromthis part of the program and the
effects on other parts of the programare also difficult to estimate.)

Approxi matel y six person-years were applied to the tracking and conservation
programover a three-year period. Two engineers were key to these efforts, but
a nunber of other people were also involved on an as-required basis.

Sol vent was reclained in a nunber of other ways. Enclosures were placed around
bencht op work areas to contain CDC vapors. Vapors were channelled into a
machi ne whi ch separated the (DCs fromthe air. If an open can of ODC was to be
used, a "hat" was placed on it to condense ODC vapors, which dropped back into
the container. Mdifications were made to CDC delivery and coll ection systens
to reduce the quantity of volatile ODC vapors escaping into the atnosphere.

1379, 000 gal l ons (1750 drums) x 13.16 | bs/gallon x 50%recovery (a conservative estimate) x
$.59/1b. (1980 price of CFC) = $366, 700. At 1990 prices, the value of the chemcal is $1.2 mllion
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3. Conversion to Aqueous d eaning

Most processes at AGMC have been converted to aqueous cl eaning. Some
conponents require | ess manpower and tine to clean, but others require nore.
(The fluctuations in volume, coupled with the structure of the accounting
system do not allow the process engi neers to nake accurate estimates of

i ncreases or decreases in nmanpower and processing tine.) 14

Expenses associated with cleaning programare as foll ows:

U trasonic deaner (1985) $ 150K
2-Utrasonic deaners (1991) 98
9-Utrasonic deaners (1992) 145
Facility costs first system (1990) 20
Facility costs and ot her equi prent (1991) 95
Addi ti onal equi prent 46
Facilities (1992) 95
Facilities (1993) 371
Facilities (1994) 169
Labor (1992) 270
Labor (1993) 351
Labor (1994) 507
Material (1992) 35
Material (1993) 63
Material (1994) 89
Di sposal (1993) 15
Di sposal (1994) 42
Tot al $2, 561K

It is worthwhile to note the decrease in costs as the program and technol ogy
progressed. Technol ogi cal inprovenents, increases in conpetition, and

i ncreases in the nunber of equipnent orders resulted in declining equi prent
costs. If the cost of the program had been based on original estimates of
requi renents and equi pnent prices, it would have been difficult to justify
consi deration of the new technology. But it was possible to purchase cl eaners
in 1992-93 at one-tenth the price of the 1985 equi pment, and AGVC was able to
redesign its processes so that it required only 14 cl eaning centers, instead
of the original estimate of 27. In addition, 12 areas shared dei oni zed wat er
systens with other areas, for a further savings of $60K over initial plans.

4. Use of Qther Sol vents

A wi de range of solvents has been tested, including nethyl siloxanes (G5
series chem cal s), perfluorocarbons (PFCs) and hydrofluoroethers (HFES). In
all cases, the costs of CDC alternative solvents are higher, and there are no
savi ngs through their use. In sonme cases, however, the quantity of sol vent

4 The nunber of process engineers has dropped to as low as six fromits regul ar conpl enent of
16. Process engi neering workl oad has increased while the nunber of engi neers has dropped. Supporting
the CDC-elimnation programrequired that process engineers nodify all product repair specifications
(Technical Orders). A typical product specification (Technical Oder) is over one thousand pages in
| engt h and nust have every page checked to identify areas requiring nodification
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purchased and di sposed of has been reduced through distillation of the sol vent
for reuse. Solvents currently in use include:

- PF- 5052
- PF-5070

- PF- 5862

- G510

- G530

- Ver sacl ean
- PF d eaner
- EZB244

- AK- 225

- N-hept ane

5. Supporting Docunentati on and Testing

A substantial amount of testing of the new processes has been conpleted. In
sone cases, the ODG elimnation programnoved forward so quickly that the test
results could have been antici pated before they were recei ved because of the
devel opnent work being carried on concurrently. But if the devel opment program
had been halted by an unresol vabl e techni cal issue, the |aboratory work would
have provided vital assistance in the search for sol utions.

(One question that arises at this point is whether |aboratory work shoul d be
conmmi ssioned only when a problemoccurs and not in anticipation of possible
probl ens. Research conducted only on an as-required basis woul d have reduced
expenditures on outside |aboratories, but it would al so have extended the time
for inplenmentation of the changes.

Moreover, it is highly questionabl e whet her AGVC woul d have been allowed to
make maj or process nodifications to critical parts of the guidance systens of
aircraft, nuclear mssiles and submarines without independent verification of
the viability of the new processes. Qutside testing gave scientific groundi ng
for all the processes that were recommended and i npl erment ed.

Substanti al del ays woul d have occurred if | aboratory testing had to be

speci fied, budgeted, and contracted out as the project proceeded. Del ays coul d
have critically damaged the program If the programhad ceased to nove
forward, personnel at the Center mght have |l ost their confidence in the
viability of the alternate technol ogi es.

Expenses associated with studies and research were as foll ows:
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Corrosi on St udy $ 40K
Alternate d eani ng Technol ogy Study 200

O eani ng Effectiveness Study 150

Det ergent Bi odegradability Study 137

Bi odegradabil ity Epoxy Removal Study 71
Detergent Metal Conpatibility Study 271
Adhesi ve Degradation Study 200
Silicon Fuid Study 200
Testing conducted through bl anket agreemen 235
Tot al $1, 504K

6. Alternative Technol ogi es

Addi tional technol ogi es were devel oped to elimnate the need for either

cl eani ng or non-cl eani ng uses of ODCs. Alternative cl eani ng net hods incl ude
super-critical cleaning and al cohol cleaning. These were devel oped as back- ups
in case other parts of the elimnation programfail ed. AGVC has cl eaned
sanpl es for organi zati ons consi dering these technol ogi es, and techni cal advice
and equi prment for trial use are available to other sites.

ODCs are also used as refrigerants and for benchtop thermal testing of

el ectroni ¢ conponents. Environnental chanbers have been nodified to use HFGCs,
but there is no financial advantage to this process. It is necessary, however,
since the original refrigerant was an ODC. Benchtop testing of el ectronics

i nvol ves appl yi ng conpressed CFCs to a conponent to cool it. N trogen and
carbon di oxi de have al so been used at AGMC, both are inexpensive and w dely
avai | abl e.

The reductions in the use and cost of ozone-depl eting solvents are shown in
the foll ow ng tabl es.
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Year Recl ai ned Pur chased Cost Cost Avoi dance
(*1, 000 (*1, 000 Conpari son
| bs) | bs)
wi t hout versus 1985
distillatio| baseline
n
1985 2165 700 $740, 000 $950, 000 $0
1986 2201 700 745, 000 967, 000 (5, 000)
1987 1866 595 633, 000 819, 000 107, 000
1988 1416 665 606, 000 622, 000 134, 000
1989 695 450 370, 000 675, 550 370, 000
1990 555 421 1, 031, 000 1, 165, 000 (291, 000)
1991 519 314 785, 000 1, 089, 000 (45, 000)
1992 322 290 788, 000 773, 000 (48, 000)
1993 137 199 723, 000 463, 000 17, 000
1994 93 77 286, 000 314, 000 454, 000
Tabl e 1: Use and Purchase of Chl orofl uorocarbons
Annual expenditure on chl orof | uorocarbons changed between 1985 and 1994 for
five reasons: (1) reductions in the purchase of virgin naterial due to use of
material reclaimed by distillation, (2) increases in the cost of

chl or of | uor ocar bons,

i n wor kl oad,

reduction in use as a result of inplenmentation of ODG free cl eaning

t echnol ogi es.

The cost avoi dance that can be contributed to
reclamati on through distillation is shown in the col um

The fluctuation in chlorofl uorocarbon expenditures,
in the colum versus 1985 baseline Prior to the operation of the still,

purchases were in the magni tude of 1,200,000 I bs.

cost $.59/1b.
$. 15/ 1 b.

and 1991, $2.55/1b.

smal |

1994.)

enough that no further purchases wll
conpl etely phased out fromthe facility.

sol vent

(3) fluctuations in solvent requirements due to changes

(4) reduction in quantity used due to conservation, and (5)

w thout distillation

conpared to 1985,

is shown

of CFG 113 annual ly. CFG 113
in 1980. The cost of distillation was cal cul ated by AGVC as

I nposition of taxes on ODCs in genera
increases in unit prices for CFGCs. The costs of CFG 113 were $2.25/1b.
in 1992, and $3.53/Ib.

resulted in substantia

in 1990

in 1993 and 1994. Usage in 1995 is

be required before ODCs are
(Note the drastic decline in usage in

| nnovations in Anerican Gover nnent

1995, AGMC

Page 22




Pol | uti on Preventi

on Pays in Precision Cleaning

Quarter/ Year CFC- 113 (number of wuses) | Trichl oroet hane (nunmber of
uses)

1992- Basel i ne 740 367

1993/ 1Q 725 363

1993/ 2Q 710 356

1993/ 3Q 385 165

1993/ 4Q 385 165

1994/ 1Q 157 51

1994/ 2Q 116 32

1994/ 3Q 112 28

1994/ 4Q 52 Dat a Unavail abl e

1995/ 1Q 46 Dat a Unavail abl e

Tabl e 2: Change in Nunber of Production Uses

Year Quantity of Wbrk (Labor
Hour s)
1989 1.9 Mllion
1990 1.8 MIlion
1991 1.5 MIlion
1992 1.3 Mllion
1993 1.0 MIlion
1994 0.9 MIlion
1995 0.7 MIlion

Tabl e 3: AGVC Wor kil oad

It is not possible to isolate the effect of reduction in workload on OOC

consunpti on, because the internal

of direct |abor.

accounts distribute ODC usage as a function
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ODC Eli m nati on at AGMC

AGMC staff first recognized in 1975 that certain chemcals used in large
quantities at the facility mght pose a threat to the ozone | ayer. No

i mredi ate action was taken, but many organi zations did not even see (DCs as a
potential problemuntil over a decade |ater

The first steps to reduce consunpti on of ozone-depleting chemcals were taken
in 1980, when AGMC installed two distillation units to retrieve

chl or of | uor ocarbons and nethyl chloroformfromits cleaning processes. The
stills reduced the anmounts of CDCs that had to be purchased and the anount of
waste that required disposal. (No information is available on the cost

avoi dance i n hazardous waste disposal.) Not only were the ODCs fromthe

cl eani ng processes distilled for reuse, but approximately 1,750 druns of waste
stored outdoors were al so reprocessed. The overall result was a significant
reducti on in purchases, although usage rates remained the sane at that tine.

In 1981 it was noted that responsibility for the chem cals was shared by a
nunber of groups in the organization -- e.g., the Environmental, Purchasing,
Gvil Engineering, and Maintenance Directorates. A proposal was nmade and
accepted that the use of ODCs shoul d be tracked by one group. Don Hunt
volunteered his Quality and Reliability Engineering section for this task
because it fit the section's nission of inproving the quality and reliability
of the repair of guidance systens.

The base commander, a chenical engineer, also took an interest in CDC
reduction. In 1985 he supported the purchase of an ul trasoni c aqueous cl eani ng
system and a carbon adsorption unit. Initial experimentation wth aqueous

cl eaning was not very promsing. Wth the departure of the commander
managenent interest in these two projects waned. But two years later, M.

Hunt, now the deputy chief of the Engineering D vision, gradually restarted
the investigation into aqueous cl eaning.

The revived aqueous cl eani ng program operated on a shoestring budget.
Equi prent to suppl enent the aqueous cl eaner was "borrowed" from areas across
the center. Gene Ot explains:" If you go out and you find it [needed
equi pnent] and you say, 'Do you need that thing? chances are they'd say No

But if you just go out with a bl anket statenent, 'If you have excess
equi pnent, tell us,' they won't do it. So you have to go out and find it, and
then they will in most cases let you have it."

Early attenpts at cleaning with water were focused on parts in two categories:
(1) parts that were originally specified to be cleaned with water but had been
switched to ODCs, and (2) parts that were considered to be robust -- for
exanpl e, ball bearings.

Wrk began on scrap parts. Every tine an experinment failed to produce cl ean
undanmaged parts, variables would be adjusted and a new experinment woul d begin.
The main vari abl es were detergent type, concentration, tenperature, soak tinme,
rinse tine and drying time. The detergent supplier provided val uabl e technica
assi stance and advice at this stage of the project. Eventually successes were
obt ai ned, and by 1989 aqueous processes had been established for bearings and
for 00 and (280 gyros.
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During this period, nmanagenent and adm ni strative activity started. The base
comrander agreed that the 1987 Montreal Protocol (setting firmdates for the
elimnation of ODC production) showed that "there is a need to elimnate
ODCs." The Finance departnent becane involved in 1989 to determ ne the whats,
whens, wheres and hows of obtaining resources for expanding on the initia
successes of the aqueous cleaning program Wat had been a pet project of sone
of the engineers at AGVC was becomng a technical strategy for the entire
base.

In 1990 three additional engineers were assigned to the project: Captain
Ceorge Letourneau, Captain Vernon M| hol en and Tesfa Abraha. Captain

Let ourneau created a database to characterize the over 1,100 conponent

conbi nati ons of cleaning processes. The database that his team created
identified (1) the cleaning solvents used, (2) the quantity of solvents used,
(3) conmponent materials, and (4) processing |ocations.

At this, Captain Ml holen and M. Abraha spent weeks on top of clean-room
roofs tracing the ODC distribution system plunbing to determ ne how chem cal s
were nmoved to and retrieved fromthe vari ous usage points. This information
was vital for tracking, controlling, isolating, and elimnating the flow of
chem cals as the (DCs were phased out fromone area after another over the
next few years.

By 1990 work had proceeded far enough that conference papers coul d be
delivered on technol ogi cal advances in use at AGMC. Environnental Protection
Agency interest in the project led to an invitation to M. Hunt to present a
paper on precision cleaning at a conference in Singapore in Septenber 1990.
There he was asked to represent the Air Force on the United Nations

Envi ronnental Program Technical Commttee on Alternate Sol vents for (zone-
Depl eting Chem cals. The Center now had high visibility as a technol ogy | eader
not only inthe Air Force but in the entire Departnment of Defense.

The foll owi ng Novenber, AGMC custoners were advised of the intention to phase
out ODCs and asked to consider adopting bl anket agreements to acconplish it.
Initial agreenments were established quickly with client organizations that
provi ded a small percentage of AGMC s work | oad, but additional time was
required to obtain agreements with aircraft and mssile custoners. The

chall enge was to secure agreenents that satisfied customers, product engineers
inthe Mssile division at AG, and the alternative process devel opment team
at AGMC that the field reliability of the gui dance systens would not be
adversely affected by the changes. There was a great deal of discussion and
negotiation, at tines quite heated. OCne off-site nmeeting of Center personne

al nost became a brawl: "They had to cone out and drag us off the sidewal k,
because we were fighting", according to a process engineer. In an initial
briefing at a custoners site, Captain Canpbell says, "There was a | ot of
aninmosity. | mean, | got nailed the first time | went out there -- | nean
literally nailed!'" Additional discussions created better understanding of the
concerns of all the parties, and nutually acceptabl e agreenments were finally
worked out. Due to financial cuts within the Department of Defence, AGVC
becanme the "only gane in town" for researching and testing CDC alternative

cl eani ng met hods. Q her organi zations coul d have devel oped al ternative
processes, but neither as quickly nor as inexpensively as AGWC.
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At the beginning of 1991, the groundwork for the programhad been set.
Negoti ati ons for bl anket agreenent had begun with all custoners. Some
conponent s wer e under goi ng aqueous cl eaning at AGMC, and submi ssions had been
made to support research projects. Captain Bob Canpbell joined the base in
January, where he was assigned to new process devel oprent.

Envi ronnental problens often require skill sets and backgrounds different from
those commonly found at many facilities. O ganizations working to elimnate
environnental threats are often faced with the challenge of asking their
techni cal specialists to address problens that they have not been trained for
Captai n Canmpbel | realized that he woul d have to naster technical areas which
were outside the core expertise of nost of the team nmenbers, mechani cal and

el ectrical engineers. The AGVC project raised conplex issues in materials
science, netal lurgy and chem stry. Tesfa Abraha, a chem cal engineer, filled
many of the know edge gaps relating to chemstry.

AGMC now faced the chall enge of noving to cleaning all the conponents with the
new processes. Parts that had not yet been shifted were orders of magnitude
nmore difficult to clean than the ones al ready done.

The initial problens that faced the teamwere water quality and transport of
sensitive conponents to a central cleaning center. It was discovered that the
quality of water available on the base was not satisfactory for cleaning. An
upgrade of the entire D (deionized) water systemwas required. It was then

di scovered that parts treated in one |location could not be guaranteed to be

cl ean when they were transported back to their prinmary work area.  eaning
centers mght have to be installed in nany work areas before field-ready parts
coul d be cleaned. As many as 27 cleaning centers would be required. Somne
cleaning centers were nodified several tines before an acceptable
configuration was obtai ned.

The first half of 1991 witnessed the arrival of the senior nanagenent team
that oversaw the programtill its finish. Col onel Joseph Renaud becane the
comrander of Newark AFB in May. Tony Skufca took over the Mi ntenance
directorate in August. M. Hunt spoke to these two key managers about the

i mportance of CDC elimnation and the great strides that AGMC had nade in this
area under his stewardship. The vision of the M ntenance directorate was

rel eased in Cctober in The Directorate of Miintenance Plan for Elimnating
Ozone-Depl eting Solvents fromlts Industrial Processes External awareness of
the progress of AGVMC increased as a result of M. Hunt's participation on the
UNEP Sol vents Technical Options Committee and his presentati on of technica
papers at a variety of conferences.

At the beginning of 1992, pollution prevention funds becane available fromthe
Al r Force.

The financial planning phase was conpl eted by the Finance departnent, and as
Fi nance's invol venent waned, Purchasing' s participation increased. Purchasing
acquired a wi de range and | arge vol ume of equi prent that was required for the
DG elimnation program and did so quickly.

In February, President Bush's press secretary rel eased a statenent which
expressed the intent of the admnistration to accel erate phase-out of ozone-
depl eting solvents. One nmonth later, AGMC released its policy The Directorate
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of Mai ntenance Plan for Elimnating Ozone-Depl eting Solvents fromlts

I ndustrial Processes. Wthin a few nonths, the mssile custoners agreed to
allowten G T-1B gyroscopes rebuilt enpl oyi ng aqueous cl eani ng processes for
field testing. The Oyden Air Logistics Center also agreed to provide a five-
day turn-around for every AFTQR22 (process change request) generated to
docunent changes to cl eaning processes. Two nmonths later, the aircraft
custoners signed an agreenment with AGVC naki ng approval of AFTQR2s autonatic
unl ess a customer di sapproved the AFTC22 within three days.

In May there was a reduction in forces (R F) at AGVC, acconpani ed by a nunber
of retirements and a nodification of the base's reporting structure. M. Hunt,
the driving force behind the ODCelimnmnation program was pronoted to Chief
Scientist, a position that Col onel Renaud said "nakes use of his talents."
Jerry Anderson was nmoved fromthe position of Chief Scientist to becone the
Director of Engineering. The direct influence of M. Hunt on the project

engi neers gradual | y declined as he focused on his new job responsibilities.
M. Hunt was assured by the supervisor of the Engi neering/ Methods | aboratory
branch that the programwoul d continue even without direction fromhim but

t he change caused sone di sruptions. They ceased when Don Durbin, supervisor of
t he Engi neeri ng/ Met hods | aboratory branch, was placed in charge of the area
M. Durbin's style is the mnanager as a coach. This suited the aggressive and
techni cal |y sophi sticated project engineers better than the nore traditiona
managenent style of his predecessor

In md-1992 "things really started to happen.” A managenent steering commttee
conposed of all key directors fromacross the organizati on was now i n pl ace.
Each nmonth a status report was presented to the steering commttee. However,
del ays or other problens that occurred did not have to wait for resolution
until the nonthly neeting. Project engineers were advised to take problens
imrediately to the director level. If issues could not be solved at the
director level, the instructions were to take themto Col onel Renaud, the base
comrander. He promi sed to stop whatever he was doing and resolve the issue

i mredi ately. The system worked well and Col onel Renaud was never asked to
settle an issue.

Insuring that a task was conpl eted quickly, w thout frequent intervention
required a way to indicate that the task was inportant. Placing a "Rush" or
"Wrgent" | abel on a work request was not satisfactory, since in-baskets were
always piled high with "Urgent” work requests. H storically, an urgent request
coul d be expedited by "walking it through the system™ but the nunber of work
orders generated by the new program nade this approach inpossible. Col onel
Renaud proposed the use of an "(zone" stanp. A docunent with "CQzone" stanped
onit inred ink was to be taken care of first. Wen an "Qzone"- st anped
docunent arrived in any area (Finance, Contracting, Logistics, Qvi

Engi neering), work on all other projects i mediately ceased. "Qzone"- st anped
docunents were handed to individuals personally; they never sat in an in-
basket. To mnimze disruption, departnments assigned one individual to handle
all "Qzone" tasks. If there were many "(zone" tasks at a specific tinme, the

i ndi vi dual went to a supervisor and obtai ned instructions, and soneti nmes
addi ti onal manpower was assigned to an area. On occasion, there were too nany
requests for a departnent to handle, but that problemwas quickly noved up the
managenent chain to be resolved. Resol ution of problens was al ways fast,
because everyone knew the Center's goal, and they all wanted AGVMC to succeed.
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Fromthe end of 1992 to the begi nning of 1994, Madel ei ne Johnson managed t he
conversion of many of the environmental chanbers to the non-ozone-depl eting
refrigerant HFC. Thi s conversion project was on the cutting edge of

technol ogy. To encourage diffusion of this technol ogy across industry,

manuf acturers were invited to partici pate where possible.

During this period, results fromexternal research started to arrive, but the
devel opnent team s ent husi asm and hard work consistently put them ahead of the
| aboratory research results.

The names of Captain Bob Canpbell and Captain Vernon M| hol en becane cl osely
associated with the CDC-elimnation program in the mnds of nmany center
personnel . *® In fact, Captain Canpbell was renaned "Captain Qzone." Al team
menbers put in an inpressive effort. It was not unusual for individuals to
work extra hours at the Center. For exanple, Chuck Davis often stayed on

t hrough afternoon and evening shifts when peopl e had questions: "You have to
go to that shift to straighten [problens] out for them..[A person] worked on
third shift, and he wanted the answer. So you did also have to go to the off-
shifts.”

I'n June 1992 the first non CDC cl eaned G T-1B was installed on a nucl ear
mssile. The original plan was to do a "tear-down" on it if it failed, to
determ ne what effects, if any, the aqueous cleaning procedures had on it. It
was assuned that failure would occur within a six-nonth tinme frame. Mich to
the surprise of many technical people who were sceptical of the use of aqueous
cl eani ng, the gyroscope did not fail. But surprise gave way to curiosity, and
in May of 1993, the first unit was retrieved fromthe field for a tear-down.
Rockwel | and Charles Stark Draper Laboratories both participated. Each
conponent in the A T1B gyroscope was careful |y exam ned. Degradation of some
conmponent s was found, but none associated with the aqueous cl eani ng.

In February of 1993, Gvil Engineering issued draw ngs and specifications for
dei oni zed water systens and cleaning centers. This was followed by a flurry of
activities in Gvil Engineering as changes were made to install aqueous
cleaning centers in all affected areas. Throughout this period, QG vi

Engi neeri ng resources were under enornous pressure. The aggressive targets set
by the program|ed Captain Canpbell to request major changes to severa

| ocations at the sane time. Captain Canpbell was in such a rush that if there
was a delay, he would do things hinself and even spend his own noney on them

5Al t hough Captain M| holen and Captain Canpbel | were not in charge of the program their

activities and personalities brought theminto substantia

interview after interview, their involvenment with the project was noted.

base-w de association with the program In

®ne engi neer has described the consternation he felt when bl ack di scoloration of the flex |eads
and the baffle plates showed up on the first instrument that was torn down. But exam nation of baffle

pl ates cl eaned by regul ar processes reveal ed simlar contam nation

The aqueous process did not cause

the contam nation. The expl anation for the black contam nation was the flex | eads, which were three
percent berylliumcopper. Although it is not dramatically susceptible to corrosive effects,

sul fi des,

there were no chlorine ions in the water and there were no chlorine ions in the detergents.
were the chlorides coming fron? The fill fluid."

chl ori des,

and phosphates all have a detrinmental effect on it: "From chromatographs [we knew] that

So where
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According to Rick McDonal d, AGVC pipe fitter, "He went down to the | oca
hardware store. The tool he bought was not really sturdy enough.... It broke
within a few hours, and he went down and got a better one...nmade the whole job
that nuch faster."”

Process devel opment was conducted in the clean roons. The technicians in
charge of regular production worked with the CDGelimnation project staff to
find suitable alternative processes. Their invol venent was one reason for
cooperation by all the enpl oyees. Another was that the alternative cleaning
processes worked well, and a third, that strong support was given to the

proj ect by engi neers and technicians. Technicians were concerned about the
envi ronnent, and they considered the new processes to be better for their
health (they no | onger had conpl aints about the snmell of the cleaning
solvents). In addition, trainers convinced work-area opinion | eaders of the
viability of the new processes before they were put in place.

The second briefing to customers of the Mssile division occurred in March
This briefing was very different fromthe first one, at which Captain Canpbel
descri bed hinself as "getting nailed.” The briefing went very snoot hly, beyond
the original half hour scheduled for it and continuing for about two hours.
The hard work by the CDC elimnation team and the substantial background
research conducted by Captain Canpbell paid off. As a result of the successfu
tear-down and this briefing, custonmers of the Mssile division joined the
aqueous cl eani ng bandwagon. By Septenber all of the @ T-1Bs were being cl eaned
with alternative processes, and work was under way on devel opi ng processes for
a range of other mssile products.

On March 11 1993, the | ocal newspaper carried an announcenent that Newark Air
Force Base had been put on the closure list. Many people reacted with
disbelief: "Wien we first found out we were closing, we couldn't believe it --
because we thought we were so unique. And | remenber when | first started

here, | sawtraining films, and they were tal king about reduction in force and
closure, and even the person [who] was running the filmstood up and said,
"Don't even listen to that. That'll never happen to us."' The ODGC elim nation

program | ater suffered fromshortages of process engineers in the Aircraft and
M ssile divisions, but the general |evel of support for the programdid not
waver. The attitude was "Let's show them how stupid they were for closing us."

Thr oughout 1993, consunption was reduced, cleaning centers were constructed,
and suitable alternative cl eaning processes were established. The ngjor
difficulty the programfaced at this tine was the conpletion of AFTQ22
requests. A wite-up on a new process devel oped by the project teamand the
t echni ci ans who cl eaned and repaired gui dance systens was prepared by a

proj ect engi neer and handed to the process engi neers, who prepared the
AFT22s. Normally the preparati on of a process change of this type coul d take
up to six nonths to conplete. Until the AFT22 was approved, the new ODC-free
process could not be inplenmented. But a series of discussions were held that
resulted in agreement on a one-nonth turnaround for AFTQ22 nodifications. The

YThe AFT22 request is a notice asking for changes to the existing process docurments. An AFTQR22
is issued prior to any process changes being instituted.
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one-nont h turnaround required conprom ses that sone process engineers are
still unconfortable with. For instance, the |level of detail in a process
docunent had to be greatly reduced. Sone people feel that this is a trenendous
sacrifice, since a process docunment serves as a training nanual on how a task
is to be conpleted. her people say that a manual is used only for initial
trai ning, which enployees can obtain frominteraction with senior enpl oyees.
Custoners had troubl e approving AFT22s within the short tine frame. On-site
nmeet i ngs of process engineers and custonmers were held to iron out difficulties
and hel p the custoners better understand what was happeni ng at the Center.

In 1994 many parts of the programstarted to wind down. By March, the
managenent steering group was no |onger necessary: on 39 conpl eted workl oads,
only two mnor problens renmained. At this stage, support for the program was
as natural as a reflex action for nost Center enpl oyees. Purchasi ng personnel
were one of several groups that received awards fromthe Comrander for their
contributions in support of the CDS program

Qver tinme, the project teamshrank in size. M. Qt and Ms. Johnson were given
new responsibilities. Captain Letourneau retired. M. Abraha, Captain M| hol en
and Captain Canpbell (nowretired fromthe mlitary) remained on the project.
Al that was left to do was to tie up | oose ends and provi de technical
information to interested groups in governnent and industry. In My,
representatives of French industry visited the Center to | earn nore about the
t echnol ogi es that had been devel oped.

Banards of various types were given to support personnel throughout the program
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Newar k

Chronol ogy of Events in the Phase-out of Ozone-Depleting Chenm cals at AGVC,
Newar k

1975

-First mention, in internal docunents, of adverse effects of CFCs on ozone
| ayer.

1980
- CFC wast e tanks outside buil ding.

- Decenber - Still for reclaimng ODCis installed and activated.

1983

-Installation of carbon bed adsorption unit to renove CFC vapors from
exhaust air

1985

- First aqueous cl eaning station acquired (changes in personnel and
priorities resulted in no

experinentati on with new equi pnent).
- Freon use at 2,000,000 pounds per year

1987

- Work on aqueous processes started in Quality and Reliability Engineering
br anch.

1988
- Meeting in base commander's office confirns need to elimnate CODCs.

- July - "The Cyl-sonic O eaner: Aqueous Utrasonic deaning Using
Bi odegr adabl e

Det ergents" prepared by Kenneth Patterson and Don Hunt.

1989
- Fi nance department invol venent begins.

- Gene Ot joins project (alternative proces s devel opnent).

- Agueous processes established for bearings, &00 and G280 gyros

1990
- Tesfa Abraha joins project (conservation and tracking).
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- Adj ustnents to mai nt enance system of carbon bed adsorption unit to obtain
better

per f or mance.

- Captai n George Letourneau joins project (adm nistration and collection of
use information).

- January - "Agueous deaning of Instrunmentation Bearing Assenblies" prepared
by Gene

at.

-July - "AT-1B and TG (Beryl liun) End Housi ng Agqueous C eani ng Pr oj ect
Summary to

Dat e" prepared by Thomas G upak.
- August - "Agquasonic deaning Project” presented by Mke Then of Wi ght
Patterson to

AGVC.
- Septenber - "A US Air Force Repair Center's Policy and Progress in
El i m nati ng CFCs"
presented by Don Hunt to the U S./Singapore Conference on Alternatives and
Substitutes to CFC Sol vents, Singapore.
- Cctober - Request for information on CFC reduction from General Viccelio
(Deputy Chief of Staff Logistics and Engi neering) to Don Hunt.

- Novenber - Initial contacts with mssile customers seeking agreenent to
change cl eani ng process to ODC al ternatives.

-4th Q- Collection of data on all ODC uses.

1991
- Subm ssion of research projects to funding office.

- Actions taken to inprove quality of de-ionized water.

- Two technicians join ODC Process Devel opnent Team

- Detergent conpatibility studies conducted.

- Deputy Chief Don Hunt named to UNEP Sol vents Conmittee.
-1st Q- Wrk on A T-1B conmences.

- January - Laboratory work conducted on scrap parts.

- January - Captain Bob Canpbell joins project (new process devel oprent).
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- March - "Inplementing Alternatives to (zone-Depl eting Sol vents - Sone
Consi derations" presented by Don Hunt to Mlitary Volatile Organi ¢ Conpound
(VOO Wor kshop.

- May - Col onel Joseph Renaud arrives at base (Center Commander).

- June - Wrk at AGMC is used as a case study of "ozone-friendly" precision
cleaning in EPA publication Elimnating CFC-113 and Methyl Chloroformin
Preci sion C eani ng

- July - "Precision Bearings deaned at AGVC' prepared by Ray Vargas.

- August - Subm ssion by Don Hunt to AGMVC regardi ng European progress on CDC
phase- out .

- August - Tony Skufca arrives at base (director of naintenance), discusses
ODG-elimnation with Don Hunt.

- Septenber - Subm ssion by Don Hunt to AGMC regardi ng phase-out of CFG 113
and MCF at AGVC, UNEP Asia Trip Report.

- 3rd Q- Discussions betwen Col onel Renaud and Don Hunt regardi ng COC
el i mnation.

- Qctober - "The Directorate of Mintenance Plan for Himnating Qzone-
Depl eting Solvents fromlts Industrial Processes" prepared by AGVC.

- Novenber - "Aqueous d eaning for Precision Bearings and Beryl|liunt prepared
by Don Hunt, CGene Qt, Thomas G upak and Ray Vargas.

- Decenber - "Aqueous Alternatives to CFG 113 and MCF for Precision O eaning
of Inertial Systens and Conponents" prepared by Thomas G upak, Captain George
Let ourneau and Don Hunt.

1992
- Finance i nvol venent tails off.

- Managenent el evates ODC phase-out to p riority for the Center.
- Madel ei ne Johnson joins project (various responsibilities).

- Intense activity in Purchasing.

- Pol lution prevention funds acquired for testing and research.

- Steering commttee addresses issues associated with the CDG el imnation
pr ogr am
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- Statenent of intent by AGVC to phaseout ODCs by Decenber 1993.

- January - "Experinental Evaluation of the Corrosive Potential of Fl ux
Resi due O eaning Agents"” subnitted by Battelle to AGVC

- February - "Elimnating Qzone Dep leting Solvents in an Industrial
Activity" presented by Don Hunt to Joint Logistics Conmanders Meeting, Brooks
Air Force Base, TX

- February - News rel ease on accel erat ed phase-out of ozone-depl eting
solvents by Wiite House press secretary.

- March - "A Study of Freon Vapor Loss Based on 1991 Purchases" prepared by
Tesfa Abraha.

- March - "Draft Action Plan to Inplenment the Proposed AGVMC Policy for
El i m nati ng Qzone-Depl eti ng Sol vents from Mai nt enance Industrial Processes”
prepared by AGVC

- March - Approval of Decenber 1991 agreenent to build ten units and obtain
5-day expedites on AFTQ22s.

- April - Menmo frommnissile custoner regarding identification of ODG using
syst ens.
- April - "ldentification of Contam nati on Found Deposited on Gyroscope R ng"

subnmitted by Battelle to AGVC

- May - Menorandum of Agreenent between aircraft custoner and AGVMC on CDC
El i m nati on.

- May - Reduction in forces and restructuring; Don Hunt becomres chi ef
scientist.

-June - First non-CDC cleaned A T-1Bins talled on a nuclear mssile.

- June - "ldentification of Spots Found on the Surface of the Gyroscope End-
Cap 3637" submtted by Battelle to AGVC

-July - "How Cne of the Largest Air Force Users is Getting Qut of CFC s”
presented by Don Hunt to the International CFC and Hal ons Alternative
Conf erence, Washi ngt on DC

- August - "A Method for O eaning Perfornmance Eval uation Using Stabl e
| sotopes" submtted by Battelle to AGMC

- Sumrer - "A Strategy for Elimnating CFG 113 at Newark Air Force Base,
Chi 0" prepared by Deborah Lansky for Federal Facilities Environmental
Jour nal .
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- Qctober - "Progress in Replacing zone-Depleting Chemicals for Precision
Ceaning at the US Air Force's Aerospace Qui dance and Metrol ogy Center”
presented by Don Hunt to the Joint Services Data Exchange, Pal m Springs, CA

-4th Q- Increasing favorable external publicity pronpts facility to pursue
phase-out nore aggressively.

-4th Q- "(zone" stanps are issued.

- Decenber - "Degradation of Polybromo Fill Fuid" prep ared by AGUC Physi cal
Science Laboratory.

1993
- Base cl osi ng announcenent .

- Air Force states that waiver is required to purchase ODCs.
- Intensive activity by Gvil Engineering to support program

- "Experience and Initiatives in Replacing (zone-Depl eting Chenicals for
Precision cleaning at the US Air Force's Aerospace Qui dance and Metrol ogy
Center" prepared by Don Hunt and Captain Vernon M| holen for ASTM STP 1181.

- January - Started programto change refrigerant in Environmental Chanber S.

- January - "Experinental Evaluation of the Adhesive Degradati on Potential of
Aqueous d eaning Processes"” subnitted by Battelle to AGVMC

- February - Drawi ngs and specifications for water deionizing and cl eani ng
facilities generated.

- February - One out of three Gyros cleaned without CDCs in clean room?7.
- March - Second briefing for mssile custoner regardi ng program st at us.
- 2nd Q - Invol verrent of product engineers intensifies.

- April - "Hectronic Conmponent Cooling Alternatives: C onpressed Air and
Liquid Ntrogen" submtted by Battelle to AGVC

- May - Renoval and tear-down of first G T-1B mssile.

- August - "Alternatives to (zone-Depl eti ng Chem cal Dependant Test Equi prent
Conmponent s presented by Battelle to the XV International Environnental
Research Forum Dayton, CH

I nnovations in Anerican Government 1995, AGMC Page 35




Chronol ogy of Events in the Phase-Qut of Ozone-Depleting Chenicals at AGVC,
Newar k

- August - "The Use of Perfluorocarbons as Alternatives for (zone Depl eting
Chemi cal s at the Aerospace Quidance and Metrol ogy Center- Sone Considerations”
prepared by Don Hunt for the EPA SNAP Program

- August - "ldentification of Biodegradabl e/Environnentally Conpatibl e
Met hods for Epoxy Renoval -- Phase |" subnitted by Battelle to AGVC

- Septenber - "Advanced Technol ogy d eani ng Met hods for H gh-Precision
O eani ng of Qui dance System Conponents"” submitted by Battelle to AGVC

- Septenber - "Alternatives to (zone Depl eti ng Chem cal Dependent Test
Equi prent Conmponents - Topical Report on Materials Conpatibility" submtted
by Battelle to AGW.

- Sept enber

Revi ew of AGMC plan for aqueous ¢ |eaning of A T-1B.

- Septenber - Transition to 100% aqueous cleaning in clean room7 is
conpl ete.

- Septenber - "Biodegradability of Detergents and Its Effects on Minici pal
st ewat er Activated S udge" subnitted by Battelle to AGVC

- Septenber - "Methods for Inprovenent of the Stable |Isotope A eaning
Per f or mance Eval uati on Procedure” submtted by Battelle to AGVC

- Qctober - "Alternatives to (zone-Depleting Refrigerants in Test Equi prent”
presented by Richard Hall, Battelle and Madel ei ne Johnson, AGVC, at the
Maritime Environmental Synposium

- Novenber - Aviation Wek and Space Technol ogyarticle on AGC s
i npl erent ati on of non- CDC refrigerants.

1994
- Programto change refrigerant in environnental chanbers is conpleted.

- January - "Metal -Detergent/d eaner Conpatibility" submtted by Battelle to
AGVC.

- January - "A Proposal to Use Evidence from Successful ODG Eimnation
Efforts to Reduce the Lead Tine for Inplenentati on of ODC Sol vent
Alternatives" presented by Don Hunt at the International NATQ COVB Conf er ence,
Brussel s.

- March - Award to Purchasing personnel from Col onel Renaud in recognition of
their work to nake ODC phase-out a success.

- March - Steering Conmttee wi nds down activities.

- March - Program status: 39 workl oads switched to ODG free processes.
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- March - Technical Order 5-1-10 for cleaning fill bl ock.

- March - "Mnuteman |11 Non-Continuous Engi neering Support Tear-down Report
for AT- 1Bs Alternatively deaned at AGC' submtted by Draper Laboratory
to AGVC

- May - "Measurenment of Residues fromlnproved Dow Corning C5 10 Fl uids"
subnmitted by Battelle to AGVC

-May - Site visit by representatives of French industry.

-July - "Alternatives to (zone-Depleting Refrigerants in Test Equi prent”
presented by Richard Hall, Battelle and Madel ei ne Johnson, AGVC, at the
Internati onal Conpressor Conference, Purdue.

-July - "Mnuterman Il ODGEimnation Studies" submtted by Draper
Laboratory to AGWVC

- Qctober - "Instrunented Laboratory Syst emfor the Evaluation of Aternate
A eani ng Technol ogi es" presented by Bob Canpbell at the International C-C and
Hal ons Al ternative Conference, Washington, DC

- Cctober - EPA Corporate Stratospheric Qzone Protection Anard presented to
AGVC.

- Qctober - Center activity a success story at the International CFC and
Hal ons Al ternative Conference, Washington, DC

- Novenber - "Application of Mre Environnental |y Conpati bl e New Technol ogi es
to Replace ODCs in the Repair of Inertial Quidance Navigation Systens”
presented at the 22nd Joi nt Services Data Exchange, Scottsdal e, AZ

- Decenber - CFC, Hal on News article about a diagnostic tool devel oped and
used at AGVC, entitled "Now You Have a New Alternative to CFGC 12."

1995
- Gene Ot and Madel ei ne Johnson assigned to other tasks.

- January - "Experinental Eval uation of the Adhesive Degradati on and
Corrosion Potential of Silicon Fluids" submtted by Battelle to AGVC

- February - "ldentification of Bi odegradable Environnentally Conpatible
Met hods for Epoxy Renoval - Phase I1" subnitted by Battelle to AGVC

- February - Precision Cleaning: The Magazine of Critical C eaning Technol ogy
article about AGC s use of aqueous technology in cleaning, entitled "Fl ow ng
Forward w th Agueous Technol ogy."
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- June - "Alternatives to (zone Depl eting Chem cal (ODC) Dependent Test
Equi prrent Conponents” submitted by Battelle to AGVC

- Qctober - Innovations in Covernnment Award presented to AGVC by Ford
Foundati on and Kennedy School of Governnent.

- Novenber - CGovernnment Executive article entitled "The Innovators.™”
- Decenber - Rockwell Consortia announced as wi nner of bid for privatization
in place.

- Decenber - Retirenent of Captain Letourneau.

- Decenber - Captain Canpbell transferred to other facility.

1996

- January - Scientific American article about the success of AGUC s phase- out
of ODCs, entitled "Into the WId Geen Yonder."

- January -ODC elimnation open house "work force recognition program”

- February - Retirenent of Don Hunt.

- Qctober - Base privatized in place (projected).
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Chronol ogy of Technical Events in the Phase-Qut of Ozone-Depleting Chenicals
at AGMC, Newar k

1975

-First nmention, in internal docunents, of adverse effects of CFC on ozone
| ayer.

1980
- Decenber - Still for reclaiming COC is placed on-1ine.

1983

-Installation of carbon bed adsorption unit to renove CFC vapors from
exhaust air.

1985

- First aqueous cl eaning station acquired (changes in personnel and
priorities resulted in no

experinentati on with new equipment).

1987

- Work on aqueous processes started in Quality and Reliability Engineering
Br anch.

1988

- July - "The Cyl-sonic O eaner: Aqueous Utrasonic deaning Using
Bi odegr adabl e Detergents” prepared by Kenneth Patterson and Don Hunt.

1989
- Agueous processes established for bearings, 00 and &80 Gyros.

1990

- Adj ustnents to mai nt enance system of carbon bed adsorption unit to obtain
better performance.

- January - "Agueous deaning of Instrumentation Bearing Assenblies" prepar ed
by Gene Qt.

-July - "AT-1B and TG (Beryl liun) End Housi ng Agqueous d eani ng Proj ect
Sumrary to Date" prepared by Thomas G upak.

- August - "Agquasonic deaning Project” presented by Mke Then of Wi ght
Patterson to AGVC
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-4th Q- Collection of data on all ODC uses.
1991
- Actions taken to inprove quality of de-ionized water.
- Detergent capability studies conduct ed.
-1st Q- Wrk on A T-1B conmences.
- January - Laboratory work conducted on scrap parts.

- March - "Inplenmenting Altern atives to (zone Depl eting Sol vents - Sone
Consi derations" presented by Don Hunt to Mlitary Volatile Organi ¢ Conpound
(VOO Wor kshop.

- July - "Precision Bearings deaned at AGVC' prepared by Ray Vargas.

- Novenber - "Aqueous d eaning for Precision Bearings and Beryl|liunt prepared
by Don Hunt, Gene Ot, Thomas G upak and Ray Vargas.

- Decenber - "Aqueous Alternatives to CFG 113 and MCF for Precision O eaning
of Inertial Systens and Conponents" prepared by Thomas G upak, Captain George
Let our neau and Don Hunt.

1992

- January - "Experinental Evaluation of the Corrosive Potential of Fl ux
Resi due d eani ng Agents"” subnmitted by Battelle to AGVC.

- February - "Eimnating Qzone Depleting Solvents in an |ndustrial
Activity" presented by Don Hunt to Joint Logistics Commanders' Meeting, Brooks
Air Force Base, TX

- February - News rel ease on accel erat ed phase-out of ozone-depleting
sol vents by Wiite House press secretary.

- March - "A Study of Freon Vapor Loss Based on 1991 Purchases" prepared by
Tesfa Abraha.

- April - "ldentification of Contam nati on Found Deposited on Gyroscope R ng"
subnmitted by Battelle to AGVC

- June - "ldentification of Spots Found on the Surface of the Gyroscope End-
Cap 3637" submtted by Battelle to AGVC

- August - "A Method for O eaning Perfornmance Eval uation Using Stabl e
| sotopes" submtted by Battelle to AGMC
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- Decenber - "Degradation of Polybromo Fill Fuid" prepared by AGVC Physi cal
Sci ence Laboratory.

1993

- "Experience and Initiatives in Replacing (zone Dep leting Chemcals for
Precision cleaning at the US Air Force's Aerospace Qui dance and Metr ol ogy
Center" prepared by Don Hunt and Captain Vernon M| holen for ASTM STP 1181.

- January - Started programto change refrigerant in Environmental Chanbers.

- January - "Experinental Evaluation of the Adhesive Degradati on Potential of
Aqueous d eani ng Processes"” subnitted by Battelle to AGMC

- February - Drawi ngs and specifications for water deionizing and cl eani ng
facilities generated.

- 2nd Q - Involverment of product engineers intensifies.

- April - "Hectronic Conponent Cooling Alternatives: Conpressed Air and
Liquid N trogen" subnitted by Battelle to AGVC.

- May - Renoval and tear-down of first G T-1B mssile.

- August - "Alternatives to (zone Depl eti ng Chem cal Dependant Test Equi prent
Conmponent s presented by Battelle to the XV International Environmnental
Research Forum Dayton, CH

- August - "The Use of Perfluorocarbons as Alternatives for (zone Depl eting
Chemi cal s at the Aerospace Quidance and Metrol ogy Center- Sone Considerations”
prepared by Don Hunt for the EPA SNAP Program

- August - "ldentification of Biodegradabl e/Environnentally Conpatibl e
Met hods for Epoxy Renoval -- Phase |" subnitted by Battelle to AGVC.

- Septenber - "Advanced Technol ogy d eani ng Met hods for H gh-Precision
A eani ng of Qui dance System Conponents"” submtted by Battelle to AGVC

- Septenber - "Alternatives to (zone Depl eti ng Chem cal Dependent Test
Equi prrent Conponents - Topical Report on Materials Conpatibility” submtted by
Battelle to AGQW

- Septenber - "Biodegradability of Detergents and its Effects on Mini ci pal
Wast ewat er Activated S udge" subnmitted by Battelle to AGVC

- Septenber - "Methods for |nprovenment of the Stable |Isotope A eaning
Per f ormance Eval uati on Procedure” submtted by Battelle to AGVC
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1994
- Programto change refrigerant in Environnental Chanbers is conpl eted.

- January - "Metal -Detergent/d eaner Conpatibility" submtted by Battelle to
AGVC.

- March - "Mnuterman |11 Non-Continuo us Engineering Support Teardown Report
for AT-1Bs Alternatively deaned at AGMC' subnitted by Draper Laboratory to
AGVC.

- May - "Measurenment of Residues fromlnproved Dow Corning C5 10 Fl uids"
subnmitted by Battelle to AGVC

-May - Site visit by representatives of French industry.

-July - "Mnuterman Il ODGEimnation Studies" submtted by Draper
Laboratory to AGWVC

- Novenber - "Application of More Environnental |y Conpati bl e New Technol ogi es
to Replace ODCs in the Repair of Inertial Quidance Navigation Systens”
presented at the 22nd Joi nt Services Data Exchange, Scottsdal e, AZ

1995

- January - "Experinental Eval uation of the Adhesive Degradati on and
Corrosion Potential of Silicon Fluids" submtted by Battelle to AGVC

- February - "ldentification of Bi odegradable Environnentally Conpatible
Met hods for Epoxy Renoval - Phase I1" subnmitted by Battelle to AGVC

- June - "Alternatives to (zone Depl eting Chem cal (ODC) Dependent Test
Equi prrent Conponents" submitted by Battelle to AGVC
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Chem cal s at AGMC, Newar k

1975

-First nmention, in internal docunents, of adverse effects of CFC on ozone
| ayer.

1980
- CFC wast e tanks outside buil ding.

1985
- Freon use at 2,000,000 pounds per year.

1988
- Meeting in Base Conmmander's office confirns need to elimnate CDCs.

- July - "The Cyl-sonic O eaner: Aqueous Utrasonic deaning Using
Bi odegradabl e Detergents” prepared by Kenneth Patterson and Don Hunt.

1989
- Fi nance departnent invol venent begins.

- Gene Ot joins project (alternative process devel opnent).

1990
- Tesfa Abraha joins project (conservation and tracking).

- Captain Letourneau joins project (admnistrative and collection of use
i nformation).

- January - "Agueous deaning of Instrunmentation Bearing Assenblies" prepared
by Gene Qt.

-July - "AT-1B and TG (Beryl liun) End Housi ng Agqueous d eani ng Proj ect
Summary to Date" prepared by Thormas G upak.

- August - "Agquasonic deaning Project" pres ented by Mke Then of Wi ght
Patterson to AGVC

- Septenber - "A US Air Force Repair Center's Policy and Progress in
El i mnating CFCs" presented by Don Hunt to the U S./Singapore Conference on
Alternatives and Substitutes to CFC Sol vents, Singapore.

- October - Request for information on CFC reduction from General Viccelio
(Deputy Chief of Staff Logistics and Engi neering) to Don Hunt.
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- Novenber - Initial contacts with mssile customers seeking agreenent to
change cl eaning process to CDC al ternati ves.

1991
- Subm ssion of Research Projects to funding office.

- Actions taken to inprove quality of de-ionized water.

- Two technicians join ODC Process Devel opnent Team

- Deputy Chief Don Hunt named to UNEP Sol vents Conmittee.

- January - Captain Bob Canpbell joins project (new process devel oprent).

- March - "Inplementing Alternatives to (zone Depl eting Sol vents - Sone
Consi derations" presented by Don Hunt to Mlitary volatile organi ¢c conpound
(VOO Wor kshop.

- May - Col onel Joseph Renaud arrives at base (Center Conmmander).

- June - work at AGMC is used as a case study of "ozone friendly" precision
cleaning in EPA publication Elimnating CFC-113 and Methyl Chloroformin
Preci si on Cl eani ng

- July - "Precision Bearings deaned at AGVC' prepared by Ray Vargas.

- August - Subm ssion by Don Hunt to AGMC regardi ng European progress on CDC
phase out.

- August - Tony Skufca arrives at base (D rector of Mintenance), discusses
ODG-elimnation with Don Hunt.

- Septenber - Submi ssion by Don Hunt to AGVC regardi ng Phase-out of CFG 113
and MCF at AGVC, UNEP Asia Trip Report.

- 3rd Q- Discussions between Col. Renaud and Don Hunt regardi ng ODC
el i mnation.

- Qctober - "The Directorate of Mintenance Plan for Himnating Qzone
Depl eting Solvents fromits Industrial Processes" prepared by AGVC.

- Novenber - "Aqueous d eaning for Precision Bearings and Berylliunt prepared
by Don Hunt, CGene Qt, Thomas G upak and Ray Vargas.

- Decenber - "Agqueous Alternatives to CFG 113 and MCF for Precisio n deaning
of Inertial Systens and Conponents"” prepared by Thonmas G upak, Captain
Let our neau and Don Hunt.
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1992
- Finance invol venent tails off.

- Managenent el evates ODC phase-out to priority for the Center.
- Madel ei ne Johnson joins project (various responsibilities).

- Intense activity in Purchasing.

- PP funds acquired for testing and research.

- Steering commttee addresses issues associated with the CDG elimnation
pr ogr am

- Statenent of intent by AGVC to phaseout ODCs by Decenber 199 3.

- January - "Experinental Evaluation of the Corrosive Potential of Fl ux
Resi due d eani ng Agents"” subnmitted by Battelle to AGVC

- February - "Eimnating Qzone Depleting Solvents in an |ndustrial
Activity" presented by Don Hunt to Joint Logistics Commanders' Meeting, Brooks
Air Force Base, TX

- February - News rel ease on accel erat ed phase-out of ozone-depl eting
sol vents by Wiite House press secretary.

- March - "A Study of Freon Vapor Loss Based on 1991 Purchases" prepared by
Tesfa Abraha.

- March - Draft Action Plan to Inplenment the Proposed AGMC Policy for
El i m nati ng Qzone-Depl eti ng Sol vents from Mai nt enance I ndustrial Processes.

- March - Approval of Decenber 1991 agreenent to build ten units and obtain
5-day expedites on AFTCR2s.

- April - Meno frommissile custoner regarding identification of ODG using
syst ens.
- April - "ldentification of Contam nati on Found Deposited on Gyroscope R ng"

subnmitted by Battelle to AGVC

- May - Menorandum of Agreenent between aircraft custoner and A GVC on ODC
El i m nati on.

- May - Reduction in Forces and restructuring; Don Hunt becomnes Chi ef
Scienti st.

-June - First AT-1B installed on a nuclear mssile.
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- June - "ldentification of Spots Found on the Surface of the Gyroscope End-
Cap 3637" submtted by Battelle to AGVC

-July - "How Cne of the Largest Air Force Users is Getting Qut of CFC s"
presented by Don Hunt to the International CFC and Hal ons Alternative
Conf erence, Washi ngton, DC.

- August - "A Method for O eaning Performance Evalua tion Using Stable
| sotopes" submtted by Battelle to AGMC

- Sumrer - "A Strategy for Elimnating CFG 113 at Newark Air Force Base,
Chi 0" prepare by Deborah Lansky for Federal Facilities Environnmental Journal.

- Qctober - "Progress in Replacing zone Depleting Chemicals for Precision
Ceaning at the US Air Force's Aerospace Qui dance and Metrol ogy Center”
presented by Don Hunt to the Joint Services Data Exchange, Pal m Springs, CA

-4th Q- Increasing favorable external publicity pronpts facility to pu rsue
phase- out nore aggressively.

-4th Q- "(zone" stanps are issued.

- Decenber - "Degradation of Polybronmo Fill Fuid" prepared by AGVC Physi cal
Sci ence Laboratory.

1993
- Base cl osi ng announcenent .

- Air Force states that waiver is required to purchase ODCs.
- Intensive activity by Gvil Engineering to support program

- "Experience and Initiatives in Replacing (zone Depl eting Chenicals for
Precision cleaning at the US Air Force's Aerospace Qui dance and Metr ol ogy
Center" prepared by Don Hunt and Captain Vernon M| holen for ASTM STP 1181.

- January - Started programto change refrigerant in Environmental Chanbers.

- January - "Experinental Evaluation of the Adhesive Degradati on Potential of
Aqueous d eani ng Processes"” subnitted by Battelle to AGMC

- February - Drawi ngs and specifications for water deionizing and cl eani ng
facilities generated.

- February - One out of three Gyros cleaned without CDCs in clean room?7.
- March - Second briefing at mssile custoner, regarding progra mstatus.

- 2nd Q - Invol verrent of product engineers intensifies.
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- April - "Hectronic Conponent Cooling Alternatives: Conpressed Air and
Liquid N trogen" subnitted by Battelle to AGVC.

- May - Renoval and tear-down of first G T-1B mssile.

- August - "Alternatives to (zone Depl eti ng Chem cal Dependant Test Equi prent
Conmponent s presented by Battelle to the XV International Environmnental
Research Forum Dayton, CH

- August - "The Use of Perfluorocarbons as Alternatives for (zone Depl eting
Chemi cal s at the Aerospace Quidance and Metrol ogy Center- Sone Consi derations”
prepared by Don Hunt for the EPA SNAP Program

- August - "ldentification of Biodegradabl e/Environnmentally Conpatibl e
Met hods for Epoxy Renoval -- Phase |" subnitted by Battelle to AGVC.

- Septenber - "Advanced Technol ogy d eani ng Met hods for H gh-Precision
A eani ng of Qui dance System Conponents"” submtted by Battelle to AGVC

- Septenber - "Alternatives to (zone Depl eti ng Chem cal Dependent Test
Equi prrent Conponents - Topi cal Report on Materials Conpatibility" submtted by
Battell e to AGVC.

- Septenber - Review of AGWVC pl an for aqueous cl eaning of G -T1B.

- Septenber - Transition to 100% aqueous cleaning in clean room7 is
conpl ete.

- Septenber - "Biodegradability of Detergents and its Effects on Minici pal
Wast ewat er Activated Sl udge" report submtted by Battelle to AGVC

- Septenber - "Methods for |nprovenment of the Stable |Isotope O eaning
Per f ormance Eval uati on Procedure” report submtted by Battelle to AGVC

- Cctober - "Aternatives to (zone Depleting Refrigerants in Test Equi pnent™
presented by Richard Hall, Battelle, and Madel ei ne Johnson, AGVC, at the
Maritime Environmental Synposium

- Novenber - Aviation Wek and Space Technol ogy article on AGUC s
i npl erent ati on of non-QODC refrigerants.

1994
- Programto change refrigerant in Environnental Chanbers is conpl eted.

- January - "Metal -Detergent/d eaner Conpatibility" submtted by Battelle to
AGVC.
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Figure 2: Organization Chart Depicting All Personnel with Significant Involvement in ODC-Elimination Program (based on
organizational structure as of July 1995)
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- January - "A Proposal to Use Evidence from Successful O DC Himnation
Efforts to Reduce the Lead Tine for |nplenentation of ODC Sol vent
Alternatives" presented by Don Hunt at the International NATQ COVE Conf er ence,
Brussel s.

- March - Award to purchasing personnel in recognition of their work to nmake
CDC phase-out a success.

- Mar ch

Steering commttee wi nds down activities.

- March - Program status: 39 workl oads switched to CDGC free processes.

- March - Technical Order 5-1-10 for cleaning fill bl ock.

- March - "Mnuteman |11 Non-Continuous Engineeri ng Support Teardown Report
for AT-1Bs Alternatively deaned at AGMC' subnitted by Draper Laboratory to
AGVC.

-May - Site visit by representatives of French industry.

-July - "Alternatives to (zone-Depl eting Refrigerants in Test Equi prent”
presented by Richard Hall, Battelle, and Madel ei ne Johnson, AGVC, at the
I nternati onal Conpressor Conference, Purdue.

-July - "Mnuterman Il ODGEimnation Studies" submtted by Draper
Laboratory to AGWVC

- Qctober - "Instrunented Laboratory Systemfor the Eva luation of Aternate
A eani ng Technol ogi es" presented by Bob Canpbell at the International C-C and
Hal ons Alternative Conference, Washington, DC

- Cctober - EPA Corporate Stratospheric (Qzone Protection Award.

- Qctober - Center activity a success story at the International CFC and
Hal ons Al ternative Conference, Washington, DC

- Novenber - "Application of Mre Environnental |y Conpati bl e New Technol ogi es
to Replace ODCs in the Repair of Inertial Quidance Navigation Systens”
presented at the 22nd Joi nt Services Data Exchange, Scottsdal e, AZ

- Decenber - CFC, Hal on News article about a diagnostic tool devel oped and
used at AGMC, entitled "Now You Have a New Alternative to CFGC 12."

1995
- Gene Ot and Madel ei ne Johnson assigned to ot her tasks

- January - "Experinental Eval uation of the Adhesive Degradati on and
Corrosion Potential of Silicon Fluids" submtted by Battelle to AGVC
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- February - "ldentification of Bi odegradable Environnentally Conpatible
Met hods for Epoxy Renoval - Phase I1" subnitted by Battelle to AGVC.

- February - Precision Cleaning, The Magazine of Critical C eaning Technol ogy
an article about AGMC s use of aqueous technology in cleaning, entitled
"Fl owi ng Forward with Agueous Technol ogy. "

- June - "Alternatives to (zone Depl eting Chem cal (ODC) Dependent Test
Equi prrent Conponents" report submtted by Battelle to AGVC

- Cctober - Innovations in Governnment Award to AGMC fromthe Ford Foundati on
and the Kennedy School of Government.

- Novenber - CGovernnment Executive magazine an article entitled "The
| nnovators. "

- Decenber - Rockwell Consortia announced as wi nner of bid for privatization
in place.

- Decenber - Retirenent of Captain Letourneau.

- Decenber - Bob Canpbell transferred to other facility.

1996

- January - Scientific American article about the success of AGUC s phase- out
of ODCs, entitled "Into the WId Geen Yonder."

- January - ODC elimination open house "work force recognition program"”

- February - Retirenent of Don Hunt.

- Qctober - Base priv atized in place (projected).
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Figure 2: Organization Chart Depicting All Personnel with Significant Involvement in ODC-Elimination Program (based on
organizational structure as of July 1995)
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Organi zational Structure

The ODG-elimnation programat AGMC started about 15 years ago. During this
tinme there has been a substantial drop in the nunber of people working at
Newar k AFB and correspondi ng structural reorgani zati ons. The organi zati ona
structure that is discussed in this section was in place from1992 to 1995,
followi ng the reduction in forces (RF) in 1991-92 . The only change of
significance to the programwas the selection of Don Hunt as chief scientist.
Before RIF he was the assistant deputy director of engineering, above Don
Durbin and bel ow Jerry Anderson. He had consi derabl e engi neeri ng resources
under his direct control. As the chief scientist he could only nake
suggestions to project engineers and had no staff reporting to him

Figure 1 shows a sinplification of the management structure associated with
the elimnation of CDCs. The base commander and the directors, who were to
provi de support functions, forned a steering commttee that nmet on a nmonthly
basis for status reports. Status reports were initially made by the DG
elimnation project engineers, but towards the end of the program process
engi neers fromthe Aircraft and Mssile divisions gave status updates to the
steering committee. The ODG el i m nation project engineers were aware of the
base' s objectives and nmade many of the decisions on how best to neet these
obj ecti ves.

Resource conflicts, were quickly elevated to the rel evant steering commttee
menbers. If they could not be settled there, the base commander was to be
informed i nmedi ately. None rose that high over the duration of the program

Figure 2 presents a nore detail ed organi zational chart show ng each
individual's area (as of July 1, 1995) and the nunber of enployees or branches
working in the area.

The steering conmttee identified in figure 1 includes individuals fromthe
top two managenent |evels. ODC-elimnation project engineers are |isted under
M. Durbin. (Note that M. Durbin has 20 enpl oyees reporting to him G
elimnation is not his only responsibility.)
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The organi zational chart in figure 2 is correct in terns of personnel

depl oynent. But two trainers were tenporarily |loaned to the project engineers
by the Aircraft and Mssile divisions, and CDG elimnation tasks received top
priority. These tasks were generated by ODG elim nation project engineers. The
result was a matrix organi zati on in which project engineers issued tasks that
took priority over everything else as long as the requests were reasonabl e.

Li nes of comrmand extended fromthe project engineers to every branch and
departnent of the organization.
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Creating an Environment Which Does Not Prevent I|nnovation

The first step toward encouragi ng i nnovation in the workplace is to create an
envi ronnent whi ch does not prevent or stifle innovation. As Don Hunt, chief
scientist, points out. "Innovations are very fragile, they need to be
nurtured.” Inportant factors in creating an environment that does not

di scour age innovation include:

- Managenent support of innovation

-ldentifying a vision (goals) at the top of the organization, |eaving
details to people closer to the actual tasks

-Mnimzing red tape

- Placing people in positions that match their personalities and abilities,
and encour agi ng peopl e to be thensel ves.

Managenment Support

A pro-innovation environnent can be maintained only with broad nmanagenent
support at the top and mddle | evels of an organization

Consi stent expressions of support and reinforcing actions fromtop nmanagenent
encour age i nnovation. The base commrander, at AGWMC, Col onel Renaud said, "If
there is a problemat any time that cannot be resolved at a | ower |evel
interrupt ne." According to Col onel Renaud, "It is not enough to have a goal
you must constantly reinforce the communication.” He reinforced it with action
dedicating time on an on-going basis to participate in meetings associ at ed
with the ODC program "I was denonstrating that | was interested.”

I n many organi zations, mddl e managenent perceives its task as only nanagi ng
the existing organi zation, an attitude that may lead it to oppose innovation
which is disruptive of routine. If an organization has consistent |ong-term

t op managenent support for innovation, support at |ower managenent |evels wil
becone part of the nanagement culture.

The frequent nanagenment changes that are a feature of mlitary, governnent and
ot her | arge organizations can reduce their receptivity to innovation. If a
pro-innovation rmanagenent is replaced with a nore conservative managenent,

i nnovative activities may rapidly termnate. If a status-quo nanagement is
replaced with a pro-innovati on managenent, time is required before changes in
guiding principles are understood and acted upon. In an organi zati on where
managenent changes frequently, innovati on can becone part of the routine if
there is a series of pro-innovation nanagers, but, they may nodify a project's
focus. The change in base commanders in 1985 brought a lull in activity in the
new y started aqueous cl eaning program After Colonel Renaud's arrival in
1991, the base's management teamremai ned stable throughout the rest of the
program and the project proceeded snoothly.
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point of contact for the program-related work. An individual who required assistance to complete
the work quickly could inform the supervisor. If that supervisor was not able to provide
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up to the level of the base commander, but in fact nothing had to go that high
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It was understood that if an ODC-elimination task was stalled or sat in an in-basket, the reason
would have to be explained directly to the base commander. When Colonel Renaud took actions
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that confirmed his continued wmmiuucm, he too became subordinate to the ODC-elimination

program.

If, in this sense, the ODC-elimination program was running the base, who was running the
program? A small number of "Ozone" stamps were issued to various individuals who handled

mnaot nftha NN _aliminatinn neracranm taalba Deasenss taska jamiad her Aama Afthaca neaca had o

mMoOSt O1 ul v/ -Ciiniinguon prograin tasks. rrograim tasks iSsuca vy o1e o1 these areas had a red
prominent "Ozone" label stamped on them. Tasks usually originated from the project engineers
working on the program. To some people it appeared that these individuals had wide-ranging
powers, but although they were able to interrupt work on other tasks and assign people to tasks,
they only assigned tasks that were essential to the program. At one point requests that were
considered unreasonable were made to a Civil Engineering tradesperson, who advised a
supervisor, who in turn immediately elevated the problem to Lieutenant Colonel Stan Hunt, the
director of Civil Engineering. Lt. Col. Hunt met thh the people involved, and within a few
minutes, the tasks were redesigned in a more manageable form. Occasional incidents like this also

suggest that the ODC-elimination program was in charge, not any particular individual.

If an organization has one, clear-cut goal which needs to be the top priority (like the development
and implementation of a new technology), the system used at AGMC is recommended. Everyone
in the organization needs to see that the organization's head is completely committed to meeting
the goal. Consistent, on-going actions indicate clearly that it is the top priority. Each task is
handed directly to the individual who is supposed to carry it out. The system relies on the
professionalism and intelligence of the employees.

Encouraging innovators

Innovation requires innovative people -- individuals who are prepared to reject familiar work
methods and try new, unproven alternatives that may fail. Not everyone is willing to do this. In
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fact, Don Hunt, an admirer of innovators, describes them ironically as "kind of sick, unhappy

people. They innovate because they have to. It's inside of them. They would be much better off if
they just did what other people did."

Organizational structure insures consistency. Consistency minimizes uncertainty and risk, and
facilitates the performance of tasks. But innovation is unpredictable and risky. To encourage it,
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one must have an environment which protects a pocket of inconsistency in a consistent
organization. At AGMC, the Methods Lab provided a place for the initial development of the
technologies. Early failures were shielded from outside eyes by a supportive and encouraging
manager. As the technologies were developed, participation in technical conferences offered peer
recognition of accomplishments. Once the technologies were ready to be used in production,
seeing them used in regular production was further encouragement to the innovators.

Innovators are faced with two potential problems: change of management and loss of control over
projects,

If there is a change in management, the innovators: work may be overlooked or terminated. This
may discourage innovation throughout the organization.

The innovator wants to change current practice. Seeing the innovation used by others is
psychological reward. But as an innovation is integrated into the organization's operations
(institutionalized), it ceases to be the pet project of one or a few individuals. Ownership is
transferred from the innovators to the organization. This can be a very painful process for the
innovators, who may feel betrayed and unwanted. A similar phenomenon is experienced by many
successful entrepreneurs, who must relinquish control over a business when it grows too large to
be a one-person outfit. The difference between independent entrepreneurs and innovators inside
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an organization is that entrepreneurs begin with business control. But innovators may still suffer

tremendously when a project becomes so successful that it is no longer theirs.

Innovators' work does not make them popular with everyone. Some people are jealous; others
may feel that they have been forced to do things that they did not want to do by management

Qunermre who Qllnnnrted the innovation. When qnpnnrt for innovators is withdrawn fh.rn“nln

management change or institutionalization, acts of retribution may occur.

There are no simple solutions to these problems, but innovators can be rewarded by being allowed
to continue to innovate. When they have completed one task successfully, they should be
rewarded with a new challenge -- perhaps one of their own choosing.

Experimentation

For an innovation to develop, it needs to be allowed to fail. Only through experimentation can an
innovation be fine-tuned. The initial work must be sheltered, so the innovators will not be
discouraged and their innovation will not be prematurely tagged as a losing proposition by other
members of the organization. The ideal environment for the development of innovation is one that
allows for mistakes to be made and corrected internally and successes to be publicized externally.
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I mplementation

Constant forward momentum is important for the application of a new technology. If an
innovation becomes stalled, it may be difficult or impossible for it to move forward again. One of
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implementation of the various elements of the ODC-elimination technologies. The elimination of
red tape through blanket agreements with customers and a blanket laboratory service agreement
allowed forward motion to continue .

If an innovation does not become accepted as routine, standard practice, it will eventually be
discontinued. The base-wide involvement in implementing the ODC-elimination technologies
helped make them routine in the eyes of most of the employees. The technologies were and are
felt to be part of the entire base, not of just one department. Management emphasized that the
program was integral to the base. When the Innovations in American Government award was
accepted in Washington DC, the Center's representation was based on chain of command. When
the base commander presented the award in Newark, he stated that the award was being glven to
i Py
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the whole Center. He told the assembled groups: "There are a variety of people on stage who
represent the different groups involved. They are here representing you, because it is your award."

In many respects, institutionalization of an innovation is the most difficult step in the process.
Excellent management and good timing are required to take an innovation from a small group of
developers and make it the property of the entire organization.

A key part of institutionalization is spreading the knowledge associated with an innovation across
the organization. If knowledge is not widely shared, the innovation may be discarded because it is
not understood by its users. An innovation may baffle people who are unfamiliar with its
operation, and they may for that reason reject it. Information that is held by only a few people

be lost through transfer of personnel to other positions.

The standard method for institutionalizing knowledge at AGMC has been procedural
documentation -- technical orders (TOs) and utility training manuals (UTMs) There was much
debate on whether sufficient detail was bcuxs pxuwdod in upuated TOs and UTMs. The final
decision was based on limited resources. Instead of specifying procedures for the cleaning of each
product, a general cleaning procedure has been written up. The documentation of the general
cleaning procedure should be sufficient as long as an organizational memory exists of doing
certain things in certain ways. Examples include procedures for dealmg with static electncrty
properties of metals and epoxies that are dependent on initial processing
of components to prevent water marks and flash rusting. See the technical section of this report
for detalls It is not possible to predict how the privatization process will affect technical memory
at AGMC or in organizations using the same or similar technologles this report is intended in part

to extend the orgamzatlonal memory.
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chnical section of this report
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Diffusion of Knowledge

Potential users of AGMC technologies are diverse. They include international and local
organizations, governments, and industries interested in new products and maintenance in
electronics, precision cleaning, cleaning, and refrigeration. Determining which government or
industry sites have been influenced by AGMC requires locating potential users of AGMC-
pioneered technologies, determining what technologies they are using, and tracing AGMC's
influence on them.

A certain amount of reinvention or adaptation would be required for the technologies at other
sites (except perhaps for the electronic-component cooling and HFC refrigerants in
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environmental chambers). But earlier research in this field has found that there is a tendency for

individuals or organizations that apply technologies developed elsewhere to exaggerate the
significance of the modifications they have made, and they often consider the original source of
technology as a provider of useful information, not as a technology provider.

The need for modification of technology to fit the specific needs of a site, coupled with the
tendency to exaggerate the extent of modifications made, makes tracking the diffusion of AGMC's
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technologies difficult.

Detailed below is what has been done to diffuse technical information. It is worth noting that after
all this effort, AGMC does not know whether these efforts have led to the adoption of its
technologies elsewhere. The moral is that one can offer information and support to other
locations, but may never know whether they have replicated the technologies.

Efforts to diffuse knowledge at AGMC included:
1. Hosting visits from or technical exchanges with
representatives of French industry, May 1994
Litton Systems
UNEP Technical Solvents Committee

military personnel as per request
ODC elimination open house "work force recognition program", January 1996

2. Providing information by telephone

According to Captain Campbell, "We get some calls from industry and some from military --
some from GE this week -- and we got a call from a contractor that's done work out of Oklahoma
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City, and I guess they're working a little bit with Robbins [Air Force Base], too." Chuck Davis has
also received a variety of inquiries, but he says "It's hard to sit here and say to someone in San
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telephone...so we brought here. and showed him."
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3. Presentations at Conferences and Technical Papers

"The Cyl-sonic Cleaner: Aaueous Ultrasonic Cleaning Usine Riodeorad

=323 gyl L S Ava G RAL WAL G NSRS

July 1989.
"Aqueous Cleaning of Instrumentation Bearing Assemblies," January 1990

a8 g wpre

*GIT-1B and TG (Beryllium) End Housing Aqueous Cleaning Project Summary to Date,"
Tuly 1990

ULy 1TV,

Presentation at US/Singapore Conference on Alternatives and Substitutes to CFC Solvents
on "A US Air Force Repair Center's Policy and Progress in Eliminating CFCs," September

m adiintion ho lacaral Viaaalia (T ef of Staff
Rwuest for information on CFC Reduction by eral Viccelio (Deputy Chief of Staff,

Logistics and Engineering), October 1990,
The work at AGMC is used as a case study of ozone-friendly precision cleaning in an EPA
publication, "Eliminating CFC-113 and Methyl Chloroform in Precision Cleaning," June

1001
1771,

"Precision Bearings Cleaned at AGMC," July 1991.

"Aqueous Cleaning for Precision Bearings and Beryllium," November 1991.

"Aqueous Alternatives to CFC-113 and MCF for Precision Cleaning of Inertial Systems and
Components," December 1991.

Presentation at the Joint Logistics Commanders Meeting, Brooks Air Force Base, TX on
"Eliminating Ozone-Depleting Solvents in an Industrial Activity", February 1992.
Presentation at the International CFC and Halons Alternative Conference, Washington, DC
on "How One of the Largest Air Force Users Is Getting Out of CFC's,* July 1992.
Presentation at the Joint Services Data Exchanoe Palm Snrinos CA ¢ "Progress in Replacing
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Ozone-Depleting Chemicals for Precision Cleaning at the US Air Force's Aerospace and
Guidance and Metrology Center," October 1992.

"Degradation of Polybromo Fill Fluid,” Physical Chemistry Laboratory, December 1992.

" . y . A
Experience and Initiatives in Replacing Ozone Depleting Chemicals for Precision cleaning at

the US Air Force's Aerospace Guidance and Metrology Center," submitted to ASTM, 1993.
Presentation at the XVth International Environmental Research Forum, Dayton "Alternatives
to Ozone-Depleting Chemical-Dependent Test Equipment Components,” August 1993.

" e - ne MNhaminala ot tha
The Use of Perfluorocarbons as Alternatives for Ozone-Depleting Chemicals at the

Aerospace Guidance and Metrology Center- Some Considerations", Submission to EPA
SNAP Program, August 1993.
Presentation at the Maritime Environmental Symposium " Alternatives to Ozone-Depleting
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Refrigerants in Test Equipment," October 1993.

e Presentation at International NATO/CCMS Conference, Brussels "A Proposal to Use
Evidence from Successful ODC-Elimination Efforts to Reduce the Lead Time for
Implementation of ODC-Solvent Alternatives,” January 1994.

 Presentation at International Compressor Conference, Purdue "Alternatives to Ozone
Depleting Refrigerants in Test Equipment," July 1994.

o Presentation at the International CFC and Halons Alternative Conference, Washington, DC,
on "Instrumented Laboratory System for the Evaluation of Alternate Cleaning Technologies,"
October 1994,

« Center activity a success story at CFC and Halons Alternative Conference, Washington, DC,
October 1994,

« "Application of More Environmentally Compatible New Technologies to Replace ODCs in
the Repair of Inertial Guidance Navigation Systems" presented at the 22nd Joint Services
Data Exchange, November 1994,

o CFC, Halon News article about a diagnostic tool developed with and in use at AGMC, "Now
You Have a New Alternative to CFC-12," December 1994.

o Precision Cleaning, The Magazine of Critical Cleaning Technology article about AGMC's
use of agqueous technology in cleaning, “Flowing Forward with Aqueous Technology,”
February 1995.

4. Involvement of third party laboratories - with the result that they gain expertise which they can
offer elsewhere

"Experimental Evaluation of the Corrosive Potential of Flux Residue Cleaning Agents,"
Battelle, January 1992.

"Tdentification of Contamination Found Deposited on Gvroscope Ring " Battelle. April 1992,
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"Identification of Spots Found on the Surface of the Gyroscope End-Cap 3637," Battelle,
June 1992.

“A Method for Cleaning Performance Evaluation Using Stable Isotopes," Battelle, August
1992

-y

"Experimental Evaluation of the Adhesive Degradation Potential of Aqueous Cleaning
Processes", Battelle, January 1993.

“Electronic Component Cooling Alternatives: Compressed Air and Liquid Nitrogen,"
Battelle, April 1993.

"Identification of Biodegradable/Environmentally Compatible Methods for Epoxy Removal --
Phase I," Battelle, August 1993.

"Advanced Technology Cleaning Methods for High-Precision Cleaning of Guidance System
Components," Battelle, September 1993.

"Alternatives to Ozone-Depleting Chemical Dependent Test Equipment Components -
Topical report on materials compatibility," Battelle, September 1993.
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L essons L earned (strengths, weaknesses, and opportunities) from the AGMC Innovations

M anagement

Management can obtain tremendous efforts towards a goal if (1) the goal is seen by employees as
worthy and (2) managers consistently place the goal over all other options. These strategies
dissuade departments from trying to optimize their own performance at the expense of other
groups.

Management can achieve the goal by setting direction and allowing employees at the operational
level to make decisions. Management involvement is required only if conflicts or uncertainties
arise which cannot be resolved at the lower levels.

System Stresses

External stresses often stimulate innovation. Examples of external stresses on AGMC included:

1. Elimination of access to needed process input - ODC-elimination through international
protocols on AGMC.

2. News release by the President and growing expectations from the DOD and Air Force, based
on AGMC's early successes.

3. Threat of base closing, which encouraged personnel to demonstrate their potential, aiming at
canceliation of the closure decision or making themselves more attractive to alternative
employers.

4. Limited financial resources, especially early in the program, which encouraged personnel to
take creative approaches to problems (e.g., looking for low-cost alternatives and borrowing
equipment for the first cleaning centers).

Initiating Innovation

Innovations require time and nurturing to become useful and successful. Keep options open and if
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eventually work. The more fall-back plans and options
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success to arrive, but be prepared for failure.
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available, the b

It is important that conflicts between departments and individuals be brought out into the open, so
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that differences in opinion can be resolved. Conflicts were quickly addressed at AGMC. The

results did not always please everyone, but disputants appreciated the fact that the issues were
discussed and efforts were made to accommodate differing points of view and concerns.
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Forward momentum is vital to keep people focused on the goal. Quick movement is necessary for
a program to maintain forward momentum. AGMC moved quickly, cutting red tape with:
1. Blanket agreements with customers for approvals and for laboratory services.
2. Scrounging equipment from around the facility to save money and avoid the purchasing
process.
3. Use of the "Ozone" stamp and a modified matrix management to assign tasks without delays.
4. Tracking ODC use closely to locate areas of concern, prevent rejection of adopted
innovations, and to communicate forward progress.
5. Involving individuals who took responsibility for problems and were willing to put in as much
time and effort as required during key stages in the program.

Institutionalizing Innovation

Institutionalization of an innovation (making it part of an organization's routine) is important to
insure it has a lasting effect on the organization. AGMC encouraged institutionalization by:

1. Involving as many people as possible as early as possible.

2. Transferring program needs from a department or area to the entire organization.

3. Giving time for institutionalization to occur. (Even after old methods are no longer in use, an
innovation is not necessarily adopted.)

4. Allowing the meaning of a successful program to evolve over time as the understanding of
the potential and expectations for the innovation or program change.

5. Documenting information in writing or disseminating it to many people in the organization
(thereby developing an organizational memory). (If only a few people understand a
technology and they leave, the technology may cease to function and be prematurely
abandoned.)

Diffusion
Knowledge diffusion is feasible, but do not expect credit or recognition. It can be difficult to

diffuse knowledge to competing organizations, because they lose by face relying on outside
sources.
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M easur able

The measurables were developed to allow for a simple way of tracking the institutionalization
and/or rejection of various parts of the ODC-Elimination program over time. Forms are to be

completed every six months.

To be filled out by contractor:

Percentage of product lines being cleaned with water
Percentage of units being cleaned with water
Number of new products lines introduced

Quantity of new products introduced

For each change in current cleaning process:

Product Anticipated Length of Old Solvent | New Solvent | Reason for
Identification | Volume Contract (in | Used for Used for Change
Years) Cleaning cleaning
For each new p, oduct and cleaning process:
Product Anticipated Length of Solvent Gross Value | Reason for
Identification | Volume Contract (in | Used for per Year of | Solvent
Y ears) Cleaning This Product | Choice
(0S30, DI
water, etc.)
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Product lines phased out in this calendar year:

Product
|dentification

Average
Volume

Length of
Contract (i
Y ears)

Solvent
Used for
Cleaning
(0S30, DI
water, etc.)

Reason for
Change

To be filled out by the customer (Ogden and Oklahoma City):

Please outline any changes in the past six months relating to implementation, proposed
implementation, or testing to change the cleaning process at Newark, Ohio, Please include:
1. Approved testing of alternative chemicals
2. Changes from existing technology (e.g., water to 0S30)
3. Improvements made to cleaning process
4. Issues or concerns with existing processes.

For products that your facility has introduced in the last six months to Newark, Ohio, pleasefill in

the table:
Product Anticipated Length of Solvent GrossVaue | Reason for
Identification | Volume Contract (in | Used for per Year of | solvent
Y ears) Cleaning This Product | Choice
(0S30, DI
water, etc.)
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R/C6810PPF5052 Performance Fluid 5
R/C6850PAK-225  Asahiklin AK-225
R/C9150P0OS-10 0S-10 Silicon Liquid
R/C9150-POS-30 Silicone OS-30 Fluid
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The likelihood that specific innovations w |l survive changes in upper
managenent depends on two factors: the breadth of support in the rest of the
organi zation and the exi stence of external pressures. A mddle manager who
chanpi ons a project nmust be aware that changes in upper-|evel nanagenent can
downgrade or ternmnate the project. But m ddl e managers are not powerless to
protect the innovative activity that they are responsible for and have been
nurturing. The likelihood of project continuity after changes i n managenent or
organi zation structure can be increased if there is broad support in the
organi zation or external pressure for it.

In 1985 the seeds of the ODG-elimnation programdid not have broad support.
As a result, a change in managenent was sufficient to tenporarily suspend the
program By 1993, the program had supporters in all areas of the organization
i ncl udi ng nont echni cal areas |ike contracting and finance. But if top
managenent support had ceased at this point, the support of individuals across
the organi zati on woul d have provi ded sufficient nomentum through infornal
channel s for continuing the program

In the 1990s external pressure for elimnating ODCs existed. This pressure
was probably not sufficient to notivate change. Some ot her organizations using
ODCs stockpiled solvents and waited for an easy alternative to be invented.
But AGVC personnel were kept focused on the external pressures by on-going
communi cation frominterested parties. External attention and interest in
AGMCs programwoul d have made it difficult to shelve or termnate the project.
Through its hard work and wi dely communi cat ed advances AGMC established itself
as a leader in the field in 1990. Its acknow edged | eadershi p pl aced
psychol ogi cal pressure on managenent to naintain its |eadership position
AGMC was in conpetition, and it was winning. It is unlikely that managemnent
wi Il w thdraw support froma w nner

There was conpetition inside AGMC. it conpeted against itself. However, it is
advi sable that conpetition between parts of an organi zati on remai n as
friendly as possible. If conpetitors are nmade to feel that there are the

wi nners and | osers, that may resist technol ogy transfer to other branches of
the organi zati on, reduce nutual assistance between various parts of the
organi zation, focus on keeping score rather than on noving forward, and thus
underm ne other parts of the organization

If an organi zation conpetes against itself and does not continue to perform
well, it will lose face. That danger can notivate people to work together to
protect the honor of the organization. Managenent can encourage this
cooperation by regularly participating i n conferences, making witten or
public statements of intent, and initiating conpetition between parts of the
organi zati on

Organi zati onal Goal s

The direction of an organization is set at the top, but the goals nust flow
downwards to the people working at the | ower |evels. They nust deci de how
these goals can be met and what is needed to nmeet them Wen AGMC s goal of
elimnating CDCs was established, the engineers working on the project were
all owed to deternine what the best technol ogi es were and how best to inpl enent
them Even the work arrangenents of project team nenbers were allowed to
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evolve in a natural way. By the end of the project, the responsibilities of
the project team had becone distributed according to the personalities and
pref erences of team nenbers.

Reduci ng System Del ays

System del ays nust be reduced or elimnated. O herw se an innovation can die
the death of a thousand cuts: each wound is mnor, but together the tiny
wounds can be fatal. The use of the "(Qzone" stanp was instrumental in ensuring
the snmoot h processing of innovation-rel ated paperwork. Agreenents were nade
with custoners so that each change could be handled in a consistent, mutually
agr eed-upon nmanner. Standard reporting channels were nodified to sinplify the
performance of tasks. For exanple, the pipe fitter received directions
directly fromproject engineers (In the past, an engineer subnitted a work
request to a supervisor, and the supervisor chose the personnel and the start
date.) The supervi sor becane involved only if there were difficulties, as when
a pipe fitter was asked to do two or nore projects at the sane tinme. The role
of the supervisor was transforned fromcontroller and manager to coach

Pl acenent of Personne

In many organi zations the roles that people are expected to fill do not suit
their abilities, personality or tenperament. Conformty to roles provides
stability and consistency in an organi zation, but to obtain superior
performance and i nnovation, one nust allow nore | eeway for people to deternine
the best ways to apply their abilities to get things done. Many of the
managers at AGVC expressed the need to all ow people to be thensel ves and use
their own unique sets of abilities. "I think we were able to have key peopl e
on key roles, at the right place, at the right tine," says Col onel Renaud. The
pl acement of these people was no accident: "You don't necessarily take the

natural progression for selecting new people for new jobs. | refuse to accept
that ny choices are limted....Wen you have a job opening, you ve got to say,
"Wio's the best person to fill that job? ....You have to capitalize on their

strengths."” According to Col onel Renaud,"Don Hunt was the key role. | think
[he] is the key throughout the whole period as a catalyst."” Hunt al so payed
close attention to the strengths and personalities when placing individuals in
new positions: "l handpi cked sone very innovative and creative people from
those avail able.™

To create an environment where innovation can occur it is inportant to have:
- Managenent support of innovation

-ldentification of goals at the top of the organization, lea ving details to
peopl e cl oser to the actual task

- Mnimzation of red tape

- Placenent of people in positions that match their personalities and
abilities, and encouragi ng people to be thensel ves.
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Encour agi ng I nnovati on

Onhce an environnent has been created that allows innovation to occur, the next
step is to encourage innovation. The follow ng energed as key el enments of a
successful innovation process:

- Responding to external pressure
- Establ i shi ng managenent strategy
- Encouraging the innov ators

- Encour agi ng experi nentation

- 1 mpl ement i ng new t echnol ogi es

- Institutionalizing innovations

- D ffusing i nnovati ons

Ext ernal Pressure

Ext ernal pressures constantly pushed the project and its participants forward.
As outside pressure on participants increased, forward nonmentumwas easier to
mai ntai n. Cost savings were not sufficient to drive innovation, but know edge
that the chemcals the facility relied on depleted the ozone layer led to the
realization by forward-thinking individuals that dependence on these chem cal s
woul d not be sustainable in the future. Positive experiences with the energy
conservation programled individuals |like Don Hunt to believe that it would be
possi bl e to reduce reliance on ozone-depl eting chemcals. A clinate of

ti ghteni ng wast e-di sposal regul ations assisted in building support for the
initiation of the early elements of the program (chem cal reclamation). The
passing of the Montreal Protocol in 1987 ensured that use of CDCs woul d be
short-lived at best. Increasing pressure was placed on the facility as ODC
phase- out deadlines were accel erated by the 1990 London and 1992 Copenhagen
amendnents to the Montreal Protocol.

AGMC s reports on its initial work on agueous cl eaning brought interest and
attention fromthe Departnment of Defense and the EPA. This recognition
encouraged the innovators to continue to innovate. As nore inpressive
technical results were obtai ned, AGVC came under nore pressure to produce
results. External interest in innovation generated a positive feedback | oop of
i ncreasi ng support for the innovators and their work.

AGMC negotiated with their custoners to obtain bl anket perm ssions for testing
and i npl ementing CDG-free cl eaning processes. It is worth noting that the
mssile customers and aircraft customers cane to an agreenment with AGVMC
shortly after the news rel ease from President Bush's press secretary.
Agreements were signed one nonth and three nonths |ater, respectively.
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